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Series preface

Since the successful first edition of Clinical Pain Manage-
ment was published in 2002, the evidence base in many
areas of pain medicine has changed substantially, thus
creating the need for this second edition. We have
retained the central ethos of the first volume in that we
have continued to provide comprehensive coverage of
pain medicine, with the text geared predominantly to the
requirements of those training and practicing in pain
medicine and related specialties. The emphasis continues
to be on delivering this coverage in a format that is easily
accessed and digested by the busy clinician in practice.

As before, Clinical Pain Management comprises four
volumes. The first three cover the main disciplines of acute,
chronic, and cancer pain management, and the fourth
volume covers the practical aspects of clinical practice and
research. The four volumes can be used independently,
while together they give readers all they need to know to
deliver a successful pain management service.

Of the 161 chapters in the four volumes, almost a third
are brand new to this edition while the chapters that have
been retained have been completely revised, in many cases
under new authorship. This degree of change reflects
ongoing progress in this broad field, where research and
development provide a rapidly evolving evidence base.
The international flavor of Clinical Pain Management
remains an important feature, and perusal of the
contributor pages will reveal that authors and editors
are drawn from a total of 16 countries.

A particularly popular aspect of the first edition was the
practice of including a system of simple evidence scoring
in most of the chapters. This enables the reader to
understand quickly the strength of evidence which
supports a particular therapeutic statement or recom-
mendation. This has been retained for the first three
volumes, where appropriate. We have, however, improved
the system used for scoring evidence from a three point
scale used in the first edition and adopted the five point
Bandolier system which is in widespread use and will be
instantly familiar to many readers (www.jr2.ox.ac.uk/
bandolier/band6/b6-5.html).

We have also retained the practice of asking authors to
highlight the key references in each chapter. Following
feedback from our readers we have added two new
features for this edition: first, there are key learning
points at the head of each chapter summarizing the
most salient points within the chapter; and second, the
series is accompanied by a companion website with
downloadable figures.

This project would not have been possible without
the hard work and commitment of the chapter authors
and we are deeply indebted to all of them for their
contributions. The volume editors have done a sterling
job in diligently editing a large number of chapters, and to
them we are also most grateful. Any project of this
magnitude would be impossible without substantial
support from the publishers – in particular we would
like to acknowledge our debt to Jo Koster and Zelah
Pengilley at Hodder. They have delivered the project on a
tight deadline and ensured that a large number of authors
and editors were kept gently, but firmly, ‘‘on track.’’

Andrew SC Rice, Douglas Justins, Toby Newton-John,
Richard F Howard, Christine A Miaskowski

London, Newcastle, and San Francisco

I would also like to add my personal thanks to the Series
Editors who have given their time generously and made
invaluable contributions through the whole editorial
process from the very outset of discussions regarding a
second edition in deciding upon the content of each
volume and in selecting Volume Editors. More recently,
they have provided an important second view in the
consideration of all submitted chapters, not to mention
stepping in and assisting with first edits where needed.
The timely completion of the second edition would not
have been possible without this invaluable input.

Andrew SC Rice
Lead Editor

www.jr2.ox.ac.uk/bandolier/band6/b6-5.html
www.jr2.ox.ac.uk/bandolier/band6/b6-5.html
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Introduction to Clinical Pain Management:
Chronic Pain

Chronic pain has traditionally had the negative connotation of psychogenic etiology and an arbitrary time domain. It has
also been a pejorative term to the extent that chronic pain syndrome was deliberately omitted from the IASP Taxonomy of
Chronic Pain Syndromes. This new volume gathers together the scientific and clinical evidence that confirms chronic pain
as an identifiable syndrome, the final common path of many etiologies. Consistent with any clinical syndrome, there are
common neurophysiological, neuroanatomical, and functional changes throughout the organism regardless of the
precipitating factors. These changes are addressed in the early chapters of this volume. In addition, there is physical,
psychological, and psychiatric deconditioning resulting from central and peripheral nervous system dysfunction.
Socioeconomic impairment and reduction in quality of life almost invariably accompany these changes.

There has also been a recent paradigm shift from the curative medical model of pain in which symptoms are expected to
resolve once the underlying pathologic process is treated medically or surgically to a model which emphasizes patient
autonomy, symptom management, and functional restoration. This volume addresses this new model of chronic pain in
those specific conditions where applicable. It also explores the conceptually distinct rehabilitation model, in which it is
recognized that the underlying pathology may be incurable or untreatable. The goals now involve minimizing the adverse
effects of the pain and maximizing function and quality of life.

Fundamental changes in practitioners’ responsibilities to patients and society are occurring as a result of philosophical
and legal advances related to chronic pain. Previously implied rights of patients now have been formalized in various
intractable pain acts of several jurisdictions. The classical doctrine of primum non nocere (first do no harm) is being
challenged ethically and legally under these circumstances. Experts in these fields explore these changing ethical and legal
climates in early chapters.

This volume contains 46 chapters in three parts. The first part, General Considerations, comprises 14 chapters that
cover subjects ranging from basic neurophysiology through clinical evaluation to the ethical, legal, and societal aspects of
this disease as described above. Part II, entitled Management – therapies, contains 9 chapters that address pharmacological,
psychological, behavioral, interventional (invasive) and alternative/complementary/placebo issues. Part III has 23 chapters
that describe both specific and nonspecific pain syndromes and their management. The subjects discussed include general
neuropathic pain syndromes, specific pain syndromes and regional pain (neck, back, joints, chest, abdomen, and pelvis),
and issues related to pain at the extremes of age.

Chronic pain now covers a vast scientific and clinical arena, and has become a medical specialty in its own right.
Scientific rationale and therapeutic options are much better described now than at any time in the past. This volume
gathers the available evidence-based information on diagnosis and management in an accessible format without
overwhelming detail. Where evidence-based data are not available, the authors provide thoughtful advice based on
scientific experience and clinical wisdom. It is inevitable in a volume such as this that there will be omissions, for which we
must accept responsibility. Nevertheless, we believe that this volume is an essential resource for all clinicians whose
patients have chronic pain and scientists who challenge traditional assumptions.

Peter R Wilson, Paul J Watson, Jennifer A Haythornthwaite, and Troels S Jensen
Rochester, Leicester, Baltimore, and Aarhus
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How to use this book

SPECIAL FEATURES

The four volumes of Clinical Pain Management incorporate the following special features to aid the readers’ understanding
and navigation of the text.

Key learning points

Each chapter opens with a set of key learning points which provide readers with an overview of the most salient points
within the chapter.

Cross-references

Throughout the chapters in this volume you will find cross-references to chapters in other volumes in the Clinical Pain
Management series. Each cross-reference will indicate the volume in which the chapter referred to is to be found.

Evidence scoring

In chapters where recommendations for surgical, medical, psychological, and complementary treatment and diagnostic
tests are presented, the quality of evidence supporting authors’ statements relating to clinical interventions, or the papers
themselves, are graded following the Oxford Bandolier system by insertion of the following symbols into the text:

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

[II] Strong evidence from at least one published properly designed randomized controlled trial of appropriate size
and in an appropriate clinical setting

[III] Evidence from published well-designed trials without randomization, single group pre-post, cohort, time series,
or matched case-controlled studies

[IV] Evidence from well-designed non-experimental studies from more than one center or research group
[V] Opinions of respected authorities, based on clinical evidence, descriptive studies or reports of expert consensus

committees.
Oxford Bandolier system used by kind permission of Bandolier: www.jr2.ox.ac.uk/Bandolier

Where no grade is inserted, the quality of supporting evidence, if any exists, is of low grade only (e.g. case reports, clinical
experience, etc).

Other textbooks devoted to the subject of pain include a tremendous amount of anecdotal and personal recom-
mendations, and it is often difficult to distinguish these from those with an established evidence base. This text is thus
unique in allowing the reader the opportunity to do this with confidence.

www.jr2.ox.ac.uk/Bandolier


Reference annotation

The reference lists are annotated with asterisks, where appropriate, to guide readers to key primary papers, major review
articles (which contain extensive reference lists), and clinical guidelines. We hope that this feature will render extensive lists
of references more useful to the reader and will help to encourage self-directed learning among both trainees and
practicing physicians.

A NOTE ON DRUG NAMES

The authors have used the international nonproprietary name (INN) for drugs where possible. If the INN name differs
from the US or UK name, authors have used the INN name followed by the US and/or UK name in brackets on first use
within a chapter.
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Abbreviations

4-AP 4-aminopyridine

5-FU 5-fluorouracil

5-HT 5-hydroxytryptamine

ABC American Botanical Council

ACC anterior cingulate cortex

ACE angiotensin-converting enzyme

Ach acetylcholine

ACOG American College of Obstetricians and

Gynecologists

ACR American College of Rheumatology

ACTH adrenocortical trophic hormone

ACh acetylcholine

ADL activities of daily living

AED antiepileptic drug

AFP atypical facial pain

AHPA American Herbal Products Association

AIDS acquired immunodeficiency syndrome

ALJ Administrative Law Judges

AMA American Medical Association

AMPA a-amino-3-hydroxyl-5-methyl-4-isoxazole

AO atypical odontalgia

AOJ atlanto-occipital joint

APC adenoma prevention with celecoxib

APF anti-proliferative factor

APPROVe Adenomatous Polyp Prevention on Vioxx

ARF acute renal failure

ASA acetylsalicylic acid

ATN antiretroviral toxic neuropathy

BDI Beck Depression Inventory

BDNF brain-derived neurotrophic factor

BDZ benzodiazepine

BMS burning mouth syndrome

BOI burden of illness

BPI Brief Pain Inventory

BSI Brief Symptom Inventory

BTP breakthrough pain

BZD benzodiazepine

C cytosine

CABG coronary artery bypass graft

CAD coronary atherosclerotic disease

CAM complementary and alternative medicine

CARF Commission on Accreditation of

Rehabilitation Facilities

CART Classification and Regression Tree

CBC complete blood count

CBT cognitive-behavioral therapy

CCI chronic constriction injury

CCK cholecystokinin

CCR2 chemotactic cytokine receptor 2

CD Crohn’s disease

cDNA complementary DNA

CES cauda equina syndrome

CES-D Center for Epidemiological

Studies-Depression

CFS chronic fatigue syndrome

CGRP calcitonin gene-related peptide

CHF congestive heart failure

CI confidence interval

CIN cervical intraepithelial neoplasia

CLBP chronic lower back pain

CMI cell-mediated immunity

CMV cytomegalovirus

CNCP chronic noncancer pain

CNMP chronic nonmalignant pain

CNS central nervous system

COMM current opioid misuse measure

COMT catechol-O-methyltransferase

COOA combined opioid–opioid analgesia

COPD chronic obstructive pulmonary disease

COX cyclooxygenase

CP/CPPS chronic prostatitis/chronic pelvic pain

syndrome

CPP chronic pelvic pain

CPQ Chronic Pain Questionnaire

CPSP central poststroke pain; or chronic

postsurgical pain

CRD colorectal distension

CRP chronic regional pain

CRPS complex regional pain syndrome

CSA Controlled Substances Act

CSF cerebrospinal fluid

CSM Committee on Safety of Medicines

CSQ Coping Strategies Questionnaire

CT computed tomography

CTN classical trigeminal neuralgia



CTTH chronic tension-type headache

CVA cerebrovascular accident

CWP chronic widespread pain

d4T stavudine

DAP depolarizing after potentials

DAS Disease Assessment Score

DBS Deep brain stimulation

ddC zalcitabine

ddI didanosine

DDwR disk displacement with reduction

DDwoR disk displacement without reduction

DEA Drug Enforcement Administration

DHE dihydroergotamine

DILS diffuse infiltrative lymphocytosis

DLF dorsolateral funiculus

DM diabetes mellitus

DMARD disease-modifying antirheumatic drugs

DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

DNIC diffuse noxious inhibitory control

DPN diabetic peripheral neuropathy

DREZ dorsal root entry zone

DRG dorsal root ganglion

DSM Diagnostic and Statistical Manual of Mental

Disorders

DSM-IV Diagnostic and Statistical Manual of Mental

Disorders IV

DSP distal symmetrical polyneuropathy

EAA excitatory amino acids

EDDP ethylidine-dimethyl-diphenylpyrrolidine

EECP enhanced external counter pulsation

EEG electroencephalogram

ELBW extremely low birth weight

EMDR eye movement desensitization and

reprocessing

EMG electromyogram

EMLA eutectic mixture of local anesthetics

EP episodic pain

ERCP endoscopic retrograde

cholangiopancreatography

ERK extracellular signal-regulated kinase

ES effect size

ESBY Electrical Stimulation versus Coronary

Bypass Surgery

ESCOP European Scientific Cooperative of

Phytotherapy

ESR erythrocyte sedimentation rate

ETTH episodic tension-type headache

FABQ Fear Avoidance Beliefs Questionnaire

FAP functional abdominal pain

FBSS failed back surgery syndrome

FCE functional capacity evaluation

FDA Food and Drug Administration

FDR false discovery rate

FHM familial hemiplegic migraine

fMRI functional magnetic resonance imaging

FMS fibromyalgia syndrome

FRA flexor reflex afferents

FSH follicle-stimulating hormone

G guanine

GABA gamma aminobutyric acid

GABA-A gamma-aminobutyric acid A

GABA-b gamma aminobutyric acid-b

GAD generalized anxiety disorder; or glutamic

acid decarboxylase

GBP gabapentin

GBS Guillain–Barré syndrome

GDNF glial-derived neurotrophic factor

GH growth hormone

GI gastrointestinal

GnRH gonadotropin-releasing hormone

gp120 glycoprotein 120

GP general practitioner

GPRD General Practice Research Database

GS gastrocnemius-soleus

GTN glyceryl trinitrate

HAART highly active antiretroviral therapy

HADS Hospital Anxiety and Depression Scale

HIV human immunodeficiency virus

HIZ high intensity zone

HLA human leukocyte antigen

HMO health maintenance organization

HPA hypothalamic–pituitary–adrenal

HPV8 human papilloma virus 8

HRR hazard rate ratio

HSAN hereditary sensory and autonomic

neuropathy

HTEA high thoracic epidural anesthesia

HZ herpes zoster

HZV herpes zoster virus

IAP intermittent acute porphyria

IASP International Association for the Study of

Pain

IBS irritable bowel syndrome

IC interstitial cystitis

ICD-10 International Classification of Diseases, 10th

edition

ICER incremental cost–effectiveness ratio

ICN intercostobrachial neuralgia

ICU intensive care unit

IDET intradiscal electrothermotherapy

IGF insulin-like growth factor

IHS International Headache Society

IL-1b interleukin-1b
IL-1Ra interleukin-1 receptor antagonist

IL-6 interleukin-6

IMET Individualized Medication Effectiveness

Tests
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INCB International Narcotics Control Board

IP incident pain

IRIS immune reconstitution inflammatory

syndrome

ISSVD International Society for the Study of

Vulvovaginal Disease

i.t. intrathecal

ITB intrathecal baclofen

ITDD intrathecal drug delivery

IUD intrauterine devices

IVOT intravenous opioid (sensitivity) testing

IVR intravenous regional

JCAHO Joint Commission on the Accreditation of

Healthcare Organizations

JFS juvenile fibromyalgia syndrome

JNK c-Jun-N-terminal kinase

LAAJ lateral atlanto-axial joint

LANSS Leeds Assessment of Neuropathic

Symptoms and Signs

LBP low back pain

LIF leukemia inhibitory factor

LIMA left internal mammary artery

Lng-IUS levonorgestrol-releasing intrauterine

system

LTP long-term potentiation

LUNA laparoscopic uterine nerve ablation

M6G morphine-6-glucuronide

MBSR mindfulness-based stress reduction

MCIC minimum clinically important change

MCS motor cortex stimulation

MCSF macrophage colony-stimulating factor

MEDAL Multinational Etoricoxib and Diclofenac

Arthritis Long-term

MFP myofascial pain

MMPI Minnesota Multiphasic Personality

Inventory

MOH medication overuse headache

MPA medroxyprogesterone acetate

MPI Multidimensional Pain Inventory

MPQ McGill Pain Questionnaire

MR magnetic resonance

MRI magnetic resonance imaging

mRNA messenger RNA

MS multiple sclerosis

MSP musculoskeletal pain

MT mindful therapies

MVAS million visual analog scale

NAPQI N-acetyl-p-benzoquinoneimine

NCPB neurolytic celiac plexus block

NCS nerve conduction studies

NE noradrenaline; or norepinephrine

NGF nerve growth factor

NHL non-Hodgkin’s lymphoma

NHS National Health Service

NICE National Institute for Clinical Excellence

NIH National Institutes of Health

NMDA N-methyl-D-aspartic acid

NNH number needed to harm

NNT number needed to treat

NO nitric oxide

NOP neuropathic orofacial pain

NPS Neuropathic Pain Scale

NPV negative predictive value

NRS numeric rating scale

NRTI nucleoside reverse transcriptase inhibitors

NSAID nonsteroidal anti-inflammatory drug

NTG nitroglycerin

NYHA New York Heart Association

OA osteoarthritis

OAM Office of Alternative Medicine

OCP oral contraceptive pill

ODER opioid dose escalation rate

OECD Organisation for Economic Cooperation

and Development

OEI opioid escalation index

OIH opioid-induced hyperalgesia

OR opioid rotation; or odds ratio

OT opioid tolerance

PADT Pain Assessment and Documentation Tool

PAG periaqueductal gray

PAG/PVG periaquaductal or periventricular gray

PAR pain relief

PASS Pain Anxiety Symptoms Scale

PCA patient-controlled analgesia

PCPT Posttraumatic Chronic Pain Test

PCR polymerase chain reaction

PD Parkinson’s disease

PDN painful diabetic neuropathy

PDPN painful diabetic peripheral neuropathy

PDQ Pain Disability Questionnaire

PENS percutaneous electrical nerve stimulation

PET positron emission tomography

PGIC Patient Global Impression of Change

PHN postherpetic neuralgia

PID pelvic inflammatory disease

PKC protein kinase C

PML progressive multifocal leukoencephalopathy

PMP Pain Management Program

PMR percutaneous revascularization; or

progressive muscle relaxation

PNL partial sciatic nerve ligation

PNS peripheral nervous system

POMS Profile of Mood States

PPI proton-pump inhibitors

PPV positive predictive value

PT physical therapy

PTSD posttraumatic stress disorder

PVD peripheral vascular disease
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QALY quality adjusted life year

QOL quality of life

qPCR quantitative polymerase chain reaction

QS quality scale

QSART quantitative sudomotor axon reflex test

QST quantitative sensory testing

RA rheumatoid arthritis

RAP recurrent abdominal pain; or refractory

angina pectoris

rCBF regional cerebral blood flow

RCT randomized controlled trial

RDC research diagnostic criteria

RF radiofrequency

rhNGF recombinant human growth factor

RNA ribonucleic acid

rRNA ribosomal RNAs

RR relative risk

RSD reflex sympathetic dystrophy

RSO resting sweat output

RVM rostral ventromedial medulla

SCI spinal cord injury

SCL-90R Symptom Checklist 90-Revised

SCS spinal cord stimulation

SDR selective dorsal rhizotomy

SEP somatosensory evoked potential

SF-36 Short-Form-36

SFS Spinal Function Sort

SHBPS Saskatchewan Health and Back Pain Survey

SIF sacral insufficiency fracture

SIP Sickness Impact Profile

SLE systemic lupus erythematosus

SNF skilled nursing facility

SNI spared nerve injury

SNL spinal nerve ligation

SNP single nucleotide polymorphisms

SNRI serotonin noradrenaline reuptake inhibitor

SNT spinal nerve transection

SP substance P

SPECT single photon emission computed

tomography

SPID sum of the differences in pain intensity

SPS Shingles Prevention Study

SR sustained release

SSR sympathetic skin response

SSRI selective serotonin reuptake inhibitor

STAI State-Trait Anxiety Inventory

STAR Screening Tool for Addiction Risk

STN symptomatic trigeminal neuralgia

SUPPORT Study to Understand Prognosis, Preferences

for Outcomes, and Risks of Treatment

T thymine

TC treatment control

TCA trichloroacetic acid; or tricyclic

antidepressant

tDCS transcranial direct current stimulation

TDF transdermal fentanyl

TENS transcutaneous electrical nerve stimulation

TMD temporomandibular disorder

TMJ temporomandibular joint

TMR transmyocardial revascularization

TN trigeminal neuralgia

TNF tumor necrosis factor

TNFa tumor necrosis factor-a
TPBS three-phase bone scan

TRP transient receptor potential

TSK Tampa Scale for Kinesiophobia

TST thermoregulatory sweat test

TTH tension-type headache

TTX tetrodotoxin

TTX-r tetrodotoxin-resistant

TTX-S tetrodotoxin-sensitive channel

U uracil

UC ulcerative colitis

UMNS upper motor neuron syndrome

VAS visual analog scale

VC ventrocaudalis

VDCC voltage-dependent calcium channel

VMpo ventral medial posterior

VPL ventroposterolateral

VPM ventroposteriomedial

VSCC voltage-sensitive calcium channel

VZV varicella zoster virus

WDR wide dynamic range

WHO World Health Organization

WHYMPI West Haven-Yale Multidimensional Pain

Inventory

WLC waiting list control

WLQ Work Limitations Questionnaire

WOMAC Western Ontario and McMaster Universities

Osteoarthritis Index

ZJ zygapophysial joint
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KEY LEARNING POINTS

� Much information about neuropathic pain models is

gleaned from studies in animal models.
� Damage to peripheral nerves causes phenotypic and

excitability changes.
� Inflammatory mediators can produce excitation of

neurons in the peripheral nervous system (PNS) and

central nervous system (CNS).
� Nerve injury can lead to cell death and anatomical

reorganization.

� A loss of inhibitory mechanisms and increase in

excitatory mechanisms are associated with increased

activity in the spinal cord in neuropathic pain.
� Microglia are activated in neuropathic pain and release

pronociceptive substances which can activate neurons

in the spinal cord.
� Supraspinal sites have increased excitatory influences

on spinal nociceptive processing following nerve injury.

INTRODUCTION

Neuropathic pain is a form of chronic pain defined as
‘‘Pain arising as a direct consequence of a lesion or disease
affecting the somatosensory system.’’1 The spectrum of
neuropathic pain is associated with a variety of disease
states (Table 1.1),2, 3 but it is important to recognize that
neuropathic pain is a relatively frequent, but unusual and
by no means inevitable, consequence of those disorders.

Various patterns of neuropathic pain are recognized
and it may be spontaneous in nature (continuous or
paroxysmal) or evoked by sensory stimuli. These patterns
may coexist in the same patient and are not necessarily
unique to any disease entity. Neuropathic pain is also
usually associated with various phenomena associated
with disturbances in sensory function and it is possible to
broadly classify neuropathic pain patients on the basis of

their sensory phenotype, for example in postherpetic
neuralgia.4 Therefore, pain may exist in the context of
sensory loss (anesthesia dolorosa) or more unusually in
the presence of hypersensory phenomena (e.g. allodynia
(Figure 1.1), hyperalgesia (Figure 1.1), and hyperpathia).
Occasionally, a mixed picture of disordered sensory
function may be evident depending on which areas are
tested.

While the biological advantage to the organism of
nociceptive pain is readily identifiable, it is less easy to do
so for neuropathic pain and it is probable that, in broad
terms, neuropathic pain is a result of a pathological
process representing a disordered regenerative response to
neuronal damage. For example, in patients with the
hyper-sensory subtype of neuropathic pain, the mechan-
istic implication of allodynia is that elements of the sen-
sory nervous system which normally signal innocuous



sensation have begun to encode painful stimuli, while in
hyperalgesia the structures which normally subserve
nociception have become hyperexcitable.

Before exploring what is known about the pathophy-
siology of neuropathic pain, three major caveats as to the
nature of the existing literature need to be stated. First,
the overwhelming bulk of the literature related to neu-
ropathic pain mechanisms has emerged from rodent
studies in which the major outcome measure is hyper-
sensitivity of spinal withdrawal reflexes evoked by sensory
stimuli. Thus, in this chapter, it will actually only be
possible to discuss the putative mechanisms of evoked
hypersensitivity, a relatively minor component of the
spectrum of clinical neuropathic pain. Second, since it is
also not currently possible to directly measure pain in
experimental animals, the putative pain mechanisms
which are to be discussed can only be interpreted in the

context of responses to nerve injury which are possibly,
but not certainly, related to pain. Third, the vast majority
of research into neuropathic pain mechanisms has con-
centrated on changes in the peripheral nerve or spinal
cord following peripheral nerve injury. Although knowl-
edge is accumulating regarding alterations in the brain
following peripheral nerve injury, much less is known
about the significance of these changes. Therefore, this
chapter will focus mainly on peripheral and spinal
mechanisms of neuropathic pain.

ANIMAL MODELS OF NEUROPATHIC PAIN

Unravelling the mechanisms involved in neuropathic pain
requires the use of laboratory animal models that repli-
cate as far as possible, with the above caveats, the different
pathophysiological changes present in patients. For rea-
sons of reproducibility and simplicity, most studies of
neuropathic pain are based upon animal models of
traumatic nerve injury, usually in the rat sciatic nerve
(Figure 1.2).

Rodent models of neuropathy

The most commonly used nerve injury models are: the
chronic constriction injury (CCI) of sciatic nerve,7 the
partial sciatic nerve ligation (PNL) model,8 the spinal
nerve ligation (SNL)/transection model (Figure 1.2),9

and the spared nerve injury (SNI) model.6 All models are
associated with the development of hypersensitivity to
thermal (heat and cold), and mechanical stimuli which
are used experimentally as correlates of hyperalgesia and
allodynia symptoms in neuropathic pain patients.10

However, the relevance of these measures to the human
condition is questionable.

The CCI model consists of the loose ligation of the
sciatic nerve with chromic gut sutures. An inflammatory
reaction develops and consequentially damage to most
A-fibers and some C-fibers. It is likely that there is a
significant inflammatory component in the development

Table 1.1 A classification of the more frequent disorders asso-

ciated with neuropathic pain, with examples.

Cause of neuropathy Examples

Trauma Phantom limb

Spinal cord injury

Surgical

Peripheral nerve injury

Infection/inflammation Postherpetic neuralgia

HIV

Cancer Invasion/compression of neural

structures by tumor

Drugs Vinca alkaloids

Taxols

Ethanol

Antiretroviral drugs

Ischemic injury Poststroke pain

Metabolic neuropathies, i.e. diabetic

neuropathy

Compression Trigeminal neuralgia

Sciatica

Demyelination Multiple sclerosis

Charcot–Marie–Tooth

R
es

po
ns

e

Stimulus intensity (b)(a)

Pain threshold

Figure 1.1 Graphical representation of (a)

allodynia, a painful response to a normally

innocuous stimuli and (b) hyperalgesia, an

increased response to a normally painful stimulus.

Stimulus intensity versus response relationship for

noxious and innocuous stimuli. & The Board of

Management and Trustees of the British Journal

of Anaesthesia. Adapted from Bridges et al.,
20015 by permission of Oxford University Press/

British Journal of Anaesthesia.

4 ] PART I GENERAL CONSIDERATIONS



of the painful neuropathy.11 In the PNL model, a tight
ligation is created around 33–50 percent of the sciatic
nerve, leaving the rest of the nerve ‘‘uninjured.’’8 The SNL
model traditionally consists of injury to the L5 and L6
spinal nerves, which contribute to the sciatic nerve.9

However, a transection of the L5 spinal nerve alone results
in comparative symptoms and hence some experimenters
now use this as a modified SNL model.5 This model is
favorable to mixed injury models as it allows the exam-
ination of cellular responses of injured afferents (with
cells in the L5/L6 dorsal root ganglia (DRG)) versus
uninjured afferents (in the L4 DRG), and their relative
importance in neuropathic pain.12 The spared nerve
injury model involves tight ligation and lesion of the tibial
and common peroneal nerves.6 This model allows testing
of distinct regions of the hindpaw which are either
innervated by injured or uninjured neurons, as well as
separating degenerating neurons from uninjured neurons
to a greater level.

Although commonly used and reproducible, there
are shortcomings of these animal models which need
to be considered. First, while neuropathic pain can be a
devastating consequence of nerve injury in humans, the
majority do not develop neuropathic pain following nerve
injuries,3 whereas most animals do develop reflex hyper-
sensitivity in response to the above injuries. Therefore, the

aforementioned animal models do not precisely mirror
the ‘‘normal’’ human response to nerve injury. Second,
for good ethical reasons, most animal models of neuro-
pathic pain study the animals for a period of weeks,
whereas the clinical course of neuropathic pain presenting
to a pain relief clinic is often measured in years. Finally, as
with all animal models, it is difficult to know what is
actually perceived by the animal. To date, the behavioral
manifestation of pain in rodent models of neuropathic
pain has relied largely on measuring alterations in cuta-
neous sensory thresholds via measurement of reflex
withdrawal thresholds to stimuli, such as punctuate
mechanical (such as von Frey filaments),13 which are not
without their shortcomings, heat (such as the infrared
heating device14) or cooling (such as the application of
acetone) stimuli. Whilst these hypersensory phenomena
do occur in a subset of humans with neuropathic pain,
they are more usually observed in response to mechanical
rather than thermal stimuli. (It must be noted that
because the terms hyperalgesia and allodynia are defined
in terms of pain, and we cannot yet measure pain in
rodents, the use of these terms in the context of animal
studies is inappropriate. We will therefore use the term
‘‘hypersensitivity’’ in the context of animal studies.)

Therefore, there is a need for the development of more
clinically relevant animal models of neuropathic pain, as
well as more complex behavioral tests designed to mea-
sure a spontaneous ongoing pain phenotype, and pain
comorbidity.

Recent developments in rodent models of
neuropathy

In recent years, scientists have worked to rectify the lim-
itations of animal models, including development of
models that more closely represent individual disease
states. For example, as a model of peripheral diabetic
neuropathy, a single injection of streptozotocin induces
diabetes in the rat and is associated with the development
of reflex hypersensitivity.15 To model trigeminal neuralgia,
chronic constriction injury of the infraorbital branch of the
trigeminal nerve has been described.16 In order to repro-
duce some features of postherpetic neuralgia, varicella
zoster virus-infected fibroblasts are injected into the
hindpaw and retrogradely transported to the cell bodies of
sensory neurons in the DRG.17, 18, 19 Similarly, the
mechanisms by which the HIV virus could directly interact
with the nervous system to produce peripheral neuropathic
pain are being investigated by studying the effects of the
HIV-envelope protein, glycoprotein 120 (gp120) in vivo.20,
21, 22 Gp120 is thought to be key to the production of
neurological disorders associated with HIV infection via
the activation of the chemokine receptors CXCR4 and
CCR5 expressed by neurons and glial cells.23 Finally, drug-
induced neuropathies are becoming more prevalent clini-
cally with painful peripheral neuropathy presenting as an

Figure 1.2 Rodent models of nerve injury. Many rodent models

are based upon injury to the peripheral, usually sciatic, nerve.

Schematic drawing of partial sciatic nerve injury (PSNL), chronic

constriction injury (CCI), spared nerve injury (SNI), and spinal

nerve ligation or transection (SNL/SNT) of the L5 and L6 spinal

nerves. Adapted from Decosterd and Woolf, 20006 by permission

of the International Association for the Study of Pain.
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unfortunate side effect of treatment with chemother-
apeutics, including taxols and vinca alkaloids, or with
antiretroviral agents which form part of the highly active
antiretroviral therapy (HAART) for the treatment of HIV
disease. Rats treated systemically with such drugs develop
signs of a neuropathic phenotype and are therefore
important, clinically relevant models that are currently
being investigated for the understanding of underlying
mechanisms.22, 24, 25, 26, 27 The aforementioned models are
important as they model some aspects of the diseases most
frequently associated with neuropathic pain.

The majority of neuropathic pain models were ori-
ginally described in rats, but more recently have adapted
to the mouse. The translation of these models from rat to
mouse is important as novel transgenic tools, useful for
the study of neuropathic pain, are further developed.

Behavioral tests of pain phenotype

In addition to new models, work is being conducted to
improve the range of behavioral tests employed in vivo
(Figure 1.3). For example, spontaneous exploratory
activity assessed in the open field paradigm is classically
used as a measure of anxiety-related behavior in rodents.28

This test has been used as a measure of locomotor activity
in pain models29 and more recently, additional measures of
thigmotactic behavior indicate the presence of altered
exploratory behavior in rodent models of pain without the
presence of locomotor deficits. This behavior is sensitive to
clinically employed analgesics, such as gabapentin and
morphine,19, 27 suggesting the thigmotaxis to be correlated
to a nonstimulus-evoked pain-like behavior in rodents be
it spontaneous pain or pain comorbidities.

Stimulus(d)

Inner zone

Outer zone

100 cm

40 cm

40 cm

(a)

(b)

(c)

Figure 1.3 Examples of behavioral paradigms adapted for the assessment of pain conditions in rodents. (a–c) The open field paradigm

in which neuropathic rats display thigmotactic (wall hugging) behavior: (a) open field arena; (b) naive rat; (c) rat with nerve injury.

(d) The dark/light box: place preference paradigm in which rats chose between the aversive noxious stimulus or the aversive light

compartment.
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Further types of test involve active escape and avoidance
of preferred environments (such as a dark versus light
arena) in association with noxious stimuli.30 These tests
involve conflicting choices in which the animal must
choose an adverse environment over the presence of a
noxious stimulus and appear to respond well to analgesic
drugs.31 Alternatively, place preference paradigms associate
a place with a preferable treatment such as delivery of an
analgesic drug. However, the development of the latter
paradigm in relation to neuropathic pain is ongoing and
their utility remains to be proven. It is important to
remember the effects of species variability32 and therefore
care must be taken to establish the suitability of tests in
rodents.

MECHANISMS OF NEUROPATHIC
HYPERSENSITIVITY

A variety of pain-related phenomena, both central and
peripheral, have been associated with peripheral nerve
injury (Table 1.2). These are generally not mutually
exclusive and it is entirely possible that any one of these
(or more likely a combination) contribute to sympto-
matology in individual patients suffering from neuro-
pathic pain. It is therefore inappropriate to attempt to
generate a unifying hypothesis of pathophysiology for all
neuropathic pain states. The next challenge is to diagnose
which of these phenomena may be operative in an indi-
vidual patient and to interpret each symptom within the
mechanistic framework arising from work with neuro-
pathic pain models. In this regard, neuropathic pain is
ideally suited to the mechanistic-based approach to
treatment.33, 34

Peripheral mechanisms

PRIMARY AFFERENT EXCITABILITY

In normal primary afferent neurons, it is rare for firing
threshold to be reached without the input of a stimulus.

However, following a nerve injury, many injured axons
and associated cell bodies in the DRG undergo an increase
in their intrinsic electrical excitability. As a result they
begin to generate impulse discharge spontaneously or
with only minimal stimulation linked to the injury site.35

This has been termed ectopic discharge36 and has also
been demonstrated in humans, suffering from neuro-
pathic pain.37 Ectopic discharge originating in the per-
ipheral nervous system (PNS) can result in excess
spontaneous and stimulus-evoked electrical impulses
feeding into the central nervous system (CNS) (Figure
1.4).39 Ectopic afferent activity may also trigger and
maintain central sensitization amplifying the afferent
signal from the remaining afferents that innervate the
partly denervated skin and deep tissues leading to ten-
derness to touch (‘‘tactile allodynia’’).38

Furthermore, oscillations in resting membrane
potential in primary sensory neurons are thought to
contribute to their ectopic potential. A small number of
A-fibers (10 percent) exhibit subthreshold membrane
oscillations in their resting state or under depolarization
conditions. An increase in these oscillations is observed in
sensory neurons from axotomized rats.40 Due to the
sensitivity of such oscillations to tetrodotoxin (TTX), a
role for changes in sodium channel function in the nerve
in DRG has been proposed. Increases in oscillations lead
to increased ectopic activity in these neurons that may
underlie paresthesiae, dysesthesiae, as well as frank pain.

Abnormal discharges may also arise at the site of nerve
injury, at other points along the nerves or in the cell body
in the DRG.41 Myelinated and unmyelinated primary
afferent axons may become spontaneously active after
nerve injury.38, 42 Wallerian degeneration of an injured,
spontaneously active myelinated fiber allows cross-
excitation of neighboring unmyelinated fibers (termed
‘‘ephaptic transmission’’) inducing ectopic discharge even
in an uninjured axon.43, 44 Such ectopic discharge present
in both low-threshold mechanoreceptors and in noci-
ceptors may contribute to allodynia and hyperalgesic
components of neuropathic pain.

Sodium channels

Sodium (Na1) channels are critical to the physiology of
excitable membranes. There are significant alterations in
the expression of Na1 channels in the cell bodies and the
terminal neuroma of peripheral nerves following nerve
injury. Such accumulation of Na1 channels in the neu-
roma of cut sensory axons45 are thought to generate
ectopic discharge (Figure 1.5).46

There are many different and distinct voltage-gated
Na1 channels, of which at least six are expressed by pri-
mary afferent neurons within the DRG.47 These can be
defined by their sensitivity to TTX. In the DRG, TTX-
sensitive channels (TTX-s) are expressed predominantly
by A-fibers. In contrast, TTX-resistant (TTX-r) channels
are expressed by a subset of primary afferent neurons
specifically in the smaller C-fibers associated with

Table 1.2 An overview of pathophysiological events which are

likely to be related to the generation of neuropathic pain.

Peripheral nervous system Central nervous system

Sensitization and spontaneous

activity in sensory neurons

Central sensitization

Abnormal ion channel expression Spinal reorganization

Altered neuronal biochemistry Changes in inhibitory

systems

Sensory neuron apoptosis Glial cell activation

Immune–neuronal interactions Alterations in descending

modulation

Loss of trophic support for neurons Cortical reorganization
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nociception.48 Following peripheral nerve injury, there is a
reorganization of ion channel expression in DRG neu-
rons.36 Some sodium channels subtypes are diminished,
whilst others appear de novo and others are translocated to
different parts of the neuron. For example, there is an up-
regulation of the TTX-s channels Nav1.3 (not normally
expressed by DRG cells) and Nav1.7, and a down-regula-
tion of the TTX-r channels Nav1.8 and Nav1.9. As Nav1.8
and Nav1.9 produce slowly inactivating currents, their
decreased expression may lead to a hyperpolarizing shift in
resting potential, increasing the fraction of TTX-s chan-
nels available for activation.47, 49 Electrophysiological stu-
dies demonstrate a reduced density of TTX-r currents and
a shift in the voltage dependence of activation to a more
negative potential in the following nerve injury.49 In
contrast, up-regulation of Nav1.3 results in a switch in the

properties of the TTX-s currents in DRG neurons, with
the emergence of a rapidly repriming current, which could
sustain frequent ectopic discharges and lead to hyper-
excitability in the cell.50 In support of this, TTX produces
dose-dependent inhibition of ectopic activity51 and
reduced mechanical hypersensitivity in the spinal nerve
transection (SNT) model.52 In partial nerve injuries, the
intact afferent neurons show little or no change in the
expression of Nav1.8, although there is a redistribution of
these channels from their cell bodies in the DRG to their
axons,53 which may explain the neuroma hypersensitivity.
These findings were corroborated in immunohisto-
chemical studies of tissue taken from patients suffering
from neuropathic pain following traumatic brachial
plexus avulsion54 and in human sensory nerves localized
close to the injury site and within the neuroma.55
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Figure 1.4 Patterns of spontaneous ectopic

discharge recorded from sensory neurons ending in a

neuroma. Fine axon bundles were microdissected

from an injured nerve and placed on a recording

electrode (R). Spontaneously active fibers fire

tonically (1), in bursts (2), or irregularly (3).

Intracellular recording from a dorsal root ganglion

neuron with ectopic burst discharge (asterisks, spike

height is truncated). One burst is shown in detail

below. Bursts are triggered when ongoing membrane

potential oscillations reach threshold and are

maintained by postspike depolarizing after potentials

(DAP). The burst initiates a hyperpolarizing shift

which stops firing and resets the oscillations.

Reprinted from Devor, Melzack and Wall’s Textbook
of Pain. 2005, 5th Edition & 2005 Elsevier Ltd,38

adapted from Amir and Devor 1992.39 Used with

permission from The American Physiological Society

and Elsevier.
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A Na1 channel subunit that has received more atten-
tion in recent years is the Nav1.7 channel. Nav1.7 is
expressed, almost exclusively, in DRG, particularly in
small C-fiber nociceptors and to a lesser extent in med-
ium-sized Ad and large Ab cells.56 The Nav1.7 channel
underlies a fast TTX-s current with slow repriming
kinetics and slow inactivation. Significantly, the Nav1.7
channel has been localized to sensory endings, such that
both its distribution and physiology may predispose it to
a major role in transmitting painful stimuli. A mutation
in the human gene encoding Nav1.7 resulting in sensory
neuron hyperexcitability is thought to be associated with
the development of neuropathic pain in primary ery-
thermalgia.57, 58 However, experimentally the role for
Nav1.7 in neuropathic pain is unclear as mice lacking this
channel develop signs of neuropathic pain as normal.59

The mechanism contributing to the changes in Na1

channel expression in peripheral nerve injury is unclear,
but the influence of growth factors appears to be a crucial
factor. For example, in the absence of nerve growth factor
(NGF), DRG neurons in vitro increase Nav1.3 expression
and decrease Nav1.8 expression.

60 NGF is a member of the
neurotrophin family of polypeptides, which are produced
by peripheral target tissue during embryonic develop-
ment, are required for peripheral sensory neurons for
survival and can influence the morphology, excitability,
and synaptic plasticity of sensory neurons in adulthood.61

Additionally, glial-derived neurotrophic factor (GDNF), a
member of a second family of growth factors, normalizes
Nav1.3 expression, reduces ectopic discharge in A-fibers,
and reduces hypersensitivity62 when delivered to the
injured nerve. Nav1.9 expression is similarly reliant on
GDNF.

Therapeutic agents that exhibit use-dependent block of
sodium channels show efficacy against painful peripheral
neuropathy in the clinic. Systemic administration of
lidocaine and other sodium-channel blockers relieves
painful symptoms of postherpetic neuralgia, painful dia-
betic neuropathy, idiopathic trigeminal neuralgia, and
other conditions.63 Topical lidocaine also relieves pain in
postherpetic neuralgia.64 Sodium channel blockade is also
a likely mechanism through which at least some drugs
which also have efficacy in epilepsy (e.g. phenytoin and
carbamazepine) might suppress neuropathic pain and the
well-established efficacy of tricyclic antidepressants (TCA)
may be due, at least in part, to their ability to block
sodium channels.65

Potassium channels

There is a large variety of K1 channels66 and their sig-
nificance in pain signaling is far from understood. Classic
voltage-gated K1 channels, often called delayed rectifiers,
have six transmembrane domains and can be divided into
nine gene subfamilies. The KV1 subfamily is the most
explored among subtypes of sensory neurons.67 KV1.1
and KV1.2 are present in large-diameter sensory neurons,
whereas KV1.4 is present in most small sensory neurons

that express NaV1.8, making it the candidate nociceptive
delayed rectifier. The activation of voltage-gated K1

channels ultimately decreases the excitability of a cell.
Thus, K1 channels are prime molecular targets for sup-
pressing hyperactive neurons, and might, therefore, prove
useful in suppressing hypersensitivity.

Other K1 channels that figure prominently in excita-
tion of neurons, are the M channel (KCNQ gene), the H
channel- (HCN gene) and calcium-activated K channels.
All these channels are thought to be present on some
populations of sensory neurons.68, 69, 70 However, their
relevance to pain is largely unknown.

Calcium channels

Activation of voltage-dependent calcium channels
(VDCC) is critical for neurotransmitter release. Calcium
ion channels have also been shown to influence the gen-
eration of hypersensitivity and in particular, a role for N-
type Ca21 channels has been shown. N-type, but not P- or
Q-type, Ca21 channel antagonists can attenuate hyper-
sensitivity to mechanical and heat stimuli in models of
neuropathic pain.71, 72 Furthermore, cannabinoid recep-
tor agonists, known to have analgesic effect in nerve
injury models, attenuate Ca21 flux at N-type channels.73

A calcium channel subunit that has received much
attention of late is the a2d-1 subunit. This subunit is up-
regulated in rat DRG neurons, on central afferents
terminals and on neurons within the spinal dorsal horn
following nerve injury (Figure 1.5).74, 75 This is correlated
with pain behavior following peripheral nerve injury
suggesting that a2d-1 may contribute to neuroplasticity in
neuropathic pain. In support of this, transgenic mice that
constitutively overexpress a2d-1 in neuronal tissues
demonstrate pain behavior and exaggerated and pro-
longed dorsal horn neuronal responses to peripheral
mechanical and thermal stimulation.76 Furthermore, the
a2d-1 subunit is thought to be the site of action of
gabapentin77, 78 and pregabalin,79 which are effective in
relieving signs of hypersensitivity in animal models80 and
neuropathic pain in man.64, 81

ALTERATIONS IN SENSITIVITY TO STIMULI

Transient receptor potential ion channels

Transient receptor potential (TRP) ion channels are sen-
sory transducers, many of which are expressed in noci-
ceptive primary sensory neurons where they are involved
in generating chemical- and thermal-evoked pain sensa-
tions.82 In particular, TRPV1 responds to noxious heat
(temperatures 4431C) and the pungent ingredient in hot
chilli peppers, capsaicin, producing the classic burning
sensation. In contrast, TRPA1 responds to cold tem-
peratures (o181C) and to the irritant, mustard oil, also
producing a burning sensation.

Following nerve injury, the phenotype of cells expres-
sing TRP channels fundamentally changes so that TRPV1
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and TRPA1 are also expressed by neurons of a non-
nociceptive phenotype. Expression of TRPV1 has been
shown to decrease in injured nociceptive neurons, while
they increase in the neighboring uninjured neurons.83

This includes novel expression in large diameter, low
threshold A-fibers which may indicate a phenotypic
switch contributing to symptoms of neuropathic pain.
Similarly, TRPA1 expression is increased in a subset of
small diameter primary sensory neurons following nerve
injury likely inducing cold hypersensitivity.84 Interfering
with TRPA1 channel function using antisense knockdown
technology abolishes hypersensitivity to a cold stimulus
following spinal nerve ligation in the rat.85 Therefore,
targeting specific TRP channels may prove useful as
analgesic strategies in the future.

THE ROLE OF PERIPHERAL INFLAMMATORY MEDIATORS

Nerve injury, trauma, and/or infection evoke a cascade of
cellular events in the PNS, including a neuroin-
flammatory response with the release of chemical med-
iators, including many proinflammatory cytokines and
chemokines.86, 87 Cytokines and chemokines (small che-
moattractant cytokines) are growth factor proteins
secreted primarily from leukocytes as part of the immune
and inflammatory response88 and have been demon-
strated to play a role in the pathogenesis of pain.87 These
factors can act on neurons to induce changes in gene
expression, which in turn lead to the emergence of
abnormal electrical activity, known to be essential for the
manifestation of neuropathic pain behavior. Following
nerve trauma, tumor necrosis factor-a (TNFa) is released
from Schwann cells and infiltrating and resident macro-
phages, and in turn stimulates the sequential production
and release of interleukin-1b (IL-1b) and interleukin-6
(IL-6) (Figure 1.6).86 Accordingly, neutralizing antibodies
to TNFa and IL-1b reduce behavioral signs of experi-
mental neuropathic pain90, 91 and IL-6 knockout mice fail
to exhibit neuropathic pain after nerve injury.92

Intact and injured sensory neurons are known to
express receptors which respond to TNFa, IL-1b, and IL-
6. However, the direct mechanism of neuronal sensitiza-
tion remains to be fully determined. Indirect evidence
suggests an action of TNFa on neuronal sodium or cal-
cium channels,93 whereas IL-1b may be involved in a
complex signaling cascade that leads to the production of
pronociceptive compounds (such as nitric oxide, NGF,
and prostaglandins) from immune cells or Schwann cells.
Such substances lead to changes in gene expression and
neuronal excitability in intact nociceptors.94 The gp130
cytokines, IL-6 and leukemia inhibitory factor (LIF), have
been shown to be crucial in the up-regulation of key
modulators of sensory processing, such as brain-derived
neurotrophic factor (BDNF), galanin, and substance P
following nerve injury.94 The chemokine CCL2 (MCP-1)
is another injury-induced factor that accumulates within

sensory neurons in models of neuropathic pain22 and
contributes to macrophage recruitment. CCL2 has
been implicated in the maintenance of neuropathic pain
and knockout mice for the receptor, CCR2, fail to develop
signs of neuropathic pain.95 Recent developments in
the understanding of the importance of nonneuronal cells
and inflammatory mediators in the response to damage
of the peripheral nervous system has greatly aided the
understanding of peripheral mechanisms of neuropathic
pain.

CELL DEATH IN THE PNS

Many forms of nerve injury can also produce death of
sensory neurons.96 Apoptosis may be a result of mito-
chondrial dysfunction97 and has been associated with a
number of neuropathies.96, 98, 99 Mitochondria-dependent
apoptosis is activated by a number of factors including
reactive oxygen species, ceramide, and nitric oxide,100

which have been implicated in the pathophysiology of
neuropathies. These factors cause the release of cyto-
chrome C from mitochondria leading to the formation of
the apoptosome complex and subsequent activation of
effector caspases. Alternatively, apoptotic pathways can be
activated via stimulation of death receptors, such as
TNFR1100 which can act via the JNK (c-Jun-N-terminal
kinase) pathway to activate effector caspases. In support
of this, TNFa is released in response to chemotherapeutic
agents that produce painful peripheral neuropathy,101

following direct nerve injury,102 and in response to HIV-
gp120 in vitro103 and caspases have been shown to be
important in neuropathic responses in various models of
neuropathy.20, 96, 104, 105 It is thought that the activation
of these pathways may be involved in neuropathic
pain even though there may be a prolonged latent phase
of apoptosis, before cell death.

Spinal cord mechanisms

The sensory input from primary sensory neurons is
transferred, via their central axons, to second-order
neurons in the dorsal horn of the spinal cord. The
synaptic contacts made between afferent central terminals
and dorsal horn neurons are highly organized, both
topographically and functionally to maintain accurate
transfer of information regarding the peripheral noxious
stimuli. Following peripheral nerve lesions, synaptic
processing in the spinal cord can be subject to diverse
forms of functional, chemical, and structural plasticity
that are highly involved in the production of hypersen-
sitivity to sensory input. Increased synaptic efficacy (the
phenomenon of central sensitization), loss of inhibitory
mechanisms, alterations in synaptic contacts, and the
activation of nonneuronal cells all play major roles in
producing increased pain sensitivity in neuropathic pain.
This chapter will address each of these areas in turn.
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EXCITATORY MECHANISMS

The afferent barrage associated with peripheral nerve
injury is associated with the development of a sustained
state of hyperexcitability of dorsal horn neurons, a process

dubbed central sensitization.106, 107 In addition to events
such as lowering of activation thresholds of spinal
neurons, central sensitization is characterized by the
appearance of ‘‘wind-up.’’108, 109, 110 Wind-up is char-
acterized by an increasing response to repeated C-fiber
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Figure 1.6 The immune system in neuropathic pain. Overview of the effect of the immune system on primary sensory neurons and

the spinal cord after peripheral nerve injury. (a) Representation of a mixed nerve injury in which injured and uninjured axons are

juxtaposed. The site of injury is typified by the recruitment and proliferation of nonneuronal elements (such as Schwann cells, mast

cells, and macrophages), which release factors including the cytokines TNFa, IL-1d, IL-6, the chemokine CCL2, prostaglandins (PGs) and

growth factors, including nerve growth factor (NGF) that initiate and maintain sensory abnormalities after injury. These factors might

either induce activity in the axons they act on or be transported retrogradely to cell bodies in the dorsal root ganglion (DRG), where

they alter the gene expression of neurons. (b) The effect of the immune system in the spinal cord following peripheral nerve injury

with a focus on microglial activation. A primary afferent neuron terminal is flanked by microglial cells that maintain and survey the

environment in the spinal cord. In neuropathic pain states, the microglia are activated, probably by the release of transmitters or

modulators from primary afferents. The activated microglia release several proinflammatory cytokines, chemokines, and other agents

that modulate pain processing by affecting either presynaptic release of neurotransmitters and/or postsynaptic excitability. The release

of inflammatory mediators (such as tumor necrosis factor-a (TNFa), interleukin-1b (IL-1b), interleukin-6 (IL-6), nitric oxide (NO), ATP,

and prostaglandins (PGs) initiates a self-propagating mechanism of enhanced cytokine expression by microglial cells. This leads to an

increase in intracellular calcium, and activation of the p38 and MAPK/ERK pathway. AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazole
propionic acid; CCR2, CCL2 receptor; CX3CR1, fractalkine receptor; EAA, excitatory amino acids; ERK, extracellular signal-regulated

kinase; FPRL1, formyl peptide receptor-like 1; MHC, major histocompatibility complex; NGF, nerve growth factor; NK1R, neurokinin-1

receptor; NMDA, N-methyl-D-aspartic acid; P2� 4, P2� 7, ionotropic purinoceptors; p38MAPK, p38 mitogen-activated protein kinase.

Adapted with permission from Macmillan Publishers Ltd: Nature Reviews Neuroscience86 & 2005 and reprinted from Trends in
Neuroscience, 28, Tsuda M, Inoue K, Salter MW, Neuropathic pain and spinal microglia: a big problem from molecules in ‘‘small’’ glia,

101–7, & 2005, with permission from Elsevier.89
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volleys, and may contribute to hyperalgesia in humans.
However, the exact relationship of the relatively short-
lived phenomenon of wind-up and the persistent state of
central sensitization remains to be fully elucidated.111

The excitatory amino acid glutamate is the major exci-
tatory neurotransmitter released at the central terminals of
primary afferent nociceptive neurons following noxious
stimulation. Glutamate acts at a number of post-
synaptic receptors, including metabotropic (mGluRs) and
the ionotropic a-amino-3-hydroxyl-5-methyl-4-isoxazole
(AMPA), kainate and N-methyl-D-aspartic acid (NMDA)
receptors. A large body of evidence suggests that the
NMDA receptor subtype is the most intimately involved in
central sensitization associated with inflammation and
nerve injury.110 For glutamate to exert its effects, receptor
phosphorylation and the removal of an Mg21-dependent
ion channel block are critical events in activating the
NMDA receptor. NK1 (substance P), AMPA (glutamate),
and trkB (BDNF) receptors and the activation of intracel-
lular serine/threonine and tyrosine kinase signalling
cascades are all involved in this permissive process.112, 113

NMDA receptors are also involved in the maintenance
of central sensitization. Nerve injury induces increased
release of excitatory amino acids into the spinal dorsal
horn which is associated, in an NMDA receptor-depen-
dent manner, with increased intracellular calcium con-
centration ([Ca21]i) in dorsal horn neurons.114 Initial
NMDA receptor activation contributes to further
increased concentrations of glutamate and aspartate,
representing a continual positive feedback loop which
maintains sensitization. The increased [Ca21]i could also
form a positive feedback loop, potentially through
indirect activation of protein kinase C (PKC), a hypoth-
esis supported by the antihypersensitivity effect of a PKC
inhibitor in the SNL model of neuropathic pain,115 as well
as the evidence that deletion of genes for isoforms of
adenylate cyclase, protein kinase A, and protein kinase C
all impair the development of pain hypersensitivity in
transgenic mice.116, 117 Activity-dependent central sensi-
tization is displayed by many cells in both the superficial
and deep laminae of the dorsal horn. However, in the
context of pain hypersensitivity, the effect of sensitization
appears to be particularly important for lamina I spi-
nothalamic or spinoparabrachial projection neurons,
particularly those expressing the NK1 receptor.

118, 119

In addition to Ca21 influx through the NMDA ion
channel inducing heterosynaptic potentiation in dorsal
horn neurons, activation of voltage-gated calcium chan-
nels can enhance excitatory transmission through NMDA
receptor-independent mechanisms.120 For example, neu-
rotrophins such as BDNF, acting through their cognate
Trk receptors, facilitate synaptic transmission,121, 122

partly through a NMDA receptor independent mechan-
ism. Synaptic transmission may also be enhanced by
cytokines, such as TNFa, which may be released from glial
cells in the dorsal horn.123 Pharmacological studies
support a role for NMDA receptors in neuropathic pain.

Pre- and postinjury intraperitoneal administration of the
NMDA receptor antagonist MK-801 prevented hyper-
sensitivity in the CCI model124 and electrophysiological
data also demonstrates that MK-801 significantly reduces
the hyperresponsiveness to noxious stimulation after
peripheral nerve injury.125

The agonist action of glutamate at the NMDA receptor
can be modulated by glycine.126 Antagonizing the glycine
modulatory site of the NMDA receptor prevents devel-
opment of hypersensitivity following peripheral nerve
injury and attenuates wind-up in isolated spinal cord
neurons.127 Coadministration of a glycine/NMDA recep-
tor antagonist and morphine has also been demonstrated
to attenuate pain behavior in an animal model of
trigeminal neuralgia.128

SPINAL INHIBITORY SYSTEMS

c-Aminobutyric acid and glycine

The g-aminobutyric acid (GABA) pathway forms a major
inhibitory neurotransmitter system in the CNS. Depres-
sion of such spinal inhibitory mechanisms are thought to
be important for sustained enhancement of excitatory
transmission and central sensitization.129 In support of
this, administration of GABA-mimetics reduces neuro-
pathic hypersensitivity and antagonism of the GABA
receptors is associated with hypersensitivity.130 Moreover,
peripheral nerve injury results in a substantial loss of
GABA-mediated inhibitory currents,131 decreased extra-
cellular levels of GABA,132 a decrease in dorsal horn levels
of the GABA synthesizing enzyme glutamic acid dec-
arboxylase (GAD) 65 kDa,131 and decreased GABA
receptor levels in the spinal cord, probably due to
degeneration of the primary afferent neuron terminals on
which the receptor is localized.133 Apoptosis in the dorsal
horn following nerve injuries may correlate to selective
death of GABAergic inhibitory interneurons131 due to
excessive glutamate release or a result of cell death-
inducing signals within the spinal cord.134 All of the above
factors likely promote a functional loss of GABAergic
transmission in the superficial dorsal horn.

GABAergic and/or glycinergic inhibition are important
factors in the maintenance of orderly information pro-
cessing by preventing the generation of synchronized
wave activity in the CNS. Synchronous neuronal activity
leading to oscillatory Ca21 waves can be evoked in the
spinal dorsal horn network by the potassium channel
blocker 4-aminopyridine (4-AP) after pretreatment with
blockers of GABAA, glycine, and AMPA/kainate recep-
tors.135 This may correlate to reduced inhibition and
increased neuronal excitability observed in dorsal horns
of animals with neuropathic pain.136 Theoretically, such
synchronous activation of larger parts of the dorsal horn
network would lead to pain that violates the innervation
patterns of peripheral nerves or dorsal roots characterized
by violation of sensory modality borders (e.g. allodynia,
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where normally nonnoxious stimuli are perceived as
painful) and somatotopic borders (radiating pain or
mirror-image pain). Therefore, disinhibition as a result of
altered GABA and glycine signaling may lead to waves of
excitability and could underpin neuropathic pain. How-
ever, further studies will be required to evaluate under
what physiological and pathophysiological conditions
crossing of somatotopic and sensory modality borders
occurs in spinal dorsal horn.135

Opioid system

The endogenous opioid system is also dysregulated fol-
lowing nerve injury. Evidence supports a loss of m-opioid
receptors in the DRG137 and in the spinal cord following
nerve injury.40, 138, 139 Spinal opioid receptors are localized
predominantly on the presynaptic terminals of primary
afferents in the superficial dorsal horn138 and therefore this
may reflect degeneration of primary afferent neurons.
Additionally, increased cholecystokinin (CCK) mRNA
synthesis by DRG neurons140 and increased expression of
the CCKB receptor in the superficial dorsal horn following
peripheral axotomy may potentially decrease the anti-
nociceptive effects of opioids due to opioid antagonistic
properties of CCK.141 These changes may all contribute to
the reduced potency of peripherally or spinally delivered
opioids in neuropathic pain (Figure 1.7).142

Cannabinoid system

The endogenous cannabinoid system has received much
interest within the field of neuropathic pain due to the
fact that unlike the opioid system, spinally expressed
cannabinoid receptors are unaffected following nerve
injury.143 In such, manipulation of the cannabinoid sys-
tem has been effective in alleviating signs of neuropathic
pain in animal models of neuropathic pain5, 22, 144, 145

representing a possible therapeutic advantage of
cannabinoids over opioids in neuropathic pain.

ANATOMICAL REORGANIZATION

Tactile mechanical allodynia is thought to be mediated by
Ab-fiber afferents.146 However, the mechanisms by which
this occurs are yet to be fully understood. Several studies
using bulk labeling and single afferent fiber-filling tech-
niques have demonstrated that following a peripheral
nerve lesion, the central axons of injured Ab-fibers sprout
from their normal termination sites in the deeper laminae
of the dorsal horn (laminae II and IV) into lamina II of
the dorsal horn, which is normally restricted to C-fiber
and Ad nociceptors.147, 148 This synaptic rearrangement
means that second-order dorsal horn neurons that nor-
mally receive predominantly high threshold sensory
input, now receive inputs from low threshold mechano-
receptors. Such misinterpretation of information within
the spinal cord may result in low threshold sensory
information being interpreted as nociceptive, leading to
the emergence of hypersensitivity after peripheral nerve

injury. The outgrowth of central Ab-fiber terminals is
prevented by NGF and GDNF treatment, presumably by
provision of trophic support for damaged C-fibers, sug-
gesting an important role for neurotrophins in the reg-
ulation of this manifestation of structural plasticity.149

However, some studies have raised concerns about the
specificity of bulk-labeling techniques and the sampling
of intracellular labeled intact and injured afferents,150, 151

such that the labeling may actually be due to damaged C-
fibers abnormally taking up the label. However, in favor of
the sprouting theory, stimulation of Ab-fibers in injured
nerves can produce activation of neurons in lamina II
measured electrophysiologically and by expression of
c-Fos.152, 153 Nevertheless, further work is required to
resolve the basis for the differences in these anatomical
studies, and to determine the extent to which sprouting of
Ab-fibers contributes to tactile hypersensitivity after
peripheral nerve injury.

THE ROLE OF NONNEURONAL CELLS

Peripheral nerve injury produces molecular and cellular
changes that result in multiple forms of neuronal
plasticity and anatomical reorganization at various levels
of the peripheral and central nervous systems. Oligo-
dendrocytes, astrocytes, and microglia form a large group
of CNS glial cells. Although often underappreciated, a
substantial body of evidence has accumulated showing
that peripheral nerve injury leads to activation of glia in
the spinal cord implicating astrocytes and particularly
microglia.89, 123

Microglia are immune-derived cells and represent 5–10
percent of glia in the CNS.154 Microglia are said to be
resting under normal conditions and do not actively
influence nociceptive processing. However, microglia
become activated by events such as CNS injury, microbial
invasion, and in some pain states. Following peripheral
nerve lesions, spinal microglia appear to migrate to the
relevant spinal segments, thus increasing the local micro-
glial population, and become activated involving a
stereotypic series of changes including morphological
alteration (they become hypertrophic and ameobiod), gene
expression, and function. Moreover, activated microglia
produce and release various chemical mediators, includ-
ing proinflammatory cytokines, chemokines, and other
potentially pain-producing substances, that can produce
immunological actions and can also act on neurons to alter
their function (Figure 1.6).89, 155 The status of microglia in
the spinal cord has been examined in a variety of nerve
injury models and substantial evidence, both direct and
indirect, indicates that microgliosis fundamentally con-
tributes to the pathophysiology of neuropathic pain.20, 22,
156, 157, 158 This is supported by several studies that have
shown specific microglial inhibitors and/or modulators,
such as fluorocitrate and minocycline block, and/or reverse
neuropathic states.21, 22, 159, 160
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It is not clear what factors activate spinal microglia in
peripheral neuropathic pain states. Several molecules have
been implicated, including macrophage colony-stimulat-
ing factor (MCSF),161 IL-6,162 substance P, ATP, and the
chemokines, fracktalkine,163 and CCL2.164 Activated
microglia express various molecules allowing them to
respond to such stimuli, including the ATP gated ligand-
gated cation channels, P2� 4,165 and P2� 7,166 and the
chemotactic cytokine receptor 2 (CCR2), a receptor for
CCL2/MCP-1. Recent evidence suggests that ATP-stimu-
lated microglia signal to lamina I neurons via their release
of BDNF, causing a depolarizing shift in the neuronal
anion reversal potential inverting the polarity of currents
activated by GABA. This means that GABA now results in
excitation of the cell as opposed to inhibition.158 Evidence
for a role of CCR2 in nerve injury-induced hypersensi-
tivity95 comes from mutant mice lacking the receptor.

However, as CCR2 is also up-regulated in the peripheral
nerve, at the site of the nerve injury and in the DRG, it is
unclear whether spinal microglia expressed CCR2 is
responsible. The cannabinoid receptor subtype CB2 may
also be expressed by spinal microglia after nerve injury
and therefore cannabinoids may play a role as modulators
of neuropathic pain via actions on microglia.167 Accord-
ingly, systemically administered CB2 agonists can inhibit
nerve injury-evoked pain behaviors.95, 168 However, CB2
agonists might act in the periphery and therefore the role
of microglial CB2 receptors is, at present, unclear.

169, 170

The recruitment of microglia is commonly associated
with the activation (phosphorylation) of p38 MAP
(MAP) kinase and MAP kinase ERK (extracellular signal-
regulated kinase) in the spinal cord. Phosphorylation of
p38 is probably a key intracellular signal in the microglial
response in neuropathic pain157, 171 and the sequential
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Figure 1.7 The effect of morphine in nerve-injured mice.

Dose–response curves of morphine in sham-operated (sham) and

nerve-injured (injured) mice after subcutaneous (s.c.), intrathecal

(i.t.), and intracerebroventricular (i.c.v.) injection with the

Hargreaves thermal paw withdrawal test. Graphs show

dose–response curves of (a) s.c., (b) i.t., and (c) i.c.v. morphine in

sham-operated and nerve-injured mice at seven days following

nerve ligation. The data are presented as AUC analgesia. Each

data point represents the mean s.e.m. from six mice. Redrawn

from Rashid et al., 2000142 with permission from The American

Society for Pharmacology and Experimental Therapeutics.
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activation of ERK in neurons, then microglia, and finally
astrocytes in a neuropathic pain model172 suggests that
microgial activation might be the first step in a cascade of
immune responses in the CNS.86, 94 The aforementioned
molecules expressed by activated microglia in neuropathic
pain states, or associated intracellular signaling cascades
may be potential analgesic targets.

Supraspinal mechanisms

DESCENDING MODULATION

In addition to the peripheral and spinal mechanisms
discussed, supraspinal mechanisms are thought to play an
important role in neuropathic pain.173, 174 The periaque-
ductal gray (PAG) is the most characterized part of a CNS
circuit that controls nociceptive transmission at the level
of the spinal cord.175 The PAG integrates inputs from
areas such as the limbic forebrain, diencephalon, amyg-
dala, and hippocampus with ascending nociceptive input
from the dorsal horn176 and is therefore associated with
the affective and autonomic responses to pain.

The PAG is closely associated with the brainstem
including the rostral ventromedial medulla (RVM), and is
critical in the descending modulation of spinal activity
through monoaminergic and other pathways.177 Likely
via anatomically distinct pathways, the PAG and RVM can
exert both facilitatory and inhibitory influences on the
spinal cord.178 The balance of these two supraspinal

pathways and primary afferent input, ultimately deter-
mines the excitability of spinal neurons.174 Under
pathological conditions, enhancement of descending
facilitatory controls to the spinal cord are likely to allow
excitatory influences to predominate to maintain spinal
central sensitization (Figure 1.8).

Facilitatory cells within the RVM are classed as ON
cells, whereas cells that have inhibitory influences on the
spinal cord are termed OFF cells.179 Following nerve injury,
there is enhanced descending excitatory drive from the
RVM180 which may represent a central compensatory
mechanism for the loss of normal sensory input following
peripheral nerve damage.174 The brainstem areas involved
are also implicated in autonomic responses, emotions, and
sleep. Therefore, these same pathways likely underpin the
well-established links between these states and pain, and
may provide a basis for an affective component of pain.181

Various transmitter pathways are implicated in des-
cending control mechanisms. For example, CCK, an
antianalgesic peptide, may contribute to RVM neuron
excitability.182 Intra-RVM CCK produces reversible ther-
mal and tactile hypersensitivity in naive rats141 and pre-
vents both the activation of OFF cells and the
antinociception produced by systemic morphine.183

Additionally, although thought mainly to play an inhi-
bitory role in supraspinal systems,184 supraspinal ser-
otonergic inputs to the spinal cord originating in the
RVM may play a role in facilitatory influences following
peripheral nerve injury.185 The 5HT3 receptor, localized
to a novel group of small diameter afferents, and a larger
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autonomic changes

Limbic system PAG

RVMPBA
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NMDA

Spinal cord 

↑Transmitter
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DRG
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Neuroma
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Figure 1.8 Overview of supraspinal involvement in

neuropathic pain. Peripheral nerve injury induces spontaneous

ectopic activity at the site of injury and the dorsal root

ganglion (DRG) resulting in increased release of glutamate and

neuropeptides (such as substance P) to the spinal cord, thereby

promoting sensory transmission in the spinal cord. Centrally,

there is increased function of the N-methyl-D-aspartic acid
(NMDA) receptor and enhanced descending activity from the

rostral ventromedial medulla (RVM) serotonergic excitatory

pathways. All these mechanisms can contribute to the

development of abnormal pain accompanying nerve injury.

Plasticity is seen in the expression and function of ion

channels (e.g. Na1 channels) and neurotransmitters (e.g.

substance P). Sprouting of sympathetic nerve fibers in the DRG

act to sensitize peripheral afferents. Adapted from Suzuki and

Dickenson, 2005,174 by permission of S Karger AG, Basel.
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number of presumed A-delta afferent fibers,186 has been
implicated as the target receptor of this system. Ondan-
setron, a 5HT3 antagonist exerts influences particularly on
punctate mechanical responses after nerve injury.187

Additionally, a preliminary clinical study suggests that
block of 5HT3 receptors has clinical utility in the
treatment of pain.188

Finally, evidence suggests that cannabinoids produce
their antinociceptive effect at least in part by recruiting
the PAG–RVM modulatory system.189 CB1 receptors are
densely expressed in the PAG, and microinjection of CB1
agonists into the PAG or RVM produces antinocicep-
tion.190 CB1 receptors are also known to be expressed on
rostrocaudally directed fibers in the dorsolateral funicu-
lus, a major tract for descending control systems.169, 170

IMAGING OF THE BRAIN IN NEUROPATHIC PAIN

Recent advances in human brain imaging techniques offer
an exciting opportunity to examine brain processes in
experimental and clinical pain conditions. This has
allowed insights into neural correlates of pain and led to a
much greater understanding of the pain matrix,191, 192

which includes brain structures, such as the anterior
cingulate cortex (ACC), insula, frontal cortices, S1,
second somatosensory cortex (S2), and amygdala.193

Neural correlates of allodynia have been examined in
various conditions, including patients with neuropathic
pain, central pain, or experimentally provoked allodynia.
However, the existing data are controversial with some
suggesting that allodynia is processed differently than
nociceptive pain and others suggesting they share a
common neural basis. Areas shown to be involved in
allodynia include the parietal association cortex,194

medial thalamus, putamen, and prefrontal cortex.195 The
ACC, which is almost always activated during acute pain
in normal subjects and is involved in the affective
(cognitive–evaluative) component of pain, has been dif-
ferentially associated with processing of allodynia.196, 197,
198, 199 This suggests that A-b-mediated pain may have a
unique cortical representation in some situations which
may aid further understanding of the phenomenon that
is tactile allodynia. The amygdala, which plays an
important role in fear-conditioning and affective dis-
orders, such as anxiety and depression,200 is activated by
a diverse range of persistent nociceptive stimuli in the
rat.201, 202 Evidence suggests a role for the amygdala in
the affective–emotional pain response in a rodent
model of neuropathy involving GABAergic systems.203

The amygdala has also been linked to spontaneous pain
in humans suffering from postherpetic neuralgia.204 Such
studies highlight the involvement of a number of brain
areas in pain responses in neuropathic pain conditions.
However, further work using brain imaging techniques is
required before our understanding of such systems is
complete.

CONCLUSIONS

This brief overview of mechanisms of neuropathic pain
outlines the complex nature of the response of the ner-
vous system to a peripheral nerve injury. There is little
doubt that a combination of mechanisms, involving
peripheral, spinal, and supraspinal mediated events,
contribute to the manifestation of neuropathic pain in
any one individual. Eventually, it may be possible to
improve the ethos of clinical management protocols so
that they will move away from disease-based treatment
towards symptom or, ultimately, mechanism-based
therapies.34 However, this will require a better under-
standing of mechanisms involved in neuropathic pain and
reliable convenient tools for their assessment in the
clinic.33 It must be emphasized that the majority of pre-
clinical studies employ animal models of nerve injury and
measure associated hypersensitivity, which is only evident
in a subset of patients with neuropathic pain. Therefore,
improvement of animal models and behavioral tests will
possibly unravel more therapeutically relevant mechan-
isms. Advances in technology have led to new approaches
for the identification of novel targets involved in neuro-
pathic pain. For example, microarray technology gen-
erates data regarding a large number of genes which can
lead to the investigation of promising novel targets in
neuropathic pain.205 Additionally, our understanding of
genetics may uncover genetic variation in the suscept-
ibility of individuals to develop neuropathic pain,206

which can also aid our understanding of specific
mechanistic alterations and ‘‘genetically tailor’’ analgesics
based on an individual’s pharmacogenetic profile.
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KEY LEARNING POINTS

� In normal joint and muscle, pain is only elicited by

intense tissue-threatening (noxious) stimuli.

Inflammation and other deep tissue pathologies cause a

state of hyperalgesia and pain that often becomes

chronic. Under these conditions, pain is elicited by

physiological stimuli.
� Muscle and joint nerves possess nociceptors which are

exclusively or preferentially excited by noxious stimuli,

and silent nociceptors which do not respond to stimuli

under normal conditions.
� During pathological processes, such as inflammation

muscle and joint nociceptors, are sensitized to

mechanical stimuli. This peripheral sensitization is an

important mechanism of primary hyperalgesia.
� Peripheral sensitization is induced and maintained by

inflammatory mediators acting on the nociceptive

terminals, and by changes of the intrinsic response

properties of the neurons.

� In the central nervous system, nociceptive stimulation

of deep tissue is encoded in neurons exclusively driven

by deep input, and by neurons that show convergent

inputs from deep tissue and skin.
� Peripheral sensitization induces a state of

hyperexcitability in the central nociceptive system

(central sensitization) that increases the gain of central

nociceptive processing at spinal, thalamic, and cortical

levels. Spinal hyperexcitability contributes to primary

and accounts for secondary hyperalgesia.
� Descending systems control the nociceptive processing

at the spinal level. During peripheral inflammation

descending inhibition increases and reduces central

sensitization. Descending facilitation may support

secondary hyperalgesia.
� Pain treatment should target peripheral, as well as

central, sensitization.

PAIN IN THE MUSCULOSKELETAL SYSTEM

Pain in the musculoskeletal system is of major clinical
importance because it is frequent and often chronic. In
general, the deep somatic tissue is a major site of injury

(e.g. sport injuries), acute and chronic inflammatory
processes (e.g. rheumatoid arthritis), and degenerative
disease (e.g. osteoarthritis, osteoporosis). Because many
of the pathological changes in the musculoskeletal system
are not reversible, symptomatic pain treatment is one of



the most important tasks in clinical medicine. It should
limit suffering and maintain the ability to use the motor
system properly.

Pain sensation in muscle and joint

The major sensation from deep tissue, such as joint and
muscle, is pain. In the absence of disease, we are not aware
of sensory processes in the deep tissue. However, sensory
information from muscle and joint continuously controls
the activity of the motor system and is involved in the
sense of movement and position.1 Pain significantly
influences the motor control system and usually forces the
patient to restrict movements.

Deep tissue pain is often dull and aching, and
poorly localized, and is thus different from cutaneous
pain which may be sharp and precisely localized.2

In particular, muscle pain is often aching and cramping
and often referred to other deep tissue, such as other
muscles, tendon, fascia, joint, and ligaments.3 In the
normal deep tissue, acute and short-lasting pain sensa-
tions can be elicited by tissue-threatening mechanical
stimuli, showing the excitation of nociceptors in deep
tissue structures (see below under Nociceptors of deep
tissue and peripheral sensitization). Clinically relevant
pain in deep tissue is different. It usually appears as
hyperalgesia or persistent pain at rest.2, 4, 5, 6 In the state
of hyperalgesia, noxious stimuli cause stronger pain than
normal, and pain is even evoked by mechanical stimuli
whose intensity does not normally elicit pain, i.e. move-
ments in the working range and gentle pressure,
e.g. during palpation. Clinically relevant muscle pain
often appears as a combination of ongoing muscle pain,
tenderness, soreness (tenderness and stiffness), weakness,
and paresthesias (sensation of pressure and tension) in
the muscle.7, 8

Some decades ago and again more recently, in order to
gain more insight into the nature and origin of deep
tissue pain, experimental invasive sensory testing was
carried out in conscious humans. For example, pain in
the normal joint can be elicited when noxious mechanical
and chemical stimuli are directly applied to the fibrous
structures, such as ligaments and fibrous capsule. No pain
is elicited by stimulation of cartilage and stimulation of
normal synovial tissue rarely evokes pain.5 Stimulation of
fibrous structures with innocuous mechanical stimulation
can evoke pressure sensations.5 In the muscle, pain can be
elicited by noxious mechanical stimulation and also by
high intensity thermal stimulation (481C).9 Collectively
these data show good correlation between the impact
of noxious stimuli and the evoked pain sensations at
least in the normal deep tissue. Accordingly, recordings
from deep tissue afferents have revealed that deep tissue
nociceptors reliably encode noxious stimuli.

Differences between cutaneous and deep tissue
pain sensations have been pointed out. In addition to

differences in pain sensation, autonomic responses to
noxious stimuli can be different. In contrast to cutaneous
pain, muscle pain typically elicits a drop in blood
pressure, as well as sweating and nausea.10

Causes of clinically relevant pain in deep tissue

Considerations on clinically relevant pain in the deep
tissues include several questions: (1) Which pathological
processes cause pain? (2) From which structures is pain
evoked? This is being particularly discussed for osteo-
arthritic pain. (3) Does pain reflect nociception and
how much is it associated with psychological and social
factors? This seems to be extremely relevant for the large
number of patients with low back pain.

In general, inflammatory conditions cause similar pain
symptoms in all somatic deep tissues, namely hyperalgesia
with increased responses to noxious stimuli and occur-
rence of pain upon innocuous mechanical stimulation.
Inflammatory conditions are frequent in joints and often
chronic, such as during rheumatoid arthritis. Initially,
the synovial tissue and the articular and periarticular
soft tissues are the most important sites of inflammation,
but with time the joint undergoes structural changes,
such as cartilage degradation, pannus formation, and
bone deformation. Presumably all of these changes may
contribute to pain generation, and mechanical as well
as inflammatory factors may contribute to the activation
of the nociceptive system.

Pain during degenerative osteoarthritis (OA) shows
similarities and differences to inflammatory arthritic
pain. Osteoarthritic pain is usually localized to the joint
with OA, but it can be referred (e.g. hip OA may cause
knee pain). It varies in intensity and is usually worsened
by exercise (weight-bearing, movement) and relieved at
rest. It is usually episodic, but may be constantly present
in advanced OA. A particular quality of OA pain is pain at
night.11 The site of OA pain and the nature of OA pain are
under discussion because the cartilage is not innervated12

and because there is a poor correlation between radi-
ological signs (narrow joint space and osteophytes) and
the occurrence of joint pain.11 Some recent studies used
magnetic resonance (MR) imaging and found that painful
OA knee joints exhibit more MR abnormalities than
nonpainful OA joints. These are synovial hypertrophy and
synovial effusions, as well as subchondral bone marrow
edema lesions (which may increase intraosseal pres-
sure).13 These data and the observation of inflammatory
cells in the sublining tissue11 suggest that pain may be
evoked by inflammatory mechanisms that appear from
time to time (possibly corresponding to painful episodes
in chronic OA). At later stages, capsular fibrosis and
muscle contracture around the joint may contribute to
OA pain. Quite clearly, however, factors such as obesity,
perceived helplessness, and other psychological factors
influence OA pain as well.11
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Specific causes of muscle pain are acute trauma (tear
and blow), overload (e.g. exercise, particularly eccentric
contraction), and myositis. Muscle pain is also elicited by
ischemic contractions and by muscle spasm. A particular
muscle pain syndrome is the referred pain elicited from
painful trigger points in the muscle. Pain syndromes
involving muscular pain are fibromyalgia and the myo-
fascial pain syndrome, but in these cases no clear muscle
pathophysiology has been established. On the other hand,
significant muscular diseases, such as slow cell death in
muscle during muscle dystrophy do not cause pain.10, 11

Another site of clinically relevant pain in deep tissue
is the bone. Frequent causes of bone pain are trauma,
fracture, and also degenerative disorders, such as osteo-
porosis and bone metastases.14, 15 Research into neuronal
mechanisms of bone pain has been very sporadic. How-
ever, recent studies on cancer pain have focused on
mechanisms of bone pain,14 and the bone near the joint
may be one site at which osteoarthritic pain is generated,
as mentioned above.11, 13

INNERVATION OF JOINT, MUSCLE, AND BONE

Joints are supplied by branches descending from main
nerve trunks or their muscular, cutaneous, and periosteal
branches. A typical joint nerve contains thick myelinated
Ab- (group II), thinly myelinated Ad- (group III), and
a high proportion (�80 percent) of unmyelinated
C- (group IV) fibers. The latter are either sensory affer-
ents or sympathetic efferents (each �50 percent).12

Ab fibers terminate as corpuscular endings of the Ruffini-,
Golgi-, and Pacini-type in fibrous capsule, articular
ligaments, menisci, and adjacent periosteum.1 Articular
Ad- and C-fibers terminate as noncorpuscular or free
nerve endings in the fibrous capsule, adipose tissue,
ligaments, menisci, and the periosteum.16 Using staining
for nerve fibers and neuropeptides, endings were
also identified in the synovial layer. The cartilage is not
innervated.12

Muscle nerves contain axons from motoneurons, sen-
sory neurons, and postganglionic sympathetic neurons.
For example, in the nerve of cat gastrocnemius-soleus
(GS) muscle, about one-third of the axons are myelinated
(�60 percent of these are from motoneurons and �40
percent are sensory) and two-thirds of the fibers are
unmyelinated. In the latter group, �50 percent of the
units are sensory and �50 percent are sympathetic
efferent. Thick myelinated afferents terminate as orga-
nized endings (muscle spindles, tendon organs), whereas
Ad- and C-fibers terminate as free nerve endings. Most of
these endings are located in the wall of arterioles in the
muscle belly and in the surrounding connective tissue.7

A large proportion of articular and muscular sensory
neurons are peptidergic. The major neuropeptides in
joint and muscle nerves are substance P, calcitonin gene-
related peptide (CGRP), and somatostatin. Neurokinin

A, galanin, enkephalins, and neuropeptide Y have also
been localized in joint afferents. Neuropeptides influence
the inflammatory process in the periphery and modify
spinal processing of joint and muscle input. They may
also act on the primary afferent neurons themselves (see
below under Molecular mechanisms of peripheral sensi-
tization). However, these neuropeptides are not specific
for deep afferents.7, 12

ACTIVATION OF THE NOCICEPTIVE SYSTEM BY
NOXIOUS DEEP TISSUE STIMULATION UNDER
NORMAL AND INFLAMMATORY CONDITONS

Nociceptors of the deep somatic tissue encode noxious
stimuli applied to the normal tissue. This is important
for the protection of the tissue against damage. Noxious
stimuli, such as twisting of a joint, cause immediate
motor responses and a conscious pain experience both
of which are parts of a strategy to avoid further damage.
It is thought that loss of sensory mechanisms causes
damage of the joint such as in Charcot’s joint. Essentially,
treatment of joint pain should not impair the normal
nociceptive function.

Importantly, significant changes of the nociceptive
processing are induced by inflammation and tissue injury
which are called peripheral sensitization (sensitization of
primary afferents) and central sensitization (development
of hyperexcitability of nociceptive neurons in the central
nervous system). Figure 2.1 summarizes the structures of
the nociceptive system and the sequence of inflammation-
evoked events in the nociceptive system. Inflammation
leads to peripheral sensitization which in turn causes the
development of hyperexcitability in the spinal cord.7, 12

Ascending axons in the spinothalamic tract activate
the lateral and medial thalamocortical system which
evoke the conscious pain sensation with its sensory
discriminative and the affective components.17 In parallel,
ascending projections to the brainstem are activated. The
activation of the brainstem contributes to the activation
of the brain by noxious stimuli, but it also acts back
on the spinal cord through descending systems.18, 19, 20

NOCICEPTORS OF DEEP TISSUE AND
PERIPHERAL SENSITIZATION

Mechanosensitivity of peripheral nociceptors in
the normal joint and muscle

In single-fiber recordings, primary afferent neurons have
been classified according to their mechanosensitivity.
These recordings showed types of primary afferent
neurons that encode noxious stimuli applied to joint and
muscle and are thus suitable for signaling noxious
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mechanical events which cause pain sensations in awake
individuals.

In the joint nerve, more than 50 percent of the
Ad-fibers and most C-fibers with a detectable receptive
field are able to encode noxious mechanical stimuli
applied to the joint. These fibers are either weakly acti-
vated by innocuous stimuli and strongly activated
by noxious stimuli, or they are exclusively activated
by noxious stimuli.21, 22 Innocuous stimuli are light to
moderate pressure and movements within the normal
working range of the joint. Noxious stimuli are high-
intensity pressure (that causes pain when applied to
humans) and movements against the resistance of the
tissue beyond the limit of the normal working range.
Fibers activated by these noxious mechanical stimuli are
thought to be the nociceptors which cause pain upon
twisting the normal joint against the resistance of the
tissue. Some Ad-fibers and a significant proportion of
C-fibers do not respond to any mechanical stimulus
applied to the normal joint. These fibers are ‘‘initially
mechanoinsensitive’’ or ‘‘silent nociceptors’’ that are only
activated during inflammation (see below under Changes
of mechanosensitivity during inflammation (peripheral
sensitization)).23, 24, 25 In contrast, most Ab-fibers and
about half of the Ad-fibers are low threshold units that are
strongly activated by innocuous pressure, such as light
pressure and movements in the working range.26, 27 Their
responses to innocuous stimuli might be used to control
movements and to prevent unphysiological movements.
Although these units may show their highest discharge
rate upon noxious stimuli, they do not discriminate

between innocuous and noxious stimuli. In fact, the most
adequate innocuous mechanical stimulus can evoke a
stronger response than a noxious mechanical stimulus,
e.g. a noxious movement into another direction.26, 27

In the muscle nerve, numerous sensory Ad- and
C-fibers are only activated by noxious mechanical stimuli.
These muscle nociceptors do not respond to everyday
stimuli, such as weak local pressure, contractions, and
muscle stretch within the physiological range. They
require potentially noxious stimuli to be readily activated,
and the best stimulus is noxious squeezing of the muscle
belly or tendon at intensities that elicit pain in humans.
Nociceptors may also respond to unphysiological stretch
and maximal contraction. The threshold of a nociceptor
may lay below frankly tissue-damaging intensities (small
response to moderate pressure). Similar units have been
found in the cat, dog, rat, and humans.28, 29, 30, 31, 32, 33

Electrical stimulation of such nerve fibers in human
muscle nerves evokes cramp-like sensations. Electrical
stimulation frequencies of 5–6Hz are required to elicit
pain sensations.34 Why such high frequencies are needed
is unknown. It may be speculated that a small number of
muscle afferents drive spinal cord neurons only during
temporal facilitation, either because they form fewer
synapses on neurons than cutaneous afferents or because
descending inhibition of nociceptive spinal cord neurons
is stronger for deep input than for cutaneous input (see
below under Descending influences on spinal neurons
with deep input).

Only a proportion of the sensory units with free nerve
endings in muscle nerves are nociceptors. Other slowly

Sensory−discriminative and 
affective pain response 

Thalamocortical systems

−

Brainstem
hyperexcitability

Spinal cord hyperexcitability

+

Peripheral sensitization

Inflammation Figure 2.1 Sequence of neuronal events induced

by inflammation in deep tissue.
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conducting units are more sensitive and respond strongly
to physiological stimuli, such as stretch and contraction.
These low threshold units are considered to be ergo-
receptors. Presumably they are important for respiratory
and circulatory adjustments during physical exercise.7

In addition, as in the joint nerve, some units are
mechanoinsensitive and may thus be silent nociceptors,
because they respond to intra-arterial injection of
bradykinin into the muscle.

Changes of mechanosensitivity during
inflammation (peripheral sensitization)

An inflamed joint hurts during movements in the
working range and during palpation, and pain may occur
under resting conditions. An inflamed muscle exhibits
tenderness. An important mechanism for the heightened
pain sensitivity is an increase of mechanosensitivity in
afferent fibers supplying inflamed tissue. During devel-
opment of inflammation in the joint, some low threshold
Ab-fibers show transiently increased responses to joint
movements in the initial hours of inflammation. They do
not develop resting discharges. Importantly, the majority
of Ad- and C-fibers show increased mechanosensitivity.
Many low threshold Ad- and C-fibers show increased
responses to movements in the working range and to
noxious movements. Most strikingly, a large proportion
of high threshold afferents are sensitized such that they
begin to respond to movements in the working range of
the joint. The units may develop ongoing discharges in
the resting position.23, 24, 25 Increased mechanosensitivity
has also been found during chronic forms of arthritis,
suggesting that mechanical sensitization is an important
neuronal basis for chronic persistent hyperalgesia of the
inflamed joint.35

Furthermore, initially mechanoinsensitive afferents
(silent nociceptors) are sensitized and become mechano-
sensitive.23, 24, 25 While these fibers are not activated even
by noxious mechanical stimulation of the normal joint,
they can develop mechanosensitivity within one to four
hours after onset of inflammation. Then they show
responses to movements of the joint, even to innocuous
ones, and one can identify a receptive field upon
mechanical stimulation of the inflamed tissue. Thus,
during inflammation, there is a recruitment of further
nociceptive sensory neurons for signaling of noxious
events. Silent nociceptors have also been identified in
cutaneous nerves in humans and in visceral nerves.36, 37, 38

In particular, studies in skin nerves of humans have
shown that silent nociceptors are particularly important
for neurogenic inflammation and for the induction of
central sensitization.39, 40

In muscle nerve, inflammation enhances the propor-
tion of Ad-fibers showing resting discharges, as well as
the discharge rate in spontaneously active fibers. It is
likely that these changes produce spontaneous pain and

dysesthesias of the inflamed muscle. In addition,
mechanical threshold significantly drops in numerous
sensory C-fibers.41 Thus, similar processes are seen as in
afferent fibers of the joint. In addition, in the muscle,
ischemic conditions may play an important role in pain
generation. Interruption of blood supply to a resting
muscle is not painful unless it lasts for long periods of
time. Indeed, ligation of arteries to the muscle does not
activate Ad- and C-fibers within the first five minutes.42

Long-lasting complete interruption of blood supply
may cause resting discharges in muscle afferents within
15–60 minutes followed by a block of action potential
generation or conduction.7 However, if the muscle is
forced to contract under ischemic conditions, severe pain
develops rapidly. During ischemia, a small percentage of
sensory C-fibers respond to contraction, although these
units do not or only minimally respond to contraction
when the blood supply is intact.42, 43

Molecular mechanisms of peripheral
sensitization

Primary afferent neurons are equipped with numerous
ion channels and receptors for mediators. Stimuli applied
to the sensory endings open ion channels, and the
resulting ion currents depolarize the endings. The gen-
eration of this receptor potential is called transduction.
When the depolarization reaches a certain threshold,
voltage-gated ion channels are opened that generate
action potentials which are conducted along the axon to
the spinal cord. The generation of the action potential is
called transformation. Thus, the responsiveness of neu-
rons depends on transduction mechanisms and on the
triggering of action potentials.44, 45

The elicitation of an action potential by a stimulus is
called activation. The previous sections have described
changes of mechanosensitivity upon inflammation which
are called sensitization (see above under Nociceptors of
deep tissue and peripheral sensitization). After sensitiza-
tion, action potentials are elicited at lower stimulus
energies, and thus a nociceptive neuron may respond to
normally innocuous stimuli, in addition to showing an
augmented response to noxious stimuli.

Sensitization involves a number of different molecular
mechanisms. It results from the effect of numerous
inflammatory mediators that bind to receptors in the
membrane of the sensory endings, but changes of the
intrinsic properties of the neurons also contribute to
sensitization. The latter conclusion is derived from find-
ings that dorsal root ganglion or trigeminal neurons from
inflamed tissue maintain enhanced excitability even when
the neurons are removed from the ganglion and acutely
dissociated several days after inflammation of joint46 or
muscle.47 In whole cell patch clamp recordings from these
neurons, enhanced excitability could be identified by a
decrease of the rheobase, an increase in the slope of the
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stimulus response function assessed with depolarizing
current injection, and a decrease in the duration of the
action potential after hyperpolarization. Most likely,
changes in the activation of voltage-gated K1 currents
play an important role.46, 47

As mentioned, nociceptors are equipped with numer-
ous receptors for inflammatory mediators. Binding of
mediators to membrane receptors (many of which are
coupled to G proteins) activates intracellular second
messenger systems. These in turn activate intracellular
processes that increase the sensitivity of the ion channels
that are involved in stimulus transduction and/or trans-
formation. Mediators are thus able to excite and/or
sensitize primary afferent neurons for mechanical and
chemical stimuli. These mediators also produce vascular
and other changes in the tissue and thus contribute to the
inflammatory process itself.

Effects of mediators on joint afferents have been pre-
viously summarized in detail elswhere.48 As far as it has
been tested, the effects on muscular afferents are com-
parable. Mediators that have effects on joint afferents
include classical inflammatory mediators such as brady-
kinin, prostaglandins E2 and I2, and serotonin, purinergic
compounds, neuropeptides, cytokines, and others.
Common observations are that these mediators (1) affect
Ad- and/or C-fibers, not Ab-fibers, (2) have an effect only
in subpopulations of the units, (3) may or may not affect
high threshold, as well as low threshold Ad- and C-fibers,
and (4) cause some initially mechanoinsensitive afferent
fibers to be sensitized and become mechanosensitive.

Bolus injection of bradykinin, an algesic mediator, into
joint and muscle arteries may cause an immediate short-
lasting activation (less than one minute) of joint and
muscle afferents, but thereafter there is a sensitization for
mechanical stimuli of joint and muscle afferents that
lasts minutes even when bradykinin did not excite the
neuron.49, 50 Both PGE2 and PGI2 cause ongoing dis-
charges and/or sensitization to mechanical stimulation of
the joint. The effect of PGE2 has a slow onset and a
duration of minutes, the action of PGI2 begins quickly
and has a short duration.51, 52, 53, 54 In addition, these PGs
sensitize joint and muscle afferents to the effects of bra-
dykinin whether or not they have an excitatory effect by
themselves.42, 55 PGE2 and bradykinin together can cause
a stronger sensitization to mechanical stimulation than
bradykinin or PGE2 alone.49 Conversely, nonsteroidal
anti-inflammatory drugs (NSAID), such as aspirin and
indometacin, which block PG synthesis, reduce sponta-
neous discharges from acutely and chronically inflamed
joints, and attenuate the responses to mechanical stimu-
lation.56, 57 Serotonin also sensitizes joint afferents to
mechanical stimuli,58, 59 and Ad- and C-fibers muscle
afferents to the action of bradykinin and to excitation by
mechanical stimuli.55 Combined i.m. application of bra-
dykinin and serotonin causes muscle pain in humans.60

ATP,61, 62 adenosine,62 capsaicin, and anandamide63, 64

excite a proportion of joint afferents (the latter indicate

the presence of the TRPV1 receptor). Capsaicin also
causes muscle pain in humans.65 Effects have also
been observed for neuropeptides. Indeed, substance P66

and VIP67, 68 increased, whereas somatostatin69 and
endomorphin70 reduced mechanosensitivity in numerous
afferents; the peptides galanin,71 neuropeptide Y,72 and
nociceptin73 sensitized some neurons and reduced
responses in other neurons. Whether the different
patterns of peptide effects (excitation or inhibition) are
dependent on the functional state of the neuron is not
known at the moment. It was proposed that the simul-
taneous presence of different neuropeptides regulates
excitability of the afferent fibers.

Of particular importance for the progress of arthritis
are cytokines such as TNFa, interleukin-1b, and inter-
leukin-6. Cytokines play an important role in neuropathic
pain,74 but, for example, IL-6 is also able to induce a
long-lasting sensitization of C-fibers of the joints to
mechanical stimulation.75 Finally, mechanosensitivity can
also be influenced by quite different compounds. For
example, it was shown that responses of nociceptive
articular afferents are reduced by gabapentin,76 a com-
pound used for the treatment of neuropathic pain, and by
intra-articular injection of elastoviscous hyaluronan
solutions.77

Recordings from afferent fibers from inflamed joints
revealed that the proportion of neurons that show an
effect of a given mediator can be different from the
proportion of responsive afferents from normal joints.
This may result from changes of receptor expression.
Some data indicate that receptor expression in dorsal root
ganglion (DRG) neurons can change in the course of
arthritis (e.g. down-regulation of mu-opioid receptors70

or biphasic regulation of somatostatin receptors78).
However, changes of the neurons may also result from
changes of the milieu in the tissue innervated. Disease
processes are dynamic and, therefore, it is likely that
different cells and molecules are important at different
times in a chronic inflammatory or degenerative process11

or during growth of bone cancer.14 Hence the molecular
mechanism of nociception may change over time. This
aspect needs much more attention.

SPINAL PROCESSING OF INPUT FROM DEEP
TISSUE AND CENTRAL SENSITIZATION

Nociceptive spinal cord neurons with joint and
muscle input

Neurons with input from joint and muscle are located
in the superficial and deep dorsal horn. This distribu-
tion matches the spinal termination of joint and
muscle afferents which project to the superficial dorsal
horn and, in particular Ab- and Ad-fibers, to the deep
dorsal horn.7, 12 Neurons with nociceptive information
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from joint12, 79, 80 and muscle81, 82, 83, 84 are either exclu-
sively driven by input from deep tissue, or they exhibit
convergent inputs from skin and deep structures.
Neurons exclusively driven from deep tissue are excited
by pressure applied to the deep tissue, but not by
mechanical stimulation of the overlying skin. Their
receptive fields are not restricted to a specific structure
such as only a joint or a muscle belly. Rather they include
a joint and adjacent muscles. Many of these neurons
are high-threshold and require noxious pressure onto
joint and/or muscle to be activated. Neurons with joint
input may be activated by noxious movements, such as
twisting of the joint against resistance of the tissue, like
the articular nociceptors. The remaining neurons are wide
dynamic range neurons which respond with increasing
frequency when stimulus intensity is increased from the
innocuous to the noxious range. Neurons with con-
vergent inputs from deep tissue and skin are excited
by mechanical stimuli applied to deep tissue (muscle,
tendons, joint structures) and by mechanical stimulation
of the skin. Often receptive fields in the deep tissue
are located more rostral than cutaneous receptive fields
thus allowing determination of both receptive fields. Most
of these neurons are wide dynamic range neurons
which respond to innocuous and noxious pressure onto
deep tissue in a graded fashion. They may be activated
by movements in the working range, but show much
stronger responses to painful movements.

Neurons with input from joint and muscle project to
different supraspinal sites (cerebellum, spinocervical
nucleus, thalamus, reticular formation) subserving the
generation of the conscious pain response and adaptations
to pain (see Figure 2.1), or they project to intraspinal
(segmental) interneurons and motoneurons.7, 12 Spinal
and supraspinal motor reflexes regulate movements and
exert protective functions including flexor reflexes upon
nociceptive stimulation.1 Noxious stimulation of joint
afferents12, 85 and muscle afferents7, 8 can evoke nocicep-
tive withdrawal reflexes. During acute chemical stimula-
tion of the knee and electrical stimulation of muscle
nerves86 and during inflammation in the joint,85, 87 spinal
motor reflexes are enhanced. In line with this, it has been
thought that noxious stimulation of the muscle causes
reflex muscle spasms and that muscle spasms will enhance
the pain in the muscle – thus establishing a vicious circle.
However, during myositis, a decrease rather than an
increase of the reflex activation of motoneurons was
observed,8 and during experimental joint inflammation
some g-motoneurons developed progressive inhibition
rather than facilitation.87 Thus, the reflex pattern is
modified during inflammation. Patients with painful
muscles exhibit low rather than enhanced EMG activity8

indicating that prolonged nociceptive stimulation actually
induces a reduction of motor reflexes, followed by atrophy
and loss of force.8, 12 However, muscle spasms may be
elicited from painful trigger points in adjacent muscles,
and by articular dysfunction and ligamentous strain.8

Development of spinal hyperexcitability during
peripheral inflammation

In the course of joint or muscle inflammation, spinal
cord neurons with deep input develop a state of hyper-
excitability, which is also called central sensitization (see
Figure 2.1). Central sensitization is characterized by
typical neuronal changes: (1) Spinal cord neurons with
high threshold show a decrease of their excitation
threshold, such that they are activated by innocuous
stimuli applied to the inflamed tissue. (2) Both high
threshold and wide dynamic range neurons show a
marked increase of their responses to noxious stimulation
of the inflamed tissue. This increased responsiveness to
stimuli applied to inflamed tissue contributes to primary
hyperalgesia at the site of inflammation. (3) With a
similar time course, the neurons also show enhanced
responses to mechanical stimuli applied to adjacent
and even remote healthy tissue, and the total receptive
field may expand.80, 88, 89 These changes indicate that the
sensitivity of the spinal cord neuron is increased so that
previous subthreshold inputs are now sufficient to excite
the neuron. The sensitization of neurons with expansion
of receptive fields has the consequence that a stimulus
activates more neurons in a segment.90 Central sensiti-
zation can persist during chronic inflammation. In rats
with unilateral arthritis,79 as well as in rats suffering
from chronic polyarthritis,91 spinal cord neurons appear
on average more sensitive and have expanded receptive
fields in deep tissue and skin.

Pronounced spinal changes evoked by persistent
inflammation were also observed when c-Fos was used to
label activated neurons. During polyarthritis induced by
injection of Freund’s complete adjuvcant, numerous
neurons in the dorsal and also in the ventral horn of
several segments expressed c-Fos.92 Increased c-Fos
staining was also elicited by palpation of bones that were
infiltrated with cancer cells, thus strongly suggesting that
central sensitization is involved in bone pain.14

The changes described in the spinal cord are likely to
account for deep referred pain and secondary hyperalgesia
that are induced in humans by noxious stimulation of
deep tissue.93 Numerous pathological conditions, such as
inflammation and osteoarthritis, seem to be associated
with central sensitization. When a noxious stimulus, e.g.
intramuscular injection of 6 percent NaCl, is applied to a
muscle, the area in which pain is felt is larger during
pathological conditions, such as osteoarthritis.94 This
suggests that the spinal cord is indeed in a state of
hyperexcitability.

Sensitized nociceptive afferents from inflamed tissue
play a key role in initial sensitization. Obviously these
afferents not only evoke enhanced synaptic activation of
spinal cord neurons to stimulation of inflamed tissue,
but they also trigger the processes that increase sensitivity
of spinal cord neurons. Interestingly, the stimulation of
primary afferents from deep tissue (muscle and joint)
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evokes more prolonged facilitation of a nociceptive flexor
reflex than stimulation of cutaneous afferents,86 and
capsaicin injection into deep tissue elicits more prolonged
hyperalgesia than injection of capsaicin into the skin,95

suggesting that deep input is particularly able to induce
long-term changes in the nociceptive system. In addition
to afferent and spinal mechanisms, descending pathways
influence central sensitization.

Molecular mechanisms of spinal sensitization

In experiments, central sensitization has been observed
during peripheral inflammation and also in models of
neuropathic pain. Research in humans suggests that
central sensitization may indeed be present in a number
of different pain states, such as inflammation, osteo-
arthritis, fibromyalgia, migraine attacks, and others.
Concerning molecular mechanisms of central sensitiza-
tion, several points must be made. First, an important
basis for central sensitization is the potential of nocicep-
tive spinal cord neurons to undergo neuroplastic changes.
The latter can, for example, be shown with defined pro-
tocols of electrical nerve stimulation. Electrical stimula-
tion of C-fibers can induce wind-up of the responses to
electrical nerve stimulation96 (a short-lived increase of
responsiveness, however, not outlasting the stimulation
protocol) or a long-term potentiation97 (a persistent
increase of synaptic responses to electrical stimulation
outlasting the conditioning stimulus). Second, while
for central sensitization under inflammatory conditions
mainly an increase of excitatory mechanism is being
discussed, in the case of neuropathic pain loss of inhibi-
tion (e.g. by apoptosis of inhibitory interneurons) has
been proposed as an important mechanism.98 Third,
again in studies on neuropathic pain, an involvement of
both neurons and glial cells has been shown.99 These
data suggest that different mechanisms may contribute to
central sensitization in different pain states. Ongoing
research has to dissect out which mechanisms are parti-
cularly important for different pain states.

In the case of inflammation in joint and muscle, the
contribution of transmitters and receptors to central
sensitization has mainly been studied. Once inflammation
develops in the joint, the intraspinal release of gluta-
mate100 (the main transmitter of nociceptive afferents)
and neuropeptides (cotransmitters in primary afferents
and interneurons) is enhanced. While only noxious
compression of the normal joint enhances the intraspinal
release of substance P, neurokinin A, and CGRP above
baseline, these excitatory peptides are intraspinally
released even by innocuous compression when the joint is
inflamed.101, 102, 103 Intraspinal release of substance P is
also evoked by palpation of bone with cancer.14 In addi-
tion, the intraspinal milieu is altered by (enhanced)
release of further mediators. For example, prostaglandin
E2 is tonically released above baseline within the dorsal

and ventral horn.104 This is likely to result from an up-
regulation of spinal COX-2, that is already present at
three hours after induction of knee joint inflammation.104

Thus, as a presynaptic mechanism, a cocktail of trans-
mitters and/or modulators is released in the spinal cord
under inflammatory conditions that is likely to influence
the synaptic processing.

Glutamate activates AMPA/kainate (non-N-methyl-D-
aspartic acid (NMDA)) receptors and NMDA receptors.
Both glutamate receptor types have been implicated in the
generation and maintenance of inflammation-induced
spinal hyperexcitability. Application of antagonists at
AMPA/kainate and NMDA receptors prevents the devel-
opment of hyperexcitability in the course of joint
inflammation80 and muscle inflammation.8 Importantly,
antagonists at both receptor types can also reduce
responses of the neurons to mechanical stimulation of the
joint after inflammation is established,80 even in a chronic
model of inflammation.12 The excitatory neuropeptides
facilitate the responses of spinal cord neurons to
mechanical stimulation of joint and muscle, further the
development of inflammation-evoked hyperexcitability,
and ‘‘open’’ synaptic pathways such that more neurons
respond to stimulation.8 However, antagonists at neuro-
peptide receptors are less antinociceptive than antagonists
at glutamate receptors.105, 106, 107 Topical application of
PGE2 to the spinal cord surface facilitates the responses
of spinal cord neurons to mechanical stimulation of the
joint similar to knee joint inflammation.108 Topical
application of the COX inhibitor indometacin to the
spinal cord before inflammation attenuated the develop-
ment of hyperexcitability.108 Thus spinal PGs are involved
in inflammation-evoked spinal hyperexcitability.

DESCENDING INFLUENCES ON SPINAL
NEURONS WITH DEEP INPUT

From brainstem nuclei, impulses ‘‘descend’’ onto the
spinal cord and influence the transmission of pain signals
at the dorsal horn.18, 19, 20 The periaqueductal gray (PAG)
matter is a key region for descending inhibition. It
receives inputs from the hypothalamus, cortical regions,
and the limbic system and projects to the rostral
ventromedial medulla (RVM), which includes several
subnuclei. Neurons in RVM then project along the dor-
solateral funiculus (DLF) to the dorsal horn. OFF cells
of RVM exert descending inhibition of nociception, but
ON cells facilitate nociceptive mechanisms at the spinal
dorsal horn. Spinobulbospinal loops are significant in
setting the gain of spinal processing.19

A particular form of descending inhibition of wide
dynamic range neurons is the diffuse noxious inhibitory
controls (DNIC). When a strong noxious stimulus is
applied to a given body region, nociceptive neurons with
input from that body region send impulses to structures
located in the caudal medulla (caudal to RVM) and this
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triggers a centrifugal inhibition (DNIC) of nociceptive
wide dynamic range neurons located throughout the
neuraxis.109

Most spinal cord neurons with joint and muscle input
are tonically inhibited by descending inhibitory systems
that modulate spinal cord activity.81, 110 These neurons
are also inhibited by DNIC.109 Tonic descending inhibi-
tion,110 as well as DNIC,109, 111 are increased during acute
inflammation, but may be normalized in the chronic
stage of inflammation.111, 112 Interestingly, inhibition
is mainly observed on neurons with input from the
inflamed region (thus attenuating primary hyperalgesia),
but processing in neurons with input from neighboring
tissues may rather be enhanced, thus facilitating
secondary hyperalgesia.19

SUPRASPINAL NEURONS WITH INPUT FROM
JOINT AND MUSCLE

The thalamus and cortex contain nociceptive neurons
that are activated by nociceptive deep input from muscles
and joints. Most of these neurons have convergent inputs
from skin and deep tissue, but small proportions of
neurons respond only to noxious stimulation of muscle
and tendon.113, 114, 115 In the thalamus, such neurons are
located in the ventrobasal complex, in the posterior
complex114 and in the medial nucleus.116 Similarly,
the somatosensory cortex contains a large proportion of
neurons that respond to noxious stimulation, and a small
proportion of these neurons is driven by deep input.7, 117

In polyarthritic rats, a large proportion of neurons
in the ventrobasal complex respond to movements and
gentle pressure on to inflamed joints and often long-
lasting discharges were noted, whereas only few neurons
respond to these stimuli in normal rats. Some neurons
also displayed paroxysmal discharges. Furthermore, neu-
rons in the nucleus centralis lateralis acquire input from
the inflamed joint which is not present in normal ani-
mals.118 Similarly, neurons in superficial cortical layers
that do not respond to joint stimulation in normal rats
start to respond to joint stimulation in polyarthritic
rats.119, 120 These findings indicate substantial neuroplas-
ticity at the thalamocortical level that may contribute to
inflammatory deep tissue pain. It is unknown whether
these alterations mirror the altered spinal processing
or whether additional elements of neuroplasticity are
generated in the thalamus and cortex themselves.

CONCLUSIONS

There is considerable experimental evidence for sub-
stantial changes in the nociceptive processing during
disease processes in the deep tissue such as joint, muscle,
and bone. Available data from patients show considerable
convergence of experimental and clinical data, and they

indicate that different levels of the neuraxis are rational
targets for analgesic treatment. Still much more research
is required in order to better understand and treat chronic
pain because current treatments are often not sufficient.
There may be several reasons for that. Long-term mole-
cular changes in the nociceptive systems are still poorly
understood. Furthermore, chronic pain often seems to be
a state in which nociceptive and neuropsychological
components interact. This interaction should be better
explored and form the basis of an ‘‘integrative’’ treatment
strategy.
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KEY LEARNING POINTS

� Persistent visceral pain is common and represents a

state of hypersensitivity.
� The substrates of visceral sensation differ from

cutaneous sensation.

� Inflammation, stress, and altered neurological substrates

due to neuropathic or developmental processes can all

lead to visceral hypersensitivity.

INTRODUCTION

Persistent visceral pain is a common clinical experience,
but only recently have scientific studies defined its
mechanisms. It is poorly understood and much of
our knowledge of it is an extrapolation from acute pain
studies. Pain arising from the internal organs of the body
is uniquely different from pain that arises from the surface
of the body in relation to the neuroanatomical substrates
involved, in relation to the responses evoked by visceral
stimuli, and in relation to the modifying effects of both
internal and external factors. Most painful disorders
associated with the viscera represent conditions of
hypersensitivity made manifest by these same internal and
external factors. There are underlying similarities that
have been observed between multiple visceral sensory
systems such that an understanding of one particular
system may improve understanding of other systems.
This chapter attempts to summarize what is known
about persistent visceral pain by placing an emphasis
on the mechanisms of visceral hypersensitivity. These

mechanisms will be contrasted and compared with what
is known about the more extensively studied superficial
pains. This summary builds on previous reviews by
this author of similar topics and general statements are
referred to those reviews.1, 2, 3, 4

THE EXPERIENCE OF VISCERAL PAIN

When visceral pains are experienced, they are often
associated with poor and unreliable localization. They are
generally deep and diffuse and often the only localization
of pathology comes with a physical examination in
which manipulations directly stimulate the painful organ.
Whereas superficial sensations from a specific site are
always reliably localized to the same site and do not
migrate to other body areas in the absence of nerve injury,
the same cannot be said for visceral pain. Visceral pain
can be felt in several different areas at the same time
or can migrate throughout a region even though
pathology is localized within a single organ. Visceral pain



is classically described as being referred to other sites
and this referral has two separate components: (1) the
sensation is transferred to another site (e.g. angina can be
felt in the neck and arm) and (2) other sites become more
sensitive to inputs applied directly to those other sites
(e.g. flank muscle becomes sensitive to palpation when
passing a kidney stone). This latter phenomenon is a
form of secondary hyperalgesia which can involve both
somatic and other visceral structures.

Based on clinical experience, stimuli which can lead
to the production of pathological visceral pain can be
categorized into four groups:

1. acute mechanical stretch/distension of visceral
structures;

2. ischemia of visceral structures;
3. chemical stimuli from a local pathological process

(e.g. an infiltrating tumor);
4. functional alterations leading to atypical patterns

of afferent activity.

Visceral pains may also occur secondary to iatrogenic
damage of the viscera and their associated nerves pro-
duced by interventional therapies, surgery, chemotherapy,
and/or radiation. There is a poor correlation between the
amount of visceral pathology and the intensity of asso-
ciated pain. For example, very extensive processes with
ongoing tissue damage (e.g. ulcerative colitis or gastric
perforation) may produce little or no pain in some
individuals, while minimally discernable pathology may
produce out-of-control pain in others.

VISCERAL HYPERSENSITIVITY DISORDERS

The observation that pathology and symptomatology may
not correlate is readily apparent in numerous visceral pain
disorders. Some disorders, such as chronic pancreatitis,
have definable pathology, but alterations in pain appear
out of proportion to objective radiographic or laboratory
findings. Other disorders, such as irritable bowel syn-
drome, noncardiac chest pain, and postcholecystectomy
syndrome, appear to have no grossly apparent histo-
pathological basis for the discomfort and pain. Instead,
visceral discomfort and pain in such conditions are
termed functional and are associated with altered pat-
terns/pressures associated with motility, production of
gas, and ingestion of food or beverage. Hence, natural
visceral stimuli in the physiologic range can be associated
with discomfort and pain in the absence of obvious
visceral pathology.

Hypersensitivity to somatically applied stimuli is
typically associated with histological evidence of ongoing
tissue damage/inflammation. Exception to this state-
ment are neuropathic pain disorders in which there
may be a history of nerve injury, but no apparent local
histopathological changes. In this case, routine tissue

examination would suggest that neuropathic pain dis-
orders are functional.

With an increased sophistication of testing related to
visceral disorders, there may prove to be identifiable
markers or imaging studies that allow for a reduced
reliance on subjective reports of sensation. An example of
this comes from the painful bladder disorder, interstitial
cystitis (IC). In general, the urothelium of patients with
the nonulcerative form of IC appears normal on routine
cystoscopic and microscopic examination. It takes a
highly sophisticated analysis to discern any quantitative
differences between the tissues of IC patients and normal
healthy controls such that most measures have been
deemed to be of little use in diagnosis. However, when the
urothelium of IC patients is examined using a scanning
electron microscope, defects in the urothelial surface and
tight junctions are common5 and a laboratory marker for
a factor that suppresses urothelial cell proliferation may
prove diagnostic for the disorder.6 Until similar subtleties
of evaluation become routine, the current state-of-the-art
for diagnosis of painful visceral disorders requires full
consideration of the entire constellation of signs, symp-
toms, and tests.

Psychophysical studies have demonstrated evidence for
hypersensitivity in virtually all clinically relevant visceral
pain disorders. This includes hypersensitivity to gastric
distension in patients with functional dyspepsia,7 intest-
inal and rectal distension in patients with irritable bowel
syndrome,8, 9 biliary and/or pancreatic duct distension in
patients with postcholecystectomy syndrome or chronic
pancreatitis,10 and bladder distension in patients with
interstitial cystitis.11 In these studies, pain could be
evoked at intensities of stimulation lower than those
required to produce the same quality and intensity
of sensation in a healthy population. A more sophisti-
cated testing of visceral sensitivity using random
order, graded distension of the rectum in irritable
bowel patients suggest that the population of subjects is
heterogenous,12 with subgroups demonstrating hyper-
sensitivity and others hypervigilance.

Dissociating potential psychological modifiers of sen-
sory reports from other more physiological pathologies
has proven to be difficult. It represents a sometimes
insurmountable methodological problem and, perhaps
more importantly, due to observations related to the
phenomenon of stress-induced hyperalgesia (where psy-
chological factors alter physiological responses) it may
not be appropriate to perform such a dissociation. Psy-
chophysical studies related to visceral sensation in normal
healthy subjects have suggested a basis for some of
the emotional factors that may affect pain reports. Strigo
et al.13 compared sensations evoked by balloon distension
of the esophagus with thermal stimulation of the skin
overlying the sternum and found that greater anxiety
was evoked by esophageal distension. Furthermore,
they found unpleasantness ratings were higher when the
esophageal stimulus was administered and a stronger
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affective component to the visceral sensation was
measured using the McGill Pain Questionnaire.

Other psychophysical studies of experimental visceral
pain sensation in humans have identified that a sensiti-
zation process occurs with repeated stimulation of the
gut14, 15 and of the urinary bladder16 consistent with
observations in nonhuman animals, where repeated pre-
sentation of the same visceral stimuli produces increasing
vigor of neuronal, cardiovascular, and visceromotor reflex
responses.17, 18

Clinically, there are three entities that are accepted as
potential sources of painful hypersensitivity: (1) inflam-
mation; (2) stress (anxiety); and (3) altered neural
function that may be due to injury during critical
periods of development (e.g. the neonatal period) or
more direct neuropathic processes. These will be
discussed below after a description of the anatomy of
visceral pain.

SUBSTRATES OF SENSATION

Peripheral pathways

The peripheral nervous system pathways of abdominal
visceral sensation have been defined in humans and are
summarized in Figure 3.1. Most viscera have a dual, or in
some cases triple, source of afferents travelling via the

vagus nerve, the pelvic nerve, and/or via the splanchnics
(nerves travelling in association with sympathetic efferent
fibers). Spinal visceral afferent fibers have their cell bodies
in dorsal root ganglia and central terminals in the
superficial dorsal horn of the spinal cord (lamina I and
II), deeper laminae (IV, V), the intermediolateral cell
column and sacral parasympathetic nucleus (pelvic
nerve), and in the area around and dorsal to the central
canal (lamina X). It is notable that visceral primary
afferents differ significantly from cutaneous primary
afferents in both number and pattern of distribution.
Grossly, peripheral axons of visceroceptive primary
afferents are diffusely organized into web-like plexuses
rather than forming distinct peripheral nerve entities.
Afferents with endings in a specific visceral site may have
cell bodies in the dorsal root ganglia of ten or more spinal
levels in a bilaterally distributed fashion. In contrast,
afferents arising in cutaneous structures travel to a limited
number (three to five levels) of unilaterally located dorsal
root ganglia. Individual visceroceptive afferent C-fibers
have been demonstrated to branch within the spinal cord
and to spread over ten or more spinal segments and
to branch into superficial, deep, and even contralateral
spinal dorsal horn laminae.19 Individual cutaneous
afferent C-fibers, on the other hand, have been demon-
strated to form tight unilateral baskets of input to loca-
lized spinal cord segments and terminate predominantly
in superficial laminae.19
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Figure 3.1 The nervous supply of the viscera in humans. Abbreviations are as follows: SCN, MCN, ICN, superior middle and inferior

cardiac nerves; TSN, GSN, LSN, LeSN, LuSN, thoracic, greater, lesser, least, lumbar splanchnic nerves; PN, pelvic nerve; IMN,

intermesenteric nerve; HGN, hypogastric nerve; SCG, MCG, superior and middle cervical ganglia; Stell: stellate ganglion; CG, celiac

ganglion; SMG, IMG, superior and inferior mesenteric ganglia; PG, pelvic ganglion; GI, ganglion impar; CP, SHP, celiac and superior

hypogastric plexuses; NG, nodose ganglion; ENS, enteric nervous system. Adapted from Ness and Gebhart, 1990.1
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Spinal dorsal horn neurons

When quantitatively examined, spinal dorsal horn neu-
rons with visceral inputs are located in the dorsal horn
of the spinal cord (lamina I, II, V), the intermediolateral
cell column and sacral parasympathetic nucleus (pelvic
nerve), and in lamina X. These neurons have multiple,
convergent inputs from other viscera, from joints, from
muscle, and from cutaneous structures. Convergent
receptive fields for these neurons are therefore large
with diffuse inputs. This is considered the basis of referral
of visceral sensation to somatic sites (e.g. myocardial
ischemia typically radiates to the left shoulder and upper
arm; the pain is not felt at the source – the heart). In
contrast, neurons with exclusively cutaneous input are
commonly identified in the spinal dorsal horn, in parti-
cular from glabrous skin. Taken together, these results
suggest an imprecise organization of visceral primary
inputs that would be consistent with an imprecise loca-
lization by the central nervous system. Viscero–visceral
convergence and secondary hyperalgesia are common
enough phenomena that, when coupled with the baseline
diffuse character of visceral sensations, there prove to be
diagnostic difficulties for both patients and physicians
when the possibility of more than one pathology exists.

Unique spinal pathway

The traditional pain pathway for the transmission of
information from the dorsal horn of the spinal cord to the
brain is via the anterolateral quadrant white matter of the
spinal cord. Based on lesion and tracing studies, tracts
located within these sites include the spinothalamic, spi-
noreticular, spinomesencephalic, and spinohypothalamic
tracts. This area is clearly important for cutaneous pain
sensation because lesions of the anterolateral spinal white
matter lead to pinprick analgesia in contralateral der-
matomes below the level of the lesion. However, recently
researchers have demonstrated that surgical lesions of the
dorsal midline of the spinal cord have profound effects on
visceral pain-related responses in humans, primates, and
rodents. Specifically, a punctate thoracic midline mye-
lotomy in humans has been demonstrated to relieve
cancer-related pelvic and abdominal pain.20, 21, 22, 23, 24, 25

Similar lesions in nonhuman primates reduce the activity
of thalamic neurons evoked by colorectal distension26 and
in rats, similar lesions reduce or abolish thalamic neu-
ronal responses and/or behavioral responses to colorectal
distension,27, 28 duodenal distension,29 pancreatic stimu-
lation,30 and hypersensitivity following lower extremity
osteotomy.31 Not all ascending information related to
the viscera travels by this midline route: dorsal midline
lesions abolished visceral inputs to the nucleus gracilis
of the medulla,32 but did not affect inputs to the
ventrolateral medulla.28 Spinal neurons with viscero-
somatic convergence and axonal extensions into the

dorsal columns have been demonstrated for primates33

and rats.20, 32 In rats, acute inflammation of the colon,
produced by the topical application of mustard oil,
resulted in increased responses of these postsynaptic
dorsal column neurons to colorectal distension.34 Using
that model, Palacek and Willis35 demonstrated that
the dorsal midline pathway may be necessary for the
augmentation of reflex responses that occur secondary
to visceral inflammation, but not for the basal reflex
responses.

Supraspinal terminations of visceral input

Standard anatomical and electrophysiological tracing
methods have established widespread distribution of
visceral input to the brain. The axons of second-order
spinal neurons that receive visceral input have been
shown to ascend the spinal cord to the brain with sites
of termination in the medulla, pons, mesencephalon,
hypothalamus, and thalamus. Neurons excited by visceral
stimuli have likewise been identified at these same sites
with extensive characterizations of neurons located within
the ventral posterolateral, dorsomedial, and submedius
nuclei of the thalamus, the locus coeruleus, parabrachial
nucleus, ventrolateral medulla, and numerous brain stem
and limbic sites.36, 37, 38, 39, 40, 41, 42 Higher-order neurons
excited by visceral stimuli have also been demonstrated to
be present in the somatosensory and ventrolateral orbital
cerebral cortices.43, 44, 45 A lack of visceral sensation has
been noted in neurosurgical patients who have sustained
damage to their frontal lobes.46, 47, 48

Functional imaging of humans during visceral stimu-
lation has revealed some consistencies, but the most
common finding is that there is a multitude of sites which
demonstrate increased regional blood flow in response to
visceral stimulation. Rectal distension and urinary blad-
der distension both produce increased bloodflow in select
areas of the thalamus, hypothalamus, mesencephalon,
pons, and medulla (for example, Ref. 49). Cortical sites of
processing include the anterior and midcingulate cortex,
the frontal and parietal cortices and in the cerebellum.50

The most illustrative imaging study to date comparing
visceral pain sensation with cutaneous pain sensation
is that of Strigo et al.51 These investigators matched
the intensity of pain sensation produced by esophageal
distension with that produced by heating of the skin
overlying the sternum. Whereas both cutaneous and
esophageal pain sensations were associated with activa-
tion of the secondary somatosensory cortex, the parietal
cortex, the thalamus, basal ganglia, and cerebellum, there
was a higher activation of the anterior insular cortex
bilaterally when cutaneous stimuli were used and the
esophageal stimulus selectively activated the ventrolateral
prefrontal cortex. Esophageal pain produced a broader
bilateral cortical activation and produced activation of a
more anterior locus of the anterior cingulate cortex than
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cutaneous pain. This all suggests some shared compo-
nents of sensation from the same segmental structures,
but also a selective activation of some structures by
different types of pain.

MODELS OF VISCERAL PAIN

Human models

Stimuli which have been employed in experimental stu-
dies of visceral nociception in human subjects include
electrical stimuli, chemical stimuli, thermal stimuli,
ischemia, and mechanical stimuli. Electrical stimulation
produces reports of pain in humans and has been used to
evoke cerebral potentials, in order to assess visceral sen-
sory pathways. Chemical stimuli have been applied topi-
cally, intravascularly, or via physiological pathways (e.g.
excreted agents) in order to define the endogenous sub-
stances responsible for an altered sensitivity to mechanical
or environmental stimuli (e.g. acidity of urine) which may
occur spontaneously or secondary to inflammation.
Thermal stimuli (hot or cold) have been administered
using hot or cold solutions instilled into visceral lumens
and utilized to test for normal sensation and function, but
rarely have been sources of clinical pain.52 Ischemia of
visceral structures has been produced by the occlusion of
visceral vasculature. Experimentally and clinically, the
effects of such occlusion are dependent upon collateral
bloodflow and metabolic activity of the selected organ.
Venous congestion has mixed ischemic and mechanical
components and so could also be a source of pain. The
most commonly utilized experimental visceral stimuli are
mechanical stimuli, such as the probing and stretch of
visceral structures or the distension of hollow organs
using fluids or foreign bodies. Mechanical stimuli may
mimic what is observed in certain pathological pain states
(e.g. bowel obstruction) and the pattern of mechanical
stimulation may be important as it has been proposed to
be the source of pain in functional bowel disorders.

Due to the fact that the hollow organs of the gastro-
intestinal tract are readily accessible through natural
orifices, the earliest clinical studies of visceral sensation
used balloon distension of esophagus, stomach, small
bowel, large bowel, and rectum as their visceral stimuli.
The advantages of balloon distension of hollow organs are
many, foremost being that balloon distension reproduces
pathologically experienced pain in humans in terms of
intensity, quality, and area to which the sensation is
referred. Hollow organ distension at constant pressure
produces sensations and responses that are reliably
reproducible and easily controlled by the experimenter.

Nonhuman animal models

There are over 50 different models of visceral pain
that have been described, but only a few have been

utilized in more than one laboratory.2 The recent past
has seen a development of models that approximate
physiological and behavioral responses similar to that
of human visceral pain. One of the earliest models,
the chemically induced writhing model in rodents,
is produced by injecting irritant chemicals into the
peritoneal cavity. This model has found less utility
with the development of other models since the intra-
peritoneal injections did not selectively activate specific
viscera, frequently yielded false positives when used
to screen potential analgesic drugs, and are ethically
questionable as they are associated with a persistent
stimulus from which the animal cannot escape. Current
models of visceral pain are more likely to utilize
mechanical (e.g. distending) stimuli of controllable
duration or chemical stimuli applied directly to relevant
targets, thus permitting selectivity with respect to site of
stimulation.

Balloon distension of hollow organs, principally
along the gastrointestinal tract, is the most widely used
experimental stimulus of the viscera. As noted above,
experimental balloon distension of the gastrointestinal
tract in humans has been established to reproduce
pathologically experienced pain in terms of intensity,
quality, and the area to which the sensation is referred.
Whereas distending stimuli have been established as
adequate for hollow organs, occlusive, ischemic, and
irritant stimuli have been tested as adequate stimuli in
other organs. Because inflammation of the urinary
bladder is commonly associated with reports of pain
and urgency in humans, experimental models of bladder
irritation, including a model of cystitis, have been
developed in rodents.53 Kidney stones are undeniably
painful in humans and a model of artificial ureteral
calculosis has been developed in rats.54 Occlusion of
blood supply to most viscera is associated with pain and
ischemia/anoxia is thus considered an adequate stimulus
in the viscera. Accordingly, models of coronary artery
occlusion and ischemia of abdominal visceral organs
have been reported.55

Visceral pain is not a unitary entity and so there
is a need for more than one visceral pain model. It is
difficult to equate pain due to infection of the normally
sterile urinary bladder with painless colons containing a
sewer of the same infective organisms. Some differences
between organ systems are clearly developmental in that
organs which derive from midline structures (i.e. the
gut) are associated with bilateral sensations, highly gen-
eralized responses and processing bilaterally within the
spinal dorsal horn. In contrast, those organs which
derive from unilateral structures (i.e. kidneys, ureters)
generally have lateralized sensations, more regionalized
responses, and lateralized spinal processing. The use of
multiple models and multiple types of noxious stimuli
applied to different organ systems allow us to distinguish
the generalities of visceral pain from its mechanistic
specifics.
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MECHANISMS OF VISCERAL
HYPERSENSITIVITY

Inflammation as a mechanism

A potent modifier of behavioral, neuronal, autonomic,
and motor responses to visceral stimulation in experi-
mental models inflammation has been commonly used
to produce visceral hypersensitivity. The presence of
inflammation in visceral structures frequently, but not
universally, leads to reports of pain and sensitivity to
mechanical and chemical stimuli. Cystitis, esophagitis,
gastritis, duodenitis, ileitis, colitis, and proctitis all have
evidence of mucosal inflammatory changes, as a hallmark
finding. However, profound inflammatory changes of
the mucosal lining, such as occurs with ulcerative
colitis, may present with nonpainful, bloody stools.

Inflammation produces profound changes in the
responsiveness of subsets of previously unresponsive
visceral primary afferents and the term ‘‘silent’’ afferents
has been coined.56 These afferents are normally non-
reactive to most stimuli, but in the presence of products
of inflammation become spontaneously active and
highly reactive to mechanical stimuli, such as distension.
Silent afferents have been frequently noted in visceral
structures forming up to 50 percent of the neuronal
sample,57 but are only infrequently noted in cutaneous
structures. The lack of sensitivity of the viscera at baseline
may relate to the sparcity of active visceral afferents
which are quantitatively fewer per unit area than similar
measures of cutaneous afferents. Because they are few,
increased activity may be necessary in order to cross a
threshold for perception.

Spinal neurons responsive to visceral stimuli also
change their responsiveness to visceral stimuli in the
presence of inflammation and when other sensitizing
manipulations have been performed (see, for example,
Refs 58, 59). Whether this is due to increased afferent
activity, altered intrinsic properties of dorsal horn neu-
rons, or altered modulatory influences within the central
nervous system is unknown. It is likely that all of these
separate mechanisms contribute in some way to the final
sensitized state.

Whereas acute inflammation is often obvious with the
hallmark features of redness, swelling, pain, and warmth,
the more subtle changes related to chronic inflammation
are often difficult to identify. Progressive fibrosis, mast
cell infiltration, and altered oxidative stress markers all
suggest that an ongoing indolent inflammatory process
may be present that has sensory consequences equal to
that of acute inflammation. Mast cell infiltration has
been implicated in the hypersensitivity states of irritable
bowel syndrome60 and interstitial cysititis,61 which has,
in turn, prompted treatment with antihistamines and
cromolyn-related compounds with mixed benefits. Mast
cells have been observed to cluster around nerve bun-
dles62 and have been noted to express estrogen receptors63

which, in turn, suggests a mechanism for menstrual
cycle-associated exacerbations of some visceral pains.

More subtle than the histologically identifiable altera-
tions in cell distribution are the biochemical changes that
indicate a low level of chronic inflammation. Alterations
in measures of oxidative stress have been observed in
several hypersensitivity disorders, such as fibromylagia64

and chronic fatigue syndrome,65 and form a basis for
sensory changes in the absence of histological changes.
Use of antioxidant/micronutrient therapies (e.g. vitamins
C and E, selenium) has had reported utility in the treat-
ment of painful visceral disorders, such as chronic pan-
creatitis.66

Stress as a mechanism

Cutaneous and visceral sensation appears to differ in
relation to the effect of stress on the magnitude of
responses to stimulation. Although stress-induced
analgesia (or hypoalgesia) has been a long-recognized
phenomenon associated with cutaneous sensation, it
would appear that stress-induced hyperalgesia is the
correlate phenomenon associated with visceral sensation.
Clinically, stressful life events have been viewed as classic
triggers for the evocation of diffuse abdominal complaints
of presumed visceral origin.9 It is the rule, rather than
the exception, that stressful life events, unless coupled
with other major physiological events such as pregnancy,
lead to an exacerbation of underlying pain disorders.
A prominent role for stress in the pathophysiology and
presentation of multiple clinical pain states, including
irritable bowel syndrome, Crohn’s disease, interstitial
cystitis, rheumatoid arthritis, and psoriasis, has been well
documented.67, 68, 69, 70, 71 Using IC as a specific example,
more than 60 percent of IC patients report symptom
exacerbation by both acute and chronic stress, and clinical
studies have shown that acute stress increases bladder
pain and urgency in these individuals.72, 73, 74, 75, 76 Not
only is there a significant positive relationship between
stress and the IC symptoms of pain and urgency, but as
severity of the disease increases, the relationship between
stress and symptom manifestation becomes even more
evident.76

In nonhuman animal models, acute exposure to
numerous stressors (footshock, water avoidance, forced
swimming, cold water swim) can produce stress-induced
analgesia.77 However, in these same model systems when
the stress is perceived as uncontrollable, chronic, or
unpredictable, it may induce long-term pathophysiolo-
gical changes presumed to be the mechanisms of stress-
induced hyperalgesia. It is notable that stress-induced
analgesia and stress-induced hyperalgesia can be appar-
ently coexistent. Classic behavioral stressors, such as
restraint or cold-water swim, produce an elevation in
thresholds for the evocation of responses to thermal sti-
muli (stress-induced analgesia), but the same animals
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have an increased vigor of visceromotor responses to
colorectal distension (visceral hyperalgesia78, 79). This
phenomenon appears to be associated with early-in-life
events,78 genetics,80 and can be modified by gonadal
hormones, neurokinins, corticotrophin-releasing factor,
and mast cell function. Robbins et al.81 has demonstrated
similar phenomena in association with urinary bladder
sensation and function.

A neurophysiological correlate of the phenomenon
of stress-induced hyperalgesia was demonstrated by Qin
et al.82, 83, 84 In their studies, they injected glucocorticoids
or aldosterone into the amygdala, manipulations which
are known to produce increased measures of anxiety in
animal subjects. These manipulations also produced a
hypersensitivity to visceral stimulation as measured by an
increased vigor of both visceromotor responses and
responses of spinal dorsal horn neurons to colon or
urinary bladder distension. This suggests the potential
for a chicken–egg relation, where visceral pain (which
produces anxiety) may activate the mechanisms of stress-
induced hyperalgesia, thereby leading to visceral hyper-
sensitivity which produces more anxiety, and on and on.
Logically, a cotreatment of both pain and anxiety would
seem to have the greatest utility.

Developmental changes as a mechanism

The neonatal period is a critical period of development
related to visceral sensation and function. Multiple lines
of convergent evidence suggest that neural monitoring
and control systems are rapidly developing at both per-
ipheral and central sites during the mid- to late-neonatal
period. For example, in rats, the spinobulbospinal reflexes
associated with micturition develop at two to three weeks
postpartum and are associated with alterations in tran-
sient glutamatergic receptor expression.85 Neurotrophins,
which in rats are at minimal levels at birth in visceral
tissues such as the urinary bladder, increase during
development and have maximal levels present two weeks
after birth with subsequent reductions with additional
development.86 Taken together, these findings indicate
that the viscera and the neural structures associated with
sensation and motor function are rapidly changing in
the neonatal period and infancy periods and, as such, are
susceptible to modifications by factors, such as inflam-
mation. Control systems related to nociceptive processing
are also developing at the same time87 and are associated
with progressive increases in glycinergic and GABAergic
spinal inhibitory influences from birth through infancy.88

A postnatal switch in GABAergic control of nociceptive
reflexes has been observed to occur89 and altered
expression of m-opioid receptors occurs in the same time
period.90 In rats, inflammation of the hindpaw has been
demonstrated to produce primary afferent terminal
expansion within lamina II,91 III, and IV92 of the spinal
dorsal horn when performed in the neonatal, but not

adult periods, and so a similar expansion of primary
afferent terminals due to visceral inflammation would
seem likely. A series of studies by Al-Chaer et al.,93, 94

demonstrated that similar long-lasting effects resulting
from neonatal exposure to nociceptive stimuli also occur
in visceral pain systems: neonatal exposure to either
repetitive colorectal distension (CRD) or repetitive
application of mustard oil to the colorectal region resul-
ted in increased abdominal withdrawal reflexes to CRD,
increased responses of primary afferents to CRD, and
increased spinal neuronal responses to CRD in rats tested
as adults. Importantly, these effects did not require an
identifiable change in colonic histopathology in the adult
animals. Randich et al.95 noted similar persistent devel-
opmental and experiential influences following neonatal
inflammation of the bladder.

At the present time, there has been only a limited
amount of work performed in humans, but seminal stu-
dies by Fitzgerald,96, 97 and expanded on by others (for
review, see Ref. 98), have provided evidence that early-in-
life exposure to painful cutaneous stimuli can lead to
later-in-life increases in sensitivity to the same stimuli.
For example, extremely low birth weight (ELBW) infants
who received multiple painful procedures as part of
their neonatal care demonstrated some characteristics of
autonomic hyperresponsiveness to needle sticks or other
painful stimuli,99 were more prone to clinical somatiza-
tion,100 and reported more pain as a component of their
overall health status during adolescence.101 These findings
coupled with the nonhuman animal data are consistent
with the view that neonatal events could prime an
organism to respond with enhanced sensory reactions
to inflammation and related painful stimuli as adults.

Neuropathic changes as a mechanism

A possible source of visceral hypersensitivity could be
previous injury of the nerve pathways associated with
visceral sensation. Interventional neurolytic procedures
and intra-abdominal surgical interventions undoubtedly
injure these nerve pathways, but there has been a long-
unstated assumption that this form of nerve injury is
without perceived consequence. The validity of such
an assumption is certainly not established and there is
evidence of visceral sensory consequences in models of
neuropathic pain.102 It will take future epidemiologic
studies to properly assess such possibilities.

CONCLUSIONS

Visceral pain differs from other pains in many ways. This
is not to say that there are no similarities. Primary afferent
cell bodies associated with visceral nociception reside
within dorsal root ganglia and the initial processing of
sensory information occurs at the level of the dorsal horn
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of the spinal cord or in the brain stem (e.g. vagal and
trigeminal inputs). Many sites of higher processing in
the brain are activated by both noxious visceral and
noxious somatic stimuli. Where visceral pains differ from
somatic pain is in the encoding properties of visceral
primary afferent transducers and in their distribution
to and within the central nervous system. The final con-
sequence of these dissimilarities is a difference in locali-
zation and a difference in the magnitude of emotional
and autonomic responses to visceral stimuli. Persistent
visceral pain is also different from other pains in
that it represents a hypersensitivity state that may be
induced/exacerbated by inflammation, stress, develop-
mental changes, and/or nerve injury. Due to its differ-
ences from other types of pain, the treatment of visceral
pain may need to differ and may need to address the
mechanisms of hypersensitivity rather than simple
organ pathology. At present, clinical practice is the use
of the same therapeutics for pain of any type. With
additional information, it may become possible to
determine treatments that are selective for persistent
visceral pains.
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KEY LEARNING POINTS

� The genetics of pain is a complex trait, due to a

combination of genetic and environmental factors.
� Methodological and technological developments in

genetics make the study of the genetics of pain tenable.

� Measurement in pain genetics research is a unique and

critical consideration.
� Common genetic influences on analgesic drugs are a

critical field of pain research.

NOTE

This chapter is organized into two sections: the first section
provides an introduction to concepts of and tools for the
study of genetics and genomics; the second section delves
into research-related issues unique to the study of pain.

CONCEPTS AND TOOLS IN GENETICS AND
GENOMICS

INTRODUCTION

With few exceptions, all of the cells in the human body
contain the same genetic material in the form of

deoxyribonucleic acid (DNA). DNA is composed of a
collection of functional units termed genes (collectively
referred to as a genome) that provide the instructions for
the synthesis of all ribonucleic acid (RNA)-based tran-
scripts (an intermediary of most gene expression). In
turn, these RNA transcripts provide the basis for the
translation of all human proteins. However, different cell
types each synthesize (or ‘‘express’’) a unique subset of the
total possible RNA species and proteins encoded for by
DNA. These differences in expression are the primary
basis for the different cell types (as defined both in terms
of their structure and function), as well as the cooperative
assembly of various cell types into tissues and organs. The
occurrence of changes in the nucleotide composition of a
DNA molecule (a nucleotide is the ‘‘quantum unit’’ of



DNA), either through variations or mutations, can
modify gene expression and resultant protein synthesis,
thus altering cell structure and function. These genotypic
changes lead to phenotypic changes that are observed as
neuronal abnormalities, altered pain sensations, and/or a
variety of medical conditions.

The Human Genome Project has increased our
understanding of the contribution of genetics to health
and human disease. While its initial goal was the mapping
of the human genome, the project has expanded to map
the genomes of many organisms. In addition, the Human
Genome Project will determine the common population
variations in given genomes, as well as their expression at
both the RNA (transcriptome) and protein (proteome)
levels. An in-depth description of the Human Genome
Project can be found at www.genome.gov.

GENES AND CHROMOSOMES

Genes determine hereditary traits through the provision
of precise instructions for cellular activity. Genes are both
the functional and physical unit of heredity passed from
parent to offspring. A gene is composed of a linear seg-
ment of DNA that encodes instructions for the synthesis
of RNA molecules, which in turn provide the instructions
for the synthesis of proteins. Each DNA molecule con-
tains from tens to thousands of genes.

The nucleic acid sequence of a DNA molecule is
encoded by four repeating nucleotide bases: adenine (A),
cytosine (C), guanine (G), and thymine (T) (Figure 4.1).
A DNA molecule is composed of two strands of nucleo-
tides with the nucleic acids facing inward in an anti-
parallel fashion and the sugar-phosphate backbone
forming a ladder-like structure which twists for stability.
Nucleotide bases on each side of the ladder are linked by
hydrogen bonds to form a base pair, with adenine coupled
with thymine and guanine coupled with cytosine.

DNA molecules are wound around histone protein
complexes that provide structural support and regulatory
functions. This structure permits a remarkable amount of
compaction, which results in condensed superstructures
called chromosomes. Nucleated cells of humans have 23
pairs of morphologically distinct chromosomes, with one
chromosome of a pair inherited from each parent. There
are 22 autosomes and a pair of sex chromosomes. The
chromosomes that form each pair are termed homologs,
and with the exception of a set of genes harbored in the
sex chromosomes, each chromosome pair provides two
copies of each gene. The two copies of the gene are called
alleles. The two alleles are referred to as homozygous if
their sequence is the same and heterozygous if each allele’s
sequence is different. Chromosomes can be isolated from
cells, stained and visualized by microscopy with the total
chromosomal set of a cell termed a karyotype (Figure
4.2). Publication of the human genome sequence in 2000
provided more precise estimates of the position of genes

and has largely superseded the use of karyotype analysis
(i.e. chromosome banding). However, gross chromosomal
abnormalities such as extra, missing, or broken chro-
mosomes are still commonly identified by examining the
karyotype.

In addition to the nuclear genome, DNA is contained
in mitochondria. The mitochondrial genome is a compact
circular DNA molecule and exists in multiple copies
within each mitochondrion. The number of mitochon-
dria found in each cell type is dependent on the energy
requirements of that cell. Neurons are among the most
mitochondrion-rich cell types. The human mitochondrial
genome is composed of 37 genes, including 24 genes that
encode RNA end-products (2 ribosomal RNAs (rRNA)
and 22 transfer RNAs (tRNA)). Mitochondrial genomes
are transmitted matrilineally to offspring as the only
gamete that contains both cytoplasm and organelles is the
human egg.

GENE EXPRESSION AND PROTEIN SYNTHESIS
– REGULATION OF GENE EXPRESSION

Genes are transcribed into complementary single-stran-
ded molecules of genetic material composed of RNA
(Figure 4.1). The primary differences between DNA and
RNA are the presence of a hydroxyl group at the 20-
position of the ribose sugar and the use of uracil (U) to
replace thymine as the base complementary to adenine.
Messenger RNA is then translated into the amino acid
sequence of a protein at a cellular structure called the
ribosome.

Subsets of RNA molecules serve as the end-product of
gene expression. One subset, the rRNA genes, expresses
only RNA which combines with proteins to form ribo-
somes that participate in protein translation of messenger
RNA (mRNA). The other subset is tRNA genes whose
products participate in protein synthesis by donating
amino acids to a growing protein polypeptide chain. Only
a small fraction of each RNA transcript is translated.

Most genes are organized into two main regions, the
promoter and the coding regions. The promoter region
lies immediately upstream of the coding region. A specific
sequence of nucleotides in the promoter region interacts
with protein complexes termed transcription factors in a
dynamic manner to determine each gene’s unique
expression pattern (i.e. timing, quantity). In addition,
transcription factors provide genes with the ability to
interact with and respond to changes in the cellular
environment.

The coding region is composed of exons (i.e. the
portions of genes that are included in the mature mRNA)
and introns (i.e. the portions of genes that are initially
transcribed but are later processed, or spliced, out of the
mature mRNA). The outer ends of genes are often
untranslated and are termed the 50- (the upstream or
beginning) and 30- (the downstream or end) regions

Chapter 4 Genetics of chronic pain ] 49

www.genome.gov


(a)

(b)

Figure 4.1 The structure of DNA contains information that is transcribed into RNA and subsequently translated into proteins. (a) The

DNA molecule consists of two long strands of nucleotides that are complementary and which coil into a double helix for stability. The

two strands (i.e. sense, antisense) are held together by hydrogen bonds between complementary nucleic acid bases: A with T, G with C.

The double helix opens and one side is transcribed into a single complementary strand of mRNA. (b) The resulting mRNA is then

translated into amino acids (read in units of three adjacent nucleotides, or codons) and a peptide chain is formed at a cell structure

called the ribosome. The amino acid chain may be further processed to form a mature protein. (a) Reprinted from National Human

Genome Research Institute. Online Education Kit: Bioinformatics: Finding Genes. Bethesda, MD, USA: National Human Genome Research

Institute, last updated: April 27, 2007. Available from: www.genome.gov/25020001. (b) Reprinted from National Institute of General

Medical Sciences. The New Genetics. Bethesda, MD, USA: National Institute of General Medical Sciences, 2006: 13. Available from:

http://publications.nigms.nih.gov/thenewgenetics/index.html.
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(Figure 4.3). In addition, an entire complement of exons
encoded in a given gene need not be expressed, resulting
in different species of RNA. These RNA species, generated
by a process termed alternative splicing, can lead to dif-
ferent forms of proteins with associated functions.

Transcripts are threaded into ribosomes and are read
in groups of three nucleotides termed codons. These
codons interact with a tRNA that bears a complementary
anti-codon to which is tethered an amino acid. Each
codon is read in turn and the corresponding amino acid is
added to the growing polypeptide chain (Figure 4.1).
Though there are 64 possible codons (43 – four nucleo-
tides read in groups of three), only 20 amino acids serve
as the building blocks of proteins (Figure 4.4).

Gene expression is a dynamic and exquisitely regulated
process. In each cell, a subset of genes is expressed at a
basal level or is modulated while others are not expressed.
Extracellular signals such as hormones, neuro-
transmitters, nutrients, and proteins can modulate gene

expression. Differentiation of cell structure and function
results from, and is influenced by, regulation of gene
expression at the transcriptional, translational, and post-
translational levels. Both innate and acquired changes
(e.g. gene mutations, variations) in transcription factors,
cofactors, signaling molecules, promoters, or coding
regions of a gene can result in susceptibility to disease.

DNA AND HUMAN DIVERSITY

Though individuals can differ greatly in appearance and
risk for disease, they are surprisingly alike at the genetic
level, sharing approximately 99.9 percent of their gen-
omes in common. This statistic is somewhat misleading
in that the approximate 0.1 percent difference is com-
prised of as many as four million mutations and varia-
tions spanning approximately 12 million base pairs.1 As
opposed to mutations which occur in individuals or even

Autosomes Sex chromosomes

1 2 3 4 5

6 7 8 9 10 11 12

13

19 20 21 22
X Y

14 15 16 17 18

Figure 4.2 The human karyotype. There are 22 autosomal chromosomes or autosomes. The autosomal chromosomes are numbered

from 1 to 22. Each of the chromosomes can be recognized by its size, shape, staining pattern, and the position of the centromere (the

constriction at which sister chromatids are anchored prior to cell division). The largest autosome is number 1, and the smallest is

number 21. Historically, the second smallest chromosome has been designated number 22. Y chromosome is about the same size as

chromosome 22 and the X chromosome is larger than the Y chromosome. Reprinted from US National Library of Medicine. Handbook:
Help Me Understand Genetics. Bethesda, MD, USA: US National Library of Medicine. Available from: http://ghr.nlm.nih.gov/handbook/

basics/howmanychromosomes.
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a family, sequence variations occur at frequencies ranging
from 1 to 50 percent in the general population. These
variations have the potential to influence many aspects of
biology, health, and disease. The majority of these varia-
tions do not occur within the coding regions of the
estimated 20,000 to 25,000 genes in the human genome.
However, the remaining subset of variations that do occur
in gene regions result in different alleles that provides a
rich tool for human genetic investigation.

Genetic variations, also referred to as polymorphisms,
occur in many forms and include: single nucleotide
polymorphisms (SNPs), small-scale insertions/deletions,
and repetitive elements (e.g. satellite DNA). Satellite DNA
is common throughout the genome. These groups of
variations are segments of DNA which are repeated in
tandem and result in many alleles in the population.
Historically, these satellite DNA have proven quite useful
in the mapping of disease-causing genes in the human
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Figure 4.4 Each codon in messenger RNA

specifies the initiation signal, amino acid or

termination signal called for in a given polypetide

chain, or protein. * Initiation codon, # termination
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Figure 4.3 Transcription unit of a gene. The

transcription unit of a gene has nucleotides

providing information other than the nucleotide

triplicates (codon) that code for amino acids. The

promoter area is involved with regulation of the

rate and tissue distribution of transcription. The

initiator site and the initiation codon indicate

where transcription and translation begins,

respectively. The termination site and stop codon

indicates where transcription and translation

stops, respectively. Genes often have areas that

are not included in the final mRNA (introns);

exons are spliced together to form the mRNA,

which is then translated into a protein. Reprinted

from National Institute of General Medical

Sciences. The New Genetics. Bethesda, MD, USA:

National Institute of General Medical Sciences,

2006: 15. Available from: http://

publications.nigms.nih.gov/thenewgenetics/
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genome2, 3 and to differentiate individuals (e.g. paternity
testing4). By far the most common variations are SNPs.
Polymorphisms (e.g. SNPs) can change a gene’s transcript
or protein product, alter a gene’s temporal or spatial
expression, or silence its expression altogether.

The impact of a mutation or a polymorphism on the
phenotype of an individual depends on many factors.
Phenotype refers to a characteristic or trait of an indivi-
dual that is observable or measurable. One’s genetic
constitution, or genotype, is a major determinant of
phenotype. For example, an individual heterozygous for a
deleterious allele is likely to display an intermediate
phenotype in comparison to an individual homozygous
for this deleterious allele. Another factor that impacts a
phenotype is whether an allele exerts a dominant, a
recessive, or an additive influence. In the case of auto-
somal dominant inheritance, it takes only one mutated
allele to express a trait. In the case of autosomal recessive
inheritance, only an individual homozygous for the
recessive allele will express the trait. Whether a trait is
dominant or recessive in its inheritance depends in part
on whether the functional effect of the mutation or var-
iation can be compensated for by other factors. In the case
of additive inheritance, each additional allele contributes
incrementally to a trait.

A pedigree diagram is often used to visually represent
the genetic history of a family for a given disease or trait
(Figure 4.5). Pedigree charts are used to determine pat-
terns of inheritance, as well as the risk that a specific
individual will develop a trait or disease. Dominant and
recessive patterns of inheritance can occur with the sex
chromosomes and are termed X-linked or Y-linked
dominant or recessive. Examples of autosomal dominant,
autosomal recessive, and X-linked recessive inheritance
are illustrated in Figure 4.5a, 4.5b, and 4.5c, respectively.
A less common pattern of inheritance is mitochondrial
inheritance. Transmission is maternal and thus affected
men do not pass on the trait.

A subset of individuals that carry a specific disease-
causing genotype do not display the trait or disease
because the disease or even the specific allele displays
incomplete penetrance. Of note, a certain degree of
penetrance is explained in part by the sensitivity of the
measure of a phenotype. Variations in penetrance and
phenotypic expression of a gene may be related to gene
–gene interactions (i.e. one gene modulates the expression
of another) or environment–gene interactions (i.e.
environmental factors modulate the expression of a gene).

COMPLEX, MULTIFACTORIAL DISORDERS

Single gene (i.e. ‘‘Mendelian’’) disorders follow the pat-
terns of inheritance discussed above under DNA and
human diversity. However, many diseases are due to the
combination of the inheritance of alleles with suboptimal
function with environmental risk factors. These diseases

or conditions are termed multifactorial. Each component
allelic mutation or polymorphism displays varying
degrees of penetrance. Therefore, the contribution of each
polymorphism may be subtle and the severity of a trait
will depend on the number of genes and alleles involved.
Gene polymorphisms associated with altered risk for a
disease are termed ‘‘susceptibility genes.’’ The discovery
and characterization of susceptibility genes and alleles for
a number of medical conditions has accelerated since the
Human Genome Project yielded both a draft sequence of
the human genome and a growing compendium of SNPs.
These SNPs can be used to screen for potential involve-
ment of a polymorphism in a trait of interest.

Complex traits cluster in families and rarely appear to
follow Mendelian patterns of inheritance. However, each
component allele does follow a Mendelian pattern of
inheritance but the component patterns are difficult to
discern when classical genetics approaches (e.g. pedigree
analysis) are used to analyze a genetic disorder.5 Multi-
factorial traits emerge when genetic and environmental
risk factors interact and surpass a critical threshold,
resulting in a disease or medical condition defined by
specific phenotypic characteristics (e.g. clinical criteria).

The impact of environmental and lifestyle factors on
the disease phenotype is complicated and difficult to
predict. This complexity arises from the fact that envir-
onmental factors interact with individual susceptibility
genes in different ways, which influences the contribution
of each susceptibility gene to the risk for a trait or disease.
In addition, the amount of exposure to environmental
factors varies among individuals and is often difficult to
quantify accurately, further complicating estimates of risk.
Environmental factors may include pathogens, lifestyle
factors (e.g. diet, exercise, stress), injury (e.g. surgery,
infection), and toxins. Environmental factors can act at
the genetic (i.e. DNA-damaging agents), expression (i.e.
influencing RNA stability or turnover), and protein levels.
Because RNA and proteins act as the molecular machin-
ery of the cell, they mediate cellular phenotype and the
balance between health and disease.

Environmental factors can influence biologic processes
in a number of ways, including:

� acting as a signal that is transduced through cellular
machinery (i.e. receptor-mediated signal
transduction);

� by modifying or interacting with a protein that
influences the protein’s action;

� by modifying the effect of other signals.

APPROACHES USED TO CONDUCT GENETIC
STUDIES

Depending on clinical characteristics, population fre-
quency, and methods of measurement for specific trait(s),
research designs may be either observational or
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experimental (Table 4.1). Experimental methods can be
employed to study groups of individuals (e.g. clinical
trial, cohort),18 animal models (e.g. knock-out, knock-in,
knock-down, knock-up, transgenic animal models),19

cells (e.g. cell culture),20 or specific proteins (e.g. bio-
chemical assay). Observational methods usually involve
groups of individuals (e.g. case–control, cohort, family-
based).5, 18 Given the uncertainty surrounding the accu-
racy of characterizing a trait in terms of measurement of
the phenotype (e.g. self-report of pain intensity), a
combination of approaches is often pursued. For exam-
ple, animal models are used to study the pathophysiology
of a pain condition and to identify potential genes and
pathways. These findings are then used to guide the
design and execution of studies in humans.

Genetic epidemiology

Epidemiology is the study of factors that contribute to
health and disease in the population with the goal of
disease prevention.18 Genetic epidemiology focuses on the
identification of genetic and environmental risk factors
that predispose individuals in families and populations to
disease.5 Genetic epidemiology generally follows three
steps:

1. providing evidence that a genetic component
exists for the trait of interest;

2. estimating the relative size of said genetic
component in relation to other factors that
influence the trait (e.g. environmental factors,
other genetic factors);

3. identifying the gene(s) that underlie the genetic
component of the disease.

These three steps can be pursued by either population
studies (termed association studies) or family studies

which can involve genetic risk, segregation, linkage, or
association analyses.

Genetic studies, step 1: evidence of heritability

Genetic risk studies evaluate the contribution of genetics
to a trait as compared to the environment and are pur-
sued by family-based, twin, or adoption studies.21 Twin
studies compare the degree to which monozygotic twins
(who share 100 percent of their genes) are concordant for
a specific trait as compared to dizygotic twins (who share
50 percent of their genes in common). The greater the
similarity between monozygotic twins compared to
dizygotic twins, the greater the evidence of a heritable
component to a medical condition.

Genetic studies, step 2: estimating the pattern
of inheritance

Segregation analysis employs multigenerational families
to fit a model for the genetic component of interest (e.g.
autosomal recessive, X-linked, or environmental (no
evidence of genetic component)).21 It is most useful in
Mendelian disorders. It is a less powerful technique in the
analysis of complex traits when multiple genes each with
multiple alleles are involved. Segregation analysis is a
prerequisite for parametric linkage analyses.

Genetic studies, step 3: identifying genes that
cosegregate with a phenotype

Initially, linkage studies can be used in a hypothesis-based
evaluation of the cosegregation of gene variations in
‘‘candidate genes’’ with a trait.22 A candidate gene is
defined as a gene that may contribute to a trait based on

Figure 4.5 A pedigree is a diagram of a family’s members and their relationship to the member who was identified as having a

genetic trait of interest (the proband). Typically, three generations or more are collected by a medical geneticist, advanced practice

nurse, genetic counselor, or geneticist. (a) A pedigree of autosomal recessive inheritance. In this example, two unaffected parents each

carry one copy of a gene mutation (they are each heterozygous) for an autosomal recessive disorder. They have one affected child

(homozygous) and three unaffected children, two of which carry one copy of the gene mutation (again, they are heterozygous). Each

offspring’s risk of receiving a recessive allele is one half from each parent. Therefore, each offspring of two carriers has a 25 percent

chance of being affected, a 50 percent of chance of being a carrier, and a 25 percent chance of inheriting neither mutant allele. Both

genders are equally likely to be affected. (b) A pedigree of autosomal dominant inheritance. In this example, a man with an autosomal

dominant disorder has two affected children and two unaffected children. In a typical autosomal dominant inheritance, every affected

individual in a pedigree has an affected parent, who also has an affected parent. It also affects several generations. Both sexes are

equally likely to be affected and a male-to-male transmission exists. Each offspring of an affected parent has a 50 percent chance of

being affected. (c) A pedigree of X-linked recessive inheritance. In this example, an unaffected woman carries one copy of a gene

mutation for an X-linked recessive disorder. She has an affected son, an unaffected daughter who carries one copy of the mutation, and

two unaffected children who do not have the mutation. There is no male-to-male transmission. All daughters of an affected male are

carriers. Sons of a carrier mother have a 50 percent chance of being affected. Daughters of a carrier mother have a 50 percent chance

of being carriers. Reprinted from US National Library of Medicine. Handbook: Help Me Understand Genetics. Bethesda, MD, USA: US

National Library of Medicine. Available from: http://ghr.nlm.nih.gov/handbook/inheritance.
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the biochemical properties of its gene product. Alter-
natively, one can identify genes in a hypothesis-free
manner by screening a set of genetic markers that span
the entire genome or discrete chromosomal segments.
Linkage studies attempt to locate gene(s) that underlie the

trait(s) of interest.5 Linkage approaches can be used in
any organism for which pedigrees can be collected and in
which a genetic marker set of sufficient density is available
(e.g. human, mouse,23 dog,24 fruit fly,25, 26 zebrafish27, 28)
to interrogate the genome.

Table 4.1 Examples of pain research that used different study designs.

Category Type Author Purpose

Experimental

studies

Clinical trial Hudcova et al.6 To conduct a meta-analysis to evaluate the efficacy of patient-controlled

analgesia (PCA) versus conventional analgesia (e.g. a nurse

administering an analgesic upon a patient’s request) for postoperative

pain control

Huas et al.7 To evaluate the impact of using pain assessment scales on the management

of musculoskeletal chronic pain employing a cluster-randomized

controlled multicenter trial with practices randomized by region before

patient recruitment

Linde et al.8 To compare patient characteristics and outcomes between a randomized

controlled trial and an observational study of acupuncture treatment in

patients with migraine

Cohort Ives et al.9 To estimate the incidence and risk factors for opioid misuse in patients with

chronic pain in a prospective cohort study of patients enrolled in a

chronic pain disease management program within an academic internal

medicine practice

Animal model Lichtman et al.10 To test whether anandamide and other non-cannabinoid fatty amides

modulate nociception in a fatty acid amide hydrolase FAAH deficient

mouse model as compared to FAAH positive mice employing a series of

tests (i.e. tail immersion, hot plate, formalin tests, thermal hyperalgesia

in the carrageenan, chronic constriction injury)

Al-Khrasani, et al.11 To examine the antinociceptive effects of peripheral micro-opioid receptor

agonists (e.g. 14-O-methyloxymorphone, DAMGO and morphine) were

evaluated in a mouse model of visceral pain

In vitro Huang et al.12 To understand whether the proton-sensing G-protein-coupled receptors

(PS-GPCR) are expressed in nociceptors, four PS-GPCR (i.e. OGR1, GPR4,

G2A, TDAG8) were cloned, their tissue distribution examined, and their

localization in pain-relevant loci (i.e. the dorsal root ganglion)

determined

Observational

studies

Case–control Kang et al.13 To investigate the association between an estrogen receptor alpha

polymorphism and pain susceptibility in a case-control study of female

symptomatic temporomandibular joint osteoarthritis

Cohort Diatchenko et al.14 In order to identify genes that contribute to interindividual variability on

pain sensitivity a cohort of healthy pain-free females were assessed for

pain perception thresholds and genotyped for candidate genes

Gansky et al.15 To assess the distribution of widespread pain, tender points, and

fibromyalgia in young African American and Caucasian women in a

community population of young women

Family-based Indo et al.16 To identify mutations in the nerve growth factor receptor tyrosine kinase

(NTRK1) that underlie congenital insensitivity to pain in nine families

Animal model Chesler et al.17 To examine the heritability of sensitivity to analgesia from gabapentin and

pregabalin as a precursor to linkage mapping efforts, 11 inbred mouse

strains were tested for inhibition of nociception by gabapentin or

pregabalin in two different preclinical assays of inflammatory pain (i.e.

formalin test, zymosan thermal hyperalgesia on the paw-withdrawal

test)
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Linkage analysis examines the cosegregation of genetic
markers (e.g. SNPs) within families whereas association is
meant to provide information on the involvement of
specific alleles in a trait of interest in a group of unrelated
individuals.21 One potential weakness of association stu-
dies is the fact that cryptic relatedness or population
substructure (e.g. self-reported ethnicity may not ade-
quately capture different subpopulations that may self-
identify as the same ethnicity and could result in chance
differences in the proportions of such subpopulations
between cases and controls) thereby confounding
the results. Although association studies are susceptible
to confounding due to differences in population sub-
structure, they have several advantages over linkage
analysis, including:

� the need to recruit multigenerational families where
the contribution of family members to the analysis is
difficult to ascertain a priori is obviated;

� the power to detect alleles with weak effects, and the
ability to provide estimates of the relative magnitude
of the effects of multiple alleles.

Several variations and mixtures of the above-mentioned
study designs and statistical genetic analyses exist, but are
beyond the scope of this chapter. For an in-depth review
of these methods and analyses, the reader is directed
to Analysis of human genetic linkage.29 An in-depth
exploration of the use of murine models is provided by
Lee Silver.30 An excellent description of the use of
mammalian models in the study of the genetics of pain is
available.23

EXPRESSION ANALYSES: RNA-BASED STUDIES

Gene expression is a complex and exquisitely regulated
process that enables cells, tissues, systems, and even the
entire organism to respond dynamically to both internal
and external stimuli. While all nucleated cells each con-
tain a copy of the entire genome, only a subset of its genes
is expressed. Such cell- or even tissue-specific gene
expression results in the production of a different set of
proteins. This genetic expression renders the identity of
these cells, as well as how they interact with their envir-
onment. In as much as one can isolate the cell- or tissue-
type(s) of interest, the study of gene expression can
provide unique and vital insights into biologic function
and even the pathophysiology of disease. Expression
analyses involve not only the presence or absence of gene
expression, but the quantification of the level of expres-
sion. This approach provides more information than
genetic analyses alone.

While the study of a single or a small set of genes
expression has been possible for over three decades, recent
technological advances have permitted the study of vast if
not global patterns of gene expression (i.e. the sum total

of a cell’s gene expression termed the ‘‘transcriptome’’). In
addition, new technologies provide a level of both sensi-
tivity and specificity hitherto unavailable using classical
electrophoresis gel-based methods.

Perhaps the two most influential technological devel-
opments in molecular biology are the availability of
quantitative real-time PCR (see Box 4.1) and the devel-
opment of high-density arrays of oligonucleotides that are
complementary to a large fraction of the RNA species

Box 4.1 Quantitative polymerase chain
reaction

The most common method of DNA analysis is
based on the amplification of segments of DNA
from a small amount of DNA. The technology,
polymerase chain reaction (PCR), is an enzymatic
process that results in site-specific DNA replication
by the inclusion of a specific set of small
nucleotide sequences (termed primers) that flank a
sequence of interest, an excess of nucleotide
building blocks [A, T, G, C], and a heat-resistant
form of DNA polymerase that can be manipulated
thermally to rapidly replicate a sequence of
interest. Because DNA replication results in a
doubling of the target region with every cycle of
the reaction, PCR results in the exponential
amplification of a region of interest. This approach
results in hundreds of millions of replicated copies
within 35–40 cycles of PCR carried out over the
period of a few hours. Resulting PCR products
(termed amplicons) can be visualized using a host
of solid-state (e.g. gel electrophoresis,
oligonucleotide hybridization) or fluidic (e.g.
florescence-resonance energy transfer) processes.
Both DNA and RNA can be readily analyzed by this
method.

Quantitative polymerase chain reaction (qPCR)
is a modification of PCR that allows for the
florescent quantitation of PCR amplicons at each
cycle of the reaction. Where PCR is only semi-
quantitative in nature (since PCR-amplification is
approximately exponential, the number of
amplification cycles and the amount of amplicons
measured after the last cycle can be used to derive
the approximate initial concentration of starting
material), qPCR measures the concentration of
amplicons at each cycle and can more accurately
estimate the starting concentrations of targets of
interest (termed real-time PCR). RNA can be
similarly estimated by first adding reverse
transcriptase, which results in a complementary
DNA molecule that can then be measured as
described above (termed real-time (RT-PCR)).
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transcribed in a cell. These arrays, termed microarrays,
allow for the rapid, efficient, and simultaneous analysis of
almost the entire transcriptome of an organism of inter-
est. RNA analysis has always relied on the property of
genetic material to recognize, or hybridize, its reverse
complement (e.g. AGTTAC will recognize and hybridize
to TCAATG). Microarray technology exploits this prop-
erty on a solid support (e.g. a membrane or even a small
glass microscope slide) and at an impressively high den-
sity to allow for the simultaneous analysis of hundreds to
tens of thousands of RNA species in a single experiment.

Typically, experiments involving gene expression
microarrays adopted one of two designs. In the first
experimental design, the RNA from two different cell
types (e.g. cells exposed to two different stimuli, cells
from an individual with and an individual without a trait
or disease, or even cells followed over time) serve as the
template for the synthesis of complementary DNA

(cDNA) labeled with differentiating chromogenic
reagents. The two cDNA pools are mixed and allowed to
compete for the same target sequences on the array. The
excess cDNA (i.e. the RNA surrogate) from one or the
other comparison group results in an increase in the
amount of that chromogen bound to the target sequence
(Figure 4.6). In the second design, the cDNA from each
tissue being compared is hybridized to different chips and
the absolute levels of each RNA species bound to the
target sequence are compared. Common uses of expres-
sion analyses include susceptibility gene discovery, drug
development, drug response, and therapy development.

DNA microarrays refer to the class of high-throughput
technologies that permit the screening of hundreds to
hundreds of thousands of variant sequences (e.g. SNPs,
copy number variations). DNA from an individual or
organism under study is applied to the microarray. Com-
plementary sequences hybridize to their target, which

cDNA cDNA

"Red fluorescent" probes "Green fluorescent" probes

Cancer cells Normal cells

RNA isolation

Reverse
transcriptase

labeling

Combine targets

Hybridize to
microarray

mRNA mRNA

Figure 4.6 Two different tissues are isolated

and rendered for their RNA. The RNA is reverse-

transcribed into cDNA and each pool of RNA is

labeled with a different chromogenic agent (i.e.

red, green). The labeled specimens are mixed and

allowed to compete for the same target

sequences imbedded on the microarray. When a

specific cDNA from a given pool is present at a

greater concentration than the comparison group

(e.g. green-labeled cDNA), more labeled cDNA

species will hybridize to the target sequence and

that ‘‘spot’’ on the microarray will fluoresce green

not red. Thus, green spots indicate higher levels

of a given cDNA from the green pool. Red spots

indicate higher levels of a given cDNA from the

pool labeled with the red chromogenic agent.

Yellow spots indicate equal levels of each cDNA

species. And black spots mean no cDNA from

either pool was present in sufficient levels to

bind a target sequence. Reprinted from http://

en.wikipedia.org/wiki/Image:Microarray-

schema.jpg.
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permits simultaneous assay of all of the sequences (i.e.
polymorphisms) featured on the microarray. Common uses
of DNA microarrays include susceptibility gene discovery
and drug development. Recent success in the application of
DNA microarray-based gene discovery for migraine suggest
that population genetic studies of pain phenotypes are now
tenable.31 In addition, the recent release of commercial
DNA microarray-based pain candidate gene panels (http://
www.congenics.com) represents an intriguing research tool
to explore inter-individual variation in pain, analgesia, and
allodynia in human populations.

Both DNA and RNA expression arrays are visualized in
a similar manner following hybridization. DNA micro-
arrays are biotin-labeled and are recorded in black and
white, with lack of hybridization recorded as black. With
RNA expression arrays, the chromogenic agents are usually
red and green. A red fluorescent signal indicates that
there is excess of the RNA species labeled with the red
chromogenic agent. A green fluorescent signal indicates
that there is excess of the RNA species labeled with the
green chromogenic agent. A yellow fluorescent signal
indicates equal levels of each cell’s RNA species binding
to a given spot and black indicates lack of hybridization to
a spot.

Microarrays are placed into a reader or scanner where
a laser excites the chromomeric label and a microscope
fitted with a high-resolution digital camera records the
digital image of the array. The hybridization data are
analyzed by computer software which processes the
hybridization signals, as well as various quality control
indicators imbedded on the array, to provide semi-
quantitative (e.g. DNA genotypes) or quantitative (e.g.
RNA transcript level) information for each spot on the
microarray. The algorithms used by microarray analysis
software are evolving. Gene expression profiles are gen-
erated that can be used to examine differences in the level
of single transcripts, differences in gene expression of an
entire pathway, or even a series of pathways.

While microarrays allow for comprehensive surveys of
gene expression, many challenges remain in how to
interpret microarray data. The optimal method of statis-
tical analysis is a subject of ongoing research and debate.
Moreover, the expression profiles of a pathophysiologic
process can only be studied if the tissue in question can be
assessed directly. This requirement is a near impossible
proposition for many human diseases and for many
painful conditions where central nervous system tissue is
involved in the pathophysiological process. Lastly, the
function and catalog of genes and their expressed pro-
ducts is incomplete, which leaves many expression pro-
files difficult to interpret. Ultimately, as more information
accumulates, microarray technology will allow for the
pursuit of increasingly more complex questions. An active
area of development is the combination of both DNA
microarrays and gene expression microarrays in order to
integrate the role of common gene variations with asso-
ciated differences in gene expression.32

One could imagine that the identification of genes
associated with a pain phenotype in a study population
could be coupled with RNA expression profiles generated
from tissue isolated from the same population. These data
would be used to identify entire pathways of genes whose
expression changes in individuals that carry specific gene
variations associated with pain sensitivity. These obser-
vations could be used to identify specific genes whose
expression may be rate-limiting for pain. Alternatively,
some genes suggested by this approach may provide
better targets for pharmacotherapy based on the popu-
lation prevalence of a gene variation and its associated
influence on gene expression. This combined compre-
hensive analysis is termed ‘‘systems biology.’’

PROTEOME ANALYSES: PROTEIN-BASED
STUDIES

The term proteome is a blend of the words ‘‘proteins’’ and
‘‘genome.’’ Initially, it was meant to describe the entire
complement of proteins expressed by a genome, cell,
tissue, or organism. However, the term is now used to
refer to all of the expressed proteins at a given time point
under defined conditions by a genome, cell, tissue, or
organism. For example, a cellular proteome refers to the
collection of proteins in a specific cell type under parti-
cular environmental conditions. Due to the fact that
many of the genes in a genome can form different pro-
teins due to alternative splicing; that proteins can be
modified after their synthesis (termed, post-translational
modifications); and that combinations of proteins
can form larger multimeric complexes, the proteome is
generally considered to be larger than the genome.

Historically, the study of the proteome, termed pro-
teomics, was pursued through the electrophoretic
separation of proteins using a gel matrix. Initially, these
gels were carried out in one dimension (e.g. based on
protein size, shape, or charge). Currently, two-dimen-
sional gel electrophoresis is the standard approach. Pro-
teins are separated based on charge in the first dimension
through a slab of gel that is then turned 901 and loaded
onto a second gel that separates proteins based on their
molecular weight. The gel is then treated with a dye or
stain used to visualize all of the proteins in the gel. These
two-dimensional profiles are photographed and com-
pared. Specific spots can be excised for further analysis
(e.g. a spot that is present, absent, or occurs at a different
concentration than another sample’s two-dimensional
profile). This excised material can be submitted to a
subsequent round of two-dimensional analysis to further
separate the proteins. Alternatively, the material can be
sequenced in order to identify the specific protein(s).

More recently, mass spectroscopy promises to advance
the field of proteomics. Two different methods of mass
spectroscopy are being applied: peptide mass finger-
printing and tandem mass spectroscopy. Peptide mass
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fingerprinting identifies a protein by cleaving it into short
peptides and uses a peptide sequence database to align the
short peptides and then deduce the protein’s identity by
matching it against proteins in the database. By com-
parison, tandem mass spectrometry derives sequence
information from individual peptides that are isolated
and then collided with a nonreactive gas. Data on the
array of fragment ions produced is recorded and analyzed.
Unlike genome- and transcriptome-based methods, pro-
teomic analyses struggle to attain the same level of
throughput. The major limitation is that proteins cannot
be amplified in a manner similar to nucleic acid ampli-
fication and the cost of mass spectroscopy is prohibitive.

THE NEW FRONTIER: SYSTEMS BIOLOGY

Systems biology focuses on the study of emergent prop-
erties, defined as important features of biologic systems
that are often discerned only by examination of the sys-
tem as a whole. Until recently, the study of the genetic
component in the etiology of disease was limited to the
study of single genes, their message, and/or its protein.
The advent of high throughput methods made possible by
both advances in data analysis and technology allows for
the interrogation of entire genomes and their expression
(i.e. the transcriptome, the proteome). Such systems-level
approaches are being applied in ever-evolving and inno-
vative ways, to the study of organisms, tissues, cells, and
even organelles. Of particular interest is the growing focus
on systems biology, where the findings from several lines
of inquiry (e.g. a genome search and a gene expression
analysis) are integrated to gain further insight into a
biologic process, be it physiologic or pathophysiologic. A
goal of this approach is to construct networks of genes,
proteins, even metabolites, that act in concert to create a
biological process. For an in-depth review, see Ref. 32.

RESEARCH-RELATED ISSUES UNIQUE TO THE
STUDY OF PAIN ALLELES

GENETICS AND PAIN SENSITIVITY

Despite the challenges in the measurement of pain, the
discovery of genes and gene variations involved in pain
sensitivity is advancing. Clinical characteristics, popula-
tion frequency, and methods of measurement for specific
trait(s) continue to play important roles in the research
design of studies of pain (Table 4.1). For example, an
estimate of the heritability of pain sensitivity in humans
was recently explored by studying a group of 51 mono-
zygotic and 47 dizygotic female twins.33 Evidence for a
genetic component for a range of painful stimuli (e.g.
heat pain threshold, the pain rating during induction of a
thermal burn) was observed with estimates ranging
between 22 and 55 percent. Of note, not all phenotypic

measurements of pain provided evidence of a genetic
component. The area of skin flare following thermal burn
induction did not have a significant genetic component.
This finding indicates that careful assessment of the
painful phenotype is critical for any genetic study.

A striking demonstration of the role of genetics in the
control of human pain was demonstrated by Cox and
colleagues.34 Three distinct mutations in the sodium
channel N9A (SCN9A) gene that encodes the alpha sub-
unit of the voltage-gates sodium channel (Nav1.7) result
in a rare and complete inability to sense pain and exhibit
an autosomal recessive pattern of inheritance.34 Nav1.7 is
highly expressed in nociceptive neurons.

Of note, genetic modulation of pain is not limited to
the nuclear genome. Several human diseases (e.g. cardi-
omyopathy, neuropathy, deafness) are caused by mito-
chondrial gene mutations. In addition, acquired
deficiencies in mitochondrial function are thought to lead
to some forms of neuropathy.

The elegant control of a gene’s expression is also fertile
ground for the characterization of the mechanisms that
control pain. For example, the mu opioid receptor, the
endogenous receptor for opioid drugs, has several func-
tional splice variants in mammals.35, 36 Of note, each
splice variant displays a different affinity for exogenous
opioid ligands (e.g. mu, kappa, delta opioids).

THE COMPLEXITIES OF DETERMINING GENETIC
RISK FACTORS FOR CHRONIC PAIN

The concept of complex traits is particularly relevant to
the study of pain. Indeed, researchers and clinicians have
long appreciated that sensitivity to pain and pain-related
traits (e.g. response to analgesics) are highly variable.
Both classic and novel genetic techniques are essential
tools to study the genetics of pain in both animals and
humans. These approaches will be enhanced through the
use of precise measures to characterize a particular
painful condition (i.e. the ‘‘pain’’ phenotype) or pain
management intervention (Table 4.2). While the investi-
gation of specific traits such as sensitivity to pain or
opioids has met with some success (for a review see
Mogil et al.37), systematic investigations of the role of
genetics in pain perception, painful conditions, and
responses to pain management interventions are still in
their infancy.

An additional caveat to assessment of familial aggre-
gation is that environmental or cultural factors can lead to
familial clustering and risk in the absence of a genetic
component. Both acute and chronic pain states are
known to be influenced by a variety of environmental,
social, and cultural factors. Therefore, these factors will
need to be considered and measured as part of studies
that evaluate the genetics of pain and pain treatments.
Currently, there are no published reports of multi-
generational family studies of pain. This approach might
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be useful to investigate the genetic basis for chronic pain
problems that appear to occur in family members (e.g.
chronic low back pain,38, 39 fibromyalgia40).

PHARMACOGENETICS AND ANALGESIC DRUGS

Drug response is a complex trait that is governed by many
processes and is multifactorial. The study of the genes that
influence drug response is termed pharmacogenetics. The
study of the entire complement of genes that influence
drug response in an individual is termed pharmacoge-
nomics. Though drug discovery progressively incorpo-
rates knowledge of the genetic factors that influence their
metabolism, genetic tests that can predict an individual’s
response to a specific drug remain limited. Improvements
in both the assessment of gene variations (e.g. microarray
methods) and in an understanding of the genes and
metabolic pathways that dictate the pharmacokinetics and
the pharmacodynamics of drugs are contributing greatly
to the development of genetic tests that may predict an

individual’s response to a drug (e.g. positive, negative).
Examples of the pharmacogenetic discoveries in pain and
analgesia are listed in Table 4.3.

The potential benefits of pharmacogenomics are
manifold. In addition, to being able to identify indivi-
duals who will or will not respond adversely to a parti-
cular drug, the identification of individuals who may need
a different dose will minimize the amount of titration
required to obtain the optimal effect and perhaps reduce
the number and severity of adverse effects. An additional
benefit would be in the area of drug development, where
specific pharmacogenetic entry criteria for clinical trials
would limit the sample to persons more likely to respond
to the test drug. This approach would increase the chance
that a given drug would make it to market. In addition,
clinical trials would require fewer participants thus
reducing cost, decreasing the time to conduct a trial, and
reducing the risk to participants. Presumably, this
approach would culminate in a reduction in drug costs
and allow physicians to prescribe the drug to the patients
who would most likely benefit from it.

Table 4.2 Examples of measurements used in pain research.

Class Organism Methods Pros Cons

In vivo Human Physiological measurement Understanding

interindividual

differences in response

to pain in humans is the

goal of the field

Physiological measures of pain

still require a verbal response,

introducing an unknown level

of imprecision

Self-report instruments Self-report measures are

subjective in nature,

introducing an unknown level

of imprecision

Animal model Physiological measurement Use of inbred strains of

animals for genetic

studies is a proven tool

in the dissection of

genetic traits

The study of the genetics of pain

in animal models may be

difficult to translate to human

pain biology

Other models Drosophila melanogaster
(fruitfly) genetic studies

Use of D. melanogaster for
genetic studies is a

proven tool in the

dissection of genetic

traits

The study of the genetics of pain

in D. melanogaster may be

difficult to translate to human

pain biology

In vitro Various (e.g.

human, animal,

other)

Cell culture Permits exquisite control of

the cellular

environment and

manipulation of

exposures to test

hypotheses

May provide limited insight into

the dynamic physiologic

environment in vivo
Some tissue models cannot be

emulated in vitro (e.g. complex

interactions between cell

types)

In silico – Data mining Relatively inexpensive to

mine databases for

DNA, RNA, protein, and

interaction data

Requires an understanding of

bioinformatics
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Table 4.3 Pharmacogenetic candidate genes.

Gene Name Trait Reference

OPRM1 Mu-opioid receptor Presence of the G allele for rs17181017 is associated with a

difference in the standard dose in order to obtain similar

effects as those individuals that carry the common allele.

Affected analgesics include: afentanil, morphine, M6G, and

levomethadone

41, 42, 43

COMT Catechol-O-methyl transferase Presence of the A allele for rs4680 is associated with a difference

in the standard dose of morphine in order to obtain similar

effects as those individuals that carry the common allele

44

MC1R Melanocortin-1-receptor Three polymorphisms associated with a difference in the standard

dose of an analgesic in order to obtain similar effects as those

individuals that carry the common allele. Affected analgesics

include: morphine (polymorphism: 29insA), M6G

(polymorphism: rs1805007), and pentazocine (polymorphism:

rs1805008; women only)

45

CYP2D6 Cytochrome P450 2D6 Various polymorphisms and genetic lesions have been associated

with altered drug metabolism. Affected analgesics include:

tramadol and codeine

46

Adapted from Lotsch et al.47

Table 4.4 Tools available for the study of the genetics of pain.

Level of
inquiry

Approach (methods) Advantages Disadvantages

DNA DNA re-sequencing DNA is relatively stable and easy to obtain

sufficient quantities for analysis

Many DNA variations are of unknown

function and may act as surrogates for

the causal DNA variation

DNA polymorphism

(Southern blot)

Multiplex analyses can be cost-prohibitive

Microarray (multiplex)

analysis

Multiplex approaches require expensive

equipment and specialized training (best

pursued via core facilities)

RNA RNA levels (northern blot) Differences in RNA level may be more closely

linked to pathophysiology

RNA is more labile than DNA

cDNA re-sequencing Multiplex (e.g. microarray) approaches may

provide information on pathways of gene

expression that are altered in trait of

interest, providing greater insight into

(patho)physiology

Expression analyses require tissue affected by

the trait in question

Microarray (multiplex)

analysis

Heterogeneous composition of target tissue

makes isolation of relevant RNA pool

difficult and susceptible to artifact

Multiplex analyses can be cost-prohibitive

Multiplex approaches require expensive

equipment and specialized training (best

pursued via core facilities)

Protein Protein levels (western

blot)

Differences in RNA level may be more closely

linked to pathophysiology

Protein can be more labile than DNA

Peptide sequencing Multiplex (e.g. microarray) approaches may

provide information on pathways of gene

or protein expression that are altered in

trait of interest, providing greater insight

into (patho)physiology

Expression analyses require tissue affected by

the trait in question

Multiplex protein analysis Heterogeneous composition of target tissue

makes isolation of relevant protein(s)

difficult and susceptible to artifact

Multiplex analyses are cost-prohibitive

Multiplex approaches require expensive

equipment and specialized training (best

pursued via core facilities)

Notes: Other levels of inquiry include the metabolome, posttranslational modifications, alternative splicing.
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MOLECULAR BIOLOGIC TOOLS IN THE
ELUCIDATION OF PAIN MECHANISMS AND
DRUG DISCOVERY

Though rooted in the basic principles of molecular
biology, advances in both technology and biostatistical
methods continue to yield an ever-evolving array of tools
for the examination of DNA, RNA, and protein (Table
4.4). Though population studies are of interest to the pain
research community as a means of identifying common
genetic risk factors for pain sensitivity, a useful tool for
the discovery and characterization of genetic risk factors
continues to involve studies of gene and protein expres-
sion (Table 4.2). Common uses of expression analyses
include causal and susceptibility gene discovery, drug
development, drug response, and therapy development.
The study of gene expression requires obtaining RNA
from specific tissues (e.g. neurons, sensory ganglia, cen-
tral nervous system, brain). To date, because of this
need for target tissue, the majority of expression micro-
array pain research is limited to animal models. However,
novel minimally invasive methods (e.g. laser capture
microdissection) may increase the opportunity to
study gene expression in human tissues that are readily
accessible.48

Though lagging behind the study of the human gen-
ome (i.e. DNA) and transcriptome (i.e. RNA), the pro-
teome (i.e. protein) is a frontier of great interest. Whereas
individual proteins can be readily studied given sufficient
quantities and purity, more high-throughput approaches
(i.e. analogous to gene expression arrays) is still cost-
prohibitive. This approach suffers from the same limita-
tions as RNA-based methods (i.e. access to tissue); how-
ever, recent proteomic analysis of spinal protein
expression in rats exposed to morphine suggests that this
approach will provide a novel tool in pain research.49
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KEY LEARNING POINTS

� Epidemiology provides a framework for determining the

prevalence, incidence, and risk of pain in populations.
� Measures of risk typically include the absolute risk,

relative risk, and odds ratio.
� The three principal observational designs used by

epidemiologists are cross-sectional, case-control (or

group comparison), and cohort studies.
� Classical epidemiology approaches have resulted in the

identification of subgroups that are at higher risk for

pain (by sex, age, and ethnicity).
� The new molecular epidemiology paradigm integrates

the use of biological markers that indicate events at the

physiological, cellular, and molecular levels.

� The principal molecular epidemiology approaches are

candidate gene, pathway-based, and genome-wide

scanning approaches.
� The statistical analyses performed in genetic association

studies of pain follow traditional parametric and

nonparametric statistical procedures. However,

approaches such as pathway-based analyses and

classification and regression tree analyses have gained

considerable attention as well.
� Special considerations in the conduct of genetic

association studies of pain include issues of multiple

comparisons and population stratification.

INTRODUCTION

Epidemiology provides a framework for determining
the prevalence, incidence, and risk of pain in popula-
tions. Epidemiological studies use the paradigm of
exposure–disease assessment. Classical epidemiological
research focuses on the distribution of diseases and their

determinants within populations and relies on field-tested
measures of exposure (usually self-reported) in defining
disease–exposure associations. More recently, advances in
molecular technology have made possible the measure-
ment of genetic markers of disease, prognosis, and ther-
apeutic response. This newer molecular epidemiology
paradigm represents the confluence of sophisticated



advances in molecular biology and field-tested epide-
miological methodologies. Currently, interest in the use of
biological markers in epidemiology to enhance assess-
ment of exposures to disease, provide insight into disease
mechanisms, understanding susceptibility to diseases,
and refining assessment of risk of disease is increasing.
In this chapter we present the results of studies of the
epidemiology of pain using classical epidemiological
methods; describe the basic principles of epidemiology;
and introduce the concepts and approaches for exploring
the molecular epidemiology of pain.

PREVALENCE OF PAIN

As many as 11 to 60 percent of general adult populations
suffer from chronic pain1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19 (Table 5.1). It should be noted that estimates of
the prevalence of pain have varied widely, mainly because
of a lack of uniformity or standardization in the defini-
tions of and assessment measures used for pain (i.e. no
gold standard exists) and the heterogeneity of pain con-
ditions (nociceptive versus neuropathic). Other factors
contributing to the wide variation in results include, but
are not limited to, the heterogeneity of disease conditions
and the types of treatment settings (outpatient versus
inpatient versus community) in which the studies were
conducted.

Adverse impact of pain

Left untreated, pain adversely affects function and daily
activity. One study showed that individuals with persis-
tent pain were more likely to experience severe activity
limitations than those without persistent pain (odds
ratio, 1.63; 95 percent confidence interval, 1.41–1.89).20

Another study found that among individuals with
abdominal pain, more than 65 percent reported some
activity limitations.21 Up to 20 percent of older adults in
the general population in the United States have reported
significant pain resulting in activity limitations.22

The adverse impact of pain is not limited to function.
For example, individuals with chronic pain have up to a
four-fold increase in the incidence of psychological dis-
orders when compared with those without chronic pain.20,
23, 24 Pain is predictive of the development of depression.25

Several studies have addressed the relationship between
depression and pain and found that depression has either
a causal or mediating effect on pain. One study in parti-
cular found a strong correlation between pain severity and
depression in older patients but a weak and insignificant
correlation between the two in younger patients.26

Although the causal relationship between depression and
pain remains debatable, at least in primary care settings,
studies have shown that symptoms such as pain are in fact

associated with depressive disorders or psychological
distress and anxiety.27, 28, 29

Pain has a significant economic impact. In the United
States alone, lost productive time resulting from common
pain conditions among active workers costs an estimated
$61.2 billion annually.30 An estimated 2.9 million Amer-
icans (1.1 percent of the population) receive treatment
annually from chronic pain specialists. In the United
Kingdom, the mean cost per adolescent experiencing
chronic pain was approximately £8000 per year, including
direct and indirect costs.31

Variance in pain by age, sex, and ethnicity/
culture/race

Although the pattern of pain prevalence in older indivi-
duals is unclear, several community-based studies of pain
suggest that pain prevalence increases from the early adult
years up to approximately 60 years of age32, 33 and
thereafter reaches a plateau and may even decline in
extreme old age. It is generally accepted that increased
pathological load is an overriding factor contributing to
increased pain complaints with advancing age,33 as older
adults are at greater risk for diseases that cause pain, such
as arthritis and cancer. Patients older than 60 years of age
have a two-fold increase in the incidence of painful
conditions relative to younger patients34 and older
patients are less likely to receive adequate analgesic
treatment.35 Furthermore, although they are more likely
to experience pain than younger individuals, older adults
tend to be less likely to complain of pain.36 Factors such
as other medical problems, cognitive and sensory
impairment, and depression are possible contributors to
the underreporting of pain among older adults.

Women have a greater risk of pain and report
more severe pain, more frequent pain, and longer pain
durations than men do.37 These differences are partially
attributed to the action of sex hormones, which may
influence central and peripheral mechanisms of noci-
ceptive pain transmission, pain sensitivity, and pain
perception.38 Studies have also shown sex differences
in responses to treatment with analgesics, especially
opioids.39

The epidemiology of pain in ethnic minority com-
munities has been a matter of intense investigation in
racially and culturally diverse countries such as the United
States. Studies of chronic pain conditions showed that
African Americans consistently reported greater pain
severity and disability than did those in other racial and
ethnic groups.40, 41 A recent study of a nationally repre-
sentative sample of adults in the United States showed
that Latino (Hispanic people) and Anglos (non-Hispanic
white people) reported lower rates of activity impairment
resulting from pain than did African Americans (non-
Hispanic black people).42 Also, more African Americans
than Anglos and Latinos reported functional impairment
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Table 5.1 Population-based studies of chronic pain.

Author Country Study design Setting Age range
(years)

Number of
subjects

Data collection
methods: pain
assessment tools

Pain prevalence (type)

Andersson1 Sweden Cross-sectional Two primary health care

districts, rural areas

25–74 1625 Mailed questionnaire 55.0% and 49.0% (chronic)

Bergman et al.2 Sweden Cross-sectional West coast of Sweden,

community-based

20–74 2425 Mailed questionnaire 23.9% (CRP); 11.4% (CWP)

Blyth et al.3 Australia Cross-sectional Nationwide, community-

based

Z16 17,543 Computer-assisted

telephone interview

17.1% male, 20.0% female

Blyth et al.4 Australia Cross-sectional Northern Sydney,

community-based

Z18 2092 Telephone survey 22.1% (chronic)

Breivik et al.5 Fifteen European

countriesa and

Israel

Cross-sectional Community-based Z18 46,394 Screening questionnaire 19.0% (chronic); half reported

having received inadequate

treatment

Cassidy et al.6 Canada Cross-sectional Nationwide, community-

based

20–69 1131 SHBPS 22.2% (depressive

symptomatology)

Catala et al.7 Spain Cross-sectional Nationwide, general

population

18–95 5000 Telephone survey 54.0% (chronic); 23.4 % of

population

Chrubasik et al.8 Germany Cross-sectional Regierungsbezirk

Karlsruhe County,

general population

18–80 1304 Mailed survey 47.0% (unduly prolonged pain)

Croft et al.9 England Cross-sectional Northern England, general

population

Z18 2034 Mailed survey 11.2% (chronic)

Elliot et al.10 United Kingdom Cross-sectional Grampian region, sample

of patients from 29

general practice/

primary care facilities

Z25 3605 Chronic Pain Grade

questionnaire

50.4% (chronic), 16.0% (back),

and 15.8% (arthritis)

Eriksen et al.11 Denmark Cross-sectional Nationwide, random

sample, patients

without cancer

Z16 10,066 SF-36 16.0% male, 21.0% female

(chronic)

Hassan et al.12 Saudi Arabia Cross-sectional Ten regional health care

centers

100 41.0% (neuropathic), 59.0%

(nociceptive)

(Continued over )



Table 5.1 Population-based studies of chronic pain (continued).

Author Country Study design Setting Age range
(years)

Number of
subjects

Data collection
methods: pain
assessment tools

Pain prevalence (type)

Moulin et al.13 Canada Cross-sectional Nationwide, random

samples and patients

prescribed pain

medication

Z18 2012 Telephone survey 29.0% (chronic, not cancer-

related)

Ng et al.14 China Cross-sectional Hong Kong, random

sample

Z18 1051 Telephone interview 10.8% (chronic)

Rustoen et al.15 Norway Cross-sectional Nationwide, general

population

18–91 1912 Mailed questionnaire 24.4% (chronic)

Saastamoinen

et al.16
Finland Cross-sectional Helsinki, city employees 40, 45, 50,

55, and

60

6010 Chronic Pain Grade

questionnaire

24.0% male, 29.0% female

(chronic)

Taylor17 New Zealand Cross-sectional North Island, general

population

Z18 329 Mailed questionnaire 40.0–60% musculoskeletal

Torrance et al.18 United Kingdom Cross-sectional Aberdeen, Leeds, and

London; random

samples generated by

six family practices

Z18 3120 S-LANSS 48.0% (chronic)

Yu et al.19 Taiwan Cross-sectional Taipei City, multiple-stage

random sampling

technique

Z65 219 Interview 42.0% (chronic)

aThe 15 European countries were Finland, Norway, Sweden, France, Belgium, Spain, Italy, Poland, Ireland, Denmark, The Netherlands, United Kingdom, Switzerland, Austria, and Germany.
CRP, chronic regional pain; CWP, chronic widespread pain; SF-36, Short-Form-36; SHBPS, Saskatchewan Health and Back Pain Survey; S-LANSS, Leeds Assessment of Neuropathic Symptoms and Signs score.



as a result of pain, a result that approached statistical
significance at mild levels of pain severity.

Many have argued that the association between
race/ethnicity and poor health is largely a result of
poor socioeconomic conditions among racial and ethnic
minorities.43, 44, 45 A report from the Institute of Medi-
cine45 in the United States suggested that factors such as
stereotyping and bias on the part of healthcare providers,
the clinical appropriateness of care, and persistent racial
and ethnic discrimination are among the reasons for
racial and ethnic disparities in health care.

UNDERSTANDING THE BASIC PRINCIPLES OF
EPIDEMIOLOGY

Epidemiological studies identify associations between risk
factors and disease outcomes. Identifying these associa-
tions can be useful for classifying individuals into risk sets
whether or not a causal relationship between the disease
and its correlate can be established. Measures of risk
typically include the absolute risk, relative risk, and odds
ratio. These three risk measures are described briefly
below, but much more detail on them can be found in
standard epidemiological reference texts such as those by
Rothman46 and Selvin.47

Absolute risk is the most easily interpreted risk mea-
sure. It is usually specified in terms of risk per time unit
per individual. Using the cells in Table 5.2, the absolute
risk in individuals exposed to a risk factor per time unit
is (a)/(a1c). An example for this type of analysis was
conducted using the population-based (n= 1387) Long-
itudinal Study of Aging Danish Twins. The authors
assessed the influence of physical activity as a risk
factor for incident low back pain among seniors aged
70–100 years. They found that active lifestyle protects
against incident low back pain. Absolute risk estimates for
incident low back pain among participants with below
average strength score engaged in strenuous physical
activity and those with below average strength score
not engaged in strenuous physical activity were 10 and
21 percent, respectively.48

The relative risk is the risk of disease in individuals
who have been exposed to a risk factor divided by the risk
of disease in individuals who have not been exposed
to that risk factor. Again using the cells in Table 5.2,
the relative risk in individuals exposed to a risk factor is
((a)/(a1c))/((b)/(b1d)). The relative risk for developing

chronic pain from work-related stress was assessed using
longitudinal data from the National Population Health
Survey in Canada (n= 6571). The investigators found
that relative risk for developing chronic pain was 1.39
(95 percent CI = 1.01–1.91) for medium stress and 1.80
(95 percent CI = 1.28–2.52) for high stress.49

Finally, the odds ratio is the ratio of the probability of
exposure to a risk factor in diseased patients to the
probability of exposure to a risk factor in nondiseased
patients divided by the probability of nonexposure to
a risk factor in diseased patients divided by the prob-
ability of nonexposure to a risk factor in nondiseased
patients. Using the cells in Table 5.2, this ratio is ((a)/(c))/
((b)/(d)).

When the prevalence of cases of pain in a population is
low, the odds ratio approximates the relative risk (i.e.
a1cffid and b1dffid). For relative risks greater than 1,
the odds ratio overestimates the relative risk; however, the
odds ratio is nearly unbiased when studying uncommon
events such as the risk of neuropathic pain. The odds
ratio is a measure used to estimate the relative risk for
several reasons. For example, in case–control studies, if a
disease is uncommon, the odds ratio gives a nearly
unbiased estimate of its relative risk. Also, commonly
used data analysis tools, such as logistic regression, readily
provide estimates of odds ratios.

BASIC DESIGNS OF EPIDEMIOLOGICAL
STUDIES

Epidemiologists typically identify two major types of
study designs: experimental and observational. The
principal distinction is whether the treatment or inter-
vention is under the control of the investigator. In
experimental studies, the investigator introduces a factor
or intervenes in the environment of the study subjects and
observes the impact of the intervention on the study
subjects. In observational studies, the investigators
describe the events that naturally occur without their
direct intervention. The three principal observational
designs used by epidemiologists, cross-sectional, case–
control (or group comparison), and cohort studies, are
described below.

Cross-sectional studies

Studies of chronic pain are predominantly cross-sectional
studies. In these studies, participants are sampled, and
information related to pain and its risk factors is mea-
sured at a single point in time. Prevalence is estimated as
the proportion of subjects with pain in the whole study
sample. Because information relating to the disease
state and risk factors is assessed at the same point in
time, causality cannot be inferred, and biases regarding
exposure exist. There are several data collection methods

Table 5.2 Parameters for calculating risk in epidemiological

studies.

Exposed Not exposed

Diseased a b a1b

Not diseased c d c1d

a1c b1d –
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used in cross-sectional studies including in-person/
household surveys and telephone and postal surveys
(Table 5.1).

Case–control studies

Epidemiologists often perform case–control studies
because they are relatively easy to conduct. In these stu-
dies, cases are sampled according to a predetermined
protocol, and the controls selected must be comparable
with the cases.50, 51, 52 However, identifying a suitable
control population is often difficult for two reasons: (1)
identifying the characteristics that ensure comparability
with the cases is often difficult, and (2) to avoid selection
biases, one must sample the participants from the control
population according to a well-controlled scheme. To
ensure random sampling, researchers must select controls
at random. Often, investigators match controls with the
cases according to criteria that are known to be associated
with disease risk. Matching cases and controls minimizes
the variability among the subjects according to known
risk factors that may not be of interest. For instance,
controls may be grouped with cases according to demo-
graphic characteristics such as age, ethnicity, and sex. In
such instances, researchers usually perform a conditional
analysis, in which each case is matched with a control or
set of controls.

The control population should be comparable with the
case population in terms of socioeconomic status and
other unmeasured factors. Several methods of accruing
controls can be used. One is random-digit telephone
dialing. However, one should note that one fourth of all
residential telephone subscribers use caller identification
devices and thus are able to screen out unfamiliar callers.
As a result, using this method would increase the
potential for sample bias. Another popular method for
selecting controls in the United States has been the use
of data tapes obtained from motor vehicle bureaus, but
because older adults may no longer have driver’s licenses,
this method may exclude potential controls. Furthermore,
several states have passed legislation banning distribution
of lists of registered drivers containing their names and
addresses.

One may have to make a tradeoff when performing
case–control epidemiological studies. Although popula-
tion-based studies are inarguably the gold standard for
modern epidemiological case–control research, one may
be unable to conduct population-based studies for prac-
tical reasons. For example, population-based research
may not be feasible when studying very rare pain condi-
tions (e.g. neuropathic pain) for which the catchment
population is prohibitively large or when studying pain
conditions associated with very lethal diseases (e.g.
cancer-related pain) because the population-based ascer-
tainment may fail to provide a representative sample of
cases as a result of patient deaths prior to enrollment.

Cohort studies

Prospective cohort studies identify groups of subjects and
collect samples and/or data from the subjects at baseline
and thereafter until a specific point in time. The advan-
tages of this design are that one can establish temporal
relationships between events and exposure and that biases
relating to incomplete recall of exposures are minimized.
In addition, both absolute and relative risk measures of
disease can be estimated. The disadvantages of this design
include difficulty in maintaining follow-up for the study
subjects and potential inefficiency if the disease outcome
of interest is rare or infrequent in the study population
(e.g. neuropathic pain).

An approach to limiting the cost of prospective cohort
studies is to set up the cohort and then only conduct
laboratory analyses for study subjects who become
affected with the disease of interest along with a matched
set of study subjects who do not become affected. This
is called a nested case–control design because it is a
case–control study nested within a cohort.

MOLECULAR EPIDEMIOLOGY

Geneticists have historically used genetic mapping of trait
causing genes to chromosomal locations in experimental
organisms (nematodes worms, fruit flies, etc.). However,
genetic mapping was not used for the study of humans
due to the lack of an abundant supply of genetic markers
with which to study inheritance and the inability to
arrange human crosses to suit experimental crosses. A key
breakthrough in genetic studies of human diseases was
the recognition that naturally occurring DNA sequence
variation provide an unlimited supply of genetic markers.
The completion of the human genome sequence was a
further impetus to the exploration of genes as predictors
of disease states and clinical response to treatment. There
is now much scientific interest in examining the role
of genes and their products in the expression of pain.
Identifying markers of genetic susceptibility to pain will
facilitate the early detection of patients at high risk for
pain, prompt treatment, and the development of targeted
pain therapies.

Whereas classical epidemiology approaches have
resulted in the identification of subgroups that are at
higher risk for pain (by gender, age-groups, and racial/
ethnic groups), molecular epidemiology integrates the use
of biological markers that indicate events at the physio-
logical, cellular, and molecular levels. Thus, although
studies have generally established that individual and
group risk assessments are possible using classical epide-
miology methods, integrating the use of molecular epi-
demiology methods enhances individual and group risk
assessments by providing more person-specific informa-
tion (genetic profile). Furthermore, the use of molecular
epidemiological methods can also reduce misclassification
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of exposure (avoiding recall bias in exposure identifica-
tion) and, importantly, provide information about when
interventions can be most effective (pharmacogenetics).

The classic central dogma regarding the genome is that
DNA in the nucleus directs the production of proteins.
Proteins carry out several life functions through the RNA.
By analyzing the DNA, we are able to understand the
variability in the genome and the extent to which this
variability contributes to physiological traits, including
disease susceptibility. Several types of variations exist in
the human genome. Of these variations, single nucleotide
polymorphisms (SNPs) are the most common and easiest
to measure, and are used more frequently in pain
research. Several approaches to exploring the molecular
epidemiology of pain are currently in use. Advances in
molecular technology are expected to lead to improve-
ments in the different approaches currently used in pain
research. Three of these approaches are described below.

Candidate gene approach

Many studies have reported associations between genetic
polymorphisms and susceptibility to common complex
diseases and conditions such as pain, most of which have
used the candidate gene approach. In this hypothesis-
driven approach, one or a few selected polymorphisms are
investigated at a time. Although researchers use a priori
knowledge of polymorphisms and gene functions in
the candidate gene approach, these studies have yielded
informative but conflicting results. For example, an initial
report suggested that an SNP of catechol-O-methyl-
transferase gene inducing amino acid change at codon
158 from valine to methionine significantly increased pain
response to an experimental stimulus.53 However, this
association was not replicated by other investigators
using larger sample sizes.54, 55 The opposite influence has
also been reported for this SNP as patients with the
methionine allele require a lower amount of morphine
compared to those with the valine allele to treat pain
due to cancer.56, 57 Among the reasons for the lack of
consistency in the results are the use of small sample sizes,
use of inadequate statistical methods, and failure to
evaluate the effect of multiple pathophysiologically related
genes. Importantly, one should recognize that because
pain is a complex human trait, the interaction of multiple
genes, each with small individual effects, rather than a
few genes alone likely influences the experience of pain.

Pathway-based approach

Because of the limitations of the candidate gene approach,
researchers have introduced other approaches to under-
stand the epidemiology of complex diseases. For example,
investigators have used a pathway-based multigenic gen-
otyping approach to assess the combined effects of a panel

of polymorphisms that act in the same pathway, thus
enhancing the effects of the individual polymorphisms.
Although application of the pathway-based approach in
pain research has been limited, several studies of complex
diseases such as cancer have shown the usefulness and
encouraging results of this approach. For example, Wu
and colleagues58 assessed a comprehensive panel of 44
selected polymorphisms in two pathways, DNA repair
and cell-cycle control for bladder cancer risk and found
that individuals with a higher number of genetic varia-
tions in DNA-repair and cell-cycle control genes are at an
increased risk for bladder cancer. However, although
comprehensive, the pathway-based approach still relies
on a priori knowledge of SNPs and gene functions and
on biological plausibility.

High-density genome-wide scanning approach

Rapid advances in molecular and genetic technology
coupled with cost reductions and the progress of the
International HapMap Project have led to the application
of genome-wide scanning approaches to understanding
the molecular epidemiology of complex diseases. Whereas
candidate gene and pathway-based approaches use
information about several SNPs, whole genome (genome-
wide) scanning approaches allow for the examination of
thousands of SNPs at a time. With the inclusion of up to
several thousand SNPs in a single DNA chip, more genetic
markers throughout the genome are analyzed efficiently.

Affymetrix (Santa Clara, CA) produced one of the first
generation DNA array chips. They use a restriction
enzyme-based adaptor ligation polymerase chain reaction
procedure in which the genomic complexity is first
reduced by restriction enzymes followed by the addition
of universal primers and polymerase chain reaction
amplification of digested genomic portions. More
recently, Illumina (San Diego, CA) launched a series of
whole-genome SNP array chips. In contrast with the
Affymetrix approach, in which the ability to choose SNPs
is limited because it requires SNPs to be present in the
amplified representation, Illumina’s Infinium assay allows
for accurate and robust genotyping in the context of full
genomic complexity and enables selection of SNPs any-
where in the genome. Studies using whole-genome
(genome-wide) scanning approaches in uncovering genes
for pain are under way.

Statistical approaches

The statistical analyses performed in genetic association
studies of pain follow traditional parametric and non-
parametric statistical procedures. However, approaches
such as pathway-based analyses and classification and
regression tree analyses have gained considerable
attention as well.
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Pathway-based association test: This test has been
used to test the overall association of sets of SNPs. With
this data-driven approach, a model with complex com-
bination of SNPs will be derived based on all SNPs in the
set. A recently developed method to jointly incorporate
several polymorphisms or pathways59, 60 uses Tukey’s
1-degree-of-freedom model of interaction.61 The model
specifically tests if SNPs within genes are associated with
disease through a common biological pathway. This
model is computationally a simple generalized test of
association that can simultaneously capture both the
main effects of the variants within a genomic region and
their interactions with the variants in another region or
with other covariates. The first level models the associa-
tions between the markers and the underlying biological
variables with a linear model. The second level models
the risk of outcome (severe pain versus nonsevere, for
example) with a logistic model that depends on the bio-
logical variables from the first level. The method is flexible
since it also allows the causal SNPs in the logistic model.

CART analysis: Classification and regression tree
(CART) modeling are also performed for genetic asso-
ciation studies of symptoms. Tree-based modeling is an
exploratory technique for uncovering structure in data.
Tree-based models use both categorical variables (i.e.
marker genotypes) and continuous variables (i.e. age).
The classification tree divides the study sample into a
number of homogenous subgroups (nodes) based on risk
factors. At each node, all possible splits for all of the
included covariates are evaluated and compared and the
covariate that has the best split point of the response is
chosen. The recursive procedure is continued to produce
subsequent nodes that are more homogenous (with
respect to the response variable) than the original node.
The final model is a tree-structure with numerous binary
splits.

Special considerations

Multiple comparisons and controlling for false dis-
covery rate: False positive findings become a problem
when the associations between multiple genetic loci are
tested against multiple clinical endpoints. However, cor-
rective methods for multiple testing, such as Bonferroni’s
corrections, increase the risk of false negative errors.
Benjamini and Hochberg62 proposed a novel approach,
the false discovery rate (FDR), to account for multiple
comparisons. The FDR controls the expected proportion
of incorrectly rejected null hypotheses in a list of rejected
hypotheses. The Bonferroni correction is very con-
servative and permutation-based methods such as the
re-sampling method of Westfall and Young,63 are com-
putationally very intensive. The FDR method has
been refined to increase its accuracy, applicability,
and power.64, 65 Thus, calculating the FDR-adjusted
p-values will help determine whether the observed

p-values are still significant after taking into account
multiple comparisons.

Population stratification: Population stratification
(different racial/ethnic distribution) can be a confounding
factor in genetic studies. As an example, haplotype
blocks in African populations are shorter than those
in Caucasians. Further, the linkage disequilibrium
between investigated SNPs are usually different between
ethnic populations (http://www.hapmap.org/). Therefore,
a mixed population cannot be analyzed together for the
association with pain phenotypes. It is generally recom-
mended to genotype a number (preferably 4100) of
widely spaced null SNPs (preferably ancestry informative
markers) in addition to the candidate SNPs.

FUTURE DIRECTIONS

Studies of the incidence, prevalence, severity, and treat-
ment of pain have a number of shortcomings. Often, pain
is evaluated and reported without stratifying for hetero-
geneity with respect to pain type, disease type, disease
treatment, and response to treatment. Durations of
pain may be days, months, or years, but assessments
often are performed cross-sectionally rather than long-
itudinally, thus failing to assess patterns and trajectories.
Cohort studies that will provide clinicians with infor-
mation regarding the incidence, severity, and duration
of pain will be useful in determining the epidemiology of
pain.

Furthermore, there is a need to recognize and apply
the rapidly emerging wealth of genetic information for
improving pain management and control. Pain research
and genetic research are both in an early stage of inves-
tigation and a particular challenge for epidemiologists is
to incorporate molecular epidemiology methods to
pain research. Epidemiologists will increasingly be called
upon to identify genetically high-risk (susceptible) sub-
groups that disproportionately suffer from pain, and
could greatly benefit from early pain interventions.
Nevertheless, further integration of molecular epide-
miology methods to pain research, coupled with incor-
porating knowledge about pain from other disciplines can
lead to a better understanding of chronic pain in popu-
lations and potentially for individualizing pain therapy.
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KEY LEARNING POINTS

� There will never be sufficient resources to address

completely the problems posed by chronic pain.
� Health economics offers a mode of thinking which can

assist in arriving at possible solutions to the often

contentious problems in dealing with pain and its

management, based on the concepts of effectiveness,

efficiency, and equity.
� Economic impact of pain and its management need to

be considered.
� Health economic evaluation enables decision-makers to

assess the additional benefits generated from an

intervention in relation to the additional costs that are

incurred in its provision.
� High-quality relevant evidence and health economics

techniques and approaches are essential components in

developing a broader, strategic, whole systems agenda

in pain management.
� Together they can provide the tools which decision-

makers can utilize in the drive for reductions in pain

and better health and healthcare for our respective

communities and societies.

THE PAIN PROBLEM

Pain represents a major clinical, social, and economic
problem and one which has challenged generations of
healthcare professionals across many continents as they
attempt to provide relief to reduce the suffering caused by
pain. The advent of modern anesthetics and analgesics has
meant that the effects of pain can be ameliorated, but
even in hospital settings in recent years, nearly nine out of
every ten patients have experienced pain levels considered
to be excessive.1, 2 This proportion is clearly unacceptable
and represents a challenge to those involved in the com-
missioning and provision of services. It has been argued
that ‘‘pain relief should not be seen as someone else’s

responsibility or simply dismissed because in the end the
pain and the patient go away. Freedom from pain is
important to patients. In 1846 the first anesthetic pro-
vided pain free surgery. One hundred and fifty years later,
patients should not have to endure unrelieved pain any-
where in the hospital.’’3 However, for many patients pain
is more or less a permanent feature of their lives and
extends well beyond the acute phase. Pain has a profound
impact on their quality of life, and for them, it is the
management of their pain that is important, so that
suffering is minimized for as much of the time as possible.
It has been recognized that chronic pain is one of the
most widespread and difficult problems the medical
community has to face,4 with other symptoms, such as



depression, anxiety, physical dysfunction, and social iso-
lation, often presenting alongside.5

The epidemiology of chronic pain has been addressed
in Chapter 5, Epidemiology of chronic pain: classical to
molecular approaches to understanding the epidemiology
of pain. While many attempts have been made to estimate
the prevalence of chronic pain,6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17 the range of estimates bears testimony to the diffi-
culties involved in defining the condition and the differ-
ence in approaches and methodologies employed to
determine the extent of chronic pain across different
population groups. Moreover, the impact of chronic pain
is expected to increase dramatically as the effects of
population ageing are manifest, while changes in lifestyle
factors are also predicted to further increase the burden,
as increased obesity and lack of physical activity resulting
from the ‘‘increased urbanization and motorization of the
developing world’’ will increase the prevalence of condi-
tions associated with chronic pain.16

The prevalence and impact of chronic pain have also
led to calls for it to be regarded as a disease entity in its
own right,18, 19 with a consensus emerging that failure to
secure appropriate management strategies for pain is
unethical and may be susceptible to legal and professional
action.18

THE ECONOMIC PROBLEM

The fundamental economic problem confronting us all is
that while we have insatiable wants and desires, we only
have limited resources (time, energy, expertise, and
money) at our disposal to satisfy them. Economics is
founded on the premise that there will never be sufficient
resources to completely satisfy human desires and the use
of resources in one activity means that they cannot be
used elsewhere.20 How society’s scarce resources are,
could, or should be allocated among the infinite variety of
competing activities provide the rationale for an eco-
nomic perspective in setting priorities. The extent of the
gap which exists between the demand for commodities
and the level of resources available to meet them con-
tinues to frustrate politicians, professionals, and policy-
makers alike, and the range of economic systems which
have existed and evolved over time have all attempted to
address the basic economic problem of allocating
resources in such a way as to maximize the benefits for
society. This situation has become particularly evident in
health care and has been compounded by factors such as
the increasing expectations of the population as to what
can be delivered by healthcare services, the continuing
advancements in health technology and medical science,
and the increasing health needs and demands of an ageing
population.

However, it should be remembered that more does not
necessarily mean better health care, and diverting addi-
tional resources into facilities and services will not

automatically generate an improvement in the health of
the population. It is far too simplistic to argue that in
order to improve the health of the nation and reduce
inequalities, additional resources need to be channeled
into healthcare services. The USA spends over 2.5 times
the average health expenditure of the other 29 OECD
countries (Organisation for Economic Cooperation and
Development) and yet is one of the least healthy of these
nations.21 The issue of whether health care and the
availability of healthcare facilities are the most important
determinants in securing good health for society has been
widely challenged,22, 23, 24, 25 and it has been shown that
there is a level of healthcare expenditure, where maximum
benefits are produced, and beyond which extra health
gains cease and patients may actually be harmed.26, 27

Another facet to consider is whether the distribution of
any additional resources provided for healthcare services
could be regarded as being fair. An increase of resources
may simply reinforce existing inequalities and inequities
between groups within society, and do nothing to reduce
differences between them in terms of life expectancy,
health status, or access to treatments and facilities.

The two concepts of ‘‘efficiency’’ and ‘‘equity’’ are
fundamental in economics, and together they combine to
form, what has been termed, the social welfare function.
In constructing policy decisions, there is a broad con-
sensus that both of these aspects of social welfare should
be considered in the location, method, and degree of
government intervention in health care and there is
general agreement on the need for a trade-off between
achieving an efficient allocation of resources and ensuring
that the resulting allocation is equitable.

Efficiency and equity

The term ‘‘efficiency’’ is defined as ‘‘maximizing well-
being at the least cost to society.’’26 The concept of
efficiency embraces inputs (costs) and outputs and/or
outcomes (benefits) and the relationship between them,
with a society being judged in efficiency terms by the
extent to which it maximizes the benefits for its popula-
tion, given the resources at its disposal. However, a move
towards efficiency may well result in a redistribution of
resources in favor of the well-off, which may not be
acceptable on grounds of fairness and equity. ‘‘Equity’’ is
inextricably linked with notions of fairness and justice,
with a healthcare intervention regarded as equitable if
‘‘similar outcomes were achieved for people with similar
needs,’’ but inequitable and unjust if ‘‘similar services
were provided for people with different needs.’’28, 29

In setting the economic objectives of healthcare sys-
tems, both efficiency and equity considerations are vital
components and must be given serious consideration.
However, it is inevitable that in seeking to achieve a more
equitable allocation of resources, a level of efficiency will
have to be sacrificed, or, in attempting to move to a more
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efficient healthcare system, inequalities in provision or
access to services may have to be compromised.

Health economics or the economics of health?

The two concepts of efficiency and equity lie at the heart
of the discipline of health economics, described as the
discipline of economics applied to the topic of health,30 or
as ‘‘a logical and explicit framework to aid healthcare
workers, decision-makers, governments, or society at
large, to make choices on how best to use resources.’’31 It
may be argued that health systems have been victims of
their own success. Contrary to what might have been
expected, as the health of communities has improved, the
demands placed on healthcare services have also
increased. However, as the nature of healthcare problems
experienced has changed, the costs of developing treat-
ment and care programs to deal with such problems have
also followed an upward trend. The level of resources
available to fund such services has not increased to the
same extent, and we are therefore left with the dilemma of
how to allocate limited resources to meet the demands
placed on the health services and maximize the healthcare
benefit to society.

Obviously, additional resources would help, but the
gap between demand and supply would still remain. In
addition, the question has to be asked as to which area(s)
of health care additional funds should be allocated.
Similarly, decisions on where additional resources should
be located need to be made with information relating to
the effectiveness of interventions, the competence of
healthcare professionals and the safety of healthcare
facilities.

Healthcare professionals are increasingly being
exposed to extremely powerful and emotive choices, and
while health economics is unable to provide the solution
to such complex and difficult issues, it does offer a mode
of thinking which can assist in arriving at possible solu-
tions (notice the use of the term ‘‘assist’’ here – health
economics cannot by itself offer the solutions, it has to be
part of a wide-ranging approach to decision-making) to
these often contentious problems. It aims to identify
which package or bundle of services would provide the
maximum healthcare benefit for society within the
envelope of resources available.

THE ECONOMIC IMPACT OF PAIN

The extent of chronic pain poses a significant economic
burden for patients, their families, health services, and
societies. Cost of illness studies in pain tend to distinguish
between direct costs and productivity or indirect costs,
where direct costs represent the costs to the health services
of patients suffering chronic pain (direct medical costs)
and costs to the patients themselves in terms of travel

costs and out-of-pocket expenses. Productivity costs are
those which occur outside the healthcare sector and relate
to losses of production, due to absenteeism and reduced
productivity, plus those incurred through the informal
care process – either as a result of a carer giving up paid
employment or sacrificing leisure time to provide care,
which would otherwise have been provided by formal care
agencies.

These studies are useful as reference points for sub-
sequent economic analyses,32 but rely heavily on estimates
and underlying assumptions and should be treated with
caution.33 In addition, there are theoretical debates about
the most appropriate method for estimating productivity
and indirect costs.33 The human capital approach con-
siders the value of potentially lost production resulting
from a disease in terms of absenteeism, reduced pro-
ductivity, and disability or premature death at a specific
age until the age of retirement. The alternative, friction
cost method, assumes that production losses are confined
to the period needed to replace the ‘‘sick’’ worker.34 The
differences in results can be highly significant. For
example, the indirect nonmedical costs of neck pain in the
Netherlands in 1996 were estimated at US$ 530 million,
using the human capital approach and US$ 96 million
using the friction cost method.35 Similarly, the indirect
cost of back pain in the UK in 1998 was estimated at £11
billion (US$ 20 billion) using the human capital approach
and £5 billion (US$ 9 billion) using the friction cost
method.36

Direct costs of pain management

In assessing the direct costs of pain management, it is
conventional to categorize the components. For example,
a German study estimated that the cost of back pain
amounted to 10 billion DM (US$ 5 billion) each year,
with 35 percent due to physician visits, 22 percent of costs
accounted for by medication, 21 percent by rehabilitation,
17 percent physiotherapy, and 5 percent hospital costs.37

However, it is also worth noting that differences in esti-
mates can occur due to what is included in the cost
profile. For example, one US study estimated that total
healthcare expenditure on back pain patients amounted
to US$ 17.7 billion,38 whereas another study suggested
that expenditure was US$ 105.4 billion.39 The difference
was mainly due to the inclusion of all healthcare costs in
patients with back pain in the latter study compared to
the inclusion of only back care related expenditure in the
former.

It is also possible to glean an indication by accessing
published statistics. For example, in England during 2005,
there were over 66 million prescriptions for analgesics
(British National Formulary categories 4.7 – analgesics –
and 10.1.1 – nonsteroidal anti-inflammatory drugs
(NSAIDs)) aside from over-the-counter purchases, at a
net ingredient cost of £510 million (US$ 940 million).
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The vast majority of these were for nonopioids (34 mil-
lion prescriptions and cost of £120 million (US$ 220
million)) and NSAIDs (18 million prescriptions and cost
of £150 million (US$ 280 million)).40 However, a sig-
nificant number of people with chronic pain may not
actually consult anyone about their condition or choose
to self-medicate. A survey of nearly 6000 people across
Europe found that up to 27 percent of respondents had
never sought medical help for their pain, and at least 38
percent of this group were in constant or daily pain.41 The
extent to which people took nonprescription drugs varied
between 23 and 59 percent,41 while a conservative esti-
mate of over-the-counter medication relating to back
pain amounted to £24 million (US$ 44 million).42

It has been estimated that primary care management of
patients with chronic pain accounts for 4.6 million
appointments per year in the UK, equivalent to 793
whole-time GPs, at a total cost of around £69 million
(US$ 128 million).43 The study examined the treatment
regimens used in patient management and found that
poor efficacy was the trigger for almost as many con-
sultations as poor tolerability. A study conducted in
Denmark highlighted that considerably higher resource
utilization use was observed in the pain population in
both primary and secondary healthcare sectors, compared
with a no-pain control group.44, 45 An Australian study
showed that chronic pain results in increased use of
healthcare services, with a direct relationship between
levels of pain disability and resource utilization.19

The economic impact associated with chronic pain is
also evident in younger age groups. A study of 52 ado-
lescents and their families, who had been suffering from
pain for nearly five years, completed a modified version of
the client service receipt inventory to generate the costs
associated with chronic pain.46 The direct costs, which
also included additional educational services (such as
home tutoring and educational social workers) amounted
to £4400 (US$ 8100) on average per adolescent/year, but
with considerable variation across the sample group and
conditions, with those in the pain management group
having a mean direct cost of £7900 (US$ 14 600), while
those in the rheumatology group had a mean of £2400
(US$ 4400). While the authors rightly argue that care
should be exercised in the interpretation of their findings,
and highlight that the costs recorded for their patient
group are different from adult and general populations,
they also advocated that effective treatments are needed in
adolescence ‘‘to slow down the escalation of costs over
time’’.46

What is also apparent is that despite these high levels
of resource utilization there remains what has been called
the ‘‘crisis of inadequately treated pain’’,47 with many
misconceptions and ignorance among professionals
regarding pain and its treatment18 and many patients
either not being treated or receiving suboptimal care.10

One of the disturbing features is the discrepancy between
professional and patient perspectives, as evidenced in a

telephone survey of nearly 6000 patients with chronic
pain and 1500 primary care physicians. The survey, con-
ducted in eight European countries, showed that physi-
cians generally believed that patients were well managed.
However, it was also shown that up to 27 percent of
people with pain did not seek medical help and of those
who did, there were major flaws in their treatment and
overall management.41 Another study showed that 40
percent of chronic pain patients were not satisfied with
the treatment offered,48 similar to the percentage of
patients across Europe who were not satisfied with their
treatment.10

Productivity and indirect costs associated with
pain

While costly, the direct costs of pain management are
minor in comparison with the impact of pain on the
economy,49 with a Danish study estimating that 1 million
working days were lost annually as a result of chronic
pain.50 As well as its impact on absenteeism, pain has a
major impact on worker productivity, accounting for 85
percent of the total lower back pain costs per patient.51 It
has been estimated that common pain conditions in the
USA result in lost productivity amounting to US$ 61
billion per year, of which 77 percent was explained by
reduced performance – presenteeism – and not work
absence.52 An Australian study estimated that while the
number of absent workdays was 9.9 million annually,
reduced effectiveness workdays was estimated at 36.5
million per year, which elevated the productivity costs
from AU$ 1.4 billion (US$ 1.1 billion), resulting from
absenteeism, to AU$ 5.1 (US$ 3.8 billion) when both
absenteeism and presenteeism were included.53 As well as
the impact on absenteeism and presenteeism, the odds of
leaving one’s job because of ill health have been shown to
be seven times higher among people with chronic pain
problems than ‘‘normals’’.48

However, while the economic impact of chronic pain is
substantial and imposes a greater economic burden than
many other diseases,36 decision-makers and policy-
makers have tended to concentrate attention on a very
minor component of the cost burden, namely prescrip-
tion costs, because they are easy to measure and therefore
an obvious target for restrictions.54 The acquisition costs
of medication are but one very small and insignificant
part of a complex and expensive jigsaw, and attempts to
focus attention and energies on restricting expenditure in
this one area fail to recognize the wide-reaching impli-
cations of pain management. Patients who can be safely
transferred from intensive care settings to normal ward
settings, patients who can be safely discharged home from
hospital, and patients who do not place demands on
doctors’ time can release scarce resources for the use of
other patients and return to normal functioning sooner.
People whose pain can be effectively managed are less
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likely to be on long-term sickness absence and incapacity
benefit. They are likely to be more productive and have
fewer absences from school and further education.
Investment in effective interventions and programs which
deliver relief from pain and suffering and reductions in
disability levels will generate economic and social returns
that more than repay the original investment.55 In order
to develop such a mode of thinking it is essential that
‘‘policy-makers are fully aware of all aspects associated
with the costs of pain and its management.’’5

One such example of this limited economic perspective
in pain management is the iatrogenic costs associated
with NSAIDs, which often result in costly side effects.
These iatrogenic costs have been estimated at between £32
and £70 (US$ 58 and US$ 127) for each patient prescribed
an NSAID in the UK, and the total effect on the National
Health Service in the UK was estimated to be between
£166 million (US$ 305 million) and £367 million (US$
675 million) per year.56 In Sweden, for example, estimates
of NSAID-induced gastric side effects range from SEK320
million to SEK589 million (US$ 35 million to US$ 64
million);57 in the Netherlands, they range between h39
million and h98 million (US$ 39 million to US$ 97
million);58 and in Quebec (Canada), approximately one
Canadian dollar (US$ 0.66) would be added to patient
costs for every day a patient was on NSAID therapy.59

Impact of pain on quality of life

Estimates of the economic burden associated with pain
fail to do justice to the extent of suffering and reduced
quality of life experienced by patients and warrants pain
relief being regarded as a universal human right.18

Chronic pain, along with musculoskeletal disorders, has
been shown to be associated with some of the poorest
quality-of-life states.60, 61, 62, 63 In patients referred to a
Danish multidisciplinary pain center, the severity of
impairment was equal to or lower than patients with
cardiopulmonary diseases and major depression, and
their Psychological General Well-being Scale scores were
lower than those with hypertension and gastrointestinal
problems, while they also displayed high levels of anxiety
and depression, as measured by the Hospital Anxiety and
Depression Scale.63 In a study of over 600 patients
attending a chronic pain clinic in Sydney, Australia, there
were greatly reduced SF-36 domain scores between clinic
patients and Australian norm values, as shown in Table
6.1.61 Relatively low SF-12 scores were demonstrated in a
European study on chronic musculoskeletal pain, which
also highlighted that up to 57 percent of respondents were
in constant pain and up to 22 percent were in daily
pain.41

Focusing on the burden and impact of chronic pain,
and allocating additional resources to deal with the pro-
blem, does not necessarily result in a more efficient, or
indeed equitable, allocation of resources. In order to

move in such a direction it is necessary to employ the
techniques of economic evaluation.

THE ROLE OF ECONOMIC EVALUATION

Economic evaluation has been defined as ‘‘a comparative
analysis of two or more alternatives in terms of their costs
and consequences.’’64 From this definition it can be seen
that evaluation involves a comparison between
alternatives, which may include ‘‘do nothing,’’ while the
evaluation includes both the direct costs (see above
under Direct costs of pain management) and indirect
costs (see above under Productivity and indirect costs
associated with pain) incurred – depending upon the
perspective employed – and the benefits derived from
each of the alternatives. The process and techniques of
economic evaluation are well documented and it is sug-
gested that interested readers consult some of these
sources.20, 26, 29, 30, 31, 32, 64

The nature and categorization of costs and benefits
have already been highlighted, but in deciding which costs
and benefits to include in the evaluation, it is the per-
spective employed in the evaluation that will determine
this – a narrow health service perspective will not include
patients’ costs, productivity costs, and intangibles,
whereas a societal perspective will include all costs, and
wherever possible measured and valued. In reality, this
would not be possible, but the decision-maker needs to be
informed how the analysis has dealt with costs and ben-
efits not specifically included in the calculations in
determining cost effectiveness or cost benefit.

The valuation of costs and benefits also needs to reflect
when costs are incurred and when benefits are realized.
Individuals and societies are not indifferent to timing –
preferring to delay costs as long as possible and to receive
benefits as soon as possible. Therefore, costs and benefits
which occur today are valued more highly than those
which occur in the future, and the current value of any
cost or benefit is lower the further in the future that it
arises. In order to allow for this, future costs and benefits

Table 6.1 SF-36 scores in pain clinic attendees compared with

norms.

SF-36 domain Pain clinic Australian norm

General health 48.5 71.6

Physical functioning 37.1 82.6

Role physical 12.7 79.9

Bodily pain 36.1 76.8

Vitality 40.7 64.5

Social functioning 41.4 85.0

Emotional health 36.9 82.9

Mental health 53.5 75.9

Source: Data reprinted with permission from Ref. 61.
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are subjected to discounting. The approach is quite sim-
ple using the formula:

PV ¼ K � ð1=ð1þ rÞnÞ

where PV is the present value, K is the nominal value of
the cost or benefit, r is the discount rate, and n is the
number of years in the future the cost or benefit arises. If
we expect to receive a benefit of £10,000 in five years’
time, the present value, based on a discount rate of 5
percent, is equivalent to £7835.

In addition, when a new treatment or service is being
considered it is unlikely that it will replace all existing and
established therapies and services. Instead, some patients
are switched, while others will remain on existing treat-
ments and services. The issue therefore is what additional
benefits are gained from the additional costs of the new
therapy? This approach is termed ‘‘incremental analysis,’’
where the difference in costs between the alternatives is
divided by the difference in benefits. This provides a much
more focused assessment of the impact of the new tech-
nology in context, rather than providing data relating to
the total costs and benefits or the average cost and benefit
generated by the new technology. The incremental cost–
effectiveness ratio (ICER) (difference in costs divided by
the difference in benefits) is used to address this issue.

Techniques of economic evaluation

Under the umbrella of economic evaluation there are five
techniques available, depending on how the consequences
of healthcare interventions and programmes are mea-
sured and valued and, as already stated, interested readers
are invited to consult the array of available sources.

COST–EFFECTIVENESS ANALYSIS

Cost–effectiveness analysis is used when outcomes are
one-dimensional and measured in terms of health effect,
such as reduction in pain score. When survival is the key
measure of outcome, cost–effectiveness would assess the
cost per life year gained from each of the alternatives with
the lowest cost–effectiveness ratio indicating the best
course of action. When the outcomes generated by the
alternatives are equal, it is possible to use cost–minimi-
zation analysis, where the choice of the best alternative is
made purely on the basis of cost. However, in order for
cost–minimization analysis to be used, the equivalence of
all outcomes from the alternatives must be unequivocal,
which is rarely seen in practice.

COST–BENEFIT ANALYSIS

Cost–benefit analysis enables the notion of efficiency to
be viewed from a higher level, that of allocative

efficiency, in that it enables judgments to be made about
the relative value of pursuing one objective (e.g. full
restoration of a person to employment) as opposed to
another (e.g. ability to pursue some aspects of normal
functioning). Cost–effectiveness analysis, on the other
hand, can only provide an indication of technical effi-
ciency, since it provides an assessment of different ways
of fulfilling the same objective (for example, securing
pain relief). However, cost–benefit analysis is reliant on
being able to place monetary values on the identified
costs and benefits. This is possible where, for example,
people are willing to pay for a reduction in pain.
Methods of arriving at indicators of willingness-to-pay
can be arrived at by asking people directly through, for
example, questionnaires. One such method is the con-
tingent valuation approach, which asks people the
maximum amount they would be prepared to pay for
the benefit. An alternative to the questionnaire approach
is to employ proxy values; for example, the price people
would be prepared to pay for surgery in a private hos-
pital would be an indicator of how much they were
willing to pay to avoid having to join a waiting list.
However, there are many issues relating to the translation
of health outcomes into a monetary measure and thus
cost–benefit analysis is not widely used when under-
taking health economic evaluations.

QUALITY ADJUSTED LIFE YEARS

An alternative measure of value to that of a monetary
approach is one of utility, where quality of life adjust-
ments are made to a given state of outcomes, whilst
simultaneously providing a common denominator for
comparison of costs and outcomes in different healthcare
programs. The common denominator, usually expressed
as quality adjusted life years (QALYs) is arrived at by
adjusting the duration of the outcome (e.g. life expec-
tancy) by the utility value of the resulting health status.
The basis of using utility effects is based on the notion
that outcomes from treatments and other health-influ-
encing activities have two basic components, quantity and
quality of life. Life expectancy is a traditional measure
with few problems of comparison. However, attempts to
measure and value quality of life have a more recent
history, with a number of approaches and instruments
being utilized. Particular effort has gone into researching
ways in which an overall health index might be con-
structed which would locate a specific health state on a
continuum between 0 (worst possible health state) and 1
(perfect health). The QALY therefore takes one year of
perfect-health life expectancy to be worth 1, but regards
one year of less than perfect-health life expectancy as less
than 1. QALYs are discussed and described elsewhere,20, 64,
65, 66 but the comparison between healthcare programs
and interventions in terms of QALYs gained is depicted in
Figure 6.1.
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COST–UTILITY ANALYSIS

When outcomes are measured in terms of QALYs, the
technique used is that of cost–utility analysis. The beauty
of cost–utility analysis is that it enables comparisons to
be made across different areas of health care – so that
the cost per QALY of a pain management program can
be compared with those designed to treat people in
advanced stages of cancer. While they provide an indi-
cation of the benefits gained from a variety of medical
procedures, in terms of quality of life and survival for
patients, they are far from perfect as a measure of out-
come. However, their use means that decisions are made
explicitly and not based on political pressures and power
or the quest for technological advancement. To restrict
decision-making to doctors, or for that matter admin-
istrators, is to result in situations where most resources
go to those who shout the loudest or to those who pluck
the heartstrings the hardest. Widening the decision-
making process is a move in the right direction and the
utilization of QALYs (despite their limitations) is a
means whereby the benefits generated by the healthcare
system can be included in the process, thereby enabling
better decisions to be made.

COST–CONSEQUENCES ANALYSIS

When the outcomes are multidimensional – for example,
changes in pain scores, return to normal functioning, etc.
– the technique employed is that of cost–consequences
analysis, where the outcomes are quantified and related to
the costs for each of the alternative courses of action. It is
this approach which is beginning to find increasing sup-
port among health economists, as it does not restrict the
outcomes generated from healthcare interventions and
programs to a single measure, such as QALY. It is easier to
understand and enables decision-makers (on behalf of
society) to impute their own specific, local values to these
costs and consequences, and incorporate other aspects in
the portfolio of information with which to inform the
decision-making process.67

SENSITIVITY ANALYSIS

It should always be borne in mind that economic evalua-
tion is not an exact science and findings from such studies
should be treated with caution. Uncertainty is a fact of life
and no economic evaluation can do anything other than
reach a conclusion on the basis of the best (most informed)
assumptions possible. In undertaking economic evalua-
tions there are four sources of potential uncertainty:

1. methodological arising from different approaches
and methods employed;

2. potential variation in the estimates of the
parameters used in the evaluation;

3. extrapolation from observed events over time or
from intermediate to final health outcomes;

4. generalizability and transferability of results.

It is important, therefore, to investigate how sensitive the
findings of an evaluation are to changes in the assump-
tions used in the study and variations in the parameter
estimates. Sensitivity analysis in such cases involves
rerunning the analysis with the assumptions changed and
asking ‘‘what if ’’-type questions. A number of approaches
have been employed to estimate the effect of uncertainty,
but it is not the intention to delve into these techniques
here, and interested readers are invited to consult relevant
sources.20, 26, 29, 30, 31, 32, 64, 68

ROLE OF ECONOMICS IN DEVELOPING
STRATEGIES FOR MANAGING PATIENTS WITH
CHRONIC PAIN

The burden of suffering pain imposes on individuals and
the enormous costs, which society has to bear as a result,
demonstrate that policy-makers, commissioners, and
healthcare decision-makers should adopt a broad, strategic,
and coherent perspective in determining issues relating to
service provision and resource allocation. Fragmented,
budgetary-based interventions and programs based on at
best inadequate evidence do little to alleviate the problems
associated with chronic pain and deprive patients of those
services that would have a positive impact. Differentials
between the demands placed on health services for
treatments for pain relief, and other aspects of health care
and the resources available to meet such needs, continue to
be major headaches for those involved in policy-making,
decision-making, commissioning services, and the provi-
sion and delivery of healthcare services. It has therefore
been advocated that decisions relating to patient
management are made with regard to ‘‘the three Es’’ –
effectiveness, efficiency, and equity.55

Effectiveness

The evidence base for the effectiveness of interventions
and management strategies in chronic pain is large,69, 70
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Figure 6.1 Quality adjusted life years gained.
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although questions relating to the quality of studies and
their relevance for clinical practice and economic eval-
uation remain.71 For example, an epidemiological survey
of over 10,000 individuals concluded that ‘‘opioid
treatment of long-term/chronic noncancer pain does not
seem to fulfil any of the key outcome opioid treatment
goals: pain relief, improved quality of life, and improved
functional capacity.’’44 The propensity to bolt on eco-
nomic evaluations to clinical studies and to model the
economic impact of interventions following on from
randomized controlled trials, without taking into con-
sideration some of the broader issues and factors from
the complex environment that impinge on the overall
impact of treatments and therapies, has been very
noticeable in the last few years, as the focus has switched
more to the assessment and appraisal of healthcare
technologies. As a result, it may be more appropriate to
rename cost–effectiveness studies as cost–efficacy studies
and, while valiant efforts are being made to deal with the
effect of uncertainty so as to aid the decision-making
process, the fact remains that the everyday world of
health care is very different from the quasi-laboratory
conditions under which clinical studies are undertaken
and, irrespective of the number of simulations of the
available data, it is impossible to capture all possible
scenarios and situations that might arise in the real
world of clinical practice. The nature and extent of
adverse events associated with some interventions have
also resulted in considerable debate and discussion as to
what constitutes effectiveness when the issues of efficacy
and safety are combined. For example, a systematic
review of over 5000 patients confirmed that most
patients will experience at least one adverse event
resulting from opioid use in chronic nonmalignant pain,
and that substantial minorities will experience common
adverse events of dry mouth, nausea, and constipation,
and will not continue treatment because of intolerable
adverse events.72

In relation to strategies for the management of chronic
pain patients, the evidence base for their effectiveness is
also increasing, although again the issue of what works,
where, and when remains inconclusive. For example, a
recent meta-analysis of psychological treatments of pain
in children claimed that ‘‘there is, at present, no evidence
for the effectiveness of psychological therapies in
attenuating pain in conditions other than headache,’’73

while reviews of multidisciplinary pain treatments in
adults have been more circumspect due to the quality of
studies in low back pain74 or concluded that there is very
little evidence for effectiveness in neck and shoulder
pain.75

Efficiency

The notion of efficiency has been discussed in general
terms above, while in terms of pain management, there

are three factors to consider in assessing the relative
efficiency of interventions and programs, namely:

� maximizing the reduction in pain;
� minimizing the overall cost;
� minimizing the impact of adverse events.

It is essential to realize that the cost of treatment is not
simply the costs of drugs or medical and nursing time,
but the total costs of providing the treatment.55 As shown
above under The economic impact of pain, the costs of
dealing with adverse events are not insubstantial, and by
merely focusing attention on acquisition costs, decision-
makers are only considering the tip of the iceberg and
neglecting the ‘‘under the water’’ costs of dealing with
adverse events, medical errors, and negligence claims, in
addition to ineffective treatments and complementary
medical examinations undertaken.76 Similarly, it has been
argued that less emphasis on technological solutions and
a shift towards the biopsychosocial model would be an
efficient use of limited resources in pain management –
‘‘every study published shows that aggressive, multi-
disciplinary pain management for the most disabled
group of chronic patients will produce significant cost
savings, to say nothing of the human suffering that will be
alleviated.’’77 However, even this claim can be called into
question, as a systematic review of the effectiveness of
multidisciplinary pain treatment of chronic non-
malignant pain patients in terms of economic outcomes,
has concluded that ‘‘due to serious methodological pro-
blems in study designs and outcome measures, it is not
possible to draw conclusions on clinical or economical
effectiveness.’’78

Equity

The availability and accessibility of good quality services
for all patients is highly desirable and should form part of
the decision-making process. It has been argued that, in
selected populations, patients managed through multi-
disciplinary programs have lower costs, return to work
more frequently, and experience greater pain control than
those who are managed with more traditional methods.79

However, the availability of such facilities is sketchy and
some populations have ‘‘no local access to services for
patients with long-lasting pain’’2 – a situation likely to
deteriorate, as demographic factors intensify the demand
for chronic pain services for the foreseeable future.80

The patient perspective is extremely important in
terms of trying to achieve some degree of equity. Pain
management programs were regarded as relatively high
priority in a survey of nearly 3500 patients in Scotland,
undertaken to assess the feasibility of using patients’
perceptions of need for primary healthcare services to
develop priorities, although the authors highlighted the
fact that the area had received marginal attention in terms
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of development.81 It has been strongly advocated that
society has an obligation to reduce levels of pain and
restore normal functioning, based upon both moral
principles and economic reality,78 with the ethical
dimension18 being a powerful addition to the other three
Es discussed earlier in this section.

CONCLUSIONS

Technological advancements, developments in medical
science, and increasing expectations of communities as to
what is available from healthcare providers continue to
focus attention on the healthcare dilemma. Irrespective of
funding levels, choices always have to be made as to where
resources are allocated. In making such choices, decision-
makers need to establish an explicit set of priorities while
attitudes among professionals and societies need to be
changed. The on-going development of evidence-based
practice, the removal of interventions and services that
provide no benefit, the recognition that resources are
finite and choices have to be made, and an awareness of
the need for fairness in resource allocation and service
provision, are major steps along the road towards better
health care, as well as addressing the issue of how much
additional resources should be put into healthcare ser-
vices. Although the evidence base on which to conduct
economic analyses in the area of pain management is
suboptimal and there are technical problems surrounding
economic approaches to priority setting, these should not
be allowed to detract from the fact that economic eval-
uation provides a rational framework within which other
issues and approaches can be embraced and priorities
established to move towards better health care.

Better health care does not necessarily require addi-
tional resources. Whole systems thinking, based on good
quality relevant evidence rather than an aggregation of
narrow, budgetary-focused organizations pursuing their
own agendas without regard for the wider perspective,
would have a major positive impact on the management
of patients with chronic pain. More work is needed to
develop a broader, strategic, whole systems agenda in pain
management. High quality relevant evidence and health
economics techniques and approaches are essential
components of this particular agenda. Together they can
provide the tools which decision-makers can utilize in the
drive for reductions in pain and better health and health
care for our respective communities and societies.
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KEY LEARNING POINTS

� The International Association for the Study of Pain

(IASP) definition of pain is valid, but flexible.
� Suffering has physical, psychological, legal, and ethical

dimensions.

� Biology and culture both affect an individual’s and

society’s response to injury or harm.
� Narrative is the most important component of pain

expression.

INTRODUCTION

The work which you are accomplishing is immensely
important for the good of humanity, as you seek the
ever more effective control of physical pain and of
the oppression of mind and spirit that physical pain
so often brings with it.

Pope John Paul II (26 July 1987)1

Pain medicine arose during the last half of the twentieth
century and accompanied the rise of new clinics and
treatment centers devoted specifically to pain. Change
accelerated after Ronald Melzack and Patrick Wall pub-
lished their landmark gate-control theory of pain in
1965,2 which was rapidly absorbed into mainstream
biomedical thinking despite unresolved questions that
eventually led Melzack to look beyond spinal gates.3

Organizational developments kept pace. In 1973, John
Bonica invited some 300 participants to a conference

outside Seattle, where they discussed founding a world-
wide medical–scientific association focused on pain
(discussed in Ref. 4). Soon, several agencies within the
US National Institutes of Health assigned priority to
pain research and control, creating incentives, and
guidelines for progress, and many academic medical
centers responded by setting up pain teams. Public health
systems and private insurers debated who would pay, how
much, and for what. Multinational corporations invested
huge sums to market powerful over-the-counter and
prescription analgesics. Pain was big business. As the
twenty-first century began, the organization that emerged
from the now famous Seattle–Issaquah Conference – the
International Association for the Study of Pain – had an
impressive 6900 individual members in 106 countries
(www.iasp-pain.org).

The proliferation of specialized journals and annual
meetings on pain, together with new technologies for
research and communication, maintains a fast pace of
change. In 1991, for example, Melzack criticized the lack
of serious interest in cortical dimensions of pain. ‘‘What

www.iasp-pain.org


happens in the brain after cortical activation,’’ he
observed, ‘‘is a question most people want to avoid.’’5 The
same year saw publication of the first studies that
use positron emission tomography (PET) to examine the
human brain, showing activation in the anterior cingulate
cortex of subjects exposed to acutely painful heat.6, 7

Almost instantly, brain imaging contributed remarkable
new insights to pain research.8 The mere expectation of
pain, as magnetic resonance images (MRI) show, corre-
sponds to activation of a specific area within the human
brain.9 A 2007 topical review described a possible direc-
tion of pain research – developing treatment methods
based on ‘‘objective’’ functional MRI data rather than
traditional subjective (50 percent improvement) meth-
ods.’’10 As in other fields of science and medicine, one
formidable challenge is simply to keep up with the speed
and trajectory of change.

The challenges extend in many directions, especially as
researchers examine pain processes at the cellular level. In
tissue cultures from newborn rats, for example, specific
neurons from the sympathetic nervous system grow axons
that make contact with sensory neurons, which suggests
possibilities of interaction between the two separate pain
systems.11 Advances in genetics have opened up fruitful
areas of pain research that were unknown 50 years ago.
We recently learned that certain strains of mice possess
genetic variance in nociception and in morphine-induced
analgesia.12 Strains of rats possess a congenital hyper-
sensitivity that makes them, in effect, prone to pain.13

Despite the disclaimers about animal models, we will
soon see huge advances in understanding genetic
components of the human pain process, even as advances
in pharmacology reveal how pain-killers ranging from
nonsteroidal anti-inflammatory drugs (NSAIDs) to
opioids operate with different effects on multiple sites
within the nervous system, permitting better use of
drugs in combination.14, 15 Optimists believe that this
accumulating knowledge will ultimately lead to the full-
scale control or eradication of pain. Perhaps governments
will lock away a few last pains for research purposes in
case of national emergencies.

Unfortunately, pain is not likely to surrender its power
during our lifetimes, and suffering is an ineradicable part
of the human condition. Indeed, as social services and
medical systems focus on pain, they find more pain that
needs relief. Among adults, the prevalence of chronic
benign pain – in which a nociceptive substrate is difficult
to find – ranges between 2 and 40 percent of the popu-
lation, depending on the study.16 In the Netherlands, the
cost of back pain alone equals 1.7 percent of the gross
national product and lost work as a result of back pain
costs the Netherlands on average $1.5 million per hour.17,
18 In the USA, the rate of disability claims associated with
low back pain has increased over the rate of population
growth by 1400 percent.19 Such massive costs and com-
plex clinical dilemmas help to explain why an IASP Task
Force in 1995 recommended that nonspecific low back

pain be reconceived not as a medical condition but as
‘‘activity intolerance.’’20 The controversial recommenda-
tion – linking low back pain, jobs, and disability insur-
ance – stands as a reminder that neither pain nor
suffering can be wholly reduced to a universal biology of
nerves, neurotransmitters, and brain states. The admin-
istrative consequences appear to be insurmountable in the
USA. In May 2007, the Social Security Administration
reported that there were 738,000 disability cases waiting
to be heard on appeal (denial) by Administrative Law
Judges (ALJ), with an average waiting time of 505 days
(www.ssa.gov/legislation/testimony_052307.htm). In the
following text, pain and suffering in their implicit com-
plications pose four specific challenges that are indirectly
but firmly related to treatment: how to define them, how
to classify them, how to understand them, and how to
confront the implicit ethical dilemmas they encompass.

PAIN AND SUFFERING: WHAT ARE THEY?

Scientific and medical definitions are tools. Even when we
recognize them as imperfect or provisional, awaiting
replacement by an improved version, they perform work
that cannot be accomplished by less precise instruments.
It was thus a serious matter when in 1979 the sub-
committee on taxonomy appointed by the newly formed
IASP published its now familiar definition of pain as
‘‘an unpleasant sensory and emotional experience asso-
ciated with actual or potential tissue damage, or described
in terms of such damage.’’21 This brief definition –
reaffirmed in a 1994 second edition22 – has made it
possible for researchers and clinicians working in many
different countries, in various languages, and in far-flung
disciplines to possess at least a basic mutual under-
standing of what they mean (and, equally important, do
not mean) by the all-purpose, ragtag, everyday English
word ‘‘pain.’’

The IASP definition recognizes that tissue damage
remains for most people – patients especially – the gold
standard for pain. It also recognizes, however, that pain
may occur when tissue damage is not present. The IASP
definition even allows that tissue damage sometimes
simply generates the language we apply to various
unpleasant or traumatic sensory and emotional experi-
ences. The extended note accompanying the IASP defi-
nition states clearly that pain is not equivalent to
nociception, the process by which a signal of tissue injury
is transmitted through the nervous system: ‘‘Activity
induced in the nociceptor and nociceptive pathways by a
noxious stimulus,’’ the IASP authors insist, ‘‘is not pain,
which is always a psychological state y.’’ As a psycho-
logical state, pain is irreducible to objective signs. The
extended annotation begins with the blunt and unequi-
vocal statement that ‘‘pain is always subjective.’’

It is fascinating how much matter for controversy has
been packed into the brief IASP definition of pain. The
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definition and its supporting annotations gently but
surely dissolve any necessary connection between pain
and tissue damage. Extensive tissue damage may occur
without pain, as Henry K Beecher showed in his classic
study of soldiers wounded in the Second World War.23, 24

Pain may also occur in the total absence of tissue damage,
as researchers recently confirmed.25 Most important, with
a daring that merits repetition, the IASP definition
recognizes that pain is always a subjective, psychological
state. No purely pathophysiological model of pain can
encompass such recognitions. At the same time, the task
force authors also state in the annotation what is surely
true: that pain, despite its psychological and subjective
nature, ‘‘most often has a proximate physical cause.’’
In short, the IASP definition proves to be concise,
flexible, and accurate. It has served the community of
pain medicine very well. Naturally, there are voices today
arguing that we should get rid of it.

Recent objections to the IASP definition emphasize
two claims: it is Cartesian and it neglects the ethical
dimensions of pain. Cartesian today is often a synonym
for wrong. As the best-known proponent of mind/body
dualism, Descartes has erroneously been identified as the
precursor or progenitor of any theory that separates body
from mind. Complaints that the IASP definition of pain is
Cartesian, however, ignores several facts. The definition
implies no such thing. It implies, on the contrary,
that minds as well as bodies are necessarily involved in
the experience of pain, an experience that is multi-
dimensional, not the straightforward projection of sen-
sory impulses that Descartes had described. Moreover,
Descartes did not separate body from mind as neatly as
his modern critics assume.26 The bodily mechanism
responsible for pain in humans was ineffectual when
disengaged from the mind or soul, which is why Descartes
could argue that animals (soulless, by definition) do not
feel pain. We should stop referring to all medical mind/
body dualisms as Cartesian: most are not the direct legacy
of Descartes but flow from nineteenth century positivist
science.27 True, Descartes sees the mind as a passive
receiver of sensory impulses, not as an active participant
in the pain process. This justifiable criticism of Descartes,
however, does not underwrite unjustified criticism of the
IASP definition. Mind–body interrelations are indis-
pensable in any definition that views pain as ‘‘always
psychological,’’ since even painful psychological states
distinct from nociception require our personal and cul-
tural histories of tissue damage in order to generate the
language in which such psychological states are described
and perceived.

A second criticism of the IASP definition is that it
ignores ethical concerns implicit in pain and thus indir-
ectly sustains or promotes unethical practices. One critic
observes that the definition fails to highlight pain among
disempowered and neglected minorities, such as women,
blacks, children, and the elderly.28 Certainly, we need
to pay increased attention to pain in minority or

marginalized groups, and a vigorous biomedical literature
is beginning to address this lapse. The IASP definition,
however, neither supports nor promotes social injustice:
reform must find more effective and appropriate expres-
sions. It is equally short-sighted to claim, as another critic
observes, that the IASP definition makes pain dependent
upon ‘‘full linguistic competence,’’ ignoring pain in neo-
nates and other nonverbal individuals,29 for example, and
in animals.30 Animal pain is not identical to human pain,
and the IASP definition deals with pain in humans. More
important, the IASP account treats linguistic competence
not as a philosophical prerequisite for pain, but as a
clinical resource. Its most radical implication lies in
valuing the patient’s subjective self-report – still too often
devalued or dismissed by doctors unable to find an
objectively verifiable lesion. We know that self-reports are
imperfect, influenced by variables such as memory, mood,
and the questions posed to patients or research subjects.31

Like objective data, they must be evaluated within the
context of a full medical record. The IASP definition,
however, makes it clinically irresponsible to dismiss
the patient’s subjective account of pain, accounts that
today go beyond verbal reports to include visual analog
scales, drawings, and even electronic diaries that record
numerical estimates of pain intensity.

One can criticize the IASP definition on various
grounds – such as a circularity in defining pain as
‘‘unpleasant’’ – but pain is a complex state, resistant to
language, and the IASP definition provides a solid,
workable, valuable tool. It was created specifically, as
subcommittee chair Harold Merskey writes, ‘‘for use in
clinical practice.’’22 Nobody ever claimed it was perfect or
eternal. Moreover, a definition is exactly the wrong place
to address serious ethical issues (some of which will be
addressed below under The ethics of pain and suffering:
narrative analysis). The burden lies on critics to provide a
better tool capable of achieving widespread use. They
should also come clean about what submerged medical,
social, or philosophical agendas their own new definitions
advance. A workable definition of pain need not be – and
should not be – a theory of pain. We still lack a fully
agreed-upon theory of pain that accounts for all the
multiple combinations of causes and effects in numerous
different diseases, syndromes, and cries for help. Thanks
to the IASP definition, researchers and clinicians, even if
they cannot always explain or treat it, mostly agree on
what they do and do not mean by pain. General agree-
ment disappears when we turn from pain to suffering.

There is no consensus about whether suffering falls
within the boundaries of pain medicine – or even within
medicine – but the medical neglect of suffering is palp-
able. Suffering rarely gets an entry in medical textbooks,
and only a few authors with medical training discuss it
directly.32, 33 In a practical sense, health professionals
confront the problems of suffering every day – as suffer-
ing emerges during the course of illnesses that range
from cancer and depression to Alzheimer’s disease. This
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practical, everyday approach, however, fails to tell us what
suffering is – and suffering as a distinctive state (a state
that transcends specific illnesses) tends to be ignored.
Paradoxically, the demands of everyday patient care often
manage to insulate biomedicine from any real contact
with suffering, which may be regarded as a nonmedical
consequence of illness and thus reassigned to pastoral
care, a discipline where suffering is taken seriously.34 The
standard institutional separation between theologians and
physicians only deepens medical unawareness of suffering.
Despite some welcome signs of change, the stark question
remains as to whether pain medicine will come to view
suffering – at least suffering directly related to pain – as a
condition that demands serious thought and effective
responses. If so, we must begin (as the IASP did with
pain) to define what we mean by suffering.

Suffering is sometimes employed as a synonym for
pain – as if pain were the cause, suffering the effect, and
their linguistic relation interchangeable35 – but they are
theoretically distinct. A broken bone may bring pain
without suffering; a broken heart may bring suffering
without pain. Suffering and pain thus cannot be exactly
identical or synonymous. This theoretical difference,
however, often collapses in practice, where suffering and
pain may occur together in ways that not only undermine
hypothetical distinctness, but also alter their relationship.
The special complications that mark the unstable re-
lations between pain and suffering have received attention
from psychologist C Richard Chapman and pain specialist
Jonathan Gavrin.36 They define suffering as ‘‘threat or
damage to the integrity of the self ’’ – following physician
and bioethicist Eric J Cassell32 – and they specify that the
threat or damage entails ‘‘a disparity between what one
expects of one’s self and what one does or is.’’ Persistent
pain, they observe, often causes ‘‘serious disruption’’ of a
human life, and such disruption may constitute a crisis of
identity that is experienced as suffering and perpetuated
by physiological processes similar to the maladaptive
stress response. Chapman and Gavrin do not set out to
propose a solution to the problem of suffering, but they
assert that physicians who understand suffering can learn
how to prevent the predictable damage to the self that
often accompanies persistent pain.

The medical discussion of suffering is at such an early
stage that any account must remain incomplete, valuable
especially for the questions it raises. Chapman and Gavrin
offer an appropriately complex account of human
self-hood in its neurological, behavioral, cognitive, and
developmental aspects. Such complexity, however, also
raises questions about whether most selves ever manage
to possess a wholeness or harmony that would consti-
tute the ‘‘integrity’’ presumed lost in suffering. Sociolo-
gists write about normative human identity today as
characterized by a ‘‘destabilization’’ in which selves
are not understandable as private inner cores but rather
as a fluid mélange of public roles, performances, and
appearances.37, 38 In private communication, Chapman

emphasizes his view that the self is ‘‘not so much an entity
as a process of constant redefinition in reaction to a
changing world.’’ He describes the loss of integrity as a
failure of ‘‘coherence,’’ noting that ‘‘awareness of inco-
herence within one’s self is a powerful negative experi-
ence.’’ He observes that there is perhaps no more power-
ful source of human incoherence than the failure or
loss of the relationships that bind us to others, including
not only family and loved ones, but also peoples, nations,
deities, or even cherished abstract versions of other-
ness, such as justice and freedom. Suffering understood
as an experience of radical incoherence may prove ulti-
mately to be a more useful concept than self-hood
regarded as the possession of integrity, wholeness, or
harmony. Unfortunately, a review of the pain literature
by Fishbain et al.38 showed that personality states were
influenced both by personality trait and the presence of
chronic pain. They cautioned that post-pain personality
profiles were not necessarily indicative of pre-pain per-
sonality. Relief of the pain might restore the pre-pain
status and integrity.

The compound term ‘‘pain and suffering’’ has certain
legal connotations currently being explored by legal
scholars, the judiciary, legislators, and juries. One goal is
to define and to rationalize approaches so that ‘‘deser-
ving’’ supplicants are not penalized and ‘‘undeserving’’
litigants do not ‘‘win the lottery.’’ There is no assumption
that such payments, which make up about 50 percent of
total tort awards, should not occur.39, 40 The question
rather is when and how, within specific legal and insur-
ance systems, to provide just compensation that take into
account the difficulties inherent in quantifying – let alone
in identifying – suffering and pain.

The work of Chapman and Gavrin invites us to ask
why some pain patients suffer when others who face
serious disruption of their lives seem to prosper under
adversity? Suffering, in the view of some social scientists,
is not only an individual experience, but also a cultural
practice that certain societies or subcultures or ethnic
groups code quite differently.41 The differences in indi-
vidual responses to disruption may reflect different ways
of ‘‘coding’’ adversity that are learned from families or
cultures. We might also understand more about suffering
from studies in ‘‘learned helplessness.’’42 Suffering is by
definition a state of helplessness, as few people would
choose to suffer if they could avoid it. The helplessness
typical of suffering, however, is also learned and re-
inforced by repeated failures to find aid. The repeated
failure of efforts to find assistance is not the same as
suffering conceived as a state of helpless passivity. In an
analysis of how suffering is learned, the therapeutic
value lies in active interventions designed to break the
self-reinforcing cycle of helplessness – as demonstrated in
feminist responses to battered women, for example –
through specific techniques designed to empower the
disempowered.43 Responses to the helplessness intrinsic
to suffering allow sufferers to recognize the (limited)
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power they do not know they possess, which creates a
basis for small steps forward.44 From this perspective,
suicide is less a product of suffering than suffering
transformed to a state in which helplessness is absolute,
immutable, and toxic.

A clinical definition of suffering, in addition to
acknowledging threats to the self from incoherence
and helplessness, will need to account for an elusive
quality within suffering that resists any probe that seeks to
lay it bare to objective analysis. Pope John Paul II
acknowledged this elusiveness when he wrote about the
‘‘oppression of mind and spirit’’ that often accompanies
pain. Suffering encompasses, like pain, an irreducible
subjective dimension, but it is distinctive in shattering the
norms of life in which even pain can be understandable
and thus bearable. For contemporary philosopher
Emanuel Levinas, suffering is ‘‘the impasse of life and
being’’; what he calls ‘‘the explosion and most profound
articulation of absurdity.’’45 We must not expect a crystal
clear account of suffering when it constitutes an experi-
ence that plunges our most basic assumptions about
life into utter chaos and absurdity. Suffering is like a
text that suddenly plunges into an unknown language –
or outside language. We do not so much know suffering
(in ourselves or in others) as much as suffer or witness
it. Yet, granted this resistance to understanding, a new
challenge is emerging in connections between pain
medicine and palliative care.46 When cure is impossible,
palliative care focuses on the alleviation of symptoms
and on the relief of suffering.47 Fear of pain is a regular
source of suffering, especially among patients who
fear dying in pain, and pain medicine is thus an indis-
pensable resource for assisting hospices in the effort
to relieve suffering at the end of life.48 McNamara indi-
cated that the ‘‘good death’’ – often an explicit goal in
the original hospice movement – has become an
increasingly inappropriate objective in the current climate
that emphasizes patient autonomy and consumer choice.
Without good pain relief, patients cannot think about
preparing for death. The focus at end of life is thus
shifting from the question of dying well to living
well (until death). Patients must be given options to
accept or refuse any treatment, including life-prolonging
interventions or even interventions to relieve pain. The
question of pain at the end of life is complex. Living wills
and other medical power-of-attorney instruments typi-
cally request terminal pain relief, even at the cost of
awareness, but also DNR/DNI (do not resuscitate, do not
intubate) in cardiac or respiratory arrest. Some contend
that protagonists of euthanasia and of physician-assisted
suicide have taken arguments for patient autonomy to
an inappropriate extreme.49 The treatment of pain
and suffering at the end of life remains an issue about
which patients, families, and caregivers need to establish
clear lines of communication that acknowledge emotional
distress, ethical controversy, and cultural or personal
differences.

CLASSIFICATION EXCESS: THE MULTIPLICITY
OF PAIN AND SUFFERING

Pain and suffering are especially resistant to definition
because they are plural concepts. The history of pain is a
record of pain’s multiple re-inventions.50 The English
word ‘‘pain’’ refers to innumerable different experiences
linked together not by a common essence (or by an
immutable shared core) but by what philosopher
Ludwig Wittgenstein calls ‘‘family resemblances’’ (cited in
Ref. 51). Pain (an abstract concept) exists only through
concrete, multiple, and very distinctive pains. Even if we
exclude metaphorical applications of pain to unhappiness
and disappointment, as when coaches talk about the
agony of defeat, it is now clear that the pain of migraine
differs from cancer pain, that cancer pain differs from the
pain of arthritis, that arthritis pain differs from the pain
of fibromyalgia. Such differences go beyond variations in
the quality, length, and intensity of sensation. They may
correspond to distinctive biological processes and to
particular experiences. As neuroscientist Tony Yaksh said
in 1992, ‘‘At this moment, we’re becoming just barely
sufficiently sophisticated to say that all pain is not the
same, and therefore to know why some analgesics may be
very effective in some pain states and less effective in
others. We need to learn the precise nature and
mechanism of all the pain producers’’ (cited in Ref. 52).

The invention of pain medicine rests upon an aware-
ness that pain is never a simple unity. The centers and
clinics emerging in the late 1960s and the 1970s were
mostly committed to a bedrock distinction between acute
and chronic pain. The distinction is not trouble free, but
the basic principle won rapid acceptance. Chronic pain
differs in kind – not in degree – from acute pain, and
neither holds its traditional status as a symptom. Ronald
Dubner, another neuroscientist who focused on pain,
summed up changes that constitute a thorough challenge
to traditional biomedical thinking. ‘‘We know now that
pain is not merely a passive symptom of disease,’’ he
stated in 1992, ‘‘but an aggressive disease in itself, pro-
ducing changes in the brain that underlie the pathology of
persistent or chronic pain’’ (cited in Ref. 52). Soon it
became necessary to abandon even the ancient medical
truism that nobody ever died from pain. Psychologist
John Liebeskind showed in laboratory animals that pain
depresses the immune system and destroys cancer-fight-
ing cells. As the title of his seminal essay puts it bluntly,
‘‘Pain can kill.’’53

The specific syndromes discussed in the IASP Classi-
fication of chronic pain tabulate almost as many kinds of
pain as there are strains of roses, from the steady sharp or
throbbing ache of gout to the sudden severe stab of tri-
geminal neuralgia.22 There is visceral pain in the neck,
chest pain, vascular disease of the limbs, abdominal pain
of neurological origin, pain in the bladder and rectum,
lumbar spine syndromes, pain syndromes of the hip and
thigh, musculoskeletal syndromes of the leg, and multiple
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pains of the foot, as well as burns to the skin, arthritis in
the joints, nerve damage, and lesions to the central ner-
vous system (called central pain). There is stiff man
syndrome, sickle cell arthropathy, and the pain of
acquired immunodeficiency syndrome (AIDS). No single
sensory process underlies all these diverse forms of
affliction, but the last place where most patients would
expect to find a common source for their pains is in a
region devoid of sensory neurons. This, however, is
exactly the paradox that neurosurgeon John Loeser con-
fronts us with. ‘‘The brain,’’ he writes, ‘‘is the organ
responsible for all pain. All sensory input, including
nociception, can be altered by conscious or unconscious
mental activity.’’54 The brain is also the putative generator
of the placebo and nocebo effects (see Chapter 41, Placebo
and nocebo in the Practice and Procedures volume of
this series). The cerebral location of these effects is not
yet known, but it is reasonable to suppose that they
are related to the reward–aversion curcuitry. Study of
reward–aversion functions is a fruitful area of basic
reseach.55 Pain is typically aversive, and analgesia (parti-
cularly via opioids) seems to be rewarding. These circuits
are not pure as other functions are also subserved. Pain
and pain relief are thus possibly entangled with such
reward–aversion functions as probability assessment,
reward–intensity evaluation, motivationally salient
stimuli, and cognitive/emotional outcome prediction.

The brain, as the organ responsible for all pain, holds a
dual function. One function is biological and internal.
The brain is crucial not only to the cortical activities that
process nociceptive impulses from the periphery, but also
to painful experiences generated in the absence of noci-
ceptive input. You do not need a leg to feel pain in your
leg – as patients with phantom limbs know, all you need
is a working brain. The other function of the brain con-
nects us with the external, interpersonal world of human
culture. In effect, the brain is a natural interface between
culture and biology. Your pain and my pain (even when
evoked by nearly identical tissue damage) may differ
significantly owing to variations in our social back-
grounds and personal histories, including differences in
our individual memories, beliefs, and emotional states.

The multiplicity of pain and suffering has no clear
limit because our brains situate us within an open-ended
matrix of biology and culture.56 Gender, for example,
plays a significant role in pain. The relationship between
gender and pain is complex, since identifiable patterns
change with different medical conditions and across the
life cycle.57 Men and women, however, show quantitative
differences in sensitivity to pain and to analgesia that
suggest differences in neural processing. Women also
compose the majority of chronic pain patients, although
it is unclear whether women face greater risk of pain or
merely use healthcare services more often.58 Women are
certainly more likely to experience a variety of recurrent
pains, to report more severe levels of pain, more frequent
pain, and pain of longer duration.59 While good evidence

suggests that females exhibit greater sensitivity to noxious
stimuli than do males, other studies suggest that women
are better at coping with discomfort and that they com-
plain less over time.60 Biological differences are important
in this gender-influenced pain. Kappa opioids work twice
as well for women as for men.61 Migraine affects about
6 percent of men and 15–18 percent of women.62 (The
diminished frequency of migraines during pregnancy
suggests a link with estrogen.) A significant implication of
this research on gender differences in pain is that we
should also expect gender differences in suffering. Women
are overrepresented among battered spouses, whose suf-
fering often combines physical injury with emotional
trauma. A woman’s position as caregiver in dysfunctional
or chaotic families also suggests that suffering may be
inflected by the social distribution of gender roles. Social
beliefs about gender certainly affect clinical decisions
regarding pain treatment.63 We should expect that suf-
fering too, both inside and outside medical contexts,
will reveal significant biocultural differences associated
with gender.

The multidimensional quality of pain and suffering –
situated within cultures, as well as within nervous
systems – implies a need to resist the temptation to
eliminate from research and from treatment all the messy
local variations that come with living in societies. Low
back pain is simply not the same experience in the USA as
it is in Japan. In one study, Japanese patients proved
significantly less impaired in psychological, social, voca-
tional, and avocational function.64 Research comparing
ten American cancer patients with ten cancer patients
from India found significant differences in quality of life
and in the meaning of the pain experience.65 Indian
patients, who sought medical assistance only after their
pain became intolerable, saw their suffering as the ful-
fillment of a ‘‘higher good,’’ whereas American patients
interpreted their own suffering as a form of ‘‘punish-
ment.’’ The authors of a review article focusing on
numerous cross-cultural investigations conclude that
more such studies are needed to explore the diverse
‘‘social and psychological variables that govern pain per-
ceptions, beliefs, and reactions.’’66 The culture-inflected
character of pain is well illustrated in the reflections,
commentaries, and essays collected in the Canadian–
American anthology When pain strikes, with its self-
conscious resolve to speak from and to the condition
known as postmodernity.67 In one sign of postmodern
change, researchers are increasingly interested in relations
between the religion/spirituality dyad and the trio of
physical health, mental health, and pain.68 One study of
predominantly white, Christian, mid-western patients
with chronic musculoskeletal pain produced some sur-
prising information. Pain patients’ religious and spiritual
beliefs appeared different from the beliefs of a healthy
population. Private religious practices, such as prayer
and meditation, were inversely related to physical health
outcomes. Patients experiencing worse physical health
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were more likely than less-challenged patients to engage
in private religious activities, perhaps as a coping
mechanism. The longer time that patients had been living
with pain, the less ‘‘forgiving’’ they were, and the less
support they received from their church community.
Such patients tend to lose hope, become bitter, grow
angry at themselves, at society, and at God. Forgiveness,
negative religious coping, daily spiritual experiences,
religious support, and self-rankings of religious/spiritual
intensity significantly predicted mental health status.

Suffering and pain are persistent features of human
life, but they are not timeless or placeless states. They
can involve specific churches and local communities,
as well as widely shared genes and neurons. We cannot
fully understand them apart from an awareness of
how the human brain situates us inescapably within the
modifying environments of a particular time and place,
and culture.

UNDERSTANDING: THE MATRIX OF BIOLOGY
AND CULTURE

Human pain is always a biocultural condition – a com-
posite experience requiring a biology of brain states and
of neural processes negotiated within a social space where
individuals interact with the surrounding culture,
including the culture of medicine. One major challenge is
to understand how the biological processes associated
with pain are influenced directly and indirectly by indi-
vidual beliefs, social institutions, and cultural forces. We
continue to learn about the neuroanatomy of the human
pain system and its modulating pathways.69 It remains
unclear, however, how this complex neuroanatomy is set
in motion or modified by thoughts and emotions, which
are influenced in turn by external and interpersonal for-
ces, such as medical systems, disability insurance, reli-
gious beliefs, and cultural attitudes. There is also a crucial
role in human pain played by human consciousness. We
know more about what disability insurance and religious
beliefs contribute to pain than about the slippery
contributions of human consciousness.

The importance of psychosocial factors in pain has
been demonstrated recently in numerous articles and
books. Psychologists Dennis Turk and Robert Gatchell
contend that post-1960 attention to the cognitive and
behavioral psychology of pain constitutes nothing less
than a ‘‘revolution,’’ and they argue for the continuing
relevance of a clinical model that recognizes the mutual
interdependence of biological and psychosocial pro-
cesses.70 One fascinating illustration of this mutual
interdependence concerns the role of memory in pain.
A patient’s recollection of pain is most closely related to
the intensity of pain during the inciting episode, and
severe pain that persists for more than a few hours creates
changes in the structure and function of somatosensory
and pain pathways.71 The memory of severe pain thus

differs from other, more casual memories, both at the
cortical level and at the level of altered sensory neurons.
Preemptive analgesia now commonly prescribed for
postoperative patients not only prevents short-term dis-
comfort, but also avoids long-term complications that
can accompany the memory of pain.

Beliefs about pain illustrate a broader interdependence
between biology and culture, i.e. human pain implies
continuous processes of conscious and nonconscious
interpretation.72, 73 (Nonconscious interpretation occurs,
for example, when we process traffic signals without
awareness.) Meaning helps to constitute pain, even if only
in the nonconscious acknowledgment that a scratch is
usually meaningless. We cannot name or discuss pain
except by employing a language that exists only at a
specific moment in its historical development and inevi-
tably colors our understanding.74 Pain thus always comes
already interpreted by the social world we inhabit.
Meanings not only encompass articulate beliefs, such as
the conviction that pain is a punishment, but in less
obvious ways, they also interpenetrate our inarticulate
attitudes, unexpressed emotions, habitual behavior, and
even nonconscious knowledge. Pain-killing drugs may
temporarily circumvent conscious meaning-making
processes, but meaning does not therefore go away. A
patient’s knowledge of drugs – like the equally widespread
fear of opioids – is not innate, but requires extensive, if
largely nonconscious, cultural learning. In difficult cases
of chronic pain, patients’ beliefs and attitudes may
impede, complicate, or entirely undermine treatment.

Recent research into pain beliefs challenges the
entrenched opinion (still popular among patients) that
pain is an electrochemical impulse triggered by tissue
damage. Nociception is neither a necessary nor a suffi-
cient condition for pain. Beliefs that help to shape the
experience of pain include our convictions about cause,
control, duration, outcome, and blame.75, 76 Such beliefs
affect not only chronic pain, but also acute and post-
operative pain.67 Furthermore, emotion is an intrinsic
part of the pain experience – saturated with and shaped
by cognitive processes – rather than a mere reaction
to pain.77, 78 Many beliefs about pain are directly linked to
strong emotions: anger toward a negligent employer,
fear of catastrophe, hope for financial gain, love for a
spouse. Specific pain beliefs can predict pain intensity.79

Beliefs also influence the ability to cope with pain.
Researchers have found that patients function better
when they believe they have some control over their pain,
when they believe in the value of medical services, when
they believe that family members care for them, and
when they believe that they are not severely disabled.80

A study of 100 patients showed that specific pain
beliefs correlate directly with treatment outcomes.81 Such
research has clear implications for clinical practice, where
the interdependence between culture and biology chal-
lenges us to consider new approaches to the ethics of pain
and suffering.

92 ] PART I GENERAL CONSIDERATIONS



THE ETHICS OF PAIN AND SUFFERING:
NARRATIVE ANALYSIS

‘‘Man by his very nature,’’ wrote Cicely Saunders in 1962,
‘‘finds that he has to question the pain he endures and
seek meaning in it.’’82 For patients, the drive to find
meaning in pain often takes the form of narrative – from
extended personal stories to compressed beliefs. The
belief that all pain and suffering is sent or sanctioned by
God, for example, constitutes a compressed mininarrative
that regularly occurs within larger accounts of divine
providence throughout world religions. Although medi-
cine officially distrusts narrative as mere anecdotal evi-
dence far inferior to science or fact, medical education
and practice are bursting with narrative, whether in for-
mal case studies and patient histories or in casual tales
swapped around the water cooler.83 In 1999, the British
Medical Journal, defying the culturally coded devaluation
of narrative as no more than entertainment, ran a
five-part series entitled ‘‘narrative-based medicine.’’ The
title, evoking a deliberate contrast with ‘‘evidence-based
medicine,’’ expresses a conviction that narrative in med-
ical contexts constitutes useful (if limited) evidence and a
valuable (if selective) tool that might complement tradi-
tional biomedical practices. The British Medical Journal
Press republished the articles along with additional con-
tributions in a book-length study (Narrative-based
medicine: dialogue and discourse in clinical practice) that
includes an essay by Sir Richard Bayliss entitled ‘‘Pain
narratives.’’84

What are pain narratives and how might they help
clinicians address urgent issues of bioethics? Pain, we
might say, is the ancient antagonist of which the brain
must perpetually make sense, and one way we make sense
of pain is through narrative. Moreover, individual nar-
ratives are never wholly unique, but share basic features
with other stories circulating inside a culture. We
understand any text ultimately because we have learned
the narrative conventions that govern it, from case studies
to Star Wars. Furthermore, we inhabit cultures that
surround us with prepackaged narratives. Country music
specializes in miniature erotic narratives of pain and
suffering, as do standard rock anthems such as John
Mellancamp’s Hurts So Good. (In edgier performance
narratives, the American rock band Genitorturers draws
spectators on stage at live concerts to have needles
jammed into their groins.) Popular culture is awash with
pain narratives. Televised talk-shows have added the
newest variant with their tales of nonstop victimization.
We all live out our lives, as philosopher Alasdair
MacIntyre tells us, in terms of narrative.85 It is rash to
believe that the pain narratives circulating within popular
culture have no impact on how people live. The study of
pain beliefs shows the damage that ensues when patients
anxiously imagine catastrophic outcomes. The challenge
is to study the harmful or helpful consequences of pain
beliefs that are enfolded within more fully developed

social and personal narratives. Such research holds
implications not only for medical treatment, but also
for medical ethics.

One helpful approach to narratives of pain and suf-
fering comes from sociologist Arthur W Frank in The
wounded storyteller: body, illness, and ethics.86 Frank offers
a typology of four narrative structures that reappear
when contemporary patients write about their illnesses. It
would be useful for pain specialists to recognize instantly,
almost as a diagnostic category, what Frank identifies as
the recurrent type of ‘‘chaos’’ narrative. It would also be
useful to develop an extended typology of the narratives
that patients bring to a pain center. We know that chronic
pain often constitutes a threat to individual identity.87 If
individual identity is inseparable from the tacit narratives
of self-hood that we construct or accept, then the
dilemmas of chronic pain and suffering include an in-
escapable narrative dimension. Frank argues that the self
cannot be reconstructed in healing without the recon-
struction of a new personal narrative. The Greek term
ethos originally referred to a person’s settled disposition or
character, and the narrative reconstruction of a human
life, in healing, is a profoundly ethical matter.

The skills developed through narrative are relevant
enough to medical education to fit comfortably within
the prevailing language of competencies.88 Some narrative
competencies are especially relevant to pain, including the
basic clinical act of listening. As a low-technology virtue
that everyone praises but few take seriously, listening is a
skill that needs to be relearned inside medical contexts for
professional purposes, much as a competitive swimmer
must relearn how to breathe. One famous study showed
that doctors listened on average for just 18 seconds before
interrupting patients in order to take control.89 Later
studies indicate that the situation is not quite so one-
sided, but listening is a skill that, for various reasons,
comes hard in medical settings.90 If a health maintenance
organization (HMO) requires physicians to spend on
average no more than seven minutes per patient, listening
to pain narratives may seem an unaffordable luxury. A
sounder approach, however, might regard skilled listening
to patients as necessary for accurate medical under-
standing. Accurate medical understanding would thus
require skills in listening. Failure to obtain skills necessary
for medical practice is not merely unprofessional but
unethical.

Skills in listening to patient narratives are sometimes
crucial to pain medicine. For example, pain entails special
problems for the elderly, who may suffer serious side
effects from medications or hold erroneous pain beliefs
that make any treatment less effective. The IASP study
Pain in the elderly recommends exploring nondrug
therapies.91 The practice of skilled listening to patient
narratives, like the practice of writing in narrative form
for patients, can have therapeutic value. Narrative can
help pain specialists learn how to listen and what to listen
for. Speech and story are never wholly transparent. As
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bioethicist Tod Chambers writes, ‘‘Every telling of a
story – real or imagined – encompasses a series of
choices about what will be revealed, what will be privi-
leged, and what will be concealed: there are no artless
narrations.’’92 There is no need to pump up claims for
skilled listening or for the uses of narrative. They are not
the answer to pain. However, nothing else is either,
including morphine. Skilled listening is one more useful
tool in a multidisciplinary approach to the multiple
dimensions of pain, and research with hospice patients
has demonstrated, at least in selected circumstances, the
value of narrative-based therapies such as structured
life review.93

Narrative helps to illuminate the ethical issues always
implicit in pain. The mere act of paying attention,
so basic to the reception of narrative, is a moral as well
as cognitive state: in turning a deaf ear, we demonstrate
how little we value the speaker. Narrative also helps
us to recognize and respond to the ethical significance
of unnoticed, everyday acts, such as the pain treat-
ment accorded to ethnic minorities. Moreover, because
narrative is among the ancient and enduring forms
of moral knowledge, from Aesop’s Fables to Schindler’s
list, it provides a resource for exploring the ways in
which pain and suffering make a claim on us as moral
beings. A cry of pain places us always, implicitly, under an
ethical obligation. Its inevitable subjectivity is not
impenetrable, but belongs to social, interpersonal codes as
instantly comprehensible as SOS. We may not be able
personally to answer every SOS, but it is self-deception
to pretend that we do not know what it means or what
response it asks from us. Narrative is a resource for
developing skills in the recognition and interpretation of
ethical dilemmas intrinsic to pain. Even an unresolved
dilemma, if we recognize it for what it is, at least invites
future resolution. An unrecognized ethical dilemma
in medical settings, especially a dilemma that centers
on pain and suffering, is a potentially harmful form of
ignorance.

The medical undertreatment of pain has been well
documented for over 20 years.94 Its ethical implications,
however, are not often recognized or addressed.95 One
prominent study, for example, shows that 50 percent of
hospitalized dying patients in the USA spent at least half
their time (according to family members) in moderate to
severe pain.96 The method that researchers employed to
redress this undertreatment of pain in dying patients
centered on staff education, not on ethics and certainly
not on narrative, and it yielded no improvement. As an
alternative method for recognizing and addressing the
ethical implications of undertreatment for pain, narrative
can hardly do worse. Consider the 1999 New York Times
story about Mrs Ozzie Chavez.97 Mrs Chavez, a California
Medicaid patient, was refused proper anesthesia in
childbirth because she had not paid an additional (illegal)
fee required by the anesthesiologist. ‘‘The anesthesiologist
wouldn’t even come into the room until she got her

money,’’ Mrs Chavez was reported saying. ‘‘I was lying
there having contractions, and they wouldn’t give me an
epidural. I felt like an animal.’’

Narrative will not get us to the bottom of the story –
to expose the truth about what really happened in Mrs
Chavez’s room – but it helps us to unfold the ethical
implications of the patient’s experience. It illustrates
too how the ethical implications of everyday acts often
go unnoticed in our emphasis on megawatt, headline-
grabbing, life-and-death bioethical issues.98 When this
story ran in the newsletter of the American Society of
Anesthesiologists, it evoked the following commentary
from one doctor: ‘‘Poor people can’t expect to drive a
Rolls Royce, so why should they expect to receive the
Cadillac of analgesics for free.’’ As if to head off a looming
public relations disaster, the president of the American
Society of Anesthesiologists, John B Neeld Jr, vaulted
directly to first principles. ‘‘It is unethical,’’ he said, ‘‘to
withhold services because of reimbursement.’’ End of
story?

A narrative on bioethics would not consider the story
to have finished when one character, no matter how
eminent, denounces the behavior of another character as
unethical. Just as there are no artless narrations, narrative
theory reminds us to consider what is unsaid or even
unsayable. Neeld, for example, does not mention (is it
unsayable?) that medical services are withheld every day
in America because of inability to pay. Nor is the USA
alone in withholding services. Furthermore, as in the
dilemma of hospitalized dying patients, medical services
for pain are routinely withheld for causes apparently
unconnected with cost.27 These causes – reflected in what
William Breitbart has called the ‘‘dramatically under-
treated’’ pain of AIDS patients74 – express bias, as well as
economics. Sex and race, as one (disputed) study shows,
affect a medical decision as seemingly neutral as recom-
mendations for cardiac catheterization.99 Sickle cell pain,
with its predominant impact on people of African heri-
tage, is not untroubled by issues of race. Within this
cultural mix, as it applies to Mrs Chavez, we must con-
sider the substandard payment policies of certain gov-
ernment agencies. Finally, in a narrative analysis which
assumes that language matters, we should note that
Mrs Chavez did not say she felt pain. She said she felt like
an animal. Pain for Mrs Chavez evokes a down-to-earth
ethics of respect and degradation. Narrative analysis does
not say who is right or wrong, but it helps us to under-
stand and to unfold the ethical implications of neglected
everyday acts.

One benefit of a renewed attention to narrative would
be an emphasis on the ethical – rather than on the strictly
regulatory – aspects of undertreatment. Of course, we
need effective institutional guidelines and review pro-
cesses in place to combat the long-standing neglect and
medical myths that prevent patients from receiving ad-
equate pain medication.100 We need political action
to combat the negative influence that licensing boards,
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disciplinary groups, and drug enforcement agencies exert
on the medical use of opioid analgesics.101 Such prag-
matic changes, however, are not enough. The dis-
tinguished philosopher of medicine Edmund D Pellegrino
has recently insisted in a discussion of emerging ethical
issues in palliative care that – given the availability of
effective medications – not to relieve pain optimally is
‘‘tantamount to ethical and legal malpractice.’’102 Serious
inquiry into the ethics of undertreatment may avoid a
deluge of legal challenges.

We lack medications to relieve suffering that are as
effective as opioids in relieving pain. There is, however, an
equally serious issue to face. The best medical approach to
suffering is not always aggressive action. Although med-
icine prefers action and thrives on problem-solving,
sometimes little or nothing can be done. Surgeon Sherwin
B Nuland writes, ‘‘The diagnosis of disease and the quest
for overcoming it with his intellect are the challenges that
motivate every specialist who is any good at what he does.
He is fascinated with pathology. When faced by the cer-
tainty of his own impotence to treat it, the would-be
healer too often turns away.’’103 This is unfortunate, but
not surprising. When medical practice becomes pre-
eminently an arena of action, inaction is usually mis-
interpreted as failure. Yet sometimes suffering will run its
terrible course regardless of any intervention. In such
cases, there is great value in openly discussing the role of
witness.

An almost inescapable logic drives professional dis-
ciplines to remove human experience from its flow
in everyday local worlds and to reshape it in accordance
with the needs of the profession that addresses it.104

This logic proves dangerous when it comes to the
experience of suffering. Therefore, as a complement to
the preferred medical stance of active, even heroic,
practice, it is important to consider the role of witness.
Witness comes from an Old English verb meaning
‘‘to know.’’ The witness is someone who knows first hand,
and such knowing is not a passive possession, mere
looking or seeing, as opposed to practice. Witnessing is an
action. The witness is one who – in the medical term
derived from a Latin root that means ‘‘to bend to, to
notice’’ – ‘‘attends,’’ and such vigilant attending requires
far more than physical presence. The witness cannot
erase suffering, prevent tragedy, or defeat death. When
suffering is inescapable, however, the active role of wit-
nessing opens up possibilities that can in part offset
or redeem sheer loss. The decision to be present, as
witness, is an ethical choice. Moreover, the presence of
the witness can comfort the person who suffers, and there
is no higher act, inside or outside medicine, that we are
called upon to perform. However, inability to witness
during the dying process or at the death itself must not
be regarded as weakness of character, lack of moral
fiber, or paucity of empathy. The emotions may simply be
too powerful for an ordinary person to withstand.
Unfortunately, this inability can also produce life-long

guilt and recriminations in the survivor, movingly
expressed by a son:

Nancy died during visiting time.
Whose hands held her? Were they mine?
Did I stay to rage against the dark
To hear the last beat of her heart?
Did I quench my fears, did I stand fast?
Did I stay with her until the last?
Did I comfort her as best I could?
Did I cry for her as a loving son should?
Did I hold her hand as she died?
I said I did, but I lied
Just to myself at first, to dull the pain,
Ease the guilt, erase the shame.
The more the lie soothed and seduced
The more I believed it to be the truth.
Told others the tale, believed it myself,
How I was there until her very last breath.
In my mind how fine the picture had become –
Dying mother, dutiful sorrowing son.
But the truth, oh the truth, screams to be heard.
No more lies, no more lies, no more lies. I was not

there.
I could not, I would not, stay,
So I ran – I ran away
You’re hard and you’re cruel, Jimmy Dancer,
You just don’t take life, but dignity as well.

Eric Bogle, Jimmy Dancer,
& Larrikin Music Publishing Pty Ltd. International

copyright secured. All rights reserved. Reprinted with
kind permission of Larrikin Music Publishing Pty Ltd.

Jimmy Dancer – rhyming slang for cancer.
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KEY LEARNING POINTS

� The commonly identified barriers to pain relief are not

merely clinical in nature, but have important ethical

dimensions.
� Particularly in the United States, the ethical

implications of undertreated pain have influenced the

outcome of civil suits against healthcare institutions

and professionals.
� In the United States, physicians may be vulnerable to

criminal prosecution for drug trafficking if their

prescribing of controlled substances is determined not

to have been a good faith effort to stay within the

bounds of acceptable medical practice.
� Drug control laws and governmental regulations have

created a hostile environment in which to care for

patients with chronic pain.
� Recent reform initiatives seek to establish a balance in

law and public policy between the need to prevent drug

diversion and trafficking and the need to insure that

opioid analgesics are available to patients who would

benefit from them.

INTRODUCTION

There are many perspectives from which one might
consider the interrelationship between pain and society,
i.e. the impact that a particular configuration of social
norms, customs, and experiences has on an individual’s
particularized experience of pain and search for relief.
Excellent studies have been conducted on ethnic and
racial influences on pain.1, 2, 3, 4 The role of religion in
shaping a person’s perceptions of, and responses to, pain
is also especially important, as we shall consider later in
this chapter (see below under Pain, suffering, and other
semantic points) when the search for meaning begins.5 As
David Morris has astutely observed, ‘‘The dismissive or
contradictory attitudes that most people – not just health

professionals – hold toward pain seem rooted not in
biology but in culture.’’6 These ‘‘dismissive or contra-
dictory attitudes’’ range from the trivial sloganeering of
the health club set – ‘‘no pain, no gain’’ – to the quasi-
religious notion that the stoical, if not heroic, bearing of
pain and suffering does not merely build character but
tests one’s ultimate spiritual mettle.

While it is certainly unwise to minimize the extent to
which these cultural elements shape our encounters with
pain – our own and that of others – it is a topic that has
been brilliantly and comprehensively considered else-
where and is far beyond the scope which this chapter
affords.7 What has only begun to be considered, and as yet
very tentatively, are the ethical and legal dimensions and
implications of pain, and, more particularly, of modern



medicine’s legacy of undertreated pain. Heretofore, the
ethical and legal aspects of pain management were con-
sidered, if at all, in an extremely simplistic fashion that
typically proceeded in the following manner:

� opioid analgesics, the most effective method of
treating many types of severe pain, are powerful and
dangerous drugs that must be rigidly regulated and
utilized infrequently at the smallest possible dosage;

� laws and regulations governing the licit use of
opioids by healthcare professionals had, as their
primary objective, the prevention of drug diversion
and addiction;

� the traditional medical aphorism – primum non
nocere (first do no harm) – has been integrated with
an exaggeration of the risks and adverse side effects
of opioid analgesics and a significant
underestimation of the risks and adverse side effects
of severe, persistent pain to produce an ethic of
undertreatment.

Neither the ethical nor the legal propriety of this philo-
sophy of patient care was ever challenged by the prevailing
norms of western medicine. This ‘‘therapeutic’’ approach
to patients with severe and persistent pain, when carefully
considered, turns out to be grounded upon a mountain
of myth, misunderstanding, misinformation, and flawed
ethical analysis.

This chapter will, in large part, be devoted to an
examination of the weaknesses of the traditional view.
There will also be an exploration of an alternative view
that appears to comport much better to medicine’s core
values and fundamental goals, which have always placed
the relief of suffering on an equal level with the preven-
tion and the cure of maladies. Before undertaking this
examination, however, a few preliminary matters warrant
brief consideration.

PAIN, SUFFERING, AND OTHER SEMANTIC
POINTS

The subject matter of this volume is chronic pain, as
distinguished from acute pain and pain associated with
terminal illness. Pain is, of course, distinguishable in a
number of important ways from suffering. It is virtually
axiomatic that pain can exist in the absence of suffering
and that the opposite is equally true. There have been
efforts, ultimately misguided, to characterize pain as
physical and suffering as mental. Such characterizations
have given rise to what David Morris refers to as the
‘‘myth of two pains.’’7 Unfortunately, the myth has also
engendered the tendency among health professionals to
label physical pain, i.e. that which can be directly and
objectively related to an identifiable lesion, as ‘‘real,’’ and
all other reported pain, consequently, as ‘‘in one’s head’’
and unreal. As we shall see, the regulatory climate,

particularly in the USA, has encouraged medicine’s search
for an identifiable physiologic cause that would legitimize
the pain reported by the patient and justify a physician in
the prescribing of controlled substances for pain relief.
This approach can have horrendous consequences for
the victims of chronic pain syndromes, which, as has
been pointed out, ‘‘are almost by definition conditions
in which the degree of pathology does not seem to explain
the severity of the perceived pain or the limitations in
bodily functioning the pain produces.’’8 When physicians
intentionally withhold or reduce readily available pallia-
tive measures from their patients with chronic pain, there
is added to the baseline level of suffering an incremental
level of iatrogenic suffering which may be exacerbated
even further to the extent that the physician calls into
question the patient’s veracity or suggests that the patient
is derelict in some unacknowledged yet presumed duty to
bear affliction.

Eric Cassell, who has written extensively on the phy-
sician’s responsibility to relieve suffering, observes that,
‘‘While pain and suffering are not synonymous, physical
pain remains a major cause of human suffering and is the
primary image formed by people when they think about
suffering.’’9 Moderate to severe, persistent, nonmalignant
pain can produce significant suffering, and at some point
in the chronicity of the condition efforts to make precise
semantic distinctions between pain and suffering, and
the extent to which one is physical and the other is
mental, become not merely absurd, but unintelligible.
Cassell cuts to the shallow core of the effort to impart
some meaningful distinction between physical and
mental pain or suffering when he states, ‘‘bodies do not
suffer, persons suffer.’’ Implicit in this observation is
the incontrovertible fact that people, and hence patients,
are not merely bodies. To the extent that I use the
terms pain and suffering interchangeably in this chapter,
as to some extent I do when I address the physician’s
responsibility to relieve suffering, I will be referring
specifically to the suffering that is produced by severe
and persistent pain.

Another term has entered, and to some degree further
complicated, the nomenclature: intractable pain. During
the last 15 years, a number of state legislatures in the
United States passed ‘‘Intractable Pain Treatment Acts.’’
In such legislation, the term ‘‘intractable,’’ which is
most commonly defined as uncontrollable, is applied to
chronic nonmalignant pain that arises from an underlying
condition that is resistant to diagnosis or cure. The
purpose of these statutes was ostensibly to legitimize the
use of opioid analgesics in the care of such patients.
However, the actual experience after their enactment may
provide a glaring example of the law of unintended
consequences. Many of these statutes strongly suggest
that opioids will only be considered appropriate for
the management of chronic pain after the clinician
has painstakingly documented that all other approaches
to pain management have failed. Few clinicians can
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be expected to demonstrate the expertise, patience, and
determination such an approach would require.10

THE PHYSICIAN’S DUTY TO RELIEVE
SUFFERING

Historically, western medicine has recognized two trans-
cendent goals:

1. the diagnosis and treatment of disease;
2. the relief of pain and suffering.

Before the modern era, physicians could diagnose many
more conditions than they could cure. Consequently, the
duty to relieve pain and suffering, i.e. to provide care and
comfort when cure was not an option, was commensurate
with the duty to effectuate a cure. With the advent of
modern medicine, and its remarkable advances in cura-
tive measures, the importance of relieving pain and
suffering, at least when separate and distinct from treat-
ment of an underlying disease, seems to have diminished
drastically. Indeed, Eric Cassell begins the preface to his
book on the relationship between suffering and medicine
with the following remarkable statement: ‘‘The test of a
system of medicine should be its adequacy in the face of
suffering; this book starts from the premise that modern
medicine fails that test.’’11 The contemporary model
of both medical education and medical practice is the
‘‘curative’’ model, and it is so designated to distinguish it
from what is now characterized as its polar opposite – the
palliative model.12 The focus of the curative model of
medicine is the reversal of a disease process. The focus of
the palliative model is the care and comfort of the patient
through a compassionate response to each individual’s
unique experience of illness (Table 8.1).

Unquestionably, the prevailing model of medical
education, and hence, unsurprisingly, of medical practice,
is the curative model. The curative model is not merely
an aspect of the current culture of medicine, it is also
the defining attribute of that culture. It is this attribute
which explains why the profession has accepted, virtually
without question or qualm, the marginalization of the
relief of suffering as a fundamental goal and core value
of medicine.

Such a stark dichotomy might seem to be more of
a caricature than a realistic portrait were it not for
the data produced by studies such as the Study to
Understand Prognosis, Preferences for Outcomes, and
Risks of Treatment (SUPPORT), which found among
other things that half of the gravely ill patients in inten-
sive care units (ICUs) at major academic medical centers
in the USA in the 1990s were in moderate to severe pain
in the last three days of their lives.13 SUPPORT simply
reconfirmed the persistence of one aspect of a general
phenomenon of undertreated pain of all types that has
pervaded the medical literature for over 20 years.14 The
primary locus of curative medicine is the tertiary care
hospital; the primary locus of palliative medicine is
the hospice. When one abandons the hope of a cure,
one accepts the tender mercies of hospice. While one
continues to strive for a cure or remediation of a disease,
which is presumably why one becomes a patient in aca-
demic medical centers such as those participating in
SUPPORT, one accepts the pain and suffering that attend
many of modern medicine’s interventions.

The hegemony of the curative model in modern
medical education and medical practice has, it can be
argued, displaced the relief of pain and suffering from its
traditional status as a fundamental goal and core value
of medicine. Strict adherence to this model also creates
an inhospitable environment for the care of patients with
chronic illness, which by definition is refractory to cure
and can only be managed competently so as to minimize
the symptoms and life-limiting effects of the disease.

In 1996, an International Project of the Hastings
Center, entitled The Goals of Medicine – Setting New
Priorities, issued its report. The goals of medicine iden-
tified by this distinguished panel of physicians are the
following:15

� the prevention of disease and injury and promotion
and maintenance of health;

� the relief of pain and suffering caused by maladies;
� the care and cure of those with a malady, and the

care of those who cannot be cured;
� the avoidance of premature death and the pursuit of

a peaceful death.

Perhaps the most striking aspect of these goals, in contrast
to the hegemony of the curative model, is the remarkable
balance between the curative and palliative aspects of
medicine. With regard to the relief of pain and suffering
in particular, the special report emphasizes that this is by
no means a new goal, but rather one of ‘‘the most ancient
duties of the physician and a traditional goal of medi-
cine.’’ Nevertheless, the report goes on to say that, for a
host of reasons, the goal remains largely unfulfilled. While
in many underdeveloped countries access to state-of-
the-art medications and advanced nonpharmacologic
treatment modalities is an important part of the problem,
in developed countries even affluent patients encounter

Table 8.1 Characteristics of the curative and palliative models

of medicine.

Curative model Palliative model

Objective Subjective

Scientific Humanistic

Rational Empathic

Impersonal Personal

Reductionist Holistic
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formidable barriers to pain relief, barriers which are
sociopolitical rather than economic or technological.
Moreover, if there is one type of pain that is more fre-
quently or consistently unrelieved than others, it is
chronic nonmalignant pain.16 A rigorous ethical analysis
of the phenomenon of undertreated pain requires a
detailed examination of these barriers, particularly if
they are offered, as they often are, not merely as reasons
why physicians undertreat pain, but as excuses for
such practice. First, however, we should briefly note the
pervasiveness of the problem of undertreated pain.

THE INTERNATIONAL SCOPE OF
UNDERTREATED PAIN

The international literature examining the phenomenon
of undertreated pain is dominated by studies that focus
on cancer pain. There is, nonetheless, reason to believe
that such findings may indicate the magnitude of the
problem of undertreated chronic nonmalignant pain as
well. An aggressive approach to pain management,
including the use of large, sustained doses of the strongest
opioid analgesics, has been advocated by pain manage-
ment experts when necessary to achieve optimal pain
relief for patients with cancer or other conditions in their
terminal phase.17 Quite to the contrary, with regard to the
treatment of patients with chronic nonmalignant pain, it
has been axiomatic that the long-term use of opioids is
inappropriate.18 Thus, many patients who fail to achieve
adequate relief from nonopioid therapies are admonished
to live with their pain.

Recent studies indicate that opiophobia among
healthcare professionals is not strictly an American phe-
nomenon, but is widespread in European countries as
well.19 In Germany, for example, it was noted that 98
percent of cancer patients never received a strong opioid
for pain.20 In France, 51 percent of cancer patients
received inadequate pain relief, and 30 percent of the
patients who reported pain were not receiving any drugs
for pain relief.21 While there are differences among
nations in the regulation of physician-prescribing prac-
tices, drug availability, and educational requirements for
professionals with prescribing authority, studies of
physicians’ attitudes about pain management in a wide
variety of countries reveal common barriers to adequate
pain control.22 While any particular barrier may be more
of a factor in the undertreatment of pain in one country
than another, the frequency with which physicians identify
these barriers in each country surveyed strongly suggests
that they have achieved a status and exert an influence
that transcends political and cultural boundaries.

Although a disproportionate amount of the available
data, both regarding the situation in the United States
and elsewhere in the world, pertains to opioid availability
and use in the care of patients with cancer, the implica-
tions of such data for the treatment of chronic

nonmalignant pain is inescapable. The 1961 Single
Convention on Narcotic Drugs, as amended by the 1972
Protocol, is the international treaty regulating the avail-
ability of opioids. The preamble of this treaty recognizes
that ‘‘the medical use of narcotic drugs continues to be
indispensable for the relief of pain.’’ Of course, the treaty
also states that ‘‘addiction to narcotic drugs constitutes a
serious evil.’’ Thus, the treaty, just as with national drug
regulation laws, purports to at one and the same time
prevent the abuse of opioids while assuring that they will
be available for legitimate medical use.23 The World
Health Organization (WHO) has urged, with varying
degrees of success, that individual countries fashion
their regulatory requirements for physicians, nurses, and
pharmacists to dispense opioids to patients so as to
recognize that ‘‘decisions concerning the type of drug to
be used, the amount of the prescription and the duration
of therapy are best made by medical professionals on the
basis of the individual needs of each patient, and not by
regulation.’’24

The International Narcotics Control Board (INCB),
created by the 1961 Single Convention, compiles statis-
tical data supplied by national governments and publishes
an annual report that provides a comprehensive survey of
the world drug situation. A 1995 study by the INCB on
the availability of opioids for pain management world-
wide noted that in many countries opioids are unavailable
for medical needs.25 Remarkably, the study revealed that
only 48 percent of the governments reported that mor-
phine in any form was available in all cancer treatment
facilities. In addition to periodic shortages in the avail-
ability of opioids that were attributed to insufficient
importation, distribution delays, and health system
administrative problems, the perennial obstacles of phy-
sician concerns about addiction and fears of legal sanc-
tions for prescribing opioids were also offered as partial
explanations.26

THE BARRIERS TO EFFECTIVE PAIN RELIEF

Certain barriers to effective pain relief are so consistently
cited in the literature that there would appear to be no
genuine dispute about either their existence or their
nature. Here are the usual suspects that are rounded up by
the advocates of improved pain management practices:

� the failure of clinicians (primarily physicians and
nurses) to identify pain relief as a priority in patient
care;

� insufficient knowledge among clinicians about the
assessment and management of pain;

� clinicians’ fear of regulatory scrutiny of the
prescribing and administering of opioid analgesics;

� the failure of healthcare institutions and
organizations to hold clinicians accountable for
effective pain relief.
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Other barriers are mentioned with varying degrees of
frequency that do not implicate physicians quite so
directly, e.g. patient and family concerns about addiction,
tolerance, and side effects, absence of certain narcotics
from formularies, and reimbursement problems with
pain therapies. However, patients and families must look
to physicians for accurate information about opioid
analgesics, and formulary and reimbursement issues came
about long after the other barriers had been recognized
and copiously documented.

There is important information in the use of the term
‘‘barrier’’ to explain the phenomenon of undertreated
pain. It suggests that, but for the existence of these bar-
riers, physicians would consistently provide optimal pain
relief to their patients. Indeed, these barriers are some-
times described as though they were artifacts of nature, as
formidable and immutable as a mountain range. The
fact of the matter is, of course, that these barriers are
the product of cultural beliefs, attitudes, and prejudices.
We have created them, and, if necessary or appropriate,
we can remove them. The fact that they have been with us
for at least the last 50 years suggests that there is some-
thing less than a strong consensus and a concerted effort
to bring them down. Perhaps, in scrutinizing each more
carefully, we can gain some understanding as to why that
might be so.27

The failure of clinicians to identify pain relief
as a priority in patient care

Accepting as we (at least tacitly) do, the professional
obligation of physicians to relieve human suffering,
including that which is engendered by severe, persistent
pain, this well-recognized failure of healthcare profes-
sionals to make it a priority in their care of patients verges
on the inexplicable. There is a ‘‘chicken and egg’’ con-
undrum about the first two barriers to effective pain
management. Do clinicians fail to identify pain relief as a
priority because they have not been taught how to pro-
vide it? Or is it rather the case that medical schools and
residency training programs do not emphasize training in
pain management because clinicians, including medical
educators, do not consider pain relief to be a priority in
patient care? There may be a synergy between the forces
that have erected these two barriers that confounds the
search for a satisfactory answer to these questions.

Some insight into the problem can be gained by noting
that it appears to have been exacerbated by the advent of
modern, scientifically based, high-technology medicine
that has shaped what we have previously noted to be the
curative model of medical practice. As the term suggests,
the curative model focuses primarily, if not exclusively,
upon the goal of cure, i.e. the eradication or radical
reversal of a disease process. Particularly to the extent that
curative interventions themselves cause pain, discomfort,
temporary dysfunction, or risk of death, the relief of pain

and suffering can be interpreted as a conflicting goal, and
hence one that must be abandoned during the pursuit of a
cure. One commentator suggests that the pain experi-
enced by the patient is subjected to two kinds of forget-
ting: one psychologic and the other conceptual.28 The
psychologic component arises from a need of the clinician
to distance him- or herself from the patient’s pain, as well
as to convince the patient that the pain is not really as bad
as it seems, or that it is a regrettable byproduct of the
necessary means to a desirable clinical outcome. The
conceptual component treats pain as a symptom of the
underlying disease process, something to be observed but
not managed or eliminated. This is particularly the case
given the widely held (mis)perception that relieving pain
impedes the process of cure. The patient’s reports of pain
are noted, if at all, as information about the progression
of the disease, not as cries of distress giving rise to a duty
to provide relief. To the extent that this perspective is
accurate, it may call into question the ultimate effective-
ness of one proposal by pain specialists to improve pain
management in the inpatient setting – charting pain as
the ‘‘fifth vital sign.’’29 The implicit assumption is that
pain is more likely to be treated if it is measured and
recorded. However, if pain continues to be conceptualized
as nothing more than an indicator of the progression of
disease, noting its presence and severity in the chart will
not necessarily result in interventions to relieve it. For
insight into why that might be the case, we need to
explore further the nature of the prevailing model of
medical practice.

It has been persuasively argued that the pervasiveness
and the overemphasis of the curative model in medical
education not only results in a particular style of medical
practice but also engenders a set of assumptions, atti-
tudes, and values which are inherent in the model.12

Among these are the focus on the disease process rather
than the patient’s experience of illness. Such a focus pri-
vileges the objective and scientifically verifiable, and dis-
counts the subjective and unverifiable. This focus, of
course, has significant implications for the care of patients
with chronic, nonmalignant pain. The implicit message of
the curative model is that there is no compelling need to
know the patient as a person as long as the professional
has a firm grasp upon the pathophysiology of their disease
and an interventional strategy for reversing it. While the
curative model may not pose any significant problems for
patients whose pain is of the acute variety and limited in
its severity and duration, it has itself been the cause of
considerable unnecessary suffering for patients with
chronic malignant or nonmalignant pain. The pre-
dominance of the curative model of medical education
and its obsession with the pathophysiology of disease
rather than the patient’s subjective experience of illness
is ‘‘disastrous,’’ according to Arthur Kleinman, to the care
of the chronically ill.30 Indeed, the curative model, in
conjunction with rampant opiophobia and an ethic of
undertreatment of pain, has resulted in numerous
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instances of pseudoaddiction among chronic pain
patients. Pseudoaddiction is an iatrogenic condition
caused by the failure of physicians to provide adequate
pain relief that forces the patient to employ (legitimate)
drug-seeking behaviors to obtain analgesics they are
entitled to.

Kleinman’s work with chronic pain patients, as phys-
ician, psychiatrist, and medical anthropologist, provides
a number of important maxims for those who seek to
provide compassionate care to such individuals.

� One of the core tasks in the effective clinical care of
the chronically ill is to affirm the patient’s experience
of illness as constituted by their explanatory models
and to use those models in the development of an
acceptable therapeutic approach.

� Chronic illness is as distinctive as the lived
experience of different individuals because in the end
it is the lived experience of different individuals.

� One half of all patients with chronic pain syndrome,
like many others afflicted with chronic illness, meet
the official criteria for major depressive disorder.
More than anything else, the depressive mood
represents demoralization from the life of pain and
the persistent questioning by others, including
healthcare professionals, of the authenticity of the
patient’s experience of pain.

� The science of pain medicine must include social
science interpretations together with biomedical
explanations. It must bring to bear knowledge of the
economic, political, and social psychologic sides of
pain.

The maxims I have gleaned from Kleinman’s work
describe what he characterizes as a ‘‘meaning-centered’’
model of chronic illness that he deems essential to the
compassionate and effective care of such patients. It is a
biocultural model that places the emphasis upon the
patient’s illness experience, as does the palliative model,
and in doing so stands in stark contrast to the biomedical
model whose exclusive focus is the disease process – its
diagnosis and its cure or remediation.31 While it may be
much too simplistic to suggest that restoring some
proportionality between the curative and palliative (or
biomedical and biocultural) models of medicine in the
education and training of physicians would eliminate
this and related barriers to effective pain relief, it is
also the case that it is naive and unrealistic to suggest
that continuing professional education programs on pain
management alone can overcome the assumptions, atti-
tudes, and values that have been instilled in physicians by
the curative model of medical education. Physician
practice styles and patterns are acquired early and there-
after are highly resistant to change. Part of the solution
goes not only to the substantive content of medical
education but also to the venue. While most physicians
practice in settings that would be hospitable to a balance

between the curative and palliative approach to patient
care, by far most medical education and residency
training takes place in the acute, tertiary care setting
where the hegemony of the curative model is most
complete.32

Insufficient knowledge among physicians about
pain assessment and management

Critics of medical education in the area of pain – its
causes, assessment, and treatment – suggest that the
typical medical school curriculum seems almost purpo-
sely designed to keep physicians in the dark about pain. In
a 1989 interview, John J Bonica, generally regarded as the
founder of the movement toward specialized pain clinics,
observed, ‘‘No medical school has a pain curriculum.’’33

Over 15 years earlier, a study of hospital inpatients
revealed significant undertreatment of pain based in part
on marked knowledge deficits on the part of physicians
with regard to effective dose range, duration of action,
and risks of addiction for narcotic analgesics.14 At the
conclusion of the study, the authors called for a major
educational initiative, beginning in medical school, to
improve the knowledge and skills of physicians in the use
of narcotic analgesics for the management of pain.
Interestingly, in addition to basic medical information,
the authors suggested that any program of instruction
must take into account the fact that for many physicians
these drugs ‘‘have a special emotional significance that
interferes with their rational use.’’ The term which has
been coined to describe this phenomenon is ‘‘opiopho-
bia.’’34 Like other, more generally recognized phobias,
opiophobia cannot be cured or even effectively controlled
by classroom education about the groundless nature of
the fears. It is a behavior that is modelled and reinforced
throughout all levels of medical education, from student
clerkships to internship and residency.

The pharmacologist who coined the term ‘‘opiopho-
bia’’ indicates that, after closely observing the opioid
analgesic prescribing patterns of physicians in the United
States, it would be tempting, but technically incorrect, to
declare that ‘‘American physicians know nothing of the
treatment of severe pain with narcotic opioids.’’ They have
learned well, as they progressed through their medical
education, the prescribing patterns that are customary.
Those patterns, however, are inconsistent with the best
current medical knowledge. Indeed, they suggest that the
patterns and practices that are at the root of undertreated
pain have nothing to do with medical science whatsoever.
For example, the belief that chronic pain patients mana-
ged with opioids are likely to become addicted (as
opposed to physiologically dependent) runs directly
counter to the best clinical data, which indicate that the
risk of iatrogenic addiction for pain patients is less than
0.01 percent.35 Similarly, the widespread fear of severe,
perhaps even fatal, episodes of respiratory depression runs
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directly counter to numerous reports in the medical lit-
erature. Although many of these reports pertain to cancer
patients, the salient point made therein is that it is
only the opioid-naive patient who is at serious risk of
respiratory depression.36 A patient with moderate to
severe chronic pain, regardless of whether it is caused by
malignancy, whose analgesic level has been titrated
upward appropriately, is not at serious risk.

It would be a mistake, however, to assume that opio-
phobia is entirely an American phenomenon, one sec-
ondary to such unique aspects of American culture
and social history as the puritan heritage, the ‘‘noble’’
experiment of prohibition, or the contemporary ‘‘war on
drugs.’’ Restrictive prescribing laws are common in many
European countries, both reflecting and sustaining an
international opiophobia among healthcare professionals
as well as patients.20 In 2004, the International Narcotics
Control Board Annual Report identified three reasons for
the continued inadequate use of opioid analgesics:

1. unnecessarily strict rules and regulations
governing their use;

2. negative perceptions about controlled drugs
among medical professionals and patients; and

3. lack of economic means and resources.37

The role played by overly strict rules and regulations
will be considered below under Fear of regulatory scrutiny
of opioid-prescribing practices. The negative perception
of opioids is one that appears to be not merely socio-
cultural in nature, encompassing both lay persons and
healthcare professionals, but also linguistic. A recent
European white paper offered several vivid examples. In
Austria, narcotics are referred to as Suchtmittel, the literal
translation of which is ‘‘the means to make you addicted.’’
In Germany, narcotics are referred to as Betaubungsmittle,
or the means to ‘‘knock you out.’’38

It is extremely difficult to measure the extent to which
opiophobia is a product of overzealous regulatory mea-
sures (such as a declared ‘‘war on drugs’’ in the United
States) to deter and detect drug diversion rather than the
persistence of myths and misinformation about the risks
and benefits of opioid analgesics. Nevertheless, it is a
lamentable fact that the rhetoric and modus operandi of
the regulators in their efforts to prevent or punish the
diversion of or trafficking in narcotics has made physi-
cians conscripts and pain patients noncombatant casual-
ties, and has inflicted grave collateral damage on one of
medicine’s core values – the duty to relieve suffering.
Recently published follow-up studies strongly suggest that
state medical licencing board members, who play a
pivotal role in the regulation of physician prescribing
of opioid analgesics, have been particularly resistant to
reeducation on such issues as the nature of addiction and
the appropriateness of opioids in the management of
some patients with chronic nonmalignant pain.39 We
will consider this issue below under Fear of regulatory
scrutiny of opioid-prescribing practices.

In concluding our analysis of this particular barrier to
effective pain management, I wish to introduce a concept
which I characterize as ‘‘the culpability of cultivated
ignorance.’’ As we have seen in this brief survey, it has
been known and identified as a problem for decades that
medical school and residency training program curricula
are woefully inadequate with regard to the assessment and
management of all types of pain. Yet these institutions
have failed or refused to reform themselves. It surely
cannot be because pain has not been shown to be a
pervasive problem frequently encountered by most phy-
sicians in their practice. The continuing absence of a
significant pain component in medical education and
training is indefensible, and the calling to account of these
institutions by society for the persistence of such curri-
cular deficits and their negative impact on patient care is
long overdue.

A pain curriculum in medical school that is worth the
effort it would take to implement would need to be
comprehensive. It must begin in the lecture hall and
continue through the role modelling and mentoring by a
faculty of senior medical students, interns, and residents.
The custom and practice in the institutions where young
physicians are enculturated must be consistently based
on the latest scientific knowledge and outcome studies of
pain treatment modalities, something that the prevailing
practice of physicians in most countries presently does
not provide.

What is equally troublesome, however, from an ethical
standpoint, is the continuing reliance by practicing
physicians upon these curricular deficits as an excuse for
why they fail to possess state-of-the-art knowledge and
skill in pain assessment and management. While defi-
ciencies in their professional education and training may
provide an explanation for substandard care of patients
with pain, they do not constitute an excuse. Entering a
profession entails the acceptance of a responsibility to
engage in lifelong learning and the continuing develop-
ment and refinement of the knowledge and skills essential
to the competent practice of that profession. The law can
and will hold people responsible not only for applying
their knowledge and skills in a prudent manner, but also
for a failure to possess the knowledge and skills necessary
to adequately engage in their profession or calling.

Fear of regulatory scrutiny of opioid-
prescribing practices

There is an ongoing debate between the regulators and
the regulated about the extent to which the regulations,
and/or the manner of their enforcement, do or should
have a chilling effect upon the quality of pain relief
provided by healthcare professionals. Physicians in the
United States recount horrific tales of armed Drug
Enforcement Administration (DEA) agents descending
upon physicians’ offices in response to a report, often by a
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local pharmacist, of excessive prescribing practices.40

Similarly, state medical licensing boards have been known
to harshly discipline physicians for deviating from the
customary practice of underprescribing opioid analgesics,
or for prescribing them at all in the care of patients
with chronic, nonmalignant pain. Later in this section, we
will consider one such case in detail because it illustrates
both the attitudes of many licensing board members
and the reason why physician fears of regulatory scrutiny
and disciplinary action have some foundation in fact.

The DEA is the federal agency primarily responsible
for enforcement of the Controlled Substances Act (CSA).
It was this legislation, passed by Congress in 1970, that
established the five schedules of controlled substances.
Schedule II drugs include morphine and other strong
opioid analgesics such as fentanyl and oxycodone. The
legislative history of the CSA makes it abundantly clear
that its purpose was to deter and punish the diversion of
controlled substances from legitimate medical purposes
and narcotics trafficking, and not to insinuate the federal
government or its law enforcement agencies into the
legitimate prescribing practices of physicians. In response
to charges that the DEA has attempted to become the
arbiter of what constitutes the legitimate prescribing of
controlled substances, and in doing so intimidating
physicians into withholding controlled substances from
patients who need them, the DEA notes that its Physi-
cians’ manual explicitly acknowledges that opioid
analgesics can and should be considered one of the pri-
mary means of controlling many types of moderate to
severe pain, including chronic nonmalignant pain. Such
an official pronouncement, the DEA insists, should
provide physicians with all of the reassurance they can
legitimately demand that the DEA does not stand
between them and proper treatment of their patients’
pain problems.

Despite the pervasive view among healthcare profes-
sionals in the United States that the policies and practices
of the DEA have had a chilling effect on the willingness
of professionals to prescribe opioid analgesics for their
patients even when clinically indicated, the DEA remains
in denial, going so far as to post on its website in October
of 2003 a press release entitled ‘‘The Myth of the Chilling
Effect.’’ The thrust of the statement was that ‘‘doctors
operating within the bounds of accepted medical practice
have nothing to fear from the DEA.’’41 The purported
justification for the ‘‘have no fear’’ message was that only
a small percentage (less than 0.10) of all physicians
registered by the DEA were investigated or prosecuted in
2003. What the DEA, and other governmental agencies
with jurisdiction over prescription drugs fail to recognize
is that ‘‘perception is reality,’’ for healthcare professionals,
as well as the lay public.

A recently published report on the use of opioids in
Europe for the management of chronic pain notes, ‘‘In
every country in Europe prescriptions for strong opioids
must be filled in differently from those for other

medicines.’’38 In quite a few countries, including France,
Germany, Italy, Spain, and many in Scandinavia, separate
prescription forms must be used for strong opioids.
Triplicate forms, an experiment that was undertaken by a
number of states in the United States but subsequently
abandoned, are required in Austria, Germany, Portugal,
Italy, and Switzerland. Studies conducted in the United
States revealed that immediately following the adoption
of triplicate prescription form requirements for particular
types of narcotics, the number of those drugs prescribed
in subsequent years decreased substantially. Furthermore,
there was an increase in the prescribing of less effective
medications that did not require the triplicate form.42

Such data strongly support the proposition that some
narcotic diversion control measures do influence physi-
cian-prescribing practices in ways that have a negative
impact on patient care. Below under The pursuit of
balance in drug control law and public policy, we will
consider ongoing efforts in the United States, Europe,
and elsewhere to modify law and policy so as to provide
some measure of balance between the goals of reducing
drug diversion and addiction on the one hand, while
promoting effective pain and symptom management on
the other.

A number of state medical licensing boards, sometimes
but not always through the prodding of state legislative
initiatives, have begun to issue guidelines or policies with
regard to the use of opioid analgesics for the management
of chronic pain, especially chronic nonmalignant pain.
Rarely do such boards acknowledge that their prior
practices in any way justified the undertreatment of
pain. Nevertheless, they offer these guidelines as further
assurances to physicians that they certainly can no longer
point to medical board policies and practices as justifi-
cation for undertreating pain.43

In the United States, the Federation of State Medical
Licensing Boards adopted ‘‘Model Guidelines for the
Use of Controlled Substances for the Treatment of Pain’’
in 1998. The introduction to these model guidelines
declared that pain management should be a priority in
patient care, and strongly encouraged each state medical
licensing board to adopt similar guidelines. Such guide-
lines accomplish several important goals. First, they make
an important public policy statement that licensing
boards expect physicians to provide effective pain relief to
their patients. Second, they provide general guidelines for
the physician to follow in order to document, among
other things, that the opioid analgesics prescribed for
a particular patient are medically indicated, properly
monitored, and demonstrably improve the patient’s level
of function and/or quality of life. Third, they often
incorporate by specific reference the significantly more
comprehensive clinical practice guidelines for acute and
cancer pain management of the Agency for Health Care
Policy and Research. In 2004, the federation issued an
expanded document, in the process recharacterizing it as
a ‘‘‘Model policy’ to better reflect the practical use of the
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document.’’ From the perspective of pain patients, the
document is significantly strengthened by the provision
indicating that ‘‘inappropriate treatment of pain includes
nontreatment, undertreatment, overtreatment, and con-
tinued use of ineffective treatments.’’44 The precise legal
status of such a policy, even when formally adopted by a
particular jurisdiction, remains uncertain, particularly
with the disclaimer that the policy ‘‘is not intended
to establish clinical practice guidelines.’’ However, it will
become increasingly difficult for physicians who depart
frequently and materially from the best practices de-
lineated by such policies to justify their approach, espe-
cially when the outcome is the unnecessary pain and
suffering of their patients. We will consider court cases
that may shed further light on the legal implications
of substandard pain management practice below under
Pain and the courts.

Another question that at this time has not been defi-
nitively answered is whether such guidelines will actually
be utilized by state medical licensing boards to discipline
physicians who deviate from such statements of accepted
practice by underprescribing opioid analgesics for their
patients with pain. In 1998, the California Medical Board
declined to take any disciplinary action against a physi-
cian who it found to have provided inadequate pain
management to a patient dying of cancer. In 2001, a jury
awarded a sizeable judgment to the family of that patient
in a lawsuit charging the attending physician with elder
abuse.45 This is one of two cases we will consider below
under Pain and the courts. In 1999, the Oregon Board of
Medical Examiners became the first to actually take dis-
ciplinary action against a physician for undertreating
the pain of his patients.46

Those who support the Oregon Board do so, at least in
part, on the grounds that such actions are the only way to
send a clear message to practicing physicians, and indir-
ectly to their patients, that both overprescribing and
underprescribing of opioid analgesics constitute unpro-
fessional practice for which there will be genuine
accountability. In 2003, the Medical Board of California
undertook two measures that strongly suggested a new
approach to the subject of pain management. First, it
issued updated guidelines on pain management, further
emphasizing the significance of pain relief in sound
patient care. Second, it initiated disciplinary action
against a physician for alleged inadequacies in knowledge
related to his treatment of a nursing home patient who
was dying of mesothelioma. In a stipulated decision the
following year, the physician in question agreed to
remedial and punitive measures imposed by the Board.47

In all other jurisdictions at the present time, the message
implicit in licensing board conduct is that, while pro-
viding appropriate pain relief is commendable, drug
diversion and ‘‘overprescribing’’ will actually place the
physician at risk of disciplinary action.

Recent studies reveal that many members of state
licensing boards in the USA are ill-equipped by training

or experience to evaluate the quality of pain management
provided by their licensees.39 Furthermore, some recent
disciplinary actions against physicians who used opioid
analgesics for patients with severe, chronic nonmalignant
pain suggest that medical boards do not even recognize
a need to compensate for their lack of expertise by
relying on specialists in the field. A case in point is a
disciplinary action by the Florida Medical Licensing
Board that was reversed by an appellate court.48 Katherine
Hoover, a board-certified internal medicine physician,
was charged with ‘‘inappropriately and excessively’’
prescribing Schedule II narcotics to seven chronic
pain patients. The agency’s case against Dr Hoover
consisted of the testimony of two physicians whom it
recognized as experts. Neither of the agency’s witnesses
had examined any portion of the medical records of
any of the seven patients in question. Furthermore,
neither of the agency’s witnesses specialized in the
care of patients with chronic pain. In fact, both testified
that they referred all such patients to pain manage-
ment clinics. The sole basis for the opinions which
they offered with regard to the appropriateness of
Dr Hoover’s care of the seven patients was a review of
the computer printouts from the pharmacies which had
filled the prescriptions written by Dr Hoover. On that
basis alone, they opined, and the agency ultimately
determined, that Dr Hoover had prescribed amounts
of opioid analgesics that were ‘‘excessive, perhaps lethal.’’
It did not seem to influence the agency’s assessment of
this testimony that none of these seven patients had
suffered any adverse effects from these so-called ‘‘lethal
doses’’ prescribed by Dr Hoover. In deciding to discipline
Dr Hoover for her prescribing practices, the board
disregarded the findings and conclusions of the
hearing officer, who had determined that the evidence
submitted by Dr Hoover’s experts persuasively demon-
strated that her care of the patients under consideration
was appropriate.

Dr Hoover appealed the adverse ruling by the Board of
Medicine to an appellate court, which held that the
board’s actions in disregarding the recommendations of
the hearing officer were not supported by clear and
convincing evidence. Still more disconcerting, however,
was the appellate court’s references in its written opinion
to previous cases in which the board had disregarded the
findings and conclusions of hearing officers as to the
weight of the evidence, and forged ahead with disciplinary
action against the physician for ‘‘overprescribing’’ Sche-
dule II narcotics. In each of those cases, an appellate court
of the State of Florida had chastised the board for taking
disciplinary action against a physician on the basis of
sparse and inadequate evidence.

What is particularly revealing about the board’s mis-
sionary zeal in policing the prescribing practices of phy-
sicians who treat patients with chronic pain, which
the court in Hoover described as ‘‘draconian,’’ is that
they continued unabated despite the fact that the Florida
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legislature had recently enacted an intractable pain statute
specifically intended to encourage physicians to provide
state-of-the-art care for such patients. Because the statute
was not technically applicable to the Hoover case owing
to the chronology of events, the board completely dis-
regarded its policy implications. Such intransigence in the
face of a clear public policy mandate does not serve to
reassure clinicians that state medical licensing boards have
embarked upon a new and more enlightened view of
the role of opioid analgesics in the care of patients with
chronic pain.

One might be tempted to conclude that the philosophy
underlying the regulatory strategies of medical licensing
boards appears to be that patients who require large,
sustained doses of Schedule II narcotics to manage
their pain are better off enduring the pain than relying
on opioid analgesics for relief. However, as the approach
of the board in the Hoover case demonstrates, the welfare
of the patients was not really a genuine concern of the
board. If it had been, some attention might have been
paid to the patient records, and to patient testimony
about the actual outcomes of Dr Hoover’s treatment of
their chronic pain, rather than exclusively focusing on
pharmacy computer printouts. What we find, instead, is
an unreflective, essentially reactionary approach to pre-
scribing practices that are tailored to the needs of the
patient rather than to some antiquated and scientifically
unsubstantiated set of algorithms that has heretofore
defined ‘‘good medical practice’’ with regard to the
prescribing of opioid analgesics. Consequently, from an
ethical perspective, licensing boards cannot justify their
policies by reference to the ancient medical aphorism
primum non nocere.

There are additional ethical considerations related
to this particular barrier to effective pain management.
The typical medical board, after all, is not composed
of government bureaucrats or the lay public, but rather
of practicing physicians. Presumably, they reflect the
knowledge, attitudes, and beliefs of their profession.
Indeed, one of the perennial concerns about and critiques
of such boards is that they are simply a means by which
the profession looks out for itself and perpetuates its
own values and agenda. Regardless of whether and to
what extent that may be true, it is nonetheless the
case that organized medicine has yet to initiate any
concerted effort to persuade all professional licensing
boards to embrace a more scientifically based and
patient-friendly approach to their oversight of phys-
ician prescribing practices. Instead, the typical physician
has allowed opiophobic attitudes of medical licensing
boards to establish and maintain a standard, and indeed
an ethic of underprescribing. So long as such a standard
and ethic prevail, exceptional physicians like Katherine
Hoover, who have the moral courage to take on their
board when necessary to the welfare of their patients,
must become martyrs to the cause of pain relief for
their patients.

The failure of healthcare institutions to hold
clinicians accountable for pain relief

Traditionally, healthcare institutions have been domi-
nated by their organized medical staff, at least with regard
to determinations of what constitutes appropriate
patient care. It logically follows that if effective pain
management is not a priority of the medical staff,
neither will it be an institutional priority of the hospital,
long-term care facility, or clinic. The notable exception
that proves the general rule is hospice. Since the defining
role and mission of hospice is to provide palliative
care to dying patients, only physicians who share that
priority tend to associate themselves with it. However,
even hospices and their physicians sometimes fail to
make the relief of a patient’s pain the cardinal principle
of care.49

Decades ago, a seminal study of the institutional
response (or lack thereof) of hospitals and their medical
and nursing staffs framed the issue as the ‘‘politics of pain
management.’’50 The modern hospital is preeminently an
acute care facility, typically consisting of an emergency
room, diagnostic facilities, surgical suites, one or more
intensive care units, and other units where generally
short-term therapeutic measures are undertaken. Pain
in such settings, as previously noted, is viewed as an
important diagnostic tool, a symptom of some more
serious underlying condition that must be diagnosed and
hopefully cured. Eliminating or significantly mitigating
the pain would be (or so it has been assumed) counter-
productive to the diagnostic and therapeutic agenda.
Similarly, patients who have recently undergone a pro-
cedure are monitored closely for complications, one
indication of which is pain. Patients who are receiving
optimal pain control will be at risk of unnoticed
problems. Finally, many of the interventions that are
indicated in the pursuit of diagnosis or cure themselves
cause pain, only some of which may be alleviated without
in some manner compromising its ultimate success.

Anecdotal evidence abounds, and has found its way
into plays, motion pictures, and television, of patients
and families who are subjected to considerable distress
(physical and emotional) by healthcare professionals
who scrupulously titrate pain medications and rigidly
adhere to dosages and administration schedules. Com-
plaints of severe pain are met with the staff response
that another administration of the prescribed form of
pain relief is not due yet, and the patient is then
admonished not to complain because everything that can
be done has been done. Particularly influential in the care
of hospitalized patients are anticipated pain trajectories.
When a patient demonstrates an unexpected pain tra-
jectory, particularly one where the pain persists beyond
the paradigm or is reported to be more severe
than that which is usually reported, the staff may not be
organizationally or emotionally equipped to respond
appropriately.50 A not uncommon response of the staff in
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such situations is to question the accuracy of the patient’s
complaints of pain, or to dismiss the patient as histrionic
or attention-seeking. If the complaints persist, and
focus on the need for more pain medication, the patient is
at risk for being labelled a drug-seeker or even an addict.
Such labelling constitutes the ultimate means of dis-
crediting the patient’s complaints, which at bottom
constitute a charge that the staff has failed in one
of its fundamental responsibilities – to relieve patient
suffering.

The study to which we have been referring con-
cludes that ‘‘staff is not really accountable y for the
actions it takes in regard to the patient in pain.’’ Fur-
thermore, the prognosis for any demonstrable improve-
ment was grim:50

Genuine accountability concerning pain work could
only be instituted if the major authorities on given
wards or clinics understood the importance of that
accountability and its implications for patient care.
They would then need to convert that understanding
into a commitment that would bring about necessary
changes in written and verbal communication sys-
tems. This kind of understanding and commitment
can probably come about only after considerable
nationwide discussion, such as now is taking place
about terminal care, but that kind of discussion
seems to lie far in the future.

Ironically, phase II of the SUPPORT study undertook
precisely such an intervention designed to improve
written and verbal communication on wards or clinics
with the aim of improving the care of seriously ill
patients. The intervention was a notorious failure, and the
failure was attributed in significant part to the prevailing
culture of medicine, which is driven by the therapeutic
rather than the palliative model of care.

Realistically, boards that regulate healthcare profes-
sionals cannot be a patient’s first line of defense against
substandard medical care. Neither can medical mal-
practice litigation serve this function. That role and
responsibility falls upon the institutions and organiza-
tions in which patient care is most commonly provided:
the hospital and its clinics, ambulatory care centers, and
long-term care facilities. Their tolerance of healthcare
professionals who are unable or unwilling to provide
appropriate pain relief to patients is an abrogation
of their social and moral responsibility. For example,
several of the patients whose inappropriate pain man-
agement served as the basis of the Oregon Board of
Medical Examiner’s ground-breaking disciplinary action
against Dr Paul Bilder were receiving their treatment at
the same institution. Yet there is no indication that any
of the standing committees of the hospital responsible
for the monitoring of the quality of patient care,
e.g. quality assurance or medical staff credentials, had
undertaken any measures to protect future patients from

similar instances of unnecessary suffering. Hence, a
period of five years and a total of six patients had
to accrue before the medical board was in a position to
initiate corrective action.

Within the last few years, a more concerted effort has
been initiated by some leaders in the field, particularly
nurses, to institutionalize good pain management and to
institute mechanisms for holding the staff accountable for
providing it.51 However, what holds the greatest promise
for actually bringing about systematic changes in the way
in which pain is managed in most healthcare institutions
are the new standards that have been promulgated and
implemented by the Joint Commission for the Accred-
itation of Health Care Organizations (JCAHO).52 In
order to comply with these standards, institutions must
do the following:53

� recognize the right of patients to appropriate
assessment and management of their pain;

� identify patients with pain in an initial screening
assessment;

� when pain is identified, perform a more
comprehensive pain assessment;

� record the results of the assessment in a way that
facilitates regular reassessment and follow up;

� educate relevant providers in pain assessment and
management;

� determine and assure staff competency in pain
assessment and management;

� address pain assessment and management in the
orientation of all new staff;

� establish policies and procedures that support
appropriate prescription or ordering of effective pain
medications;

� ensure that pain does not interfere with participation
in rehabilitation;

� educate patients and their families about the
importance of effective pain management;

� address patient needs for symptom management in
the discharge planning process;

� collect data to monitor the appropriateness and
effectiveness of pain management.

The expedited introduction of these standards into the
JCAHO institutional survey process is a strong indication
of the perceived need to bring healthcare organizations
promptly into compliance. Because of the importance
that is attached to the JCAHO survey process, these
standards create a realistic expectation that we may be in
the process of moving from mere rhetoric to genuine
reform of pain management practises in the United
States. A final important note about the JCAHO stan-
dards is that they do not undertake to emphasize dis-
tinctions among acute, cancer, and chronic nonmalignant
pain. Accredited institutions, through their professional
staffs, are to be held accountable for appropriate man-
agement of all types of pain.
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PAIN AND THE COURTS

A discussion of pain in society, at least one that deals in
part with the situation in the United States, would not
be complete without a review of important legal cases.
That is because the United States, particularly in the last
50 years, has been characterized as the most litigious
society in history.54 While there are also those who argue
that the data do not support such a sweeping statement,
there is little doubt that healthcare professionals fear not
only that regulatory scrutiny of their prescribing practices
may lead not only to disciplinary actions by adminis-
trative agencies, but also to civil or even criminal actions.
In the last 15 years a number of high profile cases have
confirmed the role of law in explicating societal norms
and professional standards in pain management. While a
disproportionate number of the civil actions have related
to the care of dying patients, recent criminal prosecutions,
particularly by the federal government, have focused on
physicians with a substantial number of chronic pain
patients.

We begin with the 1997 Supreme Court decisions in
Washington v. Glucksberg55 and Vacco v. Quill.56 These two
cases challenged the constitutionality of statutes prohi-
biting physician-assisted suicide in Washington and
New York, respectively. The justices ruled 9–0 that there is
no constitutional right to physician-assisted suicide, even
when such a right is narrowly circumscribed to include
only competent patients with a terminal condition who
are in great pain and repeatedly request such assistance.
However, five of the nine justices wrote or joined
in concurring opinions that have been interpreted as
recognizing that such patients may well have a constitu-
tional right to effective pain relief, such that any law
creating an undue burden on access to such care would be
unconstitutional.57 Because the issue of pain management
for such patients was arguably tangential to the issue
before the court for decision, the fact that these justices
were moved to write these opinions is a strong indication
of the seriousness they attach to the provision of appro-
priate relief to patients with severe, persistent pain.

In 1991, and again in 2001, juries rendered large
damage awards to the families of elderly patients whose
pain associated with a terminal illness was undertreated.
What distinguishes these cases – the first was in rural,
northeastern North Carolina and was brought against a
nurse and the nursing home that employed her; the
second was in the Bay Area of northern California and
was brought against a physician and an acute care hospital
– is less significant than what they have in common. Both
cases involved the failure or refusal to provide appropriate
doses of opioid analgesics, such as morphine to control
the pain associated with terminal cancer. The defendants
in both cases denied that the care provided was below that
which is usually or customarily provided to such patients,
and both challenged the plaintiffs’ contention that the
patient suffered severely and unnecessarily. At both trials,

expert witnesses for the plaintiffs testified that the
patient’s suffering was unnecessary and was proximately
caused by the defendant’s failure to meet a recognized
standard of care for the management of pain for patients
in the terminal phase of an illness in which significant
pain should be anticipated and promptly and effectively
addressed.

In the first case, Estate of Henry James v. Hillhaven
Corp.,58 the jury awarded the plaintiff $7.5 million in
compensatory damages and $7.5 million in punitive
damages. The case was never reviewed by an appellate
court because the parties settled for an undisclosed
amount following the trial. In the second case, Bergman v.
Wing Chin, MD, and Eden Medical Center,59 the jury
found that the defendant Chin’s care constituted elder
abuse and awarded $1.5 million in compensatory dama-
ges to the patient’s family. Eden Medical Center settled
with the patient’s family prior to trial. In neither case had
state authorities taken any disciplinary action against the
institutions or individuals involved.

These jury verdicts provide compelling evidence of an
observation by Eric Cassell many years ago: ‘‘The relief of
suffering, it would appear, is considered one of the pri-
mary ends of medicine by patients and lay persons, but
not by the medical profession.’’60 As we reflect upon pain
and society, and particularly its ethical and legal dimen-
sions, we must be concerned about this continuing and
significant disparity between lay and professional opinion
about the duty of healthcare professionals to relieve suf-
fering and the seriousness that should be attached to a
failure to fulfill that duty. Juries are, in a sense, the con-
science of the community, and when they award millions
of dollars in damages for the failure to properly manage
pain, they are sending a clear message to the health
professions that a custom and practice of undertreating
pain is unacceptable and will not be tolerated.

A civil action, filed in the state of California in 2002
and settled the following year, suggests that important
changes in perceptions and attitudes about the sig-
nificance of undertreated pain have taken place in a
relatively short period of time. The case challenged the
quality of palliative care provided to Lester Tomlinson, an
elderly man diagnosed with advanced mesothelioma. First
in an acute care hospital, and subsequently in a skilled
nursing facility (SNF), his family alleged that he received
woefully inadequate relief for his pain in what proved to
be the last month of his life. Following his death, a
complaint was filed with the Medical Board of California
against the physician responsible for Mr Tomlinson’s care
at the SNF and with the state agency responsible for
oversight of long-term care facilities. Separately, an elder
abuse civil suit was filed against the acute care hospital,
the SNF, and several physicians alleging grossly negligent
(reckless) or complete failure to manage Mr Tomlinson’s
pain in both facilities.61 This claim was settled as to all
defendants prior to the scheduled trial date in April 2003.
The Medical Board pursued disciplinary action against
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the nursing home physician, and a settlement agreement
involving a public reprimand, 40 hours of continuing
medical education, and reassessment was entered into
later that year. The SNF was cited by the regulatory
agency for multiple deficiencies related to Mr Tomlinson’s
pain and symptom management, and numerous correc-
tive actions were required.62 Clearly, the defendants
and their attorneys, as well as the regulatory agencies,
took a much more serious view of the implications
of undertreated pain than their counterparts had in the
Bergman case only a few years earlier.

In the last several years, the DEA and the US
Department of Justice have vigorously pursued criminal
prosecutions against a small number of physicians whose
practices primarily involved chronic pain patients. We
will consider one in particular, which resulted in a
conviction and long prison sentence for the defendant
physician. William Hurwitz, MD, treated a large number
of chronic pain patients in his northern Virginia medical
practice. Some came from long distances because they
could not receive the relief they needed in their own
communities. Dr Hurwitz had actually been the subject of
prior disciplinary measures by the Virginia Medical
Board, and at all times pertinent to the federal prosecu-
tion he was monitored by the state entity.

Dr Hurwitz was convicted by a federal district court
jury of 50 counts of distributing and conspiring to dis-
tribute controlled substances, for which he was sentenced
to 25 years in prison. The thrust of the prosecution’s case
was that the doses of narcotics that Dr Hurwitz prescribed
to his chronic pain patients were so excessively high that
they were ‘‘outside the bounds of medical practice.’’ Once
categorized in this way, Dr Hurwitz was (in the words of
the DEA administrator) ‘‘no different from a cocaine or
heroin dealer peddling poison on the street.’’63 One of the
key arguments on the appeal of Dr Hurwitz’s conviction
was that in violation of the precedent established by the
US Supreme Court in other criminal prosecutions under
the Controlled Substances Act, the trial judge precluded
the jury from considering evidence that the prescriptions
in question were written in a good faith effort to care
for these patients, and not for the purpose of drug
trafficking.64 Other factors used by the prosecution in
the Hurwitz case in pursuit of a conviction were that
some of his patients were known by him to be addicted,
and others sold the drugs they obtained from him.
Dr Hurwitz argued on appeal that neither of these factors
necessarily makes his prescribing criminal, since those
addicted to drugs are still entitled to pain relief, and
unless a physician knew, or in the reasonable exercise of
professional judgment should have known, that a patient
was selling prescriptions, the physician cannot be held
criminally responsible for the patient’s conduct.

A number of prominent experts in the field of pain
medicine, as well as the American Academy of Pain
Medicine, submitted amicus curiae (friend of the court)
briefs to the appellate court in support of Dr Hurwitz.

The briefs do not constitute a blanket endorsement of
his chronic pain management practices, but rather argue
that at worst he may have in some instances departed
from the prevailing standard of care. Departing from the
standard of care does not remove a physician’s conduct
from ‘‘the bounds of medical practice’’ and hence make
it subject to criminal prosecution. The reason is that the
federal Controlled Substances Act has consistently been
interpreted so as to insulate from liability clinicians who
prescribe controlled substances for ‘‘a legitimate medical
purpose in the usual course of professional practice.’’65

The critical issue becomes that of good faith. As the very
court reviewing the Hurwitz appeal stated in a previous
criminal prosecution of a physician under the Controlled
Substances Act, ‘‘[If] [a] doctor dispenses a drug in good
faith in medically treating a patient, then the doctor
has dispensed the drug for a legitimate medical purpose
in the usual course of medical practice.’’66 The trial court
refused to provide a jury instruction on the issue of good
faith and provided no guidance on how to define ‘‘the
bounds of medical practice.’’67

In August 2006, the Fourth Circuit Court of Appeals
overturned the conviction of Dr Hurwitz on the grounds
that the trial court had committed reversible error in its
refusal to instruct the jury that it could consider the
defense of good faith to the charges of drug trafficking.
The court went on to explain that the good faith standard
to be applied at any subsequent retrial of the case would
be an objective rather than a subjective one. In other
words, the critical question for the jury is whether
a reasonable physician in the same or similar circum-
stances would have a good faith basis for believing she
was acting consistent with the generally recognized and
accepted standard of medical practice?68

The pursuit of balance in drug control law and
public policy

Beginning just before the year 2000, a major public policy
initiative focused on pain relief and drug control law
began. The central or governing principle of the initiative
was ‘‘balance,’’ which was characterized as ‘‘the dual
imperative of governments to establish a system of
controls to prevent abuse, trafficking, and diversion of
narcotic drugs while, at the same time, ensuring their
medical availability.’’69 Inherent in the initiative appeared
to be a genuine concern that there was currently, and had
been for some time, an imbalance produced by a dis-
proportionate emphasis on preventing or punishing drug
diversion and a lack of emphasis on access to opioids for
pain relief. The evaluation guide was intended to provide
a tool with which to measure the level of imbalance in a
jurisdiction’s laws and policies. It identified eight criteria
for provisions that may tend to enhance pain manage-
ment, e.g. prescription amount alone is recognized as
insufficient to determine the legitimacy of prescribing,
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and nine criteria for provisions that may tend to impede
pain management, e.g. medical use of opioids is implied
to be outside legitimate professional practice. In the
United States, the University of Wisconsin Pain and Policy
Studies Group conducted evaluations of the states in
2000 and 2003 and grades were assigned on a scale of A–F.
In neither year did any state receive either an ‘‘A’’ or an
‘‘F,’’ with ‘‘C’’ being average.70 In the three years between
the two evaluations, 14 states improved their grades, 36
remained the same, and one (Ohio) had a negative
change.

During the same period, the Pain and Policy Studies
Group collaborated with the WHO to prepare a similar
guide that was international in scope.71 The stated pur-
pose of this document was to enable governments ‘‘to
determine whether their national drug control policies
have established the legal and administrative framework
to ensure the medical availability of opioid analgesics,
according to international treaties and the recommenda-
tions of the International Narcotics Control Board
(INCB) and the World Health Organization (WHO).’’
The INCB had implicitly endorsed the principle of
balance in public policy in an earlier report when it sta-
ted: ‘‘yan efficient national drug control regime must
involve not only a programme to prevent illicit trafficking
and diversion, but also a programme to ensure the
adequate availability of narcotic drugs for medical and
scientific purposes.’’72 The INCB officially endorsed the
WHO guidelines for policy assessment in 2001, and in
2005 reiterated its request that individual nations exam-
ine the extent to which their laws and regulations allow
the medical use of opioids and develop plans for
addressing problems revealed by such an examination.73

Rumania has become the first country to initiate a
government-sponsored program to conduct a compre-
hensive assessment of drug control policy to address
regulatory barriers and improve access to opioids by
collaborating with the Pain and Policy Studies Group on
recommendations for changing the country’s regulatory
policies for opioids.74 However, perhaps prompted to
some extent by the WHO report and previous statements
by the INCB, Italy eliminated a complex triplicate pre-
scription form for opioids. The question that remains
open, even when governmental policies are made more
conducive to good pain management, is the extent to
which clinicians will change their traditionally ultra-
conservative approach to opioid analgesics, which has
been shaped for so long by the history of unbalanced
policies focused on drug diversion.

CONCLUSIONS

Opiophobia and an ethic of undertreating pain are
aspects of clinical practice that are international in
scope and negatively impact all patients with pain. While
physicians who regularly care for such patients continue

to be at risk of close, even chilling regulatory scrutiny,
and in rare cases even criminal prosecution, they now
have available an unprecedented number of nationally
and internationally recognized policy statements, guide-
lines, texts, and scientific journal articles supporting in
the strongest of terms the prompt, effective, and diligent
approach to pain management, with opioid analgesics as
the often indispensable weapon against severe chronic
pain. Clinically appropriate utilization of state-of-the-art
pain management techniques, careful monitoring of
patients, and scrupulous and thorough documentation
should in most instances insure that healthcare profes-
sionals will not be at an unreasonable risk of adverse
action when they provide their patients with the kind
of sensitive, skillful, and compassionate care that they
have a right to expect and that is consistent with the most
ancient goal and core values of medicine – the relief of
suffering.
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KEY LEARNING POINTS

� Chronic pain, impairment, and disability, rather than

being actual entities, are constructs that can only be

inferred in order to account for some form of behavior

or phenomenon of interest.
� There is often a discordance or low degree of

correlation among levels of chronic pain, impairment,

and disability.
� What makes the operational definition and use of these

three constructs difficult is that there are three broad

categories of measures that can be used to

operationally define them – physical, psychosocial, and

overt behavior/function – that are, in turn, not always

correlated highly with one another. The scientific

literature is replete with many different measurement

techniques and tests of these three constructs.

However, the literature is beginning to demonstrate

which specific measures appear to be the most reliable

and valid.

� Pain is now considered as the fifth vital sign (added to

pulse, blood pressure, core temperature, and

respiration). The biopsychosocial perspective is currently

recognized as the most comprehensive and heuristic

approach to the assessment and treatment of this

experiential state.
� Impairment has been traditionally a medical term,

defined as a significant loss, or loss of use, of a body

structure or function in an individual with a health

condition, disorder, or disease, which can be objectively

measured. Because chronic pain has a major subjective

component to it, it has created a major problem in the

area of objective impairment evaluation.
� Disability is more an administrative term that refers to

a diminished capacity or inability to perform certain

activities of daily living as a result of loss of function

due to impairment.

OVERVIEW

It is now recognized that the most comprehensive
and heuristic approach to the evaluation/management of
medical conditions, especially those involving pain, is the
biopsychosocial perspective.1, 2, 3 This biopsychosocial
model focuses on the complex interaction among bio-
logical, psychological, and medicolegal variables that

patients encounter when dealing with a persisting, dis-
tressing medical condition. Such an interaction may
perpetuate, and even worsen, the clinical presentation. It
also accounts for the likelihood that patients’ lives are
adversely affected in a variety of ways by their medical
condition, thus requiring a more comprehensive assess-
ment and treatment approach designed to address
all aspects of required care, both biological as well as



psychosocial. This approach is in striking contrast with
the outdated, overly simplistic biomedical reductionist
approach which erroneously assumed that most medical
disorders could be broken down into distinct, indepen-
dent physical and psychosocial components. Indeed,
one study highlighted how individuals differed sig-
nificantly in the frequency they report physical symp-
toms, and their tendency to visit physicians when
experiencing identical symptoms, and in their responses
to the same treatment.4 Often, the nature of a patient’s
response to treatment has little to do with his or her
objective physical condition.

Another important aspect of the biopsychosocial
model that deserves independent mention is in the area
of compensation injuries (e.g. workers’ compensation,
short-/long-term disability, personal injury litigation,
etc.). It has long been known that objective societal out-
comes, such as return to work, future healthcare utiliza-
tion, and recurrent injury rates, are considerably lower
than in the general population for similar injuries, inde-
pendent of the severity of injury or treatment.1 For
example, a large meta-analysis demonstrated return-to-
work rates for spinal fusion surgery to be as low as 16
percent in workers’ compensation populations.5 It has
become clear that financial secondary gain is closely
related to patient behaviors when compensation is being
provided for illness. Compensated illness is a frequent
finding in almost all industrialized countries.

The above is simply a preamble to our subsequent
discussion of the complexities involved in the evaluation
of pain, impairment, and disability. In an earlier review of
such complexities, Robinson et al.6 began their discourse
with a quotation concerning back injuries (made almost
100 years ago) about how such assessment is rife with
problems:

Back injuries have a bad reputation. The workman
looks upon them with apprehension, the insurance
company with doubt, the medical examiner with
suspicion, the lawyer with uncertainty y The
medical examiner is faced with the difficulty of
estimating the true value of the subjective symptoms
in the comparative absence of physical signs. His
suspicion is born of the frequent disparity between
these two.

McKendrick, 1916: p. v.7

Robinson and colleagues6 then went on to discuss
how they confronted this complex problem as con-
tributors to the American Medical Association’s Guides to
the evaluation of permanent disability, 5th edn.8

With the above in mind, it should also be noted
that, when discussing constructs such as chronic pain,
impairment, and disability, rather than being actual
entities, these are constructs that can only be inferred
in order to account for some form of behavior or

phenomenon of interest. For example, chronic pain is
usually viewed as a mediator (i.e. an unobservable infer-
red construct) which is hypothesized to account for cer-
tain observable behaviors such as differences in activities
of daily living or work ability among individuals. Of
course, if one uses a construct to explain some form of
behavior or phenomenon, it is essential that one develop
a precise operational definition and employ objective
referents as measures of the construct. As will be discussed
in this chapter, this is no easy task.

As previously highlighted by Gatchel,1 it is extremely
important to be aware of the important distinctions
among the constructs of pain, impairment, and disability.
This is due to the fact that there is often a discordance or
low degree of correlation among levels of chronic pain,
impairment, and disability. For example, in an early
influential report by Waddell,9 the problem of dis-
cordance in the evaluation of chronic low back pain was
noted (see Figure 9.1). Although correlations were found
among these three constructs, there was not perfect
overlap among these phenomena. Although they are all
logically and clinically related to one another, there is
usually not a 1:1:1 relation among them. Waddell9 found
correlations among them to be in the range of only about
0.6. Also, what makes these imperfect correlations even
more complex is the wide range of individual differences
in such concordance from one individual to the next.10

Healthcare professionals, therefore, need to be aware of
the varying relationships among these constructs during
the evaluation of patients. For example, one patient may
display very little medical impairment that can be
objectively evaluated, although he/she may verbally report
a great amount of pain. Ratings of disability may perhaps
fall somewhere in between the two in terms of severity.
In stark contrast, another patient with a seemingly

Chronic pain

Impairment Disability

Figure 9.1 Diagram demonstrating low concordance among

chronic pain, impairment, and disability.
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comparable injury may report very little pain, but may
display a great deal of impairment and disability.

Obviously, clinicians need to be aware of the opera-
tional definitions of these above three constructs or
phenomena because they are fundamentally different.
Also, it is important to assess all three in specific diag-
nostic situations wherever possible, with the expectation
that there may be complex interactions among them that
may differ from one patient to the next, as well as from
one assessment time period to the next. These three
constructs have been discussed in the medical impairment
and disability evaluation literature.1, 11, 12

Chronic pain (i.e. pain lasting for greater than three
months) is a biopsychosocial concept based primarily on
an experiential or subjective evaluation.13 The construct
of pain is frequently used to infer the presence of
some biopsychosocial mechanisms that prompts patients’
complaints and inhibition of normal functioning and
behavior. The International Association for the Study of
Pain defines pain as ‘‘an unpleasant sensory and emo-
tional experience associated with actual or potential tissue
damage or described in terms of such damage.’’14 As will
be discussed, chronic pain is often difficult to quantify in
a totally objective and reliable manner. Impairment is a
medical term which is used to refer to an alteration of
an individual’s usual health status (i.e. some anatomical
or pathophysiological abnormality) that is evaluated by
medical methods. The evaluation of impairment is con-
ducted to determine some inferred pathophysiology or
anatomical dysfunction that is assumed to have a negative
impact on a patient’s current health status or behavior.
Unfortunately, however, such impairment evaluation
relies upon methods that are often not totally reliable,
and that are often subject to examiner bias. Finally, dis-
ability is more of an administrative term that refers to
a diminished capacity or inability to perform certain
activities of everyday living as a result of loss of function,
due to impairment. Again, though, disability evaluations
are not totally reliable and are also subject to various
examiner and patient response biases.

THE MEASUREMENT OF CHRONIC PAIN,
IMPAIRMENT, AND DISABILITY

In addition to the aforementioned fact that there are often
complex interactions among chronic pain, impairment,
and disability, what makes this issue even more compli-
cated is that there are three broad categories of measures
– physical, psychosocial, and overt behavior/function –
that have all been used to assess patients.1 Again, however,
these three major category measurements (or biopsy-
chosocial referents) often do not display high con-
cordance with one another when measuring a construct
such as chronic pain, or impairment, or disability.
Therefore, this creates a second layer of complexity. For
example, if one uses a self-report measure (e.g. a visual

analog rating scale) as a primary index of a construct such
as pain, and compares it to the overt behavior/function
measure (e.g. total distance walked during a certain
amount of time) of this same pain construct, direct
overlap or perfect correlation cannot be automatically
expected. Moreover, two different self-report indices
(e.g. a visual analog rating scale versus the McGill Pain
Questionnaire) or behavior/function indices (e.g. total
distance walked during a certain time period versus lifting
performance) of this same pain construct may not be as
highly correlated as one would expect. What has plagued
the evaluation arena in general has been the lack of
agreement in the wide variation in measures used to
document constructs, such as chronic pain, impairment,
and disability, as well as changes in these measures. Thus,
the literature is replete with many different measurement
techniques and tests of a construct, such as chronic
pain.10, 15 It is beyond the scope of the present chapter to
review these complexities comprehensively. The scientific
literature, though, is beginning to demonstrate which
specific measures appear to be the most reliable and
valid.1, 15

Chronic pain

Several important organizations in the United States have
now developed new standards for the evaluation of pain.
For example, the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO)16 requires that
healthcare professionals consider pain to be a fifth vital
sign (added to pulse, blood pressure, core temperature,
and respiration) when evaluating patients. As reviewed by
Gatchel and Oordt,2 the JCAHO guidelines require that
pain severity be documented using a pain scale. Moreover,
the following also need to be assessed:

� the patients’ own words describing their pain;
� the location of the pain and its duration, as well as

aggravating or alleviating factors;
� present pain management regimen and its

effectiveness;
� effects of pain;
� patients’ pain goals;
� a physical examination.

As noted by Gatchel,1 it is now recognized that the most
comprehensive and heuristic approach to the assessment
and treatment of chronic pain is the biopsychosocial
perspective. This biopsychosocial model focuses on the
complex interaction among biological, psychological,
and medicolegal variables that patients encounter when
dealing with a persisting, distressing, chronic pain con-
dition. Such an interaction may perpetuate, and even
worsen, the clinical presentation. It accounts for the
likelihood that patients’ lives are adversely affected in a
variety of ways by their chronic pain condition, thus
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requiring a comprehensive assessment and treatment
approach designed to address all aspects of required care,
both biological as well as psychosocial. As noted earlier,
this approach is in stark contrast with the outdated,
overly simplistic biomedical reductionist approach which
mistakenly assumed that most pain disorders could be
broken down into distinct, independent physical and
psychosocial components. There is often an absence of a
documentable association between pain and a patho-
physiologic process in the organ or body part from
which the pain is perceived as emanating.

Each individual will experience a chronic pain condi-
tion uniquely. The complexity of such conditions is
especially evident when it persists over time, as a range of
psychological, social, and economic factors can interact
with physical pathology to modulate a patient’s report of
discomfort and disability associated with the chronic
pain. It is therefore essential to comprehensively evaluate
all these major components for each individual in order
to subsequently tailor a unique treatment program to
account for his or her specific needs.

What are some of the commonly used measures of
chronic pain? A visual analog scale (VAS) has traditionally
been one of the most widely used self-report measures of
pain. For example, the Million VAS (MVAS) is a 15-item
measure designed to assess pain, disability, and physical
functioning, and it is useful primarily for patients with
chronic low back pain disorders.17 It provides a simple,
easy-to-understand format for patients. In a recent
study,18 MVAS scores were used to categorize patients
into one of six groups: no reported pain/disability (score
of 0); mild pain/disability (score of 1–40); moderate pain/
disability (score of 41–70); severe pain/disability (score of
71–100); very severe pain/disability (score of 101–130);
and extreme pain/disability (score of 131–150). Using this
categorical method, it was found that this measurement
was related to several important outcomes, such as
treatment dropout rate and level of depression, as well as
one-year socioeconomic outcomes (such as return-to-
work rate, work retention, post-rehabilitation surgeries,
etc.). Such results indicate that the use of the MVAS
scores as categorical indices is effective in predicting
treatment outcomes in patients with chronically disabling
spinal disorders. Of course, a more general VAS instru-
ment can be used for types of pain other than low
back pain.

In fact, a recent measure developed by Anagnostis
et al.19 evaluates functional status due to pain and dis-
ability – the Pain Disability Questionnaire (PDQ). The
PDQ yields a total functional pain and disability score
ranging from 0 to 150. The focus of the PDQ, much like
other health inventories, is primarily on pain, disability,
and function. Unlike most other measures, though, the
PDQ is also designed for the full array of chronic pain
disorders, rather than purely one type of pain, such as low
back pain. Psychosocial variables, which recent studies
have shown play an integral part in the development and

maintenance of chronic pain and disability, form an
important core of the PDQ. The psychometric properties
of the PDQ are excellent, demonstrating stronger relia-
bility, responsiveness, and validity relative to many other
existing measures of functional status, such as the
Oswestry, the MVAS, and the SF-36 instruments. A factor
analysis of the PDQ revealed two independent factors
that can be evaluated: a functional status component
and a psychosocial component. Analyses demonstrated
each of these two components to be valid in assessing
their theorized constructs.

Of course, one of the most widely used self-report
measures is the Medical Outcomes Study 36-Item Short
Form (SF-36), which was developed for various uses in
clinical practice and research.20 It is a good global index of
patient functioning and measures the functional status of
the whole patient. The SF-36 has eight scales that measure
health concepts: physical function, role limitation because
of physical health problems, bodily pain, social func-
tioning, general mental health, role limitation because of
emotional problems, vitality, and general health percep-
tion. There are also two global summary or component
scales: a physical component summary scale and a mental
component summary scale. Lower scores on the mental
component scale are usually a good index of potential
emotional distress; low scores on the physical component
scale are usually a good index of potential physical
function limitations. The advantages of the SF-36 are that
it is brief (taking approximately 10–20 minutes to com-
plete), and it divides health into distinct physical, social,
and mental components. An even shorter form, the
SF-12, is now available. One shortcoming, though, is that
the actual clinical usefulness of the SF-36 with individual
patients is not well established because of these test’s
psychometric properties. However, it can be used to
monitor overall group changes.

In addition to the above, there are many other
measures of chronic pain that can be used. The reader
is referred to Turk and Melzack10 and Gatchel1 for a
comprehensive review of these various measures.

Many of the above measures used for assessing
chronic pain are often also used to measure degree of self-
reported disability (see below under Disability). Indeed,
for example, the PDQ was developed specifically for
evaluating self-reported pain, as well as disability. Such
questionnaires were designed to assess a patient’s degree
of functional status, disability, as well as pain that would
interfere in activities of daily living. There are also other
self-report measures that evaluate more specific on-
the-job disability limitations and work performance. For
example, the Work Limitations Questionnaire (WLQ)
scale developed by Lerner and colleagues21 assesses lim-
itations in handling work-time demands, work-physical
demands, mental-interpersonal demands at work, and
output demands. The full instrument is 25 items, divided
into four scales. Each WLQ scale score is interpreted as
the percentage of time in the previous two weeks that a
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person was limited in performing a specific class of job
demands. Scores are the means of nonmissing responses
and converted to a range of 0 (no limitations) to
100 (limited all the time). An algorithm is available from
the developer to convert these percentages to projected
economic losses in a cross-sectional study of a general
working population. The psychometric properties of this
instrument are good.

Another instrument developed to measure human
performance indices of disability is the Spinal Function
Sort (SFS), which is a 50-item, paper-and-pencil, self-
report questionnaire that assesses ability to perform
physical tasks.22 This instrument is used to identify
functional consequences of disability and medical inter-
vention. On the SFS, the evaluee ranks ability to perform
50 common physical tasks depicted by drawings and text
captions on a six-point scale. The ‘‘rating of perceived
capacity’’ is an estimate of work capacity in terms of the
United States Department of Labor Physical Demands
Characteristics System for people who have experienced
soft tissue musculoskeletal injury. It is administered as a
stand-alone evaluation or as part of a more comprehen-
sive functional capacity evaluation. Again, the reader is
referred to Turk and Melzack10 and Gatchel1 for fuller
descriptions of a variety of other evaluations such as
these.

Disability

Robinson23 and Gatchel1 provided a comprehensive
overview of the complexities involved in the assessment of
disability of a patient with a painful condition. Such
assessment is usually based on subjective self-report
measures of restrictions of activities of daily living, such
as walking, work, and recreational activities, sleep, sex,
and so on. A fundamental goal of such a disability
evaluation is usually to ascertain whether a patient can
or cannot work. A comprehensive review of such mea-
sures has been presented by Gatchel.24 However, again,
such a determination is quite difficult in evaluating
painful conditions because of the misguided assumption
that impairment can be precisely and objectively mea-
sured and is closely linked to ‘‘mechanical failure’’ of
an organ or body part. Often, chronic pain patients
will report activity restrictions that cannot be fully
understood in terms of a specific ‘‘mechanical failure.’’ As
discussed, there is often a low concordance between
subjective reports of pain and objective data of impair-
ment. Thus, this will introduce vagaries into the disability
evaluation process. One disability evaluator may tend
to ignore the patient’s subjective reports of pain and
disability, and rely more heavily on any objective evidence
of mechanical dysfunction that is available. Another
evaluator may rely more exclusively on the subjective
appraisals and activity restrictions reported by the
patient, regardless of whether they can be objectively

quantified in terms of any measurable mechanical failure
or dysfunction. Another evaluator may attempt to
develop a composite of both the subjective and objective
measures. Unfortunately, as noted by Robinson23 and
Dembe,11 there is currently no totally agreed upon dis-
ability evaluation system that can be used. Thus, disability
agencies across different states will be quite different in
the methods used. It should also be remembered that
across the different states, there is no one workers’ com-
pensation system; each state’s workers’ compensation
is specific for that state. Therefore, disability evaluations
in Texas may be quite different from those in California
or Connecticut. Nevertheless, in terms of a disability
evaluation, physicians are usually required to address the
following areas: assessment and diagnosis, impairment,
ability to work, and a need for further treatment. Again,
Robinson23 has provided examples of the questions that
are usually asked by disability agencies when conducting
such evaluations.

Impairment

The American Medical Association’s Guides to the
evaluation of permanent impairment8 defines impairment
as ‘‘A significant deviation, loss, or loss of use, of
any body structure or body function in an individual
with a health condition, disorder, or disease.’’ As tradi-
tionally viewed, such impairments are considered as
biomedical abnormalities that can be evaluated at the
level of organs or body parts. Also, it has been assumed
that impairments can be assessed on the basis of objective
medical data, and not on the basis of patient self-report.
For example, cardiac impairment can be assessed by the
physician on the basis of ventricular ejection function.
An impairment rating can then be given based on
a ‘‘consensus-derived’’ percentage estimation of loss
(reflecting the severity of impairment for a given health
condition), and the degree of associated limitations
caused by the loss, as reflected by diminution of activities
of daily living.

Unfortunately, the major limitation of such a bio-
medical approach to evaluating impairment in a phe-
nomenon such as chronic pain is the fact that a unique
underlying pathophysiology or nociception directly
linked to pain frequently cannot be unequivocally de-
lineated. Thus, traditionally, there has been the misguided
assumption that impairment can be precisely and objec-
tively measured, and that it is closely linked to some
‘‘mechanical or biomedical failure’’ of an organ or body
part. However, as we have discussed, one of the key
components of constructs, such as pain and impairment,
are their potential subjectivity. The assessment of such
subjective factors will require an examiner to interpret the
communications of pain by the patient, and to then use
such communications to infer the patient’s experiences.
In addition, no matter what the level of accuracy or

Chapter 9 Chronic pain, impairment, and disability ] 119



sophistication of a medical test used in collecting
physiologic measures, it is always the case that human
interpretation ultimately must be used in the under-
standing of the resulting findings. Moreover, as high-
lighted earlier, ratings of impairment are often not highly
correlated with overt behavior/function or physiologic
concomitants of the same chronic pain phenomenon.
Because of such concordance issues, there is still a great
deal of controversy with the Guides to the evaluation of
permanent impairment as to how to provide an impair-
ment rating for chronic pain. These guides strive to base
any impairment rating on objective factors whenever
possible (as in our example of ventricular ejection func-
tion for cardiac impairment). This basic principle is
violated when one needs to include subjective factors,
such as experiential self-report, in attempting to rate the
impairment associated with chronic pain. Indeed, there
are fundamental conceptual problems when pain is
inferred as a cause of impairment, primarily due to the
subjectivity of pain and the need to assess pain-related
impairment at the level of the ‘‘whole person,’’ rather than
at the level of specific organs or body parts. Moreover,
impairment ratings based solely on objective factors are
likely to fail to capture the ‘‘full burden of illness’’ of the
disorder (factors such as emotional distress, fatigue, etc.).
To this day, such a violation is viewed as a fundamental
deviation from the major purpose of the guides. Why the
basic logic of the guides (i.e. objective evaluation) should
be compromised in order to provide an impairment
rating for chronic pain remains a major conundrum in
the field of impairment evaluation within the American
Medical Association.

Nevertheless, in spite of the aforementioned limita-
tions/issues in evaluating impairment, for lack of a better
approach to help partially document impairment, the
functional capacity evaluation (FCE) has been used as a
favorite tool for assessing the extent of a patient’s
impairment. The FCE is composed of a series of test
methods that assess individual components of overall
human performance. They include measures of range of
motion, functional strength, endurance, and dexterity
using standardized tasks. Unfortunately, test methods
may take many forms across vendors or facilities.
However, they should include (based on a match with
the individual’s job requirements), a battery of assess-
ments that include standing, walking, sitting, lifting,
carrying, pushing, pulling, climbing, balancing, stooping,
kneeling, crouching, crawling, reaching, handling, fin-
gering, and feeling. Of course, critical to all issues relating
to appropriate use of an FCE is the use of consistent
instructions for testing, as well as a standardized test
battery. Unfortunately, there are often vagaries from one
facility to another, which create difficulties in making
comparisons across facilities and patients. This is an area
that requires a great deal of additional scientific research
in order to standardize the most valid and reliable
FCE battery.

CONCLUSIONS

Chronic pain is best viewed as a biopsychosocial process
involving the often complex interaction among physical
and psychosocial factors that make the experience of pain
unique from one individual to the next. Impairment is
more a medical term used to refer to an alteration of
the patient’s usual health status (i.e. some anatomical or
pathological abnormality) that is evaluated by medical
means. Finally, disability is more an administrative term
that refers to the diminished capacity or inability to
perform certain activities of daily living due to a medical
impairment. In any discussion of these three constructs,
one must be aware of the issue of discordance or low
correlation among them. For example, in an early report
highlighting this problem of discordance in the evaluation
of chronic low back pain, Waddell9 demonstrated that,
although correlations are found among these three
constructs, there is often not perfect overlap among
them. Thus, one needs to be able to ascertain the relative
contributions of all three constructs in order to assess
the impact on the whole person, with the expectation
that such contributions will differ from one patient to
the next.

Another significant factor that makes the operational
definition and use of these above three constructs even
more difficult is the fact that there are three broad cat-
egories of measures that can be used to operationally
define them – physical, psychosocial, and overt behaviors/
function. These categories, in turn, are also not always
highly correlated with one another. Fortunately, the
scientific literature is beginning to demonstrate which
specific measures appear to be the most reliable and valid
for the purposes of operationally defining chronic
pain, impairment, and disability. Clinicians will need to
be aware of the above complexities and best definitions
of these three different constructs. They will need to
constantly remain up to date in terms of what assessment/
evaluation methods have the best psychometric properties
and validity.

Finally, the basic scientific fact must now be recognized
that any attempt to operationally define chronic pain,
disability, or impairment by using only objective indica-
tors, without the inclusion of subjective indices, is
doomed to failure. With the advent and empirical support
of the heuristic biopsychosocial perspective of illness
during the last decade, a great deal of additional research
must be directed at more validly assessing these con-
structs, as well as their unique interactions that may differ
from one patient to the next.
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KEY LEARNING POINTS

� The evaluation of pain in the chronic pain patient must

be multidisciplinary.
� The objectives of the psychological evaluation are not

to determine whether the patient’s pain is ‘‘real’’ or

‘‘imagined,’’ but rather is multifactorial.
� The standard evaluation protocol of most pain centers is

the pain questionnaire, the clinical interview, pain

assessment measures, and a psychological evaluation.
� One of the more common uses of the psychological

evaluation has been to determine the appropriateness

of a potential candidate for chronic opioid therapy,

implantation of a spinal cord stimulator or implantable

pump.

� As important as the psychological assessment of the

chronic pain patient is in general, it takes on added

significance with the patient who presents with a

history of past or present substance abuse.
� One of the controversial issues in chronic pain

management today is whether every chronic pain

patient who is being treated should first receive a

psychological evaluation.
� Better, more individualized assessment of pain patients,

particularly those with comorbid psychiatric issues, will

lead to more effective treatment of this very difficult to

treat population.

INTRODUCTION

The multidisciplinary evaluation and treatment approach
is widely practiced today and considered to be the
standard of care.1 The psychological evaluation and
assessment of chronic pain patients has evolved from
unidimensional to multidimensional models and the
utility of these approaches has increased exponentially.2

As its sophistication has increased so has its distance from
the standard mental health intake assessment.

The inadequate assessment of the pain patient is based
on a surprising lack of knowledge and misunderstanding
about chronic pain issues. In a survey of pain knowledge
and attitudes of nearly 700 healthcare providers in three
hospitals, Lebovits et al.3 found a correct response rate
of only 56 percent, with the addiction knowledge-related



items responded to least correctly. Seventy-two percent of
providers agreed incorrectly with the item ‘‘25 percent of
patients receiving narcotics around the clock become
addicted,’’ when, in fact, the prevalence rate of opioid
addiction in patients with chronic pain, is much lower
than the prevalence of substance use disorders in the
population at large. The unwarranted fear of addiction is
a misunderstood concept in pain management that can
lead to the undertreatment of pain, a problem that has
been well-documented in AIDS and cancer patients.4, 5

[III], 6[III], 7[III]
There is an ethical imperative for all pain specialists to

assess the pain patient as a whole person, including all
their biological, social, and psychological dimensions.8

Evaluating chronic pain patients with a unimodal strictly
medical approach is not in the patient’s best interests.
Radiologic findings are not reliable indices of pain; sig-
nificant spinal abnormalities are often found in patients
who do not experience pain.9 The unimodal medical
pain evaluation without a psychological evaluation can
lead to iatrogenic effects, such as failed surgical interven-
tions and pharmacologic disasters with attendant side
effects and exacerbation of pain. Not appreciating the
psychopathology of some pain patients, such as somati-
zation, often results in repeated medical interventions that
lead, in turn, to medical and psychological morbidity. The
interdisciplinary evaluation of these patients, requiring
collaboration among healthcare professionals is essential.1,
10[II], 11 The well-meaning clinician who has not done a
thorough psychological evaluation can soon find himself/
herself with an increasingly difficult to manage patient on
increasingly high doses of opioids with unremitting pain.

OBJECTIVES OF PSYCHOLOGICAL
EVALUATIONS

The objectives of the psychological evaluation of the
patient with chronic pain are not to determine whether
the patient’s pain is real or imagined (all pain is ‘‘real’’)
but rather:

� to determine the degree of psychological adaptation
to chronic pain which includes mood state, coping
skills, effect on family, and particularly level of
physical functioning;

� to evaluate the patient’s premorbid psychological
state and personality factors and its effect on onset
and etiology of pain;

� to establish the role of psychological factors in the
etiology, maintenance, and exacerbation of pain;

� to formulate a DSM-IV diagnosis;
� to devise a treatment plan in conjunction with the

patient and the rest of the multidisciplinary team;
� to predict outcome of invasive medical procedures,

such as surgical implantation of spinal cord
stimulators or continuous infusion pumps;

� to determine which psychological and medical
interventions would be most appropriate for which
patients;

� to identify environmental reinforcers of chronic pain
and illness behaviors, such as family, litigation status,
and disability insurance status;

� to evaluate the likelihood of the development of
chronic pain-related disability.

STANDARD PAIN CENTER EVALUATION
PROTOCOL

A common procedure in many multidisciplinary pain
centers is to mail a background and demographic ques-
tionnaire before the patient’s first visit to either mail back
prior to their visit or bring with them at their first visit.
This allows for prior review of data which can save time
for the clinician and can begin to frame the clinical
interview. It also serves as a very valuable educational
lesson for the patient, structuring their thoughts in a
certain direction, such as relating pain to various factors
and, most significantly, introducing the concept of the
relationship between psychological factors and pain. This
is an important therapeutic principle that many patients
have a great deal of defensiveness about. Unless this can
be overcome, psychological interventions will not suc-
ceed. The standard evaluation protocol of most pain
centers is the pain questionnaire, the clinical interview,
pain assessment measures, physical examination, and a
psychological evaluation. Many patients perceive the
careful detailed analysis of their pain and related factors
as an understanding and willingness to listen to them.
This gains their respect and cooperation, and is often
something previous healthcare personnel may have been
reluctant to do.

Pain center pain questionnaire

The pain center pain questionnaire is a structured ques-
tionnaire, with open-ended questions kept to a mini-
mum, which facilitates data entry and speeds up the time
it takes to complete the questionnaire. The questionnaire
should be designed to yield objective clinical outcome
measures, as suggested by the criteria of the Commission
on Accreditation of Rehabilitation Facilities (see Chapter
49, Comprehensive pain rehabilitation programs: a North
American reappraisal in the Practice and Procedures
volume of this series). Table 10.1 shows the content of
most questionnaires.

Structured clinical interview

A structured clinical interview is typically performed as
part of any comprehensive psychological evaluation and
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assessment of chronic pain patients. It represents a good
opportunity to review the data obtained on the pain
questionnaire, which often may be incomplete or incon-
sistent. It is an even better opportunity to observe the
patient and his/her subjective experience of pain, as well
as any illness behavior (facial expressions, frequent pos-
ture change, and guarding/bracing). It is an excellent idea
to evaluate the patient together with their significant
other and their interactions with each other and the
interviewer. This facilitates evaluation of the response of
the significant other to the patient’s pain – whether it is a
solicitous, punishing, or distracting response,12 and can
be a valuable educational tool for the patient, significant
other, and interviewer.

The clinical interview is ideally suited to review the
patient’s pain complaints, onset of pain and relation-
ship to trauma, prior medical and psychiatric history,
prior alcohol and drug usage. It also reviews current
marital and family environment, current functional
level, disability status, motivational level to return to
work, primary, secondary and tertiary gain issues, ability
to sleep, and utilization of coping skills. Coping strategies
that lead to less pain are the active ones, such as staying
busy and distraction. The bad coping strategies that
lead to more pain are the passive ones – restricting
activities, dependency, wishful thinking, and catastro-
phizing (seeing everything in a negative light). An addi-
tional area of investigation of the clinical interview,
particularly with women presenting with chronic pelvic
pain, is a history of childhood physical, emotional, or
sexual abuse. Studies have shown a high rate of incidence
of childhood abuse appearing later in adulthood as
physical pain.

Patients with chronic pain often have a traumatic
onset etiology. A significant number of patients seen by
chronic pain specialists may therefore experience con-
siderable amounts of psychological distress and some may
have posttraumatic stress disorder (PTSD). PTSD has
been estimated to occur in about 10 percent of chronic

pain patients. When patients with pain as a result of an
accident are referred for psychological treatment, the
reported PTSD rates increases from 50 to 100 percent.
The failure to diagnose and treat PTSD properly in
chronic pain patients can lead to minimal or inadequate
pain relief. A useful assessment measure for patients with
chronic pain and trauma is the Posttraumatic Chronic
Pain Test (PCPT).13 The PCPT contains six true-false
items that evaluate the presence of PTSD related to the
accident that caused the patient’s pain.

The clinical interview also affords the opportunity to
evaluate the patient’s beliefs and cognitions about their
pain. However, the primary utility of the clinical inter-
view is to formulate a diagnosis in conjunction with the
standardized questionnaires. Particular diagnostic cat-
egories carefully evaluated for include levels of depression
and anxiety, PTSD, and somatization disorders. This
facilitates the design of a comprehensive treatment plan,
devised together with the patient as well as the rest of
the multidisciplinary team.

Pain assessment measures

The third important aspect of all pain evaluation proto-
cols is the assessment of the intensity and quality of pain.
Verbal, numerical, and visual analog scales are commonly
used to assess the intensity of pain. Verbal rating scales
consist of a list of adjectives that describe different levels
of pain intensity. The patient is asked to choose the
adjective, from as few as four to over ten depending on
the scale used, that best describes his or her pain. Verbal
rating scales are easy to administer, score, and under-
stand, but are less sensitive than visual analog scales
because of fewer response categories which may miss
small changes in pain intensity.14 They assume fluency
in communicating in a particular language and are
not appropriate for preverbal patients or patients with
cognitive impairments.

Table 10.1 Contents of a pain questionnaire.

Category Detail

Demographic characteristics Age, marital status, ethnicity, occupation, and educational level

Pain characteristics Location, intensity (typically evaluated on a 0–10 rating scale regarding least, average, and worst

severity), duration, sensory and affective descriptors, what makes the pain better and worse, and

interference with sleep

Circumstances of onset of pain Date, traumatic onset versus insidious onset

Review of previous medical

history

Previous pain interventions and their efficacy, prior hospitalizations for pain, current and past

medication use, litigation and compensation status

Social environment Interference of pain in marriage, sexual ability, and social/recreational activities

Functional status Current employment status, interference of pain on activity levels, working ability, number of hours

spent resting during the day because of the pain, number of blocks able to walk, ability to perform

household chores, such as laundry, meal preparation, cleaning, shopping, child care, and financial

management
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Numerical rating scales are based on asking pain
patients to rate their pain from 0 to 10 or 0 to 100, with
the anchor descriptors of ‘‘no pain’’ and ‘‘worst imagin-
able pain.’’ Numerical rating scales are easy to administer,
score, and understand, and have demonstrated their
validity as pain intensity measures.15

Visual analog scales usually are 10-cm lines, with
defined anchors at the ends of the line ranging from ‘‘no
pain’’ to ‘‘worst pain imaginable.’’ The patient is required
to make a mark along the line that best reflects their pain
intensity. Scoring is accomplished by measuring the dis-
tance from the left end of the scale to the mark. Although
there is demonstrated validity with this technique, both
very young and older patients have difficulty with this
method,15 and photocopied versions change the length of
the line.14 Visual analog scales are effective, however, with
an older pediatric population.16[III]

In the pediatric setting, age-appropriate pain intensity
measures have been devised for the different develop-
mental stages of the child. The Poker Chip Tool17 requires
that the four- to eight-year-old chooses one to four poker
chips, representing the ‘‘pieces of hurt’’ experienced.
Various faces scales have also been devised for young
children, with each face being assigned a numerical value
reflecting its order within a series of facial expressions.
Excellent psychometric properties have been demon-
strated.18

One of the most commonly used pain assessment
measures is the McGill Pain Questionnaire (MPQ).19

When it first appeared, it differed significantly from
standard pain intensity measures, in that it offered, for
the first time, a multidimensional assessment of pain –
evaluating the sensory, affective, and evaluative dimen-
sions of pain. Patients are asked to choose an adjective
from each of 20 subclasses of adjective groupings. Each
word is associated with a specific score. Pain-rating
indices are calculated for the total score, as well as for
each dimension. The MPQ is useful in differentiating
psychiatric patients from those who do not have a psy-
chiatric disturbance, and particularly in its ability to
discriminate between patients who have different kinds of
pain. For example, postherpetic neuralgia (PHN) is often
described using the adjectives ‘‘tender, burning, throb-
bing, stabbing, shooting, sharp,’’ which correlate with the
three different types of pain experienced with PHN:

1. steady throbbing or burning pain;
2. an intermittent sharp or shooting pain;
3. allodynia (tender), (pain in response to a stimulus

that does not normally provoke pain).

Confirmatory factor analyses of the MPQ have shed
some doubt on the original three subscales of the test.20

Holroyd et al.,21 conducting a multicenter evaluation
of the MPQ with 1700 chronic pain patients, showed that
a factor analysis revealed a four-factor model instead
of three factors: one affective, one evaluative, and two

sensory factors. Furthermore, examination of the rela-
tionships between the MPQ and the Minnesota Multi-
phasic Personality Inventory (MMPI) failed to provide
evidence of the discriminant validity of the MPQ
subscales. They concluded that the utility of the three
scale scores in clinical decision-making remains unstan-
dardized and the value in diagnosis or in forming useful
subgroups of patients remains unclear.

Administration of the test needs to be carefully mon-
itored, to make sure that no more than one word is
selected from each subclass and to ensure that the patient
understands each word. Patients for whom English is not
their first language have particular difficulty with this test,
although foreign language versions are available. The
short form (SF-MPQ) has gained in popularity due to its
brevity and good reliability.22 The SF-MPQ consists of
15 representative words from the sensory and affective
categories of the original MPQ as well as an additional
word ‘‘splitting’’ because it is a discriminant word for
dental pain. The SF-MPQ is sensitive to clinical changes
from therapeutic interventions.23[II]

MEASURES OF PSYCHOLOGICAL STATUS

Because of the close interplay of psychological factors,
stress, and emotional reactions with the etiology, main-
tenance, and exacerbation of pain, measures of psycho-
logical status have become part of the standard pain
center evaluation protocol. Measures of psychological
symptomatology, as well as specific pain coping measures,
are widely used.

Beck Depression Inventory

The Beck Depression Inventory (BDI)24[III] is one of the
most widely used tests with chronic pain patients because
it is a relatively quick measure of depression, a mood
state closely interlinked with chronic pain.25 The most
prevalent psychological characteristic of chronic pain
patients is depression. Depression and chronic pain occur
together so frequently it is often difficult to determine
whether the depression is a precipitant of the pain or a
consequence of living with intractable pain. Levels of
depression can range from minor mood state dis-
turbances to major clinical depressions with active suici-
dal ideation. In an unpublished study, the author has
found that 25 percent of 821 chronic pain patients score
in the moderate to severe range of depression on the BDI.
The BDI is a 21-item questionnaire requiring the patient
to endorse various symptoms of depression that produces
a total score of depression ranging from 0 to 63. Scores
above 10 reflect minor depressive states, while above 17,
are indicative of a moderate to severe state. The BDI
is easy to administer and score. The item on suicidal
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ideation is helpful in assessing suicidality in chronic pain
patients. The BDI is predictive of many aspects of patient
functioning.26 Comparing the BDI to another measure of
depression, the CES-D, Geisser et al.27 found that both the
BDI and the CES-D discriminated significantly between
chronic pain patients who were depressed versus those
who were not. One of the criticisms of the use of an
instrument such as the BDI is that some of the physical
‘‘vegetative’’ items such as sleeplessness, which can be
endorsed because of pain, can artificially elevate BDI
scores for pain patients. Geisser et al.27 found, however,
that removal of these somatic items did not improve its
accuracy.

Spielberger State-Trait Anxiety Inventory

The Spielberger State-Trait Anxiety Inventory (STAI)28 is
the most widely used measure of anxiety, a construct
that is not used as extensively as depression is with
chronic pain patients, but nevertheless a very important
one with pain patients. The STAI is a 40-item inventory
that assesses ‘‘trait’’ anxiety, a characterological, stable
dimension of anxiety that is relatively consistent over
time, as well as ‘‘state’’ anxiety, transitory feelings of
anxiety usually in response to specific situations. Patients
are asked to rate statements on a four-point scale
regarding how they feel right now (state anxiety) and how
they feel generally (trait anxiety).

Minnesota Multiphasic Personality Inventory

The Minnesota Multiphasic Personality Inventory
(MMPI, MMPI-2),29 one of the most widely used and
researched tests of all time, is used quite extensively with
chronic pain patients. Figure 10.1 shows that the use of
the MMPI for pain is quite extensive, as evidenced by
citations in the literature on the use of MMPI with pain

patients, with the most recent decade of data indicating
that 12 percent of all MMPI citations are pain related. The
MMPI is a 566-question, true-false test that evaluates
the presence of psychopathology through three validity
scales (the degree to which respondents may be trying
to distort their true persona), and clinical scales, ten of
which are most commonly used: hypochondriasis,
depression, hysteria, psychopathic deviance (history of
antisocial behavior and nonconformance), paranoia,
psychasthenia (obsessive-compulsive tendencies as well
as anxiety), schizophrenia, hypomania, masculinity-
femininity, and social introversion. Two additional scales
used with chronic pain patients are the Low Back Pain
Scale and the Dorsal Scale. Careful examination of the
pattern or ‘‘profile’’ of scale scores, particularly those
above a T score of 70, enables the experienced clinician to
evaluate the degree of psychological distress experienced
by the patient and enables the prediction of behaviors,
as well as treatment compliance and responsiveness.

The most common profile of chronic pain patients is
the ‘‘conversion V’’: elevations of the hypochondriasis,
depression, and hysteria scales. Individuals whose profiles
reflect greater psychopathology tend to display more
severe pain symptoms.30 Problems with utilization of the
MMPI with chronic pain patients are its length (over two
hours to complete it), and its strong orientation to psy-
chopathology (which suggests to pain patients that they
are being perceived as ‘‘crazy’’ and their pain is in their
head). A criticism that has been directed at the use of
the MMPI with chronic pain patients is that there is an
overlap of symptoms of chronic pain with MMPI
items which can lead to erroneous estimates of psycho-
pathology.30 For example, five items on the MMPI reflect
the presence and severity of rheumatoid arthritis. These
items code on scales 1, 2, and 3 (hypochondriasis,
depression, and hysteria). Responses to these items
reflected disease activity rather than emotional distress.

The MMPI-2, the recent revision of the MMPI, has
reduced some of the psychiatric bias, and has also
updated the normative samples. While some pain centers
administer the MMPI or MMPI-2 as part of the standard
evaluation protocol, some pain centers reserve it for
patients with suspected major psychopathology or treat-
ment refractory patients.

Symptom Checklist 90-Revised

The Symptom Checklist 90-Revised (SCL-90R)31 is a
commonly used assessment of psychological symptom
patterns that is also used, on a more limited basis, with
chronic pain patients. Patients indicate the degree to
which they are bothered by 90 symptoms on a five-
point scale ranging from ‘‘not at all’’ to ‘‘extremely,’’
which yield nine ‘‘symptom dimensions’’: somatization,
obsessive-compulsive, interpersonal sensitivity, depres-
sion, anxiety, hostility, phobic anxiety, paranoid ideation,

Medline search

Decade (% pain to total)

1990−99 (12%)
1980−89 (15%)

1970−79 (5%)
1960−69 (2%)

N
um

be
r 

of
 c

ita
tio

ns

1800
1600
1400
1200
1000
800
600
400
200

0

Citations MMPI Pain and MMPI

162
258

1386

17531755

711

Figure 10.1 Pain and the Minnesota Multiphasic Personality

Inventory (MMPI) by decade.

126 ] PART I GENERAL CONSIDERATIONS



and psychoticism. There are also three general measures
of distress: global severity index, positive symptom dis-
tress index, and positive symptom total. The SCL-90R
is easier to administer than the MMPI, and is considered
to be a state-oriented measure sensitive to treatment
changes.32

The Brief Symptom Inventory (BSI) is the short
version of the SCL-90R, that consists of only 53 items
utilizing the same rating scale, and yielding the same
symptom patterns and global indices as the SCL-90R.
Correlations between the BSI and the SCL-90R are 0.92
and higher for each of the scales. If testing time is an issue
with the patient, as it often is in a multidisciplinary
center, then the BSI may be a more suitable instrument to
use than the SCL-90R.

Multidimensional Pain Inventory

Multidimensional Pain Inventory (MPI),12 originally
derived from the West Haven-Yale Multidimensional
Pain Inventory (WHYMPI),33 is a specific self-report pain
measure, based on a cognitive-behavioral approach, that
evaluates subjective, behavioral, and psychophysiological
indices. The first section assesses:

� perceived interference of pain in daily activities;
� support experienced from significant others;
� pain severity and level of suffering;
� perceived self-control over life and life’s problems;
� affective distress.

The second section is unique in that it evaluates the
patient’s perception regarding the responses of his/her
significant other to his/her pain and assesses:

� the degree to which the patient’s pain behavior is
reacted to with irritation, frustration, or anger by the
significant other (punishing responses);

� the frequency with which the significant other
responds to pain behavior with encouragement
(soliciting responses);

� the level of distracting responses that the significant
other uses in response to pain behavior (distracting
responses).

The third section assesses the frequency with which the
patient participates in five categories of activity, as follows:

1. household chores;
2. outdoor work;
3. activities away from home;
4. social activities;
5. general activity level.

The MPI is easily administered, has face validity for the
patient (the relationship to pain is obvious), and is a

multidimensional tool that is unique in its assessment of
environmental contingencies.

Coping Strategies Questionnaire

The Coping Strategies Questionnaire (CSQ)34[V] is a
specific pain measure, designed to evaluate how pain
patients cope with their pain. Patients respond to 48 items
on a seven-point Likert type scale. The results indicate:

� six cognitive coping strategies: (1) diverting
attention; (2) reinterpreting pain sensations; (3)
calming self statements; (4) ignoring pain sensations;
(5) praying and hoping; (6) catastrophizing; and

� two behavioral coping strategies: (1) increasing
behavioral activity; (2) increasing pain behaviors.

These are combined into three general coping measures:
(1) cognitive coping and suppression; (2) helplessness;
(3) diverting attention and praying. The three general
measures are predictive of other pain-related variables as
well as mood state. The CSQ has been revised, retaining
only 27 of the 48 original items.35 The original ‘‘cata-
strophizing’’ and ‘‘diverting attention’’ subscales were
most robust. Although the original six cognitive factors
were retained, the behavioral factors were not replicated.

Generally speaking, the literature has identified the
adaptive coping strategies associated with less pain as
the active coping strategies of staying busy, ignoring pain,
and distraction. Maladaptive coping strategies, associated
with increased pain, include catastrophizing, as well as the
passive coping strategies such as restricting activities,
wishful thinking, and depending on others.

PREDICTORS OF OUTCOME OF INVASIVE
PROCEDURES AND OF DISABILITY

Pain management has become more technologically
sophisticated and aggressive (and expensive!) in its
approach. One of the more common contemporary uses of
the psychological evaluation has been to determine the
appropriateness of a potential candidate for implantation
of a spinal cord stimulator (SCS) or drug delivery system.
This is usually based on a set of predetermined, empiric
psychosocial characteristics. Nelson and colleagues,36

conducting a meta-analysis of the literature on this
topic, concluded that patients should be excluded from
implantable spinal cord stimulators if they had evidence of:

� active psychosis;
� suicidality;
� untreated major depression;
� somatization disorder;
� alcohol or drug dependency;
� compensation/litigation disincentive to recovery;
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� lack of social supports;
� cognitive deficits.

Additional considerations for exclusion include:

� unusual pain ratings or pain drawings;
� personality disorders;
� physical incongruence;
� a high elevation on the Depression scale of the

MMPI;
� elevations on four or more MMPI scales.

Doleys et al.,37 however, were not as optimistic about
the predictability of these factors. They concluded that
there were no definitive multicenter studies that could
identify any statistically significant psychological factor
or combination of factors that predict outcome. They
did indicate that the psychological evaluation is useful if
not necessary, but caution about interpreting test data.
One of the limiting factors in evaluating the data in
these studies is that the definition of SCS success is not
standard. One predictive factor they did identify is that
serious personality disorder patients are not likely to
improve.

Under some circumstances, the MMPI has also been
shown to be a very powerful predictor of the success of
lumbar surgery. In one study, six MMPI scales adminis-
tered preoperatively were predictive of surgical outcome
in a herniation but not stenosis group.38 In another study,
84 patients evaluated before lumbar discectomy with
an objective evaluation system (neurological signs,
sciatic-tension signs, MMPI, and lumbar myelography)
accurately predicted treatment outcome one year later
(accounting for 40 percent of the variance).39[IV] The
MMPI was the most powerful predictor of treatment
outcome.

Similar to the prediction of success with implantable
pumps and stimulators, Block and Callewart40 have
developed a presurgical scoring card that predicts surgical
success based on three groups of factors.

1. Medical: chronicity of condition, previous spine
surgery, smoking, and/or obesity.

2. Psychological interview: litigation, workers’
compensation, job dissatisfaction, heavy lifting
job, substance abuse, family reinforcers of pain,
marital dissatisfaction, abuse, and/or a preinjury
psychiatric history.

3. Psychological Testing: elevations on these five
MMPI scales (Hs, D, Hy, Pd, Pt), as well as
choosing poor coping strategies on the Coping
Strategies Questionnaire.

Unresolved traumatic stress can help maintain chronic
pain for many years or actually activate physical pain
many years later. In a study of 100 spinal surgery patients,
of patients who recalled no developmental traumas

(physical, sexual, or emotional abuse, or alcohol/drug
abuse in caregiver, or abandonment), 95 percent had a
successful postsurgical outcome.41 Only 15 percent of
patients who recalled three or more of these traumas/risk
factors had a successful postsurgical outcome. Thus,
childhood traumas were significantly predictive of surgi-
cal success many years later. The authors of this study
theorized that for those patients with a history of abuse,
surgery is another traumatic event that reactivates the
childhood template of abuse. Patients who can be con-
soled are likely to improve; those who have been psy-
chologically traumatized and are not readily consolable
may not improve.

As disability claims are increasing in alarming rapidity,
another purpose of the psychological evaluation has
arisen: the prediction of the development of disability.
Gatchel et al.42 conducted a prospective study of 504
acute low back pain patients to identify work status
one year later. A logistic regression analysis identified
91 percent of patients’ work status one year later. Patients
were more likely not to be at work if they were female,
had workers’ compensation injuries, scored high on self-
reported pain and disablity, and scored high on the
‘‘hysteria’’ scale of the MMPI.

THE PAIN PATIENT WITH A SUSPECTED
SUBSTANCE ABUSE PROBLEM

Among the most difficult to manage and treat popula-
tions of chronic pain patients are the patients who present
with a current or past history of addiction to illicit sub-
stances, alcohol, or prescription drugs.43 Pain patients
who are perceived to have addictive disorders are often
undertreated. The unwarranted fear of addiction is a
misunderstood concept in pain management that can lead
to the undertreatment of pain. The increasingly accepted
management of chronic nonmalignant pain with opioid
therapy underscores the importance of understanding the
nature of opioid addiction. As important as the psycho-
logical assessment of the chronic pain patient is in gen-
eral, it takes on added significance with the patient who
presents with a history of past or present substance abuse.
Observation, history, monitoring, and being aware of the
‘‘red flags’’ are very important in the specific assessment
of the chronic pain patient with suspected abuse.

Specific substance abuse/addiction measures that can
be of help include the Drug Abuse Screening Test (DAST-
20),44 CAGE-AID,45 and the Cyr-Wartman Screen.46

Passik et al.47 has recently developed the Pain Assessment
and Documentation Tool (PADT),47 a 41-item tool that
assesses four domains: analgesia, activities of daily living,
adverse events, and potential aberrant drug-related
behavior. The PADT has been formatted for use as a
chart note designed to assist clinicians in assessing and
documenting these for main outcome domains during
long-term opioid use.
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A new score by Belgrade et al.48[V] attempts to predict
risk and outcome of chronic opioid prescribing. This
score is derived from four factors:

1. diagnosis;
2. intractability;
3. risk (psychological, chemical health, reliability,

social support);
4. efficacy.

This score was developed at the request of the Minnesota
Board of Medical Practice (www.state.mn.us/portal/mn/
jsp/home.do?agency=BMP), which has information about
the management of chronic pain and prescribing rules.

Pain specialists need to educate themselves about
standards of care in addictive disease and substance abuse
disorders, as well as be knowledgeable about prescribing
and practice laws.

SHOULD EVERY CHRONIC PAIN PATIENT BE
ASSESSED PSYCHOLOGICALLY?

One of the controversial issues in chronic pain manage-
ment today is whether every chronic pain patient who is
being treated should first receive a psychological evalu-
ation. The arguments against this are practical in nature;
there are increased costs associated with this as well as
limited resources (access to mental health professionals
with pain expertise may be quite limited). Additionally,
the fear of communicating to the patient that their ‘‘pain
is in their head,’’ as well as resistance on the part of
referring doctors (particularly in settings where referrals
are made for specific procedures to be done) are all very
practical and significant considerations.

The other side of the argument, however, is based on
clinical experience as well as research. Almost all practi-
cing pain management specialists today would agree that
there is a high incidence of comorbid psychopathology
associated with chronic pain, such as depression and
posttraumatic stress disorder. Treating the emotional
disorder often helps the pain disorder quite significantly,
while not treating the psychiatric disorder hampers
improvement of the physical pain, regardless of the
medical intervention. Additionally, and quite powerfully,
there is a growing body of literature showing that most
predictors of treatment success with interventional
procedures are psychological, while most predictors of
treatment failures are also psychological.

CONCLUSIONS

While there are many excellent psychological assess-
ment tools to choose from in assisting the clinician in
diagnosing and treating the patient with chronic pain,
there is no substitute for listening to the patient and his or

her story. Patients appreciate being listened to, rather
than being dismissed as having imaginary pain. One
important question to keep in mind when listening to
their stories is how have their lives changed as a result of
their pain. Invariably, the more their lives have changed,
the greater the suffering and emotional distress. One
needs to read between the lines, however, in evaluating
the pain patient. One needs to be the Lieutenant
Columbo of clinicians, rather than always sticking to the
facts, as Sergeant Joe Friday did. The experienced clinician
can thus take his or her pain questionnaire, clinical
interview and examination, and psychological assessment
measures, and apply them together with sound clinical
judgment in formulating a diagnosis and treatment plan
that is individually geared to that patient.

Although the treatment of a patient with chronic pain
mandates a comprehensive evaluation of the medical,
as well as psychological, contributors to the etiology,
maintenance, and exacerbation of pain, evaluating and
treating chronic pain patients with a unimodal, strictly
medical approach still occurs. Therefore, the Commission
on Accreditation of Rehabilitation Facilities (CARF)
accredits chronic pain programs that are interdisciplinary
in both their evaluation and treatment of patients, and
require, as part of the core pain team, a psychologist or
psychiatrist. Multidisciplinary approaches that include a
psychological component lower levels of psychological
interference and increase rates of return to work.49

As the state of chronic pain management moves
rapidly towards increasingly invasive ‘‘high-tech’’ proce-
dures, partly as a response to economic pressures on
pain management centers, the psychological evaluation of
every chronic pain patient has become increasingly
essential so that:

� patients are carefully screened to determine (or
predict) their suitability for such a procedure;

� more conservative, less costly treatments, such as
cognitive-behavioral methods, can first be
implemented within a multidisciplinary approach.

Pain specialists need to educate themselves about stan-
dards of care in pain management, as well as be know-
ledgable about prescribing and practice laws. Although
the evaluation and management of the patient with
unremitting pain is very complex, it needs to be under-
taken in a sensitive and nonjudgmental manner, with
comprehensive knowledge of the relevant issues. Nowhere
is this more essential than with the chronic pain patient.
Better, more individualized assessment of pain patients,
particularly those with comorbid psychiatric issues, can
only lead to more effective treatment of this very difficult
to treat population. To paraphrase Sir William Osler, it is
not the type of disease that a patient has that is as
important as the type of patient that has the disease.
Nowhere in medicine is this more true than with the
patient with chronic pain.
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KEY LEARNING POINTS

� Assessment of neuropathic pain involves a series of

systematic steps (history of pain distribution and

intensity of pain, sensory testing, neurological and

physical examination).
� Loss of spinothalamic functions (cold, warmth, pinprick)

appears to be crucial in neuropathic pain.
� An essential part of neuropathic pain is a partial or

complete loss of afferent sensory function and the

paradoxical presence of certain hyperphenomena.

� Allodynia and hyperalgesia are key features in

neuropathic pain, although anesthesia dolorosa may be

present.
� Sensory abnormalities can be examined by simple

bedside tests or by more sophisticated laboratory and

experimental techniques.
� Careful sensory, motor, and autonomic examination

plays an important role in diagnosing neuropathic pain.

INTRODUCTION

The main function of the nociceptive system is an
important protective role by alerting the individual to the
threat of tissue damage. Following disruption of the
somatosensory system, the expected result is loss of sen-
sation with possible analgesia in the involved area.1, 2, 3, 4, 5

On rare occasions, however, this loss of sensation presents
itself with a paradox: pain in the hypoesthetic area. This
type of pain, termed ‘‘neuropathic pain,’’ is important for
several reasons: the pain is often severe and long-lasting, it
is often resistant to treatment with current analgesics, and
the best available treatments produce only moderate to

good pain relief in less than one-third of the patients. In
addition, neuropathic pains in practice may be difficult to
distinguish and diagnose, with a risk of both false-positive
and false-negative diagnoses (see below under Classifica-
tion of neuropathic pain).

Neuropathic pain is not a single entity; it includes
heterogeneous conditions that differ not only in etiology,
but also in location of the underlying pathology.6[I], 7, 8,
9[I] Different disorders such as diabetes, herpes
zoster, immune deficiencies, and malignant, traumatic
and ischemic conditions may all give rise to the
same type of pain, but by different mechanisms. The
anatomical sites of lesions causing neuropathic pain are



multiple: they can be located at any level from the per-
ipheral receptor to the highest cortical centers, the most
common being:1, 3, 4

� peripheral nerves;
� major nerve plexuses;
� dorsal nerve roots;
� spinal cord;
� the thalamus.

In spite of the diverse etiology and topography, the cli
nical picture is surprisingly similar in many cases, sug-
gesting that these disorders share common pathophysio-
logical mechanisms.3, 10

Recent studies have shown a cascade of temporally
related biological changes following damage to the ner-
vous system. This cascade eventually results in a sensiti-
zation of neural elements involved in the processing of
noxious information.5, 8, 10, 11, 12, 13, 14 Although the sig-
nificance of these molecular changes following nerve
damage is still being explored, they may represent a link
between different neuropathic conditions. Hence, under-
standing of the dynamic events following nerve damage
may be a key to understanding this hyperexcitability and
how to treat it.

A major contribution to this new information has been
the demonstration of changes in the nervous system fol-
lowing sustained noxious input different from the normal
processing of noxious information. This plasticity of the
nervous system is displayed at many levels of the neuraxis
from the peripheral nociceptor to the spinal cord and
even to the cortex of the brain.5, 8, 15, 16 This chapter
reviews the etiology of the symptoms of neuropathic pain
conditions and examines how these conditions can be
diagnosed both at the bedside and in the laboratory using
more sophisticated experimental techniques.

In the evaluation of a patient with a suspected neu-
ropathic pain disorder, it is important to assess and
classify the condition on the basis of:

� the underlying disorder;
� the anatomical location;
� the characteristics of the pain;
� the pain intensity;
� the associated features; and
� the possible mechanisms involved.

It is important to emphasize that the evaluation of neu-
ropathic pain is often complicated and time-consuming,
often requiring the use of laboratory techniques.17, 18, 19, 20

CLASSIFICATION OF NEUROPATHIC PAIN

Neuropathic pain has usually been classified on the basis
of the underlying etiology, e.g. peripheral diabetic neu-
ropathy, postherpetic neuralgia, nerve damage due to

injury, spinal or brain lesions following infarction, or
multiple sclerotic plaques. Neuropathic pain can also be
defined on the basis of the location of the lesion: in the
peripheral nerves, in the spinal roots, in the spinal cord,
or in the brain. Table 11.1 presents a commonly used
scheme for classifying neuropathic pain on the basis of
either etiology or anatomy. More recently, a mechanism-
based approach for classifying and analyzing neuropathic
pain has been proposed as a mode to link treatment
strategies and pathophysiological mechanisms.8, 20 An
attempt has been made to elucidate the various
mechanisms that may be involved in the particular pain
felt by a patient and link such a mechanism to a rational
type of treatment. It is beyond the scope of this chapter to
present a detailed description of current mechanisms,
some of which are still hypothetical.5, 12, 13, 14 Briefly,
however, these mechanisms include:

� pathological activity of sensitized nociceptors with
recruitment of silent nociceptors and ectopic activity
in spinal ganglion cells. The increased afferent
neuronal barrage causes sensitization of the dorsal
horn neurons:

� a severe loss of small fiber input may also give rise to
central sensitization due to a spinal reorganization
from sprouting of large myelinated fibers into
superficial ‘‘nociceptive’’ laminae in the dorsal horn;

� inflammation along nerve trunks, producing ectopic
activity and therefore representing a source for
central sensitization;

� increased sympathetic activity, producing further
sensitization of nociceptors;

� altered brain processing due to plastic changes with
recruitment of new brain areas not usually involved
in pain. This may lead to changed modulation of
input.

Because of the direct connections between the peripheral,
autonomic, and central nervous systems (CNSs), and
because of the considerable plasticity in the nociceptive
and connected systems, different mechanisms may be

Table 11.1 Classification of neuropathic pain according to

location and cause.

Peripheral Spinal Brain

Neuropathies Multiple sclerosis Stroke

Herpes zoster Spinal cord injury Multiple sclerosis

Nerve injuries Arachnoiditis Neoplasms

Amputations Neoplasms Syringomyelia

Plexopathies Syringomyelia Parkinson’s disease?

Radiculopathies Spinal stroke Epilepsy?

Avulsions

Neoplasms

Trigeminal neuralgia
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involved within each patient. One mechanism may
account for several etiologically different conditions and
be the source of different symptoms. For example, a
diabetic patient may have continuous pain, touch-evoked
pain, paroxysms, and nonpainful paresthesiae and dys-
esthesiae. In such cases, several mechanisms can be
involved, such as tissue injury due to ischemia, sensiti-
zation of peripheral receptors, ectopic activity in
sprouting regenerating fibers, phenotypic changes in
dorsal root ganglion (DRG) cells, and spinal reorganiza-
tion.1, 2, 3, 4, 5, 11, 17, 18, 19, 21, 22, 23

An additional approach to classifying pain involves the
use of specific pharmacological agents.6[I], 7[I], 9, 19[I]
The pain-generating mechanisms may be pharmacologi-
cally distinguishable in the individual patient.24[II], 25[II]
However, the possibility of predicting the therapeutic
outcome of pharmacological treatment from clinical
symptoms and signs is still difficult and disappointing.26

[II], 27[II], 28[II]
Although a mechanism-based classification is an

attractive approach, it is not known at present whether
this provides a reliable, reproducible method for classi-
fying neuropathic pain. However, it will be of interest to
determine the possible additional clarification provided
by a hierarchical structured system that classifies pain on
the basis of: (1) symptoms; (2) symptoms plus signs; (3)
symptoms plus signs plus mechanisms; and (4) symptoms
plus signs plus mechanisms plus pharmacological analy-
sis. However, a considerable overlap between symptoms
and signs was found in a large group of patients with
increasing clinical suspicion of neuropathic pain. Super-
ficial ongoing pain intensity, brush-evoked allodynia, and
cold-provoked pain intensity was higher in patients more
likely to have neuropathic pain.29

ONGOING AND EVOKED PAIN

From a clinical point of view, it is often helpful to dis-
tinguish between stimulus-independent and stimulus-
dependent types of pains (Table 11.2).

Stimulus-independent pains

Stimulus-independent pains are spontaneous and may be
continuous or paroxysmal. Their characteristics differ, but
can be shooting, shock-like, aching, cramping, crushing,
smarting, or burning. Episodic, paroxysmal types of pain
can be brief and shooting, electric, shock-like, or stabbing
in their character. In its most typical form, paroxysmal
pain is seen in tic douloureux, in entrapment neuro-
pathies, in amputees, and in luetic diseases. For example,
in tabes dorsalis, shooting pains are described often in the
form of transverse lightning pains in the legs and are
provoked by emotional stress. Shooting pains can also
occur in cases with a nerve compression (e.g. slipped disk,

vertebral compression, neoplastic nerve compression, and
entrapment syndromes).4, 30

The mechanism underlying these pains is assumed to
reflect an increased discharge in sensitized C-nociceptors,
but occasionally the pains may reflect increased activity
in sensitized receptors associated with large myelinated
A-fibers, giving a sensation of burning or dysesthesia.31

Stimulus-dependent pains

Stimulus-evoked pains are classified according to the
stimulus type that provokes them: mechanical, thermal,
or chemical.1, 11, 17, 18, 19, 21, 32, 33

Several of these phenomena can be present in some
patients. In other patients, only one type of hyperalgesia
may be present. For example, patients with nerve injury
pain or amputation may have trigger points on
mechanical stimulation, but with entirely normal thermal
sensation. In some patients with peripheral neuropathy or
complex regional pain syndrome, cold allodynia may be
the only abnormality present. Therefore, a series of sti-
muli have to be used to document or exclude abnorm-
ality. The evoked pains are usually brief, lasting only for
the period of stimulation, but sometimes the evoked pain
can persist even after cessation of stimulation, causing
aftersensations (see below under Wind up-like pain and
aftersensations), which can last for hours. These after-
sensations can therefore be difficult to distinguish from
spontaneous pain.

FINDINGS IN NEUROPATHIC PAIN

Sensory deficit and pain

An essential part of neuropathic pain is partial or complete
loss of afferent sensory function and the paradoxical pre-
sence of certain hyperphenomena (see below under
Laboratory and experimental examination) in the painful
area. There may be considerable variations in the sensory
findings in different patients. Some patients may have

Table 11.2 Recording of various parameters in neuropathic pain.

Stimulus independent Stimulus dependent

Pain character Stimulus type(s)

Pain duration Pain character

Pain intensity of different

pain types

Pain intensity evoked by different

stimuli

Pain unpleasantness Pain radiation

Pain radiation Pain aftersensation

Pain distribution Pain summation

Pain area Pain area
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obvious sensory deficits at bedside tests, whereas in others it
may be subtle and difficult to detect with bedside methods,
but quantitative measures can usually reveal minor chan-
ges.19, 34, 35 The sensory loss may involve all sensory
abnormalities, but a loss of spinothalamic functions (cold,
warmth, pinprick) appears to be crucial and the possibility
that such spinothalamic loss is a requirement has been
raised.36 For example, in poststroke pain, large-scale studies
have suggested that sensory deficit is a necessary, albeit
insufficient, condition for the occurrence of pain.37, 38

Sensory loss and cutaneous hypersensitivity are also char-
acteristic features in central pain following spinal cord
injury.39, 40 It remains to be seen whether similar patterns
also occur in other neuropathic pain states.

Allodynia and hyperalgesia

Hyperalgesia (the lowering of the pain threshold and an
increased response to noxious stimuli) and allodynia (the
evocation of pain by non-noxious stimuli) are typical
elements of neuropathic pain.

Three types of mechanical hyperalgesia can be
distinguished:

1. static hyperalgesia: gentle pressure on skin evokes
pain;

2. punctate hyperalgesia: punctate stimuli such as
pinprick-evoked pain;

3. dynamic hyperalgesia: light brush evokes a
sensation of pain.

For thermal stimuli, both cold and heat can evoke
abnormal pain:

� cold hyperalgesia: cold stimuli evoke a sensation of
pain (the underlying mechanism is unclear, but
cortical reorganization due to a loss of cold Ad-fibers
is one possibility);

� heat hyperalgesia: warm and heat stimuli-evoke pain
(sensitization of C-nociceptors and a corresponding
sensitization of second-order neurons).

The dynamic mechanical-type allodynia is mediated by
Ab-fibers, whereas the static high-threshold type of
hyperalgesia, which is evoked by blunt pressure, appears to
be mediated by sensitized C-nociceptors.41, 42 The static
type of hyperalgesia would also be expected to be asso-
ciated with thermal hyperalgesia; however, this is not
always the case.34 Punctate hyperalgesia evoked by pinprick
stimuli, usually a stiff von Frey hair, is mediated by sen-
sitized Ad-nociceptors. While certain types of hyperalgesia
reflect sensitization of receptors, allodynia is always a
central phenomenon mediated by large myelinated fibers.18

Allodynia is considered to be exclusively a cutaneous
disorder, but recent findings suggest that it can be a
manifestation of deep tissue pathology. For example, in

poststroke pain, which is a central neuropathic disorder,
deep pain may be associated with a lowering of pain
threshold to mechanical pressure and with an exaggerated
response to a challenge of 0.5mL 9 percent hypertonic
saline i.m. into the painful deep tissue (unpublished
observations). In patients with sciatica or Guillain–Barré
syndrome, proximal limb pain is often accompanied by
soreness on palpation. Allodynia can usually be separated
from the tenderness seen in musculoskeletal pain condi-
tions. In patients with allodynia, a firm pressure in the
allodynic area can sometimes relieve their pain. These
findings indicate that at the receptor level separate
mechanisms are involved, e.g. touch allodynia is elicited
by rapidly adapting mechanoreceptors, while the pres-
sure-induced pain relief may be related to the recruitment
of slowly adapting mechanoreceptors in addition to other
deeply located receptors.

When present, allodynia or hyperalgesia can be quanti-
fied by measuring intensity, threshold for elicitation,
duration, and area of allodynia.43 The evocation of pain by
a stimulus implies that a complete abolition of afferent
information does not give rise to allodynia. Nevertheless,
on occasions, in spite of a complete injury, abnormal
sensations may develop subsequently and present as anes-
thesia dolorosa in the deafferented body part. This phe-
nomenon can probably be ascribed to spontaneous firing in
nerve sprouts, to alteration in peripheral innervation ter-
ritory, to an expansion of receptive fields of sensitized
central neurons that have lost their normal innervation, or
to a combination of such mechanisms. Hyperalgesia can be
provoked in normal subjects following blockade of large-
diameter afferent fibers. Pinprick or cold is now perceived
as burning or squeezing pain, suggesting that afferent fibers
under normal conditions exert an inhibitory input on
dorsal horn neuronal activity. In neuropathic pain, this
inhibition may be disrupted. The chemical mediators of
this inhibition are unknown, but g-aminobutyric acid
(GABA) and glycine are likely candidates.

Hyperpathia

Hyperpathia is a variant of hyperalgesia and allodynia and
it is the archetypal disorder in neuropathic pain whenever
there is axonal loss. In these cases, an explosive pain
response is suddenly evoked from cutaneous areas with an
increased sensory detection threshold when the stimulus
intensity exceeds that sensory threshold.3, 18, 35 Hyper-
pathia is a reflection of peripheral or central de-
afferentation leading to an elevation of threshold on one
hand and a central hyperexcitability on the other, as a
result of lost or abnormal input from afferents.

Paroxysms

Some patients complain of shooting, electric shock-like,
or stabbing pain that occurs spontaneously or, more
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often, following stimulation. These types of pain are
termed ‘‘paroxysms’’ and can be elicited by an innocuous
tactile stimulus or by blunt pressure. In their most typical
form, paroxysms are seen in tic douloureux, where
they dominate the clinical picture; it is characteristic that
non-noxious tactile inputs elicit these paroxysms, while
noxious stimuli fail to do so.

Paresthesiae

Paresthesiae are abnormal but nonpainful sensations
which can be spontaneous or evoked. They are often
described as ‘‘pins and needles’’ and are assumed to reflect
spontaneous bursts of activity in Ab-fibers.

Dysesthesiae

Dysesthesiae is defined as abnormal, unpleasant, but not
necessarily painful sensations, which can be spontaneous
or provoked by external stimuli. These are probably due
to sensitization of the C-nociceptors and it is unlikely
that there is any qualitative difference between evoked
dysesthesiae and evoked hyperalgesia.

Referred pain and abnormal pain radiation

In neuropathic pain, an abnormal spread of pain can be
seen following both peripheral and central lesions. In
painful myelopathic disorders, patients may experience a
circular spreading sensation following single punctate sti-
mulation, with a relationship between the spread of the
pain and the intensity of the perceived pain. Similarly,
there is a relationship between the magnitude of deep
muscle pain and the area of referred cutaneous pain from
such deep structures.44, 45, 46, 47 While referral generally is
described from deep to cutaneous structures, the reverse is
far less common. Referral can be seen following skin sen-
sitization, e.g. in capsaicin-induced hyperalgesia.48 There is
a link between pain intensity, pain radiation, and pain
referral. The magnitude of pain from, for example, deep
tissue is proportional to the extent of referral in cutaneous
tissue both experimentally and clinically.44, 45, 46, 47 Simi-
larly, in experimental pain induced by intradermal cap-
saicin the spread increases with increasing pain intensity.49

Experimental studies in humans and animals50 have
shown that such abnormal radiation may be related to
changes in spinal wide dynamic range (WDR) neurons
encoding noxious information. WDR cells are in part
characterized by small receptive zones that can be excited
by non-noxious stimuli (touch, gentle pressure) sur-
rounded by a much larger zone from which noxious sti-
muli (pinch, firm pressure, temperature4451C) can evoke
neuronal discharges. These large receptive field zones are
overlapping, extend over several dermatomes, and their
receptive fields are a reflection of synaptic propriospinal
interconnections in the spinal dorsal horn that extend over
several segments. Therefore, a noxious stimulus will, in

contrast to a non-noxious stimulus, activate several WDR
neurons, and increasing the stimulus intensity will result in
activation of further WDR neurons in a rostrocaudal dis-
tribution manner. Since increasing stimulus intensity has
the effect of recruiting more dorsal horn neurons, the
degree of radiation and referral is likely to be a reflection of
a progressive recruitment of WDR neurons spreading
along the spinal cord. A similar mechanism may be
involved in the sensory abnormalities seen in patients with
nerve injury and in the extensive spread of sensory dys-
function to the contralateral side, as well as proximally and
distally to the lesion.

Wind up-like pain and aftersensations

Wind up-like pain or abnormal temporal summation, is
the clinical equivalent to increasing neuronal activity
following repetitive C-fiber stimulation of more than
0.3Hz.51, 52 In humans, such pains may be evoked by
either repetitive noxious or non-noxious stimulation
from normal or hyperalgesic cutaneous areas, respectively.
When repetitive low-threshold stimuli, which exclusively
activate Ab-fibers, are applied at intervals of less than
three seconds, they give rise to pain, which means that
these stimuli have gained access to central wind up
mechanisms that are normally reserved for nociceptors
and C-fiber input. Wind up-like pain can be produced by
a variety of stimuli, including mechanical, thermal, and
electrical types, and can be elicited not only from skin but
also from other tissues, e.g. muscle.52 It is now clear that
abnormal temporal summation with wind up-like phe-
nomena is a characteristic feature of many chronic pain
conditions, including neuropathic pain21, 30, 38, 53, 54, 55

and that this can blocked or attenuated by compounds
that affect wind up.25[II], 56, 57, 58[II], 59[II], 60[II], 61[II],
Aftersensation, which is the persistence of pain long after
a painful stimulus has stopped, are another characteristic
feature of neuropathic pain.35 Examples of such after-
sensations include repetitive paroxysms following short-
lasting stimulation of trigger points in trigeminal neur-
algia, persistence burning sensation in postherpetic
neuralgia after light touch, and long-lasting exaggeration
of pain after exercise. Aftersensations correlate with
existing evoked pain both experimentally and in neuro-
pathic pain patients, suggesting that they are mediated by
a common mechanism.62 Because of the strong relation-
ship between wind up-like pain and aftersensations, it
is thought that both of these phenomena may reflect
neuronal discharges in WDR neurons.

ASSESSMENT OF NEUROPATHIC PAIN

History

The examination of a patient with suspected neuropathic
pain begins with the history. Patients may describe the
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quality of their pains in a variety of ways: they may
complain of unpleasant pricking or sticking sensations in
parts of the body. They may have a burning, scalding,
aching, or deep sore pain. Many patients with neuro-
pathic pain suffer from allodynia following exposure to
nonpainful cold. In such cases, patients may describe their
pain in a paradoxical manner as burning hot or ice-
burning or as if holding a snowball in the hand. Some
patients with central pain complain of pain evoked by
movement in which the movement itself elicits a tight-
ening, squeezing, or burning sensation in the skin. At
other times, the pain is one of paroxysms with stabbing,
shooting, lancinating types of pain. Paroxysms last sec-
onds, but can be repeated with ultrashort intervals, giving
a false impression of continuous types of pains.

An important point concerns the possible classification
of pain just on the basis of symptoms, but a considerable
overlap has been seen with the clinical presentation of
patients with a high suspicion of having neuropathic pain
and patients unlikely to have neuropathic pain.29 Galer
and Jensen63 have presented a neuropathic pain scale in
which presumed common symptoms encountered in
neuropathic pain are recorded and scored as: intense,
sharp, hot, dull, cold, or itchy skin sensitivity. This test
has shown validity in normal volunteers and in response
to treatment. The Leeds Assessment of Neuropathic
Symptoms and Signs (LANSS) pain scale assesses neu-
ropathic symptoms and signs64 and it seems to at least
some degree be possible to distinguish neuropathic pain

patients from other chronic pain patients by using those
scales.65, 66

Distribution of sensory abnormalities on a map

Plotting the distribution of various types of pain on a
template body map is an important initial step in pain
assessment. The area in which pain is felt can be quan-
tified and any temporal variation in the size of that area
over time as a result of, for example, therapy or the
natural history of the disease can be measured. Such
procedures are useful, e.g. when recording the effects of
drugs. Automated drawing systems have been proposed,
and may eventually be of value for more accurate
measurements.

Clinical examination

All patients should have a general physical and neuro-
logical examination. Sensory abnormalities can be speci-
fically assessed and quantified using simple bedside
equipment (Figure 11.1). A bedside sensory examination
most commonly includes examination of pinprick, touch,
cold, heat, and vibration sensation. Touch is examined by
gently touching the involved skin area with a cotton swab.
It is important to distinguish between dynamic stimuli in
which the area is stroked and a static stimulus in which

Figure 11.1 Bedside equipment for analyzing

sensory function in humans: metal thermorollers

(kept at specific temperatures), von Frey hair,

cotton wool, brush, pinprick roller, two-point

discriminator, and a visual analog scale (VAS)

meter.
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the skin is exposed to a static, i.e. a nondynamic,
stimulus. Cold and warm sensations are recorded by
measuring the response to a specific cold or warm ther-
mal stimulus, e.g. thermorollers maintained at 20 and
401C, respectively. Cold sensation can also be assessed by
the response to a drop of acetone on the skin. Vibration is
assessed by a tuning fork placed at strategic points
(malleoli, interphalangeal joints). At present, there is no
consensus about the site where such activity should be
measured, but it is generally agreed that this is best per-
formed in the area with maximal abnormality using the
unaffected contralateral mirror image skin area as control.
However, this needs to be qualified by understanding that
some studies have described contralateral segmental sen-
sory abnormalities following a unilateral nerve or root
lesion. An examination of the mirror image area of a
nerve injury may therefore not represent a true control,
but without a body of validated ‘‘normal values’’ for the
various psychophysical modalities this appears to be the
best option at present. For all types of stimuli, the
response can be graded simply as:67

� normal;
� decreased (�1 to 4];
� increased (11 to 4).

If the response is hyperesthetic, it is classified as dyses-
thetic (unpleasant abnormal sensation to a stimulus),
hyperalgesic (increased response to a normally painful
stimulus), or allodynic (pain evoked by a normally non-
painful stimulus). A correlation between spontaneous
pain and sensory response in the painful area suggests
that the two phenomena are reflections of the same
mechanism: a central sensitization of dorsal horn
neurons.31, 41

An essential point concerns the detailed description of
what the sensory abnormalities reflect: does the dis-
tribution correspond to the innervation territory of a
sensory nerve, to fascicles, to roots, to cord segment, or to
a cerebral structure? This is not always an easy task and
may require detailed neurological knowledge. However,
this is important because a distinction has to be made
between the sensory abnormalities seen in, for example,
somatization disorders and those seen in diseases of the
nerves or CNS.

LABORATORY AND EXPERIMENTAL
EXAMINATION

More detailed and accurate testing can be carried out
using various methods. These include mechanical, ther-
mal, and chemical tools, and the practical aspects of
these methods of quantitative sensory testing are dis-
cussed in Chapter 4, Sensory testing and clinical
neurophysiology in the Practice and Procedures volume of
this series.

Mechanical stimuli

Von Frey hairs and blunt pressure are the standard tools
for mechanical testing in the experimental laboratory.
Von Frey hairs bend at different forces, permitting both a
stimulus-dependent (threshold to detection and threshold
to pain perception) and a response-dependent (evoked
sensation to a particular stimulus) pain assessment. This
can be performed for single and for repetitive pinprick
stimuli. For a dynamic brush, camel hair paintbrushes can
be used.

Determination of the area of abnormality may also be
a useful outcome measure because such an area of cuta-
neous abnormality probably reflects the expansion of
receptive fields of sensitized dorsal horn neurons.1, 30

Thermal stimuli

Thermal testing is often carried out using probes or
thermodes and several instruments are commercially
available. Lasers, with argon or CO2 stimuli, have also
been used. The size and duration of the thermal stimulus
seem to be important because temporal and spatial
summation is pronounced for C-fibers, but is only weak
for Ad-fibers. While short-lasting heat stimuli on small
areas normally evoke a pinprick sensation (indicating Ad-
fiber activation), heat stimuli of long duration on larger
areas give rise to a burning sensation (indicating C-fiber
activation). To what extent this observation is also present
in neuropathic skin is unclear.

Chemical stimuli

Chemical stimuli can be used to determine the threshold
of the evoked response. Capsaicin, the pungent ingredient
of hot chili peppers, can be applied either topically or
intradermally. It has been widely used in normal volun-
teers to show that an area of primary and secondary
hyperalgesia develops as a result of an explosive discharge
from activated C-nociceptors by stimulating VR-1
receptors.32, 49, 68[II], 69, 70[II] A similar approach has
been used in patients with postherpetic neuralgia to test
C-fiber activity and to assess the degree of surviving
sensitized C-nociceptors compared with the degree of
deafferentation.71 It remains to be seen whether this
technique can differentiate between peripheral and central
sensitization.

Many patients with neuropathic pain demonstrate a
paradoxical sensibility with an increased detection
threshold to thermal (cold and heat) stimuli and a
reduced pain threshold to the same stimuli. Such a
response pattern reflects both a loss of afferent fibers/
disturbance of central pathways and a sensitization of
peripheral receptors/central neurons along the somato-
sensory pathway.1, 3, 4, 17, 18, 19, 34, 72, 73, 74, 75, 76, 77
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Alterations in the spatial and temporal characteristics
of these stimuli may add another dimension to the pain
experience, e.g. the presence of spatial and temporal
summation. In addition to the above psychophysical
measures, various physiological examinations can be used
in the analysis of neuropathic pain. These include
microneurographic recordings, electromyogram (EMG)
activity, brain imaging techniques, evoked potentials, and
measurement of ‘‘pain substances’’ in body fluids. There is
at present insufficient information to determine the most
useful pain correlate, but in time it is possible that some
of these experimental techniques may be added to the
portfolio of measures used in the routine clinical assess-
ment of neuropathic pain and may even permit a further
elucidation of the underlying mechanisms in neuropathic
pain.

For sensory modality (mechanical, thermal, chemical,
electrical), it is possible to determine threshold, summa-
tion threshold, response function, and area of abnorm-
ality (Table 11.3).

Assessment of sympathetic activity

Sympathetic hyperactivity may be present in some per-
ipheral neuropathic pain states as part of complex
regional pain syndrome (CRPS; formerly known as cau-
salgia or reflex sympathetic dystrophy; see Chapter 27,
Complex regional pain syndromes). The clinical aspects
of sympathetic hyperactivity include a perception of
burning-type pain soon (hours or days) after injury
together with the demonstration of swelling, smooth
glossy skin, and vasomotor instability. A characteristic
localized osteoporosis may be observed in the extremities
(Sudeck’s atrophy) later on. These features may exist
alone or in combination. Sweating may be affected, pro-
ducing either wet or dry skin. Similarly, the skin may be
cooler or warmer, depending on the degree of cutaneous
vasoconstriction. In patients suspected of sympathetic
dysfunction, tests can be useful to document the degree of
sympathetic involvement. These include sweat testing,
galvanic skin resistance, plethysmography, skin blood flow
measurement (laser Doppler test, thermography), and

cutaneous histamine response. Diagnostic sympathetic
blocks may also be used to determine the possible
involvement of the sympathetic nervous system in a
particular pain condition.77 There is at present no single
test that can be used to exclude sympathetically main-
tained pain and there are no known symptoms that
predict it.74

OUTCOME MEASURES

In the evaluation of a pharmacological or non-
pharmacological intervention, therapeutic success is often
equated with pain reduction. As a result, many clinicians
limit themselves to the measurement of pain and pain
relief, thereby overlooking other important aspects of the
therapeutic outcome, such as functional improvement or
improvement in quality of life. In order to assess
mechanisms, it is important that the measures used in
experimental research reflect the pain measures used in
humans.78, 79 These are discussed in more detail in
Chapter 14, Outcome measurement in chronic pain, and
in Part I, Principles of measurement and diagnosis, in the
Practice and Procedures volume, and only the elements
immediately relevant to the patient suffering from
neuropathic pain will be discussed here.

Clinical pain measures

Pain measures can be divided into the recording of
spontaneous pain and recording of evoked pains to dif-
ferent stimuli. For this purpose, visual analog scaling as
well as multidimensional descriptor (e.g. the McGill Pain
Questionnaire) and cross-modality matching scales have
been used. Specific measures may be important in
assessment in different pain conditions. For example, in
neuropathic pain allodynia, wind up-like pain, after
sensations, pain radiations, and area of hypersensitivity
(e.g. allodynia) may be relevant. Recording of pain
intensity is still the most frequently assessed dimension of
therapeutic outcome. The visual analog scale (VAS),
verbal category scales, and numerical rating scales are the

Table 11.3 Stimulus and response measures in neuropathic pain patients.

Stimulus modality Threshold Summation Stimulus response Area of abnormality

Touch Detection Touch-evoked allodynia 1 1

von Frey hair Detection Repetitive stimulation 1 1

Pain 42 Hz

Thermal Detection Repetitive stimulation 1 1

Pain

Mechanical pressure Pain Repetitive stimulation 1 1

Capsaicin Pain Repetitive stimulation 1 1

Electrical stimuli Detection Repetitive stimulation 1 1

Pain (Referred pain)
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most commonly used scales. An example of a numerical
rating scale is the 11-point Likert rating scale, whereby the
subject is asked to rate his pain by giving a number
between 0 (no pain) and 10 (most intense pain). Another
widely used category scale is the four-point intensity scale
(none, mild, moderate, and severe pain). However, this
scale usually does not have sufficient levels to describe the
effects of treatment accurately. Improved category scales
with more descriptors are available. Pain intensity does
fluctuate over time in many clinical pain conditions. In
these cases, it may be necessary to rate the percentage of
time that the patient’s pain falls within certain intensity
categories. A slightly different approach has been taken in
the Brief Pain Inventory (BPI) of Wisconsin, which
involves measurement of the pain intensity when it is at
its worst, when it is at its least, and the average pain
intensity.

A unidimensional recording of pain intensity or pain
relief may overlook other important aspects of a thera-
peutic outcome, such as functional improvement or
improvement in quality of life. Certain therapies which
reduce pain intensity may be associated with side effects
that diminished quality of life. If pain intensity or relief
measures are used in isolation in this situation, then a
falsely optimistic view of the effect of that therapy may be
formed by the clinician.

In neuropathic pain, it is not sufficient to record one
single pain condition; the various other neuropathic
phenomena such as paroxysms, spontaneous ongoing
pain, wind up-like pain, touch-evoked pain, and cold
allodynia are equally important. Each pain component in
a particular neuropathic pain condition may have its own
magnitude and each may be influenced separately by a
particular drug.

Whereas pain intensity scales focus on the present pain
experience, pain relief scores rely on the patient’s memory
of pain. Since patients tend to overestimate their past
pain, the use of pain relief scores may lead to an over-
estimation of the effects of the treatment, certainly in
cases of prolonged follow up. On the other hand, it has
been suggested that pain relief category scales are more
sensitive to small reductions in pain. A neuropathic pain
scale (NPS) and the LANSS pain scale have been recently
introduced and validated.63, 64 It seems to be possible,
at least to some degree, to identify patients in whom
neuropathic mechanisms dominate their pain.65, 66

ASSESSMENT OF QUALITY OF LIFE AND HEALTH STATUS

An increasing number of clinical trials include measures
of quality of life in the evaluation of the treatment of
chronic pain. These measures have become an important
indicator of treatment success. Among the measures of
quality of life, the Sickness Impact Profile (SIP), the SIP
Roland, the West Haven–Yale Multidimensional Pain
Inventory, the Nottingham Health Profile, and the SF-36
have been validated (for further details of pain measures,

see Chapter 3, Selecting and applying pain measures in
the Practice and Procedures volume of this series).

TREATMENT AS A TOOL TO ASSESS NEUROPATHIC PAIN

Specific treatments have been designed and tried for
different pain conditions, including neuropathic pain.
They will be described in detail in other chapters. These
treatments, which currently include tricyclic anti-
depressants, sodium channel blockers (such as carbama-
zepine and lamotrigine), gabapentin and pregabalin,
opioids, and N-methyl-D-aspartic acid (NMDA) channel
blockers have specific targets for their mode of action. It
has been suggested that this may help to unravel the
mechanisms of neuropathic pain based on the specific
action of these drugs. Previous studies have shown that
such drugs may have an action not only on pain intensity,
but also on specific aspects of pain, such as evoked pain.
Studies have shown that in patients with neuropathic pain
due to nerve injury and amputation, NMDA receptor
antagonists can block both pain and evoked pain pro-
duced by touch stimuli, indicating that these phenomena
are probably produced by the same mechanism, i.e. a
central sensitization mediated by excess activity at NMDA
receptor channels. An additional example would be the
joint blockade of pain by sodium channel-blocking agents
and NMDA receptor-blocking drugs, suggesting that at
least two different mechanisms may operate in concert.

The introduction of the concept of number needed to
treat (NNT) from systematic reviews has made it possible
to compare the efficacy (NNT) and side-effect profile
(NNH; number needed to harm) for a particular therapy
in different pain conditions80 and thus to determine
whether a drug with a known mechanism of action is
effective in specific neuropathic pain conditions. In
theory, this could enable the determination of the pain
mechanisms involved for certain types of neuropathic
pains. The same principle could also be applied using
separate drugs for the same pathological condition to
determine whether distinct or identical mechanisms may
be in operation.6[I], 7[I] For example, a sodium channel
blocker and an NMDA receptor antagonist modulate
spontaneous pain, wind up-like pain, and touch-evoked
pain in a different way in individual neuropathic pain
patients which proposed that separate molecular
mechanisms are involved in individual patients.25[II]

POSSIBLE RELATIONSHIP BETWEEN
SYMPTOMS, FINDINGS, AND MECHANISMS

There are as yet no obvious relationships between the
symptoms in neuropathic pain, the stimulus that evokes
these symptoms, and the possible mechanisms associated
with that pain.

Table 11.4 summarizes symptoms, stimuli, clinical
presentation, mechanisms, and the response to
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pharmacological blockade for various types of stimuli/
findings. It is important to bear in mind that mechanisms
can rarely be determined with certainty for neuropathic
pain. We are only able to record the symptoms and
findings, and, on the basis of any tests carried out, pro-
posed mechanisms of the pain can be delineated.

CONCLUSIONS

Assessment of neuropathic pain involves a series of sys-
tematic steps, which include past and present history, a
detailed description of pain distribution, quality and
intensity of pain, and a neurological examination with the
emphasis on sensory testing. The sensory examination often
needs to be supported by neurophysiological testing and
quantitative sensory analysis. It has now become clear that
neuroplastic changes in the nervous system play a significant
role in the development and maintenance of chronic neu-
ropathic pain with interaction between peripheral and
central mechanisms. There is still a wide gap between our
preclinical knowledge of pain mechanisms and the transla-
tion of such knowledge into daily clinical practice.

The lack of standardized criteria for pain assessment
and no systematic examination of patients have made it
difficult to close the gap in our knowledge. A better
understanding of neuropathic pain mechanisms and their
clinical manifestations is a prerequisite for designing a
rationally founded treatment.
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KEY LEARNING POINTS

� Investigations for chronic pain are limited by what

particular tests can and cannot show, and by the nature

of conditions that cause chronic pain.
� Imaging tests are appropriate only for particular

conditions: plain radiography for fractures;

computed tomography (CT) for intracranial and

visceral disorders. Magnetic resonance (MR) imaging

is the best overall screening test for serious

disorders.
� Nerve conduction studies have no application for the

diagnosis of pain. Their utility is limited to confirming

some forms of neuropathy.
� Diagnostic blocks are the most powerful tool by which

to pinpoint the mechanism or the source of chronic

pain, but in order to be valid, diagnostic blocks must be

controlled.
� The conditions that cause chronic pain can be grouped

into three classes.
� Various visceral disorders are ones diagnosed by other

specialists.
� Some disorders have a known, detectable pathology.

Various laboratory screening tests are indicated before

imaging is undertaken.
� Spinal pain can be investigated using disk stimulation

and controlled diagnostic blocks.

� The objective of diagnosis is to establish the source and

cause of a patient’s symptoms. Classically in medical

practice, the diagnostic process has been divided into

history, examination, and investigations. From the

history and examination, the physician formulates a

provisional diagnosis or a list of differential diagnoses.

Thereafter, investigations constitute the definitive test,

either, or both, to confirm a diagnosis and to exclude

competing diagnoses.
� For disorders of the cardiovascular, respiratory,

gastrointestinal, and other systems, diagnostic

algorithms can be followed, in which various

investigations have a well-defined role and proven

utility. When this process is applied to pain medicine,

however, difficulties arise. Conventional investigations

have limitations in the pursuit of pain, and conditions

that cause chronic pain typically do not express

abnormalities in conventional tests.
� Responsible and efficient practice in pain medicine

requires understanding of what investigations can and

cannot show, and when they should and should not be

used. This needs to be complemented by understanding

the conditions that cause chronic pain, which

investigations are inappropriate, and which are likely to

be informative.

INVESTIGATIONS

Radiography

Plain radiography produces images based on the degree to
which tissues of the body absorb x-rays. Muscles and

viscera absorb x-rays weakly and, therefore, cast poor
images on radiographs. Bone is essentially the only tissue
demonstrated. Occasionally, plain radiographs might
demonstrate displacements of soft-tissue shadows, which
are indicative of effusion, abscess, or hematoma, but in
practice, the utility of plain radiography is limited to



demonstrating abnormalities of bone. These constitute
deformities, anomalies, fractures, and major destructive
disorders.

Deformities and congenital anomalies are often pain-
less. Therefore, when evident in a patient with pain, they
cannot summarily be invoked as the cause of pain. Some
practitioners believe that deformities somehow alter the
biomechanics of the affected part and, thereby, cause
pain; but the nature of the alteration and the site at which
nociception is generated have never been established.

For the pursuit of fractures in patients with trauma,
various rules and guidelines have been developed for use
in primary care and emergency medicine (Table 12.1,
Figure 12.1).1, 2, 3, 4, 5, 6 These rules emphasize that
radiography should only be undertaken if the patient is
elderly, or if they have signs indicative of a significant
fracture. In the absence of such features, radiography is
not indicated. The low positive likelihood ratios of the
clinical criteria indicate that not all patients selected for
radiography will necessarily have a fracture. However, the
very low negative likelihood ratios indicate that virtually
no patient who lacks the criteria will have a fracture,
which would be missed if radiography were not under-
taken. In patients with chronic pain, previously unrec-
ognized fractures are very unlikely to be the cause of pain.
Radiography, just in case the patient has a fracture, is not
justified. In that context, the rules for acute pain serve as
sensible initial guidelines for chronic pain.

Perhaps the most distracting property of plain radio-
graphy is that it demonstrates features that are not rele-
vant to pain. Osteophytes and joint narrowing indicate
changes in a joint, but do not necessarily implicate either

a source or a cause of pain. It is in this regard that too
much reliance has been placed on plain radiographs.

Degenerative changes in the vertebral column are
normal accompaniments of age.7, 8, 9, 10, 11, 12, 13, 14, 15

Essentially, they are equally common in symptomatic and
asymptomatic individuals of the same age. They correlate
poorly, if at all with pain.9, 10, 11, 12, 13, 14, 15 Indeed,
osteoarthritis of the cervical zygapophysial joints is iro-
nically more common in individuals who do not have
pain.10 Degenerative changes, therefore, are not a surro-
gate for pain, and do not constitute a diagnosis.

The same applies for joints of the appendicular ske-
leton. Although osteoarthritis is the most common
diagnosis for pain ostensibly stemming from joints, such
as the hip and knee, the radiographic changes of
osteoarthritis correlate imperfectly with pain.16, 17 Indeed,
this lack of correlation has led some authorities to con-
sider that knee pain attributed to osteoarthritis may not
always be due to osteoarthritis,18, 19 and should be
regarded as a problem of regional pain and disability.18, 20

Osteoarthritis is essentially a clinical diagnosis. X-rays can
demonstrate the bony architecture of the joint, but are
not diagnostic in their own right.

For destructive lesions, such as infection and tumors of
bone, plain radiographs are limited in their sensitivity to
detect early lesions. The features that they show typically
occur only when the disease is advanced. Plain radio-
graphs, therefore, are an inappropriate screening test for
these conditions. If they fail to detect a condition that is
too early in its evolution, they provide a false sense of
security. Other investigations are better suited as screen-
ing tests for serious diseases of bone.

Table 12.1 Various rules listing criteria that should be satisfied before undertaking radiography for painful

injuries to joints of the lower limb.

Rule Criteria

Ottawa Ankle Rules Pain in the zone of either malleolus, and Sens = 1.00

tenderness at: Spec = 0.39

the posterior edge of the lateral malleolus, or PLR = 1.6

the posterior edge of the medial malleolus, or NLR = 0.00

the base of the fifth metatarsal, or

the navicular bone

or inability to walk four steps

Ottawa Knee Rules1, 2 At least one of: Sens = 1.00

age greater than 55 years Spec = 0.49

isolated tenderness of patella PLR = 2.0

tenderness head of fibula NLR = 0.00

unable to flex 901
unable to bear weight two steps

Pittsburgh Knee Rules3, 4 At least one of: Sens = 99%

age greater than 51 or less than 11 years Spec = 60%

unable to bear weight four steps PLR = 2.5

NLR = 0.02

NLR, negative likelihood ratio; PLR, positive likelihood ratio; Sens, sensitivity; Spec, specificity.
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Computed tomography

Computed tomography (CT) samples the x-ray density of
body tissues along multiple meridians around the long
axis of the target region. The information obtained is
processed by a computer program that reconstructs views
of the area of interest. Technological developments have
reduced acquisition time, provide much higher resolution
than in the past, and enable three-dimensional images
to be reconstructed, which can be viewed from any
perspective.

CT provides resolution of bone in exquisite detail. It is
capable of reconstructing the exact morphology of frac-
tures in three dimensions. Its high resolution allows even
the smallest of fractures to be detected. CT is, therefore,
the investigation of choice when there are strong clinical
grounds for suspecting an occult fracture as the cause of
pain. However, fractures are rare causes of chronic pain
and CT should not be abused as a screening test for a
condition that is highly unlikely to be present.

The cardinal virtue of CT is that it allows investigators
to ‘‘see’’ inside body cavities, such as the chest, abdomen,

skull, and head. In these regions, CT can demonstrate
enlargement or displacement of soft-tissue structures, by
tumors, infiltrations, infection, and inflammation. Hol-
low organs can be enhanced by injecting contrast medium
into their lumina. Of particular relevance to pain medi-
cine is the ability of CT to demonstrate intracranial
pathology in patients with headache, and the relationship
between spinal nerves and the vertebral column in
patients with radicular pain.

Magnetic resonance imaging

MR imaging provides images of the tissues of the body
based on proton density. The images are obtained by
using a magnetic field to force protons to precess around
a predetermined axis, and subsequently measuring the
radiation emitted as the precession decays. Radiation is
sampled along multiple meridians around the long axis of
the region being investigated, and computer programs are
used to reconstruct images in any selected plane, typically
sagittal, coronal, and axial, through the region. By

1.  Any high-risk factor that mandates radiography? 

Age ≥65 years 
or
Dangerous mechanism of injurya

or
Paresthesias in extremities 

2.  Any low-risk factor that allows safe 
     assessment of range of motion? 

Simple rear-end motor vehicle collisionb

or
Sitting position in emergency department 
or
Ambulatory at any time 
or
Delayed onset of neck pain (i.e. not immediate)
or
Absence of midline cervical spine tenderness 

3.  Able to actively rotate neck 45° left and right?

Yes

Yes

No

No

Radiography

Unable

Able

No radiography

a: Dangerous mechanisms 

Fall from ≥1 m or 5 stairs 
Axial load to head, e.g. diving 
High speed MVC (>100 kph), rollover, ejection 
Motorized recreational vehicles 
Bicycle collision 

b: Simple rear-end MVC excludes 

Pushed into oncoming traffic 
Hit by bus or large truck 
Rollover
Hit by high-speed vehicle 

Sens: 1.00  Spec: 0.42 
PLR: 1.5  NLR: 0.00 

Figure 12.1 The Canadian C-spine rule for

radiography after cervical spine trauma.5 NLR,

negative likelihood ratio; PLR, positive likelihood

ratio; Sens, sensitivity; Spec, specificity.
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manipulating the rate of decay of precession, different
properties of the tissues can be depicted. The terms T1
and T2 refer to the time constants of particular types of
decay of precession. Images based on the T1 constant
typically depict the location and shape of bones and other
tissues. Images based on the T2 constant enhance the
appearance of relatively unbound hydrogen within tissues
(e.g. water) and reveal the internal structure of connective
tissues, and the presence of edema.

MR imaging depicts bone in less detail than does CT,
but its advantage over CT is its ability to reveal the
internal architecture of soft tissues, notably that of the
brain, and of fibrous connective tissues. Moreover, it
demonstrates cerebrospinal fluid and flowing blood
without the need for contrast medium. Particularly useful
is the ability of MR imaging to resolve edema, and cellular
infiltrates such as those of leukemia and spreading tumors
like endometriosis. These properties give MR imaging
high sensitivity and high specificity, not only for common
lesions, but also for exotic and rare lesions not visible by
any other means.

In relation to pain medicine, the high sensitivity of MR
imaging makes it the most useful form of medical ima-
ging for screening purposes to rule out unexpected con-
ditions, or ones that cannot be detected by other means.
In musculoskeletal medicine, MR imaging is the best way
to detect osteonecrosis.21 For this condition, MR imaging
is both sensitive and specific, and is able to detect changes
earlier than can plain radiography or CT. Because of its
better resolution of nerves, and its ability to provide
coronal and sagittal images, as well as axial images, MR
imaging is the preferred means of investigating radicu-
lopathy. Its ability to demonstrate the internal structure of
intervertebral disks accords it a unique role in the inves-
tigation of chronic back pain. Its ability to resolve con-
nective tissues makes it the premier means of assessing
joints and periarticular structures.

Nevertheless, like other imaging procedures, MR
imaging demonstrates many irrelevant and false-positive
abnormalities. Disk bulges, disk herniations, degenerative
changes, and even spinal cord impingement, occur in
totally asymptomatic individuals, and with increasing
frequency with age.22, 23, 24, 25 They are not diagnostic of
causes of pain. Similarly, tears of the rotator cuff and
other lesions occur in totally asymptomatic subjects, and
increasingly with age.26, 27, 28 They are not diagnostic of
the cause of shoulder pain.

Myelography

By instilling contrast medium into the dural sac, myelo-
graphy demonstrates the location and shape of the sub-
arachnoid space of the vertebral canal. It indirectly
demonstrates lesions that encroach upon this space either
internally or externally. Its role in this regard, however,
has largely been supplanted by the advent of CT and MR

imaging, for these other procedures provide images of the
lesion itself, not just its effects on the subarachnoid space.

Some physicians believe myelography combined with
CT to be the preferred method of investigating cervical
radiculopathy, on the grounds that it provides better
resolution of bony lesions than MR imaging.29, 30 Other
authorities contend that the preferred investigation is MR
imaging coupled with plain radiographs.31, 32, 33

Ultrasound

Ultrasound images are derived by plotting the echoes of
sound waves beamed at tissues. They depict the interface
between tissues of different density. Accordingly, ultra-
sound is particularly useful for demonstrating hollow
organs and cystic pathology. In that regard, it is parti-
cularly useful as a screening test for aortic aneurysms,
gynecologic disorders, diverticulitis, urinary calculi,
appendicitis, and incarcerated hernia.

Ultrasound depicts laminated structures well, such as
muscles and tendons arranged in parallel layers. In such
structures, it can reveal swelling, displacement, and dis-
continuities. It has, therefore, been applied in the pursuit
of tendinitis, tendonopathy, and tears of tendons. How-
ever, technical artifacts are easily produced by ultrasound
and can be misconstrued as lesions. Consequently, accu-
rate use of ultrasound involves a steep learning curve. For
this reason, authorities recommend that ultrasound be
performed only by experienced operators.34, 35 However,
although this may secure reliability, it does not guarantee
validity.

Compared to arthrography and operative findings, the
sensitivity and specificity of ultrasound for the detection
of rotator cuff tears range from 60 to 100 percent.36

Missing, however, are data that show that such tears are
the cause of pain, or that repairing such tears guarantees
relief of pain. In orthopedic circles, it has been customary
to assume that tears in the rotator cuff seen on ultrasound
must be the cause of patients’ shoulder pain. The validity
of this assumption is fatally challenged when ultrasound
demonstrates the same pathology in the contralateral,
but asymptomatic, shoulder. Tears are not a surrogate
diagnosis for shoulder pain.

In other regions of the body, ultrasound is used to
demonstrate inflamed or swollen tendons in patients with
soft-tissue pain. While demonstrating such lesions may be
satisfying, it is arguably superfluous to do so. Tendono-
pathy is readily diagnosed simply on the basis of focal
tenderness on clinical examination, and does not require
ultrasound confirmation. Moreover, there is no demon-
strated therapeutic utility in demonstrating tendono-
pathy, for there is no proven treatment. Exercises may be
prescribed, and local anesthetic or corticosteroids can be
injected without the necessity for ultrasound.

Perhaps where ultrasound is unarguably useful is in the
detection of effusions in deep joints, such as the hip.
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Moreover, it can be used to guide needles into the joint
in order to aspirate it, or to inject local anesthetic or
corticosteroids.

Bone scan

Bone scanning produces images of the distribution and
accumulation of the radioactive isotope of technetium.
Its particular virtue is the ability to demonstrate areas of
hyperemia that occur in association with tumors, infec-
tions, osteonecrosis, and stress fractures. It is a highly
sensitive test, in that it detects changes in blood flow,
even very early in a disease; but because it cannot dis-
tinguish one cause of hyperemia from another, it lacks
specificity. Because of its sensitivity, bone scan is a very
useful screening test to rule in or to rule out internal
abnormalities of bone, but its apparent utility should be
gauged against that of MR imaging, which is just as
sensitive but far more specific. For this reason, MR
imaging is a better screening test for tumors, infections,
and osteonecrosis.

The foremost application of bone scan in pain medi-
cine lies in the detection of stress fractures, in patients
with leg pain and foot pain precipitated by prolonged
activity, and in athletes with back pain. Bone scanning is
particularly useful for detecting a stressed pars inter-
articularis before it actually fractures. Doing so allows rest
from the offending activity to be implemented with a
good chance of averting fracture. The utility of bone scan
once a fracture has occurred is more contentious. Clas-
sical teaching maintains that a positive bone scan would
indicate a recent fracture, which would implicate the
fracture as the source of pain. However, the relationships
between bone scan, pars defect, and symptoms are
imperfect. Although a positive scan is likely to be asso-
ciated with pain, scans are negative in the majority of
patients with pain.37 In patients with a radiologically
evident pars fracture, bone scans are just as likely to be
negative as positive.38, 39, 40

Some centers and some individuals use bone scan as an
ancillary investigation of complex regional pain syn-
dromes. It is used to detect juxta-articular hyperemia,
seemingly as a confirmation of the diagnosis, or perhaps
to stage the disease.41, 42, 43 As a diagnostic test, however,
bone scan is redundant. In the first instance, complex
regional pain syndrome is diagnosed on the basis of
clinical features, and the correlation between clinical
features and bone scan is weak to poor.43 Although bone
scan may be sensitive in the diagnosis of complex regional
pain syndrome, it is not specific. In other words, bone
scan is likely to be positive in patients in whom the
diagnosis is clinically obvious; but a negative bone scan
does not rule out the diagnosis in such instances. In the
second instance, although it has been traditional to
recognize stages of complex regional pain syndrome, this
is an idealization; it is not borne out by factor analysis.43,
44 There are too many exceptions to the desired pattern of

staging. In the absence of a valid staging system for
complex regional pain syndrome, there is no utility for
bone scan to stage the condition.

Single photon emission computed tomography
scan

Single photon emission computed tomography (SPECT)
combines the virtues of bone scan and computed tomo-
graphy. It provides axial views of areas of increased uptake
of radioisotope. The utility of SPECT scanning in pain
medicine, however, is far from demonstrated. For spinal
disorders, interobserver agreement is poor,45 and the
observed abnormalities lack any correlation with pain. A
systematic review cast doubts on the utility of SPECT,46

and subsequent studies have not redressed its
shortcomings.

Reports that SPECT scans can identify symptomatic
lumbar zygapophysial joint lack foundation. None of the
studies used controlled blocks of the purportedly symp-
tomatic joints.47, 48 When controlled blocks have been
used, SPECT did not correlate with response to blocks.49

Nerve conduction studies

Nerve conduction studies determine the velocity of con-
duction and magnitude of evoked action potentials in
peripheral nerves. Slowing of conduction across a selected
segment of the nerve indicates compression or focal
damage to the nerve at that segment. Decreased ampli-
tude indicates loss of nerve fibers. Electromyography
selectively tests alpha motor neurons. Loss of motor
neurons is indicated by denervation fibrillation potentials
in the muscles innervated, or by the presence of large and
abnormal muscle action potentials.

Nerve conduction studies and electromyography are
not tests of pain. They assess the integrity of large dia-
meter sensory and motor fibers, and are useful for
objectively establishing the presence of large fiber neu-
ropathy. Any utility for the study of pain relies on the
relationship between pain and impaired function in
large diameter fibers. This relationship obtains in few
conditions.

It is accepted that in patients with diabetic neuropathy,
and other peripheral neuropathies, the pain experienced
can be attributed to the neuropathy. Consequently, nerve
conduction studies have a valid role to play in objectively
establishing the presence and nature of the neuropathy.

Similarly, nerve conduction studies can objectively
establish the presence of nerve compression in conditions
such as carpal tunnel syndrome, tarsal tunnel syndrome,
and ulnar nerve entrapment. Reciprocally, nerve con-
duction studies can exclude radial nerve entrapment as a
differential diagnosis of lateral epicondylalgia of the
elbow.50 In these conditions, although the mechanism by
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which pain is produced is uncertain, there seems to be
general agreement that objective evidence of nerve com-
pression is critical to making the diagnosis.51, 52, 53, 54

Caveats, however, apply.
Particularly with respect to the carpal tunnel, abnor-

mal conduction velocities occur in asymptomatic indivi-
duals.55, 56 Consequently, nerve conduction studies carry
a substantial and annoying false-positive rate. Although
only a minority of normal individuals exhibit abnormal
conduction velocities, these individuals outnumber
patients with pain ostensibly due to carpal tunnel syn-
drome. Consequently, in patients with suspected carpal
tunnel syndrome, investigators cannot be certain whether
the abnormal conduction velocities they detect are due to
disease or are an incidental (false-positive) finding.
Investigators may choose to believe that the positive
findings confirm their diagnosis, but this is a self-serving
decision, not one based on epidemiological probity. For
this reason, eminent authorities have challenged the
validity of contemporary criteria for the diagnosis of
carpal tunnel syndrome.57

Although commonly used in the assessment of patients
with radicular pain, nerve conduction studies and elec-
tromyography serve no useful purpose in this condition.
They lack validity for any particular diagnosis. For the
diagnosis of lumbar disk herniation, electromyography is
confounded by too high a false-positive rate (Table
12.2).58, 59, 60 For the identification of the segmental level
involved, electromyography is confounded by variations
in the segmental innervation of muscles. It does not assist
in pinpointing the diagnosis to any greater extent than
clinical examination (Table 12.3).

Review articles have highlighted the lack of sensitivity
and specificity of nerve conduction studies in the eval-
uation of radicular pain, and underscore their lack of
utility in this condition.61, 62, 63, 64 More elaborate studies,
such as H reflexes and somatosensory-evoked potentials,
do not improve the situation.61, 63, 64 The only justifiable
application of nerve conduction studies in patients with
radicular pain is when the clinical picture is not clearly
one of radiculopathy, and when the physician is genuinely
concerned that the condition may be a peripheral
neuropathy.

Thermography

Thermography measures heat emission from the body
surface and displays it photographically. The heat mea-
sured is that emanating from skin. Thermography does
not measure heat from muscles. Any utility of thermo-
graphy in the investigation of pain depends on the rela-
tionship between cutaneous blood flow and pain. Since
there is no direct relationship, thermography does not
measure or depict pain; it depicts only associated features
that may or may not regularly occur with pain in various
conditions.

Thermography correlates reasonably well with clinical
examination and MR imaging findings in patients with
radiculopathy.65 However, it adds nothing to the diag-
nosis. The presence of radiculopathy is readily established
by clinical examination and does not require corrobora-
tion by thermography. The causative lesion is demon-
strated by CT or MR imaging.

Thermography can objectively and quantitatively
determine temperature changes in limbs affected by
complex regional pain syndromes.66 Its use in these
conditions is attractive, in that it seems to offer an
objective diagnosis, but it is essentially superfluous.
Temperature changes are only one of the lesser features of
these conditions. The cardinal diagnostic criteria are
inordinate pain, allodynia, and a history, at some time, of
swelling and color changes, apart from temperature
changes. The diagnosis can be made clinically without
resort to thermography.

Moreover, it has been shown that thermographic
changes correlate only weakly with clinical features; and
the correlation is with temperature asymmetries on clin-
ical examination.43 Thermography is unlikely to be
positive unless there are already evident temperature
asymmetries clinically.

Complex regional pain syndrome

Apart from thermography and SPECT scanning, a variety
of other tests have been advocated for the assessment of
complex regional pain syndromes. These include quan-
titative sensory testing (QST), resting sweat output

Table 12.2 The correlation between electromyography (EMG)

findings and presence of a lumbar disc herniation identified at

surgery.

EMG Disk herniation Sens. Spec. LR

Present Absent

Positive 126 14 0.78 0.30 1.1

Normal 35 6

Based on the data of Knutsson.58

LR, likelihood ratio; Sens, sensitivity; Spec, specificity.

Table 12.3 The correlation between electromyography (EMG)

findings and the anatomical level of a lumbar disk herniation

identified at surgery.

EMG Level affected Sens. Spec. LR

Correct Wrong

Positive 126 14 0.18 0.93

Normal 38 3 0.77

Based on the data of Knutsson.58

LR, likelihood ratio; Sens, sensitivity; Spec, specificity.
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(RSO), thermoregulatory sweat test (TST), quantitative
sudomotor axon reflex testing (QSART), and sympathetic
skin response (SSR). A comprehensive review found no
compelling evidence of the utility of these investigations
as diagnostic tests for complex regional pain syndrome.67

For QST, the review concluded that the findings are not
specific for the disease and do not deliver relevant addi-
tional diagnostic information. It considered RSO, TST,
and QSART useful in the research setting, but they are
difficult to conduct and have little clinical applicability.
The SSR is still affected by differences in technique used,
and cannot be recommended in routine diagnosis of
complex regional pain syndrome (CRPS).

Neuropathies

Some painful neuropathies can be diagnosed on the basis
of history, family history, clinical features, and features of
the primary disease. These include Guillain–Barré neu-
ropathy, rheumatoid vasculitis, systemic lupus erythe-
matosis, sarcoidosis, leprosy, malignancy, and drug
toxicity. They do not require special tests for diagnosis, or
special tests are not available. Other painful neuropathies
can be diagnosed by detecting characteristic metabolites
in the serum or urine (Table 12.4).68, 69 Some

neuropathies may require biopsy for confirmation, and
some can be diagnosed only by biopsy.

Sympathetic blocks

Blocks of the sympathetic nervous system used to be the
mainstay for diagnosing reflex sympathetic dystrophy and
causalgia. However, modern research has shown that these
conditions, now embraced by the rubric – complex regio-
nal pain syndromes – do not necessarily involve the sym-
pathetic nervous system. The diagnosis can be rendered on
clinical grounds, without the use of sympathetic blocks.
Blocks of sympathetic nerves have been relegated to testing
whether or not the pain is sympathetically maintained.

Traditionally, sympathetic blocks have involved the
injection of local anesthetic agents on to that section of
the sympathetic trunk that innervates the affected region
of the body. Such blocks interrupt conduction in sym-
pathetic nerves, and relief of symptoms is taken to indi-
cate that the symptoms are sympathetically mediated.
Alternatives have been the use of intravenous injections of
drugs that ostensibly block the terminal of sympathetic
nerves in the periphery, or the action of their transmitter
substances. The validity of these procedures has been
challenged.

Table 12.4 Painful neuropathies and the laboratory tests for their diagnosis.

Neuropathy Diagnostic test

Serum Urine Biopsy

Diabetic Glucose Glucose

Glucose tolerance

Alcohol Liver function tests

Vitamin deficiency B12
Vasculitis Antinuclear antibodies Biopsy

Sjögren’s disease Sjögren antibodies

AIDS HIV antibodies

Primary amyloid Protein electrophoresis Protein electrophoresis Biopsy

Fabry’s disease d-galactosidase
Globotriasosylceramide Globotriasosylceramide

Uremic Electrolytes

Renal function tests

Porphyric d-aminolevulinic acid

Porphobilinogen

Tangier’s disease Low cholesterol

Low HDLs

Low apoprotein

Churg–Strauss Eosinophilia

Heavy metal Arsenic, thallium

Familial amyloid Biopsy

Hereditary Biopsy

Charcot–Marie–Tooth Biopsy

Cryoglobulinemic Biopsy

HDL, high-density lipoprotein.
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Since their inception, stellate ganglion blocks have
customarily been performed without controls. If a stellate
ganglion block abolished the patient’s pain, the response
was assumed to be genuine and physiological. Indeed, so
strongly established has been the faith in stellate ganglion
blocks that they were excused challenge with controls.
Textbooks that describe these blocks make no mention of
the need for controls.70, 71 The face validity and construct
validity of the blocks is simply assumed. Only Bonica72

briefly calls for the repetition of blocks with different
agents in order to test the validity of the response.

The first controlled study of stellate ganglion blocks
appeared some 50 years after their introduction into pain
medicine. In patients with complex regional pain syn-
drome, Price et al.73 injected the ganglion with either
normal saline or local anesthetic. With either agent, just
as many patients reported relief of pain immediately after
the block. The only difference that emerged was that
patients who received local anesthetic retained relief the
following day; no patient who received normal saline was
so relieved. Consequently, the immediate response to
sympathetic blocks is not a valid criterion for sym-
pathetically mediated pain. That criterion must be
amended to prolong relief lasting to the following day.

Intravenous sympathetic blocks have not withstood
challenge with placebo controls. Intravenous guanethi-
dine does not have effects distinguishable from those of
normal saline;74, 75, 76, 77 nor does phentolamine.78, 79, 80

This lack of specificity has led some authorities to suggest
that the active component of intravenous sympathetic
blocks is the application of the sphygmomanometer
cuff.77

Diagnostic blocks

When the actual cause of a patient’s pain cannot be
established it might, nonetheless, be possible to establish
its source. This can be done either by anesthetizing a
suspected source directly, or by anesthetizing the nerves
that mediate pain from that source. The attitude of pain
physicians to such diagnostic blocks constitutes a fasci-
nating exercise in pain politics and sociology.

In the assessment of patients with neuropathic pain,
the use of diagnostic blocks is neither disputed nor
frowned upon. In such patients, diagnostic blocks are
used to determine if the pain is evoked by a peripheral
source, such as a neuroma or ectopic discharges from an
injured nerve. Failure to relieve neuropathic pain by
peripheral blockade of nerves is taken as evidence of a
more central mechanism for the pain. In this regard,
diagnostic blocks are used not to make the diagnosis, but
to determine the mechanism and source of pain.

Diagnostic blocks are also accepted procedures for the
investigation of certain types of visceral pain, notably the
pain of chronic pancreatitis. For these conditions, celiac
plexus blocks or splanchnic nerve blocks are undertaken,

usually as a prelude to neurolytic therapy. In this context,
diagnostic blocks are undertaken as a prognostic exercise:
as a test that neurolytic therapy might work.

Interestingly, there is no pressure or demand in the
literature that diagnostic blocks for neuropathic pain or
for visceral pain should be controlled; just as there has
been no requirement that sympathetic blocks for complex
regional pain syndromes be controlled. The same does
not apply for diagnostic blocks for spinal pain.

Among the possible sources of low back pain are the
lumbar zygapophysial joints and the sacroiliac joints.
Among the sources of neck pain and headache are the
cervical zygapophysial joints, the lateral atlantoaxial
joints, and the atlantooccipital joints. For these joints, a
variety of diagnostic blocks has been devised and imple-
mented in some circles. Yet their use has met with acri-
monious dissidence. Even though the validity of these
blocks has been established in double-blind, controlled
studies, they have been decried as amounting to no more
than placebos.81 The irony is that the same critics extol
the virtues of sympathetic blocks, which lack double-
blind, controlled studies.81

In the pursuit of neck pain, the atlantooccipital and
lateral atlantoaxial joints can be anesthetized using
intraarticular injections of local anesthetic agents.82, 83, 84,
85, 86, 87 The cervical zygapophysial joints can be anes-
thetized using intraarticular blocks or blocks of the
medial branches of the cervical dorsal rami.88, 89, 90 These
blocks have been shown to have face validity,91 construct
validity,92, 93, 94 and therapeutic utility. When performed
correctly, they block only the target nerve and not adja-
cent structures that feasibly might be an alternative source
of pain.91 When performed using appropriate controls,
they reduce the rate of false-positive response.92, 93, 94

When the response is positive, pain can be successfully
relieved by a specific treatment (see below under
Discussion).

In the pursuit of back pain, the sacroiliac joints can be
anesthetized with intraarticular blocks,95, 96, 97, 98, 99 and
the lumbar zygapophysial joint can be anesthetized with
intraarticular blocks or by blocks of the medial branches
of the lumbar dorsal rami.89, 99 Lumbar medial branch
blocks have been shown to have face validity,100 construct
validity,101, 102 and therapeutic utility. They selectively
block only the target and do not spread to other struc-
tures, which might be alternative sources of pain, pro-
vided that correct techniques are used.100 They protect
normal volunteers from experimentally induced pain
from the lumbar zygapophysial joints.101 If used with
appropriate controls, they reduce the rate of false-positive
responses.102 A positive response can be matched with a
successful treatment (see below under Discussion).

No other blocks have been as thoroughly tested as
diagnostic blocks of the zygapophysial joints. No other
blocks have such a systematic and comprehensive litera-
ture covering studies in normal volunteers, face validity,
construct validity, and predictive validity. That literature
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surpasses the literature on any of the more traditional
blocks used in pain medicine. The reason for the bias
against them remains unexplained.

Controls

Single, diagnostic blocks have unacceptably high false-
positive rates. When these rates have been measured, they
amount to between 25 and 41 percent.102, 103, 104, 105 These
high false-positive rates compromise the validity of
any response. Without performing control blocks, the
operator cannot tell if a positive response is true or
false.

In practice, two types of control are available.106

Pharmacologic controls require using different agents on
the same target on separate occasions. Anatomic controls
require applying the test to a different structure.

The ultimate pharmacologic control is a placebo block.
However, this requires a sequence of three blocks.106 On
the first occasion, a local anesthetic must be used in order
to establish, prima facie, that blocking the target nerve or
structure does indeed relieve the patient’s pain. Unless
this is established, there is no point performing control
blocks on a structure that is not the source of pain. The
second block must be either a local anesthetic or normal
saline, allocated randomly and in a double-blind fashion.
The second block cannot routinely be the placebo, for an
insightful patient would know that the second block is
always the ‘‘dummy.’’ Chance must be maintained. On the
third occasion, the agent administered is the one not
administered on the second occasion. Under these con-
ditions, a positive response would be relief of pain on
each occasion that a local anesthetic agent was used and
no relief when normal saline was used.

There are no ethical objections to such a process,
provided that the patient provides informed consent to
undergo the sequence of tests. What is often prohibitive,
however, is the number of procedures required.

A practical alternative is comparative local anesthetic
blocks.106 The patient undergoes the same block on
separate occasions, but different local anesthetic agents
are used. A concordant response is one in which the
duration of relief is concordant with the expected dura-
tion of action of the agent used. The patient reports
short-lasting relief when a short-acting agent is used (e.g.
lidocaine) and long-lasting relief when a long-acting agent
is used (e.g. bupivacaine). A discordant response is one in
which the patient reports complete relief of pain follow-
ing each block, but the duration of response is discordant
with the expected duration of the agent used. Typically,
this amounts to a prolonged response to lidocaine.

Validation studies, using placebo controls as the
reference standard, have shown that concordant responses
have only a 14 percent chance of being false-positive.94

Reciprocally, that means an 86 percent chance of being
true-positive. Discordant responses have a 35 percent
chance of being false-positive, but a 65 percent chance of

being true-positive. Whether an operator should accept
concordant or discordant responses as constituting a
positive response depends on the circumstances. If 65
percent diagnostic confidence is enough for practical
purposes, a discordant response becomes acceptable. If
greater diagnostic confidence is required, say before a
destructive therapy based on the diagnosis, a concordant
response may be preferable.94

For intraarticular blocks, pharmacologic controls
cannot be used, because the normal duration of action of
local anesthetic agents within joints is not known. Under
these conditions, anatomic controls can be used. Under
single-blind conditions, the operator targets an adjacent
structure that is believed not to be the source of pain.
Anatomic controls, however, are valid only if the target
and control structures are both small and indis-
tinguishably close to one another. If it is obvious to the
patient that a different structure is being tested, the
purpose of the control is defeated.

Disk stimulation

Disk stimulation is a test that involves provoking an
intervertebral disk with injections of contrast medium
into its nucleus pulposus. The test determines if stressing
the disk in this way reproduces the patient’s pain. A
positive response implicates the disk as the source of the
patient’s pain.

Because disk stimulation relies on provoking a
patient’s pain, not relieving it, several measures need to be
taken in order to secure the validity of the test. In general
terms, these measures guard against a positive response
being due to hyperalgesia.

In the first instance, disk stimulation requires ana-
tomic controls. In order for the test to be positive,
reproduction of pain upon testing one disk must
be accompanied by no pain when adjacent disks are
tested.

In the second instance, disk stimulation requires
manometric controls. In a substantial proportion of
normal individuals, a lumbar disk can be painful upon
stimulation provided that the pressure of injection is
sufficiently high.107 A corollary to this phenomenon,
however, is that below certain pressures of injection,
normal disks have never been found to be painful.107

Furthermore, when stimulation of normal disks does
evoke pain, the pain is of low intensity. Consequently, in
order for disk stimulation to be positive, the pressure of
injection must be low (generally less than 40 psi), and the
pain evoked must be of an intensity greater than five on a
ten-point numerical pain rating scale.107, 108

If these precautions are not taken, lumbar disk sti-
mulation can have an inordinately high false-positive
rate.109, 110 If anatomical and manometric controls are
used, the false-positive rate can be kept to less than 10
percent.107, 108
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Similar principles apply to cervical disk stimulation,
but with certain modifications. In normal volunteers,
cervical intervertebral can be made to hurt when stressed,
but the evoked pain is typically of less intensity than that
reported by patients.111 Accordingly, for cervical disk
stimulation to be positive, the evoked pain must be
registered as greater than seven on a ten-point scale.111, 112

Anatomical controls are mandatory, for it has been shown
that it is uncommon for a single cervical disk to be
painful; disks can be painful at two, three, and more
levels.113 Therefore, all cervical disks need to be studied,
lest the result be confounded by sampling bias.112 Fur-
thermore, cervical disks can be false-positive when the
patient has zygapophysial joint pain.114 Therefore, cervi-
cal disk stimulation should only be performed once
diagnostic blocks have excluded the zygapophysial joint as
the source of pain.112 Manometry of cervical disk sti-
mulation has not been studied. Therefore, no manometric
criteria for cervical disk stimulation have been developed
or proposed.

APPLICATION

The Classification of Chronic Pain of the International
Association for the Study of Pain115 lists the common and
rare chronic pain problems that pain physicians might
encounter. For purposes of discussion, these conditions
can be grouped into three categories: vascular and visceral
diseases (Table 12.5), neurological, rheumatological,
dental, and spinal diseases of known pathology (Table
12.6), and miscellaneous disorders for which no pathol-
ogy is known (Table 12.7).

Vascular and visceral disorders

For vascular and visceral diseases (Table 12.5), the
objective of investigations is to depict and define the
lesion. Typically, these would involve imaging, such as
ultrasound, MR imaging, or contrast studies for vessels
and hollow viscera, direct visualization by endoscopy,
biopsy, or organ-specific studies, such as electro-
cardiography, or disease-specific blood tests. The nature
of these investigations and their application is not the
province of pain medicine to dictate. They are determined
by the medical specialties that conventionally deal with
these problems.

Disorders of known pathology

The neurological conditions with known pathological
causes (Table 12.6) are usually diagnosed on the basis of
clinical features, and by and large do not require inves-
tigations. Peripheral neuropathies will be diagnosed
clinically and by blood tests, but nerve conduction studies

or nerve biopsy may be indicated if the diagnosis is in
doubt. Syringomyelia will require MR imaging to deter-
mine the size and extent of the lesion. For Tolosa–
Hunt syndrome, MR imaging is the best means of

Table 12.5 Visceral and vascular diseases associated with pain.

Diseases

Angina pectoris Carcinoma of the stomach

Myocardial infarction Carcinoma of the pancreas

Pericarditis Mesenteric ischemia

Aneurysm of the aorta Crohn’s disease

Cardiac failure Diverticular disease

Postmastectomy pain Carcinoma of the colon

Postthoracotomy pain Porphyria

Internal mammary artery syndrome Secondary dysmenorrhea

Ergotism Endometriosis

Thromboangiitis obliterans Parametritis

Chronic venous insufficiency Salpingitis

Intermittent claudication Retroversion of the uterus

Subphrenic abscess Ovarian pain

Carcinoma of the esophagus Carcinoma of thyroid

Herniated abdominal organs Carcinoma of larynx

Esophageal motility disorders Tuberculosis of larynx

Esophagitis

Gallbladder

Chronic gastric ulcer

Chronic duodenal ulcer

Table 12.6 Neurological, rheumatological, dental, and spinal

diseases of known pathology that can cause pain.

Diseases

Peripheral neuropathy Rheumatoid arthritis

Guillain–Barré syndrome Polymyalgia rheumatica

Stump pain CPPD

Phantom pain Gout

Central pain Hemophilic arthropathy

Carpal tunnel syndrome Tenosynovitis

Trigeminal neuralgia Scleroderma

Postherpetic neuralgia

Eagle’s syndrome Maxillary sinusitis

Tumors of the brachial plexus Odontalgia

Chemical irritation of the

brachial plexus

Dry socket

Avulsion of the brachial plexus

Thoracic outlet syndrome Spinal pain attributable to:

Syringomyelia Fracture

Tolosa–Hunt syndrome Infection

Temporal arteritis Neoplasm

Low cerebrospinal fluid pressure

headache

Metabolic bone disease

Postdural puncture headache Arthritis

CPPD, calcium pyrophosphate deposition disease.

154 ] PART I GENERAL CONSIDERATIONS



confirming the presence of the lesion,116, 117 but CT-gui-
ded needle biopsy may be required to establish the nature
of the tissue.118, 119 Temporal arteritis is diagnosed first by
clinical features and a high erythrocyte sedimentation
rate, but may require biopsy preceded by angiography to
avoid skip lesions.

Rheumatologists will rely largely on clinical features
and serology. Having diagnosed arthritis they will usually
obtain plain films both to corroborate the diagnosis and
to stage the severity of any joint destruction. No special
investigations are required to determine the nature or
cause of pain.

CT or MR imaging may be required to confirm a
diagnosis of maxillary sinusitis. Chronic dental problems
are diagnosed clinically, on the basis of history and
examination, but imaging may be required to exclude
underlying bone pathology.

For serious causes of spinal pain, a variety of screening
tests are applicable, depending on the nature of the sus-
pected pathology (Table 12.8). In all instances, testing
should be predicated on the presence of clinical indica-
tors. In the absence of clinical indicators, serious causes of
spinal pain are extremely unlikely, and investigation is
neither warranted nor indicated.

For infection, the patient should have features indi-
cative of an infection, or should have a history of risk
factors for infection. The latter encompass all manner of
body penetrations that may be the source of inoculation,
or suppressed immunity against infection. In the presence
of such features, the first line of investigation is not
routine imaging but serological tests (Table 12.8).

Thereafter, MR imaging is the investigation of choice
because of its high sensitivity and specificity for infection
in and around the spine. For lack of sensitivity, plain
radiography should not be used either to search for or to
exclude spinal infection.

For suspected primary or secondary neoplastic disease
of the spine, the clinical indicators are risk factors that
raise the likelihood of cancer, and clinical features
suggestive of neoplastic disease (Table 12.8). In the
absence of such indicators, the likelihood that a patient
has spinal pain due to neoplastic disease is virtually nil.
In the presence of clinical indicators, or if cancer is
nevertheless suspected, various laboratory tests are
appropriate as first-line investigations (Table 12.8).
Imaging is not indicated or warranted if laboratory tests
are normal.

An explicit protocol has been advocated and tested for
the investigation of patients in whom cancer is sus-
pected.120 It recommends the following:

� patients with a past history of cancer should be
considered ‘‘high risk.’’ In these patients an
immediate erythrocyte sedimentation rate (ESR) and
imaging is warranted; and a positive result on either
test mandates further work up;

� patients under the age of 50 years, with no history of
cancer, no weight loss, no signs of systemic illness,
and who do not fail to improve, are considered ‘‘low
risk.’’ For these patients no laboratory tests or
imaging are warranted;

� patients over 50 years, or those who fail to respond
to treatment, or who have unexplained weight loss or
signs of systemic illness constitute ‘‘intermediate
risk.’’ For these patients, an ESR is appropriate. If the
ESR is o20mm/hour, no further investigation is
warranted. If the ESR is 420mm/hour, imaging
should be undertaken. If the imaging is normal,
these patients should be closely monitored.

This protocol secures the detection of cancer without
gratuitous use of unnecessary imaging. When first tested,
this protocol considered plain radiography as the ima-
ging investigation. A subsequent study promoted MR
imaging or bone scan as the investigation of choice.121

That study also showed that raising the threshold for
imaging to an ESR of 50 increased the specificity of the
protocol.

Aneurysms are an important differential diagnosis of
spinal pain. The clinical indicators are the risk factors for
aneurysm, and the absence of musculoskeletal signs
consistent with a musculoskeletal source of pain. Aneur-
ysms of the vertebral or internal carotid arteries can
present with neck pain, and aortic aneurysms can present
with back pain. Indeed, a pathology study reported that
back pain was the most common presenting feature of
patients who died of aortic aneurysm.122 Magnetic reso-
nance angiography is the preferred investigation for

Table 12.7 Disorders associated with chronic pain for which no

pathology is known.

Disorders

Mittelschmerz Acceleration–deceleration

injury of the neck

Primary dysmenorrhea Spinal pain of unknown origin

Irritable bowel syndrome Gluteal syndromes

Recurrent abdominal pain in

children

Piriformis syndrome

Acute tension headache Spinal pain attributed to:

Chronic tension headache Trigger point

Classic migraine Muscle spasm

Common migraine Segmental dysfunction

Cluster headache Instability

Spinal stenosis

Temporomandibular

dysfunction

Glossodynia and burning

mouth

Discogenic pain

Zygapophysial joint pain

Posttraumatic headache Sacroiliac joint pain

Cervicogenic headache

Occipital neuralgia
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cervical vascular disease. Ultrasound can be used for the
abdominal aorta.

In patients with chronic spinal pain, fractures are most
likely to have been detected during the early, acute phases
of illness. Fractures, however, are uncommon causes of
spinal pain. They should be considered in patients with a
history of trauma, or following minor trauma in indivi-
duals with a risk factor for fracture, such as osteoporosis
due to age or consumption of steroids. Even so, the
prevalence of fractures is low. In emergency rooms, the
prevalence of cervical fractures in patients presenting with
suspected neck trauma is only about 3 percent.123, 124, 125

In patients with neck pain, with no history of trauma,
plain films typically reveal no abnormalities or only age-
changes.9, 126 In patients with back pain, with no history
of trauma, the chances of an occult fracture being the
cause of pain are essentially nil.127

Spinal pain due to arthritis does not refer to degen-
erative disc disease, it pertains to spinal pain due to
rheumatoid arthritis or the spondylarthropathies. In these
conditions, spinal pain does not occur in isolation; it
occurs in the context of associated systemic features or
arthropathy elsewhere in the body. As with other rheu-
matological diseases, the diagnosis is essentially clinical.
Special investigations to determine the cause of pain are
not required.

Metabolic diseases of bone, such as Paget’s disease and
primary hyperparathyroidism, are extremely rare causes

of chronic spinal pain. For these conditions, laboratory
tests, such as serum alkaline phosphatase levels and
calcium levels, are the appropriate screening test.

Disorders of unknown pathology

The most troublesome conditions that befall a pain clinic
are those for which no pathology is known (Table 12.7).
For the visceral disorders, no special investigations are
indicated once the condition has been established and
other gynecological or gastrointestinal problems have
been excluded. The various headaches are diagnosed by
clinical features alone, and usually do not require further
investigation. The investigation of temporomandibular
dysfunction is highly controversial, and beyond the scope
of this chapter. Options range from nothing to MR
imaging and arthroscopy. No special investigations are
known to be useful for burning mouth.

The remaining rubrics listed in Table 12.7 concern the
differential diagnosis of spinal pain. Some require and
invite no investigations. Acceleration–deceleration injury
of the neck is the formal rubric for whiplash – a diagnosis
made on the basis of history alone. Similarly, spinal pain
of unknown origin pertains to pain whose cause cannot
be or has not been pursued. The gluteal and piriformis
syndromes are diagnosed clinically, and do not require
special investigations.

Table 12.8 Clinical indicators and preferred investigations for possible serious causes of spinal pain.

Suspected
pathology

Clinical indicators Preferred test

Infection Fever 1st line ESR, FBC, CRP

Sweating

Risk factors for infection (invasive medical

procedure, injection, illicit drug use,

trauma to skin or mucous membrane,

immunosuppression, diabetes mellitus,

alcoholism)

2nd line MR imaging

Tumor Past history of malignancy All cases

Age greater than 50 1st line 1: ESR, CRP

Failure to improve 2nd line 2: MR imaging

Weight loss Prostate PSA

Pain not relieved by rest Myeloma IEPG, serum protein

electrophoresis

Aneurysm Cardiovascular risk factors Vertebral, carotid MRA

Anticoagulants Aorta Ultrasound

Transient ischemic attacks

Bruit

History of torsion to neck

No musculoskeletal signs

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FBC, full blood count; IEPG, immunoelectrophoretogram; MRA, magnetic resonance angiography;
MR imaging, magnetic resonance imaging; PSA, prostate-specific antigen.
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Although listed in the taxonomy,115 spinal pain
attributed to trigger point, muscle spasm, etc., are entities
that effectively cannot be diagnosed. The reliability of
examination for paraspinal trigger points is so poor that
the entity defies validation.128, 129 No reliable or valid tests
are available for muscle spasm or segmental dysfunction.
Although touted as a concept, instability remains un-
defined or undetectable by any conventional means.
Whereas spinal stenosis can be demonstrated by CTof the
lumbar spine, and whereas it is tenable as an explanation
for claudication-like symptoms in the lower limbs, it is an
inadequate explanation for any spinal pain suffered by
patients with this condition.

The only entities for which investigations can be
undertaken are discogenic pain, zygapophysial joint pain,
and sacroiliac joint pain. Contrary to popular and tra-
ditional belief, these conditions account for the majority
of patients with chronic spinal pain. Beliefs that chronic
spinal pain cannot be, and should not be, investigated are
predicated on the use, in the past, of tests to pinpoint the
source or cause of pain that were never capable of doing
so (e.g. plain radiography).

Chronic back pain

The disciplined investigation of chronic low back pain is
predicated on the relative prevalence of various possible
sources and causes of pain. In younger patients and in
patients with a history of injury, the most common lesion
is internal disk disruption. It accounts for at least 40
percent of cases.130 Next most common is sacroiliac joint
pain, which accounts for some 20 percent of cases.96, 97

The prevalence of lumbar zygapophysial joint pain is not
more than 15 percent,131 and is probably less than 5
percent in these patients.132, 133 In contrast, in elderly,
uninjured patients, the prevalence of lumbar zygapo-
physial joint pain can be as high as 40 percent.134

These data influence the diagnostic strategy that might
be assumed. The choice lies between pursuing discogenic
pain or a source of pain in the synovial joints (Figure
12.2). The former would be indicated in younger injured
patients and the latter in older patients with no history of
trauma.

Another factor bears on this initial consideration. An
MR image of the lumbar spine is an appropriate screening
test before undertaking any invasive investigations for low
back pain. Not only will it reveal any occult lesions not
evident on or suspected from history, it also streamlines
invasive investigations, preventing them from being
undertaken arbitrarily or routinely.

If the MR image is absolutely normal and shows no
changes in the intervertebral disks, the disks are unlikely
to be the source of pain. Although disk stimulation may
be positive in disks of normal appearance, this is an
uncommon event (Table 12.9). Moreover, the available
data are derived from studies conducted before

contemporary manometric criteria were applied. There-
fore, they may overstate the yield of disk stimulation in
disks with normal appearance on MR imaging.

Consequently, in the interests of efficiency, the pursuit
of discogenic pain should be avoided, in the first instance,
in patients with pristine disks on MR imaging. Whether
or not the disks should be investigated later is a practical
and ethical question that can be considered once the
diagnostic algorithm is otherwise exhausted. The pursuit
of pain from the synovial joints is the option more likely
to be productive in younger patients with normal disks,
and in elderly patients with no evident source of pain.

DISK ALGORITHM

The MR image may show a high intensity zone (HIZ) in
an annulus fibrosus. This sign should not be confused
with fissure or unremarkable spots in the annulus. It
consists of a bright signal, seen on carefully acquired T2-
weighted images, with a brightness greater than that of
the nucleus, and at least equivalent to that of the cere-
brospinal fluid.138, 139, 140, 141 When present in patients
with back pain, it implicates the affected disk as the
source of the patient’s pain, with a positive likelihood
ratio of 6.138, 142 The sign is not common, being found in
fewer than 30 percent of patients.138, 139, 140, 141 However,
when present, its high likelihood ratio renders it a diag-
nostic sign. For the diagnosis of internal disk disruption, a
likelihood ratio of 6 converts the pretest likelihood of 40
percent to a diagnostic confidence of 80 percent. In that
event, internal disk disruption can be diagnosed on the
basis of MR imaging alone, and further investigation may
not be necessary if all that is required is a diagnosis.
Confirmation of discogenic pain by discography would
be required only if destructive treatment is being
entertained.

If the MR image does not show an HIZ, a critical
consideration is if multiple disks are degraded. If that is
the case, pursuit of discogenic pain is questionable, for if
multiple disks are likely to be symptomatic there is no
available, efficient treatment for multilevel disk disease.

If, however, only one or perhaps two, disks are
abnormal, it is potentially profitable to establish a diag-
nosis of discogenic pain. This can be done by disk sti-
mulation complemented by post-discography CT
scanning.108 Disk stimulation establishes if the disk is
symptomatic. CT scanning established the internal
morphology of the disk, and whether or not a fissure
characteristic of internal disk disruption is present.

If disk stimulation is negative, investigating the
sacroiliac and zygapophysial joint blocks should be con-
sidered (Figure 12.2). These may or may not be the
source of pain despite the appearance of the disks on MR
imaging, but having excluded the disks as the source of
pain the chances are greater that the sacroiliac joint or the
zygapophysial joints are the source of pain.
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SYNOVIAL JOINT ALGORITHM

If the synovial joint strategy is initiated, certain clinical
decisions need to be taken before blocks are commenced
(Figure 12.3). Rarely, if at all, have invasive tests been able
to establish the source of pain in patients who have pain
restricted to the midline, i.e. with no lateral radiation.
Therefore, operators should carefully consider pursuing

diagnostic blocks in such patients. Similarly, in patients
with bilateral pain, operators should carefully consider if
it is feasible and likely that the patient has bilateral
sacroiliac joint pain. If not, it would be more efficient to
pursue zygapophysial joint pain as the source, because
these joints are far more likely to have suffered injuries
bilaterally. Third, it is conspicuous from the research lit-
erature that sacroiliac joint pain does not project rostrally

Back pain 

Age injury lumbar MRI 

Yes

Is reasonable and appropriate treatment for 
discogenic pain available?

No

Is demonstration of discogenic pain 
justified if no treatment is 

available? 

No Yes

Is pursuit of synovial joint pain justified?

NoYes

Has discogenic pain 
been excluded? 

NoYes

Cease investigations 

Has pursuit of discogenic
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NoYes

Synovial joint algorithm

Synovial joint 
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NoYes
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Result negative? 
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Figure 12.2 An algorithm for the investigation of low back pain.

158 ] PART I GENERAL CONSIDERATIONS



above L5.96, 98 So, if the patient’s pain is restricted to
below this level, the sacroiliac joint becomes the more
likely target. Conversely, if the pain extends above L5, the
zygapophysial joints (or the disks) are the more likely
source.

None of these clinical indicators is diagnostic of the
source of pain in a positive sense; they do not predict that
the chosen investigation will be positive. Their utility
works in reverse. They render the competing source of
pain as less likely, and serve to choose which investigation
is less likely to be productive.

If the sacroiliac joint is selected as the target, this joint
can be blocked using well-defined, established techni-
ques.95 If the response to a first block is negative,
sacroiliac joint pain is excluded, and the investigations
can turn to the zygapophysial joints (Figure 12.4). If
the response to a first block is positive, that response is
not diagnostic, because it could be false-positive. A
control block must subsequently be performed. If the
control block is negative, the diagnosis of sacroiliac
joint pain is refuted, and the operator should carefully
consider their next steps. They need to be confident that
the placebo response to the first block was an isolated
event, and not a sign that the patient is confused about
their pain and its investigation. If the response to the
control block is positive, a diagnosis of sacroiliac joint
pain is established, and no further investigations are
required.

A similar process applies to the investigation of zyga-
pophysial joint pain. It is inefficient to investigate one
joint at a time. The prevalence of zygapophysial joint pain
is low, and the chances of negative responses are high. If
joints are investigated one at a time, the chances are that
multiple blocks will prove negative. This constitutes a
waste of resources. It is more efficient to conduct a
screening block, targeting multiple levels, in the first
instance. If a screening block of multiple levels proves
negative, further investigations are not warranted.
Thereby, patients who do not have zygapophysial joint
pain are identified with one test, and resources are not
wasted performing multiple tests with negative results.

The lower two segmental levels are the most commonly
affected. So, the screening blocks should target these
levels. Operators should have good cause to target joints
at higher levels.

The appropriate procedure for screening blocks are
medial branch blocks at L5, L4, and L3.99 These are
preferred over intraarticular blocks because they have
been validated and are prognostic of the only proven
treatment for lumbar zygapophysial joint pain, which is
lumbar medial branch neurotomy.

If a patient proves negative to screening blocks, the
operator needs to consider what next steps are justified.
Sacroiliac joint blocks might be entertained, or investi-
gations might cease.

If a patient has a positive response to screening blocks,
further blocks should be undertaken in order to pinpoint
the actual source of pain. For an accurate diagnosis, joints
should be anesthetized one segment at a time, and the
diagnosis confirmed by controlled blocks. Some operators
elect to block multiple joints at a time, largely on the
grounds that they are not reimbursed for multiple,
sequential blocks. It should be recognized that this
amounts to an idiosyncrasy of the reimbursement system,
which does not reflect optimal practice.

If confirmatory blocks prove positive, a diagnosis of
zygapophysial joint pain is established. If confirmatory
blocks are negative, the operator should carefully consider
if further investigations are justified.

Chronic neck pain

In order to rule out serious causes of pain, MR imaging of
the cervical spine is the most appropriate screening test.
Thereafter the possible sources of idiopathic pain are the
muscles, ligaments, and joints of the cervical spine.

For muscles, there are no validated investigations.
Some practitioners elect to inject tender points in cervical
muscles, but usually as a form of treatment. No studies
have validated intramuscular injections as a diagnostic
test of neck pain.

Tears of the transverse ligament of the atlas, or of the
alar ligaments, can occur after trauma, or in patients with
upper cervical rheumatoid arthritis. No tests are available
by which pain can be traced to these ligaments, but
damage to them is manifest by upper cervical instability.
Widening of the atlantoodontoid interval by more than
3mm on flexion radiographs is evidence of impairment
of the transverse ligament of the atlas. Rotation of the
atlas to more than 561 on functional CT scans is evidence
of tear of the contralateral alar ligament.143 Functional
MR imaging can demonstrate the lesion directly.144 Such
investigations are indicated in patients with upper neck
pain and headache, with a history of trauma or rheu-
matoid arthritis, particularly in those patients in whom
neck movement provokes nausea, and who themselves
‘‘feel’’ unstable.

Table 12.9 A contingency table correlating the results of

magnetic resonance imaging against the results of provocation

discography as the criterion standard for a symptomatic lumbar

disk.

Magnetic resonance imaging Disk stimulation

Symptomatic Asymptomatic

Abnormal 201 152

Normal 50 234

Based on the pooled data of Osti and Fraser,135 Horton and Daftari,136 and
Simmons et al.137

Sensitivity = 0.80; specificity = 0.60; positive predictive value = 0.57;
negative predictive value = 0.82.
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Disk stimulation can be undertaken in order to pursue
sources of pain in the cervical disks, but this is a con-
tentious issue. Some surgeons contend that finding the
symptomatic disk indicates which level should be fused as
treatment for the pain. However, no properly conducted
outcome studies have yet vindicated this paradigm. Fur-
thermore, the most comprehensive, available data indi-
cate that surgery is indicated in only some 10 percent of

cases with positive cervical disk stimulation.113 In the
remainder, too many disks at disparate levels prove
positive and constitute a contraindication to surgery. In
that regard, however, the diagnostic utility of cervical
disk stimulation lies more in preventing surgery than in
promoting it.

Moreover, cervical disk stimulation is false-positive in
some 40 percent of cases, because the patient has

Is the pain midline? 

YesNo
Reconsider the propriety 
of pursuing investigations

Is the pain bilateral? 

YesNo

Is the pain entirely caudal to L5?

Yes No

SI joint block 

Result positive? 

Confirmatory block

Result positive? No

Diagnosis = SI joint pain 

Is there good reason 
to believe that the 
patient could have 

bilateral SI joint pain? 

Yes No

YesNo

Carefully 
reconsider, 
and justify 
proceeding

Screening blocks of Z joints 
medial branches L5, L4, and L3 

Result positive? 

Confirmatory 
blocks

Result positive?

YesNo

Diagnosis = Z  joint pain 

NoYes

Yes

Figure 12.3 Algorithm for the investigation of the synovial joints of the lumbar and sacral region.
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zygapophysial joint pain at the affected segment.114

Contemporary guidelines, therefore, recommend per-
forming zygapophysial joint blocks before cervical disk
stimulation.112

Multiple studies have shown that the cervical synovial
joints are the most common source of chronic neck pain.
Prevalence estimates range between 36 and 74 percent,

with a representative value of 60 percent.145, 146, 147, 148

These data justify, if not warrant, the pursuit of synovial
joint pain for the diagnosis of chronic neck pain.

An algorithm can be followed to ensure optimal effi-
ciency in the use of these blocks (Figure 12.4). Such an
algorithm prevents blocks being performed arbitrarily.
The algorithm is predicated on the prevalence of neck

Controlled blocks of 
third occipital nerve 

Most likely level 
according to pain maps 

Upper cervical pain 
± headache 

Positive?

No Yes
Diagnosis = 

C2-3 Z joint pain 

Positive? 

NoYes

Lateral atlantoaxial 
joint blocks 

Positive? 

No Yes
Diagnosis = 

C1-2 joint pain 

Other possible 
levels excluded? 

Yes

Select next most 
likely level 

No

Cease 
investigations 

C23-4 Z joint blocks 

Positive?

No Yes
Diagnosis = 

C3-4 Z joint pain 

Cease 
investigations

Controlled Z joint 
blocks

Diagnosis = 
Z joint pain 

Lower cervical pain 
± shoulder pain 

Figure 12.4 An algorithm for the investigation of neck pain, using diagnostic blocks.
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pain stemming from the synovial joints, and on the
recognition of pain patterns from these joints.

The first clinical step is to determine if the patient has
upper cervical pain, with or without headache, or lower
cervical pain, with or without referred pain to the
shoulder girdle or upper limb. If a patient has both upper
and lower cervical pain, their investigation can be staged,
by addressing first either the lower or upper pain, and
then the pain in the other distribution. This recommen-
dation is predicated on the fact that lower cervical pain
most often stems from the C5-6 or C6-7 joints, whereas
upper cervical pain stems from the upper three seg-
ments.149 When headache is the dominant symptom, the
source of pain can nearly always be found in the upper
synovial joints.149 Rarely does headache stem from joints
below C3-4, and when it does it is not the dominant
symptom; lower neck pain is the cardinal complaint, and
the headache appears only secondary.

Lower cervical pain can be investigated using cervical
medial branch blocks to anesthetize the lower cervical
zygapophysial joints. For the safe and accurate execution
of this procedure, guidelines have been published.90

Pain maps149, 150 can be used to select the most
appropriate level at which to commence investigations
(Figure 12.5). For pain that spreads over the supraspi-
nous region of the scapula and into the deltoid region,
C5-6 is the more likely source. For pain located more over
the medial border of the scapula, C6-7 is the more likely
source. Some patients can have pain stemming from both
C5-6 and C6-7. Other publications provide instructions
as to how to establish this diagnosis systematically and
efficiently.89, 90

If controlled blocks at the first selected level are posi-
tive, the diagnosis of cervical zygapophysial joint pain is
established. If the block is negative, the next most likely
joint can be tested. Usually this will be the next joint

above or below the first selected. If testing this second
level with controlled blocks is positive, a diagnosis is
established. If blocking the second level proves negative,
investigations should cease. Careful consideration should
be given before pursuing a third or more levels, for
published experience has shown that the yield of positive
responses of a third level is dwindling to small.

For upper cervical pain and headache, the published
data currently indicate that the C2-3 zygapophysial joint
is the most likely source, followed by the lateral atlan-
toaxial joint. These pretest probabilities might change in
the face of new data, but these are reigning likelihoods at
present. C3-4 is an uncommon source of pain, and should
be considered only after the first two levels have been
excluded.

Accordingly, the algorithm (Figure 12.4) recommends
that blocks be initiated at C2-3, using third occipital nerve
blocks, for which guidelines have been published. If
controlled blocks of the third occipital nerve prove
positive, the diagnosis is established. If blocks are nega-
tive, the next investigation should be lateral atlantoaxial
joint blocks. These require intraarticular placement of
local anesthetic, because the nerve supply to this joint
cannot be selectively anesthetized. If lateral atlantoaxial
joint blocks prove positive, a diagnosis is established. If
they are negative, the C3-4 joint should be investigated
with medial branch blocks.

If blocks of these three joints prove negative, investi-
gations should cease. Careful consideration should pre-
cede pursuing any other joints. Techniques are available
by which to investigate the atlantooccipital joint, but no
data are available as to how often these joints are a source
of pain.

In patients with both upper and lower cervical pain,
the most common diagnostic pattern is upper cervical
pain stemming from C2-3 and lower cervical pain stem-
ming from C5-6 or C6-7. In such patients, blocking C2-3
relieves their headache, but not their lower neck pain;
blocking C5-6 or C6-7 relieves their lower neck pain, but
not their upper neck pain and headache; while blocking
C2-3 and C5-6 (or C6-7) simultaneously relieves all of
their pain.

DISCUSSION

The utility of pursuing a diagnosis of spinal pain by
invasive tests lies in two domains. It has diagnostic utility
and can have therapeutic utility.

Diagnostic utility is an abstract concept. Establishing a
diagnosis does not necessarily lead to a definitive treat-
ment, but it nevertheless improves management. If a
diagnosis is established, the patient has the satisfaction of
knowing that their pain is real, and has a detectable
source, even though it might not be treatable (at present).
Establishing a diagnosis also provides closure. The patient

C2-3 > C1-2 > C3-4

C5-6 > C6-7 
C6-7 > C5-6 

Figure 12.5 A map of the representative distribution of upper

cervical and lower cervical pain, and the relative likelihoods of

joints at the segments indicated being the source of pain.
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may embark on a quest for treatment, but they no longer
require further investigations for the sake of diagnosis.

Therapeutic utility is a more practical concept. It
means that the diagnostic test leads to a valid treatment.
For some spinal investigations therapeutic utility is still
lacking. For others, there is a treatment that ensues.

Spinal fusion is still recommended, in some quarters,
for patients with proven diskogenic pain, both in the
cervical and in the lumbar spine. This remains a con-
tentious issue, for there are no compelling data, to date,
that fusion succeeds in relieving patients of their pain.
Other options are being explored. This includes disk
replacement and various intradiskal therapies. None is yet
proven to the satisfaction of all critics, but patients might
decide to avail themselves of these treatments in
evolution.

Nor is there any proven treatment for sacroiliac joint
pain. Arthrodesis is used by some surgeons, but convin-
cing outcome data are lacking. Others have explored
various ways of denervating the affected joint, but only
preliminary data have appeared.

No conservative therapies have been validated for pain
stemming from the atlantoaxial joints, but arthrodesis can
be entertained. Fusing the joint provides long-term relief
of pain.151, 152

For zygapophysial joint pain there are established
treatments. Therefore, medial branch blocks for zygapo-
physial joint pain have therapeutic utility. For lumbar
medial branch neurotomy, a controlled trial showed that
the effect cannot be attributed to placebo.152 An outcome
study showed that, if patients are selected using controlled
blocks, and if the correct technique is used, some 60
percent of patients maintain at least 80 percent relief of
pain at 12 months, and some 80 percent of patients
maintain at least 60 percent relief.153 Since the treated
nerves recover, pain can recur. In that event, repeating the
treatment reinstates relief.154

Similar, but stronger data apply to cervical medial
branch blocks. Pain that is completely relieved by con-
trolled medial branch blocks can be relieved by cervical
radiofrequency neurotomy. The efficacy of this procedure
has been established in a placebo-controlled trial, com-
plemented by long-term follow up.155, 156, 157, 158 For
lower cervical pain, the success rate is 70 percent for
achieving complete relief of pain.155, 156, 157 Third occi-
pital neurotomy completely relieves headache stemming
from the C2-3 joint in some 86 percent of cases.158 If pain
recurs, when the nerve recovers, relief can be reinstated by
repeating the procedure.156, 157, 158
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KEY LEARNING POINTS

� Particular effects of chronic pain are as varied and

complex as the people who suffer them.
� The language of ‘‘cause’’ and ‘‘effects’’ in chronic pain

can be considered loosely, and for analytic purposes,

without losing sight of the whole person, in context,

with their own personal history.
� Among the most well-documented effects that come

with chronic pain is emotional distress or mood

disturbance, including three to six times the rates of

anxiety and depressive disorders compared to the

general population.
� Half or more of pain sufferers in the community report

disturbed sleep, decreased lifting and exercise, and

regular use of medication.
� Considering some effects of chronic pain as possible

processes of suffering and disability is potentially useful.

INTRODUCTION

Any healthcare provider who has seen even a small sample
of chronic pain sufferers will know the profound beha-
vioral, cognitive, emotional, financial, physical, and social
effects that can occur. Providing extensive literature
citations to substantiate these effects appears almost
unnecessary, as these effects are practically incontestable.
However, even if most clinicians readily associate chronic
pain with experiences of significant suffering and life
disruption, this does not occur for every person with
chronic pain, and universal effects of chronic pain can be
difficult to describe. The particular effects are as varied
and complex as the people who suffer them. Indeed, this
variability requires examination.

There are many different models by which to under-
stand the experience of chronic pain, such as those that

are biological, psychological, social, or a blend of these.
Each model comes with its own assumptions regarding
cause and effect. Some of these assumptions resemble
everyday thinking and speaking, or are highly influenced
by them, and some are not (a point that is discussed
below under Psychological domains of chronic pain
assessment). These assumptions are also imbedded in the
measures we use, the treatments we deliver, and what we
call a ‘‘good outcome.’’ With this in mind, the purpose of
this chapter is to briefly present a practical description of
the psychological effects of chronic pain, a description
that is intended to be technically useful, for clinical
applications, treatment development, and research. The
focus of the chapter is intended to be broad, on situations
inside and outside of healthcare contexts, and not only on
specialty care, as can sometimes be the case. Examples of
possible measures to employ in key assessment domains



are presented. Recent advances in understanding both
effects and processes of chronic pain are described to
indicate directions for further research.

DEVELOPMENTS IN PSYCHOLOGICAL MODELS
OF CHRONIC PAIN OVER TIME

There is a 40-year history of development in the beha-
vioral and cognitive approaches to chronic pain, begin-
ning with the operant approach,1 including the cognitive-
behavioral approaches,2 up to the present day. As this
history continues, any description of the psychological
effects of chronic pain will be a snapshot in time and in a
process of change. It is fortunate for this purpose, how-
ever, that interest in the contributory causes of chronic
pain has been more changeable over time than interest in
the effects of chronic pain, which has tended to yield
greater consensus. In other words, psychologists and
other professionals have considered an ever wider range
of variables in the search for where suffering, disability,
and life disruption come from, as opposed to what they
are made of or how significant they are. If there is doubt
about these trends, notice our changing interest in con-
version disorders, pain behavior, reinforcement, social
support, and responses from significant others, depres-
sion, neuroticism, locus of control, self-efficacy, coping,
catastrophizing, stages of change, attention and hyper-
vigilance, fear and avoidance, attachment style, and, more
recently, acceptance and mindfulness, among others.

Greater attention to the influences on the experience of
chronic pain is perhaps appropriate, as it is the processes
by which patients suffer that should dictate how to help.
In any case, the distinction between the causes and effects
of chronic pain is probably best considered flexibly. The
variables we define as causes and effects ought to serve
practical purposes and not be regarded as absolutes. The
lines we draw between initiating causes, maintaining or
exacerbating causes, and effects, obviously do not exist in
nature as such, but are analytic tools only. While we
sometimes can take our variables too seriously, as if they
are real or true entities, and not simply ways of speaking
and writing, their truth or falsity will, perhaps, most
usefully depend on how well they serve the purpose of the
analysis at hand. It is, arguably, the whole person acting
within a context of complex historical and situational
events, both inside and outside their body, that is of
primary clinical interest. With these caveats in mind, it is
the effects of chronic pain that are the primary focus of
this chapter.

PSYCHOLOGICAL DOMAINS OF CHRONIC PAIN
ASSESSMENT

Every day clinicians come directly into contact with the
many ways pain leads to changes in what the individual

pain sufferer thinks, what they feel in their body and in
their emotions, and, perhaps most importantly, what
they do or do not do, including how they speak about
their experiences, and what they do to seek relief. Stan-
dard self-report inventories administered along with these
clinical encounters help to quantify some of these
experiences. In turn, empirical analyses of large clinical
databases, using factor analysis, show some consistency in
the factors underlying the information collected for
clinical purposes. These analyses reliably demonstrate that
emotional distress, disability, and pain description are key
domains.3, 4, 5, 6 These domains are validated further by
their inclusion in attempts to produce an integrated
psychosocial assessment model for chronic pain,7 in
attempts to standardize a comprehensive assessment
procedure from both the physician and patient perspec-
tive,8 in attempts to develop comprehensive assessment
instruments for young people with chronic pain,9 and in
recommendations for outcome domains in clinical trials
for chronic pain.10

PSYCHOLOGICAL EFFECTS FROM PATIENTS
SEEKING TREATMENT FOR CHRONIC PAIN

It may come as no surprise that among the most well-
documented effects that come with chronic pain is
emotional distress or mood disturbance. In their very
useful review paper, Banks and Kerns11 reported that
depression is disproportionately prevalent in sufferers of
chronic pain compared to other chronic medical condi-
tions, that depression is most likely to be a result and not
cause of chronic pain, and that 30.0–54.0 percent of
patients seeking treatment for chronic pain suffer with a
diagnosable depressive disorder. There is also evidence
that patients with chronic pain have high prevalence rates
of anxiety disorders, including panic disorder and gen-
eralized anxiety disorder, and substance use disorders,
although the prevalence figures appear varied across
studies.12 Rates of current anxiety disorders may range
from 16.5 to 28.8 percent and current substance use
disorders from 15 to 28 percent.12 In comparison with the
clinical data, a recent nationally representative sample of
the USA estimated that for chronic pain sufferers the
prevalence of depression was 20.2 percent and for anxiety
disorders it was 35.1 percent,13 suggesting a much higher
rate of depression in clinical samples, but a similar rate of
anxiety disorders.

Naturally, chronic pain can present occasions when
patients feel misunderstood or mistreated, feel threatened
by poor health, experience interference with normal daily
functioning, take medications that can produce side
effects, and experience depression and anxiety, as noted
above. As a result of these circumstances they also
experience anger,14, 15 and health anxiety.16 Along with
these emotions they experience a host of other distressing
problems, such as loss of role functioning and personal
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identity,17 impaired neuropsychological functioning,18, 19

sexual dysfunction,20 and sleep disturbance.21, 22 In some
cases they spend a disproportionate amount of their time
seeking health care,23 which will clearly take time away
from other important concerns.

SURVEYS OF PAIN IN THE COMMUNITY

There have been a number of recent market research
studies of chronic pain. These employ telephone surveys
administered to people in the community prescreened for
chronic pain. The largest of these was the Survey of
Chronic Pain in Europe funded by Mundipharma Inter-
national.24 This study included interviews with 4839
individuals with chronic pain, about 300 per country,
from 15 European countries and Israel. The purpose of
the study was to estimate the prevalence of chronic pain,
explore underlying features and correlations with demo-
graphic issues, to examine impact on quality of life and
daily functioning, and understand individual attitudes.
Overall they estimated that 19 percent of all those
screened (N= 46,394) had chronic pain for at least six
months, including the last month, at least twice a week,
and rated at least five out of ten on a numerical rating
scale of pain severity. The median duration of pain was
seven years.

Selected findings from the more than 36 tables and
figures presented by Breivik et al.24 are shown in Figure
13.1. For example, of those with chronic pain surveyed,
40 percent reported they were less able to walk, 56 percent
less able to sleep, and 21 percent were diagnosed with
depression. Most respondents were seeking treatment for
pain (69 percent) and taking prescription medications (52
percent). A few additional findings not included in Figure
13.1 were that 32 percent of respondents considered
themselves no longer able to work outside the home and
around 50 percent considered themselves less able to do
lifting or exercising. Mean time lost from work in the

previous six months was 7.8 days. In terms of healthcare
use, 58 percent of respondents had seen two or more
doctors related to their pain, and 30 percent felt that their
doctor did not know how to control their pain. Only 2
percent were currently treated by a pain management
specialist and the same percentage reported having sought
therapy or counseling.

There are a series of additional studies conducted over
the past several years, typically in the USA, that similarly
highlight the experience of chronic pain, its impact on
daily living, and some of the frustrations of the treatment
experience. One of these, reported in April 2004, was
conducted for the American Chronic Pain Association,
sponsored by Endo Pharmaceuticals, and conducted by
Roper Public Affairs and Media.25 It was a survey of 800
adults with chronic pain sampled from a process of ran-
dom digit dialling. For the purpose of this study, chronic
pain was defined as pain that occurs constantly or flares
up frequently at least once per month, and not caused by
cancer. Most of those surveyed (72 percent) had their pain
for more than three years. The impacts on daily living
were remarkably similar to those from the European
survey: interference with daily routines (61 percent),
household chores (67 percent), or sleep (78 percent);
adverse effects on relationship with partner (28 percent),
decreased productivity at work (51 percent), depression
(46 percent), or feeling unable to cope (35 percent).
Concerns about side effects of medications were common
(56 percent), and nearly half of respondents reported that
their pain was not under control (47 percent).

The findings from the surveys described here have
been essentially duplicated many times using similar
telephone survey-based approaches (see, for example,
Ref. 26). Limitations of this method are important to take
into account. The results obtained from these methods
clearly represent the personal views of the respondents.
These include complex judgments and are likely shaped
by the survey methods used. They are, however, a unique
perspective on pain sufferers outside a clinical situation.
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Figure 13.1 Selected results from Breivik et al.’s
2006 survey of individuals with chronic pain

covering 15 European countries and Israel

(n= 4839).24
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ASSESSMENT METHODS FOR DISABILITY AND
DAILY FUNCTIONING

There are a number of books on pain assessment that
include the assessment of psychological effects of pain
(see, for example, Ref. 27). The purpose here will be to
give a brief summary of assessment methods, bearing in
mind the discussion of psychological effects to this point.
Although there are a number of direct observation, per-
formance,28, 29 daily diary,30 or interview-based measures
of psychological effects, the focus here will be on self-
report methods, as these are the most practical to use in
most settings. The recommendations presented are based
on direct experience using each of the instruments
discussed in both clinical and research applications.

Table 13.1 includes a set of recommended instru-
ments. They are separated into single domain measures,
such as those that focus only on one aspect of emotional

functioning or global disability, and multidomain mea-
sures, which typically quantify pain, mood, and social or
physical functioning. There are some variables that may
be noticeably absent here, such as pain-coping strategies,
beliefs or other cognitive variables, or measures of per-
sonality or trait-like variables, such as neuroticism, for
example. While these are clearly important, depending on
one’s approach to chronic pain management, these are
technically not considered effects of pain per se, but are,
rather, potential processes of pain adjustment, or even
personal qualities that precede the pain. Some of these
processes are discussed below under Processes in chronic
pain-related disability and suffering. Finally, this list
highlights measures that are generally applicable to a
range of chronic pain samples. Instruments focused on
particular types of pain, such as the way the Oswestry
Disability Questionnaire43 is designed for low back pain,
for example, were not included.

Table 13.1 Suggested instruments for assessment psychological effects of chronic pain.

Instrument Domains assessed No. items References

Single domain measures

Beck Depression Inventory Depression 21 Beck et al.31

Center for Epidemiological Studies-

Depression Scale

Depression 20 Radloff32

Pain Anxiety Symptoms Scale Pain-related anxiety and avoidance 40 or McCracken et al.33

20 (short form) McCracken and

Dhingra34

Pain Disability Index Disability 7 Pollard35

Roland–Morris Disability

Questionnaire

Physical disability 24 or Roland and Morris36

11 (abbreviated) Stroud et al.37

Multiple domain measures

Brief Pain Inventory Pain 40 or Cleeland38

Interference with daily activity, mood,

sleep, enjoyment of life

15 (short form) Mendoza et al.39

Medical Outcomes Study Short Form

36-item

Physical functioning 36 Ware et al.40

Role limitations (physical)

Social functioning

Bodily pain

General mental health

Role limitations (emotional)

Vitality

General health perception

Multidimensional Pain Inventory Pain severity 52 or Kerns et al.41

Interference 61 (later version)

Life control

Affective distress

Support

Spouse responses

Daily activities

Sickness Impact Profile ‘‘Other’’ disability 136 Bergner et al.42

Physical disability

Psychosocial disability
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For measuring overall functioning the Sickness
Impact Profile (SIP) is comprehensive and well
validated.42 It has the advantage of providing scores for
12 separate aspects of daily functioning that can be
combined into three domain scores. It is not a pain-
specific measure as it is designed to assess overall func-
tioning in relation to health in general. Its prime
disadvantage is its length at 136 items, and scoring is
extremely laborious if done by hand, as each item must
be weighted by a different coefficient. Most will know
that the Roland scale was derived from the SIP, is 20
items in length, and was developed to assess patients
with low back pain.36 The Roland scale has since been
demonstrated as valid for chronic pain sufferers with
pain in a variety of sites in their body, not just their
back.44 The Roland scale assesses physical disability only.
It is, however, available in 20- and 11-item lengths,37 and
in 12 languages.45

Among the other comprehensive, multiple domain
instruments that will help quantify effects of pain, the
Multidimensional Pain Inventory (MPI), developed by
Kerns and colleagues,41 is probably the best known pain-
specific measure. Its advantages include its demonstrated
utility in a range of pain conditions, its development from
a cognitive-behavioral framework, and the available
patient subtyping or classification scheme that has been
developed with it.46 The MPI allows for a classification of
patients as either dysfunctional, interpersonally distressed,
or adaptive copers. Numerous studies have substantia-
ted that this classification scheme is psychologically
meaningful.47

Although the Brief Pain Inventory (BPI) was origin-
ally developed in the area of cancer pain assessment,38 it
has been validated for use with other pain, such as
osteoarthritis,39 and general nonmalignant chronic
pain.48 It is short and easy to use for repeat adminis-
trations in clinic settings. The Medical Outcomes Study
Short Form instrument (SF-36) is another option for
multidomain assessment in a relatively short format.40 It
has the advantages of being very brief and well-recog-
nized, having comparative data available from many
samples, and availability in multiple languages. There is
an augmented version particularly for pain management
contexts called the Treatment Outcomes in Pain Sur-
vey.49 Finally, the Pain Disability Index is a very brief,
seven-item, measure of disability in a combination of
family/home, recreation, social, occupational, sexual,
self-care, and life support activities.35 It requires that
patients rate their disability in each domain on a 0–10
scale, from no disability to total disability. Its advantages
are its brief format and its inclusion of key aspects of
functioning. A concern is that as it does not focus on
particular behavior patterns or particular situations, but
rather relies on global ratings, it may be more a measure
of the patient’s subjective sense or perception of dis-
ability, rather than a summary of particular tasks they
are able or unable to do.

ASSESSMENT METHODS FOR EMOTIONAL
DISTRESS

For assessment of emotional distress in chronic pain,
depression is a key target. The Beck Depression Inventory
(BDI) has long been a standard and is a very good
measure. It is very useful clinically, as its content is
comprehensive, and in research where it appears sensitive
to psychological differences.31 As each of the 21 items of
the BDI potentially includes four statements to read, it
may be too long for some applications. The BDI has been
well studied in chronic pain samples.50, 51 Concerns about
the somatic item content of the BDI can be confusing.
There is sometimes an assumption that these will con-
taminate or inflate judgments about the degree of
depression present in an individual or sample.50 It seems
likely, however, that these can be managed with an
examination of endorsed item content in clinical contexts,
testing of effects of content in research contexts, and a
flexible use of standard cut-off scores. Results from
extensive factor analysis of the BDI in patients with
chronic pain suggest a robust factor structure that differs
from nonchronic pain samples and again suggests the
need for careful examination of the item content that
contributes to high scores.51 A distinct advantage of the
BDI in clinical assessment is the inclusion of an item
assessing suicidal ideation. The Center for Epidemiolo-
gical Studies-Depression Scale (CES-D)32 is another
measure of depression that is well established and is
perhaps somewhat shorter to administer than the BDI.
We have also used a less well-known measure called the
British Columbia Major Depression Inventory.52 It
includes 20 items, requires an examination of separate
symptom types for scoring and interpretation, rather than
a straight interpretation of the total score, and includes
assessment of both symptom severity and impact of
symptoms.

For years, the standard assessment method for anxiety
in relation to chronic pain included use of instruments
such as the Spielberger State-Trait Anxiety Inventory
(STAI).53 We questioned the utility of the STAI in a study
demonstrating that instruments assessing more pain-
specific fear and anxiety responses appear more useful,
and are stronger predictors than general measures, like
the STAI, of patient functioning.54 General measures of
anxiety tend to be highly correlated with measure of
depression and, thus, do not provide additional infor-
mation in most clinical assessments. They also do not take
into account the source of the distress and, thus, are not
as helpful in the design or selection of treatment methods
as they could be. As an alternative for measuring pain-
related fear and avoidance, clinicians or researchers might
use the Pain Anxiety Symptoms Scale (PASS).33, 34 The
distinction between the PASS and other measures related
to fear of pain, such as the Fear Avoidance Beliefs Ques-
tionnaire (FABQ)55 and the Tampa Scale for Kinesio-
phobia (TSK),56 is that the latter scales appear to almost
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exclusively focus on beliefs, while the PASS focuses on a
range of cognitive and physiological anxiety responses in
addition to avoidance. Again, beliefs may be considered
more as contributors to the experience of pain-related
suffering and disability, rather than effects of it.

PROCESSES IN CHRONIC PAIN-RELATED
DISABILITY AND SUFFERING

As mentioned above under Assessment methods for dis-
ability and daily functioning, there are many psycholo-
gical responses to pain that are considered important for
patient functioning. In recent clinical studies these
include catastrophizing,57, 58 coping,59 self-efficacy,60, 61

and stages of change,62 among others.63 Discussing all of
these is well beyond the scope of the present chapter.
However, there are a small number of other processes
that have been the focus of work for our group, first in
Chicago, and now in Bath. These are both effects of
chronic pain, in the sense that they are changes in quality
of behavior patterns resulting from the experience of
chronic pain, and processes of suffering and disability, as
they appear to lead to higher levels of emotional distress
and greater restrictions in patient functioning. These
processes include experiential avoidance, values-failures,
and disturbances of awareness.64

When pain occurs, the pain sufferer naturally will try
to avoid it. When chronic pain leads to painful emotions,
memories, and other unwanted experiences (e.g. feelings
and thoughts that come with facing unwelcome changes
in life or from challenging social situations), the pain
sufferer will naturally attempt to avoid these as well. This
is normal human behavior. This process, called ‘‘experi-
ential avoidance,’’ is proposed as the source of much of
human behavior disturbance and suffering.65 The pro-
blem with experiential avoidance is that attempting to
avoid private experiences, including psychological
experiences that come from one’s personal history, is
often not possible, often brings the person, paradoxically,
in contact with the material they are attempting to avoid,
and can be extremely restricting of a person’s functioning.
If one is unwilling to feel painful or unwanted feelings,
one will be unable to do any activity that brings one in
contact with those feelings. Numerous studies demon-
strate the disutility of avoidance in relation to chronic
pain.66, 67, 68 Our work has focused on a process that is
intended to undermine experiential avoidance, namely,
acceptance of chronic pain, and we have shown that
acceptance is consistently correlated with higher patient
emotional, physical, social, and work-related function-
ing.47, 69, 70

A second type of change in the quality of the pain
sufferer’s behavior that occurs with chronic pain is that it
is increasingly influenced by pain and not by other
concerns. Rest, medication consumption, seeking help,
refusing invitations, seeking treatment, complaining,

withdrawing socially, and using assistive devices can be
behavior patterns that serve only as attempts to limit
contact with pain, and do not serve purposes the pain
sufferer would otherwise rate as most important and
meaningful in their life. In essence, dealing with pain can
move an individual, unwittingly, away from what they
care about most. Part of this process can be referred to as
a values failure or a failure of values-based action.71 We
have found that patients with chronic pain rate their
success at living according to their values in areas of
family, intimate relations, friends, work, health, and
growth or learning, as significantly lower than the level of
importance with which they hold their values in these
domains.72 We have also found that the losses that come
with the failures of values to guide action contribute to
significant anxiety, depression, and disability in patients
with chronic pain. Additional analyses in this same study
demonstrated that both acceptance of pain and values-
based action contribute uniquely to patient functioning.72

A third behavioral dimension within the chronic pain
experience that can demonstrate significant changes is the
quality of contact the pain suffer has with the environ-
ment, or their level of awareness. For the purposes of
discussing this process, the environment needs to be
considered broadly as made up of experience available to
the senses inside and outside the body and experience in
the content of thought. When a person has chronic pain,
their awareness of their social and physical situation can
be disrupted by a number of experiences, including their
sensations of pain73 and experience of emotions, changes
in the way they observe or try to block out these
experiences, and by preoccupation or entanglement with
the content of their own thinking in ways that limit their
awareness of the actual situation around them.74 When
people suffer, they seem particularly prone to dwell on the
past or to become distressingly preoccupied with the
future – this seems to be particularly true for those with
chronic pain. Processes of getting caught up with psy-
chological influences of pain and related thoughts,
experiencing the distress of reliving experiences from the
past or from events in the future that likely will never
come to pass, and having behavior disorganized from a
loss of contact with what is occurring at that particular
moment, each appear to contribute to the suffering and
behavior-restricting effects of chronic pain. In a sense,
data from studies of catastrophizing and pain document
the impact of these cognitive processes.57 Counteractive
processes for some of these are included in what is
referred to as ‘‘mindfulness.’’ Mindfulness is full, accurate,
moment-to-moment, present-focused, and nonreactive
awareness.75 Mindfulness methods of treatment have long
been advocated as a way to undermine the otherwise
natural effects of distressing experiences on emotions and
behavior.76 Uncontrolled treatment outcome studies of
mindfulness support the role of awareness and dis-
turbances of awareness in chronic pain.76 An additional
preliminary investigation of mindfulness demonstrated
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that it significantly predicts pain-related anxiety, depres-
sion, and physical and psychosocial disability, indepen-
dent of patient age, gender, education, duration of pain,
pain severity, and acceptance of pain.77

CONCLUSIONS

In some ways, the behavior of the individual pain sufferer,
interacting with and in a broader psychological context, is
an indivisible whole. To separate out parts of the indivi-
dual’s experience and behavior in context, some as causes
and some as effects, changes the nature of what is being
examined, so that it is not the same thing anymore. We
can, however, look at individual parts, name them, and
examine them in relation to one another, as an analytic
tool, as an aid for understanding. We do this to under-
stand how, in some cases, people with chronic pain come
to suffer as much as they do, and how their participation
in life can become so remarkably restricted. Along the
way, the fact remains: these are simply ways of speaking
designed, at best, to serve purposes of science and clinical
service. In the end, the focus perhaps ought to return to
the whole person, and their behavior, in context.

On the level of human experience, chronic pain brings
loss, threats, uncertainty, restraint, apparent mistreat-
ment, and failure into the lives of those who suffer with it.
In turn, it brings depression, fear, anxiety, frustration,
anger, and shame. It also brings all of the behavior pat-
terns these experiences and emotions, and the sufferer’s
personal history, will naturally occasion. The behavior
patterns include avoidance, withdrawal, complaints, pas-
sivity, and the persistent, sometimes urgent, search for
relief. These effects generally are seen both in patients
studied in clinical contexts and chronic pain sufferers
contacted in the community to varying degrees.

It might be argued that some of the effects of chronic
pain are more important than others in the sense that
they represent core processes of suffering and disability.
For example, experiential avoidance, failures of values-
based action, and loss of accurate awareness of the present
situation, seem to be key aspects of suffering both across
behavior disorders generally71 and in chronic pain,64 and
appear fully addressable with current treatment methods.
The evolution of the behavioral and cognitive therapies
for chronic pain seems to be including these in a process
of integration in two directions, both with the history of
successes from the operant behavioral and cognitive-
behavioral approaches of the past and with developments
in the broader field of clinical psychology.

Chronic pain is not always what it appears. It was
mentioned at the start of this chapter that some of our
assumptions about chronic pain resemble ‘‘everyday
thinking and speaking.’’ It could be argued that ‘‘everyday
thinking and speaking’’ gets people into the suffering and
disability of chronic pain and may not be the best means
for getting them out of it. Chronic pain is possibly not

best understood as a symptom or condition of the body
that results in effects on the person and their functioning.
It is in the whole experience of the person. When it
becomes a problem it is always a fundamentally physical,
emotional, cognitive, social, and behavioral process of the
individual based in their situation and history. Particu-
larly in cases where these processes represent profound
areas of disturbance, recent research advocates for the
utility of a contextual process-oriented model of chronic
pain rather than an ‘‘effects’’ model that may be implied
by the title of this chapter.
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KEY LEARNING POINTS

� Chronic pain is complex and can be assessed in many

ways.
� Most individual treatments for chronic pain have low

efficacy.
� Nonspecific treatment effects (including placebo) are

substantial and may exceed the specific effects of

treatment.
� It is difficult to measure the effect of some of the most

valuable components of therapy (information, advice,

reassurance, and encouragement).

� Treatments are very diverse and are often combined

resulting in changes in several measures in different

directions.
� Clinical trials are usually designed to maximize apparent

drug efficacy and thereby overestimate treatment

effects in clinical practice.
� Outcome measures such as number needed to treat

(NNT) are population-, condition-, and treatment-

specific, so comparisons between studies need to be

made carefully.

INTRODUCTION

This chapter is intended to help the reader to understand
how to assess all of the consequences, good and bad, of
treating pain. Chapters on individual chronic pain condi-
tions will include measures that have been used to measure
the effect of the appropriate treatments. Specific pain
measuring tools are also described elsewhere in this book
(Chapter 3, Selecting and applying pain measures and
Chapter 2, Practical methods for pain intensity measure-
ments in the Practice and Procedures volume of this series).
These and many other sources of data describe which pain
measures are available. We will discuss who benefits from
outcome measurement and the application of measures in
a variety of different situations. It is necessary to know
when measures can be applied and to have an under-
standing of how they may be used (and unfortunately

abused) in research and clinical practice. It is impossible to
specify all the possibilities for measuring outcome in
chronic pain, but a wide range will be considered by the
use of pertinent examples from the literature. These are
included only to illustrate aspects of the process of out-
come measurement rather than to demonstrate the
superiority, or otherwise, of specific treatments. We will
start by considering the reasons for measuring outcome.

WHY IS IT NECESSARY TO MEASURE
OUTCOMES?

To determine the outcome of pain conditions

Our knowledge of the natural history of pain syndromes
comes from longitudinal studies in which patients’



symptoms and levels of function are documented
over time together with risk factors that might affect
them. It is important that the measures used are stable
and reliable.

For example, patients with back pain who are female,
have had long or frequent previous episodes of pain, who
exercise less, and who have had a poor initial response to
treatment are more likely to be disabled by their pain five
years later.1 Studies such as this illustrate the large
number of factors that must be controlled in research
involving chronic pain. The stakeholders of outcome
measurement are summarized in Table 14.1.

As a guide to treatment

Very many treatments have been used in patients with
chronic pain. Published studies describe techniques
varying from the drug treatment of phantom limb pain
with anticonvulsants,2[II] to heating vertebral disks to
treat back pain,3[II] and from the physical exercise of
yoga4[II] to spiritual healing.5[II] It is hardly surprising
that interpretation of the results of these individual
treatments is difficult for the clinician, even without the
added complications of several sequential or concurrent
treatments, some of which may be unknown to the
treating clinician. Patients naturally demand the best, but
many factors are involved in determining what is best.
For example, whether the simplicity, safety, and avail-
ability of transcutaneous electrical nerve stimulation
(TENS) outweighs the precise stimulation localization,
but inevitable risk of complications with spinal cord
stimulation (SCS) cannot be reduced to yes or no. A
great deal will depend on the patient and their attitudes
to risk and benefit.

The collection and analysis of large sets of data have
now enabled the construction of algorithms to guide
clinicians through sequences of treatment, for example
when treating neuropathic pain,6[I] and we will see how
material is being made accessible for patients in order to
help them with these decisions (www.nice.org.uk).

To determine specific treatments

Procedures for treating chronic pain sometimes involve
either major surgery or the selective destruction of tissues
with significant risks of complications. Preliminary evi-
dence that these invasive procedures will be beneficial is
therefore helpful. For example, the use of local anesthetic
nerve blocks is able to identify patients who may respond
to subsequent heat lesions of the nerves supplying the
cervical facet joints;7[II]; indeed, in this study, pre-
liminary nerve blocks were used first to identify patients
who were eligible for a later trial of the effects of the heat
lesions. Similarly, patients who respond to provocative
discography (where dye is injected into an intervertebral
disk in order to provoke their pain symptoms) have been
offered spinal fusion surgery in order to immobilize the
affected segment, although the positive predictive value of
this particular test in one study appears to be low at 50 to
60 percent.8 The toss of a coin is almost as good.

To justify the safety of therapy

Some treatments may have inevitable risks. For example,
the use of large doses of methadone in patients who have
had problems with other opioid analgesics might be
questioned in terms of safety or effectiveness. A detailed
study has demonstrated that the technique can be used
safely and that there are substantial benefits in terms of
pain control, return to work, and global quality of life
with a relatively low rate of drug diversion, side effects, or
complications.9 Again the very wide range of outcome
measures that must accompany the assessment of pain is
demonstrated. It is very important to note also that
outcome is specific to the study and not the technique or
drug – methadone can still be lethal if its use is not
properly supervised.

To determine the benefit of therapy

As well as safety issues, pain clinics will be under
increasing financial scrutiny and charged with justifying

Table 14.1 Stakeholders of outcome measurement.

Stakeholder Interest

Patients Document or validate symptoms and treatment effects

Clinic/hospital Justify the funding of expensive treatments (cost benefit)

Compete for business (effectiveness, cost–utility)

Pharmaceutical company Demonstrate efficacy and cost–benefit

Government healthcare, e.g.

NICE

Information on comparative treatment cost-effectiveness, cost–utility and

cost–benefit to justify expenditure

Government, disability

payments

To establish medical evidence to justify payments to claimant

Legal system Document actual or likely outcome of pain condition or treatment

NICE, National Institute for Clinical Excellence.
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their existence and improving quality.10 Okifuji and
Turk11 give a stern warning:

Make no mistake about it: the survival of pain
medicine will not be possible without our knowledge
of the effects of what we doy

These effects can be further defined as outlined below.11

EFFICACY

Efficacy can be defined as the benefit of treatment in a
defined population under controlled conditions. This
describes most clinical trials where a single treatment is
investigated in order to determine its effect on the pain
condition of willing and able subjects (volunteer
patients). Patients with other pains or pathologies or who
may have difficulty participating in data collection are
excluded, so results will indicate only whether the treat-
ment can be effective, for example, by reducing pain or
the disability associated with pain. Studies are usually
comparative with a placebo arm to determine the benefit
over and above any nonspecific treatment effect.

EFFECTIVENESS

Effectiveness can be defined as the benefit of treatment
when average clinicians deliver treatment under average
conditions. This will be the case in most pain clinics
which have to serve a geographical population and in
which other medical diagnoses, infirmity, and commu-
nication difficulties will exist across the whole age range.

Example

Two studies of the effect of the anticonvulsant gabapentin
as an analgesic illustrate the difference between efficacy
and effectiveness. Rice and Maton12 found that the
number needed to treat (see below under Number needed
to treat) for postherpetic neuralgia (PHN) was 5.34,12, 13

[II] whereas Serpell reported a figure of 14.3 in a more

diverse population of patients with mixed neuropathic
pain.14[II] Although efficacy is demonstrated for the
drug, its effectiveness in the latter population appears to
be low.

Table 14.2 illustrates some differences between efficacy
and effectiveness.

UTILITY

Analgesia is unlikely to be useful if its use is limited by
side effects or by poor compliance. For example, if a
patient is prescribed amitriptyline, but objects to having a
dry mouth or taking an antidepressant medication,15 the
utility of the otherwise efficacious treatment is reduced.

EFFICIENCY

Efficiency can be defined as the resources required pro-
ducing the benefits of treatment:

Cost-effectiveness – the financial cost of achieving a
specific clinical target, such as return to work or
reduction in pain score by 30 percent. Turk16

cautions against simple comparisons between
different modalities of treatment because of the
‘‘broad differences in the pain syndromes and
inclusion criteria used, the drug dosages,
comparability of treatments, the definition of
‘chronic’ used, the outcome criteria selected to
determine success, and societal differences between
studies.’’ It is necessary to have detailed knowledge
and understanding of each study that is compared –
simple reference to published abstracts is insufficient.

Cost-utility – the financial cost of improving patients’
lives – usually more patient-focused outcomes, which
are less objective and often cover a broad range of
measures. Results from the SF36 questionnaire, may be
converted to an abstract measure such the Quality
Adjusted Life Year (QALY). One QALY can be
demonstrated to cost about $60–70,000 for

Table 14.2 A summary of the differences between clinical trials and clinical practice.

Clinical trial Clinical practice

Demonstrates drug Efficacy Effectiveness

Purpose To demonstrate that the drug works To improve patient’s condition

Population Strictly defined, homogeneous Mixed, variable, ill-defined

Confounding diagnoses Absent Frequent

Motivation High Often low

Compliance Good, assured, low dropout rate Often poor, failure to attend

appointments

Outcome measures Comprehensive Often vague or nonexistent

Duration Short, often concluded after enough

time for initial improvement

Indefinite
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interdisciplinary management of chronic spinal pain17

or $15,000 for acupuncture for chronic neck pain18

(up to $100,000 per QALY is usually considered to be
justified). These measures are useful in order to help
refine pharmacoeconomic models of managing pain.19

Cost benefit – the ratio of healthcare expenditure to
financial benefit (i.e. the sum of treatment cost
savings, reduced disability benefits, and wages earned)
considered in purely monetary terms.

Example

By modelling a cohort of patients with diabetic and
postherpetic pain, cost-utility was calculated using a
measure of utility (which designates a pain-free outcome
with no side effects as having utility equal to 1.0; pain free
with minor side effects as 0.95, and persistent pain as
0.55) and allowing for the cost of monitoring laboratory
tests and the differential rates of complications, such as
myocardial infarction with amitriptyline.20 Gabapentin
fared badly against amitriptyline and tramadol, largely
because of its high cost and lack of superior effectiveness.

WHY IS OUTCOME MEASUREMENT DIFFICULT?

The complexity of chronic pain

The definition of pain as chronic gives us a clue that it
may not change much over time, indeed attempts to cure
the problem are often disappointing. In addition, Chap-
man and Dunbar21 note that:

Pain is not an isolated symptom. Severe pain creates
fatigue, impairs concentration, compromises mood,
degrades sleep and diminishes overall activity level.
The goal of intervention for chronic pain must include
alleviating the functional impairment that pain pro-
duces as well as its discomfort. Evaluating treatment
outcome requires:

1. quantification of both pain intensity and pain-
related impairment; and

2. review of how the relationship between these
variables changes as a function of treatment.

Simply tracking pain intensity level as an indicator of
pain relief is insufficient and can lead to mis-
interpretation of the effects of an intervention.

Important material losses and perceptions of loss that
shape patients’ views can only be discovered and under-
stood by detailed questioning and exploration of indivi-
dual narratives.22 The losses are unlikely to be
standardized between patients and therefore are difficult
to group or categorize. We must nevertheless be careful to
try to capture these important features rather than simply
measure that which is easily measurable.

The biopsychosocial model of pain allows us to
categorize outcomes into the following groups:

� Biomedical – e.g. pain, either spontaneous or evoked
by touch or pressure (allodynia) or activity. This will
almost always be included, but many patients find
dysesthesia (e.g. numbness or tingling) to be as
disruptive and in these, analgesic treatments will be
ineffective. Physical functioning (e.g. time to walk
50m), weight gain due to inactivity, medication use
or dose reduction, and number of physician visits
will also be of interest in some studies. McCracken
and Eccleston23 have noted that acceptance of
chronic pain predicts physical function and this is yet
another dimension to be taken into account.

� Psychological – there are many measures of
depression and cognitions, such as pain beliefs,
negative thoughts, or catastrophization (see also
Chapter 10, The psychological assessment of pain in
patients with chronic pain and Chapter 13,
Psychological effects of chronic pain: an overview, as
well as Ref. 24). It is well established that depression
affects the measurement of pain.25

� Social – e.g. effects on relationships, family, leisure,
and working. The relationship between psychological
and social factors is reviewed by Stroud et al.26

Chronological issues

The enduring nature of chronic pain means that the
duration of treatment effects can only be assessed in long-
term studies. Twelve months is often considered to be a
prolonged study but, for example, in a study of chronic
neck and shoulder pain with delayed recurrence after
treatment, follow up for 18–24 months was recom-
mended.27

The pattern of pain may be very irregular with inter-
mittent attacks, sometimes separated by many months. In
conditions such as migraine28 and trigeminal neuralgia,29

recommendations have been made for reporting of the
results of either medical or surgical treatments to take this
periodicity into account. Frequency and duration of
attacks will be as important as intensity of pain in
determining the outcome of treatments.

Challenging populations

There are relatively few studies of treatment of chronic
pain in children, but assessment methodology has been
reviewed.30 Adolescents present particular challenges and
a suitable compact measure has been developed.31

The elderly are often excluded from studies of chronic
pain and so treatments cannot be based on sound evi-
dence. Weiner32 sets an agenda for the improvement of
analgesia in the elderly to include the improvement of
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measurement of outcome of studies. Unfortunately, the
elderly with impaired mental function do even worse.33

Cultural and ethnic issues are starting to be taken into
account in measurements of outcome34 and these may
address some of the disparities in treatment allocation to
different racial groups.35

WHICH MEASURES?

A consensus

The Initiative on Methods, Measurement and Pain
Assessment in Clinical Trials (IMMPACT)36 has produced
guidelines on choice of measures of efficacy and effec-
tiveness in analgesic studies. The core domains and
measures are summarized in Table 14.3. While these core
domains and specific measures are recommended for use
in clinical trials, their use in many different types of set-
tings and patient populations is clearly applicable.
Although McQuay46 encouraged comment on these
recommendations cautioning against acceptance of pre-
scriptive measures selected on the basis of opinion rather
than firm evidence, this author’s review (October 2006) of
articles citing the recommendations suggests that his
challenge has not been taken up and thus the recom-
mendations stand.

Other measures in clinical practice

Because of the diversity of chronic pain, a range of
additional measures is also used depending on the clinical
objectives. Rehabilitation approaches are likely to set
specific objectives for function or social engagement and
analyze healthcare resource use, such as clinic visits.

Independent observation of activity can be captured by
accelerometers that record patient movement and provide
data for analysis for example in studies of migraine.47

Covert video evidence may be obtained during legal
proceedings, particularly when the extent of disability is
in doubt. Clearly function rather than pain is assessed by
this method, however, conclusions may be inferred from
the consistency between reported and observed behaviors
as to the reliability of the pain report.

Practical considerations for measurement

Compromises often have to be made between feasibility,
patient acceptance, and methodological quality.11 Brief
measures have been developed and validated for specific
conditions, e.g. back pain,48 in order to reduce the
respondent burden.

SENSITIVITY

It is unethical to recruit patients to studies that are not
sensitive to the parameter being tested. The patients’ time
and effort is wasted and they may have to endure sub-
optimal treatment unnecessarily. Studies that draw
negative conclusions because they are insensitive rather
than because the treatment is ineffective mislead clin-
icians and can distort literature summaries, such as meta-
analysis.49

Multiple design details can influence the sensitivity of a
study. The ‘‘floor effect’’ occurs when the initial pain level
is low so that it is difficult for a study to detect a decrease.
Studies should therefore be on ‘‘properly painful condi-
tions’’ (equivalent to 30mm on a 100-mm visual analog
scale (VAS)).50 Assessment during standardized provo-
cative movement rather than at rest may result in greater

Table 14.3 Measures of efficacy and effectiveness in analgesic studies.

Domain37 Example of suitable measures38

Pain 11-point (0–10) numerical rating scale of pain intensity

Use of rescue analgesics

Categorical rating of pain intensity (none, mild, moderate, severe) in circumstances in which

numerical ratings may be problematic

Physical functioning Multidimensional Pain Inventory (MPI)39 – (interference scale)

Brief Pain Inventory (BPI)40, 41 (interference items)

Emotional functioning Beck Depression Inventory (BDI)42 and/or

Profile of Mood States (POMS)43

Participant rating of global

improvement and satisfaction

with treatment

Patient Global Impression of Change (PGIC)44

Symptoms and adverse events Passive capture of spontaneously reported adverse events and symptoms and use of open-ended

prompts

Participant disposal Detailed information regarding participant recruitment and progress through the trial, including

all information specified in the CONSORT guidelines45
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study sensitivity. Additionally, pain scores can be cali-
brated to take into account patient’s previous experience
of pain using individual responder analyses51 – this may
increase sensitivity of trials in diverse populations. In
clinical trials aiming to demonstrate a difference in level
of pain, concurrent treatments will be discouraged in
order to maximize sensitivity (whereas in clinical practice,
any measure that reduces symptoms will be encouraged).

Other strategies for maximizing study sensitivity
include:

� eliminating placebo responders from the study by
using a placebo run-in period in all groups;

� excluding patients who may have incentive not to
improve (e.g. seeking or receiving disability
compensation); and

� studying only severe and clearly defined cases.

This is particularly important where diagnosis is con-
tentious, such as with complex regional pain syndrome or
fibromyalgia.

It is important that investigators delivering treatment
are trained to be effective, particularly when psychosocial
interventions are delivered52 and that patients are fully
trained in completing the tests before and during the
study.53 There are subtle interpersonal effects at the point of
assessment – if the experimenter has elevated professional
status or is of the opposite sex to the subject, pain scores
will be lower and pain threshold higher.54 All these factors
should, ideally be standardized in any study of efficacy.

Sensitive studies will be more powerful in detecting a
genuine difference between two treatments. Wide patient
variability accounts for lack of power in many analgesic
studies and when the difference between the control and
experimental event rate is small – studies may detect only
statistically rather than clinically significant differences.55

Patient management often changes in subtle ways
around a clinical study. Improvements in measures that
can be attributed only to the fact that a study is being
conducted are referred to as the Hawthorne effect.56

ABBREVIATED MEASURES

Simple brief measures are attractive and have in some
cases been validated. A four-grade (none/mild/moderate/
severe) scale compares favorably with a VAS in adult
migraneurs and is easier to administer,57 and the cut
points (equivalent on a numerical scale) of this type of
scale are generally reproducible.58 Many factors will
influence the level of rating:

The action of arriving at a rating is better con-
ceptualised as an attempt to construct meaning,
influenced by and with reference to a range of
internal and external factors and private meanings,
rather than as a task of matching a distance or
number to a discrete internal stimulus.59

Simple measures may therefore approach the validity and
utility of more detailed and intensive measures of chronic
pain60 or acute pain,61 particularly when large popula-
tions are studied.

DATA COLLECTION

Prompt recording of data (contemporaneous) is impor-
tant for accuracy because delayed recall increasingly
introduces interference from the condition at the time of
recall.62 Electronic recordings using hand-held or inter-
net-based devices or via automated telephone systems
have replaced many paper systems and are reliable in
adults63 and children.64

PUBLISHED GUIDELINES

In general, parallel group studies should conform to
CONSORT guidelines;45 however, as we have seen, there
are many considerations relating to chronic pain. Surgical
treatments avoid most problems of compliance and spe-
cific checklists for studies have been advocated for tri-
geminal neuralgia.29 Progress with measures for complex,
multicomponent treatments, such as pain management
programmes, has also been reviewed and there are many
difficulties remaining.65 It is no surprise, therefore, that it
is exceptionally difficult to compare surgical and non-
surgical treatments.66

‘‘N of 1’’ studies

The heterogeneous nature of chronic pain populations
(e.g. genetic or psychological differences) may result in
only a proportion of patients being able to respond to a
particular treatment, the effect of which will be under-
estimated if the whole population is included in a simple
parallel design study. One solution to this problem is the
‘‘n of 1’’ design in which treatments are sequentially
assessed in individuals and then the results are pooled for
responders and nonresponders. This methodology has
been used to explore combinations of antidepressants in
fibromyalgia67 – experience suggests that patients also
benefit from this individualized approach to treatment
and it has even been recommended that nonsteroidal
anti-inflammatory drugs (NSAID) be withheld until the
safer paracetamol has been shown to be ineffective by
using ‘n of 1’ or Individualized Medication Effectiveness
Tests (IMET).68, 69, 70

SOME CHALLENGES WITH CHRONIC PAIN
STUDIES

Control group (or lack of)

Analyzing the progress of a single treatment group
without comparison with a similar untreated group is
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usually of little help. Differences may arise in the course of
randomization; for example, when patients local to a
study center and participating in a study of inpatient
versus outpatient may differentially opt into a particular
group.71

Studies of the outcome of intrathecal (i.t.) opioids
revealed improvement in the study groups; however,
control groups were either nonexistent or consisted of
treatment failures or treatment refusers, or a group of new
referrals whose pain was less severe.72[III] Although the
intention of these studies was not necessarily to prove
superiority of these treatments over no treatment, the
data from them could be misused to come to this unsafe
conclusion.

In two similar studies comparing surgical and con-
servative management of back pain,73[II], 74[II] there was
no difference demonstrated. It is therefore difficult to
conclude which is the best treatment for an individual
patient. Noninferiority was concluded in a study of sur-
gery versus SCS for chronic back pain,75[II] and in
another of surgery versus intradiscal electrothermal
therapy.3 Unfortunately, without control groups, these
studies cannot exclude it being better to offer no treat-
ment at all!

Blinding

Comparative studies depend on effective blinding. Pow-
erful placebo effects are influenced by patients’ perception
of the placebo treatment.76 Ineffective blinding is known
to exaggerate the difference between active and control
treatments and is probably common.77 Testing blindness
and treatment credibility has been recommended65 and in
some studies active placebos, such as lorazepam78 (seda-
tive but not analgesic) have been used.

Concurrent treatments

Studying the effects of two treatments together is important
because combinations are often found to be useful in
clinical practice with synergism of effect and reduced side
effects. Traditionally, different combinations of two drugs
can be assessed and the results represented graphically as an
isobologram79 – an example is given in Figure 14.1,
although other more sophisticated methods are available.79

For example, Gilron et al.78 found that gabapentin and
morphine together were synergistic in effect (although side
effects were not reduced) – the results would be represented
as points below the diagonal line on an isobologram.
Comparisons are more difficult when drug and psycholo-
gical treatments are combined and lessons on this can be
learnt from the psychiatry literature.80 Since treatment
combinations may interact to produce improvements or
adverse events in different measurement domains, multi-
dimensional outcomes are especially valuable.

DATA ANALYSIS AND PRESENTATION

Pain measures

PAIN INTENSITY DIFFERENCE VERSUS PAIN RELIEF

Pain intensity scales may be categorical (e.g. none, mild,
moderate, or severe), numerical rating (e.g. 11-point
integer, 0–10), or numerical derived from a VAS. Pain
relief scales are usually categorical (e.g. none, slight,
moderate, good, or complete). Categorical data can often
be converted directly to integers and analyzed as
numerical data,81 differences are calculated by subtrac-
tion. Pain relief (PAR) may be more meaningful to
patients; however, they need to refer back to the initial
pain and, particularly with chronic pain, this may
increasingly be influenced by subsequent events.62

Large differences in pain intensity always imply sig-
nificant change, whereas complete pain relief may be of
less significance if the initial pain was only ‘‘mild.’’

When a series of measurements is made, the sum of
the differences in pain intensity (SPID) or the area under
the pain relief curve may be calculated as outcome data.
As well as pain, patients often cite decreased medication
use, increased function, and improved sleep, as worthy
end points of therapy.82
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Figure 14.1 Isobologram. The points represent drug doses that

result in a fixed clinical outcome (e.g. 30 percent pain

reduction). Assuming that the effect of two drugs is simply

additive, a series of trials of different combinations achieving

the same clinical result will fall along the dotted line (X).

Different drugs could alternatively: work synergistically to

produce greater effect (e.g. point Y below the line); or interfere

with (antagonize) each others’ actions, such that a higher dose

of each is required for the same effect (points for equivalent

effect would be above the line, e.g. Z).
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WHAT END POINT?

There now seems to be reasonable consensus from a
variety of sources that a change in pain intensity of 30–60
percent, or two to four points on an 11-point scale,
represents a clinically useful reduction in chronic pain.50,
83, 84, 85, 86 Percentage pain reduction correlates better with
patient global impression of change than does pain
intensity difference, particularly when the initial pain
report is high. Patients may view an 80 percent reduction
in both pain and disability as desirable, but will consider
25 and 35 percent, respectively, to be worthwhile.87 Levels
of depression and disability appear to modify expecta-
tions of outcome of treatment.88 The minimum clinically
important change (MCIC) has been reported for back
pain and associated disability; smaller improvements are
more valuable in chronic pain states than in acute ones.89

Meanwhile, satisfaction with care may be rated as more
important than satisfaction with improvement in pain
score.90

Outcome success may be specifically defined for indi-
vidual conditions using a number of measures grouped
together, for example the ACR-20 (American College of
Rheumatology) responder index for rheumatoid arthri-
tis,91 which includes pain and tenderness within a vali-
dated battery of measures to assess overall whether the
treatment is effective. Similarly, a composite score has
been defined for low back pain that attempts to amalga-
mate a number of measures into one index.92

A target end point may be used to direct therapy in
clinical practice (e.g. 4 out of 10 on an 11-point VAS scale
using i.t. hydromorphone for chronic benign pain93).

In summarizing group data, the proportion or per-
centage of patients achieving a specified level of analgesia
(usually 30 or 50 percent) is used in preference to an
averaged reduction in pain scores because it is more
useful to know that 25 percent of patients in a study
achieved 50 percent pain relief (definitely a helpful level of
analgesia) than that there was a 20 percent reduction in
pain scores across the whole study population (unlikely to
be considered helpful).

Number needed to treat

Conceived as a basic tool of evidence-based medicine,94, 95

it has been refined for chronic pain studies and found to
be suitable as a common currency of treatment effect81 for
both medication and intervention96 studies. It is calcu-
lated as the inverse of the absolute risk reduction between
groups and is most usefully expressed with confidence
intervals.97 Figure 14.2 illustrates a simple example.

NNT is unique to each treatment and may differ
according to:

� drug dose;
� pain condition being treated;
� comparator (control group);
� conditions (environment) of the trial;
� duration of trial;
� patient population:

– age;
– sex;
– baseline pain level.

� therapeutic outcome (e.g. 30 or 50 percent pain
relief).

Given the variability between individual studies, it is not
surprising that an analysis of NNTs for a wide variety of
medications in several pain conditions has failed to
confirm a pattern of efficacy between the various classes
of medication that are available.98

NNTs are now widely used to define the effectiveness
of treatments by health professionals99 and patients
(www.besttreatments.co.uk). Although the NNT is useful
for comparing treatments, care must be exercised with its
use because it can only be applied in similar circum-
stances to those patients and circumstances from which it
was derived.

� NNT is context specific. The NNT for gabapentin
from a brief clinical trial in adults with trigeminal
neuralgia would certainly not apply to long-term
therapy of octogenarians with PHN.

Placebo group Anticonvulsant group

 = Less than 30% relief

Response rate (effectiveness) 25% 50%

Relative efficacy 1 (by definition) 2

Absolute risk reduction 0 (by definition) 25%

Number needed to treat 4.0

 = 30% relief or more

Figure 14.2 NNT: an example of a simple clinical trial. Eight patients with identical chronic pains receive treatment with medication,

of whom four receive placebo and four receive an anticonvulsant. Thirty percent pain relief is considered to be a success. One of the

placebo group and two of the anticonvulsant group gets 30 percent relief. It can be seen that for every four patients treated, one (one-

quarter) will respond with anticonvulsant that would not have responded with placebo. Thus the NNT is 4 – and the anticonvulsant can

be considered to be a moderately effective treatment for chronic pain. Obviously larger trials are required for statistical significance!
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� NNT depends on the outcome measure used. The
NNT for gabapentin (2400mg per day) as a
treatment of PHN in one study was 3.88 for 30
percent relief and 5.04 for 50 percent relief (the
values are different again if a lower daily dose is
used). Graphs illustrating how the proportion of
responders changes according to the level of analgesia
achieved have recently been advocated in order to
understand this further.100

Graphical representation of outcomes

Displaying the results of several comparative studies of
two treatments in the same pain condition is possible
using the L’Abbé plot. This is illustrated in Figure 14.3.

THE FUTURE OF CHRONIC PAIN OUTCOME
MEASUREMENT

Chronic pain must be addressed as a complex biopsy-
chosocial condition.

Currently, it is more likely than not that the specific
effect of any individual treatment will fail to control
symptoms to an acceptable degree. This failure contrasts
with the current popularity of our established pain clinics.
The interpersonal aspects of treatment are therefore
clearly important so that interest and advice from a
physiotherapist, for example, is perhaps as valuable as

physiotherapy treatment itself.102, 103 Interdisciplinary
input generally has a very significant impact so it is
important that its effect can be measured in order that it
can be further encouraged in the future.17
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KEY LEARNING POINTS

� Nonsteroidal anti-inflammatory drugs (NSAIDs) are

widely used by prescription and as over the counter

medicines but their side effects may be life-threatening.
� Theoretically, the newer cyclooxygenase (COX)-2

antagonists have potential benefits but should be used

with great caution in patients with concurrent cardiac

disease.
� Clinically, NSAIDs with the lowest risk should be tried

first, at the lowest recommended dose and only after

having first assessed the efficacy of paracetamol

(acetaminophen).
� There is good evidence for NSAID benefit in acute and

chronic inflammatory pain but minimal evidence in

neuropathic pain.

� Paracetamol is well tolerated and safe at recommended

doses and is a first line agent in mild to moderate pain

of osteoarthritis.
� Combinations of paracetamol with other agents offer

little real benefit and have increased risk of side effects.

They may be of benefit in short-term use.
� Elderly patients are at greater risk for NSAID side

effects.
� Topical NSAIDs have been shown to be more effective

than placebo in musculoskeletal pain for short-term

pain relief with fewer side effects.

INTRODUCTION

The use of nonsteroidal anti-inflammatory drugs
(NSAIDs) and paracetamol in chronic pain is discussed
together because of their common convention of usage.
The combined opioid paracetamol agents will also be
considered.

NSAIDS

NSAIDs have been used for over 100 years. They possess
anti-inflammatory, anti-pyretic and analgesic properties
and inhibit thrombocyte aggregation. NSAIDs act by
inhibiting cyclooxygenase (COX), a family of enzymes
with at least two members involved in prostaglandin



metabolism. See Chapter 4, Clinical pharmacology: tra-
ditional NSAIDs and selective COX-2 inhibitors in the
Acute Pain volume of this series for full information on
the pharmacology of both nonselective and selective
NSAIDs. They have been the mainstay for treating
chronic inflammatory conditions.1 There is, however, a
lack of evidence for their relative efficacy in chronic and
neuropathic pain.

This generic group of drugs is one of the most com-
monly prescribed in clinical practice. It is estimated that
over 100 million people take NSAIDs regularly world-
wide.2 Over 18 million prescriptions for NSAIDs were
dispensed in England during 20053 (a reduction from 20
million in 19994). In 1994 over $900 million was spent on
over the counter analgesics in the US, $100 million was
for aspirin approximating to 20,000 tons of aspirin con-
sumed each year and averaging 225 tablets per head of
population.5

NSAIDs have well-recognized side effects which creates
a separate burden for health system budgets. The esti-
mates for UK expenditure in 1999 for acute hospital
admissions and coprescribing was £251 million.6

Assessing the real risks and benefits of NSAIDs is
complicated by the fact that many agents are available
without prescription. A Swedish survey from the
general population aged over 18 years obtained 12,000
replies (79 percent response rate). It suggested that 7
percent of men and 12 percent of women used pre-
scription analgesics with 20 and 30 percent using
nonprescription analgesics respectively. Only 2 percent of
men and 4 percent of women reported using both pre-
scription and nonprescription medications together.
Nonprescription analgesic use was higher in the under
44-year age group and prescription analgesic use
increased with age.7 A more recent survey by Porteous et
al.8 on a smaller sample in Scotland demonstrated
similar results. This also confirmed that analgesics are
the most common over the counter medication and that
there is a problem with inappropriate use such as using
multiple analgesics or ignoring contraindications. It is
reasonable to assume that a large proportion of the
nonprescription analgesics contain NSAIDs. A Canadian
study9[I] assessing the management of elderly patients
(who were trained to present standard clinical scenarios
in a blinded fashion to clinicians) suggested unnecessary
prescribing and poor complication management of
NSAIDs. If these results are generalizable, then current
prescribing habits contribute to avoidable complications.
A significant proportion of prescriptions are for elderly
patients who are at greater risk of side effects but
these drugs are safe and efficacious if used with caution
in the elderly.10 In another Canadian survey,11 it was
found that unnecessary NSAID prescriptions were
written in more than one-third of physician visits.
They were prescribed for elderly patients with relative
contraindications and were started mostly at or near full
adult dose.

Indications and contraindications

Generally, NSAIDs are prescribed for pain associated with
the inflammatory arthritides (e.g. rheumatoid arthritis),
osteoarthritis, musculoskeletal disorders, dysmenorrhea,
and mild to moderate pain. The indications are licensed
specifically for each agent and are found in the general
pharmacopoeia for each country. The absolute and relative
contraindications are also specified in the license for each
agent but again some general principles apply. These
include a history of hypersensitivity to aspirin or other
NSAIDs, first trimester of pregnancy due to risk of mis-
carriage,12 and those with coagulation disturbances. Cau-
tion should be used when prescribing for the elderly,
lactating mothers, and those with renal, hepatic, or cardiac
impairment.13 The other common caution is for patients
with a history of gastrointestinal ulceration or bleeding.
For a comprehensive list, please refer to Chapter 4, Clinical
pharmacology: traditional NSAIDs and selective COX-2
inhibitors in the Acute Pain volume of this series.

Administration and dosage

Several reviews14[I], 15[I] suggest that current studies
comparing analgesia and safety between different NSAIDs
may be misleading if they only examine single doses, do
not span the dose–response range, or use equianalgesic
dosing. The ceiling effect for analgesia with NSAIDs is
frequently not reached because toxicity prevents further
dose escalation. There is individual variation with these
agents and systematic drug rotation and dose titration
allows the minimum effective dose to be reached whilst
minimizing the risk of side effects. Patients who do not
respond to one agent may well respond to another, even
of the same class. This response variability is also seen in
the side-effect profile of NSAIDs. When rotating NSAIDs,
it is often suggested to try a representative from each
group. This approach is pragmatic rather than scientific
as an individual may respond to one member of a group
but not another.16 The formulation and dosing schedules
for each agent vary. Use of the smallest effective dose
should be the aim in every case. In some instances slow
release preparations may be equally or more effective than
intermittent standard release preparations with better
side-effect profile and tolerance.17 Analgesic benefits are
usually seen soon after taking the first dose but it may
take up to a week for full effect. The anti-inflammatory
effects may take longer to be apparent.

The usual routes of administration are oral or rectal.
Topical formulations are also popular. In a systematic
review and meta-analysis of NSAID use for chronic
musculoskeletal pain, Mason et al.18 found that the
number needed to treat (NNT) was 4.6 (95 percent CI 3.8
to 5.9) for one patient to experience improvement at
two weeks with topical NSAIDs, compared with
placebo. Patients treated with topical NSAIDs for knee
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osteoarthritis derived the same degree of pain relief as
those treated for general musculoskeletal conditions.

Side effects and their management

Overall, NSAIDs have a good safety record but, due to the
enormous quantities prescribed, they account for a large
proportion of serious adverse drug events. In 1985, from
all reported adverse drug reactions, NSAIDs accounted
for 25 percent in men and 30 percent in women. The
elderly account for approximately 40 percent of NSAID
prescriptions and are at greater risk of side effects.19 In a
recent retrospective study conducted by Gallelli et al.,20

NSAIDs were found to be responsible for 55.2 percent of
the episodes of adverse drug reactions overall. Diclofenac
and aspirin were the drugs most frequently involved,
while the skin was the system most susceptible to NSAID-
induced adverse drug reactions (43 percent). Withdrawal
of NSAID therapy resulted in resolution of side effects in
86 percent of episodes. NSAID side effects may present
with a life-threatening event. As well as the elderly, those
at higher risk include patients who are hypovolemic,
immunocompromised or taking corticosteroids and those
who have gastroduodenal disease, cardiovascular disease,
concomitant anticoagulant and diuretic use, renal
impairment, a past history of NSAID intolerance, and
asthma.21, 22[III]

NSAIDS AND CARDIOVASCULAR RISK

There has been considerable interest in the development of
COX-2 inhibitors in the hope that they may be associated
with an improved side-effect profile. This was initially with
the aim of reducing the gastrointestinal side effects and to
avoid the antiplatelet effect of traditional NSAIDs. Studies
suggest that this is the case.23[II], 24[II], 25

Since the launch of NSAIDs in the late 1990s, it has
become apparent that there is also an associated increased
cardiovascular risk. This led to the withdrawal of rofe-
coxib and a significant review of the literature.26, 27, 28

There is now reliable evidence confirming increased risk
of cardiovascular complications with both selective and
nonselective NSAIDs taken long term. The evidence
points to a potential COX-2 inhibitor class effect on
cardiovascular events.

The evidence against celecoxib comes from the
National Cancer Institute’s Colorectal Adenoma Preven-
tion with Celecoxib (APC) trial which showed a two- to
three-fold increase in adverse cardiovascular events, such
as myocardial infarction and stroke, with celecoxib
compared to placebo after a mean duration treatment of
33 months.29 These results were not replicated in two
other trials that compared celecoxib 400mg daily with
placebo.30, 31 Evidence against rofecoxib emerged in the
Adenomatous Polyp Prevention on Vioxx (APPROVe)

trial. For serious adverse cardiovascular events, a relative
risk of approximately two was seen for rofecoxib com-
pared to placebo over a three-year period.32 This led to
the withdrawal of rofecoxib in 2004 by the manufacturer.
In contrast, two long-term placebo-controlled trials in
patients with early Alzheimer’s disease did not show a
significant difference in cardiovascular events between
rofecoxib 25mg once daily and placebo.31 In April 2005,
the European Medicines Agency withdrew another COX-
2 inhibitor, valdecoxib, following frequent reports of skin
reactions, such as toxic epidermal necrolysis, in the USA.
This warning was in addition to the associated cardio-
vascular risks.33 There is also evidence as to the increased
risk of cardiac events with nonselective NSAIDs in gen-
eral.22[III] A population-based nested case–control ana-
lysis to determine the comparative risk of myocardial
infarction in patients taking COX-2 and conventional
NSAIDs in primary care between 2000 and 2004 in the
UK suggested an increased risk of myocardial infarction
associated with current use of rofecoxib, diclofenac, and
ibuprofen, despite adjustment for many potential con-
founders. No evidence was found to support a reduction
in risk of myocardial infarction associated with current
use of naproxen. In a meta-analysis,34, 35 selective COX-2
inhibitors were associated with a moderate increase in the
risk of vascular events, as are high-dose regimens of
ibuprofen and diclofenac, but high-dose naproxen is not.
In the Multinational Etoricoxib and Diclofenac Arthritis
Long-term (MEDAL) program designed to provide a
precise estimate of thrombotic cardiovascular events with
the COX-2 selective inhibitor etoricoxib versus the tra-
ditional NSAID diclofenac, the results show that patients
with arthritis treated with etoricoxib and those given
diclofenac have nearly identical rates of thrombotic car-
diovascular events.36 In a matched case–control study of
the relationship between recent use of NSAIDs and hos-
pitalization with congestive heart failure (CHF), NSAIDs
were responsible for approximately 19 percent of hospital
admissions with CHF.37 These concerns may warrant a
reconsideration of the cardiovascular safety of all
NSAIDs.38 Currently, there continues to be debate as to
the role of the COX-2 antagonists and how they should be
prescribed.26, 27, 39, 40[I] There is also debate as to the risk
of cardiac events with NSAIDs in general.22[III] In June
2005, after reviewing evidence for all COX-2 inhibitors
available in the European Union, the European Medical
Agency suggested the following measures:41 (1) all COX-2
inhibitors are contraindicated in patients with established
ischemic heart disease, stroke, and peripheral arterial
disease; (2) physicians should exercise caution when
prescribing COX-2 inhibitors to patients with cardiovas-
cular risk factors; (3) the lowest effective dose should be
used for the shortest possible duration of treatment; (4)
the balance of cardiovascular and gastrointestinal risks
should be carefully considered for patients who do not
have heart disease but are taking low-dose aspirin
(75–100mg daily), as evidence indicates that any
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gastrointestinal safety advantage for COX-2 inhibitors is
substantially reduced when given with aspirin; and (5)
though hypersensitivity reactions are rare, serious, and
sometimes fatal, skin reactions might occur with all COX-
2 inhibitors. The majority of these reactions occur in the
first month of use, and prescribers are warned that
patients with a history of drug allergies may be at greater
risk.

Gastrointestinal complications

Gastrointestinal (GI) side effects of NSAIDs range from
mild dyspepsia to severe and even fatal perforated and
bleeding ulcers. According to US national statistics, these
drugs cause around 16,500 deaths each year and in the
UK approximately 2500 people die annually from their GI
side effects.42 Patients taking long-term NSAIDs have a
point prevalence for gastric or duodenal ulcers of up to 20
percent.43 In the TARGET trial, estimates from the US
suggest serious GI hemorrhage and perforation occur in
0.25 to 1.58 percent of users per year and result in at least
7000 deaths per annum in the USA and 1000 deaths every
year in the UK.44 Precise figures are not available as
patients often have associated risk factors such as smok-
ing, alcohol, and concomitant drug use.2 The risk of fatal
adverse reactions to NSAIDs may be higher; in the US
NSAIDs carry a warning label stating a 2–4 percent risk of
serious gastrointestinal reactions.19 Many patients who
take these agents will terminate therapy due to abdominal
pain, irrespective of proven GI complications. Further
evidence of this is seen in the drop-out rate of many trials
and in clinical practice.45 Up to 31 percent of the cost of
managing arthritis patients is accounted for through the
management of GI side effects. In a nested case–control
study46 conducted between August 2000 and July 2004
involving 367 general practices in the UK to determine
the risk of adverse upper GI events in patients taking
different COX-2 inhibitors compared with nonselective
NSAIDs, the incidence of adverse upper GI events was
1.36 per 1000 person years (95 percent CI 1.34 to 1.39).
Increased risks of adverse GI events were associated with
current use of COX-2 inhibitors and with conventional
NSAIDs. No consistent evidence was found of enhanced
safety for GI events with any of the new COX-2 inhibitors
compared with nonselective NSAIDs. The use of ulcer
healing drugs reduced the increased risk of adverse GI
outcomes with all groups of NSAIDs, but for diclofenac
the increased risk remained significant. A cohort study47

[III] examined 52,000 patients over 50 years old who had
been prescribed one or more NSAID prescriptions over a
two-year period against 74,000 controls. Follow-up was
for three years looking at hospital admissions for gas-
trointestinal complaints. The risk was assessed as 0.2
percent per annum and remained the same with long-
term use. A meta-analysis48[I] of GI complications of
NSAIDs showed ibuprofen to have the lowest risk and

used it as the comparator. The authors commented that
ibuprofen is generally used in a low-dose regimen (up to
1600mg a day) and demonstrated a dose–response curve.
Higher daily doses of ibuprofen increase the relative risk
towards that of the other NSAIDs. There is also a risk of
lower GI events with NSAIDs, which may account for up
to 40 percent of the GI side effects.49 They include
bleeding, ulceration, stricture formation, and diverticuli-
tis. A more recent systematic review highlights the elderly
and those with a past history of GI side effects to be at
higher risk; this reduces to baseline on withdrawal of the
NSAID and confirms a dose–response effect with regard
to gastric irritation.50[I] In a randomized controlled
trial,51 GI toxicity with celecoxib versus NSAIDs for
osteoarthritis and rheumatoid arthritis (the CLASS
study), celecoxib was associated with a lower incidence of
ulcer and ulcer-related complications combined, as well as
other clinically important side effects compared with
NSAIDs at standard dosages. The decrease in upper GI
toxicity was strongest in those not taking aspirin con-
comitantly. In the TARGET trial,44 two NSAIDs,
naproxen and ibuprofen, were compared to a COX-2
inhibitor, lumiracoxib, to assess GI and cardiovascular
safety. The latter showed a three- to four-fold decrease in
ulcer related complications compared to NSAIDs, with-
out an increase in the rate of serious cardiovascular
events.

Prospective GI outcome studies show that COX-2
inhibitors significantly decrease the rate of endoscopic
ulcers and clinical GI events as compared to nonselective
NSAIDs. The NNT to avert one clinical event in one year
is �40 to 100. Their cost-effectiveness is higher in high
risk patients (31 percent). An alternative to COX-2 agents
is the concomitant use of gastroprotective agents with
nonselective NSAIDs.52[I] Commonly used groups
include: H2 antagonists (e.g. ranitidine), prostaglandin
analogs (e.g. misoprostol) or proton pump inhibitors
(e.g. omeprazole). A systematic review examined the
effect of adding a proton pump inhibitor (PPI) or using a
COX-2 antagonist versus NSAID alone. With a PPI the
absolute risk reduction was 9 percent and the NNT 11;
with COX-2 antagonist, the figures were 37 percent and
27 for the NNT.53[I]

Respiratory complications

NSAIDs may aggravate asthma and reversible airway
disease.54 Up to 10–20 percent of the general asthmatic
population has hypersensitivity to aspirin and there is as
much as 98 percent cross-reactivity with NSAIDs in those
patients, but only 7 percent with paracetamol.55 This may
cause severe exacerbation of asthma and naso-ocular
reactions. Approximately half of this group is steroid
dependent.56 This risk is highlighted in publications such
as the British National Formulary.57 Other respiratory risk
factors include nasal polyps and rhinitis.58 The NSAIDs
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are therefore relatively contraindicated in this group of
patients. It is now clear that the specific COX-2 inhibitors
do not cross-react with aspirin and are safe in patients
with aspirin-sensitive airways and chronic obstructive
pulmonary disease (COPD). The safety of COX-2 inhi-
bitors in asthma and COPD does not imply that other
hypersensitivity reactions do not occur.59

Renal complications

Normal individuals with healthy kidneys and no risk
factors are at minimal risk of renal impairment from
NSAID use as their renal perfusion is less dependent on
prostaglandin mechanisms.60 COX-1 is expressed con-
stitutively in the kidney but constitutive COX-2 expres-
sion has also been reported to be extensively present in
normal kidneys.61

NSAIDs are, however, the most common cause of
drug-induced renal failure in clinical practice, but the
overall proportion of patients on renal replacement
therapy due to analgesic nephropathy fell from 5 percent
in the 1970s to 0.6 percent in 1998.62 Inhibition of
intrarenal prostaglandin production from COX-1 inhi-
bition has been hypothesized to cause a critical reduction
in renal blood flow and glomerular filtration rate, espe-
cially in patients with concomitant renal impairment,
cardiac failure, sepsis, or hypovolemia. It was originally
hypothesized that the renal effects of nonselective NSAIDs
were linked to COX-1 inhibition, hence COX-2 inhibitors
were safe, but reports of renal damage following wide-
spread use of selective COX-2 inhibitors has indicated
important roles for COX-2 metabolites in both physio-
logic and pathophysiologic modulation of renal and car-
diovascular function. The elderly and those undergoing
surgery are also at higher risk. Most NSAIDs at full doses
have the potential to cause acute renal failure within
24–48 hours of initiating treatment, but this is usually
reversible.63

Other complications include sodium and water
retention, elevated potassium causing hypertension, and
edema, particularly in the elderly. Other drugs, which
reduce renal blood flow when used with NSAIDs, increase
the risk of renal failure (e.g. diuretics, angiotensin con-
verting enzyme inhibitors, or angiotensin receptor
antagonists and ciclosporine).62 Sulindac and nabume-
tone may pose less risk than other NSAIDs.64[III]

Nephrotoxic effects may occur but are less frequent.
These may not relate to prostaglandin synthesis and the
risk factors are not clear. Resolution occurs following
withdrawal of the drug but may not be complete.63 In a
Medline search of clinical trials to determine the relative
nephrotoxic potential of COX-2 inhibitors versus tradi-
tional NSAIDs, it was found that COX-2 inhibitors may
not offer distinct advantages over nonselective NSAIDs
with respect to kidney function.65 In a population-based
study to compare the association of both selective and

nonselective COX-2 inhibitors with acute renal failure
(ARF), investigators found that the relative risk (RR) of
ARF within the first 30 days of therapy initiation was
comparable for rofecoxib (RR 2.31, 95 percent CI
1.73–3.08) and naproxen (RR 2.42, 95 percent CI
1.52–3.85). The risk was comparable with other non-
selective non-naproxen NSAIDs (RR 2.30, 95 percent
CI 1.6–3.32), but lower with another COX-2 inhibitor,
celecoxib (RR 1.52, 95 percent CI 1.14–2.09).66

Liver

NSAIDs tend to be plasma protein bound with low
volumes of distribution and hepatically metabolized. Mild
elevations in liver enzymes are common, with the elderly
being at greatest risk. NSAIDs have been implicated in
reports of liver injury, though the precise risk is unknown.
In a systematic review of the published literature of
population-based epidemiological studies reporting the
incidence or comparative risk of NSAIDs for liver injury
resulting in clinically significant events, defined as hos-
pitalization or death, Rubenstein and Laine67 concluded
that there is the possibility of a small increase in the risk
of clinically relevant hepatotoxicity with NSAID use.
Hepatotoxicity is an uncommon, but potentially lethal
complication, which usually occurs within 12 weeks of
starting therapy. It can occur with any NSAIDs, but
appears to be more common with diclofenac and parti-
cularly sulindac. Female patients aged 450 years, with
autoimmune disease, and those on other potentially
hepatotoxic drugs, appear to be particularly susceptible.
Liver function test abnormalities generally settle within
four to six weeks of stopping the causative drug. However,
some patients may develop acute liver failure. Lumira-
coxib, a COX-2 inhibitor, has been reported to cause
elevated liver enzymes and there have been case reports of
severe hepatic reactions including liver failure and
death.68 In November 2007 lumiracoxib was withdrawn
from the UK.

Platelets

Apart from aspirin, all NSAIDs inhibit COX competi-
tively, and the effects on platelet aggregation depend on
the pharmacokinetic profiles of the agents. Aspirin irre-
versibly inhibits COX and prostaglandin synthesis for the
seven- to ten-day life span of the platelet. The non-aspirin
NSAIDs reversibly block COX. It is safe to proceed with
central neuraxial block in patients taking these drugs, a
view endorsed by the American Society of Regional
Anesthesia. COX-2 is not expressed in platelets and
therefore COX-2 inhibitors do not affect platelet function.
They are safe when used alone, but can potentiate the
effect of warfarin by increasing the prothrombin time.69

The concurrent use of other medications affecting
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clotting mechanisms, such as oral anticoagulants,
unfractionated heparin, and low molecular weight
heparin, may increase the risk of bleeding complications.

Other side effects

Agranulocytosis and aplastic anemia are rare complica-
tions.70 Hypersensitivity reactions are common with all
NSAIDs. Rarely, more serious reactions occur such as
Stevens–Johnson syndrome and toxic epidermal necro-
lysis.71 NSAIDs run second, after antibiotics, mainly of
the b-lactam group in causing skin reactions.72

Other rarely reported complications include alveolitis,
pulmonary eosinophilia, pancreatitis, eye changes, and
aseptic meningitis.57, 73

NSAIDs given during pregnancy have the potential to
cause adverse maternal and fetal effects. Maternal effects
include miscarriage, prolongation of pregnancy, and
labor, whereas constriction of the ductus arteriosus, renal
dysfunction, and hemostatic abnormalities can occur in
the fetus and neonate. As weak acids, NSAIDs are excreted
in small amounts into human breast milk with little risk
for adverse effects in the suckling infant. In a population-
based cohort study it was found that the risk of mis-
carriage was higher if NSAIDs or aspirin were taken
around the time of ovulation or conception and for
longer than one week. COX-2 inhibitors are classified as
pregnancy category C due to increased peri-implantation
and post-implantation losses and reduced fetal survival in
rats and rabbits. It has been suggested that a delicate
balance of the concentration of various types of prosta-
noids is essential for maintaining normal blood pressure
during pregnancy.12 NSAID use that suppresses the pro-
duction of prostaglandins may have an adverse effect on
placental perfusion and circulation. Without a healthy
placenta, the risk of fetal demise can increase greatly.74

PHARMACEUTICAL AND PHARMACOLOGICAL
ISSUES

Many preparations have been developed in an attempt to
circumvent the side effects of NSAIDs. A systematic
review comparing routes of administration suggests that
the oral route should be used when patients can swallow.
The intramuscular and rectal routes are associated with a
higher adverse effects rate including pain on injection,
rectal irritation, and diarrhea.9[I]

A large in vitro analysis of COX-1 and COX-2 selec-
tivity for NSAIDs has been performed for a wide range of
agents.75 This demonstrates the relative specificities for
COX-1 against COX-2, but also demonstrates the level of
COX-1 inhibition when COX-2 is inhibited by 80 percent.
The postulate is that this is the level of COX-2 inhibition
required for a therapeutic benefit. It is suggested that the

agents with greatest COX-1 selectivity correlate with those
that have higher GI side effects.

The NSAIDs are often grouped by chemical structure.
This does not really aid drug choice and lack of efficacy of
one member of a class does not exclude other members of
the same class from being effective.76

EVIDENCE OF EFFECTIVENESS

The evidence is summarized in Table 15.1.

MUSCULOSKELETAL PAIN

Analgesics are commonly prescribed for musculoskeletal
pain in the general population.7 Many of the prescription
and nonprescription agents commonly used are likely to
contain NSAIDs. There is some good evidence for the
beneficial role of NSAIDs in chronic low back pain
compared to placebo, but it becomes limited when
compared to paracetamol. When considering chronic low
back pain there was insufficient evidence to perform
subgroup analysis, suggesting that further research is
required.78[I] A more recent review of drugs used to treat
low back pain again suggests further research is
required.77[I] A series of N-of-1 trials that examined the
efficacy of NSAIDs for chronic musculoskeletal pain
demonstrated the difficulties encountered with research
in this area. There was no benefit for NSAIDs but there
was a high incidence of side effects and high drop-out
rates resulting in small numbers completing the trial.86

ARTHRITIC PAIN

Rheumatoid arthritis patients are frequently prescribed
NSAIDs. A double-blind placebo-controlled trial com-
paring naproxen, celecoxib, and placebo demonstrated
that the active agents were significantly more efficacious
than placebo. There were fewer treatment failures in the
active groups (approximately 25 percent) compared to
placebo (45 percent). Adverse events were common in all
groups, but few led to withdrawal from the study.80[II] A
further double-blind randomized trial comparing cel-
ecoxib with diclofenac over 24 weeks in rheumatoid
arthritis came to a similar conclusion.81[II] However,
it should be noted that whilst NSAIDs are useful in
treating rheumatoid arthritis, others agents are often
more effective.87[III]

In a survey assessing global preferences (effectiveness
and side effects), which examined paracetamol and
NSAIDs in patients with osteoarthritis (OA), rheumatoid
arthritis, and fibromyalgia, 60 percent had a general
preference for NSAIDs. The authors point out that this is
a perception of effectiveness, which may differ from actual
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effectiveness. The results may be biased due to the beliefs
and perceptions of both patients and physicians.83[IV]

In OA, the NSAIDs are commonly used. A two-year
double-blind comparison of naproxen and paracetamol,
using a model of OA of the knee, showed little difference
between treatments for those completing the trial, the
withdrawal rates were high (65 percent). The reasons for
withdrawal were not significantly different between
groups, although GI reactions were higher in the
naproxen group.45[II] The Cochrane collaboration has
reviewed the use of NSAIDs in OA of the knee.13[I] The
reviewers conclude that despite a large number of pub-
lications, few are randomized control trials and many
have substantial design faults. The authors were unable to
demonstrate a difference in efficacy between agents or for
withdrawal rates, and suggested that prescribing be based
on relative safety, patient acceptability, and cost. Similar
comments were made in a review which used OA of the
hip as the model.14[I]

Pain can follow hip arthroplasty, as can heterotopic
bone formation in the soft tissues surrounding the joint.
A systematic review confirms that perioperative NSAIDs
reduce the risk of heterotopic bone formation. The sig-
nificance of this along with the short-term side effects is
less clear and the long-term effect on pain and clinical
outcome has not been fully elucidated.88[I], 89[I] There is
also concern about the effect of NSAIDs and bone

healing. Currently, there is insufficient evidence to make
clear comments other than that further research is
required.90

Neuropathic pain often proves difficult to manage and
the evidence suggests that NSAIDs are probably ineffec-
tive in this condition.78[I]

Chronic pain in the elderly poses a major challenge for
management. The population is aging and the elderly
have a significantly higher incidence of chronic pain.
Estimates from the USA suggest 70 million older people
are prescribed regular analgesics and that the majority are
NSAIDs. It is suggested that all NSAIDs should be used
with caution and that high doses and long-term usage be
avoided.91 It has also been suggested that NSAID toxicity
is a problem in this population and ibuprofen should be
the NSAID of first choice.92[V] There is a large individual
variation with regard to the minimal effective and toxic
doses. Dose titration is extremely valuable in this group
and it is suggested that side effects are regularly mon-
itored with long-term use.

PARACETAMOL AND ITS COMMON
COMBINATIONS

Paracetamol has been available worldwide over the
counter for over 40 years.93 Today, it is an ingredient of a

Table 15.1 Review of evidence of effectiveness.

Condition Comment Agents Outcome Reference

Low back pain Acute and chronic NSAIDs systematic review Limited evidence supports NSAIDs 77[I]

NSAIDs versus placebo Statistical improvement for NSAID 78[I]

Acute NSAIDs versus

paracetamol

No difference

Chronic back pain Subgroup assessment NSAIDs versus placebo Unable to assess

NSAIDs versus

paracetamol

Limited evidence of NSAID advantage

Paracetamol/codeine

versus tramadol

Similar efficacy with combination being

better tolerated

79[II]

Rheumatoid

arthritis

Response to treatment NSAIDs, COX-2

antagonists and

placebo

Significant improvement compared

with placebo; no difference

between active agents

80[II], 81[II]

Steroids versus NSAIDs Steroids show advantage in low dose,

short-term use

82[I]

Rheumatic disease Survey of patient

preference for benefit

and side-effects

NSAIDs and paracetamol Preference for NSAIDs 60%,

paracetamol 14%, and no

preference 25%

83[IV]

Osteoarthritis Long-term comparison Naproxen versus

paracetamol

Similar efficacy with high drop-out rate

suggesting neither is satisfactory

45

Ibuprofen versus

paracetamol

Similar effects both better than placebo 84[II]

Systematic review of

relative efficacy

NSAIDs Relative efficacy data not yet available 13[I], 14[I]

Neuropathic Review NSAIDs Probably no role to play 85[II]
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large number of prescription and nonprescription for-
mulations and is one of the most commonly used drugs.
In 2005, over 14 million prescriptions for paracetamol
were filled in England.3

Mechanism of action and metabolism

Paracetamol is an effective analgesic with antipyretic but
not anti-inflammatory activity.45[II] The mechanism of
its analgesic action is not fully understood, but has a
central effect inhibiting COX.94 At therapeutic dosages, it
does not inhibit COX in peripheral tissues, which explains
its lack of anti-inflammatory activity.95 Recent research
has shown the presence of a new COX enzyme, COX-3,
found in the brain and spinal cord, which is selectively
inhibited by paracetamol, and is distinct from the two
already known COX enzymes COX-1 and COX-2. There
are suggestions of selective inhibition of the enzyme
COX-3 in the brain and spinal cord by paracetamol,
which explains its effectiveness in relieving pain and
reducing fever without having unwanted GI side effects.96

Other reports suggest a selective COX-2 inhibition97 (see
Chapter 4, Clinical pharmacology: traditional NSAIDs
and selective COX-2 inhibitors in the Acute Pain volume
of this series for a full description of its pharmacology).

Administration and dosage

The proper use of paracetamol is crucial to optimizing its
effectiveness and achieving pain relief. Patients may
conclude that paracetamol is ineffective after taking only
one or two tablets a day for short periods of time and
subsequently terminate treatment. This is an inadequate
trial period for chronic pain conditions, which require up
to 4 g/day in divided doses for at least a week.95 The oral
route is preferable with suspensions and dispersible pre-
parations being available. Rectal and parenteral prepara-
tions are also available (in some countries). Paracetamol
is available in combination with several opioids such as
codeine, dihydrocodeine, dextropropoxyphene, and tra-
madol, as well as other compounds such as caffeine and
NSAIDs. The rationale behind such combinations is the
theoretical enhancement of efficacy by combining two
analgesics with different modes of action. Extended
release paracetamol preparations are also available.

PARACETAMOL – WEAK OPIOID
COMBINATIONS VERSUS PARACETAMOL
ALONE

Studies have been performed which suggest that combi-
nations provide improved analgesia compared to para-
cetamol alone but there is also an increase in side effects.
A systematic review98[I] assessing the efficacy and safety

of paracetamol–codeine combinations versus paracetamol
alone concluded that most trials were of good to very
good quality. Only the single-dose studies could be
combined for analysis of analgesic efficacy and pooled
efficacy results indicated that paracetamol–codeine com-
binations added a 5 percent increase in analgesia using the
sum pain intensity difference measure. This effect was
small but statistically significant and comparable to the
difference in analgesic effect between codeine and pla-
cebo. The cumulative incidence of side effects with each
treatment was comparable in the single-dose trials. In the
multidose studies a significantly higher proportion of side
effects occurred with paracetamol–codeine preparations
suggesting that for occasional pain relief para-
cetamol–codeine combination might be appropriate but
repeated use increases the occurrence of side effects. More
recent work reinforces this view that further studies are
required looking at this as well as other paracetamol
combinations.99, 100 In a multicenter 91-day randomized
placebo-controlled trial of tramadol 37.5mg/paracetamol
325mg versus placebo for treatment of chronic low back
ache, patients reported better visual analog scale (VAS)
scores, quality of life, and physical functioning with tra-
madol and paracetamol combination compared to pla-
cebo.101 It has also been shown to deliver better efficacy
than either agent alone and improved tolerability than the
equianalgesic alternatives of conventional dose tramadol
alone or paracetamol plus codeine in combination.100

There are many preparations available that combine
paracetamol with other analgesics. In a large, double-
blind, randomized, parallel group, placebo-controlled
trial, Diener et al.102 investigated efficacy, safety,
and tolerability of two tablets of the fixed combination
of 250mg acetylsalicylic acid (ASA)1200mg para-
cetamol150mg caffeine in comparison with two tablets
of 250mg ASA1200mg paracetamol, two tablets of
500mg ASA, two tablets of 500mg paracetamol, two
tablets of 50mg caffeine, and placebo in patients with
episodic tension-type headache or migraine attacks. The
fixed combination of ASA, paracetamol, and caffeine was
statistically significantly superior to the other combina-
tions.102 Many over the counter remedies contain para-
cetamol with a wide variety of other agents and these have
not been addressed in this chapter.

Side effects and their management

Paracetamol is generally well tolerated. Skin rashes and
other allergic reactions occur occasionally, but generalized
anaphylactic-type reactions are very rare.103, 104 The rash
is usually erythematous or urticarial, but may be more
serious and accompanied by a drug fever and mucosal
lesions.

In a few isolated cases, the use of paracetamol has been
associated with neutropenia, pancytopenia, and leucope-
nia. The most serious adverse effect of acute over dosage
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of paracetamol is a dose-dependent, potentially fatal
hepatic necrosis. Renal tubular necrosis and hypoglycemic
coma may also occur.105 There is some newer evidence
suggesting a link between paracetamol and asthma or
COPD.106

GASTRIC

Paracetamol causes little or no gastrointestinal irritation
and is not associated with ulcer formation.107

RENAL

The effect of paracetamol on renal function is minimal
because it does not influence renal prostaglandin synth-
esis. There is negligible evidence for the development of
classical analgesic nephropathy (papillary necrosis,
chronic interstitial nephritis) when used alone and it has
not been conclusively associated with any evidence of
end-stage renal disease.

Renal toxicity has been documented with paracetamol
only in overdose and is thought to be secondary to acute
hepatic failure.95 In a 1996 position paper, the National
Kidney Foundation (UK) recommended paracetamol as
the non-narcotic analgesic of choice ‘‘for episodic use in
patients with underlying renal disease.’’ Both experimental
and epidemiological data have found an association
between combinations of aspirin, paracetamol, caffeine
and/or codeine, and increased renal toxicity.108[V]

HEPATIC

Paracetamol has been associated with liver toxicity in
association with massive overdose or chronic uninten-
tional overdose in patients with a history of chronic
alcohol abuse, malnutrition, and prolonged starvation
and it is one of the most common causes of acute liver
failure in the USA.109[III] Patients consuming more than
three units of alcohol per day should consult with their
physician before taking any analgesic.95, 109[III]

There is no evidence that preexisting chronic liver dis-
ease increases the risk of hepatotoxicity after administra-
tion of paracetamol in therapeutic doses for short periods
of time (up to five days). Cytochrome P-450 enzyme levels
are not increased and excretion of various conjugates
(including cysteine and mercapturic acid conjugates)
remains unchanged in the presence of liver disease.109, 79,
110, 111, 112 The elimination half-life of paracetamol is
statistically prolonged, but clinically unimportant.

COPROXAMOL

Coproxamol (dextropropoxyphene in combination with
paracetamol) was implicated in 300–400 deaths from
overdose in the UK every year. It was implicated in almost

one-fifth of drug-related suicides and was second only to
tricyclic antidepressants as an agent of fatal overdose.
After considering all the available data, the Committee
on Safety of Medicines (CSM) in the UK advised that
coproxamol should be withdrawn from the market on the
grounds that the benefits of coproxamol did not outweigh
the risks.113

PHARMACEUTICAL AND PHARMACOLOGICAL
ISSUES

Paracetamol is rapidly absorbed with peak plasma con-
centrations occurring within one hour. If taken with food,
peak concentrations may be delayed until four hours after
ingestion. Paracetamol may be administered orally,
intravenously, and rectally. Rectal absorption may be
variable. The optimum dose is 1 g with a daily maximum
of 4 g. There is, however, no correlation between plasma
levels and dose.114

Paracetamol is metabolized and eliminated via three
pathways.

1. Approximately 90 percent is conjugated with
sulfate or glucuronide. Although the sulfate is less
important in adults, it has been proposed as a
more active pathway in children, which could
account for their greater tolerance to higher doses.

2. Between 5 and 10 percent is metabolized by a
cytochrome P-450 mixed function oxidase system.
The intermediate metabolite of this pathway, N-
acetyl-p-benzoquinoneimine (NAPQI) is
detoxified by the addition of sulfhydryl groups.
NAPQI has a half-life (t1/2) that is three times
longer than that of paracetamol (36 hours versus
12 hours, respectively). This is responsible for the
hepatic injury associated with paracetamol
toxicity. Normally, glutathione acts as the
sulfhydryl group. In nutritionally depleted
patients or in the presence of overdose, there may
be insufficient glutathione to protect the liver.
Renal injury is thought to occur via the same
mechanism.

3. Less than 5 percent is eliminated unchanged in
the urine. The volume of distribution of
paracetamol is 0.75 to 1.0 L/kg, with protein
binding of 35–50 percent.115

EVIDENCE OF EFFECTIVENESS

Osteoarthritis

Paracetamol is as effective as NSAIDs for the management
of mild-to-moderate OA pain. There is evidence to sug-
gest it should be first line management at up to 4 g a
day.116 A randomized, double-blind trial in OA of the hip
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or knee demonstrated that 4 g paracetamol daily was
more effective than placebo and as effective as commonly
used NSAIDs for the relief of joint pain and improvement
of function.84[II] Additionally, the majority of patients
with OA were elderly and were at increased risk of
NSAID-related GI and renal side effects. A prospective,
double-blind control study over two years for the treat-
ment of OA concluded that the efficacy of paracetamol
and naproxen were similar.62[II] In a double-blind study,
slow release paracetamol (1300mg three times daily) has
been shown to be effective in managing moderately severe
chronic OA of the hip and knee.117[II]

Although paracetamol and NSAIDs are both effective
for the relief of mild-to-moderate pain, NSAIDs may be
necessary for treating pain resulting from inflammatory
conditions. When treating pain associated with a largely
noninflammatory condition such as OA, then para-
cetamol may be a more appropriate therapeutic option
due to its lack of GI and renal adverse events compared to
those seen with NSAIDs.118

Chronic back pain

A double-blind, multiple-dose, randomized, cross-over
study comparing a fixed-dose capsule preparation of
paracetamol/codeine with tramadol in patients with
refractory chronic back pain found both were efficacious
but the paracetamol combination was better tolerated.119

[II] An outpatient-based placebo-controlled study
demonstrated superiority of tramadol/paracetamol over a
three-month period.101[II] However, there remains the
need for further investigation into these combination
preparations.99

Headache

Three double-blind, randomized, placebo-controlled
trials concluded that the nonprescription combination of
paracetamol, aspirin, and caffeine was highly effective for
the treatment of migraine headache. It also alleviated the
nausea, photophobia, and functional disability associated
with migraine attacks, with an excellent safety profile and
tolerability.120[II] A more recent double-blind, rando-
mized, placebo-controlled study looking at headache
demonstrated the combination of acetylsalicylic acid,
paracetamol, and caffeine to be superior.121[II]

There are no good data to either support or refute a
role for paracetamol in the management of neuropathic
pain.

CONCLUSION

� Paracetamol is well tolerated and safe, except in
overdose.

� Paracetamol is a first line agent in mild-to-moderate
pain of OA.

� Combinations of paracetamol with other agents offer
little real benefit and have increased risk of side
effects. They may be of benefit in short-term use.

� There is good evidence for NSAIDs benefit in acute
and chronic inflammatory pain but minimal
evidence in neuropathic pain.

� NSAIDs are widely used by prescription and as over
the counter medicines. The side effects of NSAIDs
are potentially life-threatening but this must be
examined in the context of the enormous scale of
usage of this class of drugs.

� The newer COX-2 antagonists have potential benefits
but should be used with caution because of the risks
in patients with concurrent cardiac disease.

� Clinically, agents with lower risk should be tried first
and at the lowest recommended dose before titration,
having first assessed the efficacy of paracetamol.
Trialing several agents and drug rotation may be
beneficial with some patients.

� Elderly patients are at greater risk for side effects
than the young.

� Further high quality systematic review or new
research has to be carried out to evaluate:
– relative efficacies between agents;
– long-term effects in terms of risk and benefit;
– the effects of common combinations in chronic

pain;
– what role, if any, there is in neuropathic pain for

these agents.
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KEY LEARNING POINTS

� The mean decrease in pain intensity for opioids in

chronic noncancer pain (CNCP) is approximately 30

percent.
� Between 50 and 80 percent of patients developed at

least one opioid-related adverse event.
� Only 30 percent of patients in randomized controlled

trials (RCTs) remained on ‘‘long-term’’ opioid therapy.
� The average opioid dose escalation rate (ODER) for all

opioids in CNCP was approximately 0.5 percent per day.

� The ODER was lower in the elderly, in neuropathic pain,

and with buprenorphine analgesia.
� The optimum ceiling dose (if any) for opioids in CNCP is

not known, but an equivalent of 100mg of oral

morphine per day seems a reasonable trigger for

reevaluation.
� Up to 30 percent of patients may require opioid

rotation (OR) at some stage during long-term opioid

therapy for CNCP.

INTRODUCTION

There is increasing evidence that in some patients, opioids
can relieve chronic noncancer pain (CNCP). However, the
evidence is limited to relatively short-term studies which
demonstrate a high drop-out rate because of opioid-
related side effects or lack of efficacy. Patients who
develop problems with opioid therapy, particularly those
with dependency/addictive behavior traits, are time-
consuming and frustrating to manage, their manipulative
behavior stressing even the most tolerant staff. The long-
term effects of opioids are not well quantified, but include
suppression of both the immune system and the
hypothalamic–pituitary axis and it is likely that their
widespread use in society almost certainly leads to a
greater availability for illicit use and abuse. For these
reasons, proscriptive legal frameworks continue to

discourage opioid prescribing. Despite this, the pre-
scription of opioids in western countries is escalating.1, 2

Unfortunately, there is only limited evidence in the
literature to guide clinicians in the appropriate use of
opioids for the treatment of CNCP; however, consensus
guidelines on the topic have been promulgated by
authoritative bodies such as The Pain Society.3

To guide everyday clinical practice, the pain physician
might ask the following questions when considering the
use of opioids for the treatment of CNCP.

� What is the evidence that opioids are effective in the
treatment of CNCP?

� What outcome measures do I use: pain relief,
improved function, or quality of life?

� Is ‘‘opioid responsiveness’’ different for nociceptive or
neuropathic pain (central or peripheral)?



� Are there differences between various long-acting
opioids or between short- and long-acting
preparations?

� Is there a place for ‘‘as-needed’’ opioid analgesia
versus regular ‘‘by the clock’’ administration?

� Is there a place for multimodal analgesia including
fixed-dose combinations (e.g.
codeine–acetaminophen (paracetamol), combined
opioid–opioid analgesia (COOA), or
antineuropathic–opioid combinations?

� Are there significant differences between the routes of
opioid administration?

� How do I select a patient? Does intravenous opioid
(sensitivity) testing (IVOT) play a role?

� What are the causes and consequences of opioid dose
escalation? Is their a maximum ceiling dose?

� How do I treat breakthrough pain?
� What about side effects?
� What about addiction, dependency, withdrawal, and

diversion?
� What are some practical tips (such as the opioid

contract)?
� Is there a place for opioid rotation in CNCP?

EVIDENCE FOR EFFICACY

There is evidence that opioids are effective in the treat-
ment of certain pain states. They are widely used in the
perioperative period for the management of acute pain
where dose titration to effect to accommodate inter-
individual requirements is the norm.4, 5 The use of
opioids in the management of cancer pain also appears
relatively straightforward, however opioid-resistant can-
cer pain is now a well-recognized problem.6, 7, 8 The major
reason for the variable reports of opioid efficacy in dif-
ferent pain states is that pain has a multifactorial etiology
and presentation. Attempting to treat acute, cancer, or
chronic pain with only one modality of treatment is likely
to get poor and variable results. When the cause of the
pain is not clear as in many chronic pain states, the failure
rate of single modality opioid therapy will be even worse.

Patients with chronic pain present with a complex
paradigm. Many, if not all, have significant biological pain
generators, but this may not be the predominant factor
determining their pain behavior. Consequently, treatment
with opioids, which may only reduce part of the pain
process, may be inappropriate at best and detrimental at
worst. Many countries and societies have developed
guidelines9, 10, 11, 12 in an attempt to improve the success
of opioid prescribing for this group of patients. A recent
epidemiological study from Denmark reporting on 228
opioid users with pain found significant negative features
in terms of quality of life, when compared with 1678
nonopioid users with pain. They strongly recommend
caution when long-term opioid use for pain is being
considered.13

What is the evidence that opioids are effective
in the treatment of CNCP?

There have been a number of systematic reviews and
meta-analyses of randomized controlled trials (RCTs).14

[I], 15[I], 16[I] These reviews have included many of the
same studies and identified similar problems with the
current literature on opioids for CNCP. They do, however,
attempt to answer some of the questions we have posed. A
summary of the data from these meta-analyses and sys-
tematic reviews is listed below (note: approximate values
are listed).

� No RCTs have tested opioids for the treatment of
CNCP in doses greater than 300mg morphine
(equivalent) per day (or methadone 80mg per day),
for more than 16 weeks.

� It was difficult to determine the effects of opioids on
functional or quality of life outcomes.

� There was a significant placebo effect.
� The mean decrease in pain intensity was 30 percent

(15–30 percent for placebo).
� The mean decrease in visual analog scale (VAS) pain

score was 15/100.
� Between 5 and 10 percent of patients withdrew due

to lack of opioid efficacy (20 percent for placebo).
� Between 50 and 80 percent of patients developed at

least one opioid-adverse effect (30–60 percent for
placebo).

� Between 20 and 30 percent of patients withdrew due
to opioid-adverse effects (5–15 percent for placebo).

� Only 30 percent of RCT patients remained on long-
term opioid therapy for the management of chronic
pain.

Is opioid responsiveness different for
nociceptive or neuropathic pain (central or
peripheral)?

Kalso et al.14[I] provide some help here. They reviewed 15
randomized placebo controlled trials. Four looked at
intravenous opioid testing and included 120 patients, the
other 11 compared oral opioids with placebo in 1025
patients. The opioids tested were described as World
Health Organization (WHO) step 3 analgesics, including
fentanyl, hydromorphone, methadone, morphine, oxy-
codone, and oxymorphone and a wide variety of
nociceptive and neuropathic pain disorders were treated.

Trials lasted between four days and eight weeks and
mean daily opioid doses varied between 30 and 120mg of
morphine, 20–45mg of oxycodone, and 15mg of
methadone. The maximum daily dose reached in some
patients was morphine 300mg, oxycodone 120mg, and
methadone 80mg. Trial designs were generally of good
quality; however, functional and quality of life outcomes
were frequently not evaluated.
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The mean reduction in pain intensity with opioids
was approximately 30 percent for both nociceptive and
neuropathic pain. Five of the studies that assessed func-
tion reported no change in a range of measures with
one17[II] reporting significant improvement in pain-
related disability and two18[II], 19[II] reporting disability
scores lower during treatment with oxycodone over
placebo.

In summary, the review by Kalso et al.14 suggests that
short-term, moderate-dose opioid therapy can produce a
modest reduction in both nociceptive and neuropathic
pain and may reduce pain-related disability.

Eisenberg et al.15 specifically addressed the efficacy of
opioids in neuropathic pain in a systematic review and
meta-analysis of RCTs.15[II] These reviewers analyzed 22
articles with neuropathic pain as an inclusion criteria
using opioid agonists (partial agonists and agonist–
antagonists being excluded) via the oral, rectal, trans-
dermal, intravenous, intramuscular, or subcutaneous
routes. Trials were classified as either short term (less than
24 hours; n= 14) or intermediate term (8–56 days; n= 8)
with regards to the duration of opioid therapy. In the
short-term group, morphine, fentanyl, alfentanil, pethi-
dine (meperidine), or codeine were used and most trials
were placebo controlled. The short-term studies provided
equivocal evidence of opioid efficacy and no conclusions
could be made.

In the intermediate group, morphine, oxycodone,
methadone, and levorphanol were included; placebo was
used in seven of the eight trials. Doses ranged from
morphine 20–300mg per day, oxycodone 20–120mg per
day, methadone 10–80mg per day, and levorphanol with
mean doses of 2.7–8.9mg per day. The mean pain
intensity was reduced by 14/100 VAS points (95 percent
CI –18 to –10) in opioid-treated patients; however,
the authors had difficulties commenting on functional
or quality of life outcomes because the wide range of
measures used prevented comparison.

Are there differences between various
long-acting opioids or between short- and
long-acting preparations?

Chou et al., in a systematic review of 16 RCTs with
1427 patients, together with eight observational
studies describing 1190 patients, address this issue.20[I]
Unfortunately, there was significant heterogeneity in the
design, duration, and quality of these studies and
difficulties in establishing the equivalent potency of
the various opioid preparations. For the purposes of
this review, a long-acting opioid was defined as a
drug requiring administration no more than twice per
day. Opioids studied included fentanyl, morphine,
oxycodone, levorphanol, methadone, codeine, and
dihydrocodeine.

COMPARISON OF LONG-ACTING OPIOIDS

Only two RCTs directly compared long-acting opioids in
a head-to-head fashion. One trial included in the review –
although criticized for its methodology – looked at
patients with miscellaneous pain etiologies, comparing
transdermal fentanyl and twice daily long-acting mor-
phine.21[II] This trial only met some of the systematic
review’s inclusion criteria (it was nonblinded and many
patients had been on one of the drugs prior to the study)
and the reviewers concluded that the study really mea-
sured the efficacy of fentanyl in those patients who had
failed oral morphine therapy. There was also criticism of
the finding that constipation was less prevalent in patients
receiving fentanyl.

The second RCT, including patients with pain due to
osteoarthritis, looked at morphine 30mg once daily
(either in the morning or evening) versus morphine
15mg, twice a day There was no difference in analgesia or
function, but the evening dose of morphine provided a
better sleep score.22[II]

The remaining 14 RCTs compared various long-acting
opioids to other types of analgesia or placebo controls.
Unfortunately, the data from these studies were too het-
erogeneous to allow for a comparison of long-acting
opioids using this paradigm. However, data from open-
label studies or comparative nonrandomized trials
demonstrated some differences between various long-
acting opioids.

Transdermal buprenorphine may cause less constipa-
tion than transdermal fentanyl or oral slow-release mor-
phine, based on comparative data from open-label studies
and postmarketing surveillance. The incidence of central
nervous system (CNS) adverse effects, such as somno-
lence, hallucinations, or vertigo, may also be lower with
transdermal buprenorphine.23, 24, 25 In a retrospective,
comparative data analysis of 631 patients with CNCP, the
rate of dose escalation and number of dose changes was
significantly lower with transdermal buprenorphine
compared with fentanyl.26

In an open-label, randomized, parallel group trial,
there was no difference in the analgesic efficacy of
transdermal fentanyl 25 mg/hour or morphine SR (sus-
tained release) 30mg/day, however there was significantly
less constipation with fentanyl.27[III] In a review of
pooled data from open-label, uncontrolled, and rando-
mized controlled trials in 1220 patients with chronic pain,
there was significantly less constipation and somnolence
with transdermal fentanyl compared with controlled-
release morphine.28[III]

In conclusion, there are insufficient data from RCTs to
determine if there are differences between long-acting
opioids in terms of analgesic efficacy or adverse
effects. However, transdermal buprenorphine or fentanyl
may produce less somnolence and constipation compared
with oral slow-release morphine, based largely on
data from open-label, comparative studies. Transdermal
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buprenorphine may also produce less rapid dose escala-
tion (see below under Buprenorphine).

COMPARISON OF SHORT-ACTING AND LONG-ACTING
OPIOIDS

Most patients with CNCP are treated with long-acting
(controlled-release) opioids rather than short-acting
preparations, in the belief that steady plasma levels are
associated with better pain control and fewer adverse
effects, including withdrawal or dependency. Indeed,
most consensus guidelines recommend the use of long-
acting opioids for the treatment of CNCP.9, 11

However, the systematic review by Chou et al.20[I]
(568 patients in seven RCTs) found there was insufficient
evidence to determine if either long- or short-acting
opioids were superior in the treatment of CNCP. Again
there were problems with heterogeneity and the quality of
the trials. However, in a subanalysis of three RCTs, there
was fair evidence that short- and long-acting preparations
of oxycodone were equally effective. In addition, two
RCTs found that the total daily opioid dose was lower
using short-acting morphine or codeine compared with
long-acting forms.

In conclusion, there are insufficient data to determine
if there is a difference between short- and long-acting
opioids in the treatment of CNCP, in terms of efficacy or
safety. However, subanalysis of the data suggests that
short-acting opioids may be just as effective as long-act-
ing preparations and result in reduced daily opioid doses.

What about evidence for the use of individual
opioids?

METHADONE

There is only limited literature on the use of methadone
in chronic noncancer pain.29 Morley et al.30[II] studied 19
patients with neuropathic pain in a high quality (high
Jadad score31) RCT that ran for 20 days. They demon-
strated a statistically significant analgesic effect for
methadone 10mg twice a day over placebo.

The major analgesic effect of methadone is due to high
affinity, stereospecific (R-enantiomer) binding at the mu-
opioid receptor. The D-enantiomer of methadone also
demonstrates in vivo N-methyl-D-aspartic acid (NMDA)
receptor antagonism and this ketamine-like effect may be
of advantage in the treatment of pathological pain
states.32

Methadone is well absorbed from the gastrointestinal
tract with an oral bioavailability of between 60 and 95
percent, reaching a peak plasma concentration at four
hours.33 Methadone undergoes oxidative biotransforma-
tion in the liver by cytochrome P450 3A4. Only 15 per-
cent of a dose of methadone is excreted unchanged in the

urine and its major metabolite (ethylidine-dimethyl-
diphenylpyrrolidine (EDDP)) is metabolically inactive,
thus making major dose adjustments unnecessary in
patients with renal impairment.34

Single-dose studies with methadone show an analgesic
effect of four to six hours. However, with multiple dosing,
the main determinant of the duration of action is the slow
terminal elimination phase. Plasma methadone con-
centrations decline in a biexponential manner after par-
enteral administration. The initial elimination phase lasts
two to three hours, however the terminal half-life is
extremely wide ranging (10–150 hours) compared with
other opioids, such as morphine (two to four hours). This
is largely due to significant interindividual variability (50-
fold) in the activity of cytochrome P450 3A4 combined
with methadone’s relatively low hepatic clearance rate.
However, variability in cytochrome P450 3A4 activity
(and therefore methadone half-life) may also be due to
drug interactions at that site. Methadone clearance is
increased by concurrent use of phenytoin and decreased
by use of amitriptyline and fluvoxamine.35 The clearance
of methadone is reduced with age and increased in
females. All of these factors may lead to variable accu-
mulation of methadone between individuals with long-
term dosing, risking either overdose and or a lack of
analgesia. As a result, extreme care must be taken when
loading patients with methadone for chronic pain
management.

Initial reports suggested that morphine and metha-
done were equipotent (dose conversion ratio of 1:1) and
this is true to some extent for limited, low-dose admin-
istration of methadone, such as in acute pain manage-
ment. However, recent guidelines recommend graded
dose conversion ratios ranging from 2.5:1 to 14.3:1
(median 7.75:1) when changing from oral morphine to
methadone,36 with the ratio increasing as the dose of
morphine increases (e.g.1000mg of oral morphine per
day at 14:1 is approximately 70mg methadone per day;
200mg morphine per day at 4:1 is approximately 50mg
methadone per day). It is therefore uncommon for any
patient to need more than 100mg of methadone per day,
even when converting from very high doses of oral
morphine. This variable conversion ratio is unique to
methadone and reflects saturation of cytochrome P450’s
enzymatic capacity with higher doses (methadone will not
be metabolized and will therefore accumulate). Increased
analgesia and sedation with higher-dose methadone may
also be due to pharmacodynamic effects such as NMDA
receptor antagonism (ketamine-like effects) and 5-
hydroxytryptamine reuptake inhibition (serotoneregic
effects).

When commencing methadone in opioid-naive
patients, small (2.5–5mg) 8–12 hourly doses have been
suggested. Ideally, dose changes should not be made more
frequently than every five days (in case they are one of
those patients with a very long half-life, e.g. 60–100
hours), and careful monitoring must be made until a
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stable effective dose has been established.37 When using
higher doses of methadone, such as during opioid
conversion, hospital monitoring may be required.

Opioid toxicity is a potentially serious problem and
may be particularly so in the chronic noncancer pain
population. Deaths have been reported in the addiction
literature when patients who were previously on a stable
dose of methadone ceased their drug for a short period of
time and then developed severe respiratory depression on
restarting the same dose (apparently due to a rapid loss of
tolerance).38 Deaths in the addiction/forensic literature
often report concomitant high levels of benzodiazepines
and occasionally alcohol in postmortem blood and liver
samples. It is important that patients with chronic non-
cancer pain are warned of these risks if opioids are to be
used.39, 40

If methadone is ceased for more than two days, we
would recommend a conservative restarting dose at 30
percent of the previous dose.

OXYCODONE

There are three RCTs evaluating the efficacy of oxycodone
– all in neuropathic pain states. Watson et al.19[II] looked
at 36 patients with painful diabetic neuropathy and
evaluated pain relief, safety, and health-related quality of
life (QOL) as measured with the SF36. Maximum doses of
controlled-release oxycodone were 40mg twice a day
compared to an active placebo (benztropine). The oxy-
codone group showed significantly lower pain scores
(mean daily VAS pain scores 21.8/100 versus 48.6/100)
and improved SF36 scores. The number needed to treat
(NNT) for at least 50 percent pain relief was 2.6. In a
larger multicentre study of 159 patients also with diabetic
neuropathy, Gimbel et al.41[II] found similar efficacy for
controlled-release oxycodone. In a randomized, double-
blind, placebo-controlled study that lasted six weeks, they
demonstrated a statistically significant reduction in
average daily pain intensity for days 28 to 42 of 4.1 in the
oxycodone group versus 5.3 in the placebo group
(p= 0.002). There were typical opioid-related side effects;
however, the clinical significance of this small benefit is
difficult to quantify.

In a previous study, Watson and Babul18[II] also
reported on the efficacy of controlled-release oxycodone
in patients with postherpetic neuralgia. Using a double-
blind crossover design allowing a maximum dose of
oxycodone of 30mg twice a day (mean dose of 45mg at
end of the study), 50 patients were enrolled with 38
completing the two four-week components. With regard
to pain relief, there was a significant difference in VAS
scores in the oxycodone group versus the placebo group
(ongoing pain 34/100 (� 26) versus 55/100 (� 27),
p= 0.0001; paroxysmal pain 22/100� 24 versus 42/
100� 32, p= 0.0001; allodynia 1.6/100� 1 versus 2/
100� 1.1, p= 0.0155). Disability was measured using a

categorical scale (none, mild, moderate, or severe) at
patient interview, and was less in the oxycodone group 0.3
versus 0.7 in the placebo arm.

MORPHINE

Moulin et al.42[II] studied the use of oral morphine (in a
sustained-release preparation) versus benztropine (an
active placebo which has many of the side-effects of
morphine – sedation, light-headedness, nausea, dry
mouth, constipation, and urinary hesitancy) in a double-
blind randomized crossover trial over nine weeks. Patients
had stable noncancer pain of at least six months’ dura-
tion. Average pain intensity of the previous week was
classified as at least moderate on a categorical scale and at
least 5 on a 0–10 VAS. The pain was of a myofascial,
musculoskeletal, or rheumatic nature and had failed to
respond to nonsteroidal anti-inflammatory drugs
(NSAID) and at least one tricyclic antidepressant (TCA).
Patients went through a treatment cycle that increased
the dose of drug weekly for three weeks, followed by
maintenance and evaluation for six weeks, then reducing
the dose of drug in reverse order to the titration for
two weeks. The cycle was then repeated with the other
drug.

The doses of morphine were 15, 30, and 60mg twice
daily and the maintenance dose was the highest tolerated
during the evaluation phase. Matching placebos ensured
the study remained blinded. Paracetamol (acet-
aminophen) 500mg was available as rescue medication.
The patients’ psychological status, quality of life, and pain
intensity were assessed using standard methods.

One hundred and three patients were found suitable
for the study, but only 43 patients completed the study;
their mean daily dose of morphine was 83.5mg and of
benztropine was 1.5mg. Patients showed a significant
reduction in pain intensity (VAS) compared with placebo
when the morphine was administered first (p= 0.01).
Morphine (regardless of whether it was given as the first
or second drug) also significantly reduced the sum of
differences in pain intensity from baseline. Further ana-
lysis confirmed that the analgesic response was indepen-
dent of the side effects. Morphine was not associated with
any improvement in psychological state or level of func-
tion. Moulin concludes that morphine may confer
analgesic benefit, but is unlikely to confer any improve-
ment in psychological state.

Caldwell et al.22[II] compared two different controlled-
release oral morphine preparations (30mg) with placebo
in a randomized double-blind trial on patients with
moderate to severe osteoarthritis who had failed to
respond to nonsteroidal medication and paracetamol.
The study was initially a four-week trial, but allowed an
open label extension. One hundred and eighty-one
patients completed the study. Both morphine groups
demonstrated a 17–20 percent reduction in pain from
baseline score compared to the placebo group. Statistically
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significant changes in physical function could not be
demonstrated.

FENTANYL

Langford et al.,43[II] in a multicountry randomized,
placebo-controlled study running over six weeks, screened
553 subjects before enrolling 416 of them. Ninety-three
patients completed the placebo arm and 106 completed
the active transdermal fentanyl (TDF) arm. Outcome
assessments for the patients, who had osteoarthritis of
their hip or knee and were awaiting joint replacement
surgery, were undertaken with pain being measured by
VAS and function with the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC).
By using their primary outcome measure (area under the
curve for VAS scores), they demonstrated a significant
difference between the TDF group (20/100) and the pla-
cebo group (14.6/100); however, at the conclusion of the
study at six weeks there was little difference between the
groups. There was a high dropout rate in both groups,
those dropping out of the TDF group because of treat-
ment related side effects such as nausea, vomiting, and
somnolence, while dropouts from the placebo group were
for lack of effect (leaving, of course, a high proportion of
placebo responders in the study, demonstrating the dif-
ficulty in the design of such studies). The overall
WOMAC index was significantly better in the TDF group;
however, stiffness and physical function scores only
showed nonsignificant trends in favor of the TDF group.

BUPRENORPHINE

Although there is significant confusion in the literature,
buprenorphine is most commonly classified as a (partial)
mu agonist/kappa antagonist. However, this is based
largely on animal data and may not necessarily apply to
the human clinical paradigm. There is some consensus
that in lower doses commonly used in clinical pain
management, buprenorphine acts more like a full mu
agonist. The partial agonist effect only occurs at very high
doses as used in the treatment of opioid addiction.44

The use of buprenorphine in the treatment of CNCP
has increased significantly over recent years, mainly as a
transdermal system in doses of 5–70 mg/hour. Transder-
mal buprenorphine is effective in the treatment of CNCP,
based largely on open-label surveillance data45, 46 and a
limited number of randomized, placebo-controlled
trials.47[II]

Because of the confusion regarding the partial agonist/
antagonist effects of buprenorphine, strategies for dealing
with breakthrough pain are not clear. However, sublingual
buprenorphine, tramadol, or possibly full opioid agonists
in clinically appropriate doses may be effective. In an
open-label study of patients treated with transdermal
buprenorphine for cancer pain, standard doses of

intravenous morphine were effective for the management
of breakthrough pain.48

The rate of dose escalation is significantly less with
buprenorphine compared with other opioids, possibly
reflecting reduced opioid tolerance or hyperalgesia.26

Although there is still liability for abuse, the development
of dependence or addiction may also be less.49[II]

Buprenorphine can be used safely without dose
adjustment in patients with renal impairment, including
those on hemodialysis,50, 51 and is associated with less
sedation, constipation, or pruritis compared with full
opioid agonists.25 The incidence of respiratory depression
is also significantly less with buprenorphine due to partial
agonist ceiling effects (which occurs at a lower dose than
analgesia ceiling effects), although reversal with naloxone
may be more difficult.52

TRAMADOL

Tramadol is a unique opioid analgesic combining mu,
noradrenergic, and serotonergic receptor agonist effects.
Tramadol is effective in the treatment of moderately
severe chronic pain, particularly neuropathic pain such as
postherpetic neuralgia and painful diabetic neuropathy.53

[I] Tramadol also provides modest improvement in
chronic low back pain and pain associated with fibro-
myalgia54 or osteoarthritis.55[I] Tramadol may produce
less constipation, respiratory depression, dependence,
abuse, and diversion compared with standard opioids.56,
57 There are some concerns with regards to provoking fits
in patients who have a reduced seizure threshold or the
development of serotonergic syndrome, particularly when
higher doses of tramadol are combined with tricyclic
antidepressants or selective serotonin reuptake inhibitors
(SSRI).58, 59

Is there a place for as-needed opioid dosing
versus regular by-the-clock administration in
the treatment of CNCP?

Although most patients are prescribed regular, by-the-
clock opioids for CNCP, in practice it is not unusual for
patients to skip doses when their pain is not as severe,
effectively giving themselves (and their receptors) a short
opioid holiday. In one review, up to 90 percent of patients
with CNCP intermittently stopped or missed opioid
doses with only 15 percent developing withdrawal
symptoms.60 In an RCT by the same authors, only 30
percent of patients with CNCP developed (usually mild)
withdrawal symptoms following placebo interruption of
their long-term opioid therapy for 60 hours.61[II]

Given that not all CNCP is continuous or of the same
intensity over time, it may be reasonable for patients to
skip doses, at least within a 24-hour period, without
substantial risk of developing withdrawal symptoms. In
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theory, these short opioid holidays may allow opioid
receptors time to recover from being constantly bom-
barded by agonists (perhaps developing less tolerance or
hyperalgesia). However, no trials have been performed to
determine if as-needed opioid dosing is as effective or has
any advantages (such as dose reduction or fewer side
effects) over regular opioid dosing in the treatment of
CNCP. When prescribing methadone to patients with
CNCP, they should be cautioned about reducing their
restart dose if they miss more than two days of metha-
done (see above under Methadone).

Is there a place for multimodal analgesia
including fixed-dose combinations (e.g.
codeine–paracetamol or combined
opioid–opioid analgesia?

Multimodal analgesia is defined as the use of two or more
analgesic drugs or techniques to improve analgesic effi-
cacy and/or reduce adverse effects. This concept has been
trialled extensively and found to be beneficial in acute
pain management, but data for the treatment of CNCP
are limited. Multimodal analgesia may take the form of
either flexible or fixed-dose opioid, paracetamol, or
NSAID combinations, or the use of adjuvant agents, such
as ketamine or gabapentin.

OPIOIDS COMBINED WITH PARACETAMOL OR NSAID

Meta-analyses demonstrate that combining opioids,
including tramadol, with paracetamol or NSAID sig-
nificantly improves acute postoperative pain relief,
usually with significant opioid-sparing and a reduction in
related side effects.62, 63[I], 64[I] However, in cancer pain,
there was no clinical benefit in adding NSAID or para-
cetamol to opioids.65[I]

Unfortunately, there are only limited data on the use of
opioids combined with either paracetamol, NSAID, or
COX-2-selective inhibitors (usually in fixed-dose combi-
nations) in the treatment of CNCP. Except for Chou
et al.,20[I] none of the recent systematic reviews provided
data on these combination analgesics.

Hydrocodone 7.5mg plus ibuprofen 200mg was of
equal efficacy to codeine 60mg plus paracetamol
600mg66[III] or oxycodone 5mg plus paracetamol
325mg in the treatment of chronic pain.67[III]

TRAMADOL/PARACETAMOL COMBINATIONS

The unique opioid analgesic tramadol (37.5mg), com-
bined with paracetamol (325mg) is highly effective in the
treatment of chronic pain,54 including osteoarthritis, low
back pain,68[III], 69[II], 70[II] and fibromyalgia,71[II] using

modest total daily doses of approximately 150mg of tra-
madol and 1200mg paracetamol with minimal side effects.

COMPARING COMBINATION ANALGESICS WITH
LONG-ACTING OPIOIDS

Only five RCTs have directly compared opioid–para-
cetamol combinations with long-acting opioids and a
systematic review of three of these trials was incon-
clusive.20[I] In one trial, short-acting oxycodone/para-
cetamol was just as effective as long-acting oxycodone;
however, side effects were greater with the combination
therapy.72[II] Two RCTs found that oxycodone 5mg/
paracetamol 325mg or hydrocodone 7.5mg/paracetamol
325mg combinations were as effective as transdermal
buprenorphine (5–20 mg/hour) in chronic low back
pain.73

Although specific data are lacking, it seems logical to
use multimodal analgesia with paracetamol, NSAIDs, or
COX-2-specific inhibitors in patients on long-term
opioids for chronic pain, if the risks associated with use of
adjuvant agents (e.g. NSAIDs and gastrointestinal, renal,
or cardiovascular effects) are acceptable. At the very least,
multimodal analgesia may provide a degree of opioid-
sparing, perhaps reducing dose escalation (due to toler-
ance or hyperalgesia), or side effects. The use of para-
cetamol or NSAIDs/COX-2 inhibitors may also be useful
in the treatment of breakthrough pain or during opioid
rotation.

Based on limited data, fixed-dose combinations of
short-acting opioids (including tramadol) and para-
cetamol may be as effective as long-acting opioids in the
treatment of mild-to-moderate CNCP.

Gabapentin and opioids

Based on evidence from a meta-analysis and systematic
review in acute postoperative pain, gabapentin improves
analgesia and reduces opioid consumption and related
side effects.74[I], 75[I] A combination of gabapentin and
morphine was considerably more effective than either
drug alone in attenuating cold pressor hyperalgesia in
healthy volunteers, suggesting a possible benefit in
patients with pain that is poorly opioid-responsive.76[II]
Based on these data, the addition of gabapentin to long-
term opioid therapy may improve analgesic efficacy and
reduce side effects, and may be a useful adjunct in opioid
rotation or where neuropathic pain is present; however,
further research is required.

Ketamine and opioids

There is level I evidence from studies of acute post-
operative pain that ketamine is opioid-sparing, without
significantly reducing pain scores or the incidence of
opioid-adverse events.77 However, ketamine is useful in
the treatment of opioid nonresponsive (opioid tolerance
or hyperalgesia) acute or cancer pain (as burst therapy),
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or in neuropathic, or visceral pain. The role of ketamine
in pain management is as an antihyperalgesic, anti-
allodynic, and tolerance-protective agent, rather than as
an analgesic per se.78

Practically speaking, a short-term parenteral ketamine
infusion may be useful in the treatment of severe break-
through or incident pain (such as surgery), in patients on
long-term opioid therapy. The use of regular sublingual
or oral ketamine lozenges reduces opioid requirements
and improves analgesia in selected patients with severe
CNCP, although this practice has yet to be validated
(personal data).

COMBINED OPIOID–OPIOID ANALGESIA: A FUTURE OPTION?

There are fascinating experimental data suggesting that
combinations of opioid agonists or agonist–antagonists
may improve analgesia and reduce adverse effects,
including the development of tolerance, dependence, and
withdrawal. Highly experimental bivalent opioids (a mu-
opioid agonist and a delta antagonist tethered together
with a spacer molecule of critical length), have proved
effective in animal models. The administration of
tramadol, morphine, or remifentanil to patients on long-
term buprenorphine or methadone, reduced (opioid-
induced) hyperalgesia on cold pressor testing.79

Limited clinical data suggest that COOA may be of
added benefit, compared with single opioid therapy. RCTs
have shown that the addition of tramadol (by coinfusion)
to morphine PCA (patient-controlled analgesia) for
postoperative pain control, significantly improved
analgesia with morphine sparing,80[I], 81[II] although no
benefit was found when alfentanil was added to morphine
PCA following cesarian section.82[II]

The addition of low-dose (transdermal) fentanyl or
methadone to morphine maintenance therapy for poorly
controlled cancer pain, significantly improved pain scores
and reduced morphine dose escalation, without increas-
ing side effects.83[III]

A combination of subanalgesic doses of oxycodone and
morphine produced better analgesia (with a 40 percent
reduction in opioid requirements) and less nausea com-
pared with morphine alone, in patients with chronic pain
due to osteoarthritis.84[III] In a similar trial, combined
oxycodone and ultralow-dose naltrexone was more
effective than oxycodone alone.85[II]

Although the mechanisms for COOA are likely to be
complex and multifactorial, a synergistic analgesic effect has
been demonstrated in isobolographic studies combining
oxycodone or methadone with morphine in rodents.86, 87

Mechanisms may include the differential effects of various
opioids on mu, kappa, or delta receptors or their subtypes
or the prevention of aberrant G-protein coupling.

Methadone (and other endogenous opioid ligands),
but not morphine, promotes mu opioid receptor endo-
cytosis, which in turn reduces NMDA receptor activity

and the development of opioid tolerance, dependence,
and withdrawal. The addition of low-dose methadone to
morphine may have specific beneficial effects by inducing
this protective endocytosis mechanism.87 It is interesting
to note that most animal and human studies of COOA
have used morphine as the baseline opioid, adding in low-
dose oxycodone, methadone, fentanyl, tramadol, or
antagonists such as naltrexone.

Conceptually, COOA is a form of partial opioid rota-
tion with similar indications, particularly the manage-
ment of reduced analgesic efficacy. However, further
clinical trials are required to determine if COOA is truly
beneficial in pain management.

PATIENT SELECTION

Intravenous opioid testing

Selection of patients for long-term opioid therapy in the
treatment of CNCP is a complex process. The first
requirement is evidence that the patient’s pain is actually
opioid responsive, which is usually determined by a trial
of oral medication over a period of weeks. In some cen-
ters, IVOT is used to determine opioid responsiveness,
thus guiding the selection of patients for long-term
opioid therapy. However, evidence for this approach is
limited and none of the major consensus guidelines for
the use of opioids in CNCP suggest using IVOT for
patient selection. Some centers also use blood opioid level
monitoring following IVOT or oral loading to assess
opioid responsiveness; data for this approach are even
more limited.

In the current literature, there were 15 RCTs of IVOT,
which were largely designed to test short-term opioid
responsiveness in patients with neuropathic pain.15[I] Only
two RCTs correlated short-term responsiveness with long-
term opioid efficacy in the treatment of CNCP.14[I], 88[II]

Most trials were of a (within-patient) cross-over design
and some used an active control such as diazepam,
ketamine, or lidocaine. Test opioids included morphine,
fentanyl, alfentanil, buprenorphine, pethidine, or remi-
fentanil, either as fixed-dose infusions or titrated to
maximal analgesic effect (or side effects). Doses
approximated 20-mg morphine (over 40–60 minutes) or
800 mg fentanyl (over five hours); PCA morphine or
remifentanil88[II] titration have also been used. Trial end
points were usually a 50 percent reduction in pain (or at
least 3/10 VAS points) or the development of intolerable
side effects.

A meta-analysis of six RCTs using IVOT in patients
with neuropathic pain found a significant reduction in
mean-weighted VAS pain scores (30–60 percent reduction
in pain) when doses were increased to maximum tolerable
limits; however, side effects were common and often
limited further dose escalation.14[I], 15[I] Three RCTs
found no correlation between opioid dose and analgesic
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response.15[I] Overall, the outcomes of IVOT for opioid
responsiveness in neuropathic pain were equivocal and
contradictory.89[I]

Only two RCTs correlated IVOTwith long-term opioid
therapy outcomes, approaching the paradigm of using
IVOT to select patients for opioid analgesia in CNCP.
Dellemijn et al. found a positive correlation between
fentanyl IVOT response and analgesia with transdermal
fentanyl in chronic neuropathic pain.90[II]

Attal et al. found that 46 percent of patients with
central pain responded to morphine IVOT, correlating
with a beneficial effect with oral morphine one month
later. However, only 20 percent of patients continued to
use oral morphine for analgesia at one year.91[II]

IVOT is probably most effective in predicting poor
responders to opioid therapy. In other words, patients
who fail to respond to IVOT are unlikely to benefit from
long-term opioid therapy. However, a positive response to
IVOT does not necessarily predict a successful outcome.14

[I]
Further research is required to determine if IVOT is

useful in selecting patients for long-term opioid therapy
in CNCP. Studies should be randomized, within-patient,
crossover trials with clearly defined opioid response end
points, valid dose titration regimes, and most impor-
tantly, follow up of long-term opioid treatment outcomes.

The biopsychosocial approach to a diagnosis

It is essential that all reasonable attempts are made to
establish a cause for the patient’s pain behavior, including
nociceptive, neuropathic, and psychological contribu-
tions. Pain behavior itself can obviously be modified by
many other factors involving social and environmental
influences. A demonstration of pathology commensurate
with the degree of pain behavior is desirable. However,
patients often have pathology which is difficult to inter-
pret, e.g. degenerative changes on spinal radiographs. In
some cases, the treating physician can be confident that
these changes are relevant to the patient’s pain behavior,
but in others they can be the least important contributor.

Certain conditions result in neuropathic pain, which is
usually a clinical diagnosis and may not be reflected in
investigations, such as radiographs or nerve conduction
studies. Examples include postherpetic neuralgia, tri-
geminal neuralgia, postlaminectomy syndrome, and
painful peripheral small fiber neuropathies.

Investigations, such as the effects of local anesthetic
blocks, must be taken into account along with other
clinically relevant information to determine whether a
nociceptive stimulus is the main cause of the patient’s
pain behavior.

There is increasing support for the use of opioids
within a biopsychosocial perspective where opioids are
used as one component of a pain management plan.92

However, opioids are not appropriate for patients whose

main problem is loneliness, fear, anxiety, hypervigilance,
or activity intolerance.

Patients for whom opioids are being considered should
be psychologically stable, although it is recognized that
this is difficult to define. It is not uncommon for patients
to develop psychological problems, including depression
and anxiety states, as a result of their chronic pain, and
therein lies a dilemma for the physician. Will treating the
pain reverse some of the psychological abnormalities? Or
are the psychological abnormalities a significant con-
tributor to the overall pain behavior? Studies would
suggest the former in most cases.93

It is important, however, to avoid treating distress with
opioids. Some patients’ lives degenerate into chaos for
reasons unrelated to their pain syndrome. Opioids may
appear to help with their distress, but may make little
impact on their pain behavior or level of function. Of
course, it is not always easy to differentiate distress related
to sociodomestic disintegration from that related to
severe pain. In this situation, it is vital to limit initial
opioid therapy to a clearly defined and limited trial period
with the provision of informed consent and a plan to
cease therapy if required. Otherwise, in our experience,
well-intentioned but uncontrolled prescribing usually
results in escalating doses with a negative overall
outcome.

For certain groups of patients, a formal psychological/
psychiatric assessment is useful before prescribing
opioids. This may include patients with poorly defined
pathology, younger patients, those with high levels of
distress, and those with previous or ongoing substance
abuse. Such a formal assessment may lead to information
related to personality disorders, identification of treat-
ment-resistant depression, past history of sexual, physical
or emotional abuse, and may be essential in designing
alternative or complementary management plans. Specific
treatment aimed at reducing anxiety, improving coping
mechanisms and, where appropriate, cognitive behavioral
therapy may potentiate the beneficial effects of opioid
therapy. Screening tools to predict development of
addictive behavior are being developed and might prove
useful to the prescribing clinician.94, 95 Consideration
should be given to managing these more complex patients
in a multidisciplinary pain center.

Having reached an appropriate diagnosis and identi-
fied significant psychological issues, it is important to
determine that patients have had a thorough trial of
previous conservative therapy before consideration is
given to adding in the medium- to long-term use of
opioids.9 This may mean combined and continued
intervention with:

� active exercise programs;
� attention to improving coping mechanisms;
� a formalized multidisciplinary pain management

program;
� attention to psychosocial stresses;
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� the use of appropriate invasive physical treatments;
� drug therapy, which should include trials of:

– nonopioid analgesics;
– tricyclic antidepressants;
– anticonvulsant and membrane-stabilizing

medications (e.g. sodium valproate, gabapentin,
pregabalin, carbamazepine).

Opioids should be seen as a means to an end, not the end
point of treatment. The analgesia obtained should ideally
allow an increased participation in these therapies. As
detailed already, the current evidence for opioid efficacy is
limited to relatively low-dose and short-term use, con-
sequently an expectation of a finite window to encourage
involvement and compliance with these other therapies
rather than an expectation of using opioids in the long
term should be encouraged.

ADVERSE EFFECTS OF OPIOID THERAPY AND
THEIR MANAGEMENT

Common adverse effects

Opioid-related adverse effects are common, particularly
in the initial weeks of treatment for CNCP, and may lead
to cessation of therapy in one out of every 12 patients.14

[I] In a systematic review of RCTs by Moore and McQuay,
the most common opioid-related adverse events were dry
mouth (25 percent), nausea (21 percent), and constipa-
tion (15 percent). Dizziness (14 percent), drowsiness and
somnolence (14 percent), pruritis (13 percent), and
vomiting (10 percent) were also common; however, there
was also a high incidence of these symptoms in the pla-
cebo group.96[I]

In systematic reviews by Kalso et al.14[I] and Eisenberg
et al.,15[I] the numbers needed to harm (NNH) for opioids
in the treatment of CNCP were in the following ranges:
nausea, 3.6–5.0; constipation, 3.4–4.6; drowsiness, 5.3;
vomiting, 6.2–8.1; dizziness, 6.7–8.2; and itchiness, 13.

During RCTs lasting up to 16 weeks, 50 percent of
patients treated with opioids experienced at least one
adverse event (NNH 4.2, 3.1–6.4) with 22.0 percent
having to withdraw from the trials as a result (NNH 12,
8.0–27).14[I], 96[I]

Constipation as a regular side effect of opioid use
requires prophylactic treatment. For some patients, reg-
ular intake of fruits and other high-fiber foods is suffi-
cient, but most require a regular laxative. It is advisable to
commence with bowel stimulants, for example senna-
containing compounds, and graduate to osmotic agents
(sorbitol), if required. There is limited evidence that
transdermal fentanyl or buprenorphine may be less con-
stipating than oral opioids.28

Adverse interaction between opioids and other seda-
tives, especially alcohol and benzodiazepines, is well
recognized.

Cognitive dysfunction without overt sedation is more
common early in treatment with opioids, but studies97

suggest that regular use of opioids is much less likely to
result in impairment of psychomotor or cognitive pro-
cesses than in healthy volunteers. The cognitive dysfunc-
tion effects of pain alone are unknown. Haythornwaite
et al.98 measured cognitive function in patients with
chronic pain, comparing those on long-term opioids with
those having usual care, and concluded that long-acting
opioid medications do not impair cognitive functioning
in patients with CNCP.

With regard to driving, there is no evidence that reg-
ular use of opioids results in a significantly higher rate of
accidents. In fact, Budd et al.99 examined body fluids
from fatally injured drivers in Los Angeles and identified
opioids in only one in 594 samples. They surmised that
opioid users ‘‘either don’t drive or don’t crash if they do
drive.’’ Two recent studies tend to support the lack of
change in cognitive function and driving skills from
prescribed opioids.100, 101 However, we would recom-
mend that patients be cautioned when commencing
opioid use, and also after dosage escalations. They should
not drive until they have been on a stable dose for one to
two weeks. Motor vehicle insurance companies may insist
that clients declare information regarding prescribed
opioids in order to honor their policy.

Opioid-induced immunosuppression has had an
increasing focus recently; however, its clinical relevance is
yet to be quantified.102

Several investigators have reported suppression of the
hypothalamo–pituitary axis following intrathecal and oral
opioid administration.103, 104, 105 The major clinical effect
appears to be on libido and erectile dysfunction. From a
population-based perspective, there may be implications
for the development of early osteoporosis from the
increasing number of males receiving oral opioids for
CNCP. This risk remains unevaluated.

The potential for methadone to prolong the QTc and
put the patient at risk of a malignant arrhythmia (torsades
de pointes) has been recognized for a number of years;
however, the significance of this feature is uncertain.106

Initially, it was reported that only doses of methadone
over 150mg were likely to prolong the QTc; however, it is
now recognized at lower doses. It is possible to screen
patients at risk for prolonged QTc (advanced age, female
gender, hypokalemia, bradycardia, congenital prolonga-
tion of the QT interval, use of other drugs known to
prolong the QT interval, use of medicines that inhibit
methadone metabolism, e.g. fluconazole and fluvox-
amine) and perhaps offer alternative opioid therapy.107

There is agreement internationally that intramuscular
opioids should play no part in the treatment of CNCP. In
particular, intramuscular pethidine should be avoided. It
has a short half-life, a possible increased risk of depen-
dence due to its psychomimetic effects, and the potential
for excitatory CNS effects from accumulated norpethidine
concentrations following repeated dosage.
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Opioid dose escalation

Apart from opioid-related side effects, the major problem
with long-term opioid therapy is progressive dose esca-
lation. Many societies are concerned with limiting opioid
dose escalation in individuals and in the community,
often through legislation, usually to control the adverse
social effects of opioids, including addiction and
criminality.

The major causes of opioid dose escalation are:

� decreased opioid analgesic efficacy:
– opioid-induced neuroadaptation:

� opioid tolerance (OT);
� opioid-induced hyperalgesia (OIH).

– increased pain:
� development of chronic pain (e.g. central
sensitization, neuropathic pain);

� breakthrough pain (intercurrent illness or
disease progression).

� increased opioid demand due to maladaptive
behaviors:
– opioid reward-center effects;
– addiction;
– opioid diversion (pseudoescalation);
– associative tolerance (or hyperalgesia):

� conditioned response: opioid nocebo effect.
� effects of opioid dependence and withdrawal:

– neuroadaptation and behavioral factors;
– motivation to continue or increase opioid dose is

avoidance of withdrawal symptoms.

In patients with CNCP, the most frequent cause of opioid
dose escalation is inadequate analgesia due to disease
progression or the development of chronic pain, OT, or
OIH. Maladaptive opioid-use behaviors, such as addic-
tion, are far less common, occurring in fewer than 10
percent (3.2–18.9 percent) of patients treated for
CNCP108 and withdrawal symptoms are also infrequent.60

When considering opioid dose escalation in the
treatment of chronic pain, the major issues are how fre-
quently the problem occurs (prevalence), the rate of
escalation and the final or ceiling dose, as well as causes,
modifying factors, and treatments.

Most patients treated with opioids for chronic or
cancer pain do not exhibit significant dose escalation, in
contrast to those treated for addiction in which escalation
seems to be more problematic.109, 110 Only 10–30 percent
of patients on long-term (nine months to five years)
opioids for CNCP required significant dose escalation
because of inadequate analgesia.23, 26, 91, 111, 112[II], 19, 22,

109, 113 Fewer patients required dose escalation with
transdermal buprenorphine compared with other
opioids.26

The rate of dose escalation may be a significant factor
in managing long-term opioid therapy for CNCP. The
opioid escalation index (OEI), defined as the mean

increase in dose compared with the starting dose (as a
percentage or in milligrams), is used to measure dose
escalation in cancer pain research.114

A crude estimate of the opioid dose escalation rate
(ODER) for all opioids in the treatment of CNCP is 0.5
percent per day.26, 115, 116, 117

In a retrospective chart review of 288 patients with
CNCP commenced on an oral morphine equivalent dose
of 50mg per day, the average ODER was 1.8 percent
(0.88mg of oral morphine) per day over 15 months.115

The average ODER with transdermal fentanyl was
0.25–0.42 percent (0.42–1.32mg oral morphine equiva-
lent) per day (over 12–18 months); however, with trans-
dermal buprenorphine, the ODER was only 0.10 percent,
approximately half the rate of fentanyl and 1/15th that of
oral morphine.26, 116 The ODER for morphine, fentanyl,
or buprenorphine in the treatment of cancer pain was
approximately twice that seen in CNCP.26, 118

In older patients, the ODER was approximately half the
rate of younger patients. The ODER was higher in the
treatment of nociceptive pain compared with neuropathic
pain, except in the elderly where there was no difference.115

In summary, the ODER was higher when treating
cancer pain compared with CNCP. In contrast, the ODER
was lower in the elderly, in neuropathic pain or using
transdermal buprenorphine.

OPIOID CEILING: WHAT DOSE (IF ANY) IS TOO HIGH?

An issue of concern when considering opioid escalation is
the maximum or ‘‘ceiling dose’’ deemed acceptable.
Whilst the concept of monitoring the ODER may be a
useful clinical tool, the actual dose prescribed and rate of
change will depend not only on opioid pharmacology, but
also on patient, physician, social, and legal factors.

Clearly, in CNCP, the dose of opioid cannot be esca-
lated continually. What dose of opioid (if any) is too high
and why? Concerns with high-dose opioid therapy
include the development of OT and OIH, side effects,
dependency (withdrawal), addiction, and diversion. In
the treatment of cancer pain, there is less concern about
opioid escalation; however, processes such as OIH may be
an underrecognized cause of treatment failure in this
context. Unfortunately, no trials have explored possible
links between opioid dose and the development of OT or
OIH.

The concept of an opioid ceiling dose in the treatment
of CNCP was first discussed by Ballantyne and Mao in
2003,119 who noted that RCTs had never tested doses
greater than the equivalent of 180mg of morphine per
day for more than 16 weeks. However, data from a limited
number of open label studies documented considerably
higher ceiling doses, in a range equivalent to 300–900mg
of morphine per day. As with the ODER, the ceiling dose
is higher in cancer pain and lower in the elderly and with
buprenorphine.
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Although authorities and consensus guidelines call for
the use of stable and modest doses of opioids in the
treatment of CNCP, there is no research data or expert
consensus on what is considered an appropriate ceiling
dose or whether dose limitation is actually of some
benefit.

Generally speaking, in our clinics, we set an initial
arbitrary ceiling dose equivalent to 100mg oral morphine
per day; when this limit is reached, we reassess the patient
together with the treatment goals and expectations before
further increasing the dose. We would seldom escalate the
opioid dose beyond 200–300mg of oral morphine
equivalent per day in the treatment of CNCP without
good reason.

The issue of an opioid ceiling dose is unresolved and
potentially controversial, and further research is required
to see if such restrictions actually impact on analgesic
efficacy or side effects. At the very least, setting an initial
ceiling dose of 100–200mg morphine equivalent per day
acts as a safety valve, at which time the patient’s opioid
therapy can be reassessed.

OPIOID TOLERANCE AND OPIOID-INDUCED HYPERALGESIA

OT is a state of reduced opioid potency, reflecting down-
regulation or desensitization of opioid-dependent, anti-
nociceptive systems in the CNS. In contrast, OIH is a
neuroadaptive state where opioid administration is asso-
ciated with an increased response to painful stimuli
(hyperalgesia), due to up-regulation or increased sensiti-
zation of pronociceptive systems. These changes are
reflected in a rightwards shift of the opioid dose–response
curve in OT, in contrast to a downwards shift in OIH.
Tolerance to opioid side effects, such as respiratory
depression and nausea, may develop at different rates to
analgesic tolerance. Differentiation of OT and OIH
requires quantitative sensory testing and is difficult in the
clinical setting.120[I]

Both OT and OIH result in dose escalation in order to
maintain analgesia and most likely share similar

neurobiological mechanisms; however, technically and
experimentally, they are different neuroadaptive states
(see Table 16.1). Mechanisms include those associated
with the development of central sensitization, such as
opioid receptor changes, increased NMDA receptor-
channel effects, changes in the neurochemistry and
genetics of higher-order nociceptors (e.g. dorsal horn),
the production of pronociceptive substances such as
dynorphin or nitric oxide, modulation of descending
inhibitory and excitatory pathways, and the effects of
pronociceptive opioid metabolites (e.g. M3G).

Behavioral conditioning may produce an association
between a painful stimulus and the effects of opioid
therapy (e.g. euphoria, dysphoria) administered at the
same time, resulting in an opioid nocebo effect which is
expressed as apparent tolerance. Opioid responsiveness
may also be modified by environmental cues. For example,
an addict may exhibit a marked reduction in OT while in
hospital, where opioid use is no longer associated with the
cues of drug-seeking in the community. Reduced opioid
efficacy due to behavioral conditioning or nocebo effects is
known as associative tolerance (hyperalgesia).119, 120[I]

There may also be neuropsychological mechanisms for
the development of apparent OT/OIH. For example,
opioid-induced suppression of the hypothalamo–pitui-
tary axis may lower testosterone, which causes mood
disturbance and, in turn, worsening pain behavior.

OT/OIH may develop within hours of starting opioid
therapy, as demonstrated by increased postoperative pain
and hyperalgesia following remifentanil-based anesthe-
sia.121 A recent clinical experiment using cold pressor
testing found that OT/OIH developed within one month
of commencing oral morphine for chronic low back
pain.122 It has long been recognized that former heroin
addicts on long-term methadone maintenance therapy
exhibit lower thresholds to cold pressor testing and are
cross-tolerant to high doses of morphine.123 Some
authorities suggest that the presence of pain in some way
reduces the development of OT/OIH in clinical pain,
compared with addiction or animal models.124 The rate of
opioid dose escalation (possibly reflecting reduced OT

Table 16.1 The major features of opioid-induced hyperalgesia and opioid tolerance.

Opioid induced hyperalgesia Opioid tolerance

Increased pain sensitivity (hyperalgesia) Decreased analgesic potency

Up-regulation of pronociceptive systems Down-regulation of antinociceptive systems

Downwards shift of dose–analgesia curve Rightwards shift of dose–analgesia curve

Decreased relative analgesic potency No change in relative analgesic potency

Hyperalgesia on QST No hyperalgesia on QST

OIH persists following withdrawal OT does not persist following withdrawal

Responds to NMDA antagonist Responds to NMDA antagonist

Responds to opioid rotation Responds to opioid rotation

Responds to opioid dose decrease? Responds to opioid dose increase

Possible biological benefit No obvious biological benefit

NMDA, N-methyl-D-aspartic acid; OIH, opioid-induced hyperalgesia; OT, opioid tolerance; QST, quantitative sensation testing.
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and OIH) is lower in the elderly and in the treatment of
neuropathic pain.

Although seemingly maladaptive in the clinical con-
text, OIH may be of some evolutionary benefit. The
production of endogenous opioids after an injury initially
promotes analgesia, allowing the organism to escape from
danger. However, the development of (endogenous)
opioid-induced and injury-related hyperalgesia a few days
later helps keep the damaged body part still to allow for
healing and conditions the organism to avoid the cir-
cumstances of the injury in the future. Most animal
models of OIH demonstrate a biphasic response (initially
analgesia followed by hyperalgesia) which supports this
concept. Animals that developed OIH remained vulner-
able to OIH after withdrawal and with reexposure to
further opioids – a form of OIH memory. There is no
evolutionary reason why OT is adaptive, so it is likely that
OIH is the primary neuroadaptive state.125

Cold pressor testing is the most sensitive method of
determining OIH and OT; a comparative experimental
trial found no difference between opioid-treated chronic
pain patients and normal controls in responses to
mechanical stimuli (mechanical allodynia) or heat
hyperalgesia. However, numerous clinical and experi-
mental studies have validated cold pressor testing
for detecting OT/OIH in patients on long-term opioid
therapy.123, 126

Clinically speaking, all patients on chronic opioid
therapy will have some degree of OIH contributing to
their clinical pain. A paradox arises where a patient may
actually benefit from opioid dose reduction to improve
analgesia. Unfortunately, there are no studies of opioid
reduction in the treatment of (presumed) OIH and no
way to clearly establish which patients may benefit.
Nevertheless, in some patients (particularly those on
‘‘high doses’’), a slow, steady reduction in opioid dose
(approximately 10 percent per month) can lead to a sig-
nificant reduction over time, often with improved
analgesia and without precipitating withdrawal. However,
it requires a clear explanation for the patient to under-
stand the seemingly counterintuitive prospect of reducing
their opioids to improve their pain, without precipitating
withdrawal!

Buprenorphine or tramadol may be associated
with the development of less OT/OIH. More established
treatments for presumed OT/OIH include opioid rotation
(see below under Opioid rotation in chronic non-
cancer pain) or the use of NMDA receptor antagonists,
such as ketamine. The use of multimodal analgesia, par-
ticularly gabapentin or pregabalin or combined opioid
–opioid analgesia may be useful in the prevention or
treatment of OIH/OT, based on preliminary experi-
mental data. It is interesting to speculate whether as-
needed opioid dosing rather than by-the-clock adminis-
tration could be associated with less OT/OIH, by reducing
the constant stimulation of opioid receptors by the
agonist.

Opioid rotation in chronic noncancer pain

Opioid rotation (OR) or switching is a therapeutic
technique where the type of opioid or route of adminis-
tration is changed in order to reduce adverse effects and/
or improve analgesic efficacy, in other words to open up a
therapeutic window.

The concept of OR is based largely on research and
clinical experience in the treatment of cancer pain; how-
ever, the technique may also be of benefit in CNCP127 or
acute pain management.128 However, according to a
Cochrane review, OR is still not practiced commonly if
there are problems with opioid therapy in CNCP.129[I] In
a prospective review of patients commencing opioids for
CNCP, the rates of OR at six months were 10.6 percent
(controlled-release oxycodone), 19 percent (transdermal
fentanyl), and 26.0 percent (controlled-release morphine
sulfate), respectively.130

The rationale for OR is based on the variability of
opioids in their effects, both between and within patients,
a concept known as ‘‘incomplete cross-tolerance.’’131 Such
variability in opioid effects is due to the following factors.

PHARMACODYNAMIC FACTORS

There are significant intra- and interopioid receptor dif-
ferences, including at least seven subtypes of mu-
receptors, based on pharmacogenomic evidence.132

Opioids (and their metabolites) may have variable effects
on particular opioid receptors (e.g. the partial agonist
effect of buprenorphine on the mu-receptor or increased
kappa affinity for oxycodone) or nonopioid receptors
(NMDA effects of methadone, tramadol effects on neu-
roamide receptors). Based on limited animal data and
case reports in cancer pain, OR from a phenanthrene-type
opioid such as morphine, to a piperidine such as fentanyl,
may lead to significant improvement of OIH.133

PHARMACOKINETIC FACTORS

Patients exhibit variable cytochrome P450 activity (e.g.
reduced CYP2D6 expression and efficacy of codeine)
affecting opioid metabolism, or altered renal function,
leading to variable opioid half-lives.

OPIOID METABOLITES

Metabolites, such as morphine-6-glucuronide (M6G),
may be active, thus contributing to analgesia or adverse
effects, particularly at high doses or with impaired renal
function. Fentanyl, oxycodone, and methadone have
minimally active metabolites and may therefore be of
some advantage in OR. In particular, fentanyl or bupre-
norphine are the opioids of choice in patients with renal
failure.50
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ROUTES OF ADMINISTRATION

The oral route may be lost due to bowel obstruction or
difficultly swallowing, usually in cancer pain. Oral mor-
phine is associated with a significant increase in M6G-
related adverse effects due to first-pass metabolism,
explaining symptomatic improvement with rotation from
oral to subcutaneous morphine in cancer pain.134 In
CNCP, there is a trend to rotate from oral opioids, such as
morphine, to transdermal preparations which may have
fewer side effects.28 Intrathecal administration allows a
10- to 100-fold reduction in the opioid dose and therefore
fewer side effects. Unfortunately, intrathecal opioids are
associated with a different profile of side effects.

OTHER FACTORS

OR may be required to manage practical or pharmaceu-
tical problems, such as the loss of an oral route of
administration or problems with concentrating opioids
for infusion (e.g. morphine to hydromorphone). When
rotating between different long-acting opioids, there was
an improvement in analgesia and side effects in 59 percent
of patients; when rotating from a short- to a long-acting
opioid, analgesia improved in 73 percent of patients;
however, the dose increased in the same percentage of
patients.127 COOA, which is conceptually partial OR, may
improve analgesic efficacy and reduce adverse effects
compared with single-opioid therapy; however, further
research is required.

There are significant differences in the literature with
regard to equipotent doses of opioids, primarily because
much of the early work was undertaken on single-dose
studies. Pereira et al.135 critically address some of these
issues. In chronic opioid dosing, perhaps because of
incomplete receptor cross-tolerance and differing phar-
macokinetics between opioids, precise dose equivalents
are difficult to define. We suggest that the manufacturers’
recommendation be reviewed and then the new opioid
dose be reduced by at least 50 percent during OR.

The appropriate dose ratio when rotating from mor-
phine to methadone or methadone to morphine, is par-
ticularly complex and caution is advised. There is some
evidence that when rotating from low-dose morphine, the
dose conversion to methadone is higher than when the
morphine dose is high.34, 36, 136, 137, 138

By changing to a different opioid at a lower equivalent
dose, side effects may be reduced, with similar or
improved analgesic efficacy.139 A Cochrane review con-
cluded that OR was helpful to improve analgesic efficacy
or reduce adverse effects, but the evidence was ‘‘largely
anecdotal, based on case reports and observational stu-
dies.’’129[I] A systematic review of OR for cancer pain
came to essentially the same conclusions.140[I]

In a review of OR in CNCP, the main reason for
change was ineffective analgesia;127 however, in cancer
pain, OR was usually required to treat intolerable side

effects. The majority of patients derived significant benefit
from OR, particularly a reduction in myoclonus, confu-
sion, and unrelieved pain, at about half the equipotent
dose of the original opioid.141

In a retrospective review of 67 patients with CNCP, OR
from morphine to hydromorphone, buprenorphine, or
fentanyl was associated with a significant decrease in
average pain scores (3/10 VAS points (po0.001)).142

The key points of OR may be remembered as a set of
30/70 rules listed below.

� Thirty percent of patients treated with opioids for
cancer or CNCP require OR at some stage.

� Seventy percent require OR to treat adverse effects,
most commonly in cancer pain.

� Thirty percent require OR because of inadequate
analgesia.

� Seventy percent of patients derive a significant
therapeutic benefit from OR with:
– 70–100 percent improvement in confusion or

myoclonus;
– 70 percent improvement in unrelieved pain;
– 50 percent improvement in nausea;
– 30 percent improvement in hallucinations.

� The most commonly performed ORs are from
morphine to either hydromorphone, methadone, or
transdermal fentanyl.

� Because of incomplete cross-tolerance, the equipotent
dose of the new drug should be reduced by 50
percent during OR.

� OR rotation to methadone, although beneficial, may
require a greater dose reduction (60–90 percent),
particularly when converting from high-dose oral
opioids, such as morphine (due to methadone’s
variable half-life and effects on nonopioid receptors,
such as NMDA). Extreme care should be taken.

� Watch the patient closely during OR for features of
over- or under-dosing, including withdrawal
symptoms.

� The use of multimodal analgesia, including ketamine
or possibly gabapentin/pregablin during OR may be
beneficial, although this has yet to be proven in
clinical trials.

� The act of rotation is probably more important than
the properties of the new opioid.

� In summary, ‘‘if things aren’t going great, remember
to opioid rotate.’’

Breakthrough (or flare-up) pain

Breakthrough pain (BTP), a term derived from cancer
pain management, is defined as a transient exacerbation
of pain that breaks through an existing, effective analgesic
regimen.143

Incident pain (IP) is a frequent, predictable pain
exacerbation brought on by certain activities, such as
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weight-bearing in chronic low back pain or after surgery;
this may occur on a background of continuous pain or
the patient may be pain free between episodes.3

Episodic pain (EP) is defined as a spontaneous episode
of recurrent, severe pain where the patient is pain free
between episodes. Examples include pain exacerbations
with sickle cell disease or rheumatoid arthritis.3

In CNCP, the term ‘‘flare-up pain’’ is sometimes used
to describe these exacerbations. Flare-up pain may be due
to an exacerbation of the underlying chronic pain dis-
order, the effects of intercurrent disease or procedures
such as surgery.

Approximately 70 percent of patients treated with
opioids for CNCP experience BTP, most commonly due
to an exacerbation of their underlying chronic pain dis-
order. The median number of BTP episodes is two per
day, lasting an average of 60 minutes. Most BTP is rated as
severe and is related to physical activity (with an exacer-
bation of chronic low back pain being the most common
presentation). In the hospice-care setting, BTP is more
frequent (five episodes per day), severe, and often
unpredictable, than in patients with noncancer pain.144,
145, 146

The underlying cause of the pain should be identified
and treated where possible. Most cognitive behavioral
pain management programs will teach patients how to
manage flares of pain, by using pacing for prevention and
then other nonpharmacological activities rather than
using opioids or other medications.

Multimodal analgesia should be optimized, including
the use of NSAIDs, COX-2 inhibitors, or antineuropathic
agents. Tramadol may be a useful first-line analgesic for
moderately-severe flare-up pain as it produces less
respiratory depression, constipation, and dependency,
and is highly effective in neuropathic pain.

Temporary use of short-acting opioids (approximately
1/5th the baseline daily opioid dose) as rescue analgesics
to treat severe flare-up pain is effective and acceptable
under controlled conditions, based on data from cancer
pain management.147

Where there is severe, acute flare-up pain (e.g. post-
operatively), intravenous opioid titration may be required
to gain rapid control; intravenous morphine in a dose
1/5th that of the daily oral dose is safe and effective.147

Intravenous morphine is also effective for the treatment
of BTP in patients maintained on transdermal bupre-
norphine.48[III]

Flare-up pain refractory to opioid analgesia may
respond to intravenous ketamine, either as a bolus dose,
or continuous infusion or as burst therapy, based on
cancer pain studies78 and intranasal ketamine has also
been used effectively.148[II]

One of the major issues in treating flare-up pain is
whether to continue with rapidly acting rescue analgesia,
including opioids, or to increase baseline opioid therapy.
From a practical point of view, the frequency, duration,
and predictability of the flare-up episodes determines the

most effective approach. If flare-up pain requires the
regular use of four (or more) doses of short-acting opioid
per day without significant benefit, then opioid dose
escalation or rotation should be considered. Conversion
from short- to long-acting opioids is effective in reducing
the frequency, duration, and intensity of BTP.145

CONSENT

Patients prescribed opioids for the treatment of CNCP
should be fully informed of the potential consequences of
this therapy.

Verbal consent may be sufficient for some patients, or
a consent form can be presented in the form of a contract.
Fishman et al.149 and Gitlin150 recently reviewed the
possible contents of a consent form, and observed that the
contract is an attempt to improve care through the use of
an educational vehicle and to facilitate a course of treat-
ment that has been mutually endorsed. It also provides a
mechanism for obtaining informed consent.

Most importantly, the consent form should clearly
define the goals of therapy. These goals may need
adjustment as treatment progresses; however, the impor-
tance of unambiguous end points cannot be overstated,
particularly if problems with prescribing develop. An
information leaflet can be usefully incorporated into a
consent form.

Informed consent should include the following:

� aims should be set for less pain rather than no pain;
� realistic functional goals should be set;
� there should be discussion regarding the likelihood of

dependence and the risk of addictive behavior, i.e.
that all patients will become dependent and are likely
to experience withdrawal symptoms if opioids are
suddenly ceased;

� there is lack of data on the long-term outcome of the
effects of medically prescribed opioids;

� the potential for cognitive impairment should be
discussed, including:
– driving motor vehicles while commencing opioid

therapy;
– temporary worsening around the time of dose

escalation;
– the likelihood of increased sedation if

benzodiazepines and/or alcohol are used;
� patients should be alerted to the possibility (for

women) of physical dependence of children born to
them if they continue to take opioids in late
pregnancy;

� indications should be identified for the cessation of
treatment with opioids and an indication of
unacceptable behavior (included here could be
practice rules about repeat prescriptions and amount
of notice required);
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� patients must accept responsibility for:
– ensuring that their supply of medication does not

run out after hours;
– the security of their medication;
– keeping review appointments;
– using only one doctor (or their nominee in case

of leave) to supply this medication.
� side effects and their management should be

discussed, e.g. constipation, nausea, sedation, dry
mouth, urinary hesitancy, possible hormonal effects;

� if methadone is the drug to be prescribed, emphasis
on the risks of cessation and restarting, and
unapproved dose escalations must be made.

In selected patients, it may be appropriate to discuss the
definitions of the following terms and to include them in
the information/consent form in order to increase com-
pliance and ensure a more thorough understanding of
consent.

Tolerance refers to decreasing pain control with the
same dose of opioid over a given time period. Tolerance to
side effects, such as sedation and nausea, appears earlier
than it does to analgesia. It usually occurs in the first six
months of dosing. Tolerance does not imply addiction.

Physical dependence refers to a constellation of phy-
siological signs and symptoms seen on abrupt withdrawal
of an opioid. The severity of symptoms varies between
patients. They include coryza, tremor, sweating, abdom-
inal cramps, arthralgia, myalgia, vomiting, and diarrhea.
Patients can be reassured regarding this phenomenon. It
is the same for opioids as it is for many other medica-
tions, e.g. antihypertensives, antiepileptics, or insulin.

Addiction is a psychosocial disorder characterized by
the compulsive use of a substance and preoccupation with
obtaining it. This is despite evidence that continued use
results in physical, emotional, social, or economic harm.

MONITORING

One physician should institute and monitor the treat-
ment. Goals and expectations (physician and patient)
should be identified and the end points clearly stated.
Goals may include restoration of function, improvement
in the activities of daily living, return to work, psycho-
logical stability, improved family and social interactions,
decreased use of healthcare resources, including use of
other analgesics. Once identified, these goals could be
incorporated into an individualized consent form.10

We recommend conservative starting doses, particu-
larly in the elderly, and usually commence with the
equivalent of sustained-release morphine (10–20mg twice
a day) and then assess weekly.

At each review it is essential to assess analgesic effect,
level of function (goal achievement), side effects, and
any aberrant behavior. The goals of therapy should be

reinforced along with encouragement and appropriate
adjuvant treatment.

The analgesic effect from the opioid should allow a
significant reduction, if not cessation, of other analgesics.

Depending on the response, the dose could be
increased or decreased. The prescriber should be aware of
the occasional difficulty in determining the appropriate
dose when rapid tolerance appears to be occurring. It is
our practice to rigorously review the patient if reasonably
good analgesia has not been achieved with the use of
100mg morphine equivalents per day.

In general, round-the-clock medication is the accepted
regimen. However, as already discussed, patients with
fluctuating pain conditions (chronic recurrent or non-
continuous) may be more appropriately treated using a
variable dosing regimen with shorter-acting drugs, such
as oxycodone or morphine elixir.

There is controversy regarding the expectation that
patients will improve in function. Is it adequate
for patients to achieve analgesia only? Is it adequate for
patients to state that they feel better only? To some extent
this is defined by the patient’s clinical situation and, often,
his or her age. Ideally, patients should demonstrate an
improvement of function. Perception of improved
analgesia and reduction of other analgesics should be the
minimum requirement. Assessment with reports from
significant others may be useful at this stage.

Most patients who experience minimal or no analgesic
effect or significant adverse effects will cease the opioid
themselves.

Patients should at first be reviewed fairly frequently (e.g.
weekly) by the prescribing physician. The time interval
between reviews can then be increased to monthly. At each
review, analgesic efficacy, side effects, evidence of aberrant
behavior, and any improvement in the level of function
should be assessed. In many countries, the responsible
regulatory authorities must be notified.

Over time, a degree of opioid tolerance may develop
insidiously. The question then arises as to what is
the maximum dose? While function is improved by the
opioids and side effects are tolerated, some would argue
that there is no need to restrict the dose.151 However, as
previously discussed, the development of tolerance and/or
opioid-induced hyperalgesia should be born in mind,
especially when there appears to be rapid dose escalation
or when doses reach 200–300 morphine equivalents a day.

Evidence of aberrant behavior has been well char-
acterized by Portenoy152 and should be assessed at each
visit. Aberrant behavior is variable in its importance and
relevance. Table 16.2 indicates factors which Portenoy
considered to be less indicative of the development of
addictive behavior. They indicate a need to assess the dose
of drug, the psychological factors of relevance, the
patient’s expectations, or the type of medication.

Table 16.3 suggests behaviors which are more indica-
tive of addictive behavior and should result in a serious
reassessment of the appropriateness of opioid
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prescription. In many cases, it will be necessary to reduce
and then cease the opioid. In other cases, a more regu-
lated supply, such as daily or weekly prescriptions, may be
appropriate. An initial written consent form, indicating
those factors for which supply will be weaned and ceased,
will make this easier.

SUMMARY

There is growing evidence that a small group of patients
with CNCP pain may benefit from the use of opioids. We
have tabulated a summary of the evidence to date (Table
16.4).

The challenge facing the medical profession rests with
identifying responsive patients and alleviating suffering
without significantly increasing illicit use, addiction, or
medication-induced suffering.

Having mechanisms in place for monitoring patients
using opioids with clear end points together with
mutually acceptable rules to which all parties adhere, are
essential. Best practice may mean a firm yet caring ‘‘No’’
where appropriate, rather than inappropriate prescribing
of opioids.153 It is more appropriate to initiate nonopioid
treatment options for loneliness, fear, depression, anxiety
hypervigilance, or activity intolerance. Table 16.5 sum-
marizes the questions we believe a treating doctor should
ask himself/herself before prescribing opioids for a patient
with CNCP.

We have provided a framework which is practical, is
based on the evidence to date, and is combined with cur-
rent clinical practice. Further research is required to iden-
tify the long-term outcomes and the cost–benefit ratios.

Table 16.2 Less predictive features of aberrant drug-related

behavior.

Behavior

Aggressive complaining about the need for more drug

Drug hoarding during periods of reduced symptoms

Requesting specific drugs

Openly acquiring similar drugs from other medical sources

Unsanctioned dose escalation

Unapproved use of the drug to treat other symptoms

Table 16.3 More predictive features of aberrant drug-related

behavior.

Behavior

Selling prescription drugs

Prescription forgery

Stealing or borrowing drugs from others

Injecting oral formulations

Obtaining prescription drugs from nonmedical sources

Concurrent abuse of alcohol or illicit drugs

Multiple nonsanctioned dose escalations

Multiple episodes of prescription loss

Repeatedly seeking prescriptions from other physicians or

emergency departments without informing the prescriber or

after warnings to desist

Evidence of deterioration in function, at work, in the family, or

socially, that appear to be drug related

Repeated resistance to therapy changes despite clear evidence of

adverse physical or psychological effects from the drug

Table 16.4 A summary of data for opioid analgesia for chronic noncancer pain.

For placebo (%)

The mean decrease in pain intensity with opioids was 30%a 15–30

5–10% of patients withdrew due to lack of opioid efficacya 20

50–80% of patients developed at least one opioid-adverse effecta 30–60

20–30% of patients withdrew due to opioid-adverse effectsa 5–15

Only 30% of patients remained on long-term opioid therapy

Only 10–30% of patients on long-term opioid for analgesia required significant dose escalation because of

inadequate analgesia

The average ODER for all opioids in CNCP was approximately 0.5% per day

The ODER was higher in cancer pain

The ODER was lower in the elderly, in neuropathic pain and with buprenorphine analgesia

The optimum ceiling dose (if any) for opioids in CNCP is not known, but an equivalent of 100mg of oral morphine

per day seems a reasonable trigger for reevaluation

30% of patients required OR at some stage during long-term opioid therapy for chronic pain:

30% required OR for failing analgesic efficacy

70% required OR for side effects

70% of patients ‘‘improved’’ after OR

Approximate values only.
aData from meta-analyses and systematic reviews of RCTs which lasted less than 16 weeks.
CNCP, chronic noncancer pain; ODER, opioid dose escalation rate; OR, opioid rotation.
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KEY LEARNING POINTS

� Topical analgesics work locally without producing

significant systemic drug concentrations.
� Their mode of action involves reduction in peripheral

sensitization, but central sensitization may also be

affected.
� They have a better side-effect profile compared to

similar agents given systemically due to less absorption.
� The most commonly prescribed agents are preparations

of capsaicin, lidocaine alone or as a mixture with other

agents, and nonsteroidal anti-inflammatory

agents formulated as cream, paste, gel, patch,

or spray.
� Evidence from clinical trials suggests that there is a role

for the use of certain topical analgesics in the

management of neuropathic pain.
� New topical analgesics are currently being developed

for both neuropathic as well as other painful

conditions.

INTRODUCTION

The term ‘‘topical analgesic’’ has been used to describe
analgesic preparations that are applied locally and directly
to painful areas and whose site of action is local to the site
of analgesic application. The term also suggests the pri-
mary site of action of an analgesic and should not be
confused with the term ‘‘transdermal analgesic,’’ which in
contrast requires systemic absorption to be effective. In
some instances, analgesics have been loosely considered as
‘‘topical agents’’ even when formal pharmacological stu-
dies to demonstrate a lack of systemic activity or drug
concentration have not been completed.

Topical analgesics are different from systemic analge-
sics in that they exert their analgesic activity locally over
the skin, the underlying tissues, and the nerves that

innervate them without significant systemic absorption as
compared to systemic analgesics. They achieve high local
tissue concentrations relative to systemic levels. The
mechanism of action of a specific topical analgesic
depends upon the specific medication being used for
topical application. Topical analgesics are being studied in
an ever increasing number of painful clinical conditions
and will be discussed in this chapter. The potential for
topical analgesics in affecting not only the peripheral
processing of pain, but also in painful states considered to
be central is also discussed.

The experience of pain cannot occur without the
activation of relevant brain areas as has been clearly
established over the past few decades. Yet even though the
role of the central nervous system, and especially the
brain, in the pain experience is underscored by this fact,



an increasing number of chronic pain syndromes with a
central pathology have been shown to respond to specific
topical analgesics even though they are believed to exert
their principle analgesic activity peripherally. Further-
more, while there exist certain painful conditions, such as
central poststroke pain and spinal cord injury pain, in
which the mechanisms of the pain almost exclusively lie
within the brain and/or central nervous system, in many
other commonly encountered pain syndromes, including
postherpetic neuralgia (PHN), chronic low back pain, and
osteoarthritis, the pain-inducing mechanisms ultimately
likely result from a combination of both peripheral, as
well as central nervous system mechanisms. Since noci-
ception is not equivalent to pain and since interfering
with nociception can potentially result in the experience
of less pain, topical analgesics by their effects on per-
ipheral processing of pain transmission may actually lead
to a reduction of central pain mechanisms and thus pain.
In other words, if pain is not pain until such pain-pro-
ducing information reaches the brain, clearly if less such
information arrives from the periphery for central pro-
cessing, it is likely that fewer central mechanisms will be
activated and thus less pain experienced. This article will
review the use of topical analgesics in the treatment of a
variety of painful conditions and provide an update to
previously published similar reviews.1[III], 2[III]

The effectiveness of any analgesic agent may be
diminished by its adverse effect profile, toxicity, and
drug–drug interactions. For most topical analgesics, the
risk and severity of significant adverse effects, as well as of
drug–drug interactions are less than for the identical
agents given systemically.3[III] Localized reactions such as
rash or unpleasant skin sensations have been described,
but are not commonly experienced.4[III] Additionally,
since a topical analgesic does not result in a significant
systemic concentration of the analgesic (in contrast to the
use of oral analgesics or a transdermal preparation, such
as the fentanyl patch), it does not produce significant
systemic accumulation of the specific analgesic. Few
currently commercially available US Food and Drug
Administration (FDA)-approved topical analgesics exist,
although several are in various stages of clinical devel-
opment and others may be available in other countries.
Of the FDA-approved topical analgesics, the 5 percent
lidocaine patch has been the most extensively studied.
Using this preparation to illustrate some of the principles
noted above, results of formal analysis of the tolerability
and safety of daily 24-hour/day use of four lidocaine 5
percent patches have demonstrated that there were no
significant systemic side effects experienced and measured
plasma lidocaine levels remained below those associated
with interference with cardiac activity. Comparable safety
and tolerability was established in this report regardless of
whether or not the subject used the patch for 12 or 24
hours daily.5 In an unrelated study, patients with a history
of chronic low back pain were treated safely with four
lidocaine 5 percent patches every 24 hours for extended

periods.6[III] No significant dermal reactions or other
side effects were experienced in either of these reports.
5[III], 6[III]

Beyond the potential experience of dermal sensitivity,
other adverse effects may be associated with the use of
specific topical analgesic. Upon application of topical
capsaicin, as an example, severe burning of the skin at the
site of application has been reported to occur in the
overwhelming majority of treated patients, though the
incidence of burning may decrease with repeated use. This
adverse effect may in fact lead to a reduced effectiveness
of this type of topical analgesic because of reduced patient
compliance and, as a result, may potentially hinder a
patient’s ability to benefit from it.7[III]

The fact that drug–drug interactions may be mini-
mized when using topical analgesics may be of enormous
importance for a patient who may use systemic medica-
tions concurrently for additional medical conditions.
Consider for example, a 72-year-old patient who suffers
from hypertension and diabetes. This person now
requires analgesic treatment for his PHN and osteoar-
thritis (OA). He is using a number of medications for his
diabetes and hypertension. Assuming that acceptable pain
relief is experienced, the use of a topical analgesic in this
setting may offer several advantages over a systemic agent
due to the lack of drug–drug interactions.8[III] The use of
a topical analgesic in place of or in addition to a systemic
analgesic may have an additional advantage in that the
use of a topical analgesic does not often, if ever, require
dose titration – this property also makes these agents
relatively simple medications to use.

We need to keep in mind that in reality, not all
‘‘topical’’ analgesics are prescribed as commercially
available agents. Thus, when prescribing a topical
analgesic, one must distinguish between those which are
FDA- or other similar agency-approved commercially
available agents with consistent manufacturing standards
and quality control, from those that may be manufactured
on an individualized basis by a specialized compounding
pharmacy. Without a doubt, many of the ‘‘topical’’
analgesics currently in use are not commercially available
products and for many years healthcare providers have
ordered other so-called topical agents from compounding
pharmacies. Often the agents prescribed and thus made
are combinations of medications put into a single pro-
duct. This chapter will only review the use of those topical
agents which are commercially available or for which
there is clear evidence that they were manufactured in an
unswerving and dependable manner. For many com-
pounding pharmacies, no matter the good intentions of
the prescriber or pharmacy, there is no proof of such
quality control or consistency from one batch to another.
Even so, the reader might appreciate that compounded,
noncommercially available agents are prescribed as topi-
cal agents quite often. For example, in a recent survey of
members of the American Society of Regional Anesthesia
and Pain Medicine, 27 percent of the survey responders
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indicated that they prescribed such an agent and 47
percent of the responders reported that they felt that their
patient responded positively to the prescribed agent(s).9

[V] Overall, there appears to be increasing interest in the
commercial development of new topical analgesics.
Nonsteroidal anti-inflammatory drugs (NSAIDs), cap-
saicin, and local anesthetics are established topical agents
in many countries already. Other agents with potential for
topical use are antidepressants, glutamate receptor
antagonists, alpha-adrenergic receptor agonists, adeno-
sine, cannabinoids, cholinergic receptor agonists, GABA
agonists, prostanoids, bradykinin, ATP, biogenic amines,
and nerve growth factor.10[V] The combination of dif-
ferent topical therapies may by synergistic and, as an
example, the antinociceptive effects of topical morphine
have been shown to be enhanced by a topical cannabinoid
in a recent study in rats, in which the radiant tail-flick test
was utilized.11

MECHANISMS OF ACTION OF TOPICAL
AGENTS

Obviously, the mechanism of action of each topical
analgesic depends upon the specific analgesic. This section
deals with some of the possible mechanisms of action.

Capsaicin

Capsaicin-containing topical analgesics appear to achieve
their action through their agonist activity at the transient
receptor potential of vanilloid receptor 1 (TRPV1) on A-
delta and C-fibers.12[V], 13[V] This results in the release
of substance P, as well as calcitonin gene-related peptide
(CGRP). Therapeutic responses to capsaicin are generally
achieved only with repeated topical application. It has
been suggested that reduced peripheral, as well as central
excitability with resulting less pain through reduced
afferent input, is the outcome of the depletion of sub-
stance P in C fibers.7[III], 12[V], 13[V] Histopathological
examination results of human nerve biopsies, as well as of
animal experiments, have suggested that application of
capsaicin may lead to nerve fiber degeneration in the skin
underneath the site of application. This neurodegenera-
tive effect of capsaicin has been hypothesized to be one of
its mechanisms of pain relief.14[III]

NSAIDs

In contrast to capsaicin, the mechanism of action of an
NSAID is probably related to the inhibition of pros-
taglandin synthesis and associated anti-inflammatory
effect; however, because the anti-inflammatory effect is
not always proportional to the amount of pain relief
experienced, additional mechanisms of action might also
be important to consider.15

Local anesthetic agents

While other mechanisms of action are being investigated,
such as the role of reduced peripheral nociception on the
dampening of central pain mechanisms, the analgesic
action of local anesthetic agents based upon currently
available evidence appears to be related to the ability of
these agents to suppress the activity of peripheral sodium
channels within the sensory afferents and subsequent pain
transmission. They also cause a reduction in paroxysmal
ectopic activity in these nerve fibers. Reduced expression
of mRNA for specific sodium channel subtypes following
local anesthetic use has also been reported.1[III], 4[III]

Other agents

The current development of tricyclic antidepressants as
topical analgesics is just being evaluated and is quite
novel. The tricyclic antidepressants as a group are known
to have multiple mechanisms of action and of these, the
potential clinical benefit of their ability to block sodium
channels when topically applied is being actively investi-
gated at this time.16, 17[III] In fact, in the United States,
there is currently one commercially available topical
antidepressant, Zonalons (doxepin) cream. While it is
indicated for use by the FDA for the short-term treatment
of adult patients with pruritus associated with atopic
dermatitis or lichen simplex chronicus, there are sporadic
anecdotal reports of use of this agent in an ‘‘off-label’’
manner as a topical analgesic.18 Other topical agents
including topical opioids, glutamate receptor antagonists,
and cannabinoids have stimulated great interest among
basic and clinical scientists in their potential as topical
analgesics. Several of the more recent studies of some of
these agents are discussed below under Other uses of
topical analgesics.

SIDE EFFECTS

Local anesthetics

Systemic adverse reactions following appropriate use of
local anesthetic patches are unlikely due to the small dose
absorbed. Allergic and anaphylactoid reactions associated
with lidocaine can occur rarely. Erythema and pruritus at
patch site are more common.3[III], 4[III], 5[III], 6[III]

NSAIDs

Unfortunately, despite low systemic concentrations, the
risks of side effects are not eliminated by topical
NSAIDs.19 The most common side effects are skin reac-
tions such as urticaria, pruritus, irritation, and contact
dermatitis. These occur in approximately 2 per cent of
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patients and tend to be self-limiting.20 Because their
incidence was similar in treatment and placebo groups,
they may be related to the composition of the vehicle
rather than the NSAID component. Published evidence
suggests that topical NSAIDs are associated with fewer
systemic side effects compared to oral therapy, although
the risk is likely to increase if excessive quantities of
topical NSAIDs are used. Hypersensitivity, dyspepsia,
asthma, and renal toxicity have all been reported.20, 21, 22

Capsaicin

Burning, itching, and stinging at the site of application
are common and are most commonly responsible for
premature cessation of treatment. Other side effects are
rare.7[III]

CLINICAL USES

The clinical uses of topical agents will be summarized
below under Neuropathic pain, Soft tissue injuries and
osteorthritis, and Low back and myofascial pain.

Neuropathic pain

Clinical trial data provide varying levels of evidence for
the use of certain topical analgesics in the treatment of
neuropathic pain and various published reviews of the
treatment of neuropathic pain have emphasized the role
of these agents.23[III], 24[I], 25[III]

LOCAL ANESTHETICS

Several local anesthetic-containing analgesics which may
be considered topical agents are currently commercially
available. Knowing which topical analgesic to use clearly
depends upon the clinical setting in which the medication
is being used. A mechanism of action of the lidocaine 5
percent patch as a topical agent, which is unrelated to the
active medication, is that the patch itself may help to
reduce the allodynia seen especially with neuropathic pain
states, such as PHN, through the patch’s ability to protect
the skin.1[III] The lidocaine 5 percent patch is FDA-
approved for the treatment of PHN. Completed clinical
trials of PHN patients which led to its FDA approval
collectively demonstrated that use of the lidocaine 5
percent patch compared to placebo patches resulted in
statistically significant pain reduction and was in addition
safe and well tolerated.26[II], 27[II] Following the FDA
approval of this drug for PHN, a completed open label
study was designed to examine the effect, if any, of the
lidocaine 5 percent patch on various quality of life mea-
sures. A total of 332 patients with PHN were studied and
a validated pain assessment tool, the Brief Pain Inventory

(BPI), utilized. Up to three lidocaine 5 percent patches, 12
hours each day, were utilized by enrolled patients and the
BPI was completed daily over four weeks. Of the 332
patients, 204 (67 percent) reported reduced pain intensity
with repeated lidocaine 5 percent patch application by the
end of the first week of the study. Pain intensity reduction
was noted by the second week of patch use in over 40
percent of the remaining patients. At the conclusion of
the study, approximately 70 percent of patients experi-
enced notable improvement.28[III]

Patients with neuropathic pain states other than PHN
have been studied in various manners with the lidocaine 5
percent patch. A randomized, double-blind, placebo-
controlled trial completed in Europe studied the efficacy
of the lidocaine 5 percent patch in the treatment of
‘‘focal’’ neuropathic pain syndromes, such as mono-
neuropathies, intercostal neuralgia, and ilioinguinal
neuralgia. Results of this trial suggested that when the
lidocaine 5 percent patch is added to other pharma-
cotherapeutic regimens, the 5 percent lidocaine patch can
reduce ongoing pain, as well as allodynia, as quickly as in
the first eight hours of use, but also over a period of seven
days.29[II] An earlier reported smaller open-label study of
16 patients with various chronic neuropathic pain con-
ditions (postthoracotomy pain, complex regional pain
syndrome, postamputation pain, painful diabetic neuro-
pathy, meralgia paresthetica, postmastectomy pain, neu-
roma pain), had suggested that the lidocaine 5 percent
patch was able to provide pain relief without significant
side effects in 81 percent of these patients.30[III] Of note
is that, according to the study’s authors, patients enrolled
in this study prior to the use of the lidocaine 5 percent
patch, had experienced suboptimal outcomes with
numerous other agents, including those typically used in
the treatment of neuropathic pain. Several other non-
controlled studies, each enrolling patients with painful
diabetic neuropathy who were then treated with the
lidocaine 5 percent patch have been completed. Patients
in these studies were advised that they could use as many
as four lidocaine 5 percent patches for as long as 18 hours
per day. As a group, these studies have reported pain relief
for the majority of patients with an acceptable adverse
effect profile with this agent (data on file, Endo Phar-
maceuticals, Chadds Ford, PA, USA).31[III], 32, 33[III] In a
three-week single center, open-label study of the lidocaine
5 percent patch in patients with painful idiopathic sen-
sory polyneuropathy, significant improvements in both
pain and quality of life measures were noted over the
treatment period.34[III]

Changes in the quality of the pain of patients with
PHN treated with the lidocaine 5 percent patch compared
to placebo were examined in a separate study. In this
multicenter, randomized, vehicle-controlled study, 150
PHN patients were treated with either active or placebo
lidocaine 5 percent patches (up to three lidocaine 5 per-
cent or vehicle patches for 12 hours each day). The use of
the lidocaine 5 percent patch, but not the vehicle patch,
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was found to reduce the intensity of certain, but not all
neuropathic pain qualities utilizing the Neuropathic Pain
Scale (NPS). The results demonstrated that some of the
qualities of neuropathic pain (deep, sharp, and burning)
which were reduced had previously been assumed not to
be related to peripheral, but to central nervous system
mechanisms. While the precise meaning of these findings
remains unclear, the authors of this study proposed that
their results suggested that peripheral mechanisms of
neuropathic pain might also indeed play a role in the
development of these neuropathic pain qualities.35[II]

EMLAs cream is another local anesthetic preparation
(the eutectic mixture of 2.5 percent lidocaine and 2.5
percent prilocaine). It is indicated as a topical anesthetic
for use on normal intact skin for analgesia, but it is not
FDA-approved for any specific neuropathic pain disorder.
Nevertheless, several studies of the use of EMLA cream in
the treatment of PHN have been completed. In a ran-
domized, controlled study of PHN patients, treatment
with EMLA resulted in similar efficacy as did treatment
with placebo.36[III]. Two uncontrolled studies have had
more encouraging results suggesting that use of EMLA
cream might relieve the pain associated with PHN.37[III],
38[III] Although use of the lidocaine 5 percent patch is
associated with an analgesic effect without creating
anesthetic skin, the use of EMLA cream may create both
analgesia and anesthesia when applied topically. In certain
clinical settings, e.g. venepuncture, lumbar puncture,
intramuscular injections, and circumcision, this property
of EMLA may actually be desirable. In other clinical
situations it might not be.4[III]

CAPSAICIN

There has been great interest in using capsaicin in a
number of neuropathic pain disorders, such as diabetic
polyneuropathy, PHN, and postmastectomy pain, but
currently available strengths of capsaicin (0.025 and 0.075
percent) have yielded disappointing results with the
treatment being poorly tolerated, regimens poorly
adhered to, and not enough pain relief experienced.39[III]
In contrast, examining the results of a capsaicin pre-
paration currently in clinical development, notable
analgesia has been reported by patients with painful HIV
neuropathy receiving a 7.5 percent topical capsaicin
cream. The patients, to be able to tolerate this medication,
required concurrent treatment with epidural anesthesia.40

[V] At the 2004 Annual Scientific Meeting of the Amer-
ican Academy of Neurology, two open-label studies, one
in patients with PHN and one in patients with painful
HIV-associated distal symmetrical polyneuropathy,
reported notable pain relief for the majority of patients
following the single application of a high-concentration
(8 percent) trans-capsaicin patch. The duration of pain
relief lasted as long as 48 weeks (PHN).41[III], 42[III] A
review of the published randomized trials involving
the use of topical capsaicin in the treatment of either

neuropathic or musculoskeletal pain syndromes, con-
cluded that ‘‘although topically applied capsaicin has
moderate to poor efficacy in the treatment of chronic
musculoskeletal or neuropathic pain, it may be useful
as an adjunct or sole therapy for a small number of
patients who are unresponsive to, or intolerant of, other
treatments’’.43[I]

A novel study comparing the analgesic effect of a
topical preparation containing either 3.3 percent doxepin
alone or 3.3 percent doxepin combined with 0.075 per-
cent capsaicin to placebo in patients with various chronic
neuropathic pain problems demonstrated that each
treatment resulted in equal degrees of analgesia and each
was superior to placebo.44[II]

OTHER AGENTS

As suggested above under Mechanisms of action of
topical agents, there has been interest in the use of topical
tricyclic antidepressants in the treatment of neuropathic
pain. Two recently published studies by a similar group of
investigators have yielded some information regarding the
development of such. In each of these studies, the pre-
paration tested was a combination of amitriptyline 2
percent/ketamine 1 percent. The results of one of these
studies, a double-blind, randomized, placebo-controlled
study of 92 patients with neuropathic pain (diabetic
polyneuropathy/PHN/postsurgical/posttraumatic), there
was no difference in pain relief among the four treatment
groups (placebo, amitriptyline 2 percent alone, ketamine
1 percent alone, or a combination of amitriptyline 2
percent/ketamine 1 percent).45[II] Of interest is that a
similar group of investigators studied 28 patients with
neuropathic pain for 6–12 months in an open-label study
of the combination topical analgesic amitryptyline 2
percent/ketamine 1 percent and concluded that on aver-
age patients experienced 34 percent pain reduction.46[III]
In yet another open-label study by similar investigators,
assessing the potential benefit of a combination of topical
amitriptyline and ketamine for neuropathic pain has
yielded encouraging results, but no controlled study has
yet been published.47[III] Additional noncontrolled stu-
dies, one in patients with PHN and one in patients with
complex regional pain syndrome type 1, have suggested
that topical ketamine may be an effective topical analge-
sic; however, serum ketamine levels were not measured in
either study.48[III] A recent report has suggested that the
topical application of geranium oil may be helpful in
providing temporary relief from PHN.49[V]

Case example

A 65-year-old female with painful diabetic peripheral
neuropathy and hypertension chiefly affecting both lower
extremities presents to your office for evaluation and
treatment. She is utilizing several medications and com-
plains of numbness in both lower extremities as well as
severe, burning pain, with a visual analog scale score of
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6/10. The pain is continuous and worst at night. She has
achieved 30 percent pain relief taking both duloxetine and
pregabalin at maximally tolerated doses. Should this
person be treated with a topical analgesic as well, even in
an ‘‘off-label’’ manner? If so, which and what evidence do
we use in making this decision? In our opinion, this
patient would be an appropriate candidate for a trial of
a topical analgesic – although there is no such agent
specifically FDA-approved for this indication.

Soft tissue injuries and osteorthritis

Soft tissue injuries and osteoarthritis are each commonly
experienced musculoskeletal pain states. The use of
topical analgesics for these heterogeneous conditions is
actively being studied. We are well acquainted with the
various systemic analgesics and various injection thera-
pies which have been utilized in this setting, used perhaps
not without the risk of significant side effects (especially
with long-term and repeated use). The successful devel-
opment of topical analgesics for these conditions is of
great potential value to a patient. A number of studies in
this area have been completed, primarily outside the
United States.

NSAIDS

In a French 14-day randomized, placebo-controlled study
of 163 patients with an ankle sprain, the use of a topical
ketoprofen patch (100mg) was superior to placebo in
reducing pain after one week of treatment.50[II] A similar
group of investigators studied a similar ketoprofen pre-
paration in patients with tendonitis. The results of this
randomized, double-blind, placebo-controlled study were
also positive and the treatment was in general, except for
skin irritation, well tolerated.51[II] Ketoprofen gel has
been studied as adjunctive therapy to physical therapy in
a child with Sever disease, a common cause of heel pain in
athletic children.52[V] In a randomized controlled study
of a diclofenac patch in 120 individuals experiencing
acute pain following a ‘‘blunt’’ injury, use of the patch was
well tolerated, as well as significantly better than placebo
in reducing the pain associated with this injury.53[III] In
one open-label study of patients generally described as
suffering ‘‘soft tissue pain,’’ the investigators concluded
that topical flurbiprofen was associated with greater pain
reduction than oral diclofenac with fewer adverse effects
reported.54[III] In two additional studies performed
separately by different investigators, one an open-label
study and the other a multicenter, randomized, controlled
two-week study of pain associated with acute sports
injuries, a diclofenac patch was found to be effective in
providing pain relief and well tolerated. On average,
patients experienced 60 percent pain relief in the open
label study.55[II], 56[III] In another controlled study, the

use of topical ibuprofen cream in the management of
acute ankle sprains has been examined. Ibuprofen cream
was found, in this study, to be superior to placebo in
reducing pain.57[II] In a controlled study of the use of
ketoprofen gel in the management of acute soft tissue
pain, the gel was found to be more effective than placebo
in providing pain relief.58[II] The potential efficacy of a
topical formulation of ibuprofen 5 percent gel was
examined in a placebo-controlled study in patients with
painful soft tissue injuries. Patients received either the
ibuprofen 5 percent gel (n= 40) or placebo gel (n= 41) for
a maximum of seven days. Pain intensity levels, as well as
limitations of physical activity, were assessed daily using
visual analog and other scales. There was a significant
difference (po0.001) in pain reduction, as well as
improvement in physical activities, for those patients who
received the active gel compared to placebo recipients.59

[II] In a second study performed by the same investiga-
tors involving similar types of patients, similar outcomes
were noted.60[II]

There has also been interest in studying the use of
topical analgesics in the treatment of osteoarthritis. A
diclofenac patch has been studied in a randomized,
double-blind controlled study assessing the potential
benefits of such an agent in patients with osteoarthritis of
the knee. This study has demonstrated that this patch may
be safe and effective for this condition.61[II] A separate
randomized controlled study comparing the efficacy and
side effects of a topical diclofenac solution to oral diclo-
fenac in the treatment of osteoarthritis of the knee con-
cluded that use of this topical diclofenac solution in
patients with osteoarthritis of the knee produced symp-
tom relief which was equivalent to oral diclofenac with
significantly reduced incidence of diclofenac-related gas-
trointestinal complaints.62[II] In a study of patients with
pain in the temporomandibular joint, a group of patients
received diclofenac solution applied topically several
times daily and a second group received oral diclofenac.
Although there was no significant difference seen from an
analgesic viewpoint, there were significantly fewer gas-
trointestinal side effects experienced by the patients
receiving the diclofenac topical solution.63[II] A placebo-
controlled trial has demonstrated the efficacy of topical
diclofenac gel 1.16 percent for patients with osteoarthritis
of the knee.64[II] Another randomized controlled study
has demonstrated the benefit of application of a topical
diclofenac solution compared to placebo after six weeks of
treatment for patients with painful osteoarthritis of the
knee.65[II] A meta-analysis examining the use of topical
NSAIDs in the treatment of osteoarthritis concluded that
there was evidence that topical NSAIDs are superior to
placebo during the first two weeks of treatment, but not
afterwards. In addition, this meta-analysis also concluded
that available evidence suggested that topical NSAIDs
were inferior to oral NSAIDs during the first week of
treatment.66[I] A separate meta-analysis examining the
evidence for the use of topical NSAIDs for chronic
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musculoskeletal pain concluded that topical NSAIDs are
effective and safe in treating chronic musculoskeletal
conditions for two weeks. The investigators suggested that
larger and longer trials must be completed to fully
understand the practical role of topical NSAIDs in clinical
settings.67[I] Yet another meta-analysis of the use of
topical NSAIDs for osteoarthritis suggested that of the
four studies which had been completed in which a topical
NSAID was compared to placebo or vehicle lasting four
weeks or more for patients with osteoarthritis of the knee,
pain relief did occur for a longer duration than placebo,
but not all preparations had uniform results.68[I] Com-
monly, topical salicylates are used by patients in non-
prescription preparations. A meta-analysis examining the
potential benefit of topical salicylates in acute and chronic
pain concluded that based on the few studies that could
be reviewed, topically applied rubefacients containing
salicylates might be helpful in the treatment of acute pain,
but that available trials of musculoskeletal and arthritic
pain resulted in moderate to poor efficacy. Adverse events
were rare in studies of acute pain and poorly reported in
those of chronic pain. The authors emphasized that effi-
cacy estimates for rubefacients were at present unreliable
since there is a lack of appropriate clinical trials.69[I]

A randomized controlled study completed in Germany
examined the effect of topical eltenac, another NSAID,
compared to placebo in 237 patients with osteoarthritis of
the knee. It demonstrated efficacy and safety of the use of
topical eltenac in the treatment of osteoarthritis of the
knee compared to placebo.70[II] In a separate study,
topical eltenac gel was compared to oral diclofenac and
placebo in patients with osteoarthritis of the knee. While
both therapies were found to be superior to placebo with
respect to analgesia, as reported in the meta-analysis
above, the incidence of gastrointestinal side effects was
notably lower in the group treated with topical eltenac gel
compared to those treated with oral diclofenac.71[II]
Three additional studies have demonstrated that topical
diclofenac may be effective in reducing the pain asso-
ciated with various types of degenerative joint disease.
72[II], 73[II], 74

OTHER TOPICAL AGENTS

Other agents have also been studied in these conditions.
There was no benefit of 0.025 percent capsaicin cream
over vehicle (not active) cream in a randomized, double-
blind study of 30 patients with pain in the tempor-
omandibular joint.75[II] A randomized controlled study
of a topical cream containing glucosamine sulfate,
chondroitin sulfate, and camphor for osteoarthritis of the
knee showed a significant reduction of pain in the treat-
ment group after eight weeks compared to the placebo
group.76[II] To date, no randomized controlled trial
results have been published regarding the use of a topical
local anesthetic agent in the treatment of an acute soft
tissue injury or in the treatment of osteoarthritis;

however, two anecdotal reports of the use of the lidocaine
5 percent patch for an acute sports injury are of novel
interest. A professional basketball player with a liga-
mentous strain in his left fifth toe was advised by the team
doctor to use the lidocaine 5 percent patch for pain relief
with a good outcome and a professional football player
with chronic acromioclavicular joint pain due to a dis-
location was anecdotally reported to experience pain relief
with use of the lidocaine 5 percent patch as well. The basis
for using such an agent in this setting may be the
awareness that local anesthetics do in fact have anti-
inflammatory properties.

A recently published case series has reported the
potential benefit of ‘‘topical’’ morphine in the manage-
ment of chronic osteoarthritis-related pain; however, the
report did emphasize that morphine or its metabolites
were identifiable in the urine of treated patients,
hence calling into question just how truly ‘‘topical’’ this
preparation was.77[V]

Case example

Consider an 84-year-old female with osteoarthritis of
both knees, who cannot tolerate any NSAID due to eso-
phageal reflux, has had no response to short-acting
opioids, injection therapy, and/or physical therapy and is
not a candidate for knee replacement – she might be an
excellent candidate for the use of a topical analgesic.

Low back and myofascial pain

Few published studies of any topical analgesic in chronic
low back or myofascial pain exist. In a double-blind,
placebo-controlled study comparing topical capsaicin to
placebo in 154 patients with chronic low back, 60.8 per-
cent of capsaicin-treated patients compared with 42.1
percent of placebo patients experienced 30 percent pain
relief after three weeks of treatment (po0.02). Fifteen of
the capsaicin-treated and nine of the placebo-treated
patients experienced adverse effects, none of which were
believed to be harmful.78[II]

Other studies, even if they have been presented in
abstract form only, nevertheless are interesting and novel
and will be reviewed briefly. For example, an open-label
study of 120 patients with acute (o6 weeks), subacute
(o3 months), short-term chronic (3–12 months), or
long-term chronic (412 months) low back pain was
completed at eight sites in the United States. During the
six-week study period, participants applied four lidocaine
5 percent patches to areas of maximal low back pain every
24 hours. Initial analysis of the first two weeks of data was
presented at the Tenth World Congress on Pain.6 Initial
evaluation suggests that the majority of patients experi-
enced moderate or greater degree of pain relief. Sig-
nificant positive changes in quality of life indicators on
this scale have been noted, as well as demonstrated, by the
use of the NPS in this study. A more complete analysis of
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these data, as well as additional studies, are expected
soon.6[III] In an open-label study of patients with chronic
myofascial pain presented at the 2002 Scientific Meeting
of the American Pain Society, 16 patients with chronic
myofascial pain were treated with the lidocaine 5 percent
patch. After 28 days of treatment, statistically significant
improvements were noted for average pain, general
activity level, ability to walk, ability to work, relationships,
sleep and overall enjoyment of life in approximately 50
percent of the patients studied.79[V]

OTHER USES OF TOPICAL ANALGESICS

Based upon the results of a number of small studies,
mostly case reports, topical analgesics of various types
including opioids may be very helpful in reducing the
pain associated with pressure ulcers or dressing changes.80

[I], 81[II], 82[II], 83[III], 84[II], 85 Patients undergoing any
surgical procedure might benefit from the use of a topical
analgesic to treat postoperative pain and reduce the need
for systemic analgesics. Controlled studies have demon-
strated the benefit of EMLA cream in the reduction of
pain associated with circumcision and venepuncture, as
well as for the pain associated with breast cancer surgery.4

[III], 86[II] Newly approved by the FDA for ‘‘local dermal
analgesia’’ for superficial venous access and dermatolo-
gical procedures is the lidocaine/tetracaine topical patch
(SyneraTM). Several studies have suggested that either
ketamine or morphine may be used topically for muco-
sitis-associated pain following chemotherapy or radiation
therapy in patients with head and neck carcinomas.87[II],
88[V] There is also a recent report of two children with
epidermolysis bullosa who were treated successfully with
topical opioids.89[V] A rather interesting recent report
suggests that the analgesic effect of menthol, an ingredient
common to many over-the-counter analgesic prepara-
tions, may exert part of its analgesic effect through the
activation of kappa opioid receptors.90 Burn pain has
been reported to be treated effectively with a topical
loperamide preparation.91[V] Two randomized controlled
studies – one involving postoperative pain (diclofenac
patch) and one involving wound pain treatment (capsi-
cum plaster topically applied at acupuncture sites) – have
also been published recently.92[II], 93[II]

In a single case report, a patient with a condition
known as ‘‘central neuropathic itch’’ has been treated
apparently successfully with the lidocaine 5 percent
patch.94[V] Several studies recently presented at profes-
sional association meetings are also worthy of mention. At
the 2004 Joint Meeting of the American Pain Society/
Canadian Pain Society, two new studies of new topical
analgesic preparations were reported. The results of an
enriched enrollment study in which an open-label initial
study led to the randomization of responders in a pla-
cebo-controlled study of the use of either a 4 percent
amitriptyline/2 percent ketamine cream, 2 percent

amitriptyline/1 percent ketamine cream or placebo for
patients with PHN demonstrated that after three weeks of
treatment the average daily pain intensity was lowest in
patients receiving the higher concentration combination
cream compared to the lower concentration combination
or placebo (p= 0.026 high concentration cream versus
placebo). Plasma levels of either drug were detected in
fewer than 10 percent of those patients receiving active
treatment.95[II] An open-label study of the use of a 0.25
percent capsaicin topical agent in a lidocaine-containing
vehicle in 25 patients with painful diabetic polyneuro-
pathy and seven patients with PHN demonstrated pain
relief in the majority of patients who were studied.96[III]

CONCLUSIONS

The use of topical analgesics may be considered for a
variety of painful conditions. Although few FDA- or other
similar agency-approved agents are currently available,
studies involving the ‘‘off-label’’ use of several agents
suggest a potential role for new topical therapies in the
management of a variety of painful disorders. Because the
use of a topical analgesic is generally associated with a
better side effect profile than oral, transdermal, par-
enteral, or spinally administered analgesics, the successful
development and availability of topical analgesics may be
of particular importance. Additional controlled studies
including comparative trials with ‘‘conventional’’ analge-
sics are undoubtedly required to further explore the role
of topical analgesics in the management of acute and
chronic pain.
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KEY LEARNING POINTS

� Chronic pain and depression are epidemiologically linked.
� Individuals with chronic pain and depressive symptoms

have altered responses to pain stimuli and opioids.
� Functional neuroimaging techniques demonstrate

differences in brain activity among adults with chronic

pain and depression.

� Antidepressants have proven efficacy for treatment of

chronic pain of diverse etiologies.
� Serotonin syndrome, serotonin withdrawal

syndrome, and suicide are associated with use of

antidepressants.

INTRODUCTION

Clinicians have long recognized the close association
between depression and chronic pain. Findings from epi-
demiologic and experimental pain studies now provide
empirical evidence to support this longstanding clinical
observation. Knowledge of the epidemiologic associations
and pathophysiological processes that interrelate chronic
pain and depression provide a broad framework for
understanding the clinical use of antidepressants in the
treatment of chronic pain. Advancements in the under-
standing of drug mechanisms and awareness of adverse
effects unique to antidepressant medications could further
enhance clinical outcomes and improve patient safety.

EPIDEMIOLOGY

Epidemiologic studies have demonstrated an indirect
association between depressive symptoms and chronic
pain.1 More recently, investigators have identified a direct
relationship between the severity of depressive symptoms
and the propensity to develop chronic pain. In a popu-
lation-based study that involved a random sample of 2184
participants, 1131 respondents completed a mailed sur-
vey.2 Depressive symptoms were measured using the
Center for Epidemiological Studies-Depression (CES-D)
scale and the severity of neck and back pain was measured
using the Chronic Pain Questionnaire (CPQ). The pri-
mary outcome was the time to onset of an episode of



disabling neck or low back pain, as assessed at 6- and 12-
month follow up. Compared to subjects with CES-D
scores in the lowest quartile, study participants in the
second (hazard rate ratio (HRR) 2.46, 95 percent CI,
1.07–5.67), third (HRR 2.35, 95 percent CI, 1.01–5.45),
and fourth (HRR 3.97, 95 percent CI, 1.81–8.72) quartiles
were at greater risk for developing disabling neck or back
pain, after adjusting for baseline general health, pain, age,
education, and the occurrence of injuries during the study
period. Furthermore, for every single point increase on
the CES-D, the rate of developing disabling pain rose by 4
percent.2

These findings have been replicated in a second
population-based study where the temporal relationship
between major depression and chronic back pain was
investigated over a two-year period.3 This particular study
involved 9909 individuals who participated in a national
health survey conducted in Canada. At baseline, the
presence of major depression was determined by way of a
validated structured interview utilizing Diagnostic and
Statistical Manual of Mental Disorders IV (DSM-IV)4

criteria for major depression. Participants were also
assessed for the presence of chronic back pain. Pain-free
individuals diagnosed with major depression at study
inclusion were more likely to develop chronic back pain
(odds ratio (OR) 2.9, 95 percent CI, 1.2–7.0) at two-year
follow up. Furthermore, each additional DSM-IV
depressive symptom identified at study intake increased
the rate of developing chronic back pain by 20 percent.3

While these epidemiological studies demonstrate a tem-
poral association between the severity of depressive
symptoms and the development of chronic spinal pain,
the relationship between chronic pain and the develop-
ment of depression requires further consideration.

Currie and Wang5 used similar methodologies in a
separate study to investigate the association between
chronic pain and development of depression. The
occurrence of major depression and chronic back pain
were assessed in a population-based sample of 10,600
individuals. Chronic back pain was found to be the
strongest predictor of major depression (OR 6.17, 95
percent CI, 5.2–7.6) compared to other established risk
factors for depression, including chronic medical illness,
age, gender, and marital status.5

EXPERIMENTAL PAIN STUDIES AND
DEPRESSION

Consistent with epidemiologic studies which have iden-
tified a direct association between chronic pain and
depression, experimental studies have demonstrated that
patients with depression have altered pain thresholds and
tolerances.6 In a recent study, 30 patients diagnosed with
major depressive disorder, using DSM-IV criteria, were
matched with 30 nondepressed control subjects.7 Pain
thresholds and tolerances were assessed bilaterally in

response to experimentally induced thermal, electrical,
and ischemic pain. Compared to controls, the depressed
group was hypoalgesic to heat and electrical pain, but
hyperalgesic to ischemic muscle pain. Similar findings
have been reported for a group of patients diagnosed with
adjustment disorder, depressed subtype.8

These differences in pain thresholds and tolerances
suggest patients with depression may experience a dif-
ferential analgesic response to opioid medications com-
pared to patients without depression. In a randomized,
cross-over, double-blind, placebo-controlled study, 60
patients with chronic low back pain were stratified into
three groups based on the severity of depressive, anxiety,
and neurotic symptoms.9 Subjects in each of the three
groups were administered 4–6mg of morphine intra-
venously and pain severity was assessed over three hours.
The total analgesic response was significantly greater in
the low psychopathology group compared to the high
psychopathology group. Additionally, the analgesic pla-
cebo response was significantly greater in the high psy-
chopathology group compared to the low group. While
the mechanisms mediating the association between
chronic pain, depression, and analgesia remain to be fully
elucidated, alterations in emotional processing could be
important contributing factors.10, 11, 12

FUNCTIONAL IMAGING, PAIN, AND
DEPRESSION

Advances in neuroimaging techniques, including func-
tional magnetic resonance imaging and positron emission
tomography, have revealed brain regions involved in the
experience of acute pain. In a seminal study, investigators
using functional imaging techniques demonstrated release
of endogenous opioids and interaction of these opioids
with mu-opioid receptors in response to experimentally
induced acute pain.13 Activation of the endogenous
opioid system was associated with reductions in the
sensory and affective intensity of the acute pain experi-
ence. In a meta-analysis, six brain structures were found
to be consistently activated by acute pain stimuli
including the primary and secondary somatosensory
cortices, insular cortex, anterior cigulate cortex, prefrontal
cortex, and the thalamus.14 In general, the primary and
secondary somatosensory cortices have been implicated in
the sensory-discriminative processes of pain, whereas the
thalamus, insula, anterior cigulate, and prefrontal cortices
have been associated with the affective-motivational
dimension of pain. Sensory-discriminative processes
involve recognition of the quality and intensity of pain
stimuli, including spatial and temporal characteristics.
The affective-motivational dimension of pain refers to the
negative emotions associated with pain experiences,
including the innate sense of unpleasantness. Other brain
structures, including the amygdala and periaqueductal
gray matter, can be activated to a lesser extent by acute
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pain stimuli.15 Furthermore, significant interindividual
variation exists in the level to which various brain
structures can be activated by acute pain stimuli. Varia-
tions in these observed effects can be explained, in part,
by interindividual differences in peripheral neuro-
transmission. For example, polymorphisms of catechol-
O-methyl transferase have been shown to alter activation
of the endogenous opioid system.16 Other factors which
could account for variations in the activation of brain
structures include gender and interindividual differences
in how anticipation alters the response to nociceptive
stimuli.17, 18

Activation of brain structures by acute pain stimuli is
different among individuals with chronic pain. In general,
the primary and secondary somatosensory, anterior cin-
gulate, insula, and thalamus are activated significantly less
compared to normal subjects. In the aforementioned
meta-analysis, the average incidence of activation of these
brain regions in normal controls was 82 percent com-
pared to 42 percent for individuals with chronic pain.14

Alternatively, among adults with chronic pain, the inci-
dence of prefrontal cortex activation was 81 percent
compared to 55 percent in normal subjects.14 The
observation that activity in brain structures associated
with the affective-motivational dimension of pain are
accentuated in patients with chronic pain is consistent
with clinical observations that these patients experience
more pain-related emotions and affective distress. This
postulate is also consistent with neuroimaging findings
from patients with comorbid depression and chronic
pain. In a cohort of patients with fibromyalgia, which
represented a homogenous group of patients with chronic
pain, symptoms of depression were not correlated with
the magnitude of experimentally induced pain.19 Fur-
thermore, no correlation was found between the severity
of pain or depressive symptoms and activation of brain
structures implicated in processing the sensory-dis-
criminative dimensions of pain. However, a significant
correlation was found between measures of depression
and activation of brain structures responsible for pro-
cessing the affective-motivational qualities of pain,
including the prefrontal cortices. Whereas these findings
require further study and replication by other investiga-
tors, they provide the impetus for the assertion that
chronic pain, with or without comorbid depressive
symptoms, is associated with dysregulation in an entire
network of brain regions subserving both the sensory and
affective components of pain.15 Findings from functional
neuroimaging studies could also provide the basis for
further understanding the analgesic mechanisms of anti-
depressant medications.

TRICYCLIC ANTIDEPRESSANTS

Tricyclic antidepressants (TCA) were the first class of
drugs widely used for the treatment of depression. These

compounds were also the first class of antidepressants
used to treat pain.

Structure and mechanism of action

Tricyclic antidepressants have a central three-ring struc-
ture with a single side chain. Tertiary amine tricyclics,
including amitriptyline and imipramine, have two methyl
groups at the end of the side chain while secondary
amines, such as desipramine and nortriptyline, have one
methyl group. Tetracyclic antidepressants, such as
maprotiline and mianserin, are a related group of drugs
that are not as widely used as the tricyclic compounds.

The analgesic effects of TCAs are mediated in part by
activation of the descending inhibitory pathways that
project from supraspinal centers and terminate in the
dorsal horn of the spinal cord.20 The principal mechan-
ism of action appears to be related to blockade of sero-
tonin and norepinephrine transport by the side chain and
not the central three-ring structure. Tertiary tricyclics are
more potent in blocking serotonin transport, whereas the
secondary amines have greater affinity for blocking
norepinephrine transport.21 As a result of reuptake inhi-
bition, serotonin levels rise. Inhibitory presynapic
autoreceptors are desensitized while postsynapic receptors
are up-regulated. The overall effect of these pre- and
postsynaptic changes enhances the transmission of ser-
otonin. Reuptake inhibition of norepinephrine enhances
transmission by desensitizing inhibitory presynaptic
autoreceptors in a process mediated by a2-adrenergic
receptors. Other proposed mechanisms of action include
blockade of voltage-gated sodium channels,22 inhibition
of N-methyl-D-asparate receptors23 and interaction with
opioid receptors.24 Major secondary effects include
blockade of muscarinic, histamine (H1), and a1-receptors,
which are responsible for many adverse side effects
(Table 18.1).

Pharmacology and adverse effects

Absorption of tricyclics occur in the small intestine where,
following first-pass metabolism, peak levels are achieved
in two to eight hours. The principal method of clearance
is hepatic metabolism via demethylation of the side chain
and hydroxylation of the central ring structure. Tertiary
amines are demethylated to the secondary amines which
are conjugated to inactive forms. Several cytochrome
P450 enzymes are responsible for the metabolism of TCAs
including the 1A2, 3A4, 2C19, and 2D6 pathways.25 Drugs
or other substances that either inhibit or induce these
enzymatic pathways can alter serum TCA levels.

In general, undesirable effects related to TCA use stem
from blockade of various receptor systems (Table 18.1).
Secondary amines are associated with fewer side effects
compared to tertiary amines. Anticholinergic effects can
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lead to urinary retention, constipation, tachycardia,
blurred vision, and delirium. Antihistaminergic effects
include sedation, increased appetite, and weight gain.
Orthostatic hypotension results from blockade of a1-
receptors and could contribute to the increased risk of
fall-related hip fractures among patients receiving
TCAs.26, 27, 28 Tricyclics also have type 1 antiarrhythmic
properties in that cardiac conduction is prolonged by
inhibition of sodium channels. These antiarrhythmic
effects could, in part, account for the increased risk of
sudden cardiac death and myocardial infarction in
patients treated with TCAs.29, 30 The use of TCAs in
combination with methadone, which increases the QTc
interval, has been associated with an increased risk of
death related to accidental overdose.31, 32 Tricyclics also
increase the risk of seizure by inhibiting chloride
channels.

EVIDENCE-BASED OUTCOMES FOR TRICYCLIC
ANTIDEPRESSANTS

Tricyclic antidepressants are predominantly used in the
treatment of neuropathic pain, but these drugs have
shown efficacy in the treatment of chronic low back pain
and fibromyalgia.

Neuropathic pain

Multiple randomized, placebo-controlled trials have
demonstrated the efficacy of tricyclics for treatment of
neuropathic pain syndromes. These pain syndromes can be
generally categorized as painful polyneuropathy,33, 34, 35,

36, 37, 38, 39, 40, 41, 42 including diabetic peripheral neuro-
pathy, postherpetic neuralgia,43, 44, 45, 46, 47[I] and centrally
mediated pain.48, 49[II] The outcomes of these trials have
been summarized in several systematic reviews.50, 51, 52, 53, 54

[I] The number needed to treat (NNT) in order to achieve
greater than 50 percent pain relief among individuals with
neuropathic pain has been shown to be 3.1 (95 percent
CI, 2.7–3.7).52

One previous trial of postamputation limb pain found
no difference between placebo and amitriptyline; how-
ever, the mean pain intensity on the numerical rating
scale at study inclusion ranged from 3.0 to 3.9.55 [II] A
separate trial of postamputation pain, where the mean
pain score on the visual analog scale at study inclusion
ranged from 44 to 49, found significant reductions in pain
following use of amitriptyline compared to placebo.56[II]

Two trials of HIV-related neuropathy57, 58[II] and one
trial of spinal cord injury59[II] found no difference
between the tricyclics and placebo. Low medication
dosages could, in part, explain the negative outcomes of
these particular trials which has led some investigators to
advocate for the use of plasma drug monitoring.60

Low back pain

Tricyclic and heterocyclic antidepressants have beneficial
effects on pain intensity among patients with chronic low
back pain. Specific medications used in randomized pla-
cebo-controlled trials include nortriptyline,61, 62[II]
maprotiline,63[II] doxepin,64[II] desipramine,65[II] imi-
pramine,66, 67[II] and amitriptyline.68[II] In these trials,
the dose of nortriptyline ranged from a mean of 84
to 100mg/day and the dose of imipramine ranged from

Table 18.1 Profile of antidepressant dosages, reuptake activity, and receptor affinities.

Dose range Serotonin
reuptake

Norepinephrine
reuptake

Adrenergic
blockade

Histaminergic
blockade

Cholinergic
blockade

Sodium
channel

Tricyclics

Amitriptyline 25–200 11 11 11 11 111 11

Imipramine 25–200 11 11 11 11 11 11

Nortriptyline 30–150 1 11 1 1 1 1

Desipramine 50–200 1 111 1 – 1 1

Selective serotonin reuptake inhibitors

Fluoxetine 20–60 11 – – – – 1

Paroxetine 20–60 111 1 – 1 1 –

Citalopram 20–60 111 – – – – –

Serotonin-norepinephrine reuptake inhibitors

Duloxetine 60–120 111 111 – – – –

Venlafaxinea 75–225 11 11 – – – –

Milnacipran 100–200 1 11 – – – –

aNorepinephrine reuptake is dose dependent.
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75 to 150mg/day. In general, the favorable effects
of improved pain intensity occurred independent
of depression status, but functional status was not
consistently improved.69, 70, 71

Fibromyalgia

Amitriptyline is the most widely used tricyclic anti-
depressant for treatment of fibromyalgia.72[I] Numerous
randomized placebo-controlled trials have documented
the clinical benefits of amitriptyline for fibromyalgia-
related symptoms including pain, fatigue, sleep, and
quality-of-life.73, 74, 75, 76, 77, 78, 79, 80, 81[II] In these trials,
the dose of amitriptyline ranged from 25 to 50mg/day. In
general, the symptomatic improvements occurred inde-
pendent of changes in depressive symptoms.82, 83

SEROTONIN-NOREPINEPHRINE REUPTAKE
INHIBITORS

The selectivity for serotonin and norepinephrine reuptake
distinguishes these drugs from the tricyclic group.
Duloxetine, venlafaxine, and milnacipran are three widely
available medications in this particular drug class.

Structure and mechanism of action

The chemical structures of duloxetine, venlafaxine, and
milnacipran are individually distinct. These drugs
selectively inhibit the reuptake of serotonin and
norepinephrine and are referred to as serotonin-nor-
epinephrine reuptake inhibitors (SNRI). Similar to tri-
cyclics, the analgesic effects of SNRIs are most likely
mediated by increases in serotonin and norepinephrine
levels, which in turn facilitate activation of the descending
inhibitory pathways. Venlafaxine has greater affinity for
the serotonin transporter, but noradrenergic reuptake
activity increases in a dose-dependent fashion.84

Pharmacology and adverse effects

Venlafaxine is metabolized by the liver to an equipotent
metabolite, O-desmethylvenlafaxine. The half-life of
venlafaxine is four hours, but the active metabolite has a
half-life of ten hours. Duloxetine is hepatically metabo-
lized and 70 percent renally excreted. The dose should be
reduced in patients with impaired renal function and is
contraindicated for use by patients with alcohol use dis-
orders. Milnacipran does not significantly inhibit or
induce P450 isoenzymes, thereby reducing the potential
for adverse drug–drug interactions.85

In general, the adverse effects associated with SNRIs
include nausea, vomiting, diarrhea, constipation, insom-
nia, somnolence, dizziness, dry mouth, hyperhydrosis,
reduced appetite, and sexual dysfunction. The SNRIs do

not promote weight gain. One of the most common side
effects of venlafaxine and duloxetine is nausea. This effect
is generally abated with continued use by down-regula-
tion of central and peripheral serotonin receptors. An
adverse effect associated with venlafaxine is blood pres-
sure elevation that returns to baseline in approximately 50
percent of patients with continued medication use.

EVIDENCE-BASED OUTCOMES FOR
SEROTONIN-NOREPINEPHRINE REUPTAKE
INHIBITORS

Neuropathic pain

Among the three SNRIs, duloxetine is the most widely
studied drug for neuropathic pain. In three randomized
placebo-controlled trials, duloxetine improved pain
intensity and functioning of patients with diabetic per-
ipheral neuropathy.86, 87, 88[II] Two doses of duloxetine,
60mg daily and 60mg twice daily, were used in these
three trials. Metabolic parameters of diabetic control were
not adversely affected. Venlafaxine extended-release, at a
dose of 150–225mg daily, was found to improve pain
intensity among a cohort of patients with diabetic per-
ipheral neuropathy; however, subjects randomized to
receive 75mg daily failed to respond.89 The NNT in order
to achieve 50 percent reduction in pain intensity was 4.5.
In a separate randomized placebo-controlled trial, ven-
lafaxine provided moderate pain relief for patients with
polyneuropathy where the number needed to treat was
5.2.42 In less commonly studied neuropathic pain syn-
dromes, venlafaxine reduced pain in a small group of
patients with cancer treatment-related neuropathic
pain.90

Fibromyalgia

Of the three SNRIs, duloxetine has the most randomized
trial data to support its use in the treatment of fibro-
myalgia. Among fibromyalgia patients with or without
major depressive disorder, duloxetine improved pain and
functioning independent of depression.91, 92[II] The clin-
ical improvements were evident in patients randomized to
receive either duloxetine 60mg/day or 60mg twice daily.
Using a similar study design, fibromyalgia patients with
and without depression were randomized to receive mil-
nacipran once (mean dose, 174mg) or twice (mean dose,
191mg) daily.93[II] At study completion, both treatment
groups experienced significant improvements in pain and
global well-being, but patients in the higher-dose group
experienced improvements in physical functioning. The
less favorable outcomes of the once-daily dosage group
could have been due in part to the short half-life of
the drug. Randomized trial data are not available for
venlafaxine in the treatment of fibromyalgia, but two
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prospective open-label trials found significant improve-
ments in both pain and physical functioning.94, 95[III]

Generalized painful symptoms of depression

Several randomized controlled trials of duloxetine for
depression reported significant improvements in a variety
of pain symptoms, including back pain, shoulder pain,
and headache.96, 97, 98[II] The findings from these and
other similar trials have been summarized and subjected
to further pooled analyses.99, 100, 101[I] Painful physical
symptoms among patients with depression was the pri-
mary outcome measure for a randomized placebo-con-
trolled trial of duloxetine.102 In this particular study,
subjects who received duloxetine 60mg daily experienced
significant improvements in pain and activity-related pain
interference. These clinical improvements occurred
independent of changes in depressive symptoms.

SELECTIVE SEROTONIN REUPTAKE INHIBITORS

Numerous selective serotonin reuptake inhibitors (SSRIs)
are available including fluoxetine, paroxetine, sertraline,
citalopram, escitalopram, and fluvoxamine. The ensuing
material will be limited to those medications with proven
efficacy for treatment of pain.

Structure and mechanism of action

Fluoxetine, paroxetine, and citalopram inhibit serotonin
reuptake but differences in structure and activity exist.
Compared to fluoxetine, paroxetine and citalopram are
more potent serotonin reuptake inhibitors, whereas par-
oxetine is a weak inhibitor of norepinephrine reuptake
(Table 18.1).103 The antinociceptive mechanisms of SSRIs
are poorly understood. In general, SSRIs block ser-
otonergic reuptake which desensitizes feedback receptors
leading to accumulation of serotonin in the synaptic cleft.
Apart from serotonergic mechanisms, animal studies
suggest the analgesic effects of SSRIs are also mediated by
opioid and cholinergic pathways,104, 105 inhibition of
sodium channels,106 and activation of the descending
inhibitory pathways.103

Pharmacology and adverse effects including
suicide

Fluoxetine, paroxetine, and citalopram are hepatically
metabolized by the cytochrome P450 system. The half-life
of fluoxetine is 84 hours and the principal metabolite is
equipotent with an extended half-life of seven days. The
half-life of paroxetine (21 hours) and citalopram (36
hours) are prolonged in geriatric patients and the dose of
paroxetine should be reduced in patients with renal dys-
function. Fluoxetine and paroxetine are both substrates

and inhibitors of the 2D6 enzyme. The inhibition of 2D6
by fluoxetine and paroxetine could elevate serum levels of
other analgesic medications, including tricyclic anti-
depressants and tramadol.107 The metabolism of citalo-
pram is more balanced in that the drug is metabolized by
three different cytochrome enzymes including 2D6, 2C19,
and 3A4.

Side effects associated with use of these medications
are related to enhanced serotonergic transmission.
Frequently encountered side effects include nausea,
vomiting, tremor, anxiety, agitation, sweating, sleep dis-
turbance, diarrhea, and sexual dysfunction. Paroxetine
has affinity for muscarinic receptors which account for
mild anticholinergic effects, predominantly dry mouth,
constipation, and blurred vision. Long-term use of par-
oxetine has been associated with weight gain.108

One of the most important controversies related to use
of SSRIs is the potential increased risk of suicide, parti-
cularly among adolescents with depression.109, 110, 111

However, further research is needed to firmly establish the
overall risks and benefits of antidepressant therapy on both
attempted and completed suicide.112, 113, 114 Knowledge of
the potential association between SSRIs and suicide is
particularly important for pain medicine specialists given
the high incidence of depression among patients with
chronic pain. In the context of this ongoing controversy,
physicians who prescribe antidepressant medications
should be vigilant in accounting for the potential risk of
this uncommon, but devastating, adverse event.

EVIDENCE-BASED OUTCOMES FOR SELECTIVE
SEROTONIN REUPTAKE INHIBITORS

Neuropathic pain

Serotonin reuptake inhibitors are not commonly used to
treat neuropathic pain. Four randomized trials have
compared fluoxetine, paroxetine, and citalopram to pla-
cebo. In three trials, fluoxetine 20 and 40mg, paroxetine
40mg, and citalopram 40mg was more effective com-
pared to placebo in the treatment of diabetic neuro-
pathy.38, 115, 116[II] In a small randomized comparative
trial involving antidepressant naive patients diagnosed
with postherpetic neuralgia, fluoxetine 60mg was found
to be less effective compared to desipramine and ami-
triptyline at dosages of 150mg.117[II] The NNT in order
to achieve 50 percent pain relief among patients with
neuropathic pain treated with SSRIs is 6.8 (95 percent CI,
3.4–441).52[I]

Fibromyalgia

Trials of fluoxetine for treatment of fibromyalgia have
yielded contradictory results. In two randomized placebo-
controlled trials, fluoxetine was superior to placebo in the
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treatment of fibromyalgia-related symptoms.118, 119[II]
The dose of fluoxetine in one trial was 20mg, whereas a
flexible-dose schedule ranging from 10 to 80mg was
employed in the second trial. In a third placebo-con-
trolled trial, the clinical outcomes of subjects randomized
to receive fluoxetine 20mg were similar to placebo.120

Citalopram at doses of 20–40mg/day was no more
effective than placebo in two randomized placebo-con-
trolled trials.121, 122[II]

Low back pain

Limited evidence exists to support the use of SSRIs in the
treatment of low back pain. In two placebo-controlled
trials, improvement in pain was similar between subjects
randomized to paroxetine 20–30mg/day compared to
placebo.63, 123[II]

MISCELLANEOUS ANTIDEPRESSANTS

Bupropion

Bupropion is a monocyclic compound with an amino-
ketone side chain. Whereas the structure is similar to
sympathominetics, bupropion has no stimulant abuse
potential. Bupropion effects dopaminergic and nor-
adrenergic activity with negligible effects on serotonergic
activity. The half-life of the parent compound is 21 hours,
but the half-life of two active metabolites is in excess of
40 hours.

Common adverse side effects include insomnia, agi-
tation, headache, nausea, and dry mouth. Due to minimal
effects on histaminergic, a-adrenergic, cholinergic, or
serotonergic activity, bupropion is relatively free of many
side effects commonly encountered with use of other
antidepressants including sedation, weight gain, and
sexual dysfunction.124 However, bupropion is associated
with a small increase risk of seizure.

The efficacy of bupropion in treatment of neuropathic
pain has been demonstrated in a single cross-over trial. In
this study, 41 subjects with neuropathic pain of multiple
etiologies were randomized to receive either bupropion
sustained release 150–300mg daily or placebo.125[II]
Subjects in the bupropion group experienced significant
improvement in pain intensity compared to the placebo.
In a separate study of 44 patients with low back pain,
outcomes of subjects randomized to receive bupropion
sustained release 150–300mg daily were no different
compared to placebo.126[II]

ANTIDEPRESSANT DISCONTINUATION
SYNDROME

The antidepressant discontinuation syndrome is pre-
dominately characterized by the acute onset of dizziness,

headache, nausea, fatigue, vomiting, ataxia, and par-
esthesias following abrupt discontinuation of anti-
depressants with serotonergic activity.127 This clinical
syndrome can occur with the use of SSRIs, SNRIs, and
tricyclic antidepressants. Whereas the syndrome generally
occurs following abrupt discontinuation of anti-
depressants, clinical symptoms can emerge following dose
reductions. Diagnostic criteria have been proposed as
outlined in Table 18.2.128, 129 The physiologic mechan-
isms which mediate the clinical manifestations of this
syndrome are presumably related to the rapid decline in
serotonin availability, but alterations in noradrenergic
and cholinergic activity could also account for some
associated symptoms.130

The half-life of the antidepressant is also an important
contributing factor in that drugs with a short half-life are
more likely to result in discontinuation symptoms.
Fluoxetine has a long half-life and is rarely associated with
antidepressant discontinuation syndrome.131 Compara-
tively, discontinuation symptoms are more likely to occur
following abrupt discontinuation of paroxetine and
duloxetine, each of which has a relatively short half-life.131,
132 A recent consensus panel recommended slowly tapering
antidepressants with serotonergic activity over a three- to

Table 18.2 Diagnostic criteria for antidepressant discontinuation

syndrome.

Criterion Description

A Discontinuation or reduction in serotonergic

antidepressant after Zone month exposure

B Two (or more) symptoms within one to seven days

of criterion A

Dizziness

Vertigo

Light-headedness

Headache

Visual disturbances

Paresthesia

Tremor

Fatigue

Insomnia

Anxiety

Nausea or vomiting

Diarrhea

C Symptoms in criterion B cause clinically significant

distress or impairment in social, occupational,

or other important areas of functioning

D The symptoms are not due to a general medical

condition or other concomitant psychiatric

disorder.

Adapted with permission from Selective serotonin reuptake inhibitor dis-
continuation syndrome: proposed diagnostic criteria – Reprinted from JPN
May 2000; 25(3), Pages 255–61 by permission of the publisher. & 2000
Canadian Medical Association.
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four-week period in order to prevent or attenuate dis-
continuation symptoms.133 The exception to this recom-
mendation was fluoxetine which does not require tapering.

SEROTONIN SYNDROME

Serotonin syndrome refers to a spectrum of symptoms
stemming from excessive serotonergic stimulation of the
central nervous system. The syndrome has been most
commonly associated with SSRIs and drug combinations
involving these medications.134 Serotonin syndrome has
also been associated with drug combinations involving
venlafaxine, duloxetine, oxycodone, and tramadol.135, 136, 137

The clinical triad of autonomic and neuromuscular
hyperactivity with associated alterations in mental
status characterize the clinical presentation of many
patients.129, 138 Mild or early symptoms include tremor,
hyperreflexia, tachycardia, mydriasis, and akathisia. As the
syndrome progresses, neurologic findings include delirium,
hypertension, diaphoresis, and inducible clonus. In the
latter, life-threatening stages, core body temperature can be
4411C and patients have profound muscle rigidity.
Laboratory findings include metabolic acidosis and
abnormalities consistent with rhabdomyolysis, renal failure,
and coagulopathy. Treatment is primarily supportive fol-
lowing identification and removal of the offending agent or
drug combination. The majority of cases resolve within one
to two days.

No single symptom, physical finding, or laboratory test
is pathognomonic for serotonin syndrome. However, a
clinically oriented diagnostic algorithm has been devel-
oped with a reported sensitivity and specificity of 85 and
97 percent, respectively (Figure 18.1).139 Increased phy-
sician awareness coupled with use of objective diagnostic
criteria could lead to early recognition and successful
management of this potentially life-threatening adverse
drug effect.

CONCLUSIONS

Epidemiologic and experimental pain studies provide
empirical data which provide the framework to define
further the physiologic substrates and mechanisms that
link chronic pain and depression. Randomized, placebo-
controlled studies demonstrate the efficacy of anti-
depressants in the treatment of neuropathic pain, fibro-
myalgia, and, to a lesser extent, low back pain and painful
symptoms related to depression. However, further clinical
trials are needed to investigate the interplay between the
antinociceptive and antidepressant effects of these medi-
cations. While antidepressants are generally well tolerated,
an understanding of the unique and devastating adverse
effects, including the potential risk of suicide and
serotonin syndrome, are vital to the safe use of these
medications.
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KEY LEARNING POINTS

ANTIEPILEPTIC DRUGS: ANTICONVULSANTS

� Antiepileptic drugs (AEDs) are moderately effective in

the management of neuropathic pain with the number

needed to treat (NNT) ranging from 1.9 to 7.1.
� AEDs may also have efficacy in conditions not

considered neuropathic (fibromyalgia, orofacial myalgia).
� Gabapentin and pregabalin are of equal efficacy and

should be considered as first line therapy for

neuropathic pain.
� Carbamazepine and oxcarbazepine are of equal efficacy

and may be considered first line therapy for trigeminal

neuralgia.
� Gabapentin, pregabalin, and lamotrigine have a role in

the management of central neuropathic pain.
� Safety issues vary from one AED to another, are

complex, and require the full attention of the

prescribing clinician.

ANTIARRHYTHMICS

� Several isoforms of sodium channels have been

identified but no selective channel blockers are

available.
� Systemic lidocaine occasionally affords prolonged pain

relief.
� Oral congeners of lidocaine have limited usefulness.

INTRODUCTION

The two families of drugs are discussed together because
as membrane stabilizing agents they are capable of inhi-
biting ion channels, thereby reducing excessive firing. In
recent years, however, evidence has accumulated that
other mechanisms, some known (such as release of
excitatory neurotransmitters by inhibition of the a2d
receptors) and some unknown, are decisive in mediating
many of the effects of antiepileptic drugs (AEDs). The
clinical applications of the two families of drugs have

subsequently separated somewhat, with AEDs finding a
new role in non-neuropathic pain.

ANTIEPILEPTIC DRUGS

Carbamazepine and oxcarbazepine

Carbamazepine and oxcarbazepine, the 10-keto analog of
carbamazepine, have relatively similar pharmacological



profiles. Both have been shown to block tetrodotoxin-
resistant Na1 channels in brain tissue.1 Neuronal hyper-
excitability, linked to accumulation of sodium channels in
injured peripheral axons and cell bodies, is reduced by
carbamazepine, as is similar excitability in dorsal horn
neurons2, 3 and possibly elsewhere in the central nervous
system (CNS) where sodium channel may be up-
regulated.4 The selectivity of Na1 channel blockade
remains to be determined, but interaction with a low
activation state of Nav1.8 channels may be one of the key
mechanisms of carbamazepine.5 In addition, both car-
bamazepine and oxcarbazepine appear to antagonize the
A1 adenosine receptor, increase dopaminergic transmis-
sion, and potentiate voltage-gated potassium channels, all
potentially useful properties in chronic pain.1 Both drugs
inhibit L-type voltage-gated calcium channels and presyn-
aptic glutamate release, although it is uncertain whether
this happens in sufficient concentrations in clinical
conditions.1 Oxcarbazepine and its metabolites are also
thought to modulate other calcium channels.6 Both car-
bamazepine and oxcarbazepine have been shown to pos-
sess some antihyperalgesic effects in experimental models
of inflammatory pain, probably mediated by indirect
activation of adrenergic a2 receptors.

7

CARBAMAZEPINE

Almost all clinical trials were conducted in the 1960s and
1970s. A Cochrane review on all publications up to
November 2004 identified 11 studies on chronic pain,
seven on trigeminal neuralgia, two on diabetic neuro-
pathy, one on postherpetic neuralgia (PHN) and one on
poststroke pain.8[I] No new clinical trials evaluating the
efficacy of carbamazepine have since been published.

Evidence for the efficacy of carbamazepine in trigemi-
nal neuralgia remains solid, and while the original trials
were small and used rather superficial methods, vast
clinical experience since has established the position of
this drug as first line treatment in trigeminal neuralgia.
The bulk of the evidence comes from four randomized
controlled studies totaling 147 patients, showing that
carbamazepine is more effective than placebo in reducing
the intensity and frequency of pain attacks. The number
needed to treat (NNT) for pain relief for carbamazepine
was calculated as 1.9 (95 percent CI 1.4–2.8).8[I] In a
comparator trial, pimozide appeared more effective than
carbamazepine but is no longer in use, while in another
small study tocainade showed equal efficacy but it has
since been withdrawn because of serious side effects.9[I]
Tizanidine, in turn, was less effective than carbamaze-
pine.10[III] Comparison with oxcarbazepine suggests
similar efficacy in trigeminal neuralgia, which will be
discussed below under Oxcarbazepine.11[II], 12[II]

For diabetic neuropathy, two small controlled trials
with carbamazepine have been published. In a cross-over
placebo-controlled trial, patients on carbamazepine

200–600mg/day improved in 28/30 cases versus 19/30 on
placebo; there was no pain increase in any of the patients
on carbamazepine, while 11/30 on placebo reported worse
pain.13[III] Similarly, Gomez-Perez et al.14[III] reported
no difference in efficacy between carbamazepine (200mg/
day) and a combination of nortriptyline (10mg) and
fluphenazine (0.5mg). International guidelines on the
treatment of diabetic neuropathy do not contain a robust
recommendation for the use of carbamazepine due to
concerns regarding study methodology.9[I], 15[I], 16[I]

A drug combination of carbamazepine (up to
1000mg/day) and clomipramine (up to 75mg/day) was
more effective than transcutaneous electrical nerve sti-
mulation (TENS) in PHN.17[III] A placebo-controlled
cross-over comparator study of 15 patients with central
poststroke pain showed carbamazepine (800mg/day) to
have a pain ameliorating effect of similar magnitude to
that of amitriptyline (75mg/day) (OR 3.3, 95 percent CI
0.8–13.8).18[III], 19[I] There were 10/15 patients on
amitriptyline who improved versus 5/9 on carbamaze-
pine. The latter caused more frequent side effects,
prompting the investigators to recommend amitriptyline
over carbamazepine in this indication.18[III]

OXCARBAZEPINE

Despite being a structural analog of carbamazepine,
oxcarbazepine has some unique characteristics that dis-
tinguish it from the former.6 It is metabolized via a P450-
independent pathway and there are fewer clinically
meaningful drug–drug interactions. Its active metabolite,
a monohydroxy-derivative, has a better safety and toler-
ability profile than that of 10,11 carbamazepine epoxide,
the main metabolite of carbamazepine.6 It has a linear
pharmacokinetic profile, and titration and dose adjust-
ments are relatively simple.12 Oxcarbazepine and its
metabolites are almost completely excreted in urine and
therefore patients with renal impairment require dose
reduction. Oxcarbazepine seems to be associated with
hyponatremia more frequently than carbamazepine.6

Evidence of clinical efficacy of oxcarbazepine in chronic
pain is derived from controlled trials in diabetic neuropathy
and trigeminal neuralgia. In three pivotal large studies,
totaling 634 patients, oxcarbazepine only inconsistently
provided better pain relief than placebo.20[II], 21[II], 22[II]

In a double-blind placebo-controlled parallel group
trial of 16 weeks duration involving 146 patients with
painful diabetic polyneuropathy of more than six months
but less than five years duration, oxcarbazepine appeared
effective. There was an adjusted treatment difference in
average daily pain score (0 to 100) of 11.2 (CI 95 percent
–19.8, –2.6), p= 0.01. The NNTs for reduction of pain
Z50 percent and Z30 percent was reported to be 6.0 for
both. Compared to placebo, oxcarbazepine was more
effective in improving sleep, mood, and other quality of
life measures.20[II]
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One hundred and forty-one patients with painful
diabetic neuropathy (DPN) were recruited into another
similar study but using a target dose of 1200mg/day.21[II]
No difference was shown between oxcarbazepine and
placebo in any of the outcome measures. In a third dose
ranging study in which 347 patients with painful DPN
participated, the results were mixed.22[II] No significant
difference was seen between groups receiving 600, 1200,
and 1800mg/day. When a further analysis was carried out
based only on those who completed the study, a sig-
nificant difference in pain relief was found in favor of the
1200 and 1800mg group over placebo. Impact of with-
drawals (43 percent of the group) on the outcome was
clear in those receiving 1800mg/day but this was negli-
gible in the placebo group. This translates to a clinical
usefulness of the drug only to those who can tolerate high
doses. Numbers needed to harm (NNH) was low, 6.2, for
the 1200mg/day group but high, 2.1, for the 1800mg/day
group. The NNTs were reported at 7.9 and 8.3.22[II]

The message from these three studies remains unclear.
The lack of efficacy in two of three studies suggests that
oxcarbazepine is not a drug of first choice in painful DPN.
However, in certain situations, for example if there is
evidence that sodium channel blockers have helped but
the effect is lost, or poor tolerability prevents their use,
oxcarbazepine may be worth considering. Recommenda-
tions in guidelines are mixed9[I], 16[I] (see Table 19.1).

In trigeminal neuralgia, open-label studies suggest a
rapid onset of effect for oxcarbazepine. Three double-
blind, cross-over comparator studies with carbamazepine
have been completed, although only one has been pub-
lished as an original communication.23[III] In a study of
48 patients with newly diagnosed trigeminal neuralgia,
oxcarbazepine and carbamazepine, individually titrated to
optimal dose, reduced intensity of attacks, and in both
groups 50 percent of patients became pain free.23[III] A
meta-analysis of this study and two other double-blind,

randomized controlled studies evaluating a further 84
patients with refractory trigeminal neuralgia, has been
published in review papers.11[II], 12[II] The daily doses in
the latter two studies ranged from 1050 to 1200mg for
oxcarbazepine and from 700 to 900mg for carbamaze-
pine. The results showed comparable efficacy between
oxcarbazepine and carbamazepine in reducing attacks and
improving sleep and activities in daily living.11[II], 12[II]

Safety

Carbamazepine and oxcarbazepine have similar dose-
dependent adverse effect profiles (see Table 19.2). Gas-
trointestinal (nausea) and central (dizziness, vertigo,
somnolence, fatigue, headache) side effects are common,
but apparently less common and less severe with oxcar-
bazepine.6 Allergic rash is relatively common and includes
Stevens–Johnson syndrome and toxic epidermal necro-
lysis. There is approximately 25 percent allergic cross-
reactivity between carbamazepine and oxcarbazepine.6, 12

Mild hyponatremia is common, while clinically sig-
nificant hyponatremia (o125mmol/L) prompted dis-
continuation of the drug in 1 percent of those started on
oxcarbazepine.24[II] High doses of both drugs can induce
liver enzymes. NNH for all combined adverse effects with
carbamazepine is estimated at 3.7 (95 percent CI 2.4,
7.8).19[I] A 12-month open-label follow-up of 594
patients on oxcarbazepine showed reasonably good tol-
erability with 20 percent withdrawing; serious side effects
were rare and mostly dermatological.24[II]

General comment on oxcarbazepine and carbamazepine

Both of these drugs may be considered as first line
treatment in trigeminal neuralgia and in similar cranial
neuralgias.9[I], 15[I], 16[I] There are no controlled studies
for efficacy in conditions with predominant shooting or
explosive pain that could be speculated to have an Na1

channel-mediated mechanism.

Table 19.1 Commonly used antiepileptic drugs featuring in guidelines for the management of neuropathic pain by three Task Forces.

Drug Dworkin et al.16 Attal et al.9 Moulin et al.15 Comment

Gabapentin 1st line 1st line 1st line

Pregabalin 1st line 1st line 1st line

Lamotrigine 2nd or 3rd line 2nd line 4th line No distinction made

between central and

peripheral NP

Valproate 2nd or 3rd line 2nd line 4th line

Topiramate 2nd or 3rd line Not effective 4th line

Carbamazepine 2nd or 3rd line No recommendation No recommendation Attal et al. question
methodology

Oxcarbazepine 2nd or 3rd line Not effective No recommendation

Specific indications

Carbamazepine for TGN 1st line 1st line 1st line

Oxcarbazepine for TGN NR 1st line No recommendation

NP, neuropathic pain; TEN, trigeminal neuralgia.
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Gabapentin and pregabalin

Gabapentin and pregabalin have very similar pharmaco-
logical profiles. Both exert their effects through to the a2d
type 1 subunits of voltage-dependent calcium channels,
which experimental studies show are up-regulated in
dorsal root ganglia and central terminals of neurones.25, 26,
27, 28 This pharmacological effect results in moderate
decrease in calcium influx and release of neurotransmitters
(glutamate, noradrenaline, and substance P), leading to a
subtle reduction in postsynaptic neuronal hyperexcit-
ability.28, 29 Pregabalin differs from gabapentin because of
its linear pharmacokinetics after oral administration, with
low inter-subject variability.28, 29 This makes dose escala-
tion a more straightforward exercise than with gabapentin.
Pregabalin is administered twice and gabapentin three
times a day. Neither has major interaction with other
drugs, neither is metabolized, and both are excreted
almost exclusively through the kidneys.29

GABAPENTIN

A Cochrane review consisting of publications up to
November 2004 identified 13 randomized controlled trials
(RCTs) in chronic neuropathic pain with sufficient data
to include in the analysis of efficacy of gabapentin.30[I]
There were two studies on PHN, six on DPN, and one

each for mixed neuropathic pain, cancer-related neuro-
pathic pain, phantom limb pain, Guillain–Barré syn-
drome, and spinal cord injury. The overall NNT
calculated from seven studies with binary data available
was 4.3 (95 percent CI 3.5, 5.7) and NNH for minor harm
(side effects not requiring withdrawal) 3.7 (95 percent CI
2.4, 5.4).30[I]

In PHN, two large trials of eight weeks duration, with
334 and 229 participants and gabapentin titrated to a
maximum tolerated dose up to 3600mg/day, showed
gabapentin to be superior to placebo.31[II] Judged on the
Patient Global Impression of Change Scale, 43 percent of
patients on gabapentin and 12 percent on placebo
improved. In another, dose-ranging study, Rice and
Maton32[II] used enriched enrollment with previous
gabapentin nonresponders excluded. Both doses, 1800
and 2400mg/day, reduced daily pain scores more than
placebo (35, 34, and 16 percent, respectively, po0.01).
NNT for Z50 percent pain relief from these two studies
was 3.9 (95 percent CI 3.0, 5.7). Both studies showed
improvement in several secondary efficacy measures
including sleep, mood, fatigue, and some aspects of
quality of life.

The conclusion to be drawn from four placebo-con-
trolled studies, with daily doses ranging from 900 to
3600mg and involving 269 patients in total, is that with
adequate dosing, gabapentin is also effective in painful

Table 19.2 Indications, doses and side effects of antiepileptic drugs effective in the management of chronic pain (headache not included).

Drug Indication Titration phase
(weeks)a

Initial dose (mg/
day)b

Maintenance
dose (mg/day)b

Common adverse effects

Gabapentin PHN 2–4 300 1200–3600 Dizziness, somnolence,

weight gain, peripheral

edema, memory

disturbances, blurred

vision, dry mouth,

constipation

DPN 2–4 300 900–3600

Other peripheral NP 2–4 300–400 1200–2400

Spinal cord injury 4–8 300 1800–3600

Fibromyalgia 2–4 300 1200–2400

CMM 3–6 300 2400–3600

Pregabalin PHN 1 150 150–600 Same as gabapentin

DPN 1–3 75–300 300–600

Spinal cord injury 1–2 150 (150) 300–600

Fibromyalgia 1 150–300 450

Carbamazepine Trigeminal neuralgia o1 300–600 300–1200 Dizziness, somnolence,

fatigue, nausea, rash,

hyponatraemia, headache.

Caveat Drug interactions

Diabetic neuropathy 300–600 200–600

Oxcarbazepine Trigeminal neuralgia 4 150–300 1200–1800 Same as carbamazepine

Diabetic neuropathy 4 300–600 900–1800

Lamotrigine Central pain 8 25 200–400 Rash, dizziness, somnolence,

nausea, headache

Lacosamide DPN 6 100 400 Dizziness, anxiety, nausea

aRefers to the minimum period of time needed to reach a clinically useful dose, as reported in clinical trials. In clinical practice, a slower titration pattern using
lower initial dose is recommended;
bFrom clinical trials. Maximum tolerated dose escalation or maintenance dose may be less.
CMM, chronic masticatory myalgia; DPN, diabetic neuropathy; NP, neuropathic pain; PHN, postherpetic neuralgia.
Dose recommendations have been extrapolated from several clinical trials and case series. In the elderly, slower titration and lower doses are needed.
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diabetic neuropathy.9[I], 16[I] The decisive study was that
of Backonja and coworkers33[II] who demonstrated in
165 patients an adjusted treatment difference between
gabapentin and placebo of –1.2 (95 percent CI –1.9,
–0.6). Patients were titrated up to 3600mg of gabapentin
or maximum tolerated dose; 14/84 on gabapentin and 16/
81 on placebo withdrew. Using a similar study protocol,
Simpson34[II] reported 65 percent of patients on the
active drug to be much or moderately improved as
opposed to 26 percent on placebo, giving an NNT of 1.5
(95 percent CI 2.2, 4.3) Two other studies used lower
doses with variable results.35[III], 36[III] The combined
NNT (50 percent) for effectiveness of gabapentin in dia-
betic neuropathy from all the four studies was 2.9 (95
percent CI 2.2, 4.3); 68 percent of patients receiving
gabapentin experienced improvement as opposed to 18
percent receiving placebo.30[I]

Two small studies have compared gabapentin with
amitriptyline in diabetic neuropathy; neither showed
convincing evidence of superiority of one over the
other.37[III], 38[III]

In a double-blind parallel group eight-week study of
305 patients with mixed neuropathic pain up-titrated to
2400mg/day according to their response, gabapentin was
narrowly better than placebo in reducing daily pain by a
mean of 1.5 (on a 0–10 scale) compared to 1.0 achieved
on placebo.39[II] The treatment difference of 0.5 is among
the lowest reported in neuropathic pain and no effect was
seen on allodynia, hyperalgesia, or shooting/burning
pain.39[II] Two small studies suggest a rapid onset effect
in hospitalized patients with Guillain–Barré syndrome
and neuropathic cancer pain.40[III], 41[III]

Since the Cochrane review, several studies have
appeared that have explored the potential of wider use of
gabapentin. In a unique placebo-controlled double-blind,
four-period, cross-over comparative study, 57 patients
with either PHN (n= 22) or painful diabetic polyneuro-
pathy (n= 35) were randomized to either gabapentin,
morphine, combination of the two, or active placebo
(lorazepam).42[II] Each treatment arm lasted five weeks
and drugs were up-titrated to maximum tolerated dose.
The gabapentin–morphine combination (mean max-
imum tolerated doses: gabapentin 1705� 83mg, mor-
phine 34.4� 2.6mg) was more effective in controlling
pain than was morphine alone (mean maximum tolerated
dose 45.3� 3.9mg) or gabapentin alone (mean max-
imum tolerated dose 2207� 89mg), and all treatments
were significantly better than placebo. During the com-
bination phase, patients reported more constipation than
during gabapentin alone, and more dry mouth than
during morphine alone.42[II]

No significant difference was seen from gabapentin in
several small studies of complex regional pain syndrome
type I (58 patients),43[III], HIV neuropathy, 44[III], and
chemotherapy-induced pain,45[III] whereas there was a
marginal improvement after six weeks of therapy in
phantom limb pain.46[III]

Gabapentin was reported to be astonishingly effective
in a double-blind, placebo-controlled cross-over trial of
20 patients with tetraplegia due to spinal cord injury.47

[III] A highly significant (p= 0.000) treatment difference
in favor of gabapentin of –4.3 was reported at the end of
each eight weeks arm. Gabapentin was titrated to max-
imum tolerated dose, and in this group of relatively
young patients (mean age 39) the mean was
2850� 750mg. Several types of the pain reported on the
Neuropathic Pain Scale improved, as did sleep and
disability.

Other pain conditions

Single studies have been published in musculoskeletal
pain and headache (for the latter, see Chapter 34, Head-
ache). Fifty patients with orofacial pain due to myalgia of
the masticatory muscles benefited from high-dose gaba-
pentin (mean 3400mg/day) reporting an improvement in
pain and tenderness which continued after dosing had
peaked.48[II] Pain was reduced by 52 percent in the
gabapentin group versus 19 percent in the placebo group.

Another controlled trial was conducted to assess the
efficacy of gabapentin in fibromyalgia.49[II] Seventy-five
patients were randomized to a flexible dose of gabapentin
1200–2400mg/day, or placebo. Pain severity measured on
the 11-point Brief Pain Inventory Likert subscale was
greater in those on gabapentin versus those on placebo,
with an adjusted treatment difference after 12 weeks of
treatment (95 percent CI –1.75, –0.71). Improvement was
seen in scales measuring sleep disturbance, impact of
fibromyalgia, and mood, but there was no reduction in
the number of tender spots. The results are similar to
those obtained in a clinical trial of pregabalin in this
condition.50[II]

A bewildering number of open label studies exploring
the clinical usefulness of gabapentin in numerous con-
ditions have been published. They are too numerous to be
reviewed here. Sadly, despite recognition that gabapentin
is prescribed in conditions with a poor prognosis for
recovery, long-term, prospective, open label studies are
few and far between.

PREGABALIN

The first RCT on the effect of pregabalin in chronic pain
was published in 2003, and in the following four years
results from 11 such trials were published. Eight reports
dealt with diabetic polyneuropathy and/or PHN, two with
central pain, and one fibromyalgia. In addition, reports
on the usefulness of pregabalin as a perioperative adjunct
medication to reduce postoperative pain have started to
emerge. In 7 out of 11 chronic pain studies an enriched
enrollment method was used, in the sense that the
patients who previously had not responded to a moderate
dose of gabapentin (1200mg/day) were excluded. Two
studies specifically stated that all patients with previous
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exposure to gabapentin were included (gabapentin had to
be withdrawn seven days before the trial).51[II], 52[II]

Postherpetic neuralgia

Three fixed dose parallel-group studies with a similar
design show superiority of pregabalin to placebo.53[II], 54

[II], 55[II] The duration of the trial ranged from 8 to 13
weeks, including a one-week titration phase. Stable pre-
vious medications (including opioids, antiepileptic, and
antidepressant drugs) were permitted and the primary
outcome measure was change in pain at the end of the
study, with sleep, mood, and quality of life as secondary
outcome measures. Allodynia was not systematically
assessed. In the first study, the dose was forced titrated to
600mg/day (with one third remaining on 300mg/day due
to low creatinine clearance). Reduction in mean pain
scores rated at baseline and at end point over seven days
(primary efficacy measure) was significantly greater in the
pregabalin than placebo group (po0.001; mean treatment
difference –1.69 (95 percent CI –2.33, –1.05). Of the
secondary outcome measures, sleep and mood improved
but quality of life did not (apart from general health
perception and, inevitably, bodily pain).53[II] In the sec-
ond multicenter trial of eight weeks duration, 238
patients were randomized either to receive pregabalin
150mg day, 300mg/day, or placebo. Pregabalin was well
tolerated at these lower doses. The reduction in daily pain
was significantly greater than placebo in both the 150mg/
day group (mean difference –1.20 (95 percent CI 11.81,
–0.58)) and 300mg/day group (mean difference –1.57 (95
percent CI –2.20, –0.95). Sleep and mood but not quality
of life also improved significantly.54[II]

In the third study, 370 patients with PHN were ran-
domized to receive either placebo or three doses of
pregabalin: 150, 300, and 600mg/day, in a 13-week trial
(including a one-week titration phase).55[II] 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
600mg/day group. Sleep improved in all active drug
groups more than in the placebo group. Patients in the
150 and 600mg/day group, but not 300mg/day, reported
global improvement more than those receiving placebo.

Painful peripheral diabetic neuropathy

Five randomized, placebo-controlled, parallel group trials
on painful DPN involving 1463 patients in total were
reported between 2004 and 2007. In four of them,
multiple doses were used ranging from 75 to 600mg/day.
No concomitant neuropathic pain medications were
permitted. In one study a group with flexible dosing of
150–600mg/day was included. The titration period varied
from one to three weeks. The shortest maintenance per-
iod was four weeks, the longest 11 weeks.56[II], 57[II] In
another study both patients with DPN and PHN were
included, with similar results reported between groups
and presented as a single group.51[II]

Of the tested doses, 600mg/day reduced pain in all
four studies. The mean treatment difference (from pla-
cebo) on the visual analog scale (VAS) scale of 0–10
ranged from –1.45 (–2.1, –0.9) to –0.97 (–1.6, –0.3).
NNT for 50 percent pain relief ranged from 3.3 to 6.3.
Superior efficacy of a lower dose of 300mg/day over
placebo was found in two of three studies.56[II], 58[II] At
this dose, treatment differences to placebo ranged from
–1.5 (–2.2, –0.9) to –0.1 (–0.7, 0.5) and NNT 50 percent
from 2.8 to 23. In the two studies that included a group
assigned to a fixed dose regimen of 150mg/day, no benefit
was shown over placebo in regard to pain, sleep, or global
impression of change.59[II], 57[II] Freynhagen et al.51[II]
showed that only 11 percent of patients in the flexible
dosing group remained at 150mg/day; also, in that group
the average dose was 372mg/day and therefore those on
the lowest dose will not have dictated the favorable
response. The conclusion will have to be that for an
adequate clinical response in diabetic neuropathy one
needs to aim at a daily dose of 300mg or higher.

Central pain

Two randomized, placebo-controlled, flexible dose
(150–600mg) trials show that pregabalin has an analgesic
effect in central pain.60[II], 52[II] In 137 patients with
incomplete and complete lesions and central pain, the
treatment difference between pregabalin (at an average
dose of 460mg/day) and placebo was 1.79 (95 percent CI
0.9, 2.7).60[II] The effect was seen for the first week and
did not seem to diminish over the duration of the study
(12 weeks). NNT 30 percent was 3.9 and NNT 50 percent
7.1.60[II] In a study based on a similar design, 40 patients
with supraspinal or intraspinal lesions, a similar large
treatment difference was found: end point pain relief at
four weeks was 2.1 (0.57–3.80) on a 0–10 scale.52[II]
While NNT 50 percent was reported to be 4.0 (95 percent
CI: 2.0, 328) and NNT 30 percent 3.3 (95 percent CI: 1.9,
14.3), it is important to acknowledge the presence of large
confidence intervals due to the small number of patients
enrolled. Both studies showed significant improvement in
sleep, anxiety, and some aspects of quality of life. Inter-
estingly, in these studies pregabalin seemed better toler-
ated than in other studies, possibly reflecting the flexible
dosing pattern the investigators had adopted, and the
lower age of participants.

Fibromyalgia

A single dose ranging multicenter controlled trial invol-
ving 530 patients with fibromyalgia showed that prega-
balin as monotherapy at a dose of 450mg/day improved
pain, sleep, and fatigue, whereas lower doses (300 or
150mg/day) did not.50[II] In the 450mg/day group,
tender spots also became less sensitive although the sig-
nificance was borderline. However, at the last eight week
visit, those who were still in the trial failed to demonstrate
significant improvement over placebo, irrespective of the
dose they received. Because the study was not designed to
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last longer than eight weeks it is not known if this effect is
explained by a loss of analgesic effect of pregabalin over
time in this patient population, or some other mechan-
ism. Side effects were very similar to those in other
studies.50[II]

General comments on pregabalin and gabapentin

Systematic reviews and meta-analysis have confirmed the
efficacy of both drugs in neuropathic pain, including
central pain.9[I], 15[I], 16[I], 30[I] Emerging evidence
suggests an effect superior to placebo in some non-
neuropathic pain conditions.48, 49, 50 There is little differ-
ence to be found between the two drugs, either in
indications, contraindications, efficacy, tolerability, or
drug interactions (Tables 19.2 and 19.3). The arguably
more straightforward pharmacokinetics of pregabalin
offers some benefits but with a patient who will need
individual titration anyway, this may not be decisive. The
relative safety and lack of interactions are properties that
justify choosing either pregabalin or gabapentin as a first-
line treatment in neuropathic pain, with good potential to
be used in combination therapy if needed (Table 19.1).

Safety

The pharmacological similarity of pregabalin and gaba-
pentin is confirmed in the frequency of adverse events
reported across most clinical trials. Withdrawals range
from one-third to one-fifth. The most commonly repor-
ted side effects include dizziness, somnolence, peripheral
edema, weight gain, vertigo, asthenia, blurred vision, dry
mouth, and constipation (see Table 19.2). NNH is
reported at 2.5 (95 percent CI 2.0, 3.2).19[I] Cognitive
problems are highlighted ranging from memory dis-
turbance to confusion. Balance problems are frequent,
and the tendency to injury reported in some studies.56, 59

Dose reduction, albeit leading to reduced efficacy, should
be considered, especially in the elderly with PHN. NNTs
of 5.3–6.3 for 150mg/day and 5.3–5.3 for 300mg/day of
pregabalin suggest that there still may be a reasonable
response,54[II], 55[II] and consideration should only be
given to higher doses when tolerability is good.9[I]

TOPIRAMATE

Topiramate is a broad-spectrum AED with multiple
pharmacological actions, making it a potentially effective
antinociceptive agent. It inhibits voltage-gated sodium
and calcium type L-channels, inhibits neurotransmission
at the AMPA/kainite receptor, enhances GABA-mediated
inhibition and activates potassium conductance.61 It is a
weak carbonic anhydrase inhibitor which explains its
propensity to cause paresthesias. Its use is shown to lead
to weight loss in approximately 25–75 percent of those
taking it for long periods, and it may therefore correct
some weight-related metabolic abnormalities.61, 62 Over
the years it has shown most potential in headache

prophylaxis, which is discussed elsewhere in Chapter 34,
Headache.

Neuropathic pain

Four moderate size and large RCTs have been conducted
in diabetic neuropathy. Three of these were identical in
design and published as one paper in 2004.62[II] In total,
1259 patients were randomized to 100, 200 and 400mg of
topiramate or placebo; the duration of each trial arm was
18–22 weeks with the titration phase lasting eight weeks.
No dose provided any benefit over placebo either for pain
relief, sleep, mood, or quality of life. The fourth placebo-
controlled trial of 323 patients differed in its approach in
details of pain assessment and rating, but otherwise
employed the same study design as the three other stu-
dies. A high dose of 400mg/day of topiramate was shown
to reduce pain more than placebo.63[II] However, at that
dose the drop-out rates were very high, nearly 48 percent
in the topiramate group (some 25 percent withdrew due
to side effects) and 27 percent in the placebo group, much
higher than in the three large negative trials. The NNT 30
percent was 6.3. Poor tolerability, the requirement of a
long titration phase, and limited efficacy make this drug a
poor contender in painful DPN and should only be
considered after adequate trials of other drugs with a
more promising profile.15[I] A small study with 27
patients suffering from chronic radicular pain also nar-
rowly failed to show benefit and the authors did not
recommend its use in this indication except in exceptional
cases.64[II]

Other pain conditions

Muehlbacher et al.65[II] carried out a double-blind study
on the effect of topiramate 300mg/day in chronic low
back patients with moderate levels of pain and disability.
Up-titration was conducted over five weeks to a daily dose
of 300mg of topiramate or placebo, which was main-
tained for a further five weeks. There were 48 assessable
patients in each group. Topiramate was modestly superior
to placebo as measured using the Pain Rating Scale from
McGill Pain Questionnaire, Oswestry Disability Index,
and SF-36. As an interesting observation, anger reduction
was also greater in the topiramate group. Topiramate was
used as an add-on medication and the authors did not
declare whether there were dose changes in the ongoing
medication and did not discuss what other treatments the
patients were receiving (e.g. physiotherapy).65[II] Given
the almost complete lack of pharmacotherapy available
for patients with chronic low back pain who have failed to
benefit from conventional analgesics, these results are
encouraging enough to warrant larger, decisive studies.

Safety

Of all AED used for chronic pain, topiramate probably has
the poorest adverse effect record. CNS effects are common
and include dizziness, impaired concentration, confusion,
fatigue, and speech disturbances. Kidney stone formation
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Table 19.3 Efficacy of antiepileptic drugs based on randomized controlled trials.

Condition Gabapentin Pregabalin Carbamazepine Oxcarbazepine Lamotrigine Topiramate Lacosamide Valproate/
divalproex

Peripheral neuropathic pain

DPN Effective [I]

NNT 2.9

Effective [I]

NNT 3.9

Effective [I]

NNT 2.3

Conflicting

evidence [I]

Not effective [I] Conflicting

evidence [II]

Effective [II] Conflicting [II]

PHN Effective [I]

NNT 4.9

Effective [I]

NNT 4.4

Not effective [II] Effective [III]

NNT 2.1

CRPS Not effective [II]

Guillain–Barré Effective [II]

Syndrome

Radiculopathy Not effective [II]

Cancer-related

NP

Effective [II]

Mixed NP Effective [II]

NNT 14

Trigeminal

neuralgia

Effective [I]

NNT 1.8

Effective [I] Effective [III]

Central pain

Spinal cord injury Effective [II] Effective [II]

NNT 7.1

In subgroup

effective [III]

CPSP Possibly effective

[III]

Effective [II]

Phantom limb

pain

Effective [III]

Other

Effective [II]

SUNCT Possibly effective

[V]

Possibly effective

[V]

Fibromyalgia Effective [II] Effective [II]

NNT 6.3

Masticatory

myalgia

Effective [II]

NNT 3.4

Low back pain Effective [III]



occurs in approximately 2 percent on topiramate, reflect-
ing changes in urine pH as a result of inhibition of car-
bonic anhydrase.66, 67 Paresthesias in hands and feet and
around the mouth occur commonly, in approximately 50
percent.65, 67 A significant percentage on topiramate will
experience some weight loss with a mean loss of up to 4–6
percent of body weight in those on 200–300mg/day.65, 67

Dose effects are dose dependent and a lesser problem,
especially if a slow up-titration is used to reach a low
maintenance level, such as the 100mg/day commonly used
in migraine prophylaxis.68[I] NNHs for separate adverse
effects were calculated by Chronicle and Mulleners68[I] to
be 2.4 (95 percent CI 21, 27) for tremor and paresthesia,
11.1 (95 percent CI 8.3, 16.6) for weight loss, and 1.6 (95
percent CI 11.2, 32.4) for memory impairment.

Comment

While topiramate appears to be effective in migraine
prophylaxis (see Chapter 34, Headache), its role in neu-
ropathic pain appears very limited. Preliminary evidence
suggests some efficacy in chronic low back pain but its
true value in this refractory condition remains to be
determined.

LAMOTRIGINE

Lamotrigine blocks activation of voltage-sensitive sodium
channels and inhibits presynaptic release of glutamate.61

Early studies suggested efficacy in diabetic neuropathy69

[II] and human immunodeficiency virus (HIV)-related
painful sensory neuropathy70[II] but subsequent large
RCTs have yielded less promising results.

A Cochrane review up to August 200671[I] consisted of
seven studies; two on central pain (one in central post-
stroke pain72[II] and one in spinal cord injury pain,73[II],
two in HIV-associated neuropathy,70[II], 74[II] and one
each in trigeminal neuralgia75[II] diabetic neuropathy,69

[II] and nonspecific neuropathic pain.76[II] The
Cochrane reviewers concurred with the interpretation of
the authors of the original reports in five cases and dis-
agreed in two.69[II], 75[I] In central poststroke pain, 30
patients randomized to lamotrigine 200mg/day or pla-
cebo for eight weeks with ten crossed over to the active
arm of the trial after a two-week washout reported a
reduction in median pain score of approximately 30
percent in comparison with placebo.72[II] In another
cross-over study by the Danish group, 30 patients with
spinal cord injury pain were randomized to lamotrigine
400mg/day or placebo; each arm lasted for nine weeks
with a two-week washout.73[II] No group-wise differences
were found in any efficacy parameter; however subgroup
analysis showed modest improvement in those with
incomplete lesions and presence of allodynia. In HIV-
related polyneuropathy, a subgroup of those on anti-
retroviral therapies (88 patients out of the original 205
randomized) reported marginally greater pain relief on

lamotrigine (400mg/day) than placebo. Those not on
antiretrovirals experienced no benefit, possibly reflecting
the role of treatment-induced neuropathy.74[II] In a small
cross-over study involving 14 patients with refractory
trigeminal neuralgia, lamotrigine 400mg/day was more
effective than placebo based on the Composite Efficacy
Index, which combined the intensity and frequency of
paroxysms. In global evaluation, 7/13 on lamotrigine and
1/14 on placebo reported an improvement.75[II] In
nonspecific neuropathic pain, lamotrigine 200mg/day
was no better than placebo.76[II] Evidence from several
case series suggests efficacy in SUNCT but controlled
trials are lacking.77[I]

In two replicate randomized placebo-controlled trials
of a total of 720 patients with painful diabetic neuropathy,
lamotrigine at doses of 200 or 300mg/day was ineffective,
with the higher dose of 400mg/day showing efficacy in
one study only.78[II] Another study evaluated the efficacy
of lamotrigine up to 400mg/day in 213 patients with
common painful neuropathies and found no difference
compared to placebo.79[II] Only three patients had
central pain, with no separate analysis for this subgroup.

Safety

Side effects associated with lamotrigine are dose depen-
dent and similar to side effects reported with other CNS
drugs: dizziness, somnolence, fatigue, nausea, and head-
ache. In the three large trials quoted above78, 79 the
withdrawal percentages due to adverse effects in those on
400mg/day of lamotrigine ranged from 17 to 24. Inter-
estingly, cognitive disturbances were relatively rare. The
main concern with lamotrigine is its potential for severe
rash (including Stevens–Johnson syndrome and toxic
epidermal necrolysis) which are best avoided by very slow
up-titration.80 The risk of any rash is about 5 percent.80, 81

The drug should be discontinued at the appearance of a
rash, however mild. It has been suggested that after dis-
continuation, lamotrigine may be reintroduced using a
very slow dose escalation regimen.82 When fever, lym-
phadenopathia, and other systemic involvement are
associated with rash, the patient may have anticonvulsant
hypersensitivity syndrome which will require prompt and
aggressive treatment. The risk for this very serious
condition is calculated at 2.5 per 10,000 new users.80

Comment

Converging evidence suggests that the effect of lamo-
trigine in neuropathic pain of peripheral origin has lim-
ited efficacy. The question of its efficacy in trigeminal
neuralgia, SUNCT, and central pain, all conditions in
which pathophysiological mechanisms appear different
from peripheral neuropathic pains, remains open.
Sodium channel blockade in these conditions may be
advantageous,4 and because there is a paucity of sodium
channel blockers available to the clinician, lamotrigine
may still be considered in refractory cases not responding
to first line therapy.9[I], 16[I]
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SODIUM VALPROATE AND DIVALPROEX

Sodium valproate and divalproex (a combination of
sodium valproate and valproic acid in a molar ratio of 1:1)
were reported to be effective in painful diabetic neuropathy
in two small studies from a single center.83[II], 84[II]
Valproate at a dose of 1200 or 1000mg/day was compared
with placebo for one and three months, respectively. Sig-
nificant improvement was claimed with a combined NNT
for moderate or better pain relief of 1.5 (95 percent CI 1.2,
2.2).9[I] However, one must raise concerns regarding
methodology, especially as the nature of randomization,
blinding, and statistical analyses used in these studies were
inadequately described. Moreover, in another small pla-
cebo-controlled cross-over study of 37 patients with
polyneuropathy, mostly diabetic, valproate showed no
benefit.85[II] Unusually, a placebo response was minimal
or lacking in all these trials.83[II], 85[II] All were probably
underpowered to detect a genuine difference. A further
small controlled study conducted in 42 patients with PHN
randomized to valproic acid (1000mg/day) or placebo was
positive in favor of the former, with an NNT of 2.1 (95
percent CI 1.4, 4.2) but no corroborative studies have been
published.86[II] While inconsistent results from these small
studies prevent firm conclusions, some guidelines do
recommend sodium valproate as second, third, or fourth
line option for the management of neuropathic pain of
peripheral origin.9[I], 15[I], 16[I]

Safety

Common side effects reported in the above studies and
long-term randomized follow-up studies in patients with
epilepsy include tremor, dizziness, drowsiness, weight
gain, nausea, and hair loss.81[II], 83[II], 84[II], 85[III]
NNHs for nausea was calculated by a Cochrane review to
be 7.0 (95 percent CI 5.1, 7.0).68[I] The same for tremor
was 12.5 (9.0, 20.9) and dizziness 16.3 (95 percent CI 9.5,
57.9).68[I] The two most notorious yet rare problems
associated with valproate are its known potential
hepatotoxic and teratogenic effects.67

LACOSAMIDE

A single randomized placebo-controlled trial of 119
patients with diabetic neuropathy showed superiority of
lacosamide, a third generation novel AED, over placebo.87

[II] Adverse effects were mostly mild or moderate with
CNS-related effects (dizziness, nausea, and anxiety) more
common with lacosamide. Despite borderline efficacy, its
relative tolerability associated with probably a novel mode
of action, justifies larger trials.

OTHER ANTIEPILEPTIC DRUGS

Several small case series are reported in which most of the
second and third generation antiepileptic drugs have been

used in various chronic pain conditions, usually neuro-
pathic pain and/or headache. The results are mostly dis-
appointing and the few that claim efficacy are far from
convincing. Some clearly negative results from large trials
involving antiepileptic drugs remain unpublished. The
clinician should therefore resist the temptation to try just
another drug from this class when others have failed;
many old and new AEDs require good understanding of
their pharmacological properties and attention to detail if
they are to be used safely.

ANTIARRHYTHMICS

Local anesthetic drugs administered systemically do not
seem to alter the threshold for pain perception in healthy
subjects.88, 89 However, once various pathophysiological
mechanisms have activated and hyperalgesia has devel-
oped, systemic lidocaine and mexiletine are effective in
interrupting abnormal discharges and associated neuro-
pathic sensory symptoms.89, 90, 91 The sites of action are
multiple, with inhibition of ectopic activity shown at the
neuroma, dorsal root ganglia, dorsal horn, rostroven-
tromedial medulla, and the periaqueductal gray.91, 92, 93,
94, 95 All local anesthetic-like drugs are nonspecific
blockers of Na1 channels making them better suited for
topical than systemic therapy. Following injury, time-
dependent changes in the expression and function of
sodium channels occur throughout the nervous system
and are likely to play a significant role in the generation of
neuropathic pain and possibly in other forms of chronic
pain.91 Many sodium channel isoforms have been iden-
tified, and at present Nav1.3, Nav1.7, Nav1.8, and Nav1.9
have attracted most interest. However, by 2007, no spe-
cific antagonist was available for clinical use.

In a systematic review, published in 2005, systemic
lidocaine and its oral analogs, mexiletine and tocainide –
the latter no longer in use – were shown to be consistently
better than placebo in alleviating neuropathic pain.96[I]
In 11 trials with sufficient data available, doses of intra-
venous lidocaine ranged from 1 to 5mg/kg and duration
of infusion from 30 to 120 minutes (in one study a bolus
injection only was given).97[II] For the meta-analysis
there were data from a total of 187 patients who received
lidocaine and 186 who received saline.96[I] Lidocaine was
superior to placebo in reducing ongoing pain levels with a
weighted mean difference calculated (using VAS of 0–100)
at –11 (95 percent CI: –15, –7), and NNT 30 percent
about 4. The effect was present at the end of the infusion
and frequently continued for hours and in one study three
days following the infusion. In a subsequent small trial of
15 patients with painful diabetic neuropathy randomized
to receive 5 and 7.5mg/kg, the effect was present at 14
days.98[II] Another well-controlled dose ranging study
confirmed the postinfusion effect of lidocaine but only
when a dose of 5mg/kg was used.99[II]
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In a meta-analysis of 184 patients on mexiletine and
193 on placebo, the weighted mean difference was 11 (95
percent CI 16, –6) in favor of mexiletine.96[I] Compar-
ison of mexiletine and lidocaine with other neuropathic
analgesics showed no difference in five small studies.96[I]
Although the adverse effect profile in these studies was
not particularly exceptional, the situation appears differ-
ent in the clinic. Because of the small effect size, mex-
iletine does not seriously feature as a candidate in
neuropathic pain.9[I] Topical lidocaine is discussed else-
where in this book (see Chapter 17, Topical analgesics for
neuropathic pain).
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KEY LEARNING POINTS

� Although spinal stimulation has been in existence for

40 years, the lack of suitable controls (patient,

electrical, paresthesia, sensation) has hampered the

performance of randomized trials.
� The mechanism of action of neurological stimulation

appears to include gate control systems at the spinal

level, as well as changes in neurotransmitter modulation

of neural function.
� Technological advances in stimulation leads and battery

power sources have made virtually any neurological site

a potential target for neuromodulation.

� Spinal stimulation for the multiple operated

back and radicular pain has been buoyed by a

recent key randomized trial comparing stimulation to

reoperation. Likewise, spinal stimulation for

intractable angina pectoris is best supported by

published trials.
� Due to the difficulty with sham controls, and

resulting evidential problems, interventional pain

physicians should develop best practice approaches to

safety to limit adverse events from implantation of

these devices.

INTRODUCTION

Spinal cord stimulation (SCS) is a treatment that was first
described in the late1960s by Shealy et al.,1 but has
undergone significant technological improvement, and is
being applied to an increasingly larger scope of potential
neural targets. SCS is currently used in failed back surgery
syndrome with predominately neuropathic extremity
pain, an emerging capability to better target low back
pain,2[III] some ischemic cardiac and peripheral vascular
conditions, complex regional pain syndromes, some
peripheral polyneuropathies and mononeuropathies,
advanced postherpetic neuralgia, phantom pain syn-
dromes, and several other neuropathic pain states. Recent

advances in the technology and extensive research have
broadened the clinical indications to include other syn-
dromes that are not neuropathic/ischemic pain states in
the conventional sense, e.g. visceral pain. Peripheral nerve
stimulation utilization has also increased substantially,
with indications including sacral stimulation for urge
incontinence and interstitial cystitis, occipital stimulation
for occipital head pain, supraorbital and infraorbital
nerve stimulation (postherpetic neuralgia), and other
peripheral upper and lower extremity nerves. In some
cases, where discrete nerve targets are not easily identifi-
able, the use of peripheral field stimulation has become
popular. Peripheral field stimulation has been utilized
for ilioinguinal neuralgia and other abdominal regions,



intercostal neuralgia and trunk pain syndromes, and
many other conditions. The use of deep brain stimulation
has reemerged for a variety of syndromes, as well as motor
cortex stimulation for chronic facial pain and some
deafferentation syndromes. One of the main problems
plaguing stimulation therapies to date has been the lack of
randomized controlled trials. Deyo and colleagues3 dis-
cussed the problem of difficulty in blinding participants
in a research trial when physical treatments are being
used. They surveyed participants after attempting to
produce sham transcutaneous electrical nerve stimulation
(TENS) to evaluate efficacy of blinding. The authors
noted that their efforts were only partially effective, in
spite of attempts to replicate controllable aspects of the
sights and sounds of real TENS.3 Motor cortex stimula-
tion may offer some advantage for the ability to perform
randomized controlled trials in this respect, as this
physical treatment does not have a perceived paresthesia.

MECHANISM OF ACTION

The gate control theory4 was originally thought to be the
major mechanism of pain relief afforded by spinal cord
dorsal column stimulation. Thus, large afferent fibers
were thought to functionally close the gate to small dia-
meter myelinated and unmyelinated fiber pain input. The
gate control theory is probably inadequate to explain the
mechanism of action of spinal stimulation as a sole
theory. Experimental evidence suggests that altered neu-
rochemical transmitter pools, conduction block of
ascending pain transmission, activation of descending
pain inhibiting neural tracts, supraspinal gating activity,
and potentially other mechanisms are operative as well
(Figure 20.1).5

Neurotransmitter effects

In rat models of neuropathic pain, the intrathecal
administration of the gamma aminobutyric acid b
(GABA-b) agonist baclofen will change spinal stimulation
nonresponding rats to responders. Likewise, a GABA-b
antagonist will reverse the effect.6 Purinergic mechanisms
appear to be operative in SCS induced analgesia and
adenosine-A receptor agonists potentiate the effect of
spinal stimulation in nonresponder rats. Interestingly, it
appears that adenosine is synergistic with baclofen in
these mononeuropathic animals.7 These animal studies
led to pilot data in humans that further suggest that these
neurotransmitter systems and others (e.g. a-adrenergic
activation) are important in SCS function. Intrathecal
clonidine has been extensively studied for safety, and its
use in cancer neuropathic pain states via the epidural
route is Food and Drug Administration (FDA) approved.
In addition, current consensus guidelines suggest that it is
an effective agent when used as an intrathecal adjunct for

a variety of neuropathic pain states. Schechtmann and
colleagues8 studied the addition of clonidine at small
(1–20 mg) subeffective doses in nerve-injured animals in
which SCS failed to suppress tactile hypersensitivity. The
combination of clonidine and SCS in these animals was
synergistic and effectively decreased the hypersensitivity.
In a nerve ligation model of neuropathic pain, depolar-
ization-induced acetylcholine release was enhanced by
clonidine only in nerve-injured animals, but not in the
control animals. This implies that clonidine-induced
acetylcholine release is important in analgesia, but first
requires depolarization.9 Animal data led to a human
study that examined the role of baclofen or adenosine
phosphate as an adjunct to spinal stimulation. Forty-eight
patients with peripheral neuropathic pain unresponsive to
spinal stimulation were recruited, of whom 28 responded
to drug bolus. Seven patients ultimately had both intra-
thecal pumps and spinal stimulators implanted, of whom
five patients kept both systems. These patients had a
decrease in pain on visual analog scale (VAS) from 82 to
33.10 In an ischemia-induced sciatic nerve injury model,
both gabapentin and pregabalin were able to suppress
tactile allodynia when both the drug and SCS were uti-
lized in subtherapeutic doses.11 Importantly, these animal
and human studies may lead to randomized trials
whereby adjuvant pharmacotherapy is coincidentally
applied to patients being treated with spinal stimulation.5
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Figure 20.1 Noxious afferent pain pathways utilize excitatory

amino acids (EAA) and peptides, e.g. substance P (SP), to signal

local interneurons and centrally projecting pathways. Spinal cord

stimulation may modulate pain projection by promoting the

available balance of inhibitory neurotransmitters, including

gamma aminobutyric acid-b (GABA-b), adenosine, and others.

Additional mechanisms of stimulation analgesia might include

conduction blockade of spinothalamic central projections, and/or

descending modulation of tracts utilizing noradrenaline (NE) and

5-hydroxytryptamine (5-HT). Redrawn with permission from

Meyerson BA, Linderoth B. Mechanisms of spinal cord

stimulation in neuropathic pain. Neurological Research. 2000;
22: 285–92.
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Supraspinal mechanisms

Saadè et al.12 examined a potential role for a supraspinal
gating mechanism by transecting the spinal cord dorsal
columns, both above and below the level of stimulation
electrode placement in rats. When the dorsal columns
were transected above the electrode, the effects on phasic
and tonic pain were abolished. When the spinal dorsal
columns were transected below the level of stimulation,
there was preservation of stimulation-induced analgesia.

Descending modulation

Stiller and colleagues13 examined the role of spinal sti-
mulation on neurotransmitter release in the periaqua-
ductal gray (PAG) area in freely moving rats. Ongoing
stimulation resulted in a decrease of PAG release of
GABA. As GABA is an inhibitory neurotransmitter in the
PAG, this effect may facilitate descending nociceptive
inhibitory pathways.

Ascending tract conduction block

Spinal stimulation may produce a conduction blockade of
ascending (e.g. spinothalamic) tract input. Studies indi-
cate that lesioning of the fasciculus gracilus at T10 via
midline myelotomy will abolish visceral pelvic pain from
cancer.14 Furthermore, visceral nociceptive activity may
preferentially utilize fasciculus gracilus dorsal column
pathways that project to the ventral posterolateral thala-
mus instead of the spinothalamic tracts.15 Case series of
spinal stimulation for patients with visceral pelvic pain
have shown some efficacy.16

TECHNICAL CONSIDERATIONS

Modern stimulation electrodes are either ‘‘paddle’’-type
laminectomy electrodes or cylindrical percutaneously
placed electrodes. The spacing between each contact
varies from 1 to 10mm, depending on the application.
Spinal stimulation requires depolarization of a target
neuron (making the neuron positively charged) which is
done by activating a negatively charged electrode (cath-
ode). Positively charged electrodes hyperpolarize the
neuron, limiting propagation of action potentials.
Therefore, the cathode is the stimulus site for active
neuronal targeting and the resultant electrical field is
conformed or limited by the anodal effects.17 As most
electrodes are placed epidurally, the conductivity of var-
ious substances in the anatomical vicinity are important
in determining the extent of electrical field propagation.
Within the spinal cord itself, longitudinally arrayed white
matter tracts are most conductive, while fat within the
epidural space is not very conductive. Vertebral bone is

least conductive of all, and cerebrospinal fluid is most
conductive (see Table 20.1). The conductivity of cere-
brospinal fluid can become important in those cases
where accidental dural puncture has occurred, as stimu-
lation occurs at significantly lower amplitudes, and may
propagate paresthesias to larger areas. The goals of SCS
are to stimulate midline sensory fibers electrically without
stimulating the more lateral nerve roots, which may cause
abdominal cramping or other irritating sensations.
Depending on the anatomical location in the spine, the
distance between the electrode(s) and the spinal cord can
vary significantly. The thickness of the area between the
electrode and the cord (the dCSF) is maximal in the mid-
thoracic spine, and this has implications for the occur-
rence of some variable postural effects of stimulation for
patients. Thus, in some patients, simply flexing or
extending the torso can create stimulation that is either
imperceptible or painful (see Figure 20.1).18 Oakley and
Prager17 describe the concepts of ‘‘perception threshold’’
(the point at which the patient first detects the par-
esthesia), and ‘‘discomfort threshold’’ (the point at which
the paresthesia is uncomfortable). The area between these
thresholds is then called the ‘‘usage range.’’ Power con-
sumption increases with increasing dCSF, which has
implications for recharging frequency and pulse generator
longevity.

Computer models

Holsheimer et al.19 have performed computer modelling
of electrode designs and suggested that optimal lead
configuration is a transverse tripole with a central cathode
with longer lateral anodes separated by 2.5–3mm. A
narrow bipole or tripole is optimal for dorsal column
stimulation (Figures 20.2 and 20.3), as this keeps the
stimulation over the posterior spinal cord better with
anodal effects forcing the stimulus to penetrate more over
the physiological midline. Many of the leads with large
intercontact distances lead to dorsal root stimulation first,
as the anode is not close enough to the cathode to exert

Table 20.1 Conductivity of intraspinal elements.

Tissue Conductivity

Gray matter 0.23

White matter

Longitudinal 0.6

Transverse 0.08

Cerebrospinal fluid 1.7

Epidural fat 0.04

Dura mater 0.03

Vertebral bone 0.02

Electrode insulation 0.002

Reprinted with permission from Oakley JC, Prager JP. Spinal cord stimu-
lation. Mechanisms of action. Spine. 2002; 27: 2574–83.
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any significant shaping of the vertical or horizontal extent
of the electrical field. The threshold for dorsal column to
dorsal root stimulation will increase, the greater the dis-
tance between the lead and the spinal cord. The highest
threshold occurs at T4-T7 (Figure 20.4).19 Optimization
of the usage range (avoiding nerve root stimulation) often
requires anodal guarding, which will establish field
boundaries around the primary stimulating cathode, and
produce more penetration of the dorsal spinal cord in a
longitudinal guarded cathode. A transversely oriented
guarded cathode (which may require using adjacent
parallel leads) with a central cathode and flanking anodes
as envisioned by Holsheimer et al.19 allows for greater
paresthesia steering to better cover the ‘‘sweet spot.’’

PROGRAMMING

The concept of multiple electrodes placed in parallel has
become popular with many authors (Figure 20.5),20

although others have suggested that a single electrode at
the physiologic midline is not inferior to dual lead con-
figurations for initial paresthesia coverage of the axial low
back.2 Newer electrodes may have independently variable
voltages that allow the voltage ratio to be blended between
the midline cathode and lateral anodes to better treat
complex pain presentations.18 Barolat and colleagues21

carried out initial mapping of where various cathodal
stimulations would produce paresthesias. In general, the
areas of stimulation are several levels above the target
dermatome, e.g. a foot paresthesia requires targeting the
extremely low thoracic spine.

Initial targets for lead placement for the treatment of
extremity pain are approximately a C3/4 location for
stimulation of upper extremities, and T9/10 for lower

extremity stimulation paresthesia coverage. Narrow con-
tact spacing of bipoles or tripoles produces optimized
coverage of painful areas, and maximal paresthesia
coverage of the painful area has been a long-standing
fundamental concept of spinal stimulation.18

SCS for spinal pain syndromes

The multiple operated back, often termed ‘‘failed back
surgery syndrome’’ (FBSS) or postlaminectomy syndrome
is currently the most common indication for spinal sti-
mulation.22 The care of the multiple operated back pain
patients is difficult, and requires a multimodal approach
that includes physical modalities, cognitive-behavioral
therapies, procedural and pharmacologic therapies.
Patients with ongoing postsurgical pain have complex
pain patterns that often include both back and leg pains
of various types (nociceptive, mixed, and neuropathic
pains). Causes vary, but include cauda equina syndrome,
arachnoiditis, epidural scarring or fibrosis, chronic radi-
cular pain, and many others. Choosing the correct diag-
nosis is extremely important, as is the proper therapy for
each diagnosis. Many patients simply want resolution and
will repeatedly opt for more surgery in spite of little
evidence of efficacy. An algorithmic approach within an
established spinal care network can be useful. Several
retrospective and prospective long-term studies have
established SCS as a viable choice for these patients.23

[III], 24[II] There are few randomized trials for FBSS.
However, a recent trial by North and colleagues of a series
of 50 patients randomized to either SCS or reoperation is
important. Patients were all thought to be operative
candidates by a staff surgeon, due to recurrent or per-
sistent pain in a radicular pattern. Patients were allowed
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Figure 20.2 Computer model of the low

thoracic region demonstrating an electrode in the

dorsal epidural space. Spinal stimulation requires

that the electrode conducts the distance through

the layer of cerebrospinal fluid to reach the dorsal

spinal cord. Redrawn with permission from Aló

KM, Holsheimer J. New trends in neuromodulation

for the management of neuropathic pain.

Neurosurgery. 2002; 50: 690–703.
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to crossover to the other group as warranted. In the SCS
group, 9 of 19 patients were successful versus only 3 of
26 in the reoperation group. Patients randomized to
reoperation were much more likely to crossover to SCS
(14/26) from which an additional 6/14 patients were
successful.24[II]

Although extremity neuropathic pain has long been
thought to be the best indication for SCS, it is only
recently that low back pain coverage for these patients has
been achievable. The problem in years past has been that
the approximate areas of stimulation required for low
back coverage are from about L2 to L5. Stimulation of
these areas is prone to also stimulate the anterior thighs, a

less common area of pain for many patients (Figure
20.6). As the stimulation amplitude is increased, the
abdomen will also be stimulated.25 The sensory homun-
culus for the low back is quite small compared to the
extremities (Figure 20.7), and low back fibers are not
uniformly situated within the dorsal columns. Thus, the
problem is one of penetrating the stimulus deeply enough
into the spinal cord without activating the more prevalent
fibers that are not desirably stimulated. Wide pulse widths
may help to some extent with this problem.25 Both
Barolat et al.26[III] and North et al.2[II] have recently
published trials demonstrating efficacy in low back pain
patients.
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Figure 20.3 Stimulation may be (a) unipolar, (b) bipolar, (c) tripolar, or (d) narrow tripolar. The computer model predicts narrow

tripolar stimulation as optimal. Redrawn with permission from Aló KM, Holsheimer J. New trends in neuromodulation for the

management of neuropathic pain. Neurosurgery. 2002; 50: 690–703.
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SCS in ischemic syndromes

The pain of intractable cardiac ischemia and ischemic
peripheral vascular disease is often difficult to control
despite attempts at revascularization, multimodal phar-
macologic therapy, and other techniques. Ischemic disease
results in increased morbidity, frequent hospitalizations,

emergency room visits, and overall poor quality of
life. Many patients are not candidates for revasculariza-
tion procedures, such as bypass procedures, and it is
unclear which of many newer therapies constitute ‘‘best
practice.’’

SCS has emerged as one potentially beneficial therapy
with previous prospective trials, retrospective case series
and meta-analysis suggesting benefit of stimulation for
several ischemic conditions. Unfortunately, little class I
evidence for the technique exists because of the difficulty
in performing randomized controlled trials for spinal and
peripheral stimulation techniques in general.3 Patients
must be able to feel somatotopically correct stimulation
paresthesia to verify appropriate coverage for all stimu-
lation techniques.
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Figure 20.5 A dual-octapolar contact lead array spanning the

eighth and ninth vertebral bodies in an anteroposterior

projection. Note the cephalad aspect of the rightward lead is

beginning to move too far lateral and might produce thoracic

root stimulation.
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Figure 20.6 Low back stimulation coverage is often difficult

and requires stimulation at thoracic levels where the lumbar

roots from, e.g. L2, have moved centrally nearer the physiologic

midline. At lower thoracic and upper lumbar levels, excessive

stimulation paresthesias will be noted by patients in the

anterior thighs and abdomen, because of the more lateral

location of the representative L2 fibers. L2 fibers depicted in

squares. Redrawn with permission from Oakley JC. Spinal cord

stimulation in axial low back pain: Solving the dilemma. Pain
Medicine. 2006; 7: S58–63.
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SCS in refractory angina pectoris

SCS was first applied two decades ago for the treatment of
angina pectoris.27 Since that time, several authors have
noted significant improvement in a variety of clinical
indices of ischemia. Spinal stimulation has enjoyed great
popularity, particularly in Europe, but some resistance as
well.28 Reasons for this ongoing controversy are varied,
but may include cardiologists’ unfamiliarity with the
technology, an incomplete mechanistic understanding of
SCS, and the required utilization of noncardiac practi-
tioners for ongoing therapy. Therefore, spinal stimulation
has competed with other therapies, such as (1) percuta-
neous laser revascularization, (2) enhanced external
counter pulsation (EECP), and (3) gene therapies. A
recent comparison study of SCS and percutaneous myo-
cardial laser revascularization is typical of the literature,
with no difference demonstrated for the primary outcome
measure (exercise treadmill time) between the groups.
Several shortcomings are apparent with this type of
comparative study, however, as the trial did not even
mention the lead type, contact spacing, or programming
sequences for what the authors admitted was their group’s
initial use of stimulation techniques. Furthermore,
because the stimulation technology used is always chan-
ging, the implants were the older, nonrechargeable
units.29

Despite these detractors, there is ample evidence of the
efficacy of spinal stimulation for angina pectoris, as well

as a potentially large number of patients who may qualify
for this therapy. Many of these patients are not candidates
for coronary bypass grafts or coronary stenting proce-
dures. Some are at maximal medical therapy with opti-
mized beta-blocker therapy, nitrates, vasodilators, and
other pharmacologic agents. Many patients have non-
atherosclerotic coronary disease, such as syndrome X,
which is attributable to incomplete endothelial relaxation
caused by dysfunctional adenosine receptors or other
causes.30 Pathologically, cardiac ischemia represents an
imbalance of myocardial oxygen supply and demand.
Numerous basic science and clinical studies have
attempted to explain the mechanism of SCS beneficial
effects, potentially attributable to redistribution of
myocardial blood flow.

MECHANISM OF ACTION

The cardiac plexus in man was described in detail by
Mizeres.31 Cardiac fibers emanating from both vagal and
sympathetic trucks form ganglionated plexus that exist in
several areas including the pulmonary trunk, right and
left pulmonary arteries, aortic arch, and atrial plexus.
Intrinsic cardiac plexus neurons most important for SCS
effects are likely found in the fat pads of the atria.
Gagliardi and colleagues32 identified these spontaneously
firing cardiac neurons in the epicardial fat around the
pulmonary veins and right atrium. Occlusion of the aorta
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and increased arterial pressure induced increased neuro-
nal firing. Foreman and colleagues33 placed spinal sti-
mulation electrodes at T1, T2 in a canine study. During
90 percent motor threshold stimulation at 50Hz and 0.2
millisecond trials with left anterior descending coronary
ligatures placed to induce left heart ischemia, the pre-
viously increased cardiac intrinsic neuronal activity was
decreased by SCS. Later, Armour et al.34 demonstrated
that SCS induced persistently decreased cardiac neuronal
firing for approximately 20 minutes even after the cessa-
tion of stimulation. This after-effect suggests more than
just a transient coronary vasodilatation during SCS. The
question of whether spinal stimulation acts via coronary
blood flow increase is not clear at present.

Chauhan and colleagues35 had studied a cohort of
coronary atherosclerotic disease (CAD) patients, syn-
drome X patients, and cardiac transplant patients with
TENS. Both syndrome X and CAD patients had increased
coronary flow velocity by Doppler study.

In contrast however, Norssel’s group36 studied patients
with a pacing-induced ischemic episode with no con-
sistent effect on coronary blood flow velocity. Nor-
epinephrine spillover through the heart, a viable measure
of increased coronary flow, was unchanged in their study.
However, total body norepinephrine spillover did
decrease.

Clinical effects

Multiple studies have demonstrated consistent clinical
improvement from the application of SCS. Early work by
Mannheimer et al.37[III] involved a study of 20 patients
with refractory, treatment-resistant angina pectoris. Atrial
pacing-induced tachycardia and myocardial oxygen con-
sumption were compared with or without spinal stimu-
lation. During SCS, patients tolerated higher levels of
pacing, prolonged time of pacing-induced chest pain, and
reduced oxygen consumption. Hautvast and his group
prospectively compared chronic angina patients with or
without SCS.38[III] Both duration of exercise and time
period to angina increased during SCS. Nitrate con-
sumption and angina attack frequency decreased during
the study. Pain relief and quality of life were improved.
Later, the same group assessed myocardial blood flow by
positron emission tomography (PET) and were not able
to demonstrate a change in blood flow despite substantial
decreases in angina attacks, improved exercise and
decreased S-T segment depression. It appeared that SCS
worked by homogenization of cardiac blood flow at the
expense of reserve flow.39

Technical considerations

Thoracic epidural needle placement is usually at
approximately T4/5, but can be entered at lower levels as
needed. Targeting the C7-T2 areas is optimal for most
patients producing paresthesiae in the anterior chest and
into the left or right arms as needed. Midline to slightly
left of midline positioning is optimal (Figure 20.8). Lead

migration and other technical problems are seemingly less
than with other approaches, perhaps due to a less vigor-
ous patient population and less effect by extremity and
trunk movement. Early use of widely spaced (10-mm
intercontact distance) bipoles and single leads has chan-
ged to tighter contact distances and dual eight-contact
leads in many cases to better cover the pain topography.

Peripheral vascular disease and SCS

Patients with critical limb ischemia from peripheral vas-
cular disease (PVD) are at risk of significant ongoing
morbidity and mortality. Limb salvage is important as a
primary outcome for this group, as well as ulcer forma-
tion/healing and control of ischemic rest pain and clau-
dication. Cook et al.40 was the first to utilize SCS for PVD.
Patients in that study had improvement in ulcer healing
and pain symptoms. Multiple trials have shown some
efficacy of SCS for PVD.41, 42, 43, 44, 45, 46[II], [III]

BASIC SCIENCE

Both reduction of sympathetic efferent activity (decreased
peripheral vasoconstriction) and antidromic dorsal
afferent activation triggering release of calcitonin gene-
related peptide (CGRP) and nitric oxide are important
mechanistically. For example, Croom and colleagues47

were able to block the cutaneous vasodilatation caused by

Figure 20.8 Two eight-contact electrodes placed for angina

pain. The electrodes are central to slightly leftward and span

from C7 to T3. Note the sternal wires from previous coronary

bypass surgery in inferior aspect of film.
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SCS at 90 percent motor threshold by dorsal rhizotomy at
L3-L5, but not by rhizotomy at T10-12 or T12-L2.
However, Tanaka and colleagues48 did not see inhibition
of SCS-induced rat hindpaw dilatation by hexametho-
nium ganglionic blockade at any level (30, 60, or 90
percent motor threshold) of stimulation. The use of a
CGRP antagonist did reverse the beneficial effects of
SCS in this animal model. Thus, it appears that
both sympathetic and neurohumeral-induced vasodila-
tation may be important for SCS effects, but the
exact stimulation parameters necessary and timing
of each mechanistic contribution is not yet clear
(Figure 20.9).

Complications are an ongoing and significant problem
in caring for this group of vasculopathic patients.49

Multiple complications of SCS were recorded in the large
retrospective trial of Horsch et al., including 30 lead
dislocations, 12 broken leads, seven device-related infec-
tions, three patients with breakdown of tissue over the
generator site, and two cerebrospinal fistulas in a cohort
of 177 patients. These complications of SCS systems
confound interpretation of outcomes for these patients
with significant disease-related morbidities.50 A total of
60 patients in another trial had implantation technical
problems.51

Those patients who have baseline intermediate level
TcpO2 values between 10 and 30mmHg, reflecting
availability of some vascular reserve, appear to be the best
candidates. SCS trials should demonstrate an increase by
410mmHg of the TcpO2 to warrant implantation.52[III]

SCS for visceral pain syndromes

Nociceptive pain has long been regarded as difficult to
treat with spinal stimulation, but visceral pain may
involve several mechanisms, including inflammatory
pain, mixed autonomic neuropathic pain, ischemia,

and other causes. Visceral pain is often poorly localized
and thus specific diagnoses are often difficult. Con-
ditions treated can vary from cancer-related organ
involvement, mesenteric ischemia syndromes, interstitial
cystitis, urge incontinence, chronic pancreatitis, and
many others.

The recent development of animal models of visceral
pain has seen exciting findings with potential therapeutic
implications. Animals with irritant-induced inflamma-
tory colonic hypersensitivity will have measurable mus-
cular abdominal contractions in response to pressure
distention of the rectum. Rats that received irritant versus
saline enemas had evidence of colonic hypersensitivity.
Spinal stimulation attenuated these visceromotor
abdominal contractions, providing speculation that SCS
may be useful in certain inflammatory bowel conditions
for pain control.53 In a similar animal model, Al-Chaer
and colleagues15 noted that dorsal column pathways are
important in signalling of the ventroposterolateral (VPL)
thalamus projections in visceral pain, and dorsal column
lesioning decreased the VPL response to colorectal dis-
tention. This and other studies, plus the fact that midline
myelotomy (lesioning the fasciculus gracilus) helped
patients with pelvic cancer-related pain, imply that spinal
stimulation may have a role in many visceral pain syn-
dromes.14

Human study to date on SCS for visceral pain is
minimal. Khan et al. reported a case series of nine patients
with chronic pancreatitis and other conditions which
were improved with thoracic SCS.54[V] Kapural and
colleagues16 recently described a small series of patients
with chronic visceral pelvic pain who were helped with
SCS.16[V] The use of selective stimulation of sacral roots
for interstitial cystitis55 and the description of retrograde
percutaneous approaches to the sacral roots56 has
improved the technical access to stimulation. Visceral
pain appears to be a promising area of future applications
for stimulation techniques.
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Figure 20.9 Spinal stimulation activates

interneurons that may lead to: (1) decreased

spinothalamic tract activity; (2) a decrease in

sympathetic preganglionic firing; (3) reduction in

postganglionic norepinephrine release at the

vessels; (4) antidromic activation of dorsal root

afferent fibers; and (5) peripheral release of

vasodilator transmitters nitric oxide (NO) and

calcitonin gene-related peptide (CGRP). Redrawn

with permission from Linderoth B, Foreman RD.

Mechanisms of spinal cord stimulation in painful

syndromes: Role of animal models. Pain Medicine.
2006; 7: S14–26.
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SCS in complex regional pain syndrome

Complex regional pain syndrome (CRPS) occurs in
association either with medical diseases such as post-
myocardial infarction, systemic lupus erythematosus
(SLE), post-cerebrovascular accident (CVA), in associa-
tion with diabetes mellitus (DM) or as a posttraumatic
limb pain syndrome with autonomic abnormalities.
Complex regional pain syndrome is often arbitrarily
diagnosed based on a constellation of signs and symp-
toms and the diagnostic criteria can easily be misapplied
to multiple conditions. Objective evidence of CRPS
requires three-phase bone scans, quantitative sudomotor
axon reflex testing, or other specific tests to increase
diagnostic accuracy, but some of these tests (quantitative
sudomotor axon reflex test (QSART)) are only available
at specialized centers (see Chapter 27, Complex regional
pain syndromes for additional information). Recent evi-
dence suggests that CRPS may be due to minimal distal
nerve injury. Axonal densities were diminished at test sites
in 17/18 patients by an average of 29 percent. These small
fiber axonal changes would not be easily detected in most
patients.57 The IASP criteria for CRPS include: (1) the
presence of a noxious inciting event or immobilization;
(2) pain, allodynia, or hyperalgesia that is disproportional
to the inciting event; (3) edema, skin blood flow
abnormalities, or sudomotor abnormalities in the painful
region at some time; (4) exclusion by other conditions
that could account for the pain and dysfunction in some
way.58 The criteria do not help significantly in cases where
patients have, for example, vasomotor changes and
edema, but do not have sudomotor, motor changes, or a
clear inciting noxious event. These diagnostic challenges
make the study of CRPS difficult because of the likely
presence of patients within one or another arm of a trial
with differing pathological presentations. Nonetheless,
previous prospective trials of SCS for CRPS have been
positive. Harke and colleagues59[III] implanted SCS sys-
tems in 29 patients with a previous provocative analgesic
response to sympathetic blockade. Deep pain and allo-
dynia were permanently reduced. Pain medication use
was reduced as well (po0.01). Eight of ten patients who
had been disabled with lower extremity CRPS resumed
walking without crutches. Long-term functional status
and quality of life were improved.

One randomized controlled study compared 36
patients who received physical therapy plus SCS and 18
patients who received physical therapy alone. Test sti-
mulation of SCS yielded 24 patients with a positive
response. Intention-to-treat analysis between the two
groups demonstrated a 2.4-cm reduction in pain intensity
at six months in the SCS and physical therapy (PT) group
compared to PT alone (po0.001). Global perceived effect
was much higher in the SCS group, 39 versus 6 percent
(p= 0.01). No clinically significant outcomes related to
functional improvement were seen.60[II] Unfortunately,
unlike the Harke study where patients demonstrated a

positive response to sympathetic blockade, 22/24 patients
in this study had previously undergone surgical, chemical,
or radiofrequency sympathectomy. Measures of laser
Doppler flow and skin microcirculation were measured
while the SCS was either switched on or off. The study
failed to demonstrate any SCS effects on microcirculation
in patients with CRPS and low sympathetic tone. The
authors suggested that their results were consistent with
the theory that SCS causes an inhibition of sympatheti-
cally induced vasoconstriction, and thus the pain relief of
SCS did not depend on vasodilatation.61 Kemler and
colleagues62 recently published a five-year follow up to
their previous randomized prospective study. Thirty-one
of the original 36 patients in the SCS group were avail-
able, as were 13 patients in the control group. Twenty-two
of the 31 SCS group patients were actually implanted with
the device (intention to treat). The analysis demonstrated
a diminution of the SCS effect over time, such that by
three years the results favoring SCS were no longer sta-
tistically significant.62[II] The five-year follow-up con-
clusions, as well as those from the original study, are
potentially flawed because of the nearly universal inclu-
sion of patients with sympathectomies, the use of out-
dated equipment and techniques, as well as the limited
information on the specific physical therapies employed.

SCS for other neuropathic pain states

Postherpetic neuralgia (PHN) is a syndrome of persistent
(4six months after acute zoster) pain and dysesthesia in
the dermatomal topography of the original zoster out-
break. There is a definite predilection for the dormant
varicella zoster virus to reoccur in the aged and immu-
nocompromised patients (e.g. lymphoma patients). The
pain of PHN is variously described as constant, aching,
sharp, or shooting. Patients often have severe allodynia,
dysesthesia, or hypoesthesia, and may not be able to tol-
erate even their own clothing touching the area involved.
Pharmacologic therapies have been the mainstays of
treatment, although various sympathetic and somatic
blocks, epidural and intrathecal corticosteroid injections,
TENS, and topical treatments are advocated by some.
Pharmaceutical agents generally are utilized, such as
ion channel modulating anticonvulsant class agents, non-
selective reuptake inhibition by tricyclic antidepressants
and newer agents, opioids, topical local anesthetics, or
intravenous lidocaine infusions. SCS is usually considered
after other less invasive therapies have failed. What is often
not considered though, are the side effects of these phar-
macologic agents, particularly the opioids, anticonvulsants,
and antidepressants, or combinations thereof, in a pre-
dominately geriatric age group. The fall risk and cognitive
impairment from many of these agents is not insignificant,
particularly at higher dosages.

Harke and colleagues63[III] studied 28 patients
prospectively over a median period of 29 months. In
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addition, they implanted SCS in four patients with acute
herpes zoster pain. As PHN often slowly resolves over
time, the results of many therapies may appear more
successful than is actually the case. To prevent undue
emphasis on the results from SCS, the authors employed
quarterly SCS inactivation tests to note any spontaneous
resolution of pain with the SCS turned off. The results of
this study were a median decrease in the visual analog
pain scores from 9 to 1 (po0.001). Long-term pain relief
was noted by 82 percent of patients with PHN, and 8 of
29 were able to cease therapies. In the acute herpes zoster
pain group, resolution occurred by 2.5 months on
average.

PAINFUL DIABETIC PERIPHERAL NEUROPATHY

Like PHN, painful diabetic peripheral neuropathy
(PDPN) is prevalent in society and treated with nearly
identical pharmacologic agents. These drug therapies are
often ineffective, and SCS has been attempted in pre-
vious trials for that reason. PDPN may be related
to ischemia of the small vasa nervorum, metabolic
impairments, or other causes. In a study of ten PDPN
patients who were unresponsive to conventional treat-
ments, eight of ten had positive responses to SCS trials
and received implants. A control group received sham
placebo screening. Mean duration of neuropathy was five
years. Improvement was noted in both background and
peak neuropathic pain, and exercise tolerance. These
results were statistically significant in comparison to the
sham group. The authors recommended SCS for drug-
refractory patients.64[III] In another study, eight male
patients with long-term treatment of PDPN were
followed over a three-year or greater period. Although
some patients developed diabetes-related cardiovascular
complications over time, the four long-term survivors
continued to have significant reduction in pain over a
range of 7–8.5 years.65[III]

Peripheral nerve and peripheral nerve field
stimulation

INTRODUCTION

Recently, stimulation technologies have been utilized to
target more superficial areas of the body to treat pre-
dominately neuropathic pain sites not easily targeted by
spinal cord stimulation. Currently, TENS, PENS (percu-
taneous electrical nerve stimulation), and peripheral field
stimulation for abdominal, trunk, chest wall, face, and
neck targets, as well as occipital nerve, trigeminal end
branches, and upper and lower extremity peripheral nerve
stimulation techniques, have been described in the lit-
erature. Although many of these techniques are similar,
their mechanisms of action are as yet unclear.

INDICATIONS

Occipital neuralgia treatment was originally described by
Picaza et al.,66 but was popularized by Weiner and Reed
utilizing modern electrodes and pulse generator tech-
nologies.67, 68

Small case series have substantiated successful treat-
ment of intractable occipital neuralgia.69[V] Many
patients with occipital headaches may not have occipital
neuralgia per se, but may also respond to peripheral sti-
mulation in treating occipital headaches, cervicalgia, and
other headache syndromes. Weiner and Aló (unpublished
reports) have noted approximately a 75 percent
improvement in some 150 patients over the last several
years.70 Success in treatment of occipital neuralgia has
given rise to other peripheral nerve targets including both
the supraorbital and infraorbital nerves, and others
(Figure 20.10). Johnson and Burchiel71 studied ten
patients with pain after trigeminal PHN or post-
traumatic V1 or V2 trigeminal branch neuropathic pain.
These patients received quadripolar electrodes over the
supraorbital or infraorbital nerves. Peripheral nerve sti-
mulation was noted to provide at least 50 percent relief in
70 percent of the patients with long-term satisfaction and
70 percent decline in medication use. The authors sug-
gested that prospective trials are indicated to study these
outcomes further.71[V]

Peripheral nerve field stimulation is a relatively new
concept, wherein spinal stimulation cylindrical leads are
introduced percutaneously into the subcutaneous tissues
in the area of pain to stimulate small afferents which may
not be as amenable to single peripheral nerve stimulation
placement by open technique.

Figure 20.10 A four-contact subcutaneous electrode is in situ
for peripheral nerve stimulation in a patient with supraorbital

nerve (V1) distribution postherpetic neuralgia pain.
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Paicius and colleagues72[V] treated patients with sub-
cutaneous electrodes placed for inguinal neuralgia, post-
liver transplant abdominal wall pain, and chronic
pancreatitis. All three patients noted substantial pain
relief and reduction or elimination of opioid use. Per-
ipheral nerve field stimulation may have similar
mechanism to PENS. Hamza and colleagues73 had pre-
viously shown benefit of PENS for diabetic neuropathic
pain in 50 patients who were randomly assigned to receive
PENS or sham PENS. Pain scores were decreased, and
activity scores increased with active PENS.

Mechanistically, it is thought that PENS may cause
central release of opioid peptides, induce neuromodula-
tion, cause vasodilatation at peripheral sites, and improve
wound healing. It is possible that peripheral field stimu-
lation works through comparative means or perhaps
other unknown mechanisms. Another recent case series74

[V] of an additional three patients with regional chest
wall and trunk targets were successfully treated with
peripheral nerve field stimulation systems.

INTRACRANIAL STIMULATION

Stimulation of central neuronal targets has been per-
formed for several decades with variable results. Deep
brain stimulation and motor cortex stimulation have
emerged as the most commonly employed and successful
uses of this rapidly evolving field. While deep brain sti-
mulation is quite commonly utilized for movement dis-
orders and Parkinson’s disease, it is useful in some painful
disorders as well. As many of these painful neurological
conditions are highly resistant to multiple therapies,
cranial stimulation may be preferable to long-term
opioids or many ablative neurosurgical techniques.

Motor cortex stimulation

Motor cortex stimulation is a technique of delivering a
subthreshold stimulus to the contralateral motor cortex.
This stimulation is, therefore, not perceived by the patient
subsequent to initial intraoperative testing, and as the
brain tissue is not broached, has less risk of hemorrhage
than does deep brain stimulation. Motor cortex stimu-
lation does not require stereotactic frame application, and
leads are placed over the dura, either through a burr hole,
or more commonly via a frontoparietal craniotomy. Early
localization of the motor cortex utilized somatosensory
evoked potential (SEP) wave reversal (N20/P20), but both
electrophysiologic and magnetic resonance navigation is
utilized in more modern centers to locate the position of
the central sulcus. Electromyographic and visual mon-
itoring of the muscles within the area of pain (e.g. facial
muscles) is important to accuracy of electrode placement.
One center commonly places two contiguous vertically
oriented quadripolar electrodes, which are sutured to the

dura. Various programs of stimulation may be required to
achieve optimum results. Central pain after thalamic or
lateral medullary stroke, or various facial neuropathic
pain syndromes, such as trigeminal nerve injuries or
postherpetic facial pain, are common indications. In
addition, other neuropathic pain conditions, such as
phantom pain and spinal cord injury pain, are potential
applications for this technique. Initially, it was thought
that stimulation of the sensory cortex might be analgesic
for some of these pain conditions, but Tsubokawa and
colleagues found that stimulation of the precentral gyrus
was more effective in producing analgesia in their first
publication of motor cortex stimulation for thalamic and
post-stroke pain.75[V] Prophylactic antiseizure drugs,
such as phenytoin intravenously, are given,76 as seizure is
a known complication of motor cortex stimulation.
However, most seizures resolve quickly after stimulation
is turned off. A recent prospective trial of motor cortex
stimulation was published involving 31 patients over a
four-year period.77[III] The primary outcome of excellent
(470 percent) or good pain relief (40–69 percent)
occurred in 52 percent of the patients. In the first month
after implantation, the level of pain relief was highly
predictive of ultimate long-term relief (regression analy-
sis, r= 0.744: po0.0001).

Deep brain stimulation

Contrary to the more recent introduction of motor cortex
stimulation, deep brain stimulation has been utilized for
decades, but its early use was not associated with universal
acceptance due to the lack of randomized trials and often
poor outcomes. Deep brain stimulation requires a stereo-
tactic frame application and utilization of x, y, z coordi-
nates to target specific brain sites. In general, the targets for
nociceptive pain syndromes are usually the more medial
areas (periaquaductal or periventricular gray (PAG/PVG)).
Targets for neuropathic pain states tend to be deeper
thalamic areas, often the VPL nucleus for bodily pain, or
the ventroposteriomedial (VPM) nucleus for facial pain
syndromes. Early trials for various neuropathic, nocicep-
tive, or mixed pain syndromes were disappointing, with
the Medtronic 3380 model trial showing 17.8 percent of
169 internalized (system implanted) patients with ongoing
450 percent pain relief at 24 months versus 13.5 percent
of 37 internalized patients in the 3387 trial.78[III] A more
recent trial of 21 patients, although retrospective in nature,
demonstrated better efficacy. Thirteen patients had
electrodes implanted in the ventrocaudalis (VC) thalamic
nucleus, or both the VC and PAG/PVG (n= 8). Those
patients with 50 percent or greater analgesia were
implanted, yielding 13/21 patients. One patient had a
prolonged insertional effect from the placement, and did
not require lead activation. The authors suggested that if
an insertional or microlesion effect occurred during pla-
cement, the leads should be buried until pain recurrence
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and then a new trial of stimulation could be initiated. Eight
of the 13 patients discontinued stimulation within the first
year and only five had ongoing relief, four of whom had
VC stimulation.79[V] Overall, the lack of suitable
prospective controlled studies continues to hamper the
utilization of this therapy.

Complications of neurostimulation

As with any implanted device, the potential for adverse
occurrences is always present. Most of the complications
of stimulation devices are related to movement of the
electrodes relative to the target of stimulation. Other
complications of stimulation systems include infection,
hardware failure, lead fracture or disconnection, hema-
toma, spinal fluid leak and resulting spinal headache,
discomfort over the pulse generator site, and many other
rarer complications.80[V] In a large retrospective trial
encompassing 22 years of implanting spinal stimulators,
the authors noted a 21.5 percent incidence of displaced
electrodes.80 Overall, most lead migrations were easily
revised with prompt resumption of effective stimulation.
Infection occurred in the same series at a rate of 3.4
percent. Infections sometimes responded to antibiotics,
but often required explantation of the device. Significant
and recurrent lead migrations are usually treated with
replacement of percutaneous systems with ‘‘paddle type
electrodes’’ that are surgically placed via laminectomy. Of
perhaps more concern to implanters is the late develop-
ment of failure of analgesia, despite continued optimal
paresthesia coverage. This has been called ‘‘tolerance’’ by
some investigators,80 but is not thought to be a phar-
macologic stimulation dose requirement change, but
rather a change in either central neural processing or
other unknown process.81[V] In spite of the apparent
frequency of complications approaching 43 percent in
one review,82[V] there are to date no major spinal cord
injuries, deaths, or other major catastrophic reports
associated with these devices.

CONCLUSIONS

Neuromodulation technological advances and new
applications continue to outpace the evidence to support
their use. There is great enthusiasm for these techniques
within the interventional pain physician community and
the evidence from the available trials, and the reports of
thousands of patients suggest that many painful syn-
dromes can indeed be ameliorated by neuromodulation
implants. There is a significant need to answer critics of
stimulation therapies with greater creativity in designing
randomized sham controlled studies which may answer
questions of efficacy. The future of neuromodulation
appears to be exciting, and likely will flourish if these
studies are published.
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KEY LEARNING POINTS

� Spinal administration refers to the delivery of drugs to

the intrathecal or epidural space.
� The principle of spinal administration is to deliver

drugs directly to the intrathecal or epidural

space so that therapeutic concentrations can be

achieved at the dorsal horn of the spinal cord,

which cannot be achieved by systemic

administration or only with extremely high systemic

doses.
� Enhanced therapeutic effects can thereby be achieved,

and as smaller doses are needed than for systemic

administration there is sparing of side effects.
� The epidural route has in the past been used more

commonly than the intrathecal route. The intrathecal

route is physiologically preferable, offers improved pain

control, and a better side-effect profile. Now that

technically the intrathecal route can confidently be

used, it is the technique of preference.
� Intrathecal drug delivery (ITDD) is widely used for the

management of cancer pain, chronic nonmalignant pain

(CNMP) and painful spasticity; there is a supportive

evidence base.
� The drugs used are opioids, membrane stabilizers, alpha-

2 adrenergic agonists, gamma aminobutyric acid (GABA)

agonists and more recently ziconotide, an N-type

calcium channel blocker.
� ITDD should be delivered in a multiprofessional,

carefully planned, and well-resourced context; patient

selection is important and previous and alternative

treatments should be considered1 (see also Chapter 31,

Intrathecal drug delivery in the Practice and Procedures
volume of this series).

PHYSIOLOGY OF SPINAL ADMINISTRATION

Analgesia

� In 1973, opioid receptors were discovered in the
brain and spinal cord by Pert and Snyder.2

� In 1976, animal studies demonstrated powerful
and selective analgesic effects of intrathecal opioids.3

� In 1979, Behar et al.4 demonstrated that the epidural
administration of a 2mg dose of morphine produced
profound analgesia.

� In 1979, Wang et al.5 demonstrated the profound
analgesic effect of intrathecal opioids.

It has been shown that the analgesic effect of opioids
delivered to the epidural or intrathecal space is mainly
due to the drug being taken up directly into the spinal
cord and cerebrospinal fluid.6 By delivering analgesic
drugs directly to the spinal cord and cerebrospinal fluid, a
selective concentration of the drug is allowed to act at an
important site of pain transmission, the dorsal horn of
the spinal cord.

Spinal administration can therefore be extremely
effective in terms of analgesia and further, it can overcome
unwanted motor, sensory, and autonomic effects from the
systemic administration of what are inevitably larger
doses of drugs (Figure 21.1).



The term selective spinal analgesia, originally used by
Cousins et al.7 in 1979, has come into common usage.
The drugs most commonly used for spinal administration
are opioids. Spinal administration can be the route of
delivery of other drugs and can enable patients to be
exposed to drugs that are unstable by nonspinal routes of
administration. Other drugs which are delivered by spinal
administration are local anesthetics, clonidine (an alpha-2
adrenergic agonist), and more recently ziconotide. Intra-
thecal baclofen is used to treat severe spasticity, which in
turn has an impact on the pain of spasticity and the pain
caused by deformities and disabilities of spasticity. There
are reports of the use of other drugs, but there is no high
quality evidence for these.

It is recognized that single shot spinal doses are only
appropriate in the acute perioperative setting. The use of
the techniques in the management of ongoing pain
requires systems for the continuous delivery of drugs.

The blood–brain barrier

For systemic medications to reach tissues they must cross
the endothelial lining of capillaries. These differ in dif-
ferent organs and relevant to this discussion is the lack of
fenestrations of central nervous system endothelial cells
acting as a barrier to drug passage (Figure 21.2). This is
clearly a teleological protection mechanism from neuro-
toxins but hampers therapeutic drug delivery by the sys-
temic route (Figure 21.3, indicator 3). It can be overcome
by direct administration into the cerebrospinal fluid
(indicator 2).

Central nervous system blood flow

The vast majority of central nervous system blood flow is
to the more metabolically active brain when compared
with the spinal cord (Figure 21.4).

As a result, systemic drugs that are distributed as a
function of blood flow lead to a much greater delivery to
the brain than spinal cord. Whilst both are important
sites of analgesia, they have a differing spectrum of
nonanalgesic (side) effects, with more derived from the
brain. Again, direct spinal cerebrospinal fluid adminis-
tration can overcome this.

Spasticity

In normality, muscle tone is maintained by constant
activity from alpha neurones whose cell bodies are located
in the anterior horn of the spinal cord. If the stretch
receptors within muscle indicate lengthening of the
muscle then the muscle contracts. The threshold at which
the stretch receptor fires is controlled by gamma neu-
rones. In pathophysiological states there is a failure of

AnalgesiaAnalgesia

Systemic intrathecal

Opioid dose

Side effects

Figure 21.1 Greater analgesia with fewer side effects through

spinal drug delivery.
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Figure 21.2 Differences between (a) normal and (b) brain capillaries.
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GABA-mediated inhibition of alpha neurones and an
imbalance between active and passive muscles results.
Baclofen (a GABA-B agonist) corrects this.

PHARMACOLOGY OF SPINAL
ADMINISTRATION

Opioids

It is perhaps fortuitous that the dorsal horn, the impor-
tant site of pain transmission, is in the superficial layers of

the spinal cord, enabling drugs reaching the cerebrospinal
fluid to more readily exert their effects (Figure 21.5).

Spinal opioids exert their analgesic effect at the spinal
cord pre- and postsynaptically by reducing neuro-
transmitter release and by hyperpolarizing the membrane
of dorsal horn neurons.8

SPINAL OPIOID PHARMACOKINETICS

Whilst spinal administration overcomes adverse effects
secondary to distribution to the brain, there are other
pharmacokinetic factors to consider; delivery of a spinally
administered drug to respective receptor sites within the
brain and spinal cord depends on a drug’s lipophicity. A
lipophilic drug remains localized reasonably near the site
of intrathecal delivery whereas a hydrophilic drug spreads
within the cerebrospinal fluid. The practical implications
of this are that a lipophilic drug should be delivered by
placing the catheter near to the spinal level of the pain.9

With hydrophilic drugs, a greater proportion spreads
within the cerebrospinal fluid and can diffuse cranially
and have a direct effect on the respiratory center. The
relatively high concentration that can reach the respira-
tory center can cause respiratory depression. Close
monitoring is necessary until drugs have equilibrated.
Notwithstanding, in the longer term, the adverse effects
of spinal administration are significantly less than
systemic.10[III]

Morphine is the opioid most commonly used in spinal
delivery. It is considered to be the drug of choice because
of its stability, increased receptor affinity, and the exten-
sive experience of its use.11[IV] It is recommended in
current guidelines.1 Morphine has been shown to be
stable in intrathecal pumps for 90 days. The intrathecal
dose of morphine is 0.1–20.0mg per 24 hours.

Hydromorphone is approximately five times more
potent than morphine. It can be used for patients who

Brain

Vessel

1

2 3

CSF

Figure 21.3 Blood/cerebrospinal fluid–brain barrier. 1,

cerebrospinal fluid–brain barrier, chorioidal part; 2, cerebrospinal

fluid–brain barrier, extrachoroidal part; 3, blood–brain barrier.

(b)(a)

Figure 21.4 Central nervous system distribution of systemic

and spinal analgesics: (a) spinal; (b) systemic.

(a) (b)

Figure 21.5 Distribution of analgesics in the spinal cord:

(a) spinal; versus (b) systemic administration.
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become unresponsive or develop intolerable side effects to
intrathecal morphine. Its side-effect profile is equivalent
to, or surpasses, that of morphine.

The intrathecal dose of hydromorphone is 0.2–12.0mg
per 24 hours.

Di-acetyl morphine (Diamorphine) is used in the UK.
Its high solubility may reduce the likelihood of granulo-
mata (see also Chapter 31, Intrathecal drug delivery in the
Practice and Procedures volume of this series).

Di-acetyl morphine is highly soluble in saline, bupi-
vacaine, and clonidine enabling high volume local anes-
thetic delivery. It rapidly breaks down into mono-acetyl
morphine and morphine, but is equipotent with mor-
phine.12

Spinal opioids which are used less commonly include
buprenorphine (which is favored for having less effect on
the bladder sphincter when urinary retention remains a
problem), fentanyl, and sufentanil.

Membrane stabilizers

These drugs are in use as local anesthetics. They block
sodium channels to inhibit action potentials in the dorsal
horn and the intrathecal portion of the nerve and thereby
inhibit nerve conduction. They have been found useful as
systemic analgesics in neuropathic pain, but have a narrow
therapeutic window with effects on cardiac conduction of
concern.13[III] Direct spinal delivery overcomes this.
Intrathecally local anesthetics are used in the management
of chronic nonmalignant pain and cancer pain.14, 15, 16

There is evidence that intrathecal bupivacaine acts
synergistically with morphine, reducing the progression
of intrathecal morphine dosage.17 The intrathecal dose of
bupivaciane is 4–30mg per 24 hours.

Ropivaciane has been used; it is less toxic, more
selective for sensory blockade, and offers better segmental
spread but is less potent than bupivacaine.18

Local anesthetics are less selective than opioids and
block motor and autonomic as well as sensory fiber
transmission. Care is needed to locate the spinal catheter
at the site of pain and to titrate the dose. Long-term use
can be associated with tachyphylaxis.

Alpha-2 adrenergic agonists

The intrathecal application of alpha-2 agonists modulates
pain transmission by depression of the release of sub-
stance P and calcitonin gene-related peptide (CGRP)
from C fibers and enhancement of noradrenaline des-
cending inhibition.19 They may also suppress pregan-
glionic sympathetic outflow and may have analgesic
effects in sympathetically maintained pains.

There are studies of the greater efficacy of clonidine in
the treatment of neuropathic pain when administered
spinally as opposed to systemically.20

Intrathecal clonidine has been used in the management
of cancer pain and neuropathic pain.21, 22 The intrathecal
dose of clonidine is 50–1000 mg per 24 hours.

GABA B agonists

Baclofen is used in the treatment of severe spasticity and
its painful and disabling consequences. In pathophysio-
logical states, in which there is an imbalance between
active and passive muscles due to a failure of GABA-
mediated inhibition, baclofen (a GABA-B agonist) cor-
rects this. It is believed that the majority of GABA
receptors lie in the dorsal horn and the expression of these
receptors increases in pathological states; therefore,
baclofen is more effective in pathological states.

Baclofen may have a primary analgesics effect; this is
predominantly seen in central pain states.23

Voltage-gated calcium channel blockers

Ziconotide is an antagonist at N-type voltage-sensitive
calcium channels (VSCCs) found at presynaptic terminals
in the dorsal horn of the spinal cord. The blockade pro-
duced by ziconotide is more specific for nociceptive than
somatosensory transmission. There is increased expres-
sion of N-type VSCCs in chronic pain states which may
explain its greater specificity for chronic rather than acute
pain states.

In contrast to opioids and local anesthetics, ziconotide
is not associated with the development of tolerance.

Although experience with ziconotide is more limited,
its other advantage is that it does not cause respiratory
depression.

Drug admixtures are commonly used such as opioids
and local anesthetics, clonidine and morphine, and/or
bupivacaine. Those with ziconotide result in significantly
reduced concentrations of this drug.

Potential drugs

N-METHYL-D-ASPARTIC ANTAGONISTS

Dorsal horn N-methyl-D-aspartic (NMDA) receptors have
a core role in central sensitization and modulate altera-
tions in synaptic plasticity, pivotal to the generation of
persistent pain.

Racemic ketamine acts as a co-analgesic with opioid
analgesic effects in neuropathic pain states. Clinically,
there is limited efficacy data and a report of potential
neurotoxicity.24

GABA A AGONISTS

These agents suppress afferent evoked excitation in the
substantia gelatinosa by binding to the benzodiazepine

Chapter 21 Spinal administration ] 287



(BDZ) site of GABA-A receptor complex. There are several
reports of efficacy. However, there are troublesome side
effects of sedation and degradation of motor function.25

Safety remains of concern following two rabbit studies
showing behavioral indices of neurotoxicity26 and a
number of human case reports showing the same. There
is, however, no histological evidence and there has been a
large cohort study of intrathecal midazolam in an
obstetric population with less than 2 percent incidence of
neurological dysfunction and no evidence of increased
risk of neurotoxicity.27

For clinical use of drugs and side effects, see Chapter
31, Intrathecal drug delivery in the Practice and
Procedures volume of this series.

EVIDENCE FOR SPINAL ADMINISTRATION

Cancer pain

There is a systematic review which demonstrates that
cancer pain that has not been controlled by systemic
drugs can be managed by intrathecal opioid therapy.28[I]
There are randomized controlled studies which demon-
strate the intrathecal route to be superior to conventional
routes in the management of cancer pain.29[II]

Smith and coworkers29[II], 30[III], 31[III] demon-
strated in a multicenter randomized controlled trial that
quality of life was improved (because of improved pain
control) and drug toxicity was significantly less in patients
undergoing intrathecal administration of drugs com-
pared to those undergoing comprehensive medical
management.

One study30[III] also demonstrated that at six months,
53 percent of those undergoing intrathecal therapy were
still alive compared to 32 percent of those undergoing
comprehensive medical management. Survival was not a
primary outcome measure, but the finding resulted from
an intention to treat analysis; however, it does suggest that
longevity might be increased in those underoing intrathecal
delivery compared to those undergoing conventional
medical management. This may be due to improved
mobility and activity. There is also evidence, however, that
systemic morphine inhibits the immune system and may
therefore have an adverse effect on survival.32[IV] This may
explain the findings of difference in survival.

There are many case reports to support the efficacy of
spinal drug delivery in the management of cancer pain.
There is a randomized controlled trial which demon-
strates the usefulness of intrathecal ziconotide in the
treatment of cancer pain or acquired immunodeficiency
syndrome (AIDS).33[II]

Chronic nonmalignant pain

There is a single-blind, prospective placebo-controlled
study, which looked at short-term efficacy, showing spinal

morphine to be of benefit in the short term in patients
with CNMP who have responded to systemic morphine
but in whom side effects have become intolerable.34[III]

There are many studies of good quality to support the
long term use of intrathecal drug delivery in CNMP.35

[III], 36[III], 37[III], 38[III]
There are two randomized double blind placebo con-

trolled trials supporting the use of intrathecal ziconotide
in CNMP; however, the clinical significance was small,
experience is extremely limited, and side effects were
troublesome.39[II], 40[II]

For CNMP in particular, patient characteristics have to
be clearly considered in selection; a three year prospective
study of intrathecal opioid treatment for CNMP in
patients with extreme pain showed improvement but that
overall severity of pain remained high.41[III]

Trialing is mandatory (see Chapter 31, Intrathecal drug
delivery in the Practice and Procedures volume of this
series).

Spasticity

Baclofen is very efficacious in the treatment of spasticity
in multiple sclerosis, cerebral plasy, and spinal cord
injury.42[III], 43[III], 44[III], 45[III], 46[III], 47[III]

The ongoing effect on function can be assessed by
infusion trial.

Cost-effectiveness

For cancer pain, ITDD is more cost effective than sys-
temic medication beyond 3–6 months and for 11–22
months for noncancer pain.10, 48[III] Intrathecal baclofen
has a favorable cost–benefit ratio in the management of
spasticity in carefully selected patients.49[III]

CLINICAL APPLICATION

The following is an empirical guide to the application of
ITDD to the various categories of pain. It is not a sub-
stitute for thorough assessment of individual patients and
their conditions nor an assessment of the availability of
resources (see Chapter 31, Intrathecal drug delivery in the
Practice and Procedures volume of this series).

Cancer pain

The greatest interest in ITDD has been in its application
to advanced cancer pain. Particular consideration should
be given to risk to benefit ratio. It is important to assess
the effect of advancing disease on the safe conduct of the
technique and carry out investigations, for example
radiological scanning where there is suspected intracranial
or vertebral disease. Ten to fifteen percent of cancer
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patient’s pain will not be controlled by the use of systemic
medication as per the World Health Organization
(WHO) guidelines.50, 51, 52 As above, this is for reasons of
inadequacy or intolerable side effects of systemic
analgesia.

Both nociceptive and neuropathic cancer pain can be
managed by ITDD. It is likely that nociceptive pain, for
example bone pain, will be most responsive to opioids
and neuropathic, visceral and incident pain will be more
responsive when local anesthetics� clonidine are added
to the infusate.

Other treatments should be considered, such as
neuroablative or neurolytic techniques.

Chronic nonmalignant pain

ITDD can be considered as a potential treatment in the
management of some nociceptive pain, particularly
mechanical back pain, cases of mixed neuropathic and
nociceptive pain, and cases of widespread pain, for
example back and leg pain. In a retrospective study,
Raphael et al.53[III] found ITDD systems appeared to
confer advantage over spinal cord stimulation in failed
postsurgical spine pain and chronic mechanical back
pain.

Other treatments such as cognitive behavioral therapy
should not be excluded.

Spasticity

There is good evidence for the efficacy of intrathecal
baclofen in the management of spasticity of various
causes. Its effect on function and quality of life should be
assessed by trial.
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KEY LEARNING POINTS

� Cognitive-behavior therapy (CBT) is a complex

treatment developed from principles of learning theory

and empirical studies of cognition.
� Effective implementation of CBT should be

based on an explicit treatment protocol, careful

attention to multidisciplinary teamwork, and

supervision.
� Chronic pain patients frequently experience comorbid

symptoms of anxiety and depression. Patients’ approach

to pain is construed as one of inappropriate and

ineffective problem solving.

� The aims of CBT are to increase physical and

occupational activity and to decrease disability and

emotional distress through behavioral strategies for

managing activity and social interactions, and cognitive

strategies to address the subjective and emotional

experience of chronic pain.
� CBT is delivered via a collaborative engagement between

the patient and the therapist or therapeutic team.
� CBT is an effective treatment for chronic pain as judged

by evidence from meta-analyses of randomized

controlled trials (RCT).

INTRODUCTION

This chapter introduces the principles of cognitive-
behavior therapy, its therapeutic aims, and the evidence
for its effectiveness. Finally, we discuss possible develop-
ments for treatment.

The most common psychological treatments in the
fields of pain, physical health, and rehabilitation are
cognitive-behavioral. Other psychological treatments are
practiced, but are rarely researched or reported. The
treatment of choice for the rehabilitation of patients
presenting with persistent and unremitting chronic pain

is cognitive-behavior therapy (CBT) for which the evi-
dence of effectiveness has been reported.1, 2, 3[I] Con-
temporary CBT has developed from several sources. The
earliest was operant behavioral analysis, in which the
focus of treatment is the manipulation of the con-
tingencies and reinforcer value.4 The second development
was the respondent formulation of pain that identified the
pain–tension cycle as a focus of treatment and led to the
introduction of relaxation to break the pain–tension
cycle. The third development introduced cognitive ther-
apy, first with methods of distraction and imagery and
later with methods of self-talk.5 Both manipulations were



aimed at changing the way in which individuals experi-
enced pain. These elements have been combined in
varying degrees with a generic cognitive-behavioral
approach and additional elements drawn from cognitive
therapy for depression, particularly identifying and chal-
lenging unhelpful thought content and processes, are also
included. At present, most psychological treatments for
pain are multicomponent and frequently delivered in a
multidisciplinary format to groups of patients as a Pain
Management Program (PMP).1

THE ADULT WITH CHRONIC PAIN

Adults with chronic pain present to healthcare settings
primarily with the symptom of persistent or recurrent
pain. The overall population reporting chronic pain is
large (see Chapter 5, Epidemiology of chronic pain:
classical to molecular approaches to understanding the
epidemiology of pain). However, we are concerned here
with those who report chronic pain but who are also
highly distressed and disabled, and who repeatedly pre-
sent for a wide range of treatments.

Chronic pain patients often complain of disability and
enforced inactivity associated with poor sleep patterns
and fatigue. Chronic pain and disability may lead to an
impoverished social environment and loss of valued work,
family, and social roles.6 Particularly distressing can be an
unwanted and countertherapeutic reliance upon social
care and medical support systems. It is common, for
example, for people to continue to seek and receive
ineffective treatments over long periods of time.7

The constant demand to react and adapt to pain and
its associated disabling consequences also results in
emotional problems. Principal among them is the devel-
opment of a pattern of pain-related fear that is itself
distressing, but is also thought to be a factor in the
maintenance of chronic disability.8[IV] Typical targets of
fear (or fear-provoking stimuli) for chronic pain patients
are physical activity and movement, or even the thought
of physical activity and movement. Movement is often
associated with the catastrophic belief that increased pain
and (re)injury will occur.9 These fears may be specific to
the patient group, e.g. the fear for chronic low back pain
patients that a back-stressing movement, such as lifting,
will lead to disk damage.

Chronic pain patients also report low mood and
depression, anger, and frustration.10, 11, 12, 13[IV] In gen-
eral medical practice, there is a longstanding concern
about the underdiagnosis of depression associated with
illness or disability, a situation that is also relevant to
chronic pain. There is a less well-recognized risk of
overdiagnosis when almost all the widely used diagnostic
criteria and self-report questionnaires include somatic
symptoms, such as low energy, fatigue, sleep disturbance,
and poor libido, which may also be attributable to pain.14

The dominant psychological model is the diathesis and

stress model: the diathesis, or vulnerability to depression,
consists of previous depression or pre-pain experiences
which may heighten the risk of becoming depressed; and
the stress consists of pain and its negative impact on the
individual’s life.10 There is an urgent need for better
understanding of the significance of previous depression,
and the process of acceptance and adaptation.15, 16, 17

There may also be depressive content and cognitive pro-
cessing specific to chronic pain which warrants more
careful identification and targeted treatment. As in
depression without chronic pain, it may be that the effi-
cacy of antidepressants has been overestimated and cog-
nitive-behavior treatment is appropriate for depression or
depressed mood in the context of chronic pain. Severe
depression in the context of chronic pain needs
immediate attention because of the risk of suicide and
because pain treatment cannot proceed until the patient is
able to foresee some worthwhile future.18, 19[I]

Prolonged pain, disability, and depression will affect
everyday cognition. Patients commonly complain of
cognitive problems, such as difficulties in concentration
and focused attention.20, 21 These effects are likely to
reduce everyday problem-solving abilities and to affect
confidence in attempting social re-entry. Chronic pain
patients often present with a range of problems in addi-
tion to persistent pain. This complex presentation has
often been referred to as a syndrome, as it is largely a
collection of associated and interlocking problems.

There is often a danger in this summarizing of a
complex clinical presentation that we might unin-
tentionally imply that an underlying vulnerability of
psychopathology is the common feature of chronic pain
patients. There is no evidence, however, for the claim that
all chronic pain patients share a common psychopathol-
ogy. Instead, this syndrome of distress can usefully be
understood as resulting from a normal response of people
to a fundamentally abnormal situation: pain that does not
subside. People persevere and sometimes perseverate in
ineffective and frustrating attempts to escape from pain
and distress.22, 23, 24[IV]

AIMS OF TREATMENT

Aims or targets of treatment are constructed within
healthcare systems largely in reflection of the value system
of a specific culture. Wealthy medicalized cultures often
have two sets of competing values clasped nervously
together: first, the prolongation of life in complete mental
and physical perfection, characterized by the total absence
of illness or decay (see, for example, the World Health
Organization’s definition of health, ‘‘Health is not only the
absence of infirmity and disease but also a state of physical,
mental and social well-being’’); second, the personal and
social management of a natural progression of aging,
characterized by the shift to nonphysical life goals and the
investment in social and community services.
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The pain clinic is an environment where there exists a
clash on an almost daily basis of these two broad social
values. Services for most people with chronic pain are
often provided within acute medical settings by practi-
tioners trained in methods of symptom control.
However, chronic pain patients present with the syn-
drome of physical, psychological, and social problems
outlined. Some studies have attempted to capture this
clash of values in action. One example is of the physician
focused on symptom control, while the patient seeks the
solution to a wider range of problems. A second example
is of the contrary situation in which the patient is
focused on the need for the problem of pain to be fixed
and the physician is attempting to introduce a broader
behavioral context of the problem and its treatment.
Cognitive-behavior therapy is often used with chronic
pain patients for some, and occasionally all, of the
following goals:

� improved physical fitness;
� reduced disability;
� (re)introduction into a work environment;
� increase in effective problem solving;
� increase in adaptive behavior;
� reduction in pain-related fear;
� reduction in pain-related depression.

At this point one might be forgiven for asking, ‘‘Is there
anything CBT doesn’t do?’’ The point is, of course, that
CBT is an inclusive term for a range of techniques framed
within a common philosophical approach and imple-
mented as a complex, multicomponent treatment. This
approach characterizes the average pain patient as suf-
fering from the ineffective and repetitive application of
normal psychological processes within the fundamentally
abnormal context of intractable pain. CBT is not the right
approach for all patients and the same package of CBT
will not work for all patients. Ideally, any program of
therapy should be tailored to patient need given the
available skills and resources of the treatment environ-
ment. Of critical importance to the effectiveness of any
program of CBT is a working consensus on: (1) the aims
of treatment; (2) how to measure change; and (3) which
active components of treatment are to be used and in
what format.

PRINCIPLES OF CBT-BASED PAIN
MANAGEMENT PROGRAMS

General requirements

The description of components listed below does not
constitute a set of instructions for the uninitiated. It is a
description of what is carried out by trained professionals
with the relevant skills and knowledge.

QUALIFIED STAFF

The success of CBT is critically dependent upon the
expertise and experience of the staff. Most programs
include personnel with qualifications in medicine, psy-
chology, nursing, and physical and occupational therapy.
These staff should have received additional training in
pain management. It is important to note that unlike
pharmacological interventions, where the quality of the
medicine is controlled in the manufacturing process,
psychological treatments are essentially manufactured de
novo each time they are delivered.25 Programs should
therefore use protocols that provide clear guidance to the
sequence and structure of therapy sessions and provide a
framework in which clinical skills are practiced. Regular
supervision should occur to ensure adherence to the
protocol, facilitate sustained clinical competence and
development, and aid problem solving when the team
need to deviate from the protocol for therapeutic pur-
poses. Staff cohesion flourishes where they have good
opportunities to work together, to discuss patient’s needs
and how they are best met, to train together, and where
there is mutual respect and clarity of the roles of different
disciplines. This is not to suggest that there is no sub-
stantial overlap between disciplines in some skills and
knowledge, but in a team which functions well this con-
tributes to a consistent message to patients and not to
disputes about professional boundaries.

COLLABORATIVE AND CONSULTATIVE ENGAGEMENT

Eliciting and working with material of personal relevance
to participants is of paramount importance. Staff should
aim for an interactive collaborative and consultative
engagement with patients to elicit patients’ difficulties
and struggles as the material for demonstrating applic-
ability of pain management methods. This consultative
style also maximizes involvement of patients in sharing
solutions, with the benefits of easing the burden on the
staff member, facilitating motivation, and increasing the
credibility of solutions discussed.26[V]

EMPATHIC DISCUSSION AND RECOGNITION OF LIMITATIONS

Life can be very hard for some patients and difficulties
raised may be partly or entirely outside the remit of pain
management or the influence of staff. Many housing and
social welfare difficulties, and family disturbances, come in
this category. Empathic discussion and recognition of lim-
itations (and of possible other sources of support or help) is
preferable to either negation of the problem or over-
ambitious suggestions that pain management will solve it.

ACTIVE PRACTICING OF SKILLS

A major goal of CBT is to produce behavior change
to enhance patients’ behavioral repertoire and coping
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strategies. Behavior change requires practice: even work
on very minor or small-scale goals under the supervision
of staff will establish the methods of behavior change and
ensure that the patient is trying what they have been
taught. Attempts to cover all information of possible use
to all members of the group tend to result in a didactic
style and little opportunity for behavioral experiment. It
is better to back up teaching with written information
and to provide time and support for patients to attempt
and practice desired changes. We make a distinction
between active practicing of skills and behavioral experi-
ments in that behavioral experiments are specific tech-
nical strategies employed in CBT to test patients’
hypotheses and predictions about their behavior.27[V]

INTEGRATION AND SYNERGY

Program components should build on and facilitate one
another, rather than being additive or complementary. For
instance, education on how the spine works helps the
patient to challenge unrealistic fears about possible damage
from lifting; challenging those fears enables the patient to
work both on back strength in exercise sessions and on
practical lifting tasks related to work requirements.

Components of CBT

The following constitute the major – but not all – com-
ponents provided by CBT-based chronic PMPs. The
integrated and multidisciplinary delivery of PMPs means
that components are not necessarily delivered by a single
discipline and may characterize some of the work of all
disciplines.

EDUCATION

In some programs, education about pain is restricted to
specific information about pain management strategies,
or about models of pain, most often drawing the dis-
tinctions between acute and chronic pain and explaining
the integration of psychological and physical influences
on the pain experience. More extensive implementations
include comprehensive and integrated educational mat-
erial that explicitly underpins changes in behavior and
cognition practiced in other parts of the program. Ideally,
general educational material should be enhanced by
specific information that enables formulation of patients’
problems to be made to guide specific interventions. This
approach is most explicit in individualized programs such
as that developed from the fear-avoidance model.28, 29

Evidence from RCTs shows that education per se has a
small but significant effect and CBTadds to this effect.3[I]

Programs frequently provide written supplements to
educational sessions and workbooks for patients to review
their learning and improve their understanding. Written

information facilitates the communication of program
aims and methods. The source of communication is also
important. The most credible source of information
about the body and pain is a medical doctor specialized in
pain who is willing to answer questions on treatment and
to acknowledge the uncertainties in our understanding of
pain. Similarly, a pharmacist’s professional knowledge of
drug treatments, their side effects, and interactions is
often highly valued by patients.

GOAL SETTING

Goal setting may encompass targeting particular areas for
all patients, e.g. work or domestic duties, to individua-
lized and iterative goal setting. Patients find it hard to set
goals and aiming to restore pre-pain activities may not be
appropriate. Goals, such as reducing work hours, may be
the means to improve quality of life and should not be
rejected. Obstacles, pain-related or otherwise, to goal
attainment should be identified and consideration given
to how other aspects of the program might address these.
A good strategy is to teach the specification of interim
and proximal goals, often as simple as sitting or walking
tolerances, and the application of a steady incremental
approach known as pacing, with the particular activity
carried out in a time-contingent manner. Thus, a patient
would be encouraged to plan to do a task for a specific
period of time rather than engaging in it until the task is
completed. For example, the task of doing the family
ironing can be partitioned into periods of 10 or 15
minutes with intermittent rest rather than achieving it in
an unrelenting period of an hour or more.

RELAXATION

This may be taught using a single technique, such as
diaphragmatic breathing or progressive muscular relaxa-
tion, but patients may find one technique easier to use
than another and may learn to use different techniques in
different settings.30, 31[V] It is preferable to aim for a well-
integrated and broadly applied set of techniques that
facilitate goal attainment. Biofeedback is an effective
technique for pain control and is more commonly used in
the USA than elsewhere,32 but it is not essential to the
process of achieving relaxation. Practice of techniques
while moving, exercising, and otherwise working on goals
is necessary to improve generalization.

EXERCISE AND FITNESS TRAINING

Many programs include regular exercise and fitness
training. This may range from written or verbal advice on
posture, body mechanics, ergonomics, and recommended
exercise routines through to specific exercises and tech-
niques targeted at movement and exercise integrated with
the patient’s physical strength and deficits and with their
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personal goals. In the spirit of self-management, the use
of hands-on techniques by therapists, which cannot be
reproduced by patients in their own environments, is best
kept to a minimum. The easily quantifiable nature of
exercise (by repetitions, time, or resistance) makes
recording of goal attainment simple, and contingency
management (see below under Operant principles) can be
applied by staff and by patients to enable them to
recognize and reward successes and steady progress.

Behavioral change

The methods outlined above will have an impact on
behavior and this section considers two methods that
specifically target behavior change using explicit psycho-
logical principles. Behavioral change is achieved by a set
of techniques requiring systematic application to the
patients’ own personal difficulties, which demand inge-
nuity in application. At a simple level, patients can be
given information on changing habits using cues, practice
techniques, and targeted reinforcement.

OPERANT PRINCIPLES

Historically, the application of operant-conditioning prin-
ciples to chronic pain4 focused on several aspects of
behavior: verbal expression of pain – including para-
vocalizations, nonverbal behavior such as guarding and
bracing, reduced general activity levels, and medication
consumption.33 Application of operant principles requires a
functional analysis of the target behavior(s) to identify the
antecedents (e.g. presence of others, type of social inter-
action, physical setting) where the behavior is most likely to
occur or where the behavior appears to be inhibited.34

Identification of the setting conditions and discriminative
stimuli that appear to control the behavior is a critical
component of the functional analysis. The second part of
the analysis identifies current reinforcement contingencies.
Two types of reinforcement maintain behavior: positive
reinforcement, i.e. the contingent occurrence of an event
(subjectively perceived as a pleasant event) that increases
the behavior (in pain it may be the expression of concern
by another) and negative reinforcement of a behavior, i.e.
the removal of an event (subjectively often experienced as
aversive), which similarly increases the behavior. Given that
pain is inherently aversive it is easy to see that activities (or
lack of activity) that reduce pain are readily negatively
reinforced (i.e. the reduction of pain serves to increase the
behavior that reduces pain). There are several strategies
available to the therapist including the removal of the
positive reinforcers (extinction), changing the antecedents,
and gradually shaping new behavioral repertoires that are
incompatible with pain behavior. Operant principles are
often incorporated into CBT programs and used to
help patients and partners change the way in which they
interact.35, 36[II]

BEHAVIORAL EXPERIMENTS: THE EXAMPLE OF EXPOSURE
AND RESPONSE PREVENTION

Behavioral experiments are an integral part of main-
stream cognitive therapy27 and seen as a significant
vehicle for producing cognitive and behavioral change.
Behavioral experiments are developed to test individual’s
beliefs about the consequences (emotional, behavioral,
and cognitive) of either engaging or not engaging in
particular behaviors. Behavioral experiments can be used
to help with many of the problems that are experienced by
patients with chronic pain. The clearest example of the
use of behavioral experimentation has emerged in the
therapeutic application of the fear-avoidance model.28, 29

[III] This model proposes that a proportion of chronic
pain patients are inactive because they fear that move-
ment will produce physical damage to their bodies, i.e.
their behavior is negatively reinforced by the avoidance
and reduction of anxiety. Treatment comprises analyses of
the patient’s avoidance behavior and the development of a
hierarchy of feared situations. Patients’ predictions about
what will happen if they engage in the feared behavior are
elicited and subsequently tested by helping them to
complete the behavior while not escaping from the
situation; this leads to disconfirmation of their predic-
tions, fear reduction, and increased behavioral activity.

Cognitive therapy

ATTENTION MANAGEMENT

At its simplest, attention management consists of provi-
sion of advice on one or more methods, such as the use of
distraction or imagery control techniques. More advanced
forms require patients to practice a range of attention-
centering techniques that provoke a dissociation of self
from both pain and pain-related automatic negative
thoughts, providing an internal observation or metacog-
nitive perspective on harmful self-talk.37 A free compre-
hensive manual is available at www.leeds.ac.uk/hsphr/
psychiatry/staff/morley.htm.

COGNITIVE RESTRUCTURING

This includes a variety of methods aimed at changing
both the content and process of thinking. Cognitive
change requires access to emotionally significant material
and written or verbal instruction alone is unlikely to have
sufficient impact except in the most resourceful and least
distressed patients. Therapists aim to elicit the appraisals,
attributions, biased thinking patterns, and negative
emotions from patients. These become the material on
which the techniques are demonstrated and practiced.
Instruction in a variety of coping skills may well expose
patients to novel strategies, but teaching cognitive coping
skills is best undertaken with reference to patients’
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existing skills, their range of skills, and the appropriate-
ness with which they apply particular strategies to
difficult situations. Beverly Thorn has written a compre-
hensive manual.38, 39[V]

PROBLEM SOLVING

Problem solving is often implicit in programs rather than
taught as a separate component. It involves identification
of the problem, generation of a range of possible solu-
tions, prioritizing among those solutions according to
opportunities, resources, and risks, and then attempting
them. Many patients appear to use a narrow range of
strategies, such as forcing themselves to persist when they
meet an obstacle, which succeeds in some situations but
rarely in chronic pain. Experimenting with different ways
of tackling problems is an important experience for
changing habits and beliefs about ‘‘the right/best way to
do things.’’ Although specific problem-solving strategies
are still being researched,23, 24, 40[IV] creative attempts are
needed by therapists to introduce patients to new meth-
ods of problem solving and to recognition that some
problems are insoluble.22

Generalization and maintenance strategies

A thorough program will pay attention to generalizing
treatment gains and developing maintenance strategies.41

Although this component of CBT remains under-resear-
ched, strategies include scheduled reviews of homework
with a therapist, and developing strategies for relapse
prevention, e.g. a priori recognition of vulnerabilities and
learning how to handle crises. Where possible, the
involvement of family members and other important
people in the patient’s environment should be incorpo-
rated into the program. Communication skills, particu-
larly where family members cannot attend the treatment,
include assertion skills, discussion of pain behavior and
its effects on other people, and listening skills. Particular
areas for application of communication skills, which may
be discussed during the program, include consultation
with health professionals and negotiations with potential
or actual employers.

For all of the components, adherence to program
content and methods is important. One dimension of this
is checking that patients are, in fact, doing as instructed,
whether it is relaxing during relaxation sessions or
monitoring thoughts when distressed. Staff adherence to
the treatment protocol, irrespective of discipline, is
important: inconsistency in therapy or in providing
explanations undermines the efficacy of the technique
and patents’ confidence in staff. To help maintain con-
sistency, protocols for each component of the program
should be regularly reviewed in the light of local out-
comes and published evidence.

THE EVIDENCE BASE

Despite the complexity of CBTand the heterogeneity of the
client group, there are a large number of treatment eva-
luations reported and a respectable number of randomized
controlled trials. Reviews of CBT for chronic pain in adults
have reported strong evidence for the efficacy of CBT in
restoring function and mood and in reducing pain and
disability-related behavior. Evidence for CBT ranges from
unimodal treatments, such as biofeedback to complex
multicomponent packages and studies fall into the top
three categories of Bandolier’s criteria:

[I] At least one systematic review of multiple RCTs, for
example, Refs 2, 3, 42, 43.

[II] At least one RCT of appropriate size and setting.
There are approximately 50 RCTs. Early publications
reported small samples (no20 per arm), but more
recent ones have used adequate statistical power.44

[III] Well designed, nonrandomizedy time series. There
are many good pre-post studies and more recently
researchers have used single case methods to evaluate
new treatments.45, 46, 47

Perhaps the most detailed analysis of CBT for chronic
pain is that published by Morley et al.3 This work is
currently being updated with additional refinements, but
it is not sufficiently advanced to include the results in this
chapter. We therefore report our earlier analysis in some
depth to illustrate some of the complexities in evaluating
CBT as a treatment for chronic pain. This will highlight
some of the methodological problems in both conducting
meta-analytic reviews and individual RCTs and report on
some recent developments.

Critical evaluation of a meta-analysis of CBT

In preparing this study,3 we made a number of a priori
assumptions and exclusions. First, chronic pain was
accepted as a label for a heterogeneous group of pain
problems in which diagnosis, site of pain, or medical
findings were not apparent major sources of variance in
any of the targets of treatment. This probably reflects the
assumptions made in many PMPs in clinical settings.
Second, we excluded studies of psychological treatments of
headache because the episodic nature of chronic headache
is markedly different from nonheadache. Third, we also
excluded trials reporting the effectiveness of psychological
treatments for children with chronic pain, see Ref. 48[I].
The study was designed to answer two questions.

1. Absolute efficacy – is CBT an effective treatment
for chronic pain, i.e. is it ‘‘better’’ than no
treatment?

2. Relative efficacy – is CBT more effective than
alternative active treatments?
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To answer the first question, we compared active CBT
with waiting list control groups, and to answer the second
question we identified active non-CBT treatments as the
contrast. We identified papers in the English language
reporting 25 trials containing controlled comparisons of
CBT and data suitable for analysis. Information from the
trials was extracted and coded using criteria developed for
the study including details of trial design, participants, the
treatments, and outcome measures used, and statistical
data on differences in outcomes. As an ideal, all trials
would use the same outcome measures and have similar
design features, e.g. identical treatment and control con-
ditions, homogeneous diagnostic groups. While phar-
macological treatments approximate this (comparison
between active and placebo groups and a single ‘‘simple’’
outcome such as pain reduction), the situation is sub-
stantially different where complex interventions such as
psychological treatments are concerned. Meta-analysts
face a number of problems concerning the methods of
how to aggregate and combine information.

OUTCOMES: EFFECT SIZES AND CLINICAL SIGNIFICANCE

The first problem concerned the type of data available for
analysis. Many psychological measures are continuous
rather than dichotomous. As a consequence, results are
reported as mean differences between groups rather than
as proportions of patients meeting a predetermined cri-
terion of wellness. The metric used for continuous mea-
sures is the effect size (ES). The ES is computed by
dividing the difference between the treatment and control
group scores at the end of treatment by the pooled
standard deviations of the samples. Adjustments are made
for differing sample sizes and we also made a further
adjustment to try to estimate the ‘‘true’’ difference
between treatments by correcting the ES for the impact of
the reliability of the measures used. This is important

when the analysis includes ES values estimated from a
range of measures which differ in reliability as the var-
iation in reliability adds unwanted ‘‘noise’’ to the data.

MULTIPLE OUTCOMES IN TRIALS

The second problem concerned how to manage data from
trials containing multiple different outcome measures.
First, we identified different measurement domains (see
Table 22.1) and conducted separate analyses on these
domains. Outcomes were allocated to domains, although
there were too few data in some of the domains to permit
analysis. Second, where studies used more than one
outcome measure in a given domain, one measure was
selected using the criteria of widespread use and
reliability.

MULTIPLE TRIAL ARMS

The third problem was how to manage multiarmed trials,
i.e. trials that compared two or more treatments with a
control. This presents two issues: (1) how to classify and
combine treatment groups and (2) the choice of com-
parison (control) group for estimating ES values. We
estimated treatment effects by including all treatment
arms within a trial and acknowledged that the mean of
the combined ES estimates in this comparison were not
independent because those drawn from a single trial had a
common control condition. Coding the details of treat-
ments reported in the papers revealed wide variation
between treatments described with a generic term, for
example cognitive therapy, but there was marked varia-
bility between studies in the detail provided. We cat-
egorized the treatments into three primary classes:
biofeedback and relaxation, behavior therapy, and cog-
nitive-behavior therapy. We anticipated that further

Table 22.1 Outcome domains for cognitive-behavior therapy.

Domain name Definition and example measures

Pain experience Measures of subjective pain experience: McGill Pain Questionnaire, visual and numerical scales

Mood/affect Primary measure of mood or affective state: Beck Depression Inventory

Cognitive – coping and appraisal Reports of cognitive strategies – subsequently divided into negative strategies known to be

associated with poor outcome, e.g. catastrophizing, and positive strategies, e.g. active coping

strategies: Cognitive Strategies Questionnaire

Pain behavior Overt behavioral acts associated with pain – there were two subcategories: pain behavior referring to

behavior that signals the presence of pain, e.g. guarding, and activity level, e.g. distance walked:

Pain Observation Scale

Social role performance Assessments of the impact of pain on the ability of a person to function in various social roles:

Sickness Impact Profile

Biological and physical fitness

measures

Assessment of biological function: VOmax, joint flexibility

Use of healthcare services Clinic visits and drug consumption

Miscellaneous All other measures: pain drawings, repertory grids

298 ] PART II MANAGEMENT – THERAPIES



analyses might be possible by estimating the mean ES
values for treatments with common ingredients. Ulti-
mately, these analyses were not possible as there were too
few trials in some of the classes. We identified two classes
of control group: (1) waiting list control (WLC), where
no new treatment was prescribed, although some WLC
patients obtained some treatment, e.g. continued medi-
cation; and (2) treatment control (TC), in which a par-
ticipant was allocated to a new or defined treatment for
the duration of the trial. The TC conditions comprised a
heterogeneous collection of treatments, including access
to regular treatment provided in a pain clinic, phy-
siotherapy, occupational therapy, and the provision of a
standard educational and advice package.

We conducted two analyses comparing active treat-
ments with WLC and then comparing active treatments
with TC. As the studies also used more than one potential
control group, some studies contributed data to both
comparisons. The results of the analyses are shown in
Figures 22.1 and 22.2. Figure 22.1 shows the ES values
when active CBTwas compared with waiting list controls.
The average effect sizes are shown with their 95 percent
confidence intervals. In no case does the lower confidence
interval cross the x-axis where the ES = 0, providing evi-
dence that receiving CBT is reliably more effective than
merely waiting for treatment. Treatment gains cannot
therefore be explained by the passage of time or the effects
of repeated measurement.

Figure 22.2 shows the results when CBT is compared
with other active treatments. In this figure, the range bars
representing the 95 percent confidence intervals for the
mean ES either embrace the horizontal dashed line, which
represents no difference between treatments or, in the
case of three comparisons, shows that CBT is superior.
The overall conclusion is that as a class of treatment
CBT is at least as good as other active treatments for
chronic pain.

CRITICAL OVERVIEW OF THE STUDY – ISSUES OF TRIAL
QUALITY

While this work concluded that CBT is an effective
treatment, improvement to the design and conduct of
treatment trials can be made. For example, we concluded
that most trials were statistically underpowered and that
some trials were overcomplex with multiple treatment
and control groups. The content and differentiation of
control groups from treatment requires more considera-
tion. Patients assigned to a waiting list in one trial may
continue to receive existing treatments that may be
equivalent to the treatment control in another trial. The
distinction between the content of an active treatment
and a control condition can be a fine one. Allocation to a
control condition will have different psychological con-
sequences from allocation to an active treatment, even
if that treatment is based on predominantly non-
psychological principles, e.g. physical therapy. There was
variation in quality and quantity of treatment given.
Some authors gave explicit accounts of the treatment
procedures with reference to manualized interventions
which were appropriately monitored, but this was not
universally so. We also noted a paucity of information
about the impact of CBT on economically important
outcomes.

We have sought to quantify the quality of trials by
developing a quality scale (QS) designed specifically for
complex psychological treatments. Most published quality
scales evaluate important biases (e.g. compromised ran-
domization), but some of these are not applicable to
psychological treatments. The extant quality scales pay
scant attention to important aspects of treatment
administration. Yates et al.49 obtained consensus agree-
ment on the desirable content of a QS from a set of
experts. The final scale contained items measuring both
methodological quality and the quality of treatment
implementation. Studies were carried out to assess the
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Effect size

0.6 0.8 1.0

Figure 22.1 The mean effect size values and 95% confidence

intervals for all the measurement domains when active

cognitive therapy is compared with waiting list control. The

vertical dotted line indicates an effect size = 0, i.e. no effect.
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intervals for all the available measurement domains when active

cognitive therapy is compared with active treatment control.
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effect.
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scale’s reliability and validate its use and these provided
formal evidence of our conclusions about trial quality.
Yates et al. also examined six more recently published
trials and the analysis indicated that the quality of trials
appears to be improving. Future meta-analysis of
trials will be able to examine the influence of overall trial
quality and of specific features, for example duration of
treatment, on outcome. Furthermore, more advanced
statistical analysis that can incorporate the complexities of
trial design (multiple trial arms and multiple outcomes)
will circumvent some of the compromises made in the
original meta-analysis.

Finally, trialists are beginning to report outcomes as
the proportion of patients showing clinical improvement
on a given variable, rather than a mean difference
score. The main method for this is the application of the
reliable change index and clinically significant change
criteria50, 51, 52 to dichotomize continuous measures using
the statistical and normative properties of the outcome
measure. Although this approach is not free of problems,
it enables researchers to express outcomes in terms that
might be more widely understood.25

FUTURE OF CBT FOR CHRONIC PAIN

Clinical researchers are constantly striving to improve the
effectiveness of treatments. A traditional strategy has been
to try to identify characteristics that define patient
responsiveness to treatment and to use these criteria in
several ways: (1) to select patients; (2) to attempt to
understand what it is about these characteristics that
influence responsiveness to treatments; or (3) to develop
customized treatments for specific subgroups of patients.
On balance, this approach has yet to be successful. The
major issues in developing customized treatments are
discussed in a special section of the Clinical Journal of
Pain.53[V] Rather than pursue these arguments in detail,
we suggest that future development in this field may
occur in the following ways.

� Refining the theoretical understanding of chronic
pain and the development of more specific
treatments. The fear-avoidance model9 is an example
of a model-driven approach for which there is some
evidence from replicated single case series45, 47[III]
and two small RCTs.54, 55[II] A second example is the
development of a new formulation of chronic pain.
Whereas traditional CBT has focused directly on
teaching coping strategies and restoring behavioral
function, ‘‘third-wave CBT’’ based around the
concept of acceptance approaches the problem from
a different stance.56 It is not possible to convey the
details of this approach here, but the key issue is that
it invites pain sufferers to consider how they can
develop valued lives in the presence of persistent
pain (see Chapter 13, Psychological effects of chronic

pain: an overview). Initial studies, including
uncontrolled case series and a small RCT,57[II], 58, 59

[IV] indicate the feasibility and promise of the
approach.

� Identifying key cognitive and behavioral changes that
mediate outcomes and the therapeutic actions that
facilitate these changes. Despite a significant number
of randomized controlled trials, there are relatively
few studies that have examined processes of change.
RCTs provide an opportunity to identify moderators
and mediators of treatment and the statistical
techniques to model these data are available. Burns
and colleagues have tested these methods in single
cohort studies60, 61[IV] and Turner et al. have
recently applied the method to data from a high
quality RCT.62[II]

CONCLUSIONS

Psychological therapy and, in particular, CBT therapy, for
adults with chronic pain are effective treatments for
helping patients to manage the deleterious effects of
chronic pain. Multidisciplinary CBT has been established
practice for over 30 years and the evidence base is now
sufficiently robust to allow the research and development
of critical aspects of treatment.
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KEY LEARNING POINTS

� Between a quarter to half of the population in

developed countries are using complementary or

alternative therapies at a cost of nearly $30 billion in

the United States alone.
� Complementary and alternative medicine (CAM)

spans many broad categories such as culturally

based systems of medicine, other systems of

medicine such as chiropractic and homeopathy,

and individual practices such as massage and

meditation.
� Acupuncture has ancient roots, but remains one of the

most well-researched of practices.
� Originating in the late eighteenth century

as the brainchild of mainly one man, Samuel

Hahnemann, homeopathy is based on unique concepts

of the energetic properties of matter and the

paradoxical idea that potency increases as dilution

increases. It is widely practiced in Europe, India,

and Asia.
� Based on the premise that spinal misalignment

contributes to disease, chiropractic has often been at

odds with conventional medicine. It has nevertheless

gained legitimacy with recognized licensing and

widespread use.

� Botanical therapies may be the oldest alternative

medical practice. It is part of many world systems of

medicine. Efforts to classify herbs for their safety and

efficacy are ongoing.
� Mindful CAM therapies include relaxation breathing,

meditation, mindfulness-based stress reduction,

self-hypnosis, guided imagery, autogenic training, and

progressive muscle relaxation.
� Therapeutic touch, healing touch, Reiki, Qi Gong, and

shamanic healing are all examples of energy healing

therapies. These therapies are based on the construct

that energy flow can be manipulated by practitioners

and brought into balance to induce healing and pain

relief.
� Helping patients choose CAM therapies should take

into consideration the individual and the goals of

therapy.
� Unproven herbs or supplements should be avoided in

the pregnant patient.
� Active self-care therapies should be emphasized in the

passive patient who needs physical rehabilitation.
� Integrating CAM with needed conventional care is

critical for the patient with complex medical

problems.



INTRODUCTION

The practices of acupuncture, chiropractic, homeopathy,
herbal medicine, traditional Chinese medicine are often
described as CAM therapies because they lie outside the
dominant health system of a western industrialized
society. Yet, in many cultures these techniques may be
mainstream. Indeed, world health practices are so varied
and culturally based that allopathic medicine is a sub-
ordinate and foreign alternative to the indigenous medi-
cine of many societies. A chapter such as this one
discussing CAM must be written from a regional point of
view. This chapter is written from the perspective of a
western industrialized society in which allopathic medi-
cine dominates health care, where a biological model of
health and disease dictates the approach to healing.

Mainstream medicine relies on pathophysiologic
diagnoses derived from history and laboratory investiga-
tions, and treatment using pharmaceutical agents, sur-
gery, physical rehabilitation, and radiation therapies. To a
lesser extent, a restricted set of behavioral and psycholo-
gical therapies are also parts of this tradition. The axio-
matic foundations of this medicine are the scientific
method and the biological sciences that evolve from it.
Although many if not most therapies in this system are
empirically derived, those therapies that are scientifically
derived or validated are the most valued. Those disease
states in which the pathophysiology is undetermined or
vague tend to be poorly served by this system of medicine
that depends so heavily on well-defined pathophysiologic
causes of disease.

WHY DO PAIN PATIENTS SEEK CAM?

Pain management is an excellent example of where the
biomedical model falls short. First, pain management is,
by definition, an experience that is subjective1 and cannot
be measured directly. Second, the pathophysiologic pro-
cesses that produce clinical pain problems are still
incompletely understood. We can only infer what the
pathology is in broad generalities – for example, inflam-
matory, neuropathic, or mechanical. Complex social and
psychological factors play such an important role in
chronic pain problems that attempts to treat chronic pain
exclusively using scientific principles are doomed to fail
under our current state of scientific knowledge. Pain has a
motivational component, i.e. it is accompanied by a drive
to eliminate it. The result is that patients continually seek
alternative treatments to eliminate their pain.

All of these conditions lead patients to seek CAM for
pain: incomplete pathophysiologic characterization, lack
of scientifically derived treatments, inability of allopathic
treatments to control the social and psychological com-
ponents of complex chronic pain, high motivation for
symptom elimination, and lack of physician enthusiasm
for treatment. In fact, chronic pain may be the affliction

physicians are most loath to treat. Many physicians shun
the chronic pain patient because they feel powerless to
help these individuals who often have unrealistic expec-
tations and require large amounts of time during and
after office hours. It is no wonder that these patients look
elsewhere for help.

Astin2 identified chronic pain as a predictor of CAM
use. Other predictors included poorer health status, more
education, anxiety, back problems, urinary tract problems,
interest in spirituality and personal growth psychology,
and having had a change in philosophy of life. Interest-
ingly, dissatisfaction with conventional medicine did not
predict the use of CAM. In fact, only about 4 percent of
individuals report relying exclusively on CAM.2, 3

The discomfort of allopathic treatments is often a
deterrent for patients. Surgical treatments carry inevitable
discomfort and recovery periods of varying degrees. Phar-
maceuticals’ side effects frequently interfere with normal
functioning. The public’s perception of these agents as
foreign substances can even result in avoidance of medicines
that are usually well tolerated. These ‘‘costs’’ of allopathic
treatment also fuel the flight to ‘‘natural’’ alternatives.

Patients seeking treatment for pain want physicians to
listen to them and to believe them. These elements of the
physician–patient relationship are as important as suc-
cessful pain reduction.4 Yet, time constraints and pro-
ductivity expectations on physicians by disinterested third
parties may reduce the listening time to ten minutes or
less. The solo practitioner of a complementary or alter-
native therapy may offer 30 to 60 minutes of unhurried
time to listen to their patients and satisfy that essential
ingredient of success.

Prevalence

Several large surveys in the United States, Europe, and
Australia have demonstrated the extent of CAM use by the
public. According to the Centers for Disease Control and
Prevention, in 2002 36 percent of US adults used some
form of CAM therapy and if prayer was included, the
number increased to 62 percent.5 Use of these therapies
was most prominent for back problems, upper respiratory
infections, and neck problems. In 2001, Millar6 reported
that 17 percent of Canadians visited an alternative health
care practitioner in 1998/1999. MacLennan et al.7 reported
that approximately 49 percent of Australians used CAM in
1993. In England in 1998 the prevalence of CAM use was
28 percent.8 The prevalence in Denmark in 2003 was 20
percent.9 A survey published in Germany in 2004 found a
prevalence of CAM use of 70 percent for women and 54
percent for men.10 The use of CAM is increasing at a rapid
rate. In Italy the prevalence almost doubled from 1991 to
1999 to an estimated use of 15 percent.11 Estimates of
prevalence may vary widely depending on the study
methods used. The choice of study population and the
scope of what is considered complementary or alternative
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medicine will greatly impact prevalence estimates. For
example, the use of prayer or local heat and ice are such
common practices that it would be misleading to include
these in survey data.

In the United States, the high rates of CAM use crosses
socioeconomic, racial, and geographic boundaries; but
those who used CAM in 2002 were more likely to be
white, female, college-educated, with age less than 65,
living in the western US, with a higher annual household
income.12 The types of therapies that patients use will
depend on many factors besides patient preference, such
as availability and cost. As reported in a 2002 survey by
Tindle et al.,12 the most common therapies were herbal
medicine (18.6 percent) and relaxation techniques (14.2
percent), chiropractic care (7.4 percent), and yoga (5
percent), while acupuncture was used by 1 percent of the
population. The number of visits to a CAM practitioner
varies depending on the nature of the therapy. Thus,
chiropractic, acupuncture, and massage therapy will
require more visits to a practitioner in a given time period
than herbal medicine or homeopathy.

Cost

A conservative estimate of out-of-pocket costs to con-
sumers for CAM in the US is $27 billion. This compares
with out-of-pocket expenses of $9.1 billion for hospita-
lizations and $29.3 billion for physician services.3 Pay-
ment by insurers for CAM has become a greater issue as
the popularity and demand has increased, virtually all
health plans now cover chiropractic services and most
health plans offer coverage for at least some of the other
CAM therapies.13 In Britain, Pal and Morris14 surveyed 20
private medical insurers regarding payment for com-
plementary treatment. Most of the responders indicated
that they paid for chiropractic, osteopathy, homeopathy,
and the Alexander technique – sometimes only with a
consultant referral.

Physician attitudes

Acceptance of CAM by physicians is not uniform. Many
physicians themselves are practitioners of one or more
complementary therapies. Others are skeptical, mis-
informed, or oppositional. All physicians share a culture
that respects logical thinking, responsibility, and evi-
dence-based treatment. Physicians as a whole abhor
magical thinking and pandering, particularly in regard to
patients with serious illness. Many physicians have seen
patients die with cancer who were led to alternative
therapies by alternative practitioners who pandered to
vulnerable patients. These practitioners often exploit
patients fear of medical treatment and its side effects by
promising ‘‘natural’’ cures.

For chronic conditions that are not life threatening,
physicians tend to be more forgiving of complementary

and alternative therapies and less rigid about their lack of
scientific foundation. In a meta-analysis of 12 surveys of
physician perceptions regarding complementary medi-
cine, Ernst and co-authors15 concluded that most of the
surveys implied that physicians perceived complementary
therapies as moderately useful and/or effective. Manip-
ulative therapies (osteopathy or chiropractic), acu-
puncture, and homeopathy were deemed most useful or
effective in the majority of these surveys. All but one of
the 12 surveys was of physicians in general practice in the
UK, Europe, New Zealand, and Israel.

Training of allopathic physicians in CAM therapies is
becoming more common. Approximately 20 percent of
Scotland’s general practitioners have received basic
training in integrating homeopathy with orthodox prac-
tice.16 In the United States, a new residency program
called the Integrative Family Medicine Program was
introduced in 2003. It is a four-year combined family
medicine residency and integrative medicine fellowship
created in joint partnership between universities in six
states. It was designed with the purpose of combining the
training of family practice and CAM therapies.17

Medical schools in the US and Europe are responding
to the new awareness of CAM’s pervasiveness. Forty per-
cent of European medical schools offer some form of CAM
training.18 A survey of family practice residency program
directors and US medical school family medicine depart-
ment chairs revealed that nearly 30 percent were currently
teaching some form of complementary or alternative
medicine.19 Another 12 percent were either starting to
teach or considering teaching such a course. Most of these
courses were elective. According to another survey of CAM
course directors from 53 medical schools in the US, course
topics included acupuncture, herbs and botanicals, medi-
tation and relaxation, spirituality/faith/prayer, chiropractic,
homeopathy, and nutrition and diets.20

The US congress has shown its support of research into
CAM by establishing the Office of Alternative Medicine
(OAM) at the National Institutes of Health in 1992; and
designating that office as the National Center for Com-
plementary and Alternative Medicine with an annual
budget of US$50 million.21 This organization has started
a number of large clinical trials that are expected to sti-
mulate further research. In addition, the OAM has funded
13 research centers at institutions across the US that are
carrying out a research agenda in various broad clinical
areas. These areas include pain, HIV/AIDS, addiction,
aging, cancer, women’s health issues, general medical
conditions, pediatric conditions, neurological disorders,
cardiovascular diseases, chiropractic, and asthma, allergy
and immunology.

Definitions

In 1993, Eisenberg et al.22 utilized a working definition of
alternative medical therapies as interventions neither

Chapter 23 Evaluation of complementary and alternative therapies ] 305



taught widely in medical schools nor generally available in
US hospitals. As we have seen, these alternative therapies
are becoming more available in conventional medical
settings and are being taught in medical schools.18, 20 A
broader definition of complementary and alternative
medicine is those medical systems, practices, interven-
tions, applications, theories, or claims that are currently
not part of the dominant or conventional medical system
in that society.23 Under this definition, the list of practices
that are considered complementary or alternative medi-
cine will continually change as society changes and as
those practices supported by research become incorpo-
rated into mainstream medicine. Eskinazi24 proposed a
refined definition of alternative medicine as a broad set of
healthcare practices that are not readily integrated into
the dominant healthcare model because they pose chal-
lenges to diverse societal beliefs and practices. The idea of
a challenge to conventional practice is important. It
highlights the difference between what is called ‘‘alter-
native’’ and what is called ‘‘complementary.’’

The terminology used to describe the broad scope of
practices that are considered ‘‘complementary’’ or
‘‘alternative’’ to mainstream medical practice is diverse
and often confusing. Alternative medicine, com-
plementary medicine, holistic medicine, integrative
therapies, natural medicine and traditional medicine are
all terms that have been used nearly synonymously to
represent an approach to health that is different from the
biomedical system that is so entrenched in the western
industrialized world. Each of the adjectives, alternative,
holistic, complementary integrative, etc., have slightly
different connotations which define a relationship
with mainstream medicine. The term alternative implies
‘‘instead of ’’ or ‘‘apart from’’ conventional medicine,
whereas complementary connotes ‘‘in addition to’’ as a
way of completing an approach to healing. Integrative
medicine suggests multiple approaches that are applied
‘‘together’’ or ‘‘in concert’’ with one another. Holistic is
an older term which was used to emphasize an ‘‘all-
encompassing’’ approach to the person rather than
the disease, illness, or symptom. Traditional medicines
usually refer to a culturally based system such as tradi-
tional Chinese medicine, traditional Native American
healing practices, and Ayurvedic medicine. In

industrialized western societies, the term traditional
medicine is sometimes used misleadingly to refer to the
allopathic or biomedical model. Perhaps a more suitable
term for those systems of healing that arise from one of
the world’s cultures is world medicine.

Even more problematic is the term natural as in nat-
ural healing, natural medicine, or naturopathy. The term
generally implies techniques that rely only on botanicals
and substances that are used in their natural form, i.e. are
not modified by chemical or physical processes. The scope
of what natural healing means has expanded to include
techniques such as massage and acupuncture and other
approaches that purport to promote the body’s own
power to heal itself by correcting mechanical or energy
imbalances.25

Currently, the term complementary and alternative
medicine (CAM) is the most commonly used term
to describe the wide variety of complementary and
alternative therapies offered in western culture.

Understanding the scope of CAM

The definition of CAM developed above is almost
equivalent to defining it as everything except conventional
medicine. This creates a challenge to categorize and
classify countless therapies and systems of healing in a
way that makes sense and provides an intellectual handle
on a large and disparate field.

We can broadly separate all of CAM into three main
classifications: world medicine systems, other compre-
hensive systems of medicine that are not culturally based,
and individual therapies (Figure 23.1). Unlike individual
therapies, a system of medicine provides treatment for a
whole spectrum of symptoms, illnesses, or diseases. It is
generally a complete system of medicine with its own
philosophy or science of health and disease, and its own
diagnostic approach. A world medicine system evolves
from the belief system and cultural practices of a society.
Examples of world medicine are traditional Chinese
medicine and Ayurvedic medicine, which originates from
India. Other systems of medicine, such as homeopathy,
may evolve from a philosophical construct of health and
disease, but is not part of a world cultural tradition.

Mindful Spiritual

Nutriceutical Stimulation based

Movement-based Mechanical/manipulative

Energy-based

Individual practices

Homeopathy Chiropractic

Osteopathy Naturopathy

Herbal medicine

Prayer Meditation

Spiritual healing Psychic healing

Mind-body healing

Systems of medicine

Native American healing 
and other indigenous systems

Acupuncture Herbal medicine

Qi Gong

Traditional Chinese medicine

Ayurvedic medicine

World medicine systems

Alternative and complementary medicine

Figure 23.1 Organization of alternative and complementary therapies.
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Individual therapies treat a narrower range of conditions
with a specific type of intervention; but do not by
themselves provide a model of health and illness. Hyp-
nosis, massage, vitamin therapy, and relaxation techni-
ques are examples of individual therapies.

To further classify individual therapies it is useful to
think of them as falling into one or more of seven func-
tional categories of treatment:

1. mindful;
2. spiritual;
3. energy-based;
4. stimulation-based;
5. movement-based;
6. mechanical or manipulative;
7. nutriceutical.

These are shown in Table 23.1 with examples in each
category. Mindful therapies utilize the mind to produce
changes in physical and emotional status. Meditation,
hypnosis, and yoga fall into this category. Spiritual
therapies imply a letting go of the mind, giving up control
to a higher power as with prayer. Energy-based techniques
rely on a construct of a vital energy or energy field that
exists in living systems. When the flow of energy is out of
balance or obstructed, disease can occur. The goal of
energy-based treatments is to restore the optimal energy
balance to achieve health. Therapeutic touch and acu-
puncture use this concept as their foundation. Note that
yoga can be considered as mindful, spiritual, energy-
based, and movement-based. Acupuncture is a stimula-
tion-based technique, but it is part of a world medicine
system, traditional Chinese medicine, which uses the
concept of a vital energy (Qi). Aromatherapy is also a
stimulation-based approach to healing. It consists of
inhaled essences of plants or topically applied essential
oils. The absorption of micromolecules through the skin
or respiratory mucosa is believed to produce favorable
chemical changes; thus aromatherapy may also be a form
of nutriceutical treatment. Vitamins, herbs, and diets are
also examples of nutriceutical therapies which involve the
absorption and assimilation of substances into the body
to produce a change in state that is favorable to the living
system.

Movement-based therapies include dance therapy, T’ai
chi ch’uan, exercise, yoga, and other techniques that rely
on movement and posture to promote health. Many of
these movement-based therapies also rely on concepts of
energy medicine as part of their foundation. Mechanical
or manipulative therapies include chiropractic, osteo-
pathic, cranio-sacral therapy, and massage. These
approaches usually apply external forces to correct a
mechanical problem of the spine, bones, muscle, or other
soft tissues.

Organizing the universe of CAM into these seven
functional categories helps the clinician plan a treatment
strategy. When a patient is not having success achieving
pain control, and has tried several therapies within one or
two categories, suggesting choices from a different cat-
egory makes sense. When faced with a vulnerable patient,
certain types of treatment may pose challenges that are
best avoided. The abuse victim may have difficulty with
mindful and spiritual therapies that require a process of
letting go. They also may not tolerate the vigorous phy-
sical contact inherent in some of the manipulative
therapies. If they are seeking complementary treatment,
the clinician should discuss these issues and may
recommend less threatening types of treatment from the
nutriceutical or movement-based groups.

In the following sections we will describe selected
complementary and alternative treatments that span the
three main groups (world medicine systems, other com-
plete systems, and individual therapies) and most of the
seven functional categories of alternative treatments. We
will also describe CAM treatments most commonly used
in pain clinics in the United States.

ACUPUNCTURE AND TRADITIONAL CHINESE
MEDICINE

In our classification scheme, acupuncture is part of a
world medicine system (traditional Chinese medicine)
and is categorized as both a stimulation-based and an
energy-based technique. Its origin dates to at least 600BC,
preceding the availability of iron and steel for fashioning
needles.26 Acupuncture theory postulates a system of
channels or meridians on the body named after organs or

Table 23.1 Categories of individual CAM therapies with examples.

Mindful Spiritual Energy based Stimulation-based Movement-based Mechanical/manipulative Nutriceutical

Hypnosis Prayer Massage TENS Exercise Chiropractic Vitamins

Imagery Spiritual healing Therapeutic touch Acupuncture Dance therapy Osteopathy Diet

Meditation Psychic healing Homeopathy Massage Alexander technique Massage Herbal medicine

Relaxation Yoga Acupuncture Aromatherapy Tai chi Cranio-sacral therapy Homeopathy

Biofeedback Qi gong Therapeutic touch Qi gong Rolfing Aromatherapy

Yoga Yoga Music Yoga

TENS, trancutaneous electrical nerve stimulation.
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bodily systems, and a vital energy called qi that flows
through the channels. Acupuncture points lie along the
channels. Good health and well-being occur when the
flow of energy is balanced. Illness occurs when the energy
flow is out of balance. It may be depleted from a channel
or it may accumulate within a channel at a point of
obstruction. By needling acupuncture points, the flow of
qi can be restored to its proper balance.

Acupuncture technique and theory are embedded in
traditional Chinese medicine, which in turn springs from
Taoist philosophy. Taoism emphasizes the inextricable
relationship between humans and the natural world
drawing upon three fundamental concepts: yin and yang,
the system of five phases or elements, and the vital energy
qi.27 Yin and yang conceptualize the dualistic nature of
the universe and living systems in particular. Cold (yin)
and heat (yang), internal (yin) and external (yang),
deficiency (yin) and excess (yang) help characterize the
balance of nature and the processes leading to disease.
Another way to characterize the properties of matter or of
processes that occur in the universe is with the system of
five phases or five elements: wood, fire, earth, metal, and
water. These are not elements in the same way we think of
the more than 100 universal elements of modern science.
The five elements of traditional Chinese medicine are
metaphors describing different properties or behavior of
things in nature. Unlike yin and yang and the five ele-
ments, which pertain to both living and nonliving things
in the universe, the concept of qi defines living systems. It
is created and replenished by breathing and eating. It
flows through the 12 pairs of meridians throughout a 24-
hour day, so it takes about two hours to traverse from one
channel to the next.

The traditional acupuncturist will access information
about the balance of qi in the various organs through a
systematic diagnostic process that relies on history, and
some unique physical assessments such as the appearance
of the tongue and a complex analysis of the characteristics
of the radial pulse. Pain indicates stagnation of qi in one
or more of the channels or invasion of the channel by
wind, heat, or cold. All of these concepts are crystallized
in the world’s first medical text entitled Huang Ti Nei
Ching translated as The Yellow Emperor’s Classic of
Internal Medicine, which dates at least as early as 200BC.27

Brief history of acupuncture

During the fourth to the tenth centuries, acupuncture
became ingrained in Chinese medicine and was officially
recognized as an independent specialty of the Imperial
Medical Academy of the Tang government in 618AD.
During this same period, acupuncture, together with
other branches of Chinese medicine, was introduced to
other countries such as Japan.28 During the eleventh to
the early twentieth century, volumes of written material
came out on acupuncture prescriptions. Acupuncture

training programs became established in China, which
allowed the growth of clinical experience with acu-
puncture and refinement in techniques. Complications of
acupuncture were documented, lists of dangerous points
appeared, and indications for acupuncture were
identified.

As western medicine was introduced in China in the
eighteenth century, acupuncture began to lose official
favor. It was banned from the imperial court in 1822, but
was still practiced widely and its use spread in Europe and
other countries even as western medicine was making its
way into China. In the 1940s, Mao Tse Tung revived the
status of acupuncture practice as he found it a useful,
inexpensive, and expedient alternative to western medi-
cine, which was expensive and difficult to access during
his quest for power against Chang Kai Shek. Chairman
Mao encouraged the development of acupuncture and
fostered simplification of acupuncture practice so that
large numbers of nonphysicians (barefoot doctors) could
use it in their communities together with herbal remedies.

In 1971, New York Times journalist James Reston wrote
about his experience with acupuncture for postoperative
pain while covering the American–Chinese ping-pong
games. His report heralded a new beginning for acu-
puncture in the West. National magazines ran stories on
acupuncture. Teams of medical investigators from the
United States flocked to China to find out more about
this mysterious and apparently wondrous treatment that
was so different from pharmaceutical or surgical therapies
familiar to the western mind. The initial frenzy of exci-
tement settled down as some of the unrealistic expecta-
tions were not met; but acupuncture continued to be an
important part of the CAM arena in the United States.

The National Institutes of Health (NIH) of the US
sponsored a consensus conference in November 1997 to
determine the status and role of acupuncture in American
medicine.29[I] The objectives of the conference were to
form conclusions about the efficacy of acupuncture, its
role in various conditions, its biological mechanisms, and
what remaining issues must be addressed to incorporate
acupuncture into today’s healthcare system; and to
identify directions for future research. The 12-member
panel represented a wide spectrum of interests and
expertise from public citizens to medical specialists to
acupuncturists. They concluded the following.

� Acupuncture is widely practiced in the US.
� Sufficient evidence exists to support the use of

acupuncture as primary therapy for adult
postoperative and chemotherapy-induced nausea and
vomiting, and postoperative dental pain.

� Sufficient evidence exists to support adjunctive use of
acupuncture for various other conditions such as
addiction, stroke rehabilitation, headache, menstrual
cramps, tennis elbow, fibromyalgia, myofascial pain,
osteoarthritis, low back pain, carpal tunnel
syndrome, and asthma.
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� Findings from basic research have begun to elucidate
the mechanisms of acupuncture, including the release
of opioids and other peptides in the central and
peripheral nervous system and changes in
neuroendocrine function.

� Issues of training, licensure, and reimbursement
remain to be clarified.

� There is sufficient evidence of acupuncture’s potential
value to encourage further studies and to expand its
use into conventional medicine.

These conclusions from an authoritative agency of the US
government help to legitimize acupuncture practice and
development.

A number of studies have recently been published
evaluating efficacy of acupuncture. Manheimer et al.30[I]
published a meta-analysis of 33 randomized, controlled
trials that compared acupuncture to sham, other active, or
no treatment. They found evidence that acupuncture is
more effective than sham or no treatment for patients with
chronic low back pain. Evidence about acupuncture’s
effectiveness compared with other active treatments for
acute low back pain was inconclusive. The quality of the
included trials varied. According to a prospective, partially
blinded, controlled, randomized clinical trial by Martin et
al.,31[II] acupuncture was found to significantly improve
symptoms of fibromyalgia. Another randomized, double-
blinded, controlled trial carried out by Assefi et al.32[II]
found no improvement over sham acupuncture. For knee
osteoarthritis, a recent randomized, controlled, double-
blinded trial carried out by Berman et al.33[II] found that
compared to sham acupuncture treatment or no treat-
ment, acupuncture decreased pain by 40 percent and
similarly improved function.

Acupuncture technique

Needles are generally made of stainless steel, but are
sometimes gold or silver to achieve energizing or sedating
effects. Twenty-eight- to 32-gauge solid needles are used.
The length of the needle and depth of penetration
depends on the thickness of the underlying soft tissue.
Many acupuncture points overlie muscle and the depth of
needle insertion is usually to the center of the muscle
belly. Needles may be inserted perpendicularly, obliquely,
or tangentially. The acupuncturist usually tries to elicit a
special needling sensation called deqi, which refers to a
deep, heavy, warm, spreading or aching sensation that is
felt to be crucial to achieve a therapeutic effect.

Stimulation of the acupuncture points is a necessary
part of treatment. Needles may be stimulated in a variety
of ways: manually by thrusting up and down or twisting
back and forth or by tapping or scraping the handle of the
needle. Electrical current can be applied to pairs of nee-
dles at frequencies of 3–5Hz or higher frequencies in the
100- or 1000-Hz range. The amplitude of stimulation is
adjusted to patient tolerance (Figure 23.2). Needles and

acupuncture points may also be heated in various ways
including the use of moxa, a plant that is burned near the
acupuncture point or on the needle.

The duration of an acupuncture session is approxi-
mately 20–45 minutes. The frequency of sessions is vari-
able depending on the clinical problem, its chronicity, and
availability of resources. Typically, treatments are carried
out once to three times per week. Sometimes treatments
are offered daily or as infrequently as once or twice a
month. A course of treatment consists of 10–20 sessions,
but for intractable chronic conditions periodic main-
tenance therapy may be offered. Ultimately, the intervals
between treatments and the duration of a course of
acupuncture remain empiric.34

Points are chosen for acupuncture either through
traditional Chinese diagnostic analysis or by a formula
approach, which utilizes a limited number of basic rules
for point selection.

� For localized symptoms, needle points in that same
region on any meridian. For example, for shoulder
pain, needle points on or near the shoulder.

� Tender points are considered acupuncture points and
can often be chosen for therapy.

� Points on a meridian will influence symptoms or
disorders along the entire meridian.

� Six important distal points on the upper and lower
limbs have effects on specific regions of the head, neck,
and trunk. For example, the point Hoku (large intestine
– 4) in the first dorsal interosseous muscle between the
thumb and first finger, affects the head and neck.

Figure 23.2 Electroacupuncture for rheumatoid arthritis

affecting the shoulder.
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� There are subsets of points that have certain general
effects such as sedation, tonification (energizing), and
immune system regulation, or that influence certain
tissues, such as muscle and tendons, bone and
cartilage, etc.

� There is a somatotopic organization on the surface of
the ear, so that points on the ear can be chosen to
influence any other part of the body.

Acupuncture risks

Common side effects of acupuncture include syncope or
near-syncope in approximately 1 percent of patients,
bruising around the needle site in less than 1 percent of
needle sticks, and persistent soreness from needling that
outlasts the treatment by hours to days. Contact derma-
titis has been reported and attributed to the nickel con-
tent in most stainless steel needles.35 Acupuncture should
be avoided during pregnancy or used with caution due to
the apparent effect of uterine muscle contraction and
cervical dilation that has been produced by stimulating
certain points.36, 37 Other risks of acupuncture can be
divided into organ or tissue damage and infections. The
lung is the organ most likely to be injured during acu-
puncture. Several reports of unilateral and bilateral
pneumothorax have emerged.35, 38, 39, 40 Cases of spinal
cord and peripheral nerve injuries have been associated
with acupuncture due to migration of a broken needle
fragment or a purposefully retained needle.41, 42, 43, 44

Boxall45 reported 29 cases of serologically proven
hepatitis B traced to an acupuncture clinic in Birming-
ham, UK. Four cases of hepatitis B were reported
and traced to acupuncture treatment received at a
chiropractic clinic in Florida in 1980.46 In both clinics
poor needle management was used: reusable needles,
use of hollow syringe-type needles, and unsterilized
needles.

The documentation of serious complications of acu-
puncture is an argument in favor of state regulation. This
would help insure that practitioners meet certain stan-
dards of knowledge and practice that would limit public
harm.

Scientific basis

Acupuncture, more than any other CAM therapy, has
been studied scientifically. The discovery of opioid
receptors and endorphins has led to a large number of
investigations into the role these receptors and ligands
play in experimental acupuncture analgesia. Few of these
studies contradict the involvement of the endorphin
system, and several lines of evidence demonstrate that the
endogenous opioid system is part of acupuncture
analgesia. Acupuncture analgesia can be reversed with
opioid antagonists such as naloxone.47, 48, 49, 50 Increased
endogenous opioid production has been measured

directly after acupuncture.51, 52 Antiserum to opioid
receptors has been shown to block acupuncture analgesia.

By 1982, biogenic amines had been implicated in
acupuncture analgesia in numerous studies reviewed by
Han and Terenius.53 Ablating the descending inhibitory
pathway for pain at the dorsal and medial raphe nuclei
blunted acupuncture analgesia. Blocking serotonin
receptors in rabbits and rats also diminished acupuncture
analgesia. Administration of a serotonin precursor
potentiates acupuncture analgesia. Measurements of ser-
otonin and its byproducts showed increases in the lower
brain stem during acupuncture analgesia.

Other neurochemical mediators have been implicated
in experimental acupuncture analgesia including sub-
stance P, CGRP, CCK, and C-fos, but these investigations
represent more preliminary individual findings.35

HOMEOPATHY

Homeopathy is classified as a comprehensive healing
system that is not embedded in a world culture. The
techniques of homeopathy are both nutriceutical and
energy based.

Homeopathy originated primarily as the discovery of
one man, Samuel Hahnemann. He was a German physi-
cian in the late eighteenth and early nineteenth centuries
that rejected the conventional medical practices of his
time such as bloodletting and the medicinal use of various
toxic agents. Curious about the curative properties of
cinchona bark for malaria, he experimented with it on
himself and discovered that it produced a malaria-like
illness in him. He concluded that such symptoms repre-
sented resistance to disease and that substances producing
certain symptoms or effects in normal individuals would
be effective in treating diseases that caused those same
symptoms.54 This led to the ‘‘doctrine of similars’’ or ‘‘like
cures like.’’ Hahnemann carried out innumerable ‘‘prov-
ings’’ on himself and others using hundreds of substances
including botanical, animal, and mineral extracts. He
developed the Materia Medica, a text of remedies that
identified the substances and their associated effects.
Many remedies were noxious and themselves toxic.
Repeated dilutions would reduce the toxicity and appar-
ently preserved and even increased the curative effect.
This concept, called ‘‘potentization by dilution,’’ is central
to homeopathic practice and puzzling to the scientific
mind. Typical dilutions of remedies are designated 2X,
6X, 12X, 30c, 200c, 1000c, 10,000c, and 50,000c. 2X refers
to a dilution of 1:102; 6X is a dilution of 1:106 and so on.
30c is a 1:10030 dilution. Substances that are diluted
beyond 1:1024 result in a liquid without a single molecule
of the original substance since the number of dilutions
exceeds Avogadro’s number. Such dilutions are common
in homeopathy and impart some confidence in the safety
and tolerability of the remedy. How such a liquid can
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exert a healing property forms the basis of homeopathy
theory.

Substances are believed to contain an essential ener-
getic property that is not diluted out, but increases with
successive dilutions. It is this energy or essence that
strengthens the body’s defenses against an illness. The
preparation of remedies involves dilution and ‘‘succus-
sion’’ or shaking the diluent vigorously to release or
increase its energy. The potency of a remedy is deter-
mined both by the number of dilutions and the number
of succussions.55

The homeopathic physician must take a different kind
of history from the patient than an allopathic physician
would. The homeopathic history is a detailed inquiry into
the symptom complex and the environment and mind of
the patient with respect to the symptoms. The purpose of
this is to individualize the selection of remedies to match
the symptoms. Classification of diseases and pathophy-
siology are not as important as the nature of the symptoms.
Thus, diabetic neuropathy is not as relevant to a homeo-
pathic assessment as burning, sensitive skin, interference
with sleep, etc. This construct becomes useful to the allo-
pathic practitioner, particularly when the pathophysiology
of symptoms, such as chronic pain, may be obscure.

Homeopathy is widely practiced in Europe, India, and
Asia. It has a growing popularity in the United States as a
complementary and alternative therapy, but was system-
atically excluded and obstructed by the American Medical
Association in the early 1900s.56 Forty percent of general
practitioners in the Netherlands practice homeopathy and
42 percent of general practitioners in Britain refer patients
to homeopaths.57

Research

There have been many reports of the efficacy of homeo-
pathic remedies, but few well-designed clinical trials. A
randomized, double-blind, placebo-controlled trial of
Arnica 30x for muscle soreness in 519 long distance
runners found the remedy no more effective than pla-
cebo.58[II] Ernst and Pittler59[I] systematically reviewed
the published controlled trials on Arnica montana and
concluded that, on balance, the studies do not support the
notion that arnica is more efficacious than placebo. A
controversial study of the concept of biological effects of
ultra-high dilutions was published in Nature.60 In this
study, human basophils were found to release histamine
when exposed to homeopathic dilutions of IgE antiserum.

In a prospective, multicenter cohort study of 3981
patients in 103 primary care practices with additional
specialization in homeopathy in Germany and Switzer-
land, Witt et al.61[III] found that there were marked and
sustained improvements in disease severity and quality of
life during the two-year study period using homeopathic
treatment. The most frequent diagnoses treated were
allergic rhinitis in men, headache in women, and atopic

dermatitis in children. Cucherat et al.62[I] performed a
meta-analysis evaluating homeopathy in 1998. Of 118
randomized controlled trials, only 16 trials met the
inclusion criteria. The results showed that there is some
evidence that homeopathic treatments are more effective
than placebo; however, the strength of this evidence is low
because of the low methodological quality of the trials.
Studies of high methodological quality were more likely
to be negative than the lower quality studies. Further high
quality studies are needed to confirm these results.
Another meta-analysis published in 1997 by Linde et al.,63

[I] evaluating 89 double-blind and/or randomized pla-
cebo-controlled trials of homeopathic treatment, found
that although the effects of homeopathy do not appear to
be completely due to placebo, there is insufficient evi-
dence that homeopathy is clearly efficacious for any single
clinical condition.

Patients seek out homeopathic treatment for a large
array of mostly chronic conditions. In the USA, one
survey reported that patients tended to be highly edu-
cated, but uninformed about homeopathy. More than 70
percent reported getting some improvement in their
primary symptom and nearly all were satisfied with the
treatment regardless of the outcome.64

Risks

The extremely high dilutions of homeopathic remedies
suggest the absence of risk. However, the use of toxic
agents such as heavy metals, arsenic, bromide, etc.,
combined with improper handling, can result in adverse
effects.65 The reliability of the manufacturer is therefore
an important safety factor. Avoiding remedies that use
heavy metals, such as mercury or cadmium, may also be a
warranted safety measure.

CHIROPRACTIC AND MANUAL THERAPIES

Chiropractic literally means ‘‘hand work’’ or ‘‘manual
therapy.’’ It can be classified as a comprehensive system of
medicine or as an individual therapy in the mechan-
ical–manipulative category. How one classifies chiro-
practic depends on how broadly one defines its scope.
There is the school that sees chiropractic as a complete
system of medicine applicable to a wide range of ailments
from musculoskeletal pain to asthma and diabetes.
On the other side, many chiropractors profess a narrower
scope that primarily addresses neuromusculoskeletal
symptoms.

History

The origination of chiropractic medicine is attributed to
DD Palmer in the Midwestern United States in the late
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nineteenth century. The story goes that on September 18,
1895, Palmer cured a janitor in Iowa of deafness by
manipulating a single cervical vertebra. Palmer developed
a system of manual medicine techniques based on the folk
medicine tradition of bonesetters and drawing on the
philosophical constructs of mesmerism and vital energy,
which he termed ‘‘innate intelligence.’’ Illness was
explained by a blockage of flow of vital energy, which in
turn was caused by ‘‘subluxations’’ of the vertebrae.
Chiropractic manipulation corrects those subluxations
and restores the energy flow.

In the United States, there has been a longstanding
battle between the institution of conventional medicine
(embodied by the American Medical Association (AMA))
and chiropractic. The AMA was largely successful at
suppressing the legitimization of chiropractic in the first
quarter of the twentieth century. By the mid-1970s every
state had come to recognize chiropractic as a legitimate
healing art by providing for licensing. The federal gov-
ernment of the United States then covered chiropractic
treatment through its healthcare programs for the poor,
the elderly, and Worker’s Compensation. Finally, in 1990,
the United States Supreme Court upheld a lower court’s
ruling against the AMA and allied organizations for
conspiring against chiropractors by prohibiting members
from referring to a chiropractor.66 More recently, the
Agency for Health Care Policy and Research, a division of
the Department of Health and Human Services of the US
Government, approved of chiropractic for the manage-
ment of acute low back pain in its 1994 guidelines for
acute low back problems in adults.67

Scope of practice

Many chiropractors do not adhere to the vitalistic view of
innate intelligence, preferring a more mechanical inter-
pretation of what goes wrong in the spine to cause dis-
ease. All schools of chiropractic rely on a construct of the
subluxation complex, which is the target of their treat-
ment. Other differences that distinguish various practi-
tioners lie in the scope of techniques used. Many
chiropractors employ techniques of conventional physical
therapy such as the application of heat, ice, ultrasound, or
electrical stimulation to the soft tissues as supplementary
treatment. Some chiropractors are also trained in and
practice acupuncture and many provide counseling about
nutrition, offering various nutriceuticals to augment their
practice. Patients may seek out these eclectic practitioners
as general CAM healthcare providers, but the central core
of chiropractic treatment is still the therapeutic manual
manipulation of the spine.

During its 100-year existence, numerous types of
chiropractic adjustments have emerged. The goal of any
adjustment is two-fold: to manipulate and to reposition.
Palmer’s original technique involved using the spinous
and transverse processes of the spine as levers. A later

technique relies on recoil or a rapid release after manip-
ulating a vertebra. Osteopathic manipulation generally
utilizes a long-lever technique in which movement of a
limb helps to accomplish the adjustment. Cranio-sacral
techniques use tiny forces and very low amplitude of
movement. There may be between 100 and 200 different
types of adjustments.67

Accompanying the spinal adjustment a patient will
often experience a characteristic ‘‘crack’’ or ‘‘pop’’ at the
moment the adjustment occurs. It is arguable what
the mechanism of the sound or experience is – release of
gas bubbles from synovial tissue or a ligamentous
structure snapping into place? However, it does serve to
emphasize that a change has taken place with expectant
relief.

Value and efficacy

Survey data show a high degree of satisfaction of the
public with chiropractic treatment. One study published
in a general medical journal found that 66 percent of
patients receiving chiropractic care for low back pain were
‘‘very satisfied’’ with their treatment, whereas only 22
percent of patients were as satisfied with treatment from
family physicians.68 Patients, especially pain patients,
yearn for validation of their pain. Chiropractic provides
such validation through a mechanistic view of pain that is
devoid of psychological underpinnings. Furthermore, the
practice of chiropractic is usually more responsive to the
patient as customer with short waiting times and hands-
on therapies.

In 2003, Assendelft et al.69[I] performed a meta-
analysis of 39 randomized controlled trials evaluating
spinal manipulation in low back pain. They concluded
that spinal manipulation was superior to sham therapy
and to therapies that have been judged to be ineffective
or harmful, but it had no advantage when compared
with general practitioner care, analgesics, physical ther-
apy, exercises, or back school. Results were similar for
acute and chronic low back pain. A Cochrane review
by Gross et al.70[I] concluded that manipulation and/or
gentle mobilization were not beneficial when performed
alone, but they were beneficial when used with exercise.
The review also concluded that neither was superior to
the other and that there was insufficient evidence about
their effects with radicular findings. The review
acknowledged the methodological limitations of many of
the underlying trials. Fernandez et al.71[I] published a
meta-analysis evaluating whether manual therapies
have proven efficacy in reducing in tension-type head-
ache. Only six studies met inclusion criteria and the
authors found no rigorous evidence that manual thera-
pies have a positive effect. At this time, evidence remains
inadequate to draw firm conclusions about the efficacy
of spinal manipulation for neck pain or tension-type
headache.
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Risks

Mild unpleasant reactions after spinal manipulative
therapy are common but usually short-lived. According to
a Norwegian study, 55 percent of patients had local dis-
comfort, headache, tiredness, or radiating discomfort.72

Most reactions resolved within 24 hours.
Serious adverse events associated with spinal manip-

ulation include disk herniation and cauda equina syn-
drome with lumbar manipulation, and vertebrobasilar
artery ischemic events with cervical manipulation. Esti-
mates of the incidence of these complications range from
1 per 2 million to 1 per 400,000 manipulations.73 Pos-
tulated causes include herniated nucleus pulposus, an
underlying coagulation disorder, misdiagnosis, failure to
recognize the onset and progression of neurological signs,
improper technique, and manipulation of the cervical
spine.74 A population-based, case-control study found
that in patients under the age of 45, those with verteb-
robasilar dissection or occlusion were five times more
likely than controls to have visited a chiropractor in the
previous week and to have had three or more cervical
chiropractic visits in the previous month.75 No associa-
tion was found for older individuals. The reason for this
finding is unclear.

BOTANICAL THERAPIES

Botanical or herbal medicine is an important part of many
broader systems of medicine, such as traditional Chinese
medicine, Ayurvedic medicine, and other folk medicines.
Of all the CAM practices, the use of botanicals is the oldest
and most prevalent. Even allopathic pharmacological
therapies can be considered as a highly evolved refinement
of botanical medicine. Digitalis was originally isolated
from the foxglove plant. Vinca alkaloids come from the
Madagascar periwinkle (Catharathus roseus). Taxol is
derived from the yew plant. Opioids are derived from the
poppy. Many healthy individuals exploit plant products for
their physiologic effects. For example, ginger and coffee are
used worldwide as stimulants. In a strict sense, herbs are
derived from soft-stemmed plants, but botanical therapies
include an array of other products derived from fruits,
berries, roots, bark, and other components of plants. The
spectrum of ‘‘herbal therapies’’ often includes nonplant
materials such as horn, bone, and cartilage. In the broadest
sense, substances assimilated into the body for a
therapeutic effect are called ‘‘nutriceuticals.’’

In 1998, approximately 32 percent of adults in the
United States used some sort of herbal remedy with an
estimated US$4 billion spent on these products.76 By
contrast, the prevalence of herbal product use was only 3
percent in 1991.3 Awareness of this large market has
driven the investment and promotion of herbal treat-
ment, and acceptance by pharmacies and pharmaceutical
companies.

Safety

Paradoxically, in spite of the widespread use of botanical
remedies, the potential risks of this form of therapy are
probably the least well defined of any CAM therapy. This
is because botanical products are complex, having mul-
tiple potentially active or toxic ingredients with multiple
physiologic effects. The array of botanicals is so vast as to
make thorough analysis of all of them a slow process.
Funding for such studies is inhibited unless there is a
strong financial potential or strong evidence of public
harm. A number of organizations exist that provide evi-
dence-based consumer information to the public about
botanical therapies. These include the World Health
Organization (WHO) which publishes the Guidelines for
the Assessment of Herbal Medicines,77 the German Com-
mission E, the European Scientific Cooperative of Phy-
totherapy (ESCOP), the American Herbal Products
Association (AHPA), the American Botanical Council
(ABC), and the Herb Research Foundation.

In Germany, phytomedicines are regulated as drugs.
The German Commission E consists of a panel of medi-
cal, pharmaceutical, and research specialists, which makes
determinations about the appropriate use and safety of
herbal medicines. They also review applications by
manufacturers for new botanical medicinal products.

In the United States, herbal remedies are under the
jurisdiction of the Food and Drug Administration (FDA)
which considers them as food supplements rather than
as drugs. Thus, herbal products are not subject to the
same scrutiny as drugs. Manufacturers must simply not
make any claims for cure or treatment of a specific
disease. They may only promote products as enhancing
well-being or certain physiologic processes, such as the
immune system or kidney function or energy level, etc.
Products must be safe but efficacy is not required. The
burden of proof of safety is on the FDA rather than on
the manufacturer.78

In Minnesota, Fairview Health Services convened an
Integrated Formulary and Drug Use Committee to
establish policy and oversee the use of herbal and other
alternative therapies. That committee is classifying alter-
native therapies and combinations of therapies into one
of three categories: Category I agents have some data
suggesting efficacy and appear to be safe in recommended
doses. While not granted formulary status, they will be
provided to hospitalized patients upon physician order
and will be available to outpatients. Category II agents
have insufficient information regarding efficacy but
appear to be reasonably safe. They also include products
that may be safe but for conditions not appropriate for
self-treatment. A physician order for such a product will
prompt the pharmacist to contact the prescribing physi-
cian and discuss the relative benefits and risks before
making the product available to a patient. Category III
agents are deemed unsafe. Such agents will not be pro-
vided to Fairview patients. Tables 23.2 and 23.3
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Table 23.2 Category I herbs. Evidence suggests efficacy and safety.

Herb Uses Dose Drug/disease interactions Adverse effects

Chamomile Antispasmodic, anti-

inflammatory used for

a variety of GI

conditions

Consumed as tea Anticoagulants:

chamomile contains

coumarin

Rare allergic reactions (cross

allergenicity with ragweed,

asters, mums)

Echinacae Prevention and treatment

of colds, flu and other

infections

0.75–1.5mL of

hydroalcoholic

extract 2–5 times/

day; 1 g/day plant

extract

Avoid in autoimmune

disease, TB, multiple

sclerosis, transplant

patients, pregnancy/

lactation

Rare allergic reactions

Feverfew Migraine prophylaxis 250–500mg
parthenolide/day

Has antiplatelet activity.

Avoid with

anticoagulants. Not

recommended in

pregnancy/lactation

Nervousness and GI upset

Garlic Hypercholesterolemia 600–900mg powder/

day or enteric

coated

Has antiplatelet activity.

Avoid with

anticoagulants. Avoid

with lactation

Heartburn, flatulence

Ginger Antiemetic; motion

sickness

1 g/day or 250mg qid May increase bleeding

time; avoid with

anticoagulants;

insufficient safety

information for

pregnancy

None reported

Ginkgo Dementia, peripheral

vascular disease,

sexual dysfunction,

other vascular

insufficiency problems

40mg standardized

extract tid

None known None known

Grapeseed

extract

Antioxidant 50–100mg extract/

day

None known None known

Milk thistle Hepatitis and cirrhosis of

the liver

Silymarin 140mg tid None known None known

Peppermint

oil

Carminative, digestive aid,

irritable bowel

syndrome

0.2–0.4mL bid None known Rectal burning

Pygeum Benign prostatic

hypertrophy

100mg/day None known GI irritation

Saw palmetto Benign prostatic

hypertrophy

160mg bid Avoid during pregnancy/

lactation

GI irritation

Slippery elm Lozenge for throat prn None known None known

St John’s

Wort

Depression and anxiety 300mg standardized

extract tid

Avoid concomitant

serotonergic

medication

(antidepressants);

contraindicated with

MAOIs. Not

recommended in

pregnancy/lactation

Uncommon photosensitivity,

fatigue, hypomania

Valerian Insomnia 450mg at bedtime Other CNS depressants.

Not recommended in

pregnancy/lactation

None known
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summarize the committee’s classification of category I
and category III herbal products commonly available in
the USA.

Application

Herbs are taken in many ways including capsules, aro-
matics, as a tea or infusion, as a decoction, or as a tinc-
ture. Steeping the herb in a covered pot with hot water
makes an infusion. Decoctions require simmering of
coarser leaves, stems, bark, and roots for about an hour in
a covered or uncovered pot (depending on the volatile oil
content). Tinctures are highly concentrated extracts that
can be kept for long periods because they are prepared
with alcohol.

MINDFUL CAM THERAPIES

Pain clinics in the United States frequently utilize mindful
therapies (MT) for patients with pain because they have
been found experientially to be beneficial. Frequently,
nurses or psychologists receive training in one or more of
these therapies and teach the patients to utilize them on a
regular basis, for both prevention of pain and to manage
pain flares. These therapies include relaxation breathing,
meditation, mindfulness-based stress reduction (MBSR),
self-hypnosis, guided imagery, autogenic training, and
progressive muscle relaxation (PMR).79

Biofeedback is another MT frequently used for pain
treatment. Biofeedback is a method that gives the patient
conscious control over a physiologic function not normally
under conscious control. This control is achieved by using
computer technology to give the patient visual or auditory

feedback over one or more physiologic functions including
muscle tension, skin temperature, skin resistance, or brain
wave activity. Surface electromyography (EMG), galvanic
skin response monitors, and skin temperature monitors
can be attached to the patient. Then, as the patient practices
one of the mindful therapies, such as meditation, they will
receive input from the computer about the changes they are
making in their bodies. This input helps them understand
their mind/body connection on a practical level.

Research

Astin80[I] reviewed evidence from multiple randomized
controlled trials and systematic reviews involving MT for
a number of different pain states and his conclusion was
that mindful therapies may be an appropriate adjunctive
treatment for chronic low back pain, rheumatoid arthri-
tis, osteoarthritis, tension headaches, postoperative pain,
and pain during invasive medical procedures. Multiple
MT were evaluated, including relaxation, meditation,
imagery, and cognitive-behavioral therapy, biofeedback,
and hypnosis. It was recommended that further research
is needed, including comparisons of MT to credible
shams and conventional medical therapies, comparisons
of the different therapies with each other, and evaluations
of which of the individual therapies are most effective for
each of the individual pain diagnoses. Although it is
difficult to create credible placebo conditions, it is
important for future research to examine the relative
contribution of nonspecific placebo factors in the efficacy
of mindful therapies.

Findings regarding the efficacy of MT in fibromyalgia
are equivocal. A recent Cochrane review of 13 controlled
trials (the majority of which were of poor methodological

Table 23.3 Category III. Unsafe agents not recommended for use.

Herb Purported use Toxicity

Aloe (oral) Cathartic Safe when used topically; rarely recommended for oral use

Chapparal Antioxidant, retard aging, skin

and other disorders

Prepared from the leaves of the evergreen desert shrub known as

creosote. Many case reports of fulminant hepatic failure and death

Comfrey Demulcent, anti-inflammatory, GI

disorders

Contains pyrrolizidine alkaloids that are hepatotoxic and carcinogenic in

rats. Banned in Canada

Dong quai (angelica) Stimulate menstrual flow,

prevent cramping

Contraindicated in pregnancy. May contain a carcinogen

Germander Hepatotoxicity

Licorice extracts High doses can cause pseudoaldosteronism with hypertension, edema,

hypokalemia

Life root Hepatotoxicity

Ma huang (ephedra) Used as a stimulant and appetite

suppressant

Fatal cardiovascular events (stroke, myocardial infarction) and serious

psychiatric adverse events in healthy individuals reported

Mistletoe Hepatotoxicity

White willow Herbal source of aspirin Safer standardized sources available

Yohimbe Impotence CNS stimulation, blood pressure changes, tachycardia, nausea, vomiting,

psychosis. Not recommended for self-treatment
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quality), found limited evidence that MT are more
effective than usual care controls and inconclusive evi-
dence that these therapies are more effective than physical
therapy or education/attention controls.81[I]

ENERGY HEALING

Energy healing therapies are energy-based CAM modalities
currently being used in over 50 hospitals across the US.82

Therapeutic touch, healing touch, Reiki, Qi Gong, and
shamanic healing are all examples of energy healing
therapies. These therapies are based on the construct that
energy flow can be manipulated by practitioners and
brought into balance to induce healing and pain relief. To
heal using energy healing, the practitioner acts as a conduit
of the healing energy force and directs it to others or back
to him or herself. The energy can be directed either with
gentle hand placement on the body or at a distance from
the body. The various energy healing therapies differ in the
location of hand placement and also in the preparatory
meditations the practitioners make prior to the treatment.

Research

Few studies involving the measurement of energy are
noted in scientific literature.82 The scientific explanation
of the mechanism by which energy healing therapies
works remains unknown. There have been a number of
studies evaluating the efficacy of energy healing. A recent
review of healing touch studies by Wardell and Wey-
mouth83[I] found that only 6 of 28 studies examined were
of appropriate quality for inclusion. They concluded that
although no generalizable results were found, a founda-
tion exists for further research to test its benefits. In a
meta-analytic review of therapeutic touch, Peters84[I]
found that only 9 of 36 studies met methodologic
requirements for inclusion and the results supporting
efficacy were mixed. A number of studies funded by the
NIH are currently examining the efficacy of energy heal-
ing therapies, including Reiki, healing touch, Qi Gong,
and shamanic healing.

No adverse effects of energy healing have been men-
tioned thus far in any scientific studies. Therapeutic touch
founders have mentioned potential adverse effects
including being so sated with energy that the patient
experiences irritability, restlessness, anxiety, or increased
pain.82, 85 Dizziness, nausea, tension headache, and crying
have been anecdotally reported.

CASE EXAMPLES

Case 1

A 29-year-old woman who suffers from migraine becomes
pregnant. She is on prophylactic and abortive drugs for

headache management. Her physician advises her to dis-
continue all of them if possible. What alternative therapies
can be recommended? This case highlights the importance
of CAM in the everyday practice of medicine. Herbal or
nutriceutical treatments will most likely be avoided because
of the uncertainty of these agents in pregnancy. Acu-
puncture may also carry at least a theoretical risk of pre-
mature labor. Self-management techniques such as
biofeedback, yoga, and hypnosis can all be recommended.
Osteopathic and chiropractic treatment can be beneficial,
particularly if musculoskeletal factors trigger or influence
headache. The herbal agent feverfew, which is commonly
used in migraine, should be avoided during pregnancy.

Case 2

A 47-year-old man with a ten-year history of chronic low
back pain due to several work-related injuries sees his
chiropractor three times each week for an adjustment. He
also sees a massage therapist once a week. His family
assists him with many of his daily needs such as putting
on his socks and tying his shoes. He is completely
sedentary and has been disabled from work for the last six
years. He relies on daily opioid analgesics, yet he says he is
sick of taking drugs. He has become increasingly isolated
from social activities. He has a friend whose back pain was
cured with acupuncture and is asking for a referral.
Neurological examination is normal. A musculoskeletal
examination reveals decreased range of motion and
muscle tenderness. X-rays and scans show mild to
moderate lumbar degenerative changes.

This case challenges the physician to analyze the pain
problem comprehensively using a biopsychosocial model,
and then to diplomatically steer the patient away from his
misguided path toward a healthier approach that will
more likely make a sustainable difference in his life.
Although acupuncture can be helpful in the management
of low back pain, offering one more passive modality in
this case would reinforce this patient’s passive mala-
daptation. Instead, a closely supervised exercise and
educational program is needed. Classes in a movement-
based therapy like tai chi chuan or yoga would have a self-
actualizing effect. A heated pool would provide a tolerable
transition toward activity. Frequent counseling and
supervision would lead the patient away from self-
defeating behaviors. One could negotiate with this patient
by offering acupuncture if he would discontinue the other
treatments, which have only provided brief symptom
relief, and participate in the more comprehensive
program outlined above.

Case 3

A 63-year-old woman with metastatic breast cancer is not
able to tolerate her opioid analgesics due to intractable
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nausea. She has had sequential trials of many different
opioids and has not tolerated any of them; nor has she
had success with antiemetics. Without opioids, bone pain
is intolerable. She is growing increasingly hopeless and
withdrawn, yet she will not take antidepressant medica-
tion for fear of side effects and because she insists that the
pain and nausea are the cause of her depression.

The clinician must identify alternatives at this crucial
moment. At the same time, this patient must remain
connected to the primary physician or oncologist because
of the progressive nature of the pain problem and the
likely need for opioid and other aggressive analgesic
measures. From the classification scheme of CAM thera-
pies, one can rule out movement-based therapies and
manipulative therapies, which would certainly aggravate
bone pain. The goal for a complementary or alternative
therapy may be to manage nausea rather than pain since
some opioid is likely to be needed no matter what alter-
natives are applied. Acupuncture has been shown to
improve nausea in several controlled trials in a variety of
settings, including nausea due to cancer chemotherapy. It
may be worthwhile to offer it for opioid-induced nausea.
Acupressure can be applied more frequently at the same
well-defined point on the volar aspect of the wrist (P-6)
by a caregiver or by using a wristband with a pressure
bead over the point. Other complementary options
include hypnosis, guided imagery, healing touch, music
therapy, and spiritual counseling, or careful application of
herbal remedies or homeopathic remedies. Once nausea is
reduced and pain is a little better with complementary
tools, opioid titration may be more successful.
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KEY LEARNING POINTS

� Pain in neurologic disease is common and may be

severe.
� The clinical features of pain in neurologic disease are

seldom disease-specific.
� Pain presentations in neurologic disease are diverse,

reflecting diverse mechanisms.

� Nociceptive, as well as neuropathic, pain commonly

occurs.
� Individual patients may have more than one pain

phenotype.
� For each pain phenotype, the physiological nature of

the generation of pain has implications for treatment.

INTRODUCTION

There is a commonly held view among many physicians
(including some neurologists) that pain in the context of
neurologic disease is rare, but when it does occur it is
neuropathic in nature and extremely resistant to treat-
ment. This chapter will show that the reality is that pain
in neurologic disease is very common, multifactorial, and
protean in its manifestations.

Despite its diversity, most pain in neurologic disease
falls into one of two major mechanistic categories, and
some other pain forms a third category:

1. Neuropathic pain resulting directly from the effects
of the disease on somatosensory neurons –
peripheral or central (for example, burning limb
pain in syringomyelia, postherpetic neuralgia
(PHN)).

2. Nociceptive pain resulting directly or indirectly
from the motor effects of the disease on the
locomotor system; activating the familiar
nociceptive system responding to tissue damage
(for example, painful lower limb muscle spasm in
multiple sclerosis, ‘‘frozen shoulder’’ poststroke).

A third category can also be considered:

3. Neuropathic pain resulting from the effects of the
disease on peripheral nerves/roots, secondary to
motor changes (for example, meralgia paresthetica
in spastic paraplegia, radiculopathy in cervical
dystonia).

These distinctions are of practical value, as the rational
management of each is different. In many conditions
where both motor and sensory pathways are damaged



(e.g. multiple sclerosis), combinations of two or all three
types of pain are seen. It follows that an assessment of the
nature of pain in an individual with neurologic disease
relies upon an assessment of the pathophysiologic effects
of that disease in that individual. Definitive diagnosis of
the primary condition per se will not usually clarify this.

The prevalence of chronic pain across the spectrum of
neurologic disorders is unknown. However, the data
available from two common disorders – multiple sclerosis
and Parkinsonism – suggest that the scale of the problem
of pain in those two diseases is almost certainly under-
estimated, which suggests that the problem is also likely
to be underestimated in less common disorders.

A classification of neurologic diseases is presented in
Table 24.1. For each category, one or two representative
examples of painful disorders are given. However, it may
be argued that traditional classifications such as this have
limited utility in pain evaluation, in that there is usually
no clear link between the pathologic nature of the disease
and the presence (and type) of pain. It may be more
useful to consider categories of painful disorders pre-
senting to neurology clinics, as proposed by Cervero and
Jensen (see Table 24.2). In some neurologic disorders,
pain is a well-recognized and predominant symptom and
may be a prerequisite to diagnosis. Several such disorders
are deservedly allocated chapters of their own in this
volume and will be discussed little, if at all, in this chapter.
These are:

� trigeminal neuralgia (Chapter 35, Facial pain);
� peripheral neuropathy (Chapter 25, Peripheral

neuropathies);

� postherpetic neuralgia (Chapter 32, Herpes zoster
pain including shingles and postherpetic neuralgia);

� complex regional pain syndrome (Chapter 27,
Complex regional pain syndromes).

Other topics that to some degree overlap with this chapter
and are covered elsewhere are:

� management of painful spasticity (Chapter 33,
Management of painful spasticity);

� postamputation pain (Chapter 31, Postamputation
pain);

� central pain syndromes (Chapter 28, Central
neuropathic pain: syndromes, pathophysiology, and
treatments).

It is not possible to provide a comprehensive list of every
neurologic disease that may give rise to pain in this
chapter.

What follows may be considered an overview of the
scope and nature of pain in neurologic disease, largely
exemplified by two conditions which are common and
which illustrate some important general points – multiple
sclerosis and parkinsonism. Additional brief notes are
included on Guillain–Barré syndrome and dystonia.

MULTIPLE SCLEROSIS

There are two reasons to choose multiple sclerosis (MS)
as a representative model on which to base generalizations
about pain in neurologic disease.

Table 24.1 A suggested classification of neurological diseases associated with pain.

Etiologic category Example Nature of pain (location of lesion)

Hereditary DMD Nociceptive (muscular)

HMSN Either nociceptive or neurogenic (sensorimotor neuropathy)

Metabolic DM Neurogenic (small-fiber neuropathy)

Infective – viral Herpes zoster Neurogenic (ganglioneuropathy)

Infective – bacterial Syphilis (Tabes dorsalis) Neurogenic (myelopathy)

Inflammatory Guillain–Barré syndrome Neurogenic (neuropathy)

Structural/degenerative Intervertebral disk herniation Neurogenic (compressive radiculopathy)

Developmental Syringomyelia Neurogenic (myelopathy)

Vascular Cerebral infarct Neurogenic (central)

Demyelination – central MS Neurogenic (central)1nociceptive (musculoskeletal)

Demyelination – peripheral AIDP Neurogenic

Movement disorders – hypokinetic PD Nociceptive1? neurogenic (musculoskeletal1? central)

Movement disorders – hyperkinetic Primary dystonia Nociceptive (musculoskeletal)

Trauma Spinal cord transection Neurogenic (myelopathy)

Iatrogenic Radiation plexopathy Neurogenic (plexus)

Neoplastic Intracerebral glioma Nociceptive (headache m ICP)

AIDP, acute inflammatory demyelinating polyneuropathy; DM, diabetes mellitus; DMD, Duchenne muscular dystrophy; HMSN, hereditary motor and sensory
neuropathy; ICP, intracranial pressure MS, multiple sclerosis; PD, Parkinson’s disease.
NB Some overlap between etiologic categories occurs. Guillain–Barré syndrome/AIDP is given as an example; it may be classified either as inflammatory or
peripheral demyelinating.
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First, it is common and has a high profile in the eyes of
the lay public as well as the medical establishment, with
vigorous support groups funding research and dis-
seminating information about the disease. One might
therefore expect reasonably accurate epidemiologic data
to be available. Despite this, the prevalence of chronic
pain as a major problem for persons with MS is widely
underestimated. Until recently, the disease was regarded
as typically painless, and described as such1 in author-
itative texts of neurology and reviews. Even now, the myth
persists; a contemporary textbook of neurology for
medical generalists states that pain in MS is so rare that
the diagnosis should be questioned in its presence.2

Second, the disease can give rise to a wide variety of
pains, both neuropathic and nociceptive, encompassing
most of the pain patterns observed across the entire
spectrum of neurologic disorders.

The nature of the disease

MS is characteristically a disease of young adults. The
etiology remains unknown but both genetic and environ-
mental factors probably contribute; the histopathologic
lesion is a central nervous system (CNS) perivenular
inflammatory demyelination consistent with an auto-
immune response directed at myelin antigens. These
lesions can occur almost anywhere in the CNS, accounting
for the great diversity of clinical presentation seen in this
disease. The clinical course is notoriously variable, but is
typically relapsing/remitting with a tendency to cumulative

neurologic deficit as the disease progresses. Optic neuritis
or peripheral paresthesiae are the most common present-
ing features. Rarely, pain is the first clinical manifestation
of the disease.3 Motor and/or cerebellar symptoms tend to
present later and are associated with a poorer prognosis.
Approximately one-third of patients do not develop per-
manent functional impairment and less than one-third will
become severely disabled. Typical features of the severe
advanced case include spastic paraparesis or tetraparesis,
variable somatosensory deficits, cerebellar ataxia with
scanning dysarthria, incontinence, disorders of mood, and
cognitive impairment.

Epidemiology

In northern Europe and North America, the incidence
rates and prevalence of MS are in the order of 4–8 and
60–100 per 100,000, respectively. It is therefore about ten
times as common as syringomyelia or myasthenia gravis.

Although the epidemiology of pain in the disease is less
certain, several surveys suggest that a majority of sufferers
experience pain of at least moderate severity.4, 5, 6, 7, 8, 9

Moreover, these studies show a striking concordance in
the breakdown of the distribution and probable cause of
the reported pain patterns. A recent publication indicates
that pain in MS is a major problem in registered sufferers
in the community and not just in hospital clinic attenders
(who may be more severely affected).10 The most familiar
type of pain quoted in neurology textbooks – trigeminal
neuralgia – is relatively rare.4, 5, 6, 7, 8, 9, 11 By contrast,
myelopathic pain involving the lower limbs is common,
as is pain of nociceptive musculoskeletal origin. This last
feature should come as no surprise, as the consequences
of the disease on motor function might be expected to
cause nociceptive pain directly from spastic muscles and
their mechanical effects on neighboring structures. In
general, pain in MS appears comparable in severity to
that of rheumatoid and osteoarthritis, and its intensity
correlates with reduced quality of life.12

Patterns of pain presentation in multiple
sclerosis

A suggested approach to the analysis of pain in MS is
outlined in Box 24.1. It is intended to encourage the
clinician to consider the pathophysiologic basis of the
pain before considering which treatment modalities are
most appropriate.Pains of primary neurogenic origin are
divided into paroxysmal and nonparoxysmal. Paroxysmal
pains may be more likely to respond to anticonvulsant
drugs, whereas ongoing central pains may be more likely
to respond to other groups of drugs such as anti-
depressants and N-methyl-D-aspartic acid (NMDA)
receptor antagonists, and in some cases opioids.

Table 24.2 Painful conditions presenting to neurology clinics.

Painful conditions

Pain after nerve injury Complex regional pain syndrome

Painful entrapment disorders

Pain after surgical intervention

Facial pain Trigeminal neuralgia

Atypical facial pain

Painful neuropathies Painful diabetic neuropathy

Other painful polyneuropathies

Postherpetic neuralgia

Postamputation pain

Central neuropathic pain Spinal cord injury pain

Syringomyelia

Central poststroke pain

Pain in multiple sclerosis

Pain in Parkinson’s disease

Others Fibromyalgia

Chronic low back pain

Whiplash

Pain in dementia
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PAINS OF PRIMARY NEUROGENIC ORIGIN

Paroxysmal

Trigeminal neuralgia occurs in multiple sclerosis approxi-
mately 300 times more often than in the general popula-
tion. It is generally similar in its presentation to the
idiopathic condition, but tends to occur at a younger age
and is more likely to be bilateral (which is extremely rare in
the idiopathic disorder). It is generally responsive to
treatment along similar lines to idiopathic tic doulour-
eux,13 although microvascular decompression (in a small
series) appeared less effective,14 and there also appears to
be relative refractoriness to neurolytic surgical proce-
dures.15 A 1994 study7 suggests a prevalence in the order of
5 percent (rather higher than formerly believed). Unlike
most pain syndromes in MS, trigeminal neuralgia may be a
presenting symptom of the disease, and the underlying
diagnosis should therefore be considered particularly in a
young patient or one with bilateral symptoms. The clinical
manifestations and treatment of trigeminal neuralgia are
discussed at greater length in Chapter 35, Facial pain.

Lhermitte’s phenomenon is a classical finding in MS. It
consists of rapidly evolving paresthesiae or dysesthesiae,
provoked by neck flexion, and typically spreading down
the back and into the extremities. It is suggested that
traction on the dorsal columns actively involved in the
inflammatory process is the trigger. A recent study indi-
cates that it may occur in over 41 percent of individuals
with MS at some point in the course of their disease,
and is significantly correlated with magnetic resonance
imaging (MRI) signal change in the cervical cord.16

Epileptiform seizures are rare in MS, and in general are
a rare cause of pain. However, a syndrome of spreading
dysesthesiae and muscle spasm, either spontaneous or

evoked by trivial stimuli such as light touch, active or
passive movement, or a startling event, is recognized. The
prevalence of this symptom complex varies in the limited
literature describing it.7, 17

Nonparoxysmal central pain

This is probably the most common neurogenic pain
manifestation in MS. It is typically burning and/or aching
in quality4, 5, 7, 11 and often anatomically extensive (e.g.
from the waist down). Although it is impossible to exclude
supraspinal mechanisms in the genesis of pains of this sort,
it seems likely that demyelinating myelopathy is the pri-
mary cause in most cases. This may be inferred from the
similarity of the pain to that described in many cases of
traumatic spinal cord damage with no evidence of rostral
neural injury.18 This type of pain is much more common
in the lower extremities than the upper. A characteristic
complaint is of a sensation of constriction of the painful
territory, like wearing a tight corset or an undersized boot.
Allodynia undoubtedly occurs but is uncommon in the
author’s experience and most published material.

Nociceptive musculoskeletal pain

There is no doubt that many patients with MS suffer
pains in this category – perhaps in the order of 20 percent
– and that such pains are more troublesome than in the
general population. It seems obvious that many patients
with myelopathy and/or cerebral disease will be suscep-
tible to pains of both true central and peripheral noci-
ceptive nature, the latter consequent on spasticity and
immobilization. In some cases, analysis of the separate
pain components may be difficult on clinical grounds.
Nevertheless, it seems desirable to try to separate central
neurogenic and peripheral nociceptive components of
pain because of the different implications for treatment.

Painful spasticity of muscles, particularly of the spinal
muscles and muscles of the lower limbs, is a common
problem in advanced MS.13 The management of painful
spasticity is covered elsewhere in this volume (Chapter 33,
Management of painful spasticity).

Low back pain is common and probably the con-
sequence of a combination of factors. Lumbar paraspinal
muscle spasticity may result directly in muscular pain and
also produce increased mechanical stress on nonmuscular
components of the spine (such as ligaments, disks, and
zygapophysial joints). Additionally, the immobilization
and weakness that occurs with advancing disability may
predispose to musculoskeletal spinal pain in the same way
as is believed to occur in patients with chronic back pain
without neurologic disease.

Miscellaneous

‘‘Mechanical neuropathic’’

On the basis of the above, one would expect lumbar
radiculopathic pain to be more common in people with
MS than in the general population. Analysis of pain

Box 24.1 Pain classification in multiple
sclerosis

� Pains of primary neurogenic origin
– Paroxysmal

� Trigeminal neuralgia
� Lhermitte’s phenomenon
� Seizures

� Painful spasms
� Visceral pain

– Nonparoxysmal central pain
� Nociceptive musculoskeletal pain

– Chronic back pain
– Peripheral muscle spasticity/spasm

� Miscellaneous
– ‘‘Mechanical’’ neuropathic

� Nonspecific exacerbating factors
– Infection
– Iatrogenic
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patterns in the aforementioned prevalence studies iden-
tifies pain of this type. The author has seen a number of
patients with meralgia paresthetica associated with flexor
spasms of the thigh.

Nonspecific exacerbating factors

Infections in persons with MS may worsen spasticity and
spasm.14 Pressure sores may be painful although typically
they are not.

Iatrogenic

This includes pain, for example, related to surgical
procedures such as intrathecal pump implants.

ACUTE INFLAMMATORY POLYNEUROPATHY
(GUILLAIN–BARRÉ SYNDROME)

Guillain–Barré syndrome (GBS) is an acute onset, pre-
dominantly motor polyneuropathy with an immunologic
basis. There is often an antecedent history of infection or
immunization but in many cases no such trigger can be
identified. Despite the predominance of motor over sen-
sory deficit, pain is common (approximately 50–70 per-
cent of cases in a fairly recent review19) and may manifest
itself in a wide variety of ways including both neurogenic
and nocigenic presentations. A more recent prospective
study suggests an even higher frequency (nearly 90 per-
cent), with nearly 50 percent reporting pain ‘‘distressing’’
or worse.20 Pain can be a prominent symptom even in
otherwise mild cases.21 The most commonly encountered
pains were deep, aching back/leg pain and dysesthetic
extremity pain. Although complete recovery has widely
been considered to be the rule, more recent data suggest
that many patients report aching and cramping pain years
after the onset of symptoms, that the pain is correlated
with persisting sensory, but not motor, deficits,22 and
gabapentin appears to be effective.23, 24[II]

MOVEMENT DISORDERS

Many neurologic diseases may result in disordered
movement. However, those conditions traditionally
grouped together under the heading ‘‘movement dis-
orders’’ comprise a collection of disorders in which dis-
ease or dysfunction of the extrapyramidal system is the
principal feature.

In common with multiple sclerosis, it seems likely that
pain is underestimated in these conditions, although there
are fewer data available from the medical literature to
support this assertion. The likelihood of nociceptive pain in
patients with impaired/involuntary movement seems
intuitively obvious, but there is evidence of neuropathic
pain in some of these disorders as well, focusing attention
on involvement of sensory, as well as motor tract pathology.

Movement disorders can be subdivided into two cate-
gories: hypokinetic, characterized by impaired volitional

movement, of which parkinsonism is much the com-
monest (see Box 24.1), and hyperkinetic, characterized by
involuntary movements of various types (see Box 24.2).

Notes on some terms relating to movement
disorders

A number of descriptive terms are used to differentiate
patterns of disordered muscle tone and movement, and
may give rise to confusion among non-neurologists. Some
of these terms, and their corresponding meanings, are
listed below:

� Spasticity is the type of muscle hypertonia seen
following a lesion of the corticospinal tract.
Resistance to passive movement of an affected limb is
maximal at its outset and reduced once movement is
initiated (‘‘clasp-knife’’ effect). Tendon reflexes are
increased. The Babinski response is extensor. Clonus
(rhythmic repetitive contractions) may occur.

� Rigidity is a uniform increase of muscle tone seen in
extrapyramidal lesions, notably parkinsonism.
Resistance to passive movement is evenly
encountered throughout the range (‘‘lead-pipe’’
rigidity). In cases where tremor is superimposed,
rapid fluctuations in the degree of resistance may be
felt (‘‘cog-wheel’’ effect).

� Dyskinesia is a term used to cover the range of
involuntary movements seen in extrapyramidal
disturbance:
– chorea: jerky, quasi-purposive movements,

typically of the face/upper limbs;
– athetosis: slower, more writhing movements;
– hemiballismus: violent excursions of an entire limb;
– dystonia: sustained, often repetitive, muscle

contraction, typically giving rise to twisting
movements and/or abnormal postures;

– tremor: rhythmic rapid oscillations;
– myoclonus: brief isolated jerks which may involve

part of a muscle, an entire muscle, or several
muscle groups.

Box 24.2 Causes of parkinsonism

� Parkinson’s disease
� ‘‘Parkinson plus’’ syndromes

– Progressive supranuclear palsy
– Multiple system atrophy
– Spinocerebellar ataxias
– Corticobasal degeneration

� Other
– Drug-induced/toxic
– Vascular
– Infectious/transmissible (including

Creutzfeldt–Jakob disease)
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PARKINSONISM

The distinction should be made between the broad
clinical syndrome of bradykinesia, rigidity, and tremor
(parkinsonism) – which may result from several causes –
and the idiopathic condition, Parkinson’s disease (PD).
Causes of parkinsonism are listed in Box 24.2. The
relevance of the distinction between these conditions
from the pain management perspective is that some
of these conditions may be associated with somatosen-
sory deficit, increasing the likelihood of neuropathic
pain (although this has been proposed in idiopathic PD
as well).

The nature of the disease

In contrast to MS, PD is typically a disorder of the
middle-aged and elderly. Some secondary causes of par-
kinsonism may present earlier. Pain in PD has been the
subject of a recent review article.25

Parkinsonism provides a useful second model of a
neurologic disorder in which chronic pain is both com-
mon and underestimated.26, 27 The etiology very probably
involves both genetic and environmental factors; various
toxic environmental chemicals have been implicated in
the disease, as well as familial clustering of cases con-
sistent with autosomal dominant inheritance. Concerning
the pathology, degeneration of dopaminergic neurons of
the substantia nigra is the hallmark of the idiopathic
disease. The prevalence in the USA is in the order of
0.4 percent overall, increasing to 1 percent in individuals
over age 55.

Parkinsonian syndromes classically present with a triad
of features:

1. bradykinesia – slowness of spontaneous
movement;

2. rigidity;
3. tremor – typically at rest.

Of this triad of components, it is usually the first two
which are associated with pain.

PD is now hardly ever seen in its unmodified form in
advanced cases as treatment with L-dopa and other dopa-
minergic drugs is more or less universal in developed
countries. While L-dopa therapy has dramatic therapeutic
benefit early on, its continued use ultimately typically gives
rise to a state of clinical fluctuation between bradykinesia/
rigidity and dyskinesia (‘‘on–off ’’ phenomenon). In this
state, the parkinsonian patient may exhibit pain associated
with both hyperkinetic and hypokinetic disorder.

Although pain has long been recognized in PD, there
were few data on which to base estimates of its pre-
valence until the important paper by Snider et al. in
1976.28 On the basis of this study, the prevalence is
probably in the order of 40–50 percent (similar to

MS), although the authors quote a lower figure on the
basis of excluding burning sensations and also muscular
pains clearly resulting directly from increased tone. A
later study by Goetz et al.29 closely mirrors these
findings; however, Snider et al. attribute much of the
limb pain to central mechanisms, whereas Goetz’s paper
places more emphasis on nociceptive pain attributable
to the effects of the disease on muscle tone, movement,
and posture.

Although Snider et al. cite a lack of correlation
between muscle hypertonia and pain as evidence of a
central cause for the pain, it is usually worse on the side
with most motor dysfunction, and the character of the
pain suggests a musculotendinous origin. In advanced
treated cases with an ‘‘on–off ’’ pattern, pain may be a
feature of both the ‘‘on’’ and the ‘‘off ’’ phase. Sufferers
typically complain of a constant aching, cramp-like dis-
comfort of the muscles while ‘‘off,’’ and ‘‘muscle-strain’’
pain while ‘‘on.’’

However, some pains cannot be explained on this basis
and seem likely to be neuropathic in nature, such as the
reports of oral/genital pain.30, 31 A fairly recent study
suggests that in approximately 8 percent of parkinsonian
patients with pain, the pain is neuropathic.27 A small
proportion of patients with PD have sensory symptoms
(including pain) which precede any clinically apparent
motor effects of the disease. Burning pain is often, though
not invariably, related to L-dopa therapy.

There is evidence that the prevalence of pain in
multiple system atrophy, the most common cause of
secondary parkinsonism, is similar to that of PD.32

Quinn et al.33 have proposed a classification of pain in
Parkinson’s disease largely based on its relation to medi-
cation, although this sheds no light on putative pain
mechanisms.

HYPERKINETIC DISORDERS

Hyperkinetic disorders are categorized in Box 24.3.
Usually, pains in these conditions are considered to be
nociceptive and muscular/arthralgic in origin. However, a
recent paper on pain in spasmodic torticollis,34 the most
frequent form of cervical dystonia, questions this and
suggests that central mechanisms may be an important
cause. This suggestion is largely based on the observation

Box 24.3 Classification of hyperkinetic
disorders

� Chorea/athetosis/hemiballism
� Dystonia
� Myoclonus
� Tics
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that the correlation between markedly hypertonic muscles
and pain in those muscles is weak, rather than on any
positive evidence of central sensory disturbance.

Neuropathic pain may undoubtedly occur if sensory
pathways are damaged, in which case clinical evidence of
such damage should be apparent. Certainly, dyskinesia
giving rise to abnormal mechanical stress on the axial
skeleton may cause radicular pain. In a study of cervical
dystonia, Jancovic et al.35 reported evidence of secondary
radiculopathy in 32 percent of their patients.

MANAGEMENT OF PAIN IN NEUROLOGIC
DISEASE

General considerations

Effective treatment of pain in neurologic disease is sel-
dom, if ever, disease specific. Burning central neuropathic
pain is probably as likely to respond to a tricyclic anti-
depressant whether the disorder responsible is syr-
ingomyelia, multiple sclerosis, or spinal cord injury.
Conversely, an antiepileptic drug that successfully treats
trigeminal neuralgia in a patient with MS may be com-
pletely ineffective for lumbar back pain in the same
patient. Rational management of pain in any patient with
neurologic disease must start with an attempt to identify
the nature of the likely pathophysiology giving rise to the
pain (or pains).

The following fundamental questions may form a
useful starting point:

� Is the pain nociceptive or neurogenic?
� If neurogenic, is it central or peripheral?
� If peripheral, is it directly due to the primary disease

process or the result of motor dysfunction?
� If nociceptive, is there spasticity, rigidity, or

dyskinesia?

Almost all treatment modalities advocated and practiced
in the treatment of pain in neurologic disease are
described and discussed at length in the relevant chapters
on treatments elsewhere in this volume. They will there-
fore be considered relatively briefly here, with the focus of
attention on their use in the context of neurologic dis-
orders and neuropathic pain states. As in other chapters,
they will be discussed under the following headings:

� Pharmacologic;
� Physical treatments;
� Invasive treatments;
� Surgical treatment;
� Psychologic treatment;
� Alternative medicine.

The evidence scores given for each treatment modality
generally refer to efficacy in treating neuropathic pain.

Pharmacologic

The pharmacologic treatment of neuropathic pain,
including topical as well as systemic administration, has
been the subject of a recent publication by a Task Force of
the European Federation of Neurological Societies.36

TOPICAL TREATMENTS

Nonsteroidal anti-inflammatory drugs, capsaicin, and
local anesthetics may be useful in clinical situations where
pain is evoked or exacerbated by superficial nociceptors
(or in some cases non-nociceptive afferents). Topical
treatments are discussed in depth in Chapter 17, Topical
analgesics for neuropathic pain, and their use in post-
herpetic neuralgia in Chapter 32, Herpes zoster pain
including shingles and postherpetic neuralgia.

OPIOIDS

Some controversy still exists concerning the value of
potent opioids such as morphine in chronic non-
malignant pain generally, as well as whether these drugs
are effective in neuropathic pain. These issues are dis-
cussed in depth in Chapter 16, Opioids and chronic
noncancer pain, but it is perhaps appropriate to cite here
one well-conducted study demonstrating efficacy of
opioids in neuropathic pain,37[II] and another publica-
tion38 reporting little or no benefit.

A reasonable interpretation of the medical literature
overall addressing this issue is that there are some indi-
vidual patients with individual neuropathic pains that are
opioid responsive and others which are not. Whether or
not a given individual will prove responsive to this group
of drugs is not reliably predictable on the basis of
pathologic diagnosis. A suggested practical management
approach is to offer patients a limited trial of opioid
therapy if it seems justified by clinical need, only con-
tinuing treatment in the long term if the trial results in
substantial symptomatic and functional benefit without
unacceptable side effects.

In general, nociceptive pain in neurologic disease
should respond to opioids in a manner similar to that in
the patient without neurologic disease.

ANTIDEPRESSANTS

The use of antidepressants in neuropathic pain has been
subject to recent systematic review.39, 40[I] This can be
briefly summarized by stating that there was clear benefit
compared with placebo in a variety of conditions,
including diabetic neuropathy, PHN, and central pain.
The number needed to treat (NNT) for pooled data was
between two and three. Amitriptyline, in particular,
appears effective in central poststroke pain.41[I] Selective
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serotonin-reuptake inhibitors (SSRIs) generally appeared
less effective than tricyclic antidepressants (although they
were associated with fewer side effects), suggesting that
the noradrenergic action of some tricyclics may be
important for their analgesic effect. In this review, the
character of the pain was not predictive of response to
these drugs, and favorable response was typically achieved
in a few days.

Beneficial effects of antidepressants on pain have been
demonstrated in a wide variety of pain syndromes,
including rheumatoid arthritis, low back pain, tension
headache, and cancer pain. It is clear that these drugs may
be helpful for both neurogenic and nociceptive pains. It is
reasonable to try them in patients with neurologic disease
whose pain falls into either category or both categories.
The evidence of benefit in MS is conflicting. Clifford
and Trotter11[V] report relief of pain by tricyclic anti-
depressants in more than 50 percent of their series of
patients, whereas Moulin et al.5[V] found this group of
drugs relatively ineffective.

ANTICONVULSANTS

The use of anticonvulsants in chronic pain has also been
subject to fairly recent systematic review.42[I]

To summarize the findings, the majority of studies
were of neuropathic pain states, with three examining
diabetic neuropathy. Results were conflicting. Overall,
NNT for both effectiveness and adverse effects were
similar to the corresponding figures for the anti-
depressants. The relatively new adjunctive anticonvulsant
gabapentin was not included in this review, but a number
of subsequent publications report benefit in pains asso-
ciated with multiple sclerosis,43, 44, 45, 46[V] diabetic neu-
ropathy, PHN, and other neuropathic pain states.
Pregabalin is also clearly effective,47 although good evi-
dence of superiority over gabapentin is lacking. There is
also growing evidence of benefit from lamotrigine in
central pain.41[I], 48[V] Adverse effects frequently limit
the practical utility of antiepileptic drugs, with a recent
study of patients with MS showing that carbamazepine
was associated with worse adverse effects than either
gabapentin or lamotrigine, in some cases mimicking
disease relapse.49

SYSTEMIC SODIUM CHANNEL BLOCKERS

Although this group of drugs comprises the local anes-
thetics and related ‘‘membrane-stabilizing’’ cardiac anti-
arrhythmics, it should be appreciated that sodium
channel inhibition is a property of many other groups of
drugs, including many anticonvulsants, antidepressants,
and ‘‘mainstream’’ analgesics such as pethidine (meper-
idine), and it is possible that at least some of the ther-
apeutic effects of these drugs are mediated through
sodium channel inhibition.

A systematic review has been undertaken of systemic
local anesthetic-type drugs in chronic pain.50[I] The
findings can be summarized as follows: the most con-
vincing evidence for benefit is seen in neuropathic pain of
peripheral nerve injury or peripheral neuropathy, with no
evidence of benefit in dysesthesia from spinal cord injury
or painful neuropathy (including plexopathy) in malig-
nant disease. However, one recent publication supports
their use in MS.51[V]

NEUROLEPTICS

At the time of writing, the author is unaware of any
convincing evidence in support of the use of these drugs
for any pain-related indication. In addition, the risk of
producing persisting tardive dyskinesia should be borne
in mind by anyone tempted to prescribe these drugs on
the basis of anecdotal evidence.

BENZODIAZEPINES AND OTHER GABA-AMINOBUTYRIC ACID
AGONISTS

Generally speaking, drugs of the benzodiazepine group
have been viewed with caution in long-term pain man-
agement because of the increasingly recognized problems
of tolerance and dependence. However, although under
most circumstances they are not analgesic, they are
anxiolytic and, to varying degrees, antispastic. This last
property may be valuable in the treatment of pain asso-
ciated with muscular hypertonia. Spasticity may be
relieved by both benzodiazepines and baclofen. Dan-
trolene, which acts peripherally on striated muscle, is of
dubious value as a sole antispastic agent but may act
synergistically with baclofen.14 Baclofen has an anti-
nociceptive action distinct from its antispastic effect, but
the clinical effect in most pain associated with neurologic
disease is probably marginal when it is given systemically
(see below under Spinal drug administration).

Tizanidine, a centrally acting a2-agonist, has also been
reported as beneficial in a variety of spastic disorders,
including MS.52[II]

NMDA RECEPTOR ANTAGONISTS

The availability of drugs for human use with established
effects on the NMDA receptor is limited. It is postu-
lated, but not proven, that gabapentin may exert some
effect through this mechanism; drugs with an estab-
lished action are ketamine, dextromethorphan, and
amantadine, all of which have been shown to be effec-
tive in studies of neuropathic pain.53, 54, 55 The practical
utility of these drugs is limited by side effects which,
so far, seem inextricably linked with the desired
pharmacologic effect. In addition, ketamine has well-
recognized abuse potential and uncertain long-term
adverse effects.
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CANNABINOIDS

The use of cannabinoids as specific analgesics in neuro-
pathic pain remains controversial. A recent study of a
cannabis-based preparation in the treatment of pain in
MS indicated that it was effective and well tolerated.56[II]

Physical treatments

Included in this category are the range of ‘‘hands-on’’
techniques of physiotherapy, osteopathy, and chiro-
practic and the treatment modalities of transcutaneous
electrical nerve stimulation (TENS) and acupuncture
which are often offered by physiotherapists but which are
also extensively practiced by other healthcare profes-
sionals. There is also some overlap with the treatment
modalities espoused by alternative and complementary
medicine.

An increasingly recognized role of physiotherapists in
pain management is their contribution to cognitive/
behavioral programs which will not be discussed further
here.

Evidence-based evaluation of physical treatments is
inherently difficult, partly because of the problems of
blinding of the recipient and providing a placebo that is
both credible and physiologically inert, and partly because
of the difficulty of standardizing many of these
treatments.

Not surprisingly, most clinical studies of physical
treatments have focused on musculoskeletal/inflamma-
tory disorders and there is little information about out-
come when these techniques are applied specifically to
sufferers of neurologic disease. A number of studies have
reported reduction of spasticity following topical cooling,
but the effects have generally been too brief to suggest a
practical role for such treatment.

The problems of evaluating the use of TENS in
chronic pain generally are discussed in a systematic
review by McQuay and Moore,57[I] who conclude that
there is no good evidence in support of its use and that
more studies are needed. Only one of the 38 rando-
mized controlled trials included in this study looked
specifically at a neurologic disorder (postherpetic neu-
ralgia) and this compared TENS with acupuncture, as
did many of the studies in this paper. The difficulty of
blinding (especially the recipient) seems insuperable at
present, but some problems with much of the literature
to date can be remedied – larger numbers of subjects,
longer periods of use of the treatment, and longer fol-
low up. Evidence-based evaluation of acupuncture pre-
sents similar problems. At the time of writing, the
author is unaware of any specific unimodal physical
therapy of proven value for treatment of pain in neu-
rologic disease. Kidd et al.58[V] draw attention to the
value of rehabilitation in the global management of
patients with MS, but it is unclear whether there is any
specific effect on pain.

Invasive treatments

There is an inevitable overlap between these therapies and
(systemic) pharmacologic treatments, which is perhaps
most obvious in the use of implanted spinal drug delivery
systems to increase the therapeutic effect, and/or reduce
side effects, of a drug previously given systemically.

Invasive treatments can be classified as follows:

� reversible local/regional block with local anesthetic,
with or without the use of additional corticosteroid;

� spinal injection/infusion of some drugs considered
largely effective only by this route (e.g.
benzodiazepines, clonidine) or more effective/better
tolerated in selected cases (e.g. opioids, baclofen);

� neurolytic procedures;
� botulinum toxin injection;
� miscellaneous.

LOCAL ANESTHETIC BLOCK

The indications for local anesthetic nerve blocks have
been categorized by Bonica into:

� diagnostic;
� prognostic;
� prophylactic;
� therapeutic.

The practical value of this classification is as relevant to
pain in neurological disease as in any other clinical con-
text. The indications for, and practical use of, peripheral
nerve blocks is discussed in Chapter 23, Peripheral nerve
blocks: practical aspects in the Practice and Procedures
volume of this series. It now seems clear that serial local
anesthetic blocks – with or without the addition of
corticosteroid – may provide extended periods of relief of
chronic pain, long outlasting the anticipated direct
duration of action of the local anesthetic drug.59[V] More
studies are needed to establish the indications and general
utility of this form of treatment for pain in various
neurologic disorders. The role, if any, of steroids is not
established.

SPINAL DRUG ADMINISTRATION

Intrathecal baclofen is clearly effective in reducing spas-
ticity and would therefore be expected to reduce noci-
ceptive pain directly attributable to spasticity.14[V]
However, there is also evidence that it might be effective
in the treatment of central pain.60, 61[V]

There is some evidence of benefit from spinally
administered clonidine in neuropathic pain of multiple
sclerosis/spinal cord injury62 and cancer,63[V] and a study
indicating pain relief in relapsing MS from spinally
administered corticosteroid (triamcinolone).64[III]
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Spinal opioid delivery is discussed in Chapter 21,
Spinal administration.

NEUROLYTIC PROCEDURES

There is some evidence for benefit from procedures in this
category in the treatment of pain in neurologic disease,
especially characterized by disabling and painful spasti-
city. Favorable results using hyperbaric intrathecal phenol
in such cases were reported nearly 50 years ago by
Nathan,65[V] and similar results have emerged from a
study by the author and others in patients with advanced
MS.66[V]

Use of neurolytic procedures interrupting sensory
pathways in an attempt to relieve pain may expose the
patient to the risk of recurrent, resistant central pain
consequent upon deafferentation, which may be extre-
mely difficult to treat. By contrast, treatment of noci-
ceptive, spasticity-contingent pain by selective motor
neuronal/axonal lesioning should be free of this risk
provided it is sufficiently selective.

Because of the invasive and potentially irreversible
nature of these treatments, they have been largely
restricted to patients with severe pain and disability; there
are some data concerning their use in neurologic disease
with severe spasticity.

BOTULINUM TOXIN

Botulinum toxin injection is now a well established treat-
ment for disorders of muscular hypertonia; it is discussed
in a separate chapter (Chapter 33, Management of painful
spasticity) and will not be further considered here.

Surgical treatment

Most surgical interventions deemed appropriate for pain in
neurologic disease involve interruption or augmentation of
neural pathways and therefore lie within the province of
the neurosurgeon. However, there are obvious special
situations where other surgical specialists may contribute
to relief of pain as well as other symptoms – tenotomy,
plastic surgical treatment of pressure sores, etc. A recent
large review of neurosurgical interventions in MS suggests
that good outcomes can be achieved with appropriate
selection criteria.67[III] Neurosurgical procedures for
treating chronic pain are discussed in Chapter 28, Central
neuropathic pain: syndromes, pathophysiology, and treat-
ments and Chapter 20, Neurostimulation techniques, and
will not be considered further here.

Psychologic treatment

The application of psychology-based treatment to chronic
pain is extensively covered in Chapter 13, Self-regulation

skills training for adults, including relaxation; Chapter 14,
Biofeedback; Chapter 15, Contextual cognitive-behavioral
therapy; and Chapter 16, Graded exposure in vivo for pain-
related fear in the Practice and Procedures volume of this
series. In principle, the management approach is as
appropriate to chronic pain sufferers with neurologic
disease as to other groups, with perhaps two qualifications.

First, cognitive impairment is a feature of some neu-
rologic disorders and may limit the feasibility of cognitive
modification.

Second, physical disability in many painful neurologic
diseases may be directly attributable to motor/sensory
deficit or dysfunction, in contrast with, for example, the
patient with musculoskeletal back pain without neuro-
logic disease whose disability is pain contingent. This may
limit the capacity for improving physical function with a
cognitive–behavioral management approach.

Alternative medicine

The evidence for efficacy of complementary and alter-
native medicines in MS has been the subject of a recent
review by Huntley,68[III] in which the paucity of well-
conducted studies is emphasized and no firm conclusions
reached for any specific therapy. A review of acupuncture
concluded that there was no good evidence for sympto-
matic benefit from this treatment in either MS or PD, but
highlighted the difficulties of trial design.69[III]

CONCLUSION

Pain in neurologic disease is frequently underestimated in
its importance, both in terms of its seriousness to those
afflicted and its prevalence. Pains may be neuropathic or
nociceptive, and the two types of pain frequently coexist
in individual cases. Pain phenotype in neurologic disease
is hardly ever disease-specific, and attention should be
focused on likely mechanisms of pain generation in
an attempt to determine the likelihood of response to
therapeutic interventions.
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KEY LEARNING POINTS

� Identify the diagnostic points in peripheral

neuropathies.
� Learn the mechanisms which result in pain in peripheral

neuropathies.
� Outline the methods of investigation.

� Diagnose various types of peripheral neuropathies based

on etiology and clinical findings.
� Learn the principles of therapy.
� Discuss and compare the differences between various

modalities of treatment.

INTRODUCTION

The peripheral nervous system (PNS) is defined anato-
mically as the part of the nervous system in which neu-
rons or their processes are related to Schwann cells. It
includes the cranial nerves (with exception of the optic
nerve), spinal nerve roots, dorsal root ganglia, peripheral
nerve trunks, and nerve terminals. Any disorder of motor,
sensory, or autonomic nerve fibers within the PNS could
be classified as a neuropathy. The pathological processes
that affect peripheral nerves may involve different sites
and components of the PNS.

Peripheral neuropathies are described in different ways,
based on (1) the pattern of neurological signs and symp-
toms as sensory, motor, autonomic, or mixed; (2) the
distribution of affected nerves, as symmetrical versus
asymmetrical, and distal or proximal; (3) the fiber type
involved, as large versus small fiber; (4) the nature and
brunt of the pathological process as axonal versus
demyelinating; and (5) the time-course, as acute, subacute,

or chronic. For example, multiple spinal roots are involved
acutely in the Guillain–Barré syndrome, and in most cases
preferentially affect the myelin sheath. The condition is
thus described as an acute demyelinating inflammatory
polyradiculopathy. The classification of the neuropathy
narrows down the diagnostic possibilities. To illustrate, an
acute onset suggests an inflammatory, immunologic, toxic,
or vascular etiology. A polyneuropathy evolving subacutely
over weeks and months is indicative of toxic, nutritional,
or systemic diseases, whereas evolution over many years is
indicative of a hereditary or metabolic disease. The dys-
function of an individual peripheral nerve is termed a
‘‘mononeuropathy.’’ The syndrome of peripheral neuro-
pathy, however, has many causes. Therefore, it is essential
to first attempt to find the cause (which is not always
possible) so that the patient can be informed about
prognosis and receive specific treatment. The diagnostic
process can also help with choice of symptomatic
treatment, as for pain, based on the understanding of
pathophysiological mechanisms in different conditions.



DIAGNOSTIC POINTS IN PERIPHERAL
NEUROPATHIES

1. Pathological process:
a. axonal;
b. demyelinating.

2. Fiber type:
a. large fiber;
b. small fiber;
c. mixed.

3. Distribution of symptoms:
a. symmetrical;
b. asymmetrical.

4. Onset of symptoms:
a. acute;
b. subacute;
c. chronic.

GENERAL CLINICAL DESCRIPTION OF
NEUROPATHIC SYNDROMES

Polyneuropathies

Symptoms and signs are symmetrical and distal in most
polyneuropathies.

MOTOR FUNCTION

The feet and legs are usually affected earlier and more
severely than the upper limbs. Truncal and cranial regions
are the last to be affected, and are only involved in severe
cases. Most of the common metabolic, toxic, and nutri-
tional neuropathies show this predominantly distal
pattern. An exception is seen in acute inflammatory neu-
ropathies, where cranial nerve, respiratory, and upper limb
involvement can occur early in the course of the disease.
Facial and other cranial nerve paralyses can occur with
sarcoidosis, Lyme disease, Sjögren syndrome, neoplastic
invasion of meninges and nerve root infiltrations, or in
rare metabolic neuropathies (Refsum, Tangier, and
Riley–Day). Predominant involvement of upper limbs is
unusual, but may be seen in Sjögren syndrome, the chronic
immune neuropathies, porphyric, lead, and amyloid
polyneuropathy, and some inherited neuropathies.

TENDON REFLEXES

Deep tendon reflexes are diminished or lost in peripheral
neuropathies as a rule. Reflexes may be diminished early
in the course of neuropathy, but not absent. Reflexes may,
however, be retained in small-fiber neuropathies.

SENSORY LOSS

Like motor function, sensation is affected symmetrically
and in distal segments in polyneuropathies. As the

neuropathy worsens, sensory loss may spread from distal
to proximal parts. In most polyneuropathies, all sensory
modalities are impaired (pain and temperature, indicat-
ing small-fiber involvement; joint position and vibration
sense, suggesting large-fiber dysfunction). Occasionally,
selective damage to large or small fibers predominates. In
polyneuropathy affecting mainly small nerve fibers,
patients often present with burning, painful dysesthesiae,
alteration of pinprick and temperature sensation, and
autonomic dysfunction. Motor function, balance, and
tendon jerks may be preserved. Some cases of amyloid
and early distal diabetic polyneuropathies fall into this
group. Large-fiber neuropathy, in contrast, is character-
ized by loss of joint position and vibration sense,
ataxia, areflexia, and variable but often severe loss of
motor function. In sensory neuronopathies (primary
involvement of dorsal root ganglion), there is usually no
motor loss.

POSITIVE SYMPTOMS IN PERIPHERAL
NEUROPATHIES

Dysesthesiae, paresthesiae, and pain

Paresthesiae tend to be specially marked in the feet and
hands in polyneuropathies, and localized to the affected
part in other neuropathies. Pins and needles, stabbing,
pricking, tingling, electric, and band-like sensations are
some of the terms used to describe these symptoms.
Positive symptoms or numbness may be the only features
in some neuropathies, with no objective sensory loss on
clinical examination. Certain types of diabetic, nutri-
tional, and alcohol-related neuropathies may present as
burning feet, which may be hypersensitive to touch and
pinprick.

Peripheral neuropathic pain may manifest as sponta-
neous pain (stimulus-independent pain), often in a numb
region, or pain and hypersensitivity elicited by a stimulus
(stimulus-evoked pain). Hyperalgesia is an increased
response to a stimulus that is normally painful and is due
to abnormal processing of nociceptor inputs. Allodynia is
a pain elicited by a stimulus that does not normally
provoke pain. Stimulus-evoked pain is common after
peripheral nerve injury, and early small-fiber poly-
neuropathies. Many patients with neuropathic pain suffer
from spontaneous and paroxysmal pain, with different
mechanisms operating in the same subject.

MECHANISMS OF PAIN IN PERIPHERAL
NEUROPATHY

Normally, impulses are generated at sensory nerve term-
inals or in cell bodies. In pathological states, impulses
may arise from the damaged part of the axon and
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propagate toward both the central nervous system and the
periphery. Such ectopic discharges may also arise from
local patches of demyelination, neuromas, and soma in
the dorsal root ganglia. The mechanisms underlying
neuropathic pain have been reviewed elsewhere.1, 2, 3

Persistent primary pain is attributed to activity in noci-
ceptor C-fibers, which in turn leads to central changes.
Similar activity in large myelinated A-fibers may produce
paresthesiae, and they mediate secondary allodynia and
hyperalgesia in the setting of central changes. The
mechanism of ectopic discharges is attributed to changes
in the expression and distribution of membrane ion
channels, especially sodium channels. Two types of
sodium channel are found in sensory neurons. The first
are sensitive to a neurotoxin derived from the puffer fish
– tetrodotoxin (TTX) – and are found in all sensory
neurons. The second types are resistant to tetrodotoxin,
and are found predominantly in nociceptor sensory
neurons. The TTX-resistant channels have much slower
activation and inactivation kinetics than TTX-sensitive
channels and are implicated in pathological pain states.
Channel proteins are synthesized in the cell body and
transported by axoplasmic mechanisms to their periph-
eral targets, which include nodes of Ranvier and axon
terminals. Accumulation of sodium channels at sites of
ectopic impulse generation has been postulated to play a
role in the ectopic discharges.4 Changes in the distribu-
tion of two TTX-resistant channels – Nav 1.8 (SNS/PN3)
and Nav 1.9 (NaN/SNS2), preferentially expressed in
nociceptors – have been identified in sensory neurons.5, 6, 7

Nav 1.8 (SNS/PN3) has been shown to accumulate pre-
ferentially at the site of nerve injury and also in nerve
fibers in skin from patients with mechanical allodynia and
hyperalgesia,5 and appears to be an attractive target for
the development of novel sensory neuron-specific sodium
channel blockers for mechanism-based analgesia. Changes
in other ion channels have also been implicated in the
pathogenesis of pain. Specific potassium channels have
been found to be decreased in the rat dorsal root ganglion
after axotomy.8 Thus, changes in potassium and sodium
channel expression following axonal injury have the
potential to change the electrical excitability of dorsal root
ganglion (DRG) neurons and lead to chronic pain states.8

Other mechanisms contributing to pain include ephaptic
transmission, nociceptor sensitization, adrenergic che-
mosensitivity of regenerating axons, and nerve trunk
inflammation.

There are many sensory symptoms of peripheral nerve
disorders, such as their spread beyond the territory of the
injured nerve, which could not be explained solely in
terms of alterations in peripheral functions. It is now well
established that peripheral stimuli can lead to central
changes in spinal cord, including wind up, disinhibition,
and sensitization,9, 10 and altered rostral processing.1, 2, 3

These mechanisms need to be understood in molecular
terms, and targeted in association with peripheral
strategies.

ETIOLOGICAL CLASSIFICATION AND
INVESTIGATION OF NEUROPATHIES

When dealing with a patient, a clinician is faced with two
tasks:

1. establishing the existence and nature of a disorder
of the peripheral nervous system;

2. providing specific and symptomatic treatment.

For the clinical differential diagnosis, it is convenient to
group the neuropathy into types (see Table 25.1). The
next step is to determine whether polyneuropathy is
axonal or demyelinating. This requires the use of nerve
conduction studies (NCS) and needle examination of
muscles by electromyography (EMG). These help to
determine:

� that the primary process is a disorder of the nerves;
� the distinction between a generalized

polyneuropathic process, multifocal neuropathy
(mononeuritis multiplex), or a mononeuropathy;

� the distinction between a primary demyelinating
neuropathy and axonal neuropathy.

The limitation of NCS is that it is a measure of large-fiber
function, and does not provide information about small-
fiber function, particularly nociceptors.

Quantitative sensory and autonomic testing (QST)
provides information about small myelinated and
unmyelinated fiber function, as well as large-fiber func-
tion. These tests can be particularly useful in patients with
hypoalgesia and hyperalgesia/allodynia in providing
objective assessment of abnormalities and establishing a
diagnosis of pure small-fiber neuropathy.11 QST is also
useful for epidemiological and therapeutic studies of
peripheral neuropathy.12

Other useful tests include the following:

� blood tests – to identify metabolic, nutritional, or
toxic states, to measure immunoglobulins and
antineural antibodies that relate to immune-mediated
neuropathies,13 and to perform genetic screens in the
diagnosis of inherited neuropathies;

� cerebrospinal fluid examination – increased protein
levels and cellular responses indicate radicular or
meningeal involvement;

� nerve and muscle biopsy – progress in clinical
electrophysiology and molecular genetics has resulted
in fewer indications for nerve biopsy in clinical
practice.14 Biopsy should be reserved for carefully
selected cases.15 The main indications include:
– mononeuritis multiplex, in which the etiology is

still undetermined after extensive laboratory
investigations, and the diagnostic possibilities
include vasculitis, amyloidosis, leprosy, and
sarcoidosis;
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Table 25.1 Etiological classification of neuropathies.

Classification

Painful neuropathies

Symmetrical Metabolic Diabetes mellitus

Hypoglycemic (usually with insulinoma)

Hypothyroidism

Nutritional/deficiency Pellagra (niacin deficiency)

Beriberi (thiamine deficiency)

Multiple nutritional deficiencies

Toxic Drugs Alcohol (ethanol)

Antiretroviral drugs

Cytostatic drugs

Isoniazid, hydralazine, etc.

Metals Thallium

Arsenic

Mercury

Immune mediated Acute or chronic inflammatory demyelinating

neuropathies

Neuropathies associated with paraproteinemia

and cryoglobulinemia

Acquired amyloidosis

Paraneoplastic neuropathies

Hereditary Hereditary sensory and autonomic neuropathy

(type I)

Fabry’s disease

Idiopathic

Asymmetrical Mononeuritis/mononeuritis

multiplex

Diabetic

Vasculitic neuropathies Cranial neuropathy

Trunk and limb mononeuropathy

Diabetic amyotrophy

Systemic vasculitis of the vasa nervorum

associated with:

Polyarteritis nodosa

Churg–Strauss syndrome

Rheumatoid arthritis

Lupus erythematosus

Systemic sclerosis

Wegener’s granulomatosis

Isolated angiitis of peripheral nerves

Infectious/parainfectious neuropathies HIV related

Borreliosis

Herpes zoster

Physical injuries Nerve entrapment – carpal tunnel and other nerve

compression

Root compression (intervertebral disk herniation)

Neuroma: post-traumatic, postsurgical,

postamputation

Plexus neuropathies Idiopathic neuritis of brachial or lumbosacral

plexus

Post-traumatic

Tumor infiltration

Radiation induced

Cranial neuralgias: trigeminal

and glossopharyngeal

neuralgia

(Continued over )
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– distal, symmetric, polyneuropathies of subacute or
chronic evolution when all other diagnostic
measures have been exhausted and the condition
continues to progress;

– in establishing diagnosis in genetically determined
pediatric disorders, such as metachromatic
leukodystrophy, Krabbe’s disease, giant axonal
neuropathy, and infantile neuroaxonal dystrophy.

PREDOMINANTLY PAINFUL NEUROPATHIES

These neuropathies are characterized by dysesthesiae as a
major symptom.

Metabolic neuropathies

DIABETIC NEUROPATHY

Diabetes mellitus is the most common cause of neuro-
pathy in the western world,16 affecting approximately 50
percent of diabetic patients over time.17 It is usually seen
in diabetics over 50 years of age and is uncommon in
children. Diabetes can affect different components of the
PNS. As a result, diabetic neuropathy is not a uniform
disorder, but rather a group of distinct clinical syn-
dromes, each reflecting the site and components of the
PNS affected by the pathological process. Several clinical
syndromes have been delineated.

ACUTE DIABETIC MONONEUROPATHY

This is presumably due to infarction of the nerve.

Cranial neuropathy

Acute ophthalmoplegia due to third-nerve involvement is
the most common cranial neuropathy. The onset is
usually abrupt, and pain is seen in up to 50 percent of
patients (owing to involvement of trigeminal branches in
the cavernous sinus or involvement of pain-sensitive
nerve endings within the connective tissue of the affected
nerve17). Pain is aching and is located behind or above the

eye. Most patients are usually over 50 years old and the
pupils are often spared.

Peripheral nerves

Acute involvement of most individual peripheral nerves
has been described. The most commonly involved nerves
are the median, ulnar, radial, femoral, lateral cutaneous
nerve of the thigh, and common peroneal nerves. Onset is
often sudden, presumably due to infarction of the nerve,
and pain may be a prominent feature in such cases. Iso-
lated peripheral nerve lesions tend to occur at the com-
mon sites for pressure palsies, and nerves in diabetic
subjects are more susceptible to compression injury.17

ASYMMETRIC NEUROPATHY AND RADICULOPATHY

Lower limb asymmetric motor neuropathy (diabetic
amyotrophy)

A painful, asymmetrical neuropathy is sometimes seen in
older patients with mild or undetected diabetes, and
occasionally in patients with long-standing diabetes. Pain
often begins in the lower back or hip and spreads down
the leg on one side. Pain tends to be more severe at night
and has a deep, aching quality with superimposed sharp
jabs. Pelvic girdle and thigh muscles are usually affected
and show weakness and wasting. The knee jerk is lost on
the affected side. Sensory involvement is minimal. Most
patients do recover, although in some recovery may be
incomplete. The syndrome may recur on the opposite
side. Pathologically, the site of involvement is multiple
and affects roots, spinal nerve, or lumbosacral plexus.
Pathologic changes appear to be the result of ischemic
injury from microscopic vasculitis affecting small
epineural vessels.18

Thoracoabdominal radiculopathy

This is usually seen in older patients with long-standing
diabetes and may be associated with marked weight loss.
Most patients describe girdle-like pain around the trunk
that may be unilateral or bilateral. Abdominal wall
weakness, cutaneous hyperesthesiae, or superficial sensory
loss over the involved area may be seen on examination.
EMG changes can be detected in paraspinal and

Table 25.1 Etiological classification of neuropathies (continued).

Classification

Painless neuropathies

Neuropathies with selective

loss of pain sensation

Congenital insensitivity to pain with

anhidrosis – HSAN type IV

Congenital analgesia without

anhidrosis – HSAN type V

Neuropathies (predominantly

painless)

Leprosy
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abdominal wall muscles, in adjacent myotomes, and, on
this basis, the lesion is presumed to be very proximal – in
the nerve roots. The pain is difficult to treat and recovery
may be protracted, but the ultimate prognosis for
recovery is good.

DISTAL SYMMETRIC SENSORIMOTOR POLYNEUROPATHY

This predominantly sensory form is the most common type
of diabetic neuropathy. Symptoms are variable, but when
the polyneuropathy becomes symptomatic the main com-
plaints are persistent and often distressing numbness and
tingling. This is often confined to the feet and lower legs
and is worse at night. Pain may be a troublesome feature
and is felt as aching and deep as if ‘‘arising in the bones.’’
Lancinating pain and burning paresthesiae may also occur.
In the early stages, signs are confined to the distal part of
the legs and include decreased light touch, pain, and
vibration sensation. As the neuropathy progresses, sensory
loss may spread to proximal parts, hands, and the trunk.
Ankle jerks are decreased or absent and weakness is usually
mild. If there is more severe distal motor involvement,
other causes of neuropathy need to be excluded.

SMALL-FIBER NEUROPATHY

Patients present with distal burning pain in the extre-
mities and have cutaneous hyperesthesiae and autonomic
dysfunction as a prominent feature. They have loss of
pain and temperature sensation, but preservation of
large-fiber modalities, including tendon reflexes. Small-
fiber loss has been demonstrated in nerve biopsies.19 Such
patients are believed to have small-fiber neuropathy.
Small-fiber involvement is an early consistent feature in
diabetic polyneuropathy to varying degrees.17

ACUTE PAINFUL DIABETIC NEUROPATHY

Rarely, patients present with burning pain that is worse
during the night and profound weight loss. This type of
neuropathy can follow an episode of ketosis or estab-
lishment of tight glycemic control. There is very little
sensory and motor loss and tendon reflexes are usually
preserved. However, there is hyperalgesia and contact
with clothing and bedclothes is unpleasant. With weight
gain and adequate diabetic control, the neuropathic
symptoms tend to improve.

TREATMENT-INDUCED NEUROPATHY

Occasionally, paresthesiae and pain may develop follow-
ing the institution of insulin therapy, raising the suspicion
of neuropathy. The symptoms, however, tend to improve
slowly with glycemic control.

Nerve biopsies show loss of myelinated and unmyeli-
nated nerve fibers, regenerating nerve sprouts, axonal

atrophy, and segmental demyelination and remyelination
of axons in the distal symmetrical type of diabetic poly-
neuropathy. However, there is no simple correlation
between presence of pain and morphological changes in
painful neuropathies associated with diabetes. Loss of
both large and small myelinated fibers has been shown in
diabetic autonomic neuropathy associated with painful or
painless sensory neuropathy.20 The neuropathology of
diabetic neuropathy is reviewed in detail elsewhere.17

The pathogenesis of diabetic neuropathies, and
mechanisms of pain, are still uncertain and are likely to be
multifactorial. The mononeuropathies and asymmetrical
neuropathies are thought to be ischemic in origin, sec-
ondary to disease of the vasa nervorum. In other forms of
diabetic neuropathy, a metabolic basis has been favored.
Recently, oxidative stress, as a consequence of hyperglyce-
mia, has been proposed as an inciting event in diabetic
polyneuropathy.21 Whatever may be the pathophysiological
mechanisms underlying diabetic neuropathy, it is generally
accepted that tight glycemic control helps in prevention and
amelioration of neuropathy, including pain symptoms.22

HYPOTHYROID NEUROPATHY

Apart from the high incidence of carpal tunnel syndrome,
a sensorimotor polyneuropathy also occurs in hypothy-
roidism. Sensory symptoms dominate the clinical picture
and include painful dysesthesiae and lancinating pains in
hands and feet. Usually, there is glove and stocking sen-
sory loss, and occasionally distal weakness and wasting
may be seen. The neuropathy tends to improve with
thyroxine replacement therapy.

Deficiency states

Neuropathy due to nutritional deficiency is uncommon in
developed countries and is usually seen in the setting of
alcoholism, malabsorption, various gastrointestinal pro-
cedures leading to weight loss, and prolonged stay in
intensive care units.

VITAMIN B1 DEFICIENCY

Deficiency of vitamin B1 (thiamine) causes a neuropathy
that begins with painful paresthesiae in the feet (burning
feet). If the nutritional deficiency is not corrected, the
sensory symptoms progress and spread proximally, and
distal motor weakness may develop. Prognosis is generally
good and, with thiamine supplementation, most patients
show recovery unless severe axonal degeneration has
occurred.

VITAMIN B6 DEFICIENCY

Peripheral neuropathy due to vitamin B6 (pyridoxine)
deficiency is usually seen in patients receiving the
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antituberculous drug isoniazid and the antihypertensive
drug hydralazine.23 Symptoms consist of symmetrical
tingling and pain, and are reversible after stopping
medication. The neuropathy could be prevented by daily
supplementation of 10–20mg of B6 per day during
treatment with these drugs. Paradoxically, the prolonged
administration of extremely high doses of pyridoxine may
actually cause a disabling sensory neuropathy.24

NIACIN DEFICIENCY

Pellagra is a nutritional deficiency state characterized by
dermatitis, diarrhea, and mental changes. Neuropathic
symptoms often described in association with pellagra are
believed to be due to a coexistent deficiency of pyridoxine
or other B vitamins as neuropathic symptoms do not
improve with niacin alone.23

Toxic neuropathies

ALCOHOL

It is considered that neuropathy associated with chronic
alcoholism is due to vitamin B1 deficiency.23 Symptoms
are nonspecific and the diagnosis needs to be established
carefully by excluding other causes and by establishing
history of alcohol excess and nutritional imbalance or
deficiency.

ARSENICAL POLYNEUROPATHY

The neuropathy associated with arsenic ingestion pre-
sents in the context of a systemic illness. In the case of
chronic poisoning, neuropathic symptoms develop
slowly in the distal part of the extremities. The first
symptoms are usually pain, which is aching or burning,
and tingling or numbness beginning in the fingers and
toes and then spreading proximally. Motor symptoms
soon follow in similar distribution. Gastrointestinal
symptoms may precede the polyneuropathy. Other
associated symptoms include anemia, jaundice, hyper-
keratosis of palms and soles, and later white transverse
banding of the nails (Mees lines). Following a single,
large dose of arsenic, a rapidly evolving neuropathy may
appear after a period of one to three weeks. It may be
preceded by severe gastrointestinal symptoms, renal and
hepatic failure, and mental disturbances. The disease is
accompanied by an excess of arsenic in urine, nails, and
hair. Most cases recognized nowadays are following
homicidal or suicidal attempts.25 A high index of sus-
picion is usually necessary for diagnosis. The diagnosis
could be established by demonstrating high levels of
arsenic in the hair or nails. Recovery from neuropathy
may be very slow and the prognosis for recovery is
related to the duration and severity of symptoms and
success in removing the source of exposure.

THALLIUM POISONING

Sporadic instances of thallium poisoning usually occur as
a result of accidental or suicidal ingestion of thallium-
containing rodenticides and rarely from overuse of
depilatory agents. Rapidly progressing painful sensory
neuropathy develops if the patient survives acute poi-
soning. Persistent pain with allodynia can be a dominant
feature. Rapid loss of hair is a striking feature (within one
to two weeks). Cranial nerves may also be affected. The
early onset of painful paresthesiae, relative preservation of
proximal reflexes, and rapid loss of hair help to differ-
entiate this neuropathy from Guillain–Barré syndrome
and other acute polyneuropathies.25 Prognosis for the
recovery depends on the severity of peripheral nervous
system involvement.

MERCURY POISONING

Chronic poisoning with organic mercury affects the
central nervous system, predominantly producing symp-
toms such as visual field defects, ataxia, and mental
impairments. However, one of the earliest complaints in
many patients is paresthesiae, which start distally and
progress proximally and may involve the tongue. A
painful neuropathy of children due to mercury exposure
from interior latex paint, calomel (mercurous chloride),
teething powders, and a mercuric fungicide used in
washing diapers has been described.26, 27

CYTOSTATIC DRUGS

Peripheral neurotoxicity is the significant dose-limiting
side effect of many chemotherapeutic drugs, including
vinca alkaloids, cisplatin, and taxols. Some of these agents
interfere with microtubule-based axonal transport and
cause length-dependent axonal injury. Although distal
paresthesiae are the initial manifestations with vinca
alkaloids, there are very few sensory signs, and motor
abnormalities dominate the clinical picture. It is impor-
tant to be aware of these neuropathies, as there may be a
unique opportunity to initiate preventive measures before
the damage occurs. A neuroprotective effect of neuro-
trophins has been demonstrated in tissue culture and
animal models.28

ANTIRETROVIRAL DRUGS

A severe dose-limiting axonal peripheral neuropathy may
develop in subjects receiving treatment with the nucleo-
side analogs didanosine (ddI), zalcitabine (ddC), and
stavudine (d4T) for human immunodeficiency infection.
It is estimated that around 10 percent of subjects receiving
ddC or d4T, and 1–2 percent of ddI recipients, may have
to discontinue therapy because of development of neu-
ropathy.29 It usually develops within weeks of starting
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therapy, and severe pain may be the chief complaint. It is
a painful and predominantly sensory distal polyneuro-
pathy. The symptoms and signs tend to resolve gradually
with the withdrawal of the therapy, although symptoms
may continue to worsen for some time after stopping the
drug.30 It has been demonstrated that those who develop
neuropathy on antiretrovirals have lower levels of acetyl
carnitine in the serum than subjects who did not develop
neuropathy.31 The main function of acetyl carnitine is in
mitochondrial b-oxidation of fatty acids for membrane
energy balance. It is suggested that levacecarnine (acetyl-
L-carnitine) and nerve growth factors, such as recombi-
nant human nerve growth factor, may have a role in
managing this condition.29

Autoimmune neuropathies

Pain, paresthesiae, and dysesthesiae may occur in a sig-
nificant proportion of patients with acute inflammatory
demyelinating polyradiculoneuropathy (Guillain–Barré
syndrome) and chronic inflammatory demyelinating
neuropathy, although motor abnormalities dominate the
clinical picture.

Pain is a common symptom in vasculitic neuropathy,
and the extent of sensory loss and motor dysfunction
depends on the nerves affected. The clinical picture is
usually that of mononeuritis multiplex. If the involve-
ment is extensive, the deficit may be more or less sym-
metrical, simulating a polyneuropathy. The neuropathy
may occur on the background of a systemic illness or
occasionally may be the presenting feature. Included in
this category are polyarteritis nodosa, Churg–Strauss
syndrome, rheumatoid arthritis, lupus erythematosus,
systemic sclerosis, and Wegener’s granulomatosis.

A symmetric polyneuropathy or a mononeuritis mul-
tiplex may occur in essential mixed cryoglobulinemia.
Painful dysesthesiae are the common manifestation of
polyneuropathy. The topic of paraproteinemia and neu-
ropathy has been reviewed recently.32

Primary amyloidosis presents with painful dysesthesiae
and numbness. Small-fiber modalities (pain and tem-
perature) and autonomic functions are predominantly
affected. Symptoms are more prominent in lower
limbs. Most of the patients are elderly and diagnosis is
established through biopsy.

Hereditary neuropathies

Spontaneous burning, aching, or lancinating pain can be a
feature of hereditary sensory and autonomic neuropathy
(HSAN) type I. It is characterized by autosomal dominant
inheritance, onset is in the second to fourth decades, and
there is preferential affection of lower limbs. Progression is
very slow and may be associated with foot ulceration
and other complications. Loss of pain and temperature
sensations are the main findings upon examination.

Painful burning sensations in the hands and lower legs,
and tender legs in boys or young men, may be the pre-
senting feature in Fabry’s disease. The pains may be so
severe that walking is often restricted. It is an X-linked
disease and other manifestations include maculopapular
rash on the body, red angiectases under the nail beds,
and renal impairment. Fabry’s disease and hereditary
sensory and autonomic neuropathy are discussed in detail
elsewhere.33, 34

Hereditary (or primary) erythromelalgia, an autosomal
dominant painful neuropathy, characterized by reddening
of the skin and a burning sensation in the extremities, has
been shown to be due to a gain of function mutation in the
SCN9A gene, which encodes the Nav1.7 sodium channel.35,
36 The mutation in the ion channel causes a lowering of the
threshold for single and high frequency action potential
firing, causing hyperexcitability of the neuron and the
symptoms of erythromelalgia.

Human immunodeficiency virus-associated
painful peripheral neuropathy

Human immunodeficiency virus (HIV) infection may be
complicated by various forms of peripheral neuropathy.
Distal symmetrical polyneuropathy is the most common
type of neuropathy that occurs in patients with HIV
infection and is a result of HIV infection itself.37 It is a
predominantly sensory neuropathy and burning feet is
the most common symptom. The signs are those of distal
axonal sensorimotor polyneuropathy. Similar neuropathy
in HIV-positive subjects could result from antiretroviral
drugs29, 30 and vitamin B12 deficiency, and these need to
be excluded before diagnosis could be established.

Painful mononeuropathy multiplex related to focal
vasculitis or subacute cauda equina syndrome due to
cytomegalovirus infection are other painful neuropathies
that are associated with HIV infection. Neuropathies
associated with HIV infection are discussed elsewhere.38

For further discussion of this topic, see Chapter 26,
HIV and AIDS.

Nerve compression and entrapment
neuropathies

This refers to isolated peripheral nerve injuries that occur
at specific locations. A nerve is usually mechanically
constricted in a fibrous or fibro-osseous tunnel or
deformed by a fibrous band. Symptoms come on gradu-
ally (sensory more than motor, other than in elderly
subjects) and tend to fluctuate with activity and rest.
Median nerve compression at the wrist is the most fre-
quent nerve entrapment syndrome. Dysesthesiae and pain
in the fingers is made worse by excessive use of the hands.

Other sites of entrapment are the ulnar nerve in the
cubital tunnel at the elbow and in Guyon’s canal at the
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wrist, suprascapular nerve at the spinoglenoid notch,
posterior interosseous nerve in the radial tunnel, lateral
femoral cutaneous nerve of thigh (meralgia paresthetica)
at the inguinal ligament, obturator nerve in the obturator
canal, posterior tibial nerve in the tarsal tunnel, and
interdigital plantar nerve (Morton metatarsalgia) in the
plantar fascia between the heads of the third and fourth
metatarsals.

It is important to exclude systemic processes while
dealing with entrapment neuropathies that make nerves
prone to compression. This includes conditions such as
diabetes, hypothyroidism, pregnancy, and amyloid and
hereditary liability to pressure palsies.

Diagnosis is usually easy and should be confirmed by
electrophysiological studies. Most of these neuropathies
are amenable to surgery designed to relieve compression.

Postherpetic neuralgia

Postherpetic neuralgia (PHN) follows herpes zoster
infections, mainly in the elderly. It occurs in the affected
area in about 50 percent of patients over 50 years old
following healing of the skin lesions, and persists for more
than 12 weeks. It presents as a continuous burning or
intense paroxysmal pain, and may be associated with
tactile allodynia. It can be severe, debilitating, and reduce
quality of life. The time-course is variable. It may abate
within months, but may also continue for years. Certain
human leukocyte antigen (HLA) class I antigens, such as
HLA-A33 and -B44, have been shown to be associated
with the development of PHN in Japanese patients.39 The
results of randomized, controlled trials and meta-analyses
suggest that treatment with acyclovir, famciclovir, and
valaciclovir reduce the risk of developing PHN.40, 41, 42 It
is now accepted that corticosteroids do not prevent the
development of PHN.43 Topically applied capsaicin and
lidocaine have both been shown to be effective in the
treatment of the pain associated with PHN.44, 45, 46, 47, 48 A
live, attenuated varicella-voster vaccine (Zostavax) has
been developed and approved by the US Food and Drug
Administration (FDA). In a randomized, double-blind,
placebo-controlled trial of 34,546 patients over the age of
60 years by the Shingles Prevention Study Group, use
of the vaccine reduced incidence of herpes zoster by
51.3 percent (po0.001) and PHN by 61.1 percent
(po0.001).49 For further discussion of this topic, see
Chapter 32, Herpes zoster pain, including shingles and
postherpetic neuralgia.

Complex regional pain syndrome

Complex regional pain syndrome (CRPS) is divided into
type I (without) and type II (with) nerve injury. These
types occur as a consequence of major or minor trauma,
and are often characterized by allodynia, hyperpathia, and

autonomic signs. After partial nerve injury, there is
expression of a-adrenoreceptors in the injured and
uninjured axons, making them sensitive to nor-
epinephrine.50, 51 Also, the sympathetic axons which
normally innervate blood vessels within the dorsal root
ganglion sprout to form basket-like terminals around the
cell bodies of sensory neurons.52 It may be postulated that
sympathetic stimulation can activate these neurons
repetitively.52 These types of pain can respond strikingly
to sympatholytic procedures, such as sympathetic blocks
(either at the sympathetic ganglia or intravenous gua-
nethidine). Reflex sympathetic dystrophy and causalgia
are now included in a more general term – complex
regional pain syndrome. For further discussion of this
topic, see Chapter 27, Complex regional pain syndromes.

Brachial plexus neuropathies

NEURALGIC AMYOTROPHY

This may develop suddenly in an otherwise healthy
individual or follow an infection, surgical procedure,
childbirth, or an injection of vaccine or antibiotic. It
usually begins as a severe pain around the shoulder on
one side, followed by rapid development of weakness and
atrophy. The muscles of C5 and C6 myotome are com-
monly involved, and the affected muscles may be very
weak to the extent of being totally paralyzed. The pain is
made worse by movement involving the affected muscles.
It can be distinguished from cervical radicular lesions by
the fact that weakness is usually not so severe in radicular
lesions. It is usually unilateral, but occasionally bilateral.
Rarely, it may be restricted to one or two nerve territories,
or can present as an isolated phrenic nerve palsy. Pain
usually disappears within a few days or weeks, and most
patients show good recovery.

TRAUMATIC LESIONS OF THE BRACHIAL PLEXUS

Brachial plexus injury leading to spinal cord avulsion
produces a constant crushing and intermittent shooting
pain, which is often intractable. Pain in patients with
brachial plexus injury can be severe, disabling, and persist
for years. Pain tends to be worse in patients who do not
show recovery. Deafferentation pain is particularly diffi-
cult to treat. It is suggested that this pain might be alle-
viated after successful repair with intercostal nerve
transfer, and coincides with or is preceded by the return
of function.53

BRACHIAL PLEXUS NEUROPATHY FOLLOWING RADIATION
THERAPY AND MALIGNANCY

This usually occurs as a complication of surgery and/or
irradiation of the axilla for carcinoma of the breast. The
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upper plexus is commonly involved, and may be asso-
ciated with painless lymphedema.

Brachial plexopathy following neoplastic infiltration
tends to involve the lower plexus more than the upper
and is often associated with severe pain and Horner
syndrome.

Paraneoplastic neuropathies

These occur as remote effects of a carcinoma and can
precede detection of malignancy by months to years. Of
the various types, a predominantly distal, symmetrical
sensory, or sensorimotor polyneuropathy is the most
common. A purely sensory neuronopathy (Denny–Brown
syndrome, dorsal root ganglionitis), in which pain can be
a distressing symptom, is rarely observed. There are three
major manifestations of neuronopathy: an ataxic syn-
drome, a hyperalgesic–ataxic syndrome, and an ataxic or
hyperalgesic–ataxic syndrome with prominent gastro-
intestinal dysmotility.54 In patients with the hyperalgesic
type, painful paresthesiae, burning sensations, and
shooting limb pains are the usual presenting symptoms.
These may be associated with ataxia or abdominal com-
plaints. There is usually very little motor loss, and the
sensory loss may be either proximal or distal. This syn-
drome is typically associated with small-cell carcinoma of
lung, but can occur with other malignancies. The prog-
nosis is related to that of the underlying carcinoma. The
paraneoplastic neuropathies have been reviewed.54, 55

Idiopathic neuropathies

After a careful diagnostic work up, a cause can be found
in the majority of neuropathies. However, in a proportion
of cases, no cause can be found, despite extensive inves-
tigations. Such cases constitute a heterogeneous group of
disorders. Some of them have small-fiber sensory neu-
ropathy and suffer from burning pain, restricted initially
to the feet and toes but extending more proximally to
involve legs and hands with time. Most patients present
with slowly progressive symptoms. Foot ulceration is
uncommon in these patients, even though small fibers are
involved. Rarely, the presentation can be acute with
generalized small-fiber dysfunction. Pathologically, wide-
spread loss of small fibers from the epidermis has been
demonstrated.56 Some patients resemble those with
erythromelalgia.

Predominantly painless neuropathies

Loss of pain sensation can be such a dominant feature in
some neuropathies that it may lead to severe mutilations.
HSAN type IV is a prototypic example. Tangier disease
and leprosy, although predominantly painless, can be
associated with pain.

CONGENITAL INSENSITIVITY TO PAIN

Many entities, such as sensory neuropathy, central lesions
at the level of reticular formation or dorsal horn of the
spinal cord, or a central indifference to, or asymbolia for,
pain have been described under this rubric.57 It is now
thought that most cases with congenital indifference to
pain may have had HSAN type IV or V.34 Type IV cases
are characterized by onset of symptoms in infancy or early
childhood, recurrent episodes of unexplained fever,
anhidrosis, absence of reaction to painful stimuli, self-
mutilation, and mental retardation. Unlike other types of
HSAN, sensory action potentials are normal in HSAN
type IV.58 Ultrastructural and morphometric studies of
the peripheral nerves demonstrate a loss of the unmyeli-
nated and small myelinated fibers.59 Mutations of the
TrkA gene have been shown in some families with HSAN
type IV,60, 61 and these defects are suggested to cause
HSAN-IV. TrkA is the high-affinity receptor for nerve
growth factor (NGF) which induces neurite outgrowth
and promotes survival of embryonic small sensory and
sympathetic neurons.

TANGIER DISEASE

Tangier disease, a disorder of lipoprotein transport, can
be associated with neuropathy with marked loss of pain
sensation. Neuropathy can be transient, can be relapsing
and asymmetrical, or can be slowly progressing and
symmetrical with onset in upper or lower limbs. It may
simulate syringomyelia, especially when the onset is in the
upper limbs. Studies have shown than Tangier disease is
associated with lancinating pains.62 Other features that
may be associated are corneal opacities, enlarged tonsils,
and hepatosplenomegaly. Biochemical abnormalities
include hypocholesterolemia and normal or elevated
triacylglycerol levels. Normal or elevated triacylglycerol
levels help in distinguishing this condition from abetali-
poproteinemia and hypobetalipoproteinemia. Nerve
biopsy reveals loss of small myelinated and unmyelinated
fibers.

LEPROSY

Leprosy, caused by infection withMycobacterium leprae, is
the most common treatable neuropathy in the world. It is
characterized by hypopigmented skin lesions, thickened
nerves, and loss of small-fiber modalities, especially pain
sensations in the affected regions. Recent studies, how-
ever, have shown that neuropathic pain can be an
important feature of leprosy.63 Diagnosis can be estab-
lished by clinical examination. Depending on the
immunological status, the clinical manifestations vary.
Loss of pain sensation can lead to painless burns and
trophic ulcers. It has been demonstrated that NGF, which
plays an important role in nociception, is reduced in skin
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and nerve fibers from patients with leprosy.64 It has been
suggested that local treatment with recombinant NGF
may also improve nociception.65

Principles of therapy

First, it is essential to attempt to diagnose the cause of
peripheral neuropathy and to treat the underlying cause if
possible. The symptoms are often troublesome and dis-
abling, and symptomatic relief is needed. Pain from
neuropathy can be severe, and can produce greater dis-
ability than the primary disease process. It is important to
understand, as far as possible, the mechanisms that
underlie the pain symptoms to plan rational treatment.
Full and sympathetic communication with the patient is
necessary to maximize the therapeutic benefit.

Specific therapy

Apart from the symptomatic treatment, every attempt
must be made to find the underlying cause of neuropathy
and to treat it accordingly. Discussion of specific therapy
for each category of neuropathy is beyond the scope of
this book. Readers are referred to Peripheral neuropathy66

for a comprehensive discussion of peripheral nerve
disorders.

Symptomatic therapy

The various treatment options in patients with neuro-
pathic pain are summarized in Tables 25.2 and 25.3.
Current pharmacological treatment regimens for pain in
neuropathy mainly include antidepressant or anti-
convulsant drugs.

ANTIDEPRESSANTS

Tricyclic antidepressants are widely used in the treatment
of neuropathic pain and have been tested in both
experimental and clinical conditions.67[I] The mechan-
isms of action in pain relief are not completely under-
stood, but it is assumed that antidepressants are especially
effective in pain relief through the descending inhibitory
serotoninergic nociceptive system.68 They inhibit pain
transmission in the spinal cord by increasing levels of
norepinephrine (NE) and serotonin (5-HT), as a result of
their ability to prevent the presynaptic reuptake of these
amines. Tricyclic antidepressants (TCA) might also affect
histaminergic, cholinergic, and glutamatergic neuro-
transmission, and they appear to block sodium chan-
nels.69 The effect on pain is believed to be essentially
independent of antidepressive and anxiolytic effects.
Amitriptyline, imipramine, and clomipramine are widely
used antidepressants in pain therapy, the best available
clinical evidence being for amitriptyline.70[I] The differ-
ent tricyclics appear to have similar effects and the new
antidepressants have yet to be shown to be effective or
superior in controlled trials. The side effects of these
agents include dizziness, drowsiness, dry mouth, tremor
(with clomipramine), and blurred vision, and often
determine the choice.71 Amitriptyline and imipramine are
the most commonly used tricyclic antidepressants.
Treatment is usually started with 10–25mg/day, and
subsequently increased by 10–25mg in steps until suffi-
cient pain relief occurs. The efficacy of amitriptyline was
compared with gabapentin in a randomized, double-
blind, crossover study in diabetic patients with neuro-
pathic pain.72[II] No significant difference in pain relief
was found between amitriptyline and gabapentin. If the
side effects from amitriptyline are troublesome, the nor-
adrenergic agent desipramine can be used. It has fewer
anticholinergic side effects and causes less sedation.

Table 25.2 Treatment options for neuropathic pain: oral medications.

Drug Starting dose Maintenance dose Mechanism

Amitriptyline/imipramine 10–25mg at night 75–150mg/day NE/5-HT reuptake inhibition

Sodium channel blockade

Duloxetine 60mg/day Up to 120mg/day 5- HT and NE reuptake inhibition

Gabapentin 300mg o.d. 2400–4500mg/day Calcium channel blockade?

GABA-ergic mechanism?

Pregabalin 50mg t.i.d. 150–300mg/day Calcium channel blockade?

GABA-ergic mechanism?

Clonazepam 0.5mg at night 2mg/day GABA-ergic mechanism

Phenytoin 50mg b.d. 300mg/day Sodium channel blocker

Clonidine 50mg b.d. 75mg b.d. a2-Adrenoreceptor agonist
Tramadol 50–100mg q.i.d. 200–400mg/day Centrally acting opioid

Nonopioid analgesic

Dextromethorphan 60mg 60mg b.d. NMDA receptor antagonist

5-HT, 5-hydroxytryptamine; b.d., twice daily; q.i.d., four times daily; NE, norepinephrine; NMDA, N-methyl-D-aspartic acid; o.d., once daily.
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Selective serotonin reuptake inhibitors (SSRI) like
citalopram, fluoxetine, and fluvoxamine inhibit serotonin
reuptake without action on NE reuptake.73 There are
limited data on the effectiveness of SSRI on neuropathic
pain other than painful diabetic peripheral neuropathy,
where paroxetine and citalopram have been reported to
be effective.74[II], 75[II]

Another related class of drugs, the serotonin nora-
drenaline reuptake inhibitors (SNRI), such as venlafaxine,
milnacipran, and duloxetine, cause a balanced inhibition of
serotonin and noradrenaline.73 Duloxetine and venlafaxine
have been shown to be effective in treating and preventing
postmastectomy pain syndrome, diabetic peripheral neu-
ropathy (DPN), and painful polyneuropathy.76[II], 77[II],
78[II], 79[II], 80[II] Duloxetine is indicated in the man-
agement of painful diabetic polyneuropathy. It has been
shown to be significantly better than placebo with a
number needed to treat (NNT) of 4.1.80[II]

For further discussion of this topic, see Chapter 18,
Chronic pain and depression.

ANTICONVULSANTS

Carbamazepine, an anticonvulsant, was reported to have
an analgesic effect on trigeminal neuralgia in 1962.81

Since then various other anticonvulsants have been stu-
died for their analgesic action. Phenytoin, sodium
valproate, gabapentin, clonazepam, or lamotrigine are
often used for neuropathic pain. Phenytoin exerts its
membrane-stabilizing effect by blocking sodium channels
and reduces neuronal excitability in pain. It has been
proposed that these drugs show antihyperalgesic activity
in chronic pain by counteracting the hyperexcitability
generated by the pathological expression and

redistribution of Na1 channels.82 Gabapentin and preg-
abalin are considered to bind to the a2-d subunit of
voltage-gated calcium channels.83, 84, 85 These channels are
shown to be up-regulated in the spinal cord and dorsal
root ganglia of a rat neuropathic pain model and are
thought to play an important role in modulating neuro-
pathic pain.86 Pregabalin has a greater efficacy and longer
half-life than gabapentin necessitating a lower dose, thus
reducing the side effects of gabapentin. It has been
licensed by the FDA for treatment of pain associated with
PHN and DPN. Clinical trials have shown this drug to be
effective in dental pain,87[II] PHN,88[II], 89[II] and
painful DPN.90[II], 91[II], 92[II], 93[II] Topiramate, a
newer anticonvulsant, acts on neuronal transmission in at
least five ways, by modulating voltage-gated sodium ion
channels, potentiating gamma-aminobutyric acid inhibi-
tion, blocking excitatory glutamate neurotransmission,
modulating voltage-gated calcium ion channels, and by
inhibiting carbonic anhydrase. It has been shown to have
a role in controlling pain in neuropathic pain syn-
dromes.94[V], 95[V], 96[V], 97[V] However, its role in
treatment of painful diabetic neuropathy has been less
certain.98

For further discussion of this topic, see Chapter 19,
Antiepileptic and antiarrhythmic agents.

There are few data comparing the efficacy of anti-
depressants and anticonvulsants.72[II], 99[II] A recent
meta-analysis has addressed the effectiveness of both
classes of drugs in comparison with a placebo. For both
classes of drugs across syndromes of painful DPN and
PHN, the NNT indicated that for every three patients
receiving an antidepressant or anticonvulsant, one
experienced over 50 percent pain relief that they would
not have experienced with placebo. No difference in
efficacy was demonstrated between gabapentin and the

Table 25.3 Treatment options for neuropathic pain: other therapies.

Therapy type Details

Topical applications Capsaicin cream (0.075% q.i.d., for 8 weeks)

Local anesthetic, e.g. 5% lidocaine gel or lotion

Intravenous lidocaine

infusion

5mg/kg body weight over 30 minutes with electrocardiogram and blood pressure monitoring; useful for

persistent paresthesiae; a response to lidocaine infusion may be a predictor of response to sodium channel

blockers; epidural infusion with lidocaine

Sympathetic blocks Intravenous guanethidine (1.25–30mg in 20–50mL saline solution) can be used for treatment of continuous

burning pain and to test whether the sympathetic system is involved in the generation of pain; stellate

ganglion blocks

Neuromodulation TENS

Spinal cord stimulation

Cognitive–behavioral

rehabilitation

Pain management programs

Relaxation therapy

Surgery Decompression/neurolysis/neurotization

DREZ lesions (for deafferentation pain)

5-HT, 5-hydroxytryptamine; b.d., twice daily; DREZ, dorsal root entry zone; q.i.d., four times daily; NE, norepinephrine; NMDA, N-methyl-D-aspartic acid;
o.d., once daily; TENS, transcutaneous electrical nerve stimulation.
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older anticonvulsants phenytoin and carbamazepine. The
adverse effect rates were also similar across both classes of
drugs.100[I]

OTHER AGENTS

Capsaicin

Capsaicin is the active constituent of hot chilli peppers,
responsible for eliciting the symptoms of heat, burning,
and erythema. Capsaicin is a potent activator of the
TRPV1 receptor, which is also activated by noxious heat
above 431C.101 Capsaicin has been advocated as a topical
agent for the therapy of PHN and painful DPN.44[III], 102

[III], 103, 104[II], 105[II] The underlying mechanisms may
include depletion of substance P via activation of the
TRPV1 receptor or desensitization of nerve terminals.
The degeneration of epidermal nerve fibers, which is
reversible on discontinuing capsaicin, is also postulated to
contribute to analgesia.106 The burning induced by cap-
saicin can be significantly reduced by pretreatment with a
topical anesthetic.107[III] Recently, capsaicin was shown
in a preliminary study to relieve intractable neuropathic
pain when used in very high doses (5–10 percent) in
association with regional anesthesia.108[III] High con-
centrations of capsaicin (8 percent) applied as a patch for
60 minutes have been shown to mimic the degeneration
of epidermal nerve fibers seen with prolonged exposure to
low-dose capsaicin and may provide an alternative
treatment for neuropathic pain.109[III]

Topical lidocaine patch

A 5 percent lidocaine patch has been approved by the
FDA for PHN. Trials have demonstrated its effectiveness
in reducing allodynia and pain.47[II], 110[II]

Other topical agents

Eutectic mixture of local anesthetics (EMLA) and topical
aspirin/diethyl ether mixture have been shown to be
useful in painful conditions like herpes zoster and
PHN.111[V], 112[II]

Tramadol

Tramadol is a centrally acting analgesic. It is a weak
opiate, modulates central serotoninergic and nora-
drenergic inhibition of pain, and has a very low risk of
addiction.113[V] It was shown to reduce pain in patients
with diabetic neuropathy.114[II] The side effects com-
monly seen are nausea, constipation, headache, and
somnolence.114[II]

Opioids

Severe pain may be relieved by opioids, which are pre-
dominantly centrally acting analgesics. The prototype is
morphine. Opioids are generally reserved for severe acute
pain states and for chronic pain due to malignancy with
poor prognosis, in which they usually provide satisfactory

pain relief with adequate doses. The application of
opioids in diseases of nonmalignant origin is restricted by
the potential risk of development of dependence. It is
difficult to predict whether a neuropathic pain syndrome
would respond to opioids, and it may be helpful to
undertake a short trial in severe refractory pain states to
see whether the patient is opioid sensitive. Opioids were
not traditionally considered to be effective in neuropathic
pain, but have a role where this is intractable; they are less
likely to work if pain is in a numb area.115[V] Recent trials
have demonstrated the effectiveness of controlled-release
oxycodone in pain secondary to PHN and diabetic
neuropathy.116[II], 117[II], 118[II]

Using the number needed to treat method (numbers of
patients needed to treat to obtain one with more than 50
percent pain relief), Finnerup et al.119 reviewed the effi-
cacy of different pharmacological agents used in the
treatment of painful neuropathy. For antidepressants of
all types combined, an NNT of 3.3 was observed with a
slightly better NNT for tricyclic antidepressants of sero-
toninergic type. Duloxetine had a NNT of 4.1 in painful
diabetic neuropathy. For the ion channel blockers, the
NNT values were: gabapentin and pregabalin 4.7, phe-
nytoin 2.1, and topiramate 7.4. The values for other
agents, such as dextromethorphan, tramadol, and cap-
saicin, were 4.4, 3.9, and 6.7, respectively.

For further discussion of this topic, see Chapter 16,
Opioids and chronic noncancer pain.

OTHER THERAPIES

Transcutaneous electrical nerve stimulation

Transcutaneous electrical nerve stimulation (TENS) is
based on the gate control theory, and involves selective
activation of non-nociceptor fibers. It may be helpful, if
correctly administered, in some patients with neuropathic
pain120[III], 121[II] and needs persistence to find the
optimum conditions of stimulation.

Spinal cord stimulation

Spinal cord stimulation was based on the gate control
theory of pain, and is now linked to many mechanisms. It
is thought to activate spinal inhibitory circuits, mainly
those concerned with g-aminobutyric acid (GABA)-ergic
mechanisms,122[V], 123 and may have a suppressive action
on dorsal horn neuronal hyperexcitability.124 Before per-
manent implantation of a stimulation device, a trial
period with temporary external stimulation is strongly
recommended. Spinal cord stimulation has been shown to
have long-term benefit in various conditions associated
with neuropathic pain, including diabetic painful neu-
ropathy, complex regional pain syndromes, and failed
back syndrome.125[III], 126[III], 127[III], 128[III], 129[III],
130[III], 131 Postherpetic pain and intercostal neuralgia
seem to respond less favorably over the long term,126[III]
as do pain due to cauda equina injury and phantom limb
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pain.127[III] Strict criteria need to be applied to the
selection of a patient, and all therapeutic modalities
should be exhausted before the decision to implant a
stimulator is made.
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KEY LEARNING POINTS

� Human immunodeficiency virus (HIV) is a

retrovirus which causes serious disease by

progressive damage to the immune system of the

human host.
� Antiretroviral treatment can result in long-term

restoration of immune function. However, the

therapeutic decisions inherent in antiretroviral therapy

are complex, so such therapy must be managed by HIV

clinicians.

� HIV/acquired immunodeficiency syndrome (AIDS) is

associated with pain in a number of different contexts.
� Antiretroviral treatments are liable to interactions with

other medications, so due diligence is required when

prescribing analgesics and other drugs.
� Both HIV infection and antiretroviral therapy can be

complicated by predominantly small fiber

polyneuropathies, which are sometimes a cause of

neuropathic pain.

INTRODUCTION

HIV is a retrovirus causing progressive cell-mediated
immunodeficiency. Humans are susceptible to infection
by two types of HIV: HIV-1 and HIV-2. Worldwide, HIV-
1 is the most common virus associated with progressive
disease, whilst HIV-2 is found predominantly in West
Africa, is less infectious, and causes immunodeficiency
more slowly than HIV-1.1 Untreated HIV disease has a
prognosis of approximately ten years with death from
wasting disease, malignancy, and/or infections. Some of
these conditions are AIDS-defining illnesses (Box 26.1).2

The case definition for AIDS was developed for surveil-
lance purposes, but the implications of such a diagnosis

depend on whether effective highly active antiretroviral
treatment (HAART) is available. Even after experiencing
an AIDS defining illness an individual’s prognosis
depends on whether it is possible to restore or stabilize
immune function.

HIV infection is a pandemic that represents one of the
ten major causes of death worldwide. The Joint United
Nations Programme on HIV/AIDS reported that in 2007
there were between 1.9 and 2.4 million deaths from HIV/
AIDS and 30–36 million individuals living with the
infection (see www.unaids.org).

The extent of immunosuppression in HIV disease is
reflected in the clinical picture and is monitored in the
laboratory by a combination of CD4 T-cell count and

www.unaids.org


HIV viral load measurements. A CD4 T-cell count of less
than 200� 106/L is associated with the appearance of
opportunistic infections, diseases of the central nervous
system and malignancies.

Although there is no cure for HIV, effective suppressive
antiretroviral treatment has been available since the
mid-1990s. Antiretroviral treatment is associated with
considerable adverse effects and a propensity for drug
interactions. HIV is a rapidly evolving virus with a ten-
dency to mutate; hence combinations of at least three

drugs are required.3 Adherence to suppressive treatment
has to be unusually good to reduce the risk of treatment
failure. There are currently five classes of drugs available
(Table 26.1, and see www.tthhivclinic.com), but options
can still be limited for switching between various anti-
retroviral drugs since choices are dictated by prior
exposure and resistance. Worldwide, only 20 percent of
infected individuals who need antiretroviral treatment are
receiving it. Funding is improving as is the coordination
of approaches to prevention and treatment. HIV remains
a stigmatizing illness because of associations with sexual
activity and intravenous drug use. This affects the ability
to access and comply with effective antiretroviral treat-
ment and also symptom control.

Despite the availability of antiretroviral therapy, illness
and pain occur as a direct consequence of the viral toxi-
city, concurrent illness, drug adverse effects, and immune
recovery. Pain is frequently reported in HIV disease and
the experience of pain increases with advancing disease.4

Principles of pain management in the context of HIV are
similar in many ways to those of pain management in
other scenarios. However, painful peripheral neuropathy
is common in HIV and requires particular attention, as
does the potential for serious drug interactions with HIV
therapy.

PAIN PREVALENCE, LOCALITY, AND
TREATMENT IN HIV/AIDS

Published pain surveys in HIV disease mostly date from
before the availability of effective antiretroviral therapy
and there is some evidence of worsening pain with
advancing disease. A report in 1993 compared the pain
reports of patients with different stages of HIV disease.
Pain was reported in 28 percent of asymptomatic patients,
56 percent of intermediate stage patients, and 80 percent
of those with an AIDS diagnosis.4

In a survey of 438 ambulatory patients with AIDS
diagnoses, 62 percent reported pain in the previous two
weeks that was persistent and/or severe. Significant
associations were found between presence of pain and
psychological distress and depression.5

Box 26.1 Communicable Disease Council
AIDS indicator conditions for adolescents
and adults2

� Candidiasis of esophagus, trachea, bronchi, or
lungs

� Cervical cancer, invasive
� Coccidioidomycosis, extrapulmonary
� Cryptococcosis, extrapulmonary
� Cryptosporidiosis with diarrhea for more than

one month
� Cytomegalovirus of any organ other than liver,

spleen, or lymph nodes
� Herpes simplex with mucocutaneous ulcer for

more than a month or bronchitis, pneumonitis,
or esophagitis

� Histoplasmosis, extrapulmonary
� HIV-associated dementia; disabling cognitive

and/or motor dysfunction interfering with
occupation or activities of daily living

� HIV-associated wasting; involuntary weight loss
of >10 percent of baseline plus chronic diarrhea
(>2 loose stools/day for >30 days), or chronic
weakness and documented enigmatic fever for
>30 days

� Isoporosis with diarrhea for more than a month
� Kaposi’s sarcoma
� Lymphoma of brain
� Lymphoma, non-Hodgkin’s of B-cell, or unknown

immunological phenotype and histology showing
small, noncleaved lymphoma or immunoblastic
sarcoma

� Mycobacterium avium or M. kansasii,
disseminated

� Mycobacterium tuberculosis, pulmonary or
disseminated

� Nocardiosis
� Pneumocystis carinii pneumonia
� Pneumonia, recurrent-bacterial
� Progressive multifocal leukoencephalopathy
� Salmonella septicemia (nontyphoid), recurrent
� Strongylosis, extraintestinal
� Toxoplasmosis of internal organ

Table 26.1 Current classes of antiretroviral drugs.

Class Example

Nucleoside reverse transcriptase

inhibitors

Didanosine,

zidovudine

Nucleotide reverse transcriptase

inhibitors

Tenofovir

Non-nucleoside reverse transcriptase

inhibitors

Efavirenz, nevirapine

Protease inhibitors Ritonavir, lopinavir,

Fusion inhibitors Enfuvirtide

See www.tthhivclinic.com.
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Another prospective survey followed 95 patients with
AIDS diagnoses for two years. The initial prevalence of
pain was 74 percent and incidence of pain over the two
years was 88 percent. Within this group 69 percent suf-
fered constant pain interfering with daily living to a
degree described as moderate or severe.6

Pain was categorized in terms of locality and occurred
in the extremities in 41 percent of cases (with over half
being described as ‘‘neuropathic’’). Pain occurred in the
head in 32 percent, upper gastrointestinal tract in 27
percent, and lower gastrointestinal tract in 34 percent.
Muscular or joint pain was experienced by 31 percent of
patients. Pain at entry to the study was associated with a
shorter prognosis and the number of pains increased as
death approached.

The impact of antiretroviral therapy on pain is com-
plicated. Starting effective antiviral therapy helps to
restore immune function and suppresses HIV viral load,
but does not seem to be associated with pain relief or an
improvement in overall quality of life.7

An online survey recruited homosexual men with HIV
and compared symptom experience between those taking
effective antiretroviral therapy and those currently off
treatment. Of those on treatment 51 percent reported
pain compared to 32 percent of those not currently taking
therapy. The on-treatment group experienced higher
symptom prevalence generally, even when degree of
immunosuppression and year of diagnosis were taken
into account.8

There is evidence that pain in the clinical context of
HIV disease is poorly recognized by clinicians. In one
multicenter study, out of 135 patients reporting pain, 52
percent had more severe pain than their doctors esti-
mated.9 Doctors were more likely to underestimate pain
intensity when it was moderate or severe or when the
source of the pain could not be identified. Most patients
in pain received no analgesia and, using the pain man-
agement index, 85 percent were undermedicated accord-
ing to the World Health Organization (WHO) guidelines.
This undertreatment of pain in HIV is also well docu-
mented in other studies.10, 11

Barriers to adequate pain management may arise from
cultural, political, patient, and/or clinician factors, which
bear some similarities to those seen in the cancer popu-
lation. For example, in terms of opioid therapy, both
patients and healthcare professionals have been shown to
have concerns regarding the psychological dependence
potential of opioid analgesia and fear of unpleasant side
effects.12, 13 However, compared to the cancer pain
population, the population of those infected with HIV are
younger, have a higher incidence of past or present sub-
stance use, and also a higher incidence of social depri-
vation, which may influence attitudes to pain
management.5 Patients who reported a history of inject-
ing drug use as their risk factor for transmission of HIV
were compared with patients with other risk factors.
Those with a history of injected drug use were more likely

to receive inadequate analgesia and had lower levels of
pain relief.11 HIV physicians are more reluctant to pre-
scribe opioids than oncologists.14 A survey of 492 AIDS
care providers identified lack of knowledge about pain
management, lack of access to pain management experts,
reluctance to prescribe opioids, and concerns regarding
drug addiction or abuse as the most frequent barriers to
adequate pain treatment.

CAUSES OF PAIN IN HIV

Pain may be caused by:1

� damage by HIV itself, for example HIV enteritis, HIV
distal sensory polyneuropathy;

� disease arising because of immunosuppression, for
example cerebral lymphoma causing headache, acute
zoster pain;

� consequent on HIV treatment or drugs used for
concomitant illness, for example antiretroviral toxic
neuropathy;

� immune reconstitution inflammatory syndrome
(IRIS). A result of restoration of immune function
and unmasking of the symptoms from previous
illness, for example herpes simplex and zoster
infections;

� causes unrelated to HIV.

Knowledge of the degree of immunosuppression is vital
when diagnosing pain in an HIV-infected individual.
Monitoring CD4 count and viral load, the ‘‘surrogate
markers’’ of progression of HIV, can help predict whether
infective or neoplastic complications are likely. The
antiretroviral drug history is also essential to suggest
causes of pain and predict potential drug interactions.
HIV therapy should only be changed or interrupted by
HIV specialist clinicians because of the limited options
for treatment and the propensity for the virus to mutate,
resulting in resistance. Drug interactions can be serious as
they can result in reduced efficacy of one of the anti-
retroviral drugs and subsequent development of resistant
virus (see www.tthhivclinic.com).

NEUROPATHIC PAIN IN HIV INFECTION

HIV disease is associated with a number of painful neu-
ropathies (Box 26.2), some of which have overlapping
clinical features. Electrophysiological studies can reveal
changes in the peripheral nervous system even in
asymptomatic individuals with HIV.18 Of the painful
neuropathies, the most common are distal symmetrical
polyneuropathy (DSP) and antiretroviral toxic neuro-
pathy (ATN).15, 16, 17 These two sensory neuropathies are
found in over 40 percent of HIV-positive individuals. This
figure has not changed in the era of HAART.19
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HIV DSP

HIV causes a distal sensory neuropathy in about one-
third of those with AIDS.19 The pathogenesis is unclear.
There is some evidence for an interaction between an HIV
coat glycoprotein (gp120) and sensory neurons.20 Neu-
rotoxic cytokines released by activated macrophages have
also been implicated21 (see also Chapter 1, Applied phy-
siology: neuropathic pain). The incidence of DSP is
related to the degree of immunosuppression.22, 23 DSP is a
distal symmetrical axonal sensorimotor polyneuropathy,
predominantly effecting small fibers. Sensory loss, par-
esthesiae, dysesthesiae, and pain are frequent features.
Large fiber symptoms such as motor weakness of the
intrinsic muscles of the feet are minimal but can com-
plicate advanced DSP. Quantitative sensory testing, the
preferred investigation for assessment of small fiber
function, reveals sensory loss usually without evidence of
hypersensory phenomena such as allodynia or hyper-
algesia.24 As with other predominantly small fiber neuro-
pathies, the absence of abnormal findings in nerve
conduction studies is frequent and does not necessarily
exclude a peripheral neuropathy (see Chapter 4, Sensory
testing and clinical neurophysiology in the Practice and
Procedures volume of this series).

Assessment of epidermal innervation in 3mm skin
biopsies is also useful in the assessment of small fiber
neuropathies25, 26 (see Chapter 7, Diagnostic algorithms
for painful peripheral neuropathy in the Practice and
Procedures volume of this series). In a prospective study,
epidermal nerve fiber density was significantly associated
with the subsequent development of DSP.27

ATN

ATN is a distal sensory neuropathy, difficult to distinguish
from DSP on clinical examination or investigation, which
is associated with the use of antiretroviral medication,
particularly some of the nucleoside reverse trans-
criptase inhibitors (NRTIs). ATN is thought to result
from NRTI-induced mitochondrial toxicity in sensory

neurones.17 Although it is difficult to distinguish between
DSP and ATN on the basis of clinical examination or the
above investigations, it may be clear from the drug history
and timing of onset of neuropathic symptoms that drug
toxicity is the likely cause. Stavudine (d4T), didanosine
(ddI), and zalcitabine (ddC) have all been implicated and
typically result in neuropathic symptoms after one week
to six months in 10–20 percent of patients treated with
them.17, 21 Combinations of ddI and d4T appear to be
synergistic in their risk of ATN. Other risk factors include
low CD4 count, previous AIDS-defining illness, and
preexisting neuropathy from any other cause.16 Indeed, it
has been suggested that antiretroviral drugs may unmask
subclinical neuropathies including DSP.17

Discontinuing or reducing implicated NRTIs may lead
to improvement in some of those affected, but will reduce
therapeutic options for virological control. Some patients
experience a worsening of symptoms for four to eight
weeks after stopping relevant NRTIs and others report
that their painful symptoms persist in the long term
despite changing therapy.17

Treatment of pain in DSP and ATN

There are still only a small number of robust randomized
controlled trials which specifically assessed peripheral
neuropathic pain therapies in the context of HIV. Most
include patients with both DSP and ATN as they are
clinically indistinguishable. In the absence of trials specific
to HIV, the practice has been to extrapolate from the
wider body of evidence in the treatment of non-HIV
peripheral neuropathic pain.28, 29, 30 Care must be taken
to avoid drugs which exhibit significant known interac-
tions with antiretroviral drugs. The most obvious
example is carbamazepine which should be avoided
in all patients on treatment as it interacts with protease
inhibitors and some NNRTIs (see www.tthhivclinic.com).

Two randomized, double-blind studies found no sig-
nificant difference in efficacy between amitriptyline and
placebo in HIV-related peripheral neuropathy.31, 32[I]
Both studies were of sufficient quality to be included in a
systematic review.28 Both studies involved comparisons
between several different treatments. Kieburtz et al.31

compared amitriptyline, mexiletine, and placebo in 145
patients. Neither active treatment was superior to placebo
in terms of efficacy. The authors comment that the study
sample size was smaller than originally planned. Study
enrolment was discontinued on the recommendation of
the safety committee that suggested that even with full
enrolment the trial would not be able to demonstrate a
statistically significant benefit of either intervention. The
study by Shlay et al.32 was an unusual design in that it
compared acupuncture to amitriptyline or placebo, acu-
puncture versus sham acupuncture, or amitriptyline
versus placebo. The study design was modified during
recruitment to improve accrual. A total of 250 patients

Box 26.2 Painful neuropathies associated
with HIV15, 16, 17

� Distal sensory polyneuropathy
� Antiretroviral toxic neuropathy
� Acute zoster pain
� Postherpetic neuropathy
� Mononeuritis multiplex
� Diffuse inflammatory lymphocytosis syndrome

(DILS)
� Radiculopathy
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was recruited of whom 71 received amitriptyline. Power
calculations suggested 260 patients needed to be rando-
mized to each group to detect a significant difference. We
were unable to locate any published trials which indicate
efficacy of amitriptyline or other tricyclic antidepressants
in HIV neuropathy, a feature which stands in marked
contrast to the broad efficacy of tricyclic antidepressants
in other neuropathic pain scenarios.28, 29, 30[I] We could
locate no reports evaluating the use of other anti-
depressants including duloxetine or opioids in DSP or
ATN.

Gabapentin and pregabalin are yet to be adequately
tested for effectiveness in the symptomatic treatment of
DSP and ATN. One very small placebo-controlled trial
showed an initial modest efficacy for gabapentin com-
pared to placebo, but this difference was not significant at
the end of the four-week treatment period.33[III] How-
ever, given the grade I evidence for the efficacy of gaba-
pentin and pregabalin in other peripheral neuropathic
pain conditions,28, 29, 30[I] a reasoned argument might be
made for their continued use in HIV-related peripheral
neuropathic pain, pending the publication of substantive
evidence supporting or refuting this practice.

Lamotrigine appeared to show promise in the relief of
DSP and ATN in a small randomized trial,34[II] but
superiority over placebo was not demonstrated in a larger
trial.35[II]

Recombinant human growth factor (rhNGF) appeared
to be effective at improving symptoms of HIV-related
neuropathy in a phase II clinical study,36[II] and two-year
follow up in an open label design showed sustained
benefit.37[IV] However, adverse effects were problematic
with rhNGF and it would appear that rhNGF is not being
further developed for this indication.

A systematic review revealed that, on the basis of
available evidence, mexilitine, capsaicin cream, and lido-
caine gel are not efficacious in HIV peripheral neuro-
pathic pain.28[I] There is also no efficacy for intranasal
peptide T38[II] or memantidine.39[II]

GUIDELINES FOR THE MANAGEMENT OF DSP
AND ATN

New patient assessment

New patient assessment begins with a full history to
include analgesic, antiretroviral, alcohol, and recreational
drug use. Physical assessment includes neurological
examination, including measurement of pinprick hyper-
algesia, brush-evoked dynamic allodynia, and also vibra-
tion sense. A record should be made of pain sites on a
body chart, with pain intensity recorded on a visual
analog intensity scale. Sleep interference and other pain
comorbidities should also be assessed (see Chapter 11,
Assessment of the patient with neuropathic pain; and

Chapter 1, History taking and examination of the patient
with chronic pain; Chapter 2, Practical methods for pain
intensity measurements and Chapter 3, Selecting and
applying pain measures in the Practice and Procedures
volume of this series).

Investigations should be conducted with the aim of
excluding other causes for sensory neuropathies including
diabetes, deficiencies of B vitamins, syphilis, and thyroid
dysfunction. The immunological status of the individual
can be estimated using recent HIV viral load and CD4
counts. Nerve conduction studies may be performed as
baseline evaluations, but do not necessarily exclude DSP
or ATN if normal, because of their lack of sensitivity in
assessing small fiber function. If available, quantitative
sensory testing (QST) and epidermal innervation assess-
ment provide useful diagnostic information in the
assessment of HIV and other small fiber neuropathies (see
Chapter 4, Sensory testing and clinical neurophysiology
and Chapter 7, Diagnostic algorithms for painful and
nonpainful peripheral neuropathy in the Practice and
Procedures volume of this series).

If the picture is not one of classical symmetrical distal
sensory neuropathy, further investigations may be
required and the opinion of a peripheral nerve neurolo-
gist should be sought. Alteration of antiretroviral therapy
should only be executed by HIV specialists.

As will be seen from the above discussion, there is a
paucity of direct positive evidence supporting the use of
any analgesic therapy in the context of DSP and ATN.
However, the current evidence base does make it rea-
sonable to exclude treatment with amitriptyline, mex-
ilitene, lamotrigine, peptide T, topical capsaicin cream,
and topical lidocaine gel on the basis of lack of efficacy.
Similarly, because of interactions with antiretroviral
drugs, carbamazepine and related drugs should not be
used (see www.tthhivclinic.com).

Until more direct evidence for analgesic therapies in
DSP and ATN exist, then it is reasonable to extrapolate
from the algorithm proposed by Finnerup et al.28[I] for
peripheral nonfocal neuropathies, providing there are no
interactions with antiretroviral drugs. Thus, gabapentin/
pregabalin might be used as first line (although the lim-
ited available evidence argues against a sustained analgesic
efficacy in the case of gabapentin33[III]), with opioids
being reserved for second-line therapy. A caveat is that as
the evidence base in this area builds, the reader is advised
to consult resources such as the Cochrane database of
systematic reviews and Bandolier (www.jr2.ox.ac.uk/
bandolier) for up to date information. On the basis of the
available grade I evidence, amitriptyline does not have
efficacy in HIV-associated ATN and DSP28, 30, 31, 32 and
therefore tricyclic antidepressants cannot be recom-
mended as a class for these conditions, at present. How-
ever, the efficacy of other tricyclic antidepressants or
duloxetine has not yet been tested in ATN and DSP and
this recommendation may change as more evidence
emerges.
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Guidelines for the use of strong opioids in non-
malignant pain should be adhered to40[V] (see also
Chapter 16, Opioids and chronic noncancer pain and
Chapter 10, Treatment protocols for opioids in chronic
nonmalignant pain in the Practice and Procedures volume
of this series). Due caution should be exercised in patients
with a history of substance use, although the use of
opioids in such individuals is only a relative contra-
indication and should be considered on a case by case
basis (see Chapter 46, Pain management and substance
misuse for more details).

OTHER PAINFUL NEUROPATHIES IN HIV

Herpes zoster virus and neuropathic pain

Herpes zoster virus (HZV) is up to ten times more
common in the HIV-positive population, increasing in
frequency as CD4 counts fall.41 Those with a CD4 count
o200� 106/L are most at risk of major ocular or neu-
rological complications. Patients with HIV demonstrate
more complicated HZV infections with multidermatomal
involvement, recurrent episodes, and systemic disease
being more common.42 Pain from HZV infection is more
likely in advanced HIV infection.4 The development of
postherpetic neuralgia (PHN) is proportional to baseline
pain severity and duration of zoster lesions43[III] and
occurs in a surprising proportion of young patients. In
one retrospective study where all patients were less than
43 years of age, 18 percent of those who experienced HZV
went on to develop PHN.41[IV] Symptoms of herpes
simplex and zoster infections also occur as part of the
immune reconstitution syndrome. It is estimated to occur
in 10–25 percent of patients commencing HAART and
represents a recovering immune system responding to
prior infections.44

Symptomatic treatment of PHN is as for the non-HIV
population,29[I] with evidence (number needed to treat
(NNT) for 50 percent pain reduction o5.0) to support
the use of orally administered tricyclic antidepressants,
strong opioids, gabapentin, tramadol, and pregabalin.
Topical therapies associated with efficacy were lidocaine 5
percent patch and capsaicin (see also Chapter 32, Herpes
zoster pain including shingles and postherpetic
neuralgia).

Mononeuritis multiplex

Mononeuritis mulitplex can present with sensory or
motor deficits in the distribution of a single or multiple
cranial, spinal, or peripheral nerve. Mononeuritis multi-
plex may occur early in HIV infection as a result of
immune mechanisms or vasculitis. In advanced HIV
infection, coinfection with cytomegalovirus (CMV) or
HZV can produce a similar picture. Lymphomatous
infiltration of cerebrospinal fluid or meninges can also

present in this way. Establishing the diagnosis may be
complicated by an overlapping clinical picture with other
neuropathies.

Diffuse infiltrative lymphocytosis

Diffuse infiltrative lymphocytosis (DILS) is a disorder
resembling Sjögren’s syndrome and is associated with
CD8 T-cell infiltration into glands, organs, and peripheral
nerves. The neuropathy associated with DILS may be
sensory or sensorimotor and symmetrical or asymmetric.
In addition, it can mimic mononeuritis multiplex and
demyelinating polyneuropathy.

Radiculopathy

Painful radiculopathy can occur secondary to nerve
damage from HIV itself or coinfection with CMV or, less
commonly, HZV, tuberculosis, or syphilis. Coinfection
with CMV will usually require profound immunosup-
pression with a CD4 count of 50� 106/L or less. This
typically presents with cauda equina radicular pain,
numbness, rapidly progressive flaccid paraparesis, and
sphincter disturbance. If the adjacent spinal cord is
involved, there can be a concurrent myelopathy and
evidence of a ‘‘sensory level’’ on examination.

MUSCULOSKELETAL PAIN

Musculoskeletal symptoms are common in HIV-infected
individuals, especially considering the younger age of his
group. Joints are affected in various forms of oligo or
polyarticular arthritides and arthralgias. In individuals
coinfected with hepatitis C, approximately one-third
experience arthritis or arthralgia,45 psoriatic arthritis is
seen more commonly in the context of HIV infection as is
Reiter’s syndrome. Avascular necrosis of the hip is an
unusual but disabling complication of HIV disease.46[V]
Septic complications was the most frequent reason for
referral of HIV patients to a rheumatology clinic. These
included septic arthritis, cellulites, osteomyelitis, vertebral
discitis, and pyomyositis. Fibromyalgia is seen frequently
in HIV, with incidence up to 10 percent in certain series.47

[V] HIV infection may be associated with myopathies as a
result of HIV itself, drugs such as zidovudine, HIV
wasting syndrome, and opportunistic infections or
malignant infiltrations.48

HEADACHE

Headache occurs in up to 50 percent of HIV-positive
individuals during the course of their disease.49 Patients
with uncomplicated headaches and CD4 counts above
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200� 106/L have a low likelihood of having an ab-
normality discovered on computed tomography (CT)
scanning.50 Patients with a significant degree of immuno-
suppression should have brain imaging and lumbar
puncture performed (Table 26.2).

In general, headaches are less common with diffuse
brain lesions where changes in mental state predominate.
Patients with focal brain lesions often complain of
headache, but focal neurology is more common. Symp-
toms, including headache, can be mild or absent with
opportunistic infections.51

GASTROENTEROLOGICAL PAIN

Oral and esophageal pain

Several studies have shown the prevalence of oral lesions
to be decreased in the era of HAART. The prevalence
remains high, however, with over 50 percent of patients
experiencing oral pain.52, 53 These studies also report an
increase in oral lesions with more advanced HIV disease.
Pain due to oral lesions can interfere with nutritional
intake and hence contribute to the HIV wasting syn-
drome. Xerostomia occurs commonly in HIV-infected
individuals and there is evidence for an increase in HIV
salivary gland disease (Table 26.3).

Treatment is of the underlying cause together with
appropriate symptomatic therapy. A double-blind, ran-
domized controlled study compared the use of thalido-
mide 200mg once daily with placebo for oral aphthous
ulcers in HIV.54[II] This found a significant improvement
in both ulcer healing and discomfort whilst eating in the
thalidomide group. Symptomatic treatment for oral and
esophageal pain may follow the WHO analgesic ladder,

but may also involve local measures. Coating agents such
as sucralfate have been shown to be useful in oral
ulceration from other causes.55[II] Topical analgesia such
as cocaine 2 percent mouthwash and topical anesthetic
gels are commonly used, although there is no direct
evidence to support this practice in HIV disease.

Abdominal pain

Pancreatitis is an adverse effect of antiretroviral therapy
(ddI) and therapy for hepatitis C (ribovirin), so is seen
more frequently in HIV-infected individuals than in the
general population.

The biliary tree is also a source of abdominal pain in
HIV with acalculous cholecystitis and AIDS-related
sclerosing cholangitis. There may be associated secondary
infections with CMV or cryptosporidium.56

Renal colic is also seen more commonly in patients
taking the protease inhibitor indinavir as drug crystals
can obstruct the renal tract if insufficient fluids are taken.

Lactic acidosis is a potentially serious metabolic
complication of some antiretroviral therapies presenting
with abdominal pain, nausea, vomiting, and diarrhea.

Tumors of the small and large bowel causing abdom-
inal pain include Kaposi’s sarcoma and non-Hodgkin’s
lymphoma (NHL). NHL can occur even when patients
have relatively well-preserved immunity and in HIV can
present in unusual sites such as the mouth or anus.57

Abdominal colic can accompany infections such as HIV
or CMV colitis, cryptosporidium, or Mycobacterium
avium complex. Patients are likely to be relatively
immunocompromised, experiencing severe diarrhea and
anorexia. An acute presentation of colic may be caused by
intussusception as a result of enlarged mesenteric lymph
nodes.

Table 26.2 Causes of headache in HIV disease.1

Causes of headache in HIV disease

1 Effects of HIV HIV encephalopathy or AIDS dementia complex

HIV meningitis

2 Opportunistic infections CMV encephalitis

Cryptococcal meningitis

Cerebral toxoplasmosis

Herpes encephalitis

TB meningitis

Progressive multifocal leukoencephalopathy (JC virus)

Neurosyphillis

Bacterial sinusitis

3 Malignancies Cerebral lymphoma

Cerebral metastases from systemic lymphoma

4 Drug induced, for example AZT induced

5 Other Tension headache

Migraine
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Anorectal pain

One study of 180 HIV-positive patients with anorectal
symptoms showed that 57 percent complained of pain,
mainly due to anal ulceration.58 One-third had anal
ulcers, mostly idiopathic but some secondary to HSV or
CMV infection. Other causes of pain included fistulae,
abscesses, hemorrhoids, and malignancy (Kaposi’s sar-
coma, NHL, and squamous cell carcinoma). In addition,
43 percent had anal warts.

Squamous cell carcinoma of the anus occurs with
increased frequency in the HIV population due to coin-
fection with the oncogenic virus, human papilloma virus
8 (HPV8) and there is no evidence that its incidence has
reduced since the introduction of HAART.59 As well as the
pain that can be caused by the primary lesion, the stan-
dard treatment of chemoradiation is often associated with
very significant local reaction and pain.

GYNECOLOGICAL PAIN

Gynecological disease is prevalent among hospitalized
women with HIV. A study of 67 HIV-positive women
inpatients revealed lower pelvic pain in 19 percent, and
dyspareunia in 16 percent.60 Genital ulceration was found
in 25 percent of these women. HSV genital ulceration is a
frequent finding in HIV-seropositive women and, if pre-
sent for more than four weeks, is AIDS defining. Other
causes of genital ulceration include other sexually trans-
mitted infections including syphilis and CMV. HIV-
infected women have a higher incidence of cervical
intraepithelial neoplasia (CIN) and invasive cervical
cancer, an AIDS-defining disorder. HIV-positive women
are also at an increased risk of developing other
HPV-associated lesions including vulval intraepithelial
neoplasia and possibly invasive vulval cancer.

There are high rates of pelvic inflammatory disease
(PID) in HIV-positive women. In the USA, HIV sero-
prevalence among women with PID is reported to range
from 6.7 to 27 percent.61 Regular gynecological screening
and surveillance is of prime importance in HIV-
seropositive women.
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KEY LEARNING POINTS

� Complex regional pain syndrome (CRPS) is a pain

syndrome diagnosed clinically, not in the laboratory.
� CRPS occurs in the extremities and limbs.
� The prevalence and incidence of CRPS in communities is

not known.
� Clinical diagnosis is made with four factors.
� Sensory changes include hyperalgesia and allodynia.
� Vasomotor changes include asymmetrical vasodilatation

and vasoconstriction.

� Sudomotor changes include asymmetrical sweating.
� Edema is variably present.
� Movement disorders include tremor, weakness, and

dystonia.
� Treatment is by multidisciplinary functional restoration.
� Pain relief by any modality may be required to facilitate

functional restoration.

INTRODUCTION

This chapter is organized in the same way as a recent
publication on CRPS,1 but updated as appropriate with
relevant references. The subject is controversial in all
aspects.2 There has been no formal acceptance by the
International Association for the Study of Pain (IASP)
Taxonomy Committee for the diagnostic criteria pro-
posed by Harden et al.3 No mention will be made in this
chapter of animal models of neuropathic pain.

History

‘‘Complex regional pain syndrome’’ is the term recom-
mended to the IASP to replace the term ‘‘reflex sympa-
thetic dystrophy’’ (RSD) on the grounds that it does not
represent a reflex, it does not need a sympathetic

component, and there is not necessarily dystrophy.
However, RSD is still the search term used by the National
Library for Medicine/Medline and a patient support
group (www.rsds.org). One of the best historical per-
spectives of pain related to nerve damage was provided by
Sunderland.4 This consisted of clinical observations from
a senior and experienced neurologist rather than scientific
data. They included observations relevant to CRPS, as
well as causalgia. He noted:

� greatest incidence after lesions of the medial cord of
the brachial plexus, median, sciatic, and intercostal
nerves;

� immediate onset of pain;
� hyperesthesia and allodynia;
� spread to neighboring uninjured areas;
� gradual resolution;
� failure to relieve pain by neural blockade.

www.rsds.org


Sympathetic blockade sometimes provided temporary
relief. It is implied that CRPS is a disorder of a single
extremity, although there are case reports of migratory
CRPS5, 6 and whole-body CRPS.7

Taxonomy

The absence of generally agreed upon taxonomy makes all
studies difficult or impossible to evaluate and compare.
Many previous papers have used circular reasoning: for
example, a case of RSD responded to sympathetic block,
so response to sympathetic block became a diagnostic
criterion.8

Diagnostic criteria were addressed in a very thoughtful
paper by Veldman et al.9 Their suggestions were based on
more than 800 consecutive cases of RSD. They suggested
that the general categories of criteria should include:

� inflammatory;
� neurologic;
� atrophy; and
� sympathetic.

They divided RSD into primarily warm and cold varieties,
but could not define stages. This paper also points out
that the absence of validated diagnostic criteria is the
fundamental problem of all retrospective or meta-analyses
to date.

Epidemiology

Two recent papers have addressed the epidemiology of
CRPS in different populations. Sandroni et al.10 reviewed
the Mayo Clinic/Olmsted County, Minnesota, USA
records to estimate the prevalence of RSD/CRPS, cau-
salgia, sympathetically maintained pain, and chronic
regional pain between 1989 and 1999. They found an
incidence rate of 5.46 per 100,000 person years at risk (74
cases) and a period prevalence of 20.57 per 100,000.
Female:male ratio was 4:1 and upper:lower limb ratio
was 2:1. Bennett and Harden11 questioned the metho-
dology and findings of the study. Problems may have
included the exclusion of patients with sympathetically
independent pain, the composition of the Olmsted
County population, search strategy, and the question of
‘‘spontaneous resolution.’’

Another retrospective study found a higher incidence
in a different population.12 A retrospective cohort study
was conducted during the decade 1996–2005 in the
Integrated Primary Care Information project in the
Netherlands. This study also examined case records by
wide diagnosis, but also by dimethyl sulfoxide (DMSO)
prescription (exclusively for CRPS). Case records were
subjected to analysis and the diagnostic criteria of the
IASP, Bruehl et al.,13 and Veldman et al.9 Although there

were significant methodological differences, this study
found an incidence rate 4.2 times higher than Sandroni
et al.10 for all diagnosed cases. If cases diagnosed by
specialists were used, the incidence rate was 2.7 times
higher. Both studies rely on the patient attending for
medical care, so cannot include minor cases that resolve
spontaneously. Bruehl and Chung14 provided editorial
commentary and raised additional questions. It should be
noted that DMSO is not approved for external human use
in the USA (www.dmso.org), but only for interstitial
cystitis and organ preservation.

It must be concluded that the incidence of CRPS is
very difficult to estimate and that neither of these papers
might be correct.

CLINICAL DIAGNOSIS

Criterion factors

CRPS was meant to be a descriptive term, not implying
etiology or pathology. The initial IASP diagnostic criteria
were developed as the result of a consensus conference
(Box 27.1).15 Empirical validation of these criteria was
achieved by Bruehl et al.13 and Harden et al.,16 and
explored in greater detail since then (Table 27.1).3 They
initially used cluster analysis of patients who satisfied
IASP criteria for CRPS. This showed three subgroups of
patients:

1. a relatively limited syndrome with vasomotor
involvement predominating;

2. a relatively limited syndrome with neuropathic
pain and sensory changes predominating; and

3. ‘‘florid’’ CRPS/RSD.

They defined four factors that appeared to be indepen-
dent: sensory, vasomotor/edema, sudomotor, and motor.
Three levels of diagnostic sensitivity and specificity were
suggested. The most stringent was for research purposes,
somewhat less (one symptom fewer) for clinical use, and a

Box 27.1 IASP diagnostic criteria for CRPS

1. Presence of an initiating noxious event or
immobilization.

2. Continuing disproportionate pain, allodynia, or
hyperalgesia.

3. Evidence at some time of edema, changes in
skin blood flow, or sweating.

4. Diagnosis excluded by any other explanation.

Type I: without evidence of major nerve damage.
Type II: with evidence of major nerve damage.
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‘‘not otherwise specified’’ for cases that did not satisfy the
first two, but which behaved like CRPS clinically.

The concepts of sympathetically maintained pain and
sympathetically independent pain were not included, as
these are concepts that only might have some utility in

guiding therapy. Sympathetically maintained pain is no
longer (if it ever was) a diagnostic criterion. The terms
CRPS I (without major nerve injury) and II (‘‘causalgia’’)
were not included because they generally have not con-
tributed significantly to diagnosis or to guide therapy.

Table 27.1 Proposed changes to the diagnostic criteria.

Proposed changes

General definition of the syndrome

CRPS describes an array of painful

conditions characterized by:

Continuing spontaneous or evoked regional

pain

Disproportionate in duration and degree to

the inciting process

No specific nerve or dermatomal territory

or distribution

Distal predominance of abnormal sensory,

motor, sudomotor, vasomotor, and/or

trophic changes

Variable progression over time

Clinical diagnostic criteria (proposed)

Sensitivity 0.85, specificity 0.69 1. Continuing pain, disproportionate in

duration and degree

2. Report of at least one symptom in three

of the following four symptom

categories:

Sensory: hyperesthesia and/or allodynia

Vasomotor: temperature and/or skin color

asymmetry

Sudomotor/edema: edema and/or sweating

asymmetry

Motor/trophic: decreased range of motion, motor

dysfunction (weakness, tremor, dystonia),

and/or trophic changes (skin, nails, hair)

3. Display evidence of at least one sign at

the time of evaluation in two of the

following four objective (observable)

categories:

Sensory: hyperalgesia (to pinprick) and/or

allodynia (light touch, deep pressure, joint

movement)

Vasomotor: temperature and/or skin color

asymmetry

Sudomotor/edema: edema and/or sweating

asymmetry

Motor: decreased range of motion and/or motor

dysfunction (weakness, tremor, dystonia) and/

or trophic changes (skin, nails, hair)

4. There is no other diagnosis that better

explains the signs and symptoms (e.g.

painful diabetic mononeuropathy)

Research diagnostic criteria (proposed)
Sensitivity 0.70, specificity 0.94 Identical to clinical criteria, except that

there must be a report of one symptom

in each of the four symptom groups

(instead of three of the four)

CRPS-NOS
Partially meets CRPS criteria, pain state

not better explained by any other

condition

CRPS, complex regional pain syndrome; NOS, not otherwise specified.
Adapted from Harden et al.3, 16
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The definition of a major nerve injury is not helpful: what
constitutes major? For example, if CRPS follows injury to
the dorsal radial nerve (by any definition a minor nerve)
from wrist fracture or surgery, is the condition type I
or II?

FACTOR I: SENSORY CHANGES

Pain and peripheral somatosensory changes are the sine
qua non of CRPS.17 They have been described in detail by
a number of authors.18, 19 The nature of the pain and
sensory evaluation are listed in Table 27.2.

Quantitative sensory testing

Results of computer-driven quantitative sensory testing
(QST) are sparse because there are few clinical labora-
tories with this capability. However, it is essential to test
for the function of large and small peripheral sensory
fibers with the usual bedside modalities. Light touch,
pinprick/von Frey, cold/heat, vibration, and propriocep-
tion should be recorded. In addition, a qualitative esti-
mate should be made of allodynia and hyperesthesia to
pinprick, light touch, deep pressure, and temperature,
comparing the affected and unaffected limbs. Painful joint
movement should also be noted.17 Unfortunately, changes
are not specific for CRPS.

FACTOR II: VASOMOTOR CHANGES

CRPS typically has pathological changes in the regulation
of skin blood flow that is observed by the patient and
medical attendants.20 Vasodilatation and/or vasocon-
striction occur, and are significant subjective and objec-
tive measures. The tone of the cutaneous vessels is
maintained by both tonic and phasic activity in the
sympathetic system in addition to antidromic vasodila-
tation. Changes in the blood flow of deeper structures,
such as muscle and bone, are much more difficult to
observe.21

Estimation of skin perfusion in real time may be
obtained with laser Doppler flowmetry or by measure-
ment of skin temperature. Simultaneous (or con-
temporaneous) measures must be obtained symmetrically
from the unaffected extremity for four reasons.20

1. Cutaneous perfusion is usually symmetric.
2. Skin blood flow and temperature change in

response to a variety of external and internal
influences.

3. Laser Doppler measures relative flows.
4. Antidromic vasodilatation shows significant

interindividual differences.

Vasomotor instability in acute CRPS may be related to
changes in sympathetic tone, antidromic activity, as well
as to neurogenic inflammation.22 These changes, in
addition to central changes, are capable of producing
‘‘warm’’ CRPS, as well as ‘‘cold’’ CRPS.23 Evidence has
suggested that cutaneous sympathetic vasoconstrictor
tone may be reduced in the acute period, and skin blood
flow may be increased. It is therefore not likely that
sympathetic blockade will have any therapeutic effect
during this phase.

Chronic CRPS has traditionally been regarded as cold.
Sympathetic overactivity or supersensitivity to circulating
catecholamines are the putative explanations for this
phenomenon. Some studies indicate that the affected limb
is always cooler than the contralateral side during whole-
body heating (for example, during a thermoregulatory
sweat test). Microneurography studies suggested that
sympathetic efferent activity was reduced, and assays of
circulating catechols showed reduced venous levels in the
affected extremity. It is suggested that adrenergic super-
sensitivity to circulating catechols might be the culprit.

There are, of course, other influences on vasomotor
control. For example, endothelial-derived nitric oxide or
prostacyclins might be involved in vasodilatation.

Diagnostic value of vasomotor disturbance in the
diagnosis of CRPS has been difficult to evaluate.24

Dynamic changes in skin blood flow reduce the diagnostic
value of skin temperature differences in CRPS. There are
both short-term changes related to sympathetic control
and long-term changes related to the underlying pathol-
ogy and disuse.

Table 27.2 Incidence of sensory symptoms in CRPS I and II.

Sensory symptoms Incidence (%)

Spontaneous pain 75–91

Hyperalgesia 93–96

Cold 32–61a

Allodynia Brush 26

Quality Tearing 25–30

Burning 16–26

Stinging 17–22

Squeezing 9–12

Location Deep 63–65

Superficial 30

Dysesthesia 28–52a

Distribution Stocking/glove 30–37

Palms/soles 30–52

Pinprick Hypoalgesia 42–60

Hyperalgesia 22–39

No change 13–19

Touch Hypoesthesia 50–70

Hyperesthesia 9–18

No change 22–32

CRPS, complex regional pain syndrome.
aSignificantly higher in CRPS II.
Adapted from Oaklander AL, Birklein F. Factor I: sensory changes –
pathophysiology and measurement. CRPS: current diagnosis and
therapy. In: Wilson PR, Stanton-Hicks M, Harden RN (eds). Progress in
Pain Research and Management. Seattle: IASP Press, 2005: 59–79.
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It has been suggested that temperature asymmetry
under stable baseline conditions (20 minutes at rest with
environmental temperature of 201C) can be used. A dif-
ference of 0.61C (infrared thermometry) discriminated
between CRPS and other conditions with a sensitivity of
68 percent and specificity of 67 percent. More complex
measurements, for example with computerized thermo-
graphy, have not entirely clarified the problem.25

Other pathologies also cause differences in skin tem-
peratures of the affected and unaffected extremities. Acute
arthritides, inflammatory disorders, vascular disorders,
and peripheral neuropathies are all capable of producing
significant temperature asymmetries.

FACTOR III: SUDOMOTOR CHANGES AND EDEMA

Differential sweating between the affected and unaffected
side is regarded as one of the diagnostic criteria for
CRPS.26 Sweat production is a sympathetic cholinergic
function, and variations occur in response to a wide
variety of stimuli. Physiological variations are typically
symmetric, and usually involve both hands and feet, as
well as the head and trunk. These changes can occur
apparently spontaneously or be induced by external or
internal factors. These may include environmental tem-
perature, physical activity, or psychological stress. If
there is reduced sympathetic efferent activity in CRPS or
other conditions, the affected extremity is likely to be
warm and dry compared to the unaffected side. However,
increased sympathetic efferent activity is likely to be
associated with a cold, sweaty extremity compared to the
unaffected side.

Measurement of sudomotor activity is difficult and not
generally available. The quantitative sudomotor axon reflex
test (QSART) is a validated test for CRPS. It measures

resting sweat output and response to iontophoretically
applied acetyl choline, comparing the affected and unaf-
fected sides.

The thermoregulatory sweat test gives most informa-
tion in small fiber neuropathy and autonomic failure, and
has not been rigorously evaluated in CRPS. It is compli-
cated and expensive, and not generally performed, even in
tertiary centers. Some insurance companies restrict the
use of such tests (Table 27.3).

Sympathetic skin responses may be of some value in
the diagnosis of CRPS, if asymmetric.27 The clinical
observation that one hand or foot appears moist may be
the only objective evidence of this factor. This change
might only be present on occasions of physical or emo-
tional stress, or may accompany a severe episode of pain.

Peripheral edema is a common clinical finding in
many conditions. However, it is unilateral, localized
edema that is of diagnostic significance in CRPS. This is
not like the dependent, pitting ankle edema of congestive
cardiac failure or the brawny lymphedema of the arm
after axillary node dissection. This localized edema has
been described by several authors (reviewed in Ref. 26),
and is possibly neurogenic in origin.28

Edema is often not measured at all, but the patient
may comment that there is too much swelling to wear
customary rings or the veins cannot be seen. Quantitative
measures, such as volume displacement of the hand or
foot, or finger diameter, are rarely recorded. Patients
and clinicians often note, however, that the sweating
and edema resolve when the CRPS resolves. They could
theoretically be used to monitor severity and progress.
There are therefore no specific treatments that can be
directed at these factors.

There are no studies of interrater reliability or of the
reliability of self-observation of either sweating or edema.
Both are very difficult to measure and the framers of the

Table 27.3 Aetna Clinical Policy Bulletin: autonomic testing/sudomotor tests.

Test

I Aetna considers autonomic testing such as quantitative sudomotor axon reflex test

(QSART), thermoregulatory sweat test (TST), and silastic sweat imprint medically

necessary for use as a diagnostic tool for any of the following conditions/disorders:

A Diabetic autonomic neuropathy;

or

B Amyloid neuropathy; or

C Sjögren’s syndrome; or

D Idiopathic neuropathy; or

E Pure autonomic failure; or

F Multiple system atrophy; or

G Distal small fiber neuropathy; or

H Reflex sympathetic dystrophy or

causalgia (sympathetically

maintained pain)

Aetna considers autonomic testing experimental and investigational for all other indications

II Aetna considers sympathetic skin response testing experimental and investigational for any indications because it has a relatively

low sensitivity and uncertain specificity, and the peer-reviewed medical literature does not support its effectiveness

www.aetna.com/cpb/medical/data/400_499/0485.html.
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factors were well aware of this dilemma. The criteria
require that these changes be observed at some time
during the course of the condition, but prospective
studies are lacking.

FACTOR IV: MOVEMENT DISORDERS AND DYSTROPHY

Motor and movement disorders29 occur in as many as 95
percent of patients with CRPS30 and include weakness,
bradykinesia, dystonia, myoclonus, and tremor. The
pathophysiology appears to be of central origin when
studied with functional magnetic resonance imaging
(fMRI). It is difficult to measure, but activity monitors
are likely more accurate that questionnaires.31, 32

The picture is complicated because it has been shown
that both immobility and disuse can affect motor func-
tion. Such changes might not be specific for CRPS and
probably represent interactions between peripheral,
spinal, and supraspinal mechanisms. It will be necessary
to determine which of the motor abnormalities are gen-
erated by which particular pathologic process.

Unfortunately, there are no prospective studies of the
cause of motor or movement disorders, or adequate
studies of physical therapies or pharmacotherapies.

LABORATORY TESTS FOR CRPS

The four factors were derived from clinical symptoms and
clinical signs that can be obtained at the bedside.33 CRPS
is therefore a clinical, not a laboratory, diagnosis. Inter-
rater reliability is poor. For any test to be validated, the
underlying condition must also be validated. The criteria
listed above are the first to be validated for CRPS, albeit in
a somewhat circular fashion. It has to be noted that there
are three levels of confidence in the diagnosis. The most
stringent is ‘‘research’’, less so is ‘‘clinical’’, and there is a
gestalt category of ‘‘not otherwise specified.’’

Laboratory tests are subject to the same problems and
circular arguments. For example, response to sympathetic
block was once considered pathognomonic of RSD until
it became apparent that pain did not necessarily involve
the sympathetic nervous system.

Electrodiagnosis

Electrophysiological evaluation of the CRPS patient may
involve estimation of nerve conduction velocity, soma-
tosensory evoked potentials (including laser-evoked
potentials34), and electromyography. Changes in these
variables may indicate underlying neurological disorders.
It is difficult to determine whether minor variations are
the cause or consequence of the CRPS. Major abnorm-
alities are likely to be of etiologic significance. These tests
might some indication of possible therapies – release of
entrapped nerves is sometimes carried out on the basis of

electrodiagnostic studies, for example, carpal tunnel
release after wrist fracture.

Diagnostic imaging

Diagnostic imaging has been used for diagnosis of CRPS
since the description of Sudeck’s atrophy. It is not clear
whether any technique or combination has enough spe-
cificity and sensitivity to replace clinical evaluation.35[I]

PLAIN RADIOGRAPHY

CRPS may be accompanied by demineralization of the
extremity in later stages. Unfortunately, disuse, without
CRPS, may also be accompanied by the same signs. CRPS
can occur without demineralization, so this sign is not of
diagnostic significance. It is not known whether and at
what rate the demineralization reverses with successful
treatment of the underlying condition.

THREE PHASE BONE SCAN

Bone scan after technetium 99 has been used for more
than 25 years in the evaluation of painful extremities as an
aid to diagnosis. Criteria for CRPS include (1) arterial
hypoperfusion of the affected extremity, and increased
periarticular uptake of wrist, carpal, metacarpal, and
finger joints on blood pool (120 seconds) and delayed
(three hour) images. It was proposed as the gold standard,
but has come under some scrutiny recently, and its place
redefined. Schurmann et al.35[I] showed that three-phase
bone scan (TPBS) eight weeks after distal radial fracture
had 19 percent sensitivity and 96 percent specificity, with
53 percent positive predictive value (PPV) and 83 percent
negative predictive value (NPV). At 16 weeks, these values
had improved to 14 percent sensitivity, 100 percent spe-
cificity, 100 percent PPV, and 83 percent NPV. Unfortu-
nately, inter-observer reliability for this test may not be
good.36

MAGNETIC RESONANCE IMAGING

Changes in the magnetic resonance imaging (MRI) of the
wrist attributed to CRPS include: (1) spotty bone marrow
edema of the carpal bones; (2) skin edema; (3) gadoli-
nium uptake of the skin and intra-articular structures;
and (4) joint effusion. Sensitivity and specificity were
somewhat less than TPBS.

FUNCTIONAL MAGNETIC RESONANCE IMAGING/REGIONAL
CEREBRAL BLOOD FLOW

Changes have been described in the functional MRI and
regional cerebral blood flow (rCBF)37 related to CRPS. It
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is not yet known how specific and sensitive these changes
are, or their diagnostic utility.

MANAGEMENT

CRPS represents a very complicated pathophysiological
disturbance, further complicated by its biopsychosocial
complications.38 The pain is disproportionate to the
initiating stimulus, and the consequences are likewise
disproportionate. The specific initiating factor is often
unknown, and the specific pathophysiological changes are
also unknown. Prevention is therefore difficult or
impossible.39 Specific therapy is therefore not possible, so
generalized functional restoration must occur. This is
itself a difficult concept, as there are few studies that have
been able to define the active modality or combination in
overall successful comprehensive pain rehabilitation pro-
grams. General principles are necessarily espoused on
reasonable empiric bases which sound logical.40[III] If
there is acceptance by both practitioner and patient, then
positive results might occur. If one or both do not sub-
scribe to the treatment premise, then no improvement
will occur, or the situation might become even worse. It is
an article of faith in the chronic pain and rehabilitation
communities that interdisciplinary collaboration is
essential for production of optimal outcomes. This is
evident at the community level where the total expendi-
ture on complementary and alternative medicine may
exceed that on allopathic medicine.

An implicit assumption in CRPS treatment algorithms
is that the precipitating or maintaining factors will be
removed, or at least minimized. Unfortunately, there are
no epidemiological data regarding this aspect of the
condition. It could be argued that the Olmsted County
study showed a high rate of ‘‘spontaneous’’ recovery
because the underlying pathology was treated, without
addressing the CRPS component. Clearly, more attention
needs to be paid to this aspect of the problem. This
author has seen patients who have not responded to
conventional treatment of CRPS but who have recovered
when an underlying problem was successfully treated.
One case was referred after her insurance company
declined further treatment after 49 stellate ganglion
blocks. It was clear that she had carpal tunnel involve-
ment, and she recovered after a surgeon could be pre-
vailed upon to operate in the face of severe CRPS.

Integrated therapy has to address four interrelated
aspects of functional restoration in CRPS. These aspects
have been suggested as the result of thought experiments
and not on the basis of evidence-based recommenda-
tions. The goal of therapy is to return the patient to
pre-CRPS function at home, work, and community,
with minimal ongoing involvement of the medical sys-
tem. All aspects are ideally addressed simultaneously,
continuing faith-based hope, rather than evidence-based
outcomes.

Management of underlying pathology

It is difficult and sometimes impossible to identify the
precipitating factors in CRPS. It would seem reasonable
to treat these factors to the maximum possible extent,
although there are virtually no data to suggest this.
Unfortunately, some of the interventions, such as
immobilization41 for fractures, might contribute to CRPS.
It is also logical that complications of CRPS should be
prevented lest they exacerbate the syndrome. For example,
if CRPS of the hand is not thoughtfully managed, the
resulting frozen shoulder will make rehabilitation even
more painful and difficult. Prolonged reflex ischemia
(vasoconstriction) can produce nerve ischemia and
additional pain.

Prevention of CRPS after injury or surgery would be
the preferred route, but few studies have indicated the
optimal method. The traditional advice seems reasonable:
if acute post-operative pain is prevented, it cannot
become chronic.42 There has been a single study of pre-
vention suggesting that 500mg per day of vitamin C will
reduce the prevalence of CRPS after wrist fracture.43

No rules or evidence-based recommendations can be
given for this section. Prudent medical practice must
dictate therapy of any underlying condition.

Treatment of pain and related dysfunction

CRPS is a pain syndrome and much attention has been
given elsewhere to basic studies of mechanisms and
treatment of the pain itself. This section will not address
animal models, but clinical practice.

EVIDENCE-BASED PHARMACOTHERAPY

Several aspects of CRPS lend themselves to pharmacologic
interventions.44[I], 45[I] These include the pain itself, the
inflammatory response, and the vasoconstriction. As with
most other CRPS therapies, there are few good studies on
which to base recommendations. There is no medication
or treatment approved for CRPS. Indeed, guanethidine
was withdrawn from the market as an orphan drug
because it was shown to have been ineffective in Bier
blocks.

The methodological problems of reviewing published
studies have been discussed by Oaklander.44 She also
found it necessary to extrapolate from studies of other
neuropathic pain states, such as postherpetic neuralgia
(PHN) and painful diabetic neuropathy (PDN). It is only
relatively recently that studies have been powered to
estimate numbers needed to treat (NNT) to obtain a
particular statistical response.

Topical agents

Local anesthetics, in the form of lidocaine patches, or
with prilocaine (eutectic mixture of local anesthetics)
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have level II evidence in PHN, but only open-label studies
in CRPS.

A gel containing amitriptyline 1 percent and ketamine
0.5 percent has anecdotal support.46[V], 47[V] The
National Cancer Institute has approved a phase III trial of
baclofen/amitriptyline/ketamine gel (www.clinicaltrials.
gov/ct2/show/NCT00516503).

Capsaicin is approved for painful diabetic peripheral
neuropathy, but is usually not tolerated by CRPS patients
with surface allodynia and hyperalgesia. It is sometimes
tolerated if applied immediately on removal of a lidocaine
patch.

Patent 20050095277 for neuropathy cream includes
ketamine, clonidine, gabapentin, and amitriptyline.

Antidepressants

Tricyclic antidepressants, especially amitriptyline, have
efficacy in PHN and are widely used in CRPS. Duloxetine
is approved for use in PDN, so is being used in CRPS.

Antiepileptic/antineuropathic agents

Carbamazepine is the gold standard treatment for the
pain of trigeminal neuralgia and is sometimes used off
label for CRPS. Gabapentin has been extensively studied
in many pain states, and is approved for PDN. It appears
to be effective for pain management in CRPS,48[II] but
does not seem to improve function per se. Pregabalin is
also approved for PDN and is being used for CRPS in
similar doses. Lamotrigine is effective in PHN, but has
been reported to produce Stevens–Johnson syndrome.

Local anesthetics

There are anecdotes of the use of intravenous lidocaine
and oral mexiletine for pain management in neuropathic
pain, including CRPS.

Anti-inflammatory agents

Inflammation is a common feature of CRPS,49 so the use
of any tolerated nonsteroidal anti-inflammatory drugs
would seem to have a rational basis. There are anecdotes
of the use of corticosteroids systemically or locally via
intravenous regional administration (Bier block).

Opioids

Long-term use of opioids is controversial, but effective in
some cases (see Chapter 16, Opioids and chronic non-
cancer pain). The fundamental purpose of any interven-
tion, particularly of invasive or scheduled modalities,
must be to reduce pain to an extent that comprehensive
rehabilitation can occur.

Placebo

The role of the placebo or nocebo effects in management
of CRPS are impossible to measure. They are extremely
important issues and relate closely to the interactions
between the patient and therapists. There are placebo
effects that can be obtained by medications, invasive

modalities, and rehabilitation therapies. It is intuitively
more beneficial to obtain a placebo effect in addition to
the particular manipulation in the clinical situation.
Placebo is discussed in Chapter 41, Placebo and nocebo in
the Practice and Procedures volume of this series.

� Ineffective agents:
– calcitonin;50[II]
– lorazepam;
– mexilitene;
– thalidomide;
– electromagnetic fields.51[II]

� Marginally effective agents:
– gabapentin;52[II]
– alendronate;53[II]
– anti-TNF;54[V]
– DMSO;55, 56[II]
– acetylcysteine;55, 56[II]
– thalidomide.57

TRADITIONAL INTERVENTIONAL THERAPIES

Traditional interventions,58[I] such as sympathetic
blockade, were the mainstay of CRPS/RSD therapy for
decades. These were interventions easily (and profitably)
carried out by an anesthesiologist, and not subjected to
any serious scrutiny until relatively recently.

Sympathetic nerve block

Critical analysis of published studies of sympathetic
blockade at the stellate or lumbar ganglia levels59 indi-
cated that there were few, if any, published data, and
success rate was dismal. There is a significant placebo
effect which might explain the ‘‘success.’’ However, sym-
pathetic ganglion blockade still retains its historical place
in diagnostic and treatment algorithms to define sym-
pathetically maintained pain. It is not clear what to do
with this information. The long-term outcomes of repe-
ated sympathetic blockade or surgical, chemical, or
radiofrequency sympathectomy are not encouraging
(except, perhaps, for axillary hyperhidrosis).

Sympathectomy via intravenous regional (IVR) (Bier
block) with guanethidine, reserpine, or bretylium, have
usually reported negative outcomes in CRPS. There are
anecdotal successes from an IVR combination of brety-
lium, phentolamine, and hydrocortisone, and also lido-
caine with ketorolac.

Intravenous phentolamine has been suggested as a
diagnostic tool, but the high cost, low specificity, and low
sensitivity have led to its general abandonment.

Somatic nerve blockade

It has long been clinical practice to precede physical ther-
apy with dilute axillary or interscalene blocks to produce
some analgesia and sympathetic blockade with minimal
motor block. However, data for this practice are sparse.

Chapter 27 Complex regional pain syndromes ] 369

www.clinicaltrials.gov/ct2/show/NCT00516503
www.clinicaltrials.gov/ct2/show/NCT00516503


Epidural blockade

There are better data for the use of continuous epidural
infusion of local anesthetic alone or in combination with
opioids or clonidine in CRPS rehabilitation. Again, the
intention is to produce analgesia and sympathetic
blockade so that rehabilitation can be more effective.

Spinal cord stimulation

Some 40 years has elapsed since the first spinal cord sti-
mulator was implanted, but it is relatively recently that its
place in the management of CRPS has been validated.
Grabow et al.60[I] reviewed the available literature and
concluded that spinal cord stimulation (SCS) is effective
in the management of CRPS. However, they were unable
to answer relevant questions, such as selection criteria and
outcome measurement.

A recent meta-analysis concluded that SCS was an
effective therapy for CRPS, and there was also evidence of
cost-effectiveness. This study also noted the paucity of
usable data in the literature, recommending additional
properly designed studies.61[I] There are few long-term
studies of SCS efficacy.62[II] It is discouraging to note
that a clinical trial of SCS, previously registered at
www.clinicaltrials.gov/ct2/show/NCT00414804, has been
withdrawn.

Intrathecal drug delivery

There are no randomized prospective clinical trials of
intrathecal medication for CRPS. Reported indications
are for pain management and the usual pharmacology has
been employed singly or, more commonly, in combina-
tion. Agents named in case reports and series include local
anesthetics (usually bupivacaine), opioids (morphine,
hydromorphone, fentanyl), adjuvants (clonidine, baclo-
fen63[V]), sodium channel blockers (ziconotide),64[V]
and botulinum toxins.65[V] This route is discussed in
more detail in Chapter 31, Intrathecal drug delivery in the
Practice and Procedures volume of this series.

Reversal of disuse effects

Physical and occupational therapies form the basis of
rehabilitation from the adverse effects of CRPS. Once
again, there are few data regarding the most effective
modality or combination. Harden et al.3 reports a func-
tional restoration algorithm using four stages
(Table 27.4). Although this is not strictly an algorithm, it
is a useful addition to the CRPS armamentarium. Patients
can enter the process at whatever stage they are in the
severity spectrum and progress to subsequent levels
according to functional recovery.

This process assumes that any symptoms that prevent
patient cooperation are optimized. For example, if pain or
muscle spasm prevents joint mobilization, the pain
should be treated before each formal therapy session.
This might require breakthrough pain medication or

temporary neural blockade. If the patient is depressed,
anxious, or hostile, efforts should be made to optimize
her/his mental status and attitude. If there are external
factors, such as worker compensation or other legal issues,
considerable ingenuity may need to be applied because of
the conflicting vested interests of potentially adversarial
stakeholders.

Management of biopsychosocial consequences

PSYCHOLOGICAL INTERVENTIONS

CRPS shares with all chronic pain states the problems
inherent in a condition that adversely affects the indivi-
dual’s own psyche and self-image, role in the family, work
status, financial status, and involvement in the legal sys-
tem. It is apparent that CRPS does not have any pre-
dictable psychological precursor,66 but equally apparent is
that it produces severe psychological adverse effects.
These are not only distressing for the patient and family,
but also produce secondary adverse physiological and
functional changes.

Pain and the accompanying allodynia and hyperalgesia
produce learned disuse (illustrated by Bruehl67). There is
significant kinesophobia as the patient adopts a protective
posture and minimizes movement that is expected to
increase the pain. Pain itself can increase circulating
catecholamine, aggravating the vasospasm. Dysphoric
states such as anger, anxiety, and depression are common
and perpetuate the pain state. It is postulated that these
vicious cycles eventually maintain the CRPS. Successful

Table 27.4 Functional restoration algorithm: physical/occupa-

tional therapy; physiatry.

Stage

1 Reactivation

Contrast baths

Desensitization

Exposure therapy

2 Flexibility

Edema control

Isometric strengthening

Postural correction

Secondary myofascial pain diagnosis and treatment

3 Range of movement

Stress loading

Isotonic strengthening

Aerobic conditioning

Postural normalization/balanced use

4 Ergonomic principles

Movement therapies

Normalization of use

Vocational/functional restoration
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treatment therefore must address symptoms beyond the
vasospasm.

It is therefore not surprising that cognitive/behavioral
treatments are reported to be effective in the management
of chronic pain states, including CRPS.68[I] There are, of
course, no randomized controlled studies of these meth-
ods in CRPS, but the published reports, as usual, are
supportive (reviewed by Bruehl67).

The paucity of data in this area suggests that therapy
should be in a comprehensive, integrated interdisciplinary
model.

MANAGEMENT OF PEDIATRIC CRPS

There are increasing reports of CRPS in children,69, 70 and
there may be differences from the ‘‘adult’’ variety. The
female:male ratio may be 4:1, with a lower:upper extre-
mity ratio of 5:1. Diagnostic criteria remain the same in
pediatric patients.

Management is anchored by effective physical therapy.
Relief of spontaneous and evoked pain must occur to
allow this, and follows the principles outlined for adults.
Pharmacologic relief of pain may be necessary and neural
blockade may also be needed.71[III] Unfortunately, there
are no randomized clinical trials of any interventions in
the pediatric literature.

Cognitive/behavioral and psychological interventions
are usually included. There is often significant psycholo-
gical investment in the child’s illness by the parent and
other caregivers.

Wilder69 therefore recommends a stepwise multi-
disciplinary program, with simple, noninvasive interven-
tions first. Should these prove ineffective, more potent
medications (including opioids) and invasive therapies
may be needed to facilitate the required physical therapy.
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KEY LEARNING POINTS

� A lesion anywhere in the central nervous system can

cause neuropathic pain.
� Involvement of the spinothalamic tract pathways is

critical, although not sufficient, to the development of

central neuropathic pain.
� Non-neuropathic pain types are a common concomitant

feature in patients with central neuropathic pain.
� Central neuropathic pain is generally severe, often

debilitating, and difficult to treat.

� Pain is common with multiple sclerosis (40–70 percent

any pain type; �30 percent central neuropathic pain).
� Central poststroke pain is most common after lateral

medullary and thalamic infarctions and occurs in 2–8

percent of those with strokes in other locations.
� The literature most strongly supports the following

medications for the treatment of at least one central

neuropathic pain subtype: gabapentin, pregabalin,

lamotrigine, amitriptyline, and cannabinoids.

INTRODUCTION AND DEFINITIONS

Central neuropathic pain represents one of the most chal-
lenging clinical pain syndromes to treat and remains
incompletely understood. The International Association for
the Study of Pain (IASP) defines neuropathic pain as that
which is initiated or caused by a lesion or dysfunction of
the nervous system and can stem from either the peripheral
or central nervous system. Central neuropathic pain arises
from dysfunction within the central nervous system at any
level (supratentorial, infratentorial/brain stem, and/or
spinal cord) or combination of levels.1 It is important to
recognize that there are well recognized central neuroplastic
changes (‘‘central sensitization’’ or ‘‘wind up’’) that occur
as a consequence of peripherally generated neurogenic,

pain-producing, lesions. However, central neuropathic pain
is a label reserved for processes in which the primary lesion
or dysfunction (not the secondary effects of it) occur within
the central nervous system.

Neuropathic pain has a number of well-recognized
descriptors suggesting a neuropathic rather than nocicep-
tive pathophysiology (Box 28.1). However, the sensitivity
and specificity of these descriptors alone or when incor-
porated into questionnaires to identify neuropathic pain
(Neuropathic Pain Questionnaire, Leeds Assessment of
Neuropathic Symptoms and Signs (LANSS); and for cat-
egorizing subtypes of neuropathic pain (the Neuropathic
Pain Symptom Inventory and Neuropathic Pain Scale) is
limited, generally in the 70–85 percent range,2, 3, 4, 5 and
therefore verbal pain descriptors are insufficient alone to



make the diagnosis of neuropathic pain. Specifically in
spinal cord injury patients, a central pain population highly
prone to concomitant non-neuropathic (e.g. musculoske-
letal nociceptive) pain, pain descriptors failed to effectively
distinguish between neuropathic and non-neuropathic pain
types.6 Similarly, the character of the neuropathic pain is
not specific in distinguishing between a peripheral and
central neuropathic etiology.A number of IASP definitions
are important for neuropathic pain processes, whether
central or peripheral:1

� paresthesia – an abnormal sensation, spontaneous or
evoked;

� dysesthesia – an abnormal, unpleasant sensation,
spontaneous or evoked;

� allodynia – pain caused by a generally non-noxious
stimulus (e.g. light touch);

� hyperalgesia – an increased painful response to a
normally painful stimulus (e.g. pin prick);

� hyperesthesia – increased sensitivity to stimulation
(noxious or not), excluding the special senses;

� hyperpathia – a painful syndrome characterized by
an abnormally painful reaction to a stimulus,
especially a repetitive stimulus, as well as an
increased threshold;

� anesthesia dolorosa – pain in an area or region that
is anesthetic.

General points and assumptions

There have been a number of comprehensive reviews on
the subject of central neuropathic pain.8, 9, 10 There are
four major points that need to be recognized:

1. Central neuropathic pain can stem from a lesion
anywhere in the central nervous system, but the
clinical presentation and pain phenotype may be
nondiagnostic.

2. Neuropathic pain can be persistent, paroxysmal,
evoked, or some combination of these,
independent of where the lesion exists.

3. Treatment efficacy, or lack thereof, may have as
much to do with what the pain subtype is as it
does to the site and etiology of the lesions. Age,
metabolism, and coping/life skills, and
comorbidities (depression, nonrestorative sleep,
functional limitations) may affect medication
response. In a field with few gold standard data
to guide evidence-based recommendations, it
would seem reasonable to consider a medication
or interventional treatment trial for one central
pain syndrome if it had shown promise or
efficacy in another.

4. Non-neuropathic pain types are a common
concomitant feature in patients with central
neuropathic pain. Patients with central nervous
system dysfunction are often neurologically and
thus functionally impaired (para- or hemiparesis
for example), placing a greater burden on
nonimmobilized segments. The clinician needs to
be aware that common processes, such as rotator
cuff pathology, degenerative joint disease, or a
peripheral neuropathic process (radiculopathy or
ulnar neuropathy at the elbow for example), are
prevalent and need to be considered when
evaluating a pain disorder in a patient with a
central nervous system disease.

More recent incidence and prevalence studies have
attempted to identify pain subtypes (neuropathic, noci-
ceptive, visceral) in their analysis. Many older studies did
not specify whether the chronic pain associated with a
central neurologic process was neuropathic or not.

CENTRAL PAIN SUBTYPES

The three most commonly studied central pain syn-
dromes include spinal cord injury (SCI), central post-
stroke pain (CPSP), and multiple sclerosis (MS)-related
pain.

Pain in spinal cord injury

Spinal cord injury pain is addressed in Chapter 29, Spinal
cord injury.

Pain in multiple sclerosis

MS is a disorder of the central nervous system white
matter, usually presenting first in young adulthood. It is
most commonly in a relapsing and remitting form,
although for many it eventually becomes a progressive

Box 28.1 Common neuropathic descriptors

� Hot/burning/scalding
� Cold (painful)/freezing
� Prickling, tingling
� Pins and needles
� Electrical
� Shock-like
� Shooting/stabbing/lancinating
� Itching
� Stimulus evoked pain (Sensitive to light touch,

brush-up, cold)

Compiled from Störmer et al.,7 Galer and Jensen,5

Bennett,4 Krause and Backonja,3 and Bouhassira
et al.2
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disorder. Even for those for whom it does not become
progressive, there is often an accumulation of functional
deficits. While the prognosis is variable, 50 percent
will require ambulatory assistance within 15 years of
disease onset.11 The median estimate of the prevalence of
MS is reported as 0.9 per 1000 overall and 2 per 1000 in
North America.12 That would mean that based on
estimated May 2007 population numbers, in the
United States alone 270,000–600,000 people are afflicted
with MS.

As MS lesions can occur supratentorially, infra-
tentorially (in the brain stem), or in the spinal cord, their
associated clinical picture can be quite varied. Estimates
of the prevalence of pain in MS, like other central pain
syndromes, is complicated by poor delineation in most
studies between types of pain. Estimates range from 29
percent13 to �80 percent.14, 15 However, most prevalence
estimates (for all pain) fall within the 43–70 percent
range.16, 17, 18, 19, 20, 21, 22, 23, 24, 25 Variations in reported
prevalence estimates can be attributed to the definition of
MS-related pain (most studies exclude headache), patient
populations assessed (MS rehabilitation center inpa-
tients22 to outpatient MS clinics16, 17 to population-based
studies14), and survey methods used.18, 21

Pain has been noted to be one of the cardinal pre-
senting features of MS (either alone or in combination
with other symptoms) in 5.5–10 percent of all MS
patients.13, 16, 19, 21 It has been suggested that of those who
would later be definitively identified as having central
neuropathic or chronic pain (�20 percent), a higher
percentage have pain as a presenting feature of their MS –
i.e. when pain is part of the presenting complex of MS,
chronic and central pain are more likely in the future.16, 20

Few studies have delineated nociceptive pain from
central neuropathic pain and neuropathic pain subtypes
in these estimates. Those that have are important.

Osterberg et al.16 were thorough in their assessment
of pain subtypes. Of their cohort of 364 MS patients,
57.5 percent reported pain during the course of their
disease, 27.5 percent had central neuropathic pain
(including 5 percent with trigeminal neuralgia). This
most commonly affected the lower extremities (87 per-
cent) (upper extremities in 31 percent) and was bilateral
and constant (76 percent) (these data are very similar to
Moulin et al.19). Interestingly, only 2 percent had par-
oxysmal pain and only 1 percent had spasticity-related
pain. Others have found higher prevalences of parox-
ysmal pains identifying Lhermitte’s sign as a bothersome
pain in 9 percent17 and painful tonic leg spasms in 10
percent.17, 19 One-third of those with central pain in
Osterberg’s series reported multiple central pain loci with
different onsets, modalities, and severity. Others have
also found multiple pain types in MS to be not
uncommon14, 17 and in fact it may be more the rule than
the exception.18 Nociceptive pain was evident in 21
percent in Osterberg’s series,16 while back pain was seen
in 14–18 percent of Solaro’s and Moulin’s series17, 19 and

40 percent (similar to that in the general population) of
Svendsen’s population-based study.14 Joint pain was
more common in MS patients than in the general Danish
population.14

As in the other central pain syndromes, pain in MS was
often severe (one-quarter of those reporting pain in one
study18 and, in another study, one-third reported it as one
of the worst symptoms of MS20). In a population-based
study from Denmark, while the prevalence of pain in the
previous month did not differ in a MS cohort from the
general population, MS patients had higher pain intensity
levels and were more likely to report pain that interfered
with their daily life.14 In comparison with other chronic
pain types, Ehde et al.18 found MS pain to be more severe
than in a US population sample, although less severe than
pain problems in SCI cohorts. MS pain severity was
similar to that in rheumatoid and osteoarthritis cohorts
and MS-related neuropathic pain was more severe than
MS-related nociceptive pain.21 One-quarter of MS
patients use daily analgesics (versus 9 percent of the
general Danish population),14 yet it has also been shown
that relative to pain severity and frequency, MS related
pain is un- or undertreated.21 In keeping with other
chronic pain states, pain in MS interferes with sleep,
recreational activities, and work inside and outside the
home.18

Osterberg et al. found central neuropathic pain to have
the highest prevalence in the first 20 years of MS, there-
after decreasing. This differs from many other studies that
have suggested chronic pain increases in prevalence with
increasing disease duration.13, 17, 19, 20 Others have not
found this correlation.14, 18, 21, 25 Most of these other
studies have not defined specific pain types in assessing
this correlation. Over time, MS patients often have
accumulating functional deficits and it is in this setting
that one would anticipate increasing prevalence of noci-
ceptive/musculoskeletal pain complaints. Musculoskeletal
pain prevalence has been shown to increase as soon as
ambulatory assistance became necessary in MS patients.22

This apparent discrepancy – higher likelihood of central
neuropathic pain in the first two decades of MS, and
likely higher prevalence of musculoskeletal pain in latter
years with increasing functional burdens – may be the
result of prior study limitations and failure to delineate
pain types.

Multiple studies have reported a correlation with the
prevalence of MS-related pain with clinical spasticity or
myelopathy,19, 20 even if pain directly from the spasticity
is uncommon in MS.16 This speaks to the pathogenesis
of central neuropathic pain where most cases seem
to have evidence of spinothalamic tract dysfunction
(98 percent of those with MS-related central neuropathic
pain).16 Hence spasticity and myelopathy are indicators
of a disease process localizing to the spinal cord and
with higher likelihood of also affecting the spinothalamic
tracts which are etiologically important for central
pain.
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Central poststroke pain

The median annual incidence of first stroke for all ages is
183 per 100,000 with the risk of stroke roughly doubling
with each decade during adulthood.12 In the United States
in 2007, the incidence of first stroke would be estimated at
approximately 551,000 cases per year (based on 301
million US population). Stroke is the third leading cause
of death in the United States and a leading cause of dis-
ability.26 Based on the prevalence of stroke in the popu-
lation (compared with that of SCI or MS), CPSP is the
most common cause of central neuropathic pain.9, 27

Interestingly, the median age of patients who develop
CPSP appears to be younger than the median age of
patients having strokes.27, 28, 29, 30, 31, 32, 33 However,
Andersen et al.34 found no statistically significant differ-
ence in age between those with and without somato-
sensory deficits or pain.

The classic CPSP example is the thalamic pain syn-
drome described by Dejérine and Roussy.35 However,
CPSP can occur with both ischemic and hemorrhagic
lesions at any level: infratentorial/brain stem, thalamic, or
various supratentorial, extra-thalamic sites. It does not
appear that either ischemic or hemorrhagic insult is more
likely to induce CPSP.8, 27, 30, 36 Reported percentages of
patients with CPSP in these series are in keeping with the
relative proportion of ischemic versus hemorrhagic
strokes in the population. As such, given that �80 percent
of strokes are ischemic,12 more patients have CPSP from
ischemic strokes. A pain series focusing on CPSP in len-
ticulo-capsular hemorrhages has been published.37

More important than what causes the lesion is where
the lesion occurs and what deficits are associated. The
incidence of CPSP varies based on the location of the
stroke. Lateral medullary infarctions (Wallenberg’s
syndrome – i.e. the loss of pain and temperature function
of the face ipsilateral and body contralateral to the lateral
medullary stroke, vestibular dysfunction, hoarseness and
dysphagia, and an ipsilateral Horner’s syndrome), which
selectively affect the spino- and trigeminothalamic path-
ways and spare lemniscal (‘‘large fiber’’) pathways, has
one of the highest incidences of CPSP at 25 percent within
six months of the stroke.31 The incidence of CPSP after
thalamic infarction also appears to be high, particularly
when it involves the ventral posterior nuclei. One litera-
ture review noted the frequency of pain after any thalamic
stroke to be 11 percent (range, 8–16 percent), but con-
fining analysis to strokes in the geniculothalamic arterial
territory (the ventral posterior thalamus) the frequency
was 24 percent (range, 13–59 percent).28 However, in a
study evaluating the clinical syndromes associated with 40
thalamic infarcts, only three patients developed CPSP,
suggesting a lower incidence.38 Thalamic infarcts are well
represented in most unselected CPSP series (25–33 per-
cent of CPSP cases),34, 36 but importantly do not repre-
sent the majority of CPSP cases, stressing that while
thalamic pain is the quintessential CPSP syndrome,

strokes elsewhere can have the same consequences. A
CPSP-MRI correlation study found a high percentage of
CPSP patients had thalamic lesions (�60 percent), par-
ticularly involving the ventroposterior thalamus, although
most patients had multiple lesions and were imaged well
after the stroke making it impossible to know if this was
the CPSP-causing lesion.30

Unselected prospective stroke series have demon-
strated a lower incidence of CPSP when all patients with
stroke are considered. The most cited study of CPSP is
that of Anderson et al.34 which prospectively evaluated an
unselected stroke population for the first year poststroke
(within the first week, at one month, six months, and one
year poststroke). Of 267 patients, 207 were still alive and
could communicate at six months and an additional
seven patients were lost to follow up over the next year
leaving the final cohort at 200 patients. Sixteen patients (8
percent) had developed CPSP by the end of one year
(only 4/16 had thalamic infarcts, clearly demonstrating
that CPSP can occur with lesions at many levels). Inter-
estingly, the incidence of CPSP in this cohort of those
whose stroke deficits included somatosensory deficits was
18 percent. Bowsher39 retrospectively reviewed the
experience with 400 patients with stroke of various types
and found �25 percent had somatosensory deficits, but
only �2 percent developed CPSP. He acknowledged that
poor documentation of clinical encounters poststroke
may have underestimated the frequency of CPSP. Based
on these studies, the incidence of CPSP from non-lateral
medullary, non-thalamic strokes is commonly cited at 2–8
percent.

Stroke-related pain can occur at stroke onset, but more
commonly begins over the coming months, with most
evident in the first month. In thalamic strokes, 18 percent
had pain from stroke onset, 18 percent within the first
week, 20 percent between one week and one month (in
total 56 percent occurred within the first month), 15
percent between one and three months, 12 percent
between four and six months, 6 percent between six and
twelve months, and 11 percent greater than one year after
the stroke.28 Looking at CPSP in a prospective, unselected
stroke population, onset within the first month was seen
in 63 percent, one to six months in 19 percent, and six to
twelve months in 19 percent (series limited follow up to
one year and therefore would have missed those taking
more one year to present).34 Seventy-five percent of those
developing CPSP after a lateral medullary infarct do so
within the first month.31 It has been reported, however,
that CPSP may present up to three years after stroke.36

Given patients with cerebrovascular disease are at risk for
future, sometimes silent, events, one might wonder
whether these seemingly rarer late presentations of CPSP
are related to new, otherwise clinically silent, strokes.
Modern imaging has not addressed this, but may be
useful in further assessing these cases.

An interesting phenomenon, not reported with other
central neuropathic pain types, has been noted in some
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forms of CPSP. In thalamic infarcts, CPSP appears to be
more commonly associated with right-sided lesions. One
hundred and eighty cases were pulled via a review of the
literature with imaging or autopsy confirmed evidence of
a thalamic infarction and clinical evidence of contralateral
pain. Of these, 114 (63 percent) had right thalamic
lesions, whereas only 66 (37 percent) had left-sided
lesions. This laterality predominance was greatest among
males. It was speculated that this is in keeping with
interesting experimental evidence demonstrating right-
hemisphere specialization for mediation of pain and
internal representation of body image.28 These retro-
spective results need to be confirmed prospectively and
evaluated in nonthalamic pain types. Notably, there was
no significant difference in the stroke side in relationship
to development of CPSP in the lateral medullary infarct
study31 or the prospective, unselected stroke cohort of
Andersen et al.34

As in other central neuropathic pain types, pain severity
in CPSP can be significant and dysfunctioning. Of those
with CPSP in Andersen’s series, 10/16 (63 percent)
reported their pain as moderate to severe.34 All of the
lateral medullary infarct cohort reported their pain severe
and required treatment.31 Allodynia is common to cold
and to light touch (generally �25–75 percent of CPSP
patients).27, 29, 34, 40, 41 Approximately 50 percent of CPSP
patients report disturbed sleep, fatigue, and/or stress in
relationships and 87 percent report mood changes.42

CENTRAL NEUROPATHIC PAIN
PATHOPHYSIOLOGY

Further discussion of the applied physiology of neuro-
pathic pain can be found in Chapter 1, Applied physiol-
ogy: neuropathic pain and Chapter 24, Pain in
neurological disease.

The pathogenesis of the various central neuropathic
pain syndromes may or may not be the same. However, it
appears that the site of the lesion and the affected path-
ways are more important than the etiology of the lesion
(ischemia, hemorrhage, demyelination, trauma). Much of
the work in humans has been carried out in CPSP, but the
results appear to be largely applicable to post-SCI pain
and MS-related central pain.

It is clear and widely reproduced that dysfunction of
spinal-thalamic-cortical pathways (clinically evident as
impaired pain (pinprick) and temperature) is almost
universally prevalent27, 28, 29, 31, 36, 43 and essential for the
development of CPSP.44, 45 Some have found that
abnormal thermal sensation (cold especially) is more
critical, and that pain (pinprick) pathway dysfunction
may not discriminate poststroke pain and no-pain
groups.34 This cold-signaling pathway has been thought
to project to the insula through the ventral medial pos-
terior (VMpo) nucleus of the thalamus and when
lesioned leads to cold hypoesthesia and disinhibition of

pathways to the anterior cingulated cortex driving
CPSP.46, 47 However, Lenz et al.47 found that lesions of the
ventral caudalis (Vc or ventral posterior) nucleus are
sufficient to impair cold and tactile sensations (and be
associated with CPSP) without involvement of the VMpo.
This is in keeping with thalamic pain syndrome cohorts
which have shown that those regions involved in spi-
nothalamic-cortical pathways – the ventral posterior
thalamus in the region of the geniculothalamic arterial
distribution – are particularly common (75–85 percent)
with high incidences of CPSP.28

Importantly, in patients with stroke, large percentages
that do not go on to develop CPSP still have somato-
sensory disturbances. For example, in Andersen et al.’s34

series 42 percent had evidence of somatosensory deficits,
but only 18 percent of these developed CPSP. Therefore,
while spino-thalamic-cortical pathway dysfunction
appears necessary for the development of central post-
stroke pain, it is not sufficient to explain the development
of CPSP.44, 45

The integrity (or lack thereof) of the lemniscal (large
fiber, posterior column) sensory pathway (carrying the
modalities of light touch, vibration, and proprioception)
does not appear to be fundamentally involved in/vital to
the development of CPSP. CPSP can occur when lem-
niscal pathways are intact or impaired.29, 31, 44, 48 Inter-
estingly, there is evidence that in those that develop CPSP,
however, preserved dorsal column function is important
in the setting of spinothalamic tract dysfunction for the
development of tactile allodynia.43

Involvement of the spinothalamic pathways also
appears critical, although not sufficient in and of itself, for
the development of MS-related pain and post-SCI below-
level central neuropathic pain.8, 16, 49, 50, 51, 52, 53

Given spinothalamic tract dysfunction appears neces-
sary, although not necessarily sufficient independently, to
cause central neuropathic pain; the concept of an asso-
ciated denervation hypersensitivity has been proposed to
be the required cofactor for development of central
neuropathic pain. Spontaneous pain in CPSP is linked to
hypersensitivity or spontaneous discharges in thalamic
and central neurons that have lost part of their normal
(inhibitory) input. This hyperexcitability of thalamic
neurons has been shown post-SCI and with phantom
limb pain.44 MacGowan et al.,31 in their CPSP associated
with lateral medullary infarct series, noted that infarctions
that extended medially to include the ventral trigemi-
nothalamic tract did not develop CPSP, while those where
this tract was spared were more prone to develop CPSP.
Lying in close proximity to the trigeminothalamic tract
is the medullary reticular formation with reticulothalamic
projections. It is hypothesized that the spinor-
eticulothalamic system is tonically inhibited by spi-
nothalamic tract input. Therefore a lesion of the
spinothalamic tract that spares the spinoreticulothalamic
system would lead to denervation hypersensitivity (loss of
inhibitory input) of the spinoreticulothalamic system
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which could lead to ‘‘wind up’’ and abnormal activation
of the reticular formation itself or of its thalamic pro-
jections, whereas including the reticulothalamic pathways
in the lesion removes the possible affected ‘‘wound up’’
system that could drive the central pain and central pain
does not develop.31, 54 Lenz also noted that some thalamic
cells which lose the sensory input of spinothalamic tract
pathways show increased burst firing which may signal
the sensation of pain.45, 55, 56

Some anatomical and temporal correlates, as well as
implications from pharmacological studies, are also telling.

Pertinent to thalamic pain syndromes caused by len-
ticulo-capsular hemorrhages (and one would presume
lacunar ischemic infarcts in posterior limb of the internal
capsule damaging thalamo-cortical pathways), it is nota-
ble that pain has been reported to disproportionately (or
solely) affect the leg despite more widespread motor and
sensory deficits. The somatotopic arrangement of the
ventral posterior nucleus of the thalamus in primates
from medial to lateral is face, arm, and leg most laterally
(i.e. adjacent to the posterior limb of the internal cap-
sule). This arrangement also appears to hold in thala-
mocortical projections from this nucleus and hence a
lesion (hemorrhagic or presumably lacunar) could affect
these projections or the most lateral portions of the
ventral-posterior thalamus explaining this leg pre-
dominant clinical central pain picture.37

Implications of pharmacologic treatment trials have
led to hypotheses regarding which neurotransmitter sys-
tems and/or channels are important in central neuro-
pathic pain. Efficacy of intravenous lidocaine (for SCI
pain and CPSP),57 lamotrigine (for CPSP and SCI
pain),58, 59 and amitriptyline and carbamazepine (for
CPSP)60 suggests that sodium channels are important in
mediating central pain states. The authors point out that
sodium channels are increased in the central nervous
system demyelinating lesions of MS patients, while
acknowledging studies of sodium channel expression in
humans or animal models of central pain are lacking.61

The effect of clonidine administered epidurally with an
efficacy similar, and in some cases superior, to morphine
in a spinal cord injury central neuropathic pain cohort
suggested the importance of noradrenergic systems in
pain transmission in this pain population.62 Intravenous
infusion of ketamine, an N-methyl-D-aspartic acid
(NMDA) antagonist, significantly reduced continuous and
evoked pain in SCI central pain patients suggesting the
importance of activation of central NMDA receptors in
this syndrome (which has also been shown to be important
in central sensitization of peripheral neuropathic pain).63

TREATMENT OF CENTRAL NEUROPATHIC PAIN

If one were to include case studies and small, non-
randomized series, there may appear a wide breadth of
experience on the treatment of central neuropathic pain.

Unfortunately, prospective cohort series and randomized,
double-blind, placebo-controlled trials are limited. Sys-
temic reviews of multiple grade II studies and subsequent
recommendations do not exist. While the mechanisms of
action may vary in the various central neuropathic pain
states, the evidence suggests overall that there is con-
siderable overlap in the end pathways leading to below
level SCI, MS-related, and CPSP central neuropathic pain
states. Therefore, particularly in the context of limited
high quality studies for low prevalence pain syndromes, it
is rational to extrapolate data suggesting efficacy in one
central pain state to justify clinically treating a patient
with another central pain state.

Some general principles apply to treating central
neuropathic pain, as to all types of neuropathic pain.

� Start with a low dosage and increase the dosage
slowly, but give an adequate trial – get to a high
enough dose and treat long enough – to be able to
assess efficacy.

� Recognize that all medications have side effects. A
patient with physical, cognitive, language, and
sometimes emotional and/or behavioral issues as a
consequence of the disorder leading to the central
pain syndrome may be more prone and/or intolerant
of these side effects.

� Recognize that patients with disorders leading to a
central pain syndrome (particularly MS and CPSP)
likely require multiple other medications.
Polypharmacy and drug interactions are a constant
challenge for the treating physician.

� Set realistic expectations. Central neuropathic pain
states are one of the most challenging pain
conditions to treat. Resolution of the pain is
generally not a realistic expectation. Farrar et al.64

found that a numerical pain scale score improvement
of two points or 30 percent correlated with what
pain patients felt was a significant improvement on
global impression of change scores. The number
needed to treat (NNT) is generally based on the
number of patients in a study with at least 30
percent pain improvement. Some studies provide
number of patients with 50 percent pain
improvement. Regardless, this defines a realistic and
good outcome – 30–50 percent pain improvement is
a good pain outcome for any individual medication.

� Rational polypharmacy, utilizing multiple
medications concomitantly with different
mechanisms of action, may provide additive pain
relief benefit, but needs to be weighed against the
invariable cumulative side effects.

Pharmacologic management

The majority of the literature is made up of case pre-
sentations and prospective and retrospective series. These
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have suggested efficacy of gabapentin,65, 66, 67, 68, 69, 70, 71

lamotrigine,72, 73, 74, 75 topiramate,76 levetiracetam,77, 78, 79

oxcarbazepine,80 carbamazepine combined with ami-
triptyline,81 phenytoin,82, 83 valproate,84 nortriptyline
(although this study is listed as for central pain, most are
from peripheral nerve generators),85 mexiletine,86 and
acupuncture.87 A small open label trial of topiramate for
various central pain states (n= 7) showed no efficacy.88

Table 28.1 lists the grade II evidence (randomized,
double-blind, placebo-controlled) for the pharmacologic
treatment of central neuropathic pain. Included is a
randomized, controlled, blinded, dose-response, but no
placebo-controlled study on opioids for central pain.97 A
couple of newer studies of cannabinoids for MS-related
pain are included giving the level of the study structure
and/or notable sample size, despite pain measurements
being a secondary outcome.98, 99 Unfortunately, most of
these high quality studies stand alone (either as a positive
or negative study) without further confirmatory or dose-
ranging studies. Hence there is no grade I evidence (i.e.
strong evidence from a systemic review of multiple grade
II studies) for any of the pharmacologic treatments of
central neuropathic pain.

In summary, the literature provides good support for
the use of gabapentin (at least 1800mg/day)91 and preg-
abalin (mean dosage 460mg/day)92[II] for SCI central
pain, lamotrigine (mean dosages 200–400mg/day) for
CPSP58[II] and incomplete SCI related at- and below-
level central pain,59[II] amitriptyline (goal at least 75mg/
day) for CPSP,60[II] (a study for SCI central pain with
median dosages of 50mg/day was negative94) and can-
nabinoids for MS-related central pain.100, 101[II] The data
for carbamazepine for central pain states are mixed, but
the positive study was poorly powered and, while sup-
portive of probable efficacy, limited in the strength of its
conclusions.89 As noted previously, given limited high
quality data for these notoriously difficult to treat pain
processes, it seems rational to extrapolate data suggesting
efficacy in one central pain state to justify clinically
treating a patient with another central pain state.

Parenteral and intrathecal treatments

Several well-designed, blinded, placebo-controlled trials
of parenteral lidocaine have been performed with many
showing a positive effect on central pain.57, 105, 106[I]
Unfortunately, the effects are short lived and this is not a
viable long-term treatment option. These studies provide
more information on pathogenesis than on treating a
central pain patient in your office. They suggest the
importance of central sodium channels and hence the
rationale behind clinical trials of mexiletine and multiple
anticonvulsants (carbamazepine, phenytoin, lamotrigine,
for example). Intravenous propofol, a gamma-aminobu-
tyric acid A (GABA-A) agonist, at subhypnotic doses has
been reported to decrease central pain, but not peripheral

neuropathic pain. This is hypothesized to be secondary to
its strong effect on thalamic metabolic depression as well
as on spinal cord gray matter, the somatosensory, frontal
and cingulate cortex.107, 108[III] Intravenous ketamine, an
NMDA receptor antagonist, and alfentanil, a mu-opioid
receptor agonist, have been shown in a randomized,
placebo-controlled trial to decrease both continuous and
evoked central neuropathic pain, highlighting the
importance of NMDA receptors in central pain (whereas
they have been long recognized as important in peripheral
neuropathic pain states) and of the mu receptor systems
in central pain modulation.109[II] Unfortunately, dex-
tromethorphan, an oral NMDA antagonist, was not
effective for central pain.96[II]

Parenteral opioid trials have suggested that intrave-
nous morphine has analgesic effects on only some com-
ponents of central neuropathic pain and in only a
minority of patients and suggest long-term opioid ther-
apy will be useful in only a small subset of central pain
patients.110, 111 Rowbotham et al.97[II] have shown that
oral opioids are effective in central pain states, however,
long-term opioid trials in central pain are lacking.

Intrathecal (IT) trials are important as drugs can be
administered through an intrathecal drug delivery system.
IT baclofen has been shown in an open trial to reduce
musculoskeletal, but not neuropathic, pain associated
with spasticity following spinal cord injury.112[III] In
contradistinction, a controlled IT baclofen trial found it
suppressed dysesthesias as well as spasm-related pain in a
myelopathy cohort.113[II] A blinded, randomized,
placebo-controlled trial demonstrated efficacy of a com-
bination of morphine and clonidine intrathecally in SCI
central pain, although it was less efficacious for below
level than at-level neuropathic pain. Interestingly, admi-
nistered alone, morphine or clonidine were not superior
to placebo, suggesting a synergistic effect of the two used
in combination.114[II] Finally, intrathecal (subarachnoid)
lidocaine has been shown in a double-blind, placebo-
controlled study to be effective in some patients with SCI
central pain, although predicting that response is difficult.
Spinal obstruction secondary to the SCI may prevent set
up of a sensory level above the level of the injury and
producing anesthesia above the level of a cervical SCI
would be unsafe secondary to risk to the respiratory
neurons.115

Surgical treatments

Numerous surgical remedies have been attempted and
reported. Tasker,9 a neurosurgeon, provides one of the
most comprehensive reviews intermixed with his own
extensive, generally published, observations. Interven-
tional procedures can be broken into destructive lesions
and stimulation procedures (neuromodulation).

Destructive lesions generally are applied to the
spinal cord above the level of the lesion responsible for
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Table 28.1 Randomized, controlled trials of oral treatments for central neuropathic pain.

Drug Study Type of central
neuropathic pain

Dose Design Number of
patients (n = )

Results Number needed to treat
for positive trials (95%
confidence interval)

Carbamazepine Espir et al.89 MS – paroxysmal

disorders (14/21

painful –

paresthesia 3,

limb pain 6,

trigeminal

neuralgia 5)

200–800mg/day

(mean 540mg/day)

Crossover (n= 6);
remaining

group (n= 15)
case series

21 (only 6

compared w/

placebo)

CBZ4placebo Cannot calculate

Leijon et al.60 CPSP 800mg/day Crossover (3 phase:

CBZ versus

placebo and

amitriptyline)

14 CBZ = placebo –

Gabapentin Tai et al.90 SCI – mixed

neuropathic

1800mg/day Crossover 7 GBP4placebo only for pain
‘‘unpleasantness’’

Cannot calculate

GBP = placebo for all other

(multiple) measures

Levendoglu

et al.91
SCI (complete) – all

neuropathic

(not further

defined)

Up to 3600mg/day

(signif. pain relief

not seen until

1800mg/day;

mean max

tolerated dose

2850mg/day)

Crossover 20 GBP4placebo Cannot calculate

Pregabalin Siddal et al.92 SCI – mostly below

level pain

150–600mg/day, bid

dosing (mean:

460mg/day)

Parallel 137 PGB4placebo 3.9 (2.2–5.8) 30% pain

relief; 7.1 (3.9–43)

50% pain relief

Lamotrigine Vestergaard

et al.58
CPSP 200mg/day Crossover 27 LTG4placebo 3 (1.8–9)

Finnerup et al.59 SCI – mixed

neuropathic

200–400mg/day Crossover 22 LTG = placebo overall and

complete SCI subset;

–

LTG4placebo incomplete
SCI at or below level pain

12 (2–N)

Valproate Drewes et al.93 SCI – below level

pain

600–2400mg/day Crossover 20 Valproate = placebo –

Amitriptyline Leijon et al.60 CPSP 75mg/day Crossover (3 phase

versus placebo

and

carbamazepine)

15 Ami4placebo 1.7 (1.1–3)

(Continued over )



Table 28.1 Randomized, controlled trials of oral treatments for central neuropathic pain (continued).

Drug Study Type of central
neuropathic pain

Dose Design Number of
patients (n = )

Results Number needed to treat
for positive trials (95%
confidence interval)

Cardenas

et al.94
SCI – mixed

nociceptive and

neuropathic

10–125mg/day

(median 50mg/

day)

Parallel 84 Amitriptyline = active placebo

(benztropine)

–

Trazodone Davidoff et al.
198795

SCI – below level

neuropathic

150mg/day Parallel 18 Trazodone = placebo –

Dextromethorphan McQuay et al.96 Various

neuropathic

pain (some

CPSP)

40.5–81mg/day, TID

dosing

Crossover 19 (only 9

central -

CPSP)

Dextromethorphan = placebo –

Levorphanol Rowbotham

et al.97
Mixed neuropathic

(23/81 central

pain)

Upto: 3.15mg/day low

dose cohort (mean

2.7mg/day);

15.75mg/day high

dose cohort (mean:

8.9mg/day)

Double blind,

randomized,

dose-response,

NON-placebo

controlled (high

dose versus low

dose)

23/81 central

pain: 10

CPSP, 8 MS,

5 SCI

High dose4low dose (no

placebo used); all subsets had

pain reduced (all CPSP 10%

from baseline; MS 27%; SCI

23%; but higher % in high

dose groups)

–

Cannabis extract and D9-

THC (tetra-

hydrocannabinol –

Marinol)

Zajicek et al.98 MS – spasticity (11
outcome) and

pain (21
outcome)

Variable (flexible based

on tolerance, body-

weight)

Parallel 3-way:

(cannabis

extract versus

D9-THC versus

placebo)

630 Cannabis extract and D9-

THC = placebo for spasticity,

but4placebo for pain

Cannot calculate

Cannabis extract

(cannabidiol and

D9-THC)

Wade et al.99 MS – multiple

symptoms

including pain

(ill defined type)

Variable Parallel 160 (37 pain) Cannabis extract = placebo

overall and pain subset

–

Dronabinol (cannabinoid) Svendsen et
al.100

MS 10mg/day Crossover 24 Dronabinol4placebo 3 (1.7–13.8) 30% pain

relief; 3.5 (1.9–24.8)

50% pain relief

Cannabis extract

(cannabidiol and

D9-THC)

Rog et al.101 MS – 59/66

dysesthesias;

7/66 painful

spasms

Variable – self titrated

(mean 9.6 sprays –

2.7mg THC, 2.5mg

CBD per spray)

Parallel 66 Cannabis extract4placebo 3.7 (2.2–13.0) 50% pain

relief

CPSP, central post-stroke pain; MS, multiple sclerosis related pain; SCI, spinal cord injury related pain. Extrapolated from the individual cited studies, Sidall et al.,10 Finnerup et al.,102, 103 and Frese et al.104

Entries in italic in the Results column represent positive results.



the pain: cordotomy (selective lesioning of the lateral
spinothalamic tract pain pathways in the anterolateral
cord contralateral to the side of pain (as spinothalamic
pathways decussate two to five segments above the level of
input into the system) – open and percutaneous methods
have been described), cordectomy (transaction of the
spinal cord), dorsal root entry zone (DREZ) lesioning,
commissurotomy (i.e. midline myelotomy – transection
of the midline crossing fibers).116, 117 Given variable, often
disappointing long-term results and associated risks,
destructive interventions are less commonly practiced
with today’s pain management alternatives.8, 10, 116 Perti-
nent to all destructive spinal cord interventions, pain
tends to recur over time (generally years) and it is par-
oxysmal, neuralgiform shooting pain (generally into the
legs from SCI) and evoked pain/allodynia/hyperalgesia
from peripheral nerve lesions (as opposed to steady
constant pain) that appear most amenable to these
destructive therapies.9, 118, 119 Cordectomy has been
reported to be most beneficial for lesions below T10.9

Cordotomy is directed at contralateral pain below the
level of the lesion (although bilateral lesions can be per-
formed for bilateral pain).120 Tasker notes that of those
with neuralgiform or evoked pain, more than 50 percent
receive good and more than 25 percent receive fair relief
from cordotomy, although pain eventually returns.9 There
is a risk of ipsilateral arm paresis or respiratory com-
promise with cervical cordotomy which is avoided with
DREZ lesions which also can be performed open or
percutaneously. DREZ lesions would best targeted at level,
segmental spinal cord pain.9, 10, 118 Destructive lesions of
the brain have been described for CPSP including
mesencephalic tractotomy and medial thalamotomy
(various targets reported, but all include the spinor-
eticulothalamic pathways), but their outcomes have been
disappointing8, 9 and seem rarely practiced today.

Neuromodulation relevant to central pain syndromes
includes spinal cord stimulation (SCS), motor cortex
stimulation, and deep brain stimulation. SCS involves
placement of a wire electrode array epidurally in line with
the dorsal columns. It has no role for supra-spinal cord
central pain states. Its use is limited in spinal cord central
pain secondary to wallerian degeneration of the posterior
columns with a lower cord lesion. When this occurs, the
dorsal columns cannot be stimulated to ‘‘capture’’ and
create non-noxious paresthesias over the area of pain.
Complete or near-complete lesions have little chance of
successful stimulation because of this, whereas some
incomplete lesions may be amendable.121 It has been
suggested that because of wallerian degeneration, SCS
may be more useful for at-level, segmental pain than
below-level pain after SCI.10 Second, when related to
trauma, safe access to the epidural space or ability to
position the electrode appropriately may be impaired by
skeletal injuries or prior surgical intervention addressing
these injuries. Finally, when related to a cord neoplasm,
magnetic resonance imaging (MRI) is contraindicated

with an SCS system in place, thus eliminating the ability
for serial imaging follow up or assessment for tumor
recurrence. All of these factors and published reports
suggest that SCS has a limited role for central pain syn-
dromes and, even when effective, initially becomes less so
over time.9, 10, 119, 121, 122[III], [IV]

Motor cortex stimulation (MCS) involves surgical
placement of an electrode array somatotopically oriented
in the epidural space to overlie the primary motor cortex
representing the area of primary pain. Given the relative
proportional and more superficial representation of face
and hand/arm portions of the homunculus in the cortical
somatotopic organization (compared with foot/leg), one
might anticipate pain in these regions may be better
addressed with MCS than lower extremity pain. Indeed,
atypical facial pain syndromes seem most amenable to
MCS neuromodulation, although other central pain types
have been reported to respond as well.123, 124[III] Deep
brain stimulation (DBS) has been reported with stimu-
lation of the peri-aqueductal and ventricular gray matter
(PAG, PVG – the primary targets for nociceptive pain) as
well as sensory thalamus and medial lemniscus (the pri-
mary targets for neuropathic pain) with the goal (like
spinal cord stimulation) of producing a distracting, non-
noxious paresthesia in the area of pain. It has been
reported that DBS with some sensory thalamus targets
may promote (as opposed to relieve) pain in some CPSP
patients with allodynia.9 Reported success rates are vari-
able but generally in the region of 20–50 percent.9, 125, 126

CONCLUSIONS

Central neuropathic pain states can stem from variable
pathologies affecting various levels of the central nervous
system, but invariably are severe, dysfunctioning, and all
too often humbling in their response to treatment.
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KEY LEARNING POINTS

� Pain following spinal cord injury (SCI) is common and

often severe, even in the acute phase.
� Pain following spinal cord injury is not a single entity.
� Neuropathic pain is the most difficult type of pain to

treat following SCI.

� Different mechanisms are responsible for the various

types of pain seen following SCI.
� Assessment and management of SCI pain requires a

broad approach addressing biological, psychological, and

social contributing factors.

INTRODUCTION

Although loss of mobility is often considered the most
serious consequence of spinal cord injury, people with
spinal cord injury (SCI) consistently rate pain as one of
the most difficult problems.1 A large number of studies
demonstrate that around two-thirds of people following
SCI experience persistent pain and approximately one-
third of those, report their pain as severe.2, 3, 4 Pain fol-
lowing SCI has a significant impact on quality of life
and can contribute to disability by limiting participation
in rehabilitation and return to work.5, 6, 7, 8

TYPES OF SCI PAIN

Towards a pain taxonomy

Before examining treatments, consideration should be
given to the classification of SCI pain. Achieving optimal

relief of pain relies on accurate identification of the type
of pain present. A large number of SCI pain classification
systems have been proposed9, 10, 11, 12 and recent efforts
have been made to achieve some consensus in the ter-
minology used to describe the different types of pain seen
following SCI. As part of this effort, the Spinal Cord
Injury Pain Task Force of the International Association of
the Study of Pain has proposed a taxonomy of pain that
attempts to provide a structure for systematically identi-
fying the different types of SCI pain.13 Although efforts
are continuing to develop a universally accepted tax-
onomy, this classification is at present cited most fre-
quently and will be used in this chapter. This taxonomy
proposes a tiered classification in which pain types are
divided into nociceptive (musculoskeletal or visceral) and
neuropathic (either above-level, at-level, or below-level)
pain types (Table 29.1). For clinical purposes, the second
tier classification outlines the five common types of pain
encountered following SCI (described in more detail
below under Musculoskeletal pain, Visceral pain, Above-
level neuropathic pain, At-level neuropathic pain, and



Below-level neuropathic pain). Where neurological level
of injury is used, this refers to the most caudal segment of
the spinal cord with normal sensory and motor function
bilaterally.14

MUSCULOSKELETAL PAIN

In the acute setting following injury, nociceptive pain
arises from damage to structures including bone, liga-
ments, muscles, intervertebral disks, and facet joints. The
pain is generally located in the region of preserved sen-
sation close to the site of spinal injury, although it may
radiate. People with incomplete SCI (where spinal cord
pathways remain partially intact) also experience mus-
culoskeletal pain below the neurological level. Chronic
musculoskeletal pain may occur with overuse or abnor-
mal use of structures, such as the arm and shoulder.15, 16

For mobility reasons, this type of nociceptive pain is very
common in people with paraplegia and much less com-
mon in people with tetraplegia.17 Muscle spasm pain is
another type of musculoskeletal pain commonly seen in
people with incomplete injuries. For a full discussion of
painful spasticity, please refer to Chapter 33, Management
of painful spasticity.

VISCERAL PAIN

Pathology in visceral structures, such as urinary
tract infections, bowel impaction, and renal calculi, will
generally give rise to nociceptive pain, although the
level of the injury will affect the quality of the pain.
Individuals with paraplegia may experience visceral
pain that is identical to those who have no spinal
cord damage. Individuals with tetraplegia, however,
may experience less well-defined, generalized unpleasant
symptoms that are difficult to interpret. For a full
discussion of the applied physiology of visceral

pain, see Chapter 3, Applied physiology: persistent visc-
eral pain.

ABOVE-LEVEL NEUROPATHIC PAIN

Neuropathic pain can occur above the neurological level
of injury and includes pains that are not specific to SCI,
such as complex regional pain syndrome (previously
referred to as reflex sympathetic dystrophy, causalgia, or
shoulder hand syndrome) and pain due to peripheral
nerve injury. Although present in the general population,
people with SCI may be more susceptible to some of
these pains because of activities associated with wheel-
chair use or transfers.

AT-LEVEL NEUROPATHIC PAIN

At-level neuropathic pain refers to pain with the features
typical of neuropathic pain and present in a band or
segmental pattern within the dermatome at, and two
dermatomes above or below, the neurological level of
injury. This type of pain has also been referred to as
segmental, transitional zone, border zone, end zone,
and girdle zone pain, names that reflect its characteristic
location in the dermatomes adjacent to the neurological
level of injury. It is often associated with allodynia
(pain from a normally nonpainful stimulus) or hyper-
algesia (an exaggerated pain response) in the affected
dermatomes. At-level neuropathic pain may be due to
damage to either nerve roots (including the cauda
equina) or the spinal cord itself. Syringomyelia (cyst
formation within the spinal cord) must always be con-
sidered in the person who has delayed onset of at-level
neuropathic pain, especially where there is a rising level
of sensory loss. Loss of pain and temperature sensation
is typical, but all sensory and motor functions can be
affected.

Table 29.1 Proposed classification of pain related to spinal cord injury.13

Broad type (tier 1) Broad system (tier 2) Specific structures/pathology (tier 3)

Nociceptive Musculoskeletal Bone, joint, muscle trauma, or inflammation

Mechanical instability

Muscle spasm

Secondary overuse syndromes

Visceral Renal calculus, bowel, sphincter dysfunction, etc.

Dysreflexic headache

Neuropathic Above level Compressive mononeuropathies

Complex regional pain syndromes

At level Nerve root compression (including cauda equina)

Syringomyelia

Spinal cord trauma/ischemia (transitional zone, etc.)

Dual level cord and root trauma (double lesion syndrome)

Below level Spinal cord trauma/ischemia
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BELOW-LEVEL NEUROPATHIC PAIN

This type of pain, which is also referred to as central
dysesthesia syndrome, central pain, phantom pain, or
deafferentation pain, presents with spontaneous and/or
evoked pain which is present often diffusely caudal to
the neurological level of SCI. It is characterized by
sensations of burning, aching, stabbing, or electric
shocks, often with hypersensitivity and it may develop
some time after the initial injury. It is typically constant,
varying with mood, distraction, and physical pathology
(e.g. infections) and is not usually related to position or
movement. Sudden noises or jarring movements may
trigger this type of pain. Differences in the nature of
below-level neuropathic pain may be apparent between
those with complete and incomplete spinal cord lesions.
Both complete and incomplete spinal cord injuries may
be associated with the diffuse, burning pain that appears
to be associated with spinothalamic tract damage. How-
ever, incomplete injuries are more likely to have an allo-
dynic component due to sparing of tracts conveying
touch sensations.

Psychological aspects of pain

Some classification systems have included psychological
or psychogenic as a type of pain that occurs following
SCI. However, applying a psychological label to the pain
may be unhelpful. There is no doubt, however, that psy-
chological issues significantly modify and potentially
maintain the pain experience.18, 19, 20 Persistent pain
following SCI is associated with more depressive symp-
toms and greater perceived stress.21, 22 There is also a
strong relationship between pain, spasticity, abnormal
nonpainful sensations, and sadness.1 Therefore, efforts
should be directed at elucidating the underlying psycho-
logical contributors and consequences associated with
the pain, rather than simply labeling the pain as ‘‘all in
their head.’’

MECHANISMS

As expected, the different types of pain observed follow-
ing SCI have a range of possible generators and con-
tributing factors.23 Although regarded as a distinct type of
pain, neuropathic SCI pain is not a single entity and may
present in different ways that may reflect different
underlying pathophysiological processes. The focus of this
section will be on the mechanisms that may be respon-
sible for the development of neuropathic SCI pain and
in particular at-level and below-level neuropathic pain.
As with all types of pain, abnormal processes may occur
at peripheral, spinal, and supraspinal levels and it may
be helpful to consider pathophysiological mechanisms
using this broad framework.

Peripheral generator

Damage to spinal structures may result in impingement
of nerve roots entering the spinal cord. This may lead to
the generation of impulses within primary afferents and
the production of radicular at-level neuropathic pain. The
mechanisms responsible for this type of pain are similar,
if not identical, to the mechanisms underlying other
conditions in which peripheral neuropathic pain occurs
following trauma to nerve roots (see Chapter 1, Applied
physiology: neuropathic pain, which outlines neuropathic
pain mechanisms).

Spinal generator

As mentioned above, at-level neuropathic pain may also
be dependent on the presence of a spinal generator or
amplifier. Several case reports of spinal local anesthetic
blockade in people with SCI pain describe complete
(although temporary) abolition of pain with sensory
block up to and above the level of injury.24 This ability of
spinal local anesthetic blockade to relieve neuropathic
pain following SCI led to the proposition that there was
an ‘‘irritated focus’’ located at or above the rostral end of
the spinal cord injury.

These clinical observations have, to some extent, been
supported by subsequent investigations using animal
models of SCI pain.23 In spinal dorsal horn neurons above
the site of injury, these models demonstrate an increased
neuronal responsiveness to peripheral stimuli, an increase
in the level of background neuronal activity and the
presence of neuronal after-discharges following a stimu-
lus.25, 26, 27 This increase in neuronal excitability may be a
result of either increased excitation or reduced inhibition.
In addition, SCI results in glial activation and increased
cytokine release,28, 29 as well as structural reorganization
of inputs in the dorsal horn of the spinal cord.30

Below-level neuropathic pain may also be dependent
on the presence of a spinal generator. A higher proportion
of patients with below-level neuropathic SCI pain have
sensory hypersensitivity in dermatomes at the neuro-
logical level of injury than pain-free SCI patients.31 This
suggests that neuronal hyperexcitability at the level of the
injury may play a role in below-level neuropathic pain.
Below-level neuropathic pain may therefore be a result
of a supraspinal neuroplastic changes in response to a
spinothalamic lesion together with neuronal hyperexcit-
ability due to gray matter lesions at the rostral end of
the injury.

Supraspinal generator

A number of observations suggest that changes at more
rostral levels of the central nervous system may also
be important in the development of pain. Spinal local
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anesthetic blockade does not always result in relief of pain
despite the presence of a demonstrated sensory block
above the level of injury.32 In addition, peripheral, sym-
pathetic, and spinal blockade, and even surgical cordo-
tomy above the level of injury does not reliably reduce
neuropathic pain following SCI.33

The question then remains as to which supraspinal
structures may be involved. Loss of inputs to the
thalamus may lead to alterations in function which
are associated with the presence of neuropathic pain.
Electrophysiological studies in humans have demon-
strated that deafferented thalamic neurons have abnormal
patterns of activity including high rates of spontaneous
bursting,34, 35 although thalamic neuronal bursting
alone may not be sufficient to explain the presence of
pain.36 Further evidence supporting the thalamus as a
key supraspinal site of importance in SCI neuropathic
pain includes research demonstrating alterations in the
expression of sodium channels,37 electrophysiological,38

biochemical,39 and blood flow40 changes in the thalamus
of people with SCI pain, and the demonstration of
abnormal spontaneous and evoked activity of thalamic
neurons in contusive SCI animal models.41, 42

Changes in other supraspinal sites, beyond the thala-
mus, are also likely to be important in the development of
persistent neuropathic pain following SCI. The extent to
which these supraspinal changes are dependent on
ongoing abnormal ascending inputs is unclear. However,
there is increasing evidence that pathophysiological
changes occur at peripheral, spinal, and supraspinal levels
and may contribute in varying degrees to the develop-
ment of neuropathic SCI pain.

PATIENT ASSESSMENT

The primary aim of patient assessment is to identify the
main contributors to pain through a careful history,
physical examination, and appropriate further investiga-
tions or diagnostic procedures. A useful way of categor-
izing contributors is to use three broad categories:
biological (nociceptive and neuropathic), psychological,
and social. Although psychosocial factors rarely act as
pain generators, they invariably impact on an individual’s
pain experience and need to be considered as part of any
pain assessment.1, 22 Psychological contributors modify-
ing and maintaining pain include mood (e.g. anxiety and
depression), pain behaviors (e.g. fear avoidance), and
cognitions (e.g. catastrophizing). Social contributors
include physical factors, such as wheelchair use and
seating, workplace ergonomics, and other factors, such
as relationships with family, friends, colleagues, and
superiors at work, and injury compensation. For a full
discussion of psychological assessment, see Chapter 10,
The psychological assessment of pain in patients with
chronic pain.

Musculoskeletal pain

If musculoskeletal pain is present, physical examination
(site of tenderness, limitation of movement, muscle tone)
will help to determine the structures that may be affected
and the presence of inflammation or muscle spasm. There
is often a relationship with activity or position. Particu-
larly in the acute phase, if skeletal damage is suspected,
investigations such as x-rays, computerized tomography
(CT), and magnetic resonance imaging (MRI) may help
to identify pathology, such as a fracture, dislocation,
spinal misalignment, or instability. In the chronic phase,
restriction in range of movement of the upper limb may
suggest an overuse syndrome. The pain is described as
aching in the area of pressure or overuse and is worse with
use of involved joints or pressure on the part. For a
full discussion of musculoskeletal pain, see Chapter 2,
Applied physiology: persistent musculoskeletal pain.

Visceral pain

Visceral pain may be identified by location (pelvis,
abdomen, or thorax) and by pain features (dull, poorly
localized, bloating, and cramping in nature). The pre-
sence of visceral pain requires a standard diagnostic
approach similar to that used in the person without SCI.
However, in the person with SCI, particular attention
should be paid to conditions that are more common in
this population. These include infection of the urinary
tract, obstruction from ureteric calculi, and bowel
impaction. Other relatively common conditions to con-
sider include cholelithiasis and esophagitis.

Physical examination and the appropriate tests
(full blood count, electrolytes, urea and creatinine, liver
function tests, inflammatory markers, urine culture) and
imaging (ultrasound, x-rays, CT scan and MRI) or other
special investigations (e.g. endoscopy) will help to localize
the source of pain. However, diagnosis is often difficult
when sensory inputs from visceral structures are dis-
turbed. If investigations fail to find evidence of visceral
pathology, and treatments directed at visceral pathology
do not relieve the pain, then consideration must be given
to classifying the pain as neuropathic rather than visceral.
The onset of headache in a person with an upper thoracic
or cervical SCI should alert the clinician to the possibility
of a visceral disturbance, such as bladder distension
or bowel impaction, producing autonomic dysreflexia.
Autonomic dysreflexia may pose a medical emergency.
For a full discussion of visceral pain, see Chapter 3,
Applied physiology: persistent visceral pain.

Above-level neuropathic pain

Above-level neuropathic pain is located in the region
above the neurological level of injury. Assessment
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depends on the description of the pain, the use of
physical examination to detect the nature of any sensory
disturbance, the presence of other features, such as
autonomic dysfunction, and the use of diagnostic
techniques, such as nerve conduction studies, CT scan,
and MRI.

At-level and below-level neuropathic pain

At-level neuropathic pain is located adjacent to the neu-
rological level of injury and has neuropathic pain
descriptors, e.g. burning, tingling, evoked by brushing.43

Below-level neuropathic pain is located diffusely below
the neurological level of injury, but does not include
the dermatomes immediately caudal (see Figure 29.1).
At-level neuropathic pain may be due to peripheral nerve
injury and nerve root impingement. This may be sug-
gested by a pattern of pain in the region of a nerve or
dermatomes that correspond to suspected trauma.
Although not definitive, nerve root pain may be suggested
by a unilateral distribution. Diagnosis is assisted by
radiographic, CT, or MRI evidence of compression of the
nerve root in the foramen by bone or disk that correlates
with the location of the pain. If investigations fail to find
evidence of a peripheral nerve lesion, the pain is possibly
due to central changes and further assessment is unlikely
to be helpful or provide further benefit in deciding on
appropriate treatment. If there has been a recent change
in the location or characteristics of the pain, magnetic
resonance imaging may be useful to determine the for-
mation or progression of syringomyelia.

Psychological and environmental contributors

As mentioned earlier, psychological and environmental
contributors to the experience of pain need to be iden-
tified. These may include mood dysfunction, such as
depression and anxiety, maladaptive coping strategies,
such as fear avoidance and catastrophizing, and social
reinforcers, such as over-solicitous family members. This
entails careful observation and listening, obtaining input
from family, friends, and other team members and may
require assistance from other professionals with formal
training in psychological or psychiatric medicine.

PAIN MANAGEMENT

Having identified the most likely cause of the pain, the
next step is to, where possible, treat the underlying cause
of the pain. However, in many situations, elimination of
the cause of the pain either in the short- or long-term
may not be possible. The focus of treatment then becomes
symptomatic relief or helping the patient to manage their
pain. There are a large number of treatments that are used
for symptom relief, often with little evidence of efficacy.
Treatments for each type of pain are described with the
level of supporting evidence indicated.

Musculoskeletal pain

Acute inflammatory musculoskeletal pain often follows
direct trauma to musculoskeletal structures and there is

(a) (b)
Figure 29.1 Typical patterns of (a) at- and (b)

below-level neuropathic pain following SCI.
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little that can be done to remove the cause. Pain usually
resolves, however, as healing occurs. Damage due to
unstable skeletal structures requires stabilization using
external devices or internal fixation. Symptomatic pain
management, as described below, may be required during
the tissue-healing phase.

Chronic inflammatory musculoskeletal pain may be
due to factors such as abnormal posture, abnormal gait,
and overuse, related to transfers and wheelchair use.
These factors may be corrected via education, retraining,
and environmental modifications (e.g. adaptive equip-
ment, seating modification, and attendant care prescrip-
tion) and may be sufficient to eliminate the problem.
In the short term, or if it is not possible to completely
address the causative factors, symptomatic treatment may
also be required.

In addition to correcting abnormal mechanical stres-
ses, managing active disease processes, and modifying
unhelpful psychosocial contributing factors, symptomatic
pharmacological treatment of inflammatory muscu-
loskeletal pain may be indicated. Similar principles can
be used as those employed in the treatment of
other degenerative and inflammatory joint conditions.44

[V] Pharmacological management includes the use of
simple analgesics, nonsteroidal anti-inflammatory drugs
(NSAIDs), opioids, and local corticosteroid injections.
Analgesic use will follow the usual stepwise approach of
simple analgesics, such as paracetamol (acetaminophen),
compound or ‘‘weak’’ opioids, such as codeine and
dextropropoxyphene, and ‘‘strong’’ opioids such as oxy-
codone, morphine, and methadone. However, several
considerations apply in the person with SCI. Opioid
analgesics may exacerbate bowel dysfunction, as well as
the usual considerations of tolerance and dependence.
NSAIDs may cause gastric erosion that is more prevalent
and harder to detect in those with high spinal cord
lesions. Therefore, paracetamol is the safest first step in
the treatment of musculoskeletal pain associated with
SCI. If there is no response to paracetamol, the use of
tramadol may be considered. While use of opioids for
acute inflammatory pain is reasonable, continued use in
persistent pain remains controversial.45 There is general
agreement that opioids should be considered for use in
noncancer pain if they are the only effective treatment.46

Unfortunately, conclusive data supporting the long-term
efficacy of opioids remains lacking.47 The use of opioids
may be considered on a case-by-case basis in a manner
consistent with published guidelines.48

Muscle spasm is also a common problem following
SCI, associated with tissue trauma and altered inhibitory
control. In addition to impairing function, spasm may
also cause pain. Muscle spasm may be due to underlying
pathology that is maintaining a heightened reflex arc.
If so, this needs to be treated appropriately. More com-
monly, there is no underlying pathology that can be
addressed and treatment once again focuses on sympto-
matic relief. At present, there is insufficient evidence to

guide clinicians in a rational approach to anti-spastic
treatment for SCI.49[I] A number of approaches are tra-
ditionally used. Oral baclofen may be sufficient to control
the symptoms and is the first-line approach. Alternatively,
diazepam may be used, but consideration must be given
to the side effects associated with benzodiazepine use.
Injection of botulinum toxin has also been suggested to
be effective in the management of localized spasticity.50

Insertion of an intrathecal infusion device is invasive
and is considered a second-line approach. However, there
is good evidence to support the effectiveness of intra-
thecal baclofen administered in this way for the relief
of muscle spasm where there is poor control with oral
administration.51, 52, 53[I]

Visceral pain

Identification of symptomatic urinary tract infection
requires treatment with antibiotics. Obstruction from
ureteric calculi may require surgical removal or litho-
tripsy. Bowel impaction may require disimpaction in the
short term and adjustment of bowel regimen/routine in
the long term. The presence of autonomic dysreflexia may
constitute a medical emergency and requires immediate
blood pressure reduction and treatment of the triggering
stimulus.

Above-level neuropathic pain

The treatment of complex regional pain syndromes is
itself complex and the reader is referred to other texts that
deal with this condition in more detail.54 Sympathetic
blockade may provide complete relief of pain in some
individuals, but effectiveness is unpredictable.55 Physical
rehabilitation may also be helpful in some people
with complex regional pain syndromes. Nerve root or
peripheral nerve compression may require surgical
decompression. Syringomyelia may require drainage and
shunting or a detethering procedure.

At-level and below-level neuropathic pain

Apart from treatment of a syrinx and surgical decom-
pression of a compromised nerve root, there are no
current treatments available that can treat the cause of
at-level or below-level neuropathic pain. Treatments
are therefore largely symptomatic. Unfortunately, there
are few controlled trials that have been performed speci-
fically examining the efficacy of treatments for at-level
and below-level neuropathic pain. Available studies
often have small numbers and therefore conclusions
may not be reliable. Treatment is therefore often depen-
dent on extrapolation from other neuropathic pain
conditions. A summary of the evidence available on the
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treatment of at- and below-level neuropathic pain is listed
below according to treatment category.

OPIOIDS

Two randomized controlled trials involving intravenous
morphine56[II] and alfentanil57[II] demonstrate a short-
term reduction in neuropathic pain following SCI.
Intravenous morphine failed to relieve spontaneous pain,
but reduced brush-evoked allodynia in central post-stroke
and SCI pain patients.56[II] However, intravenous opioid
treatment is not suitable for the long-term management
of neuropathic SCI pain. There is evidence to support the
use of oral opioid analgesics, such as oxycodone,58, 59[II]
methadone,60[II] and morphine,61[II] in other neuro-
pathic pain states. However, there is little direct evidence
regarding efficacy in the treatment of neuropathic
SCI pain. Side effects, tolerance, and dependence are
also issues that need to be considered. If opioids are
used, controlled-release preparations provide more stable
analgesia and are preferred for long-term use. Tramadol
may be less sedating and less constipating and because of
its additional serotonergic and noradrenergic effects may
be effective in some people with neuropathic pain.62[I]
Therefore it may be a useful first step if opioid agents are
being considered.

ANTICONVULSANT DRUGS

Anticonvulsant drugs are often used in the treatment of
neuropathic SCI pain. Although numbers are small, two
cross-over studies indicate that gabapentin is effective in
treating neuropathic SCI pain.63, 64[II] More recently,
pregabalin has been demonstrated to be efficacious in a
larger randomized controlled trial.65[II] Side effects of
gabapentin and pregabalin include dizziness, sedation,
ataxia, constipation, dryness of the mouth, and peripheral
edema.

In a group of subjects with neuropathic SCI pain,
lamotrigine 200–400mg daily had no statistically
significant pain-relieving effect. However, a subgroup of
patients with incomplete injury and evoked pain
demonstrated relief of spontaneous pain.66[II] Side effects
include diplopia, dizziness, ataxia, headache, somnolence,
and nausea. The risk of rash (Stevens–Johnson syndrome)
and potentially life-threatening hypersensitivity reactions
and hepatic effects requires careful dose escalation.

Topiramate has also been administered in a randomi-
zed controlled trial, but numbers were small.67[II] The
efficacy of topiramate 800mg daily in four different
neuropathic pain diagnoses was examined with nine
patients receiving topiramate and four receiving placebo.
Topiramate was significantly better than placebo in the
final two weeks of treatment, but only on one of the two
primary outcome measures (present pain index) and not
on the other primary outcome measure (visual analog

scale). Topiramate treatment may cause anorexia, weight
loss, drowsiness, dizziness, ataxia, fatigue, and gastro-
intestinal upset. Less commonly, it may also be associated
with renal calculi, leukopenia, glaucoma, and metabolic
acidosis.

Valproic acid is commonly used for the treatment of
neuropathic SCI pain, but in a controlled trial
600–2400mg daily was not statistically significantly better
than placebo in relieving pain.68[II] However, the small
number involved in the study means there is a risk of
type II error. Valproic acid treatment may be associated
with skin reactions, gastrointestinal upset, weight gain,
tremor, hair loss, liver dysfunction, and hematologic and
teratogenic effects.

Carbamazepine has been used for many years for the
treatment of neuropathic SCI pain, but evidence is lim-
ited to case reports in combination with other drugs.69

[IV] More recently, oxcarbazepine has become available.
However, neither carbamazepine nor oxcarbazepine
have been tested in controlled trials in this condition.

ANTIDEPRESSANTS

Antidepressants, and in particular tricyclic anti-
depressants, are widely used in the management of neuro-
pathic pain conditions, although there is little direct
evidence for effectiveness in neuropathic SCI pain.
Nevertheless, given the lack of effective agents and sup-
portive evidence from other neuropathic pain conditions,
a trial of tricyclic antidepressants is often part of clinical
practice.

Traditionally, the mechanism of action of tricyclic
antidepressants in treating pain has been attributed to
inhibition of the reuptake of norepinephrine and sero-
tonin. However, they also have other actions including
N-methyl-D-aspartic acid (NMDA)-receptor antagonism70

and sodium channel blockade that may contribute
to their effect in neuropathic pain conditions.71, 72

Amitriptyline (10–125mg daily) has been studied in one
controlled trial in patients with a mixture of muscu-
loskeletal and neuropathic pains following SCI and was
found to be not significantly better than placebo.73[II]
Tricyclic antidepressants are contraindicated in patients
with ischemic heart disease, heart failure, cardiac con-
duction disturbances, and a history of seizures. Sedation
and anticholinergic side effects, such as constipation, dry
mouth, and urinary retention, may result in poor patient
tolerance. The use of tricyclic antidepressants may also
be associated with increased spasticity and disturbance of
bladder function.73

Mixed serotonin and noradrenaline reuptake inhibi-
tors, such as venlafaxine and duloxetine, selective
serotonin reuptake inhibitors, and bupropion, a nora-
drenaline and dopamine reuptake inhibitor have been
developed more recently and may be effective agents
and better tolerated than the tricyclic antidepressants.
However, evidence to support their use is largely
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anecdotal and they have not been studied in SCI pain.
The exception to this is the serotonin reuptake inhibitor
and 5HT receptor antagonist, trazodone, which has
been studied in a randomized controlled trial, but with a
lack of group effect when compared with placebo.74[II]

LOCAL ANESTHETICS

In the acute, in-patient setting, systemic administration of
the sodium channel blocker, lidocaine can result in
effective relief of neuropathic pain.75[III] Intravenous
lidocaine failed to relieve pain in ten SCI patients in doses
of 2.5mg/kg intravenously over 40 minutes.76[II] How-
ever, in another study, lidocaine at a higher dose (5mg/kg
over 30 minutes) significantly decreased spontaneous
ongoing pain, brush-evoked allodynia, and static
mechanical hyperalgesia in patients with post-stroke or
SCI pain.77[II] Lidocaine also decreased spontaneous at-
and below-level pain in SCI patients with and without
evoked pain.78[II]

Although there is a report of long-term effectiveness
with the use of lidocaine,79 systemic administration is
generally not practical as an ongoing treatment. Mex-
iletine, which is an oral congener of lidocaine with a
similar action, has not demonstrated to be effective in a
small trial of 11 patients using a dose of 450mg/day.80[II]
Mexiletine may result in cardiac conduction disturbances
and needs to be used with caution in those with a history
of coronary artery disease and prior myocardial infarc-
tion.81 Gastrointestinal upset may affect patient tolerance.

NMDA ANTAGONISTS

There is some evidence that drugs that target increased
excitation by blocking NMDA receptor function may be
effective. In the acute, in-patient setting, systemic
administration of the NMDA receptor antagonist keta-
mine was shown to be better than placebo and similar to
fentanyl in reducing below-level neuropathic pain.57[II]
However, there are currently no oral NMDA antagonists
that have been demonstrated to be effective in the
long-term management of neuropathic SCI pain.

DRUG COMBINATIONS

There are reports that combinations of anticonvulsants
and tricyclic antidepressants are more effective than when
either is administered alone.69, 82[V] Therefore, if a single
agent is ineffective, a combination of an anticonvulsant
with either a tricyclic antidepressant or an opioid may
produce additional relief.

OTHER MEDICATIONS

The effect of the anesthetic agent and GABAA-receptor
agonist propofol on neuropathic SCI pain has also been

examined. A subhypnotic dose of propofol, injected as a
single intravenous bolus (0.2mg/kg) provided brief relief
(less than one hour) of spontaneous pain and allodynia
in approximately half of 44 patients with SCI and post-
stroke pain.83[II]

SPINAL DRUG ADMINISTRATION

If oral administration of agents fails to provide adequate
analgesia, spinal administration can be considered,
although this is an inherently more invasive approach
supported by case series and limited controlled trials.
Spinal administration of drugs such as morphine and
clonidine84[V] has been found to be effective in some
individuals. Combinations of morphine or clonidine with
baclofen in those with spasm may confer additional
benefit.85[V] In a controlled study, intrathecal adminis-
tration of a mixture of morphine and clonidine was found
to be effective in a group of people with chronic at-level
and below-level neuropathic SCI pain.86[II] Intrathecal
drug administration with morphine and clonidine was
associated with nausea, sedation, respiratory depression,
and hypotension,86 and there is little information avail-
able on patient tolerance and long-term side effects.

Intrathecal baclofen is effective in managing spasticity
and spasm-related pain secondary to SCI.51, 52 However,
the effect on neuropathic SCI is less clear.87 A positive
outcome in relieving neuropathic pain was found with
intrathecal baclofen in a small (n= 9) randomized con-
trolled trial,53[II] but other reports have been less sup-
portive.88[III]

Spinal anesthesia with subarachnoid lidocaine was also
studied in 21 patients with SCI and had a significantly
greater analgesic effect than placebo.32[V] However, the
effect of spinal anesthesia is only temporary and therefore
limits its usefulness. Adequate spinal anesthesia proximal
to the sensory level of SCI seemed to be a positive pre-
dictor of response. This observation is similar to the study
of intrathecal morphine and clonidine in which a positive
response was associated with adequate drug availability
above the level of SCI. Both studies provide clues as to the
mechanisms underlying neuropathic SCI pain.

STIMULATION TECHNIQUES

Stimulation techniques, such as transcutaneous electrical
nerve stimulation (TENS) and acupuncture may be
effective for some people with neuropathic pain and may
work by activating inhibitory mechanisms.89[V] However,
positive evidence of efficacy is limited, particularly with
below-level neuropathic pain and most studies report a
decline in efficacy over time (reviewed in Ref. 90[V]).
Acupuncture appeared to have a sustained effect in 10 of
22 SCI patients with various types of pain, but was
ineffective in those with pain below the injury level.91[V]
However, retrospective data from another study suggested
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Table 29.2 Pharmacological treatments for persistent at- and below-level neuropathic SCI pain: level of evidence, limitations, and specific

indications for third-line treatments.

Pharmacological treatment Level of evidence for
efficacy

Disadvantages or side effectsa Specific indications

Opioids
Acute management (intravenous) 1ve RCTs56, 57[II] Short-term relief, invasive,

respiratory depression, sedation,

hypotension, nausea, vomiting

Mechanical allodynia

Ongoing management (oral) Refer to text Constipation, drowsiness, tolerance,

dependence

Anticonvulsants
Gabapentin 1ve RCTs63, 64[II] Somnolence, dizziness

Pregabalin 1ve RCT65[II] Somnolence, dizziness, asthenia, dry

mouth, edema, constipation

Topiramate 1ve RCT67[II] Drowsiness, dizziness, ataxia,

anorexia, fatigue,

gastrointestinal upset

Lamotrigine –ve RCT66[II] Potentially life-threatening skin

rash, hepatic effects, diplopia,

blurred vision, dizziness

Valproic acid –ve RCT68[II] Drowsiness, dizziness, liver

dysfunction, hematological

effects

Antidepressants
Amitriptyline –ve RCT73[II] Sedative and anticholinergic actions

Mixed serotonin/noradrenaline

reuptake inhibitors (venlafaxine,

duloxetine)

Refer to text Hypertensive effects,

gastrointestinal disturbance, dry

mouth, reduced appetite,

sweating

Trazodone –ve RCT74[II] Drowsiness, dry mouth, dizziness

and increased spasticity

Local anesthetics
Lidocaine parenterally (5mg/kg) 1ve RCTs77, 78[II] CNS excitation/depression,

cardiovascular depression

Mexiletine –ve RCT80[II] Gastrointestinal upset,

cardiovascular, hematological

disturbance, skin reactions

Spinal drug delivery
Morphine and clonidine 1ve RCT86[II] Invasive, tolerance, hypotension,

respiratory depression,

drowsiness

Baclofen Unclear Invasive, reports of increased

neuropathic pain

Stronger evidence for spasm

related pain51, 52, 53[I]

1ve RCT53[II]

–ve trial88[III]

Lidocaine 1ve RCT32[II] Invasive, central nervous system

disturbance

Miscellaneous
Intravenous ketamine 1ve RCT57[II] Short-term relief, invasive,

dysphoria

Intravenous propofol 1ve RCT83[II] Short-term relief, invasive,

hypotension, arrhythmias,

bradycardia

CNS, central nervous system; RCT, randomized controlled trials.
aCommonly listed side effects. For further details consult prescribing information.
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an effect also on below-level neuropathic pain.92[V]
Spinal cord stimulation may also provide relief,
although greater effect is obtained in those with at-level
neuropathic pain and incomplete lesions.93[V] Other
available treatments are very invasive with limited evi-
dence of efficacy. These include deep brain stimulation
and motor cortex stimulation. Deep brain stimulation
seems not to provide long-term pain relief in SCI
pain.90[V] Transcranial or epidural motor cortex stimu-
lation94[V] has been tested in a few SCI pain patients
with varying results. A recent study using transcranial
direct current stimulation (tDCS) demonstrated short-
term reduction in pain following a five-day treatment
trial.95[II]

SURGICAL APPROACHES

Surgical approaches are often designed to relieve pain by
reversing any structural problems giving rise to pain. For
example, nerve root or peripheral nerve compression may
require surgical decompression and a syrinx may require
drainage and shunting. A detethering procedure may
relieve pain caused by scarring around nerve roots.

If it is not possible to address a structural problem,
surgical approaches attempt to deal with the pain by
destroying or disconnecting the site of abnormal activity
or disconnecting it from the brain. Several uncontrolled
studies have been performed to examine efficacy of

surgical approaches with variability in outcomes. Cor-
dotomy or cordomyelotomy has been used to a limited
extent and has been reported to be effective in some
patients.96, 97[V] Dorsal root entry zone (DREZ) lesioning
is a procedure that destroys nerve cells in the dorsal horn
close to the level of injury. It is less destructive than
cordotomy and can be effective in providing relief of
neuropathic pain, although best results are obtained in
those with at-level neuropathic pain.98, 99[V] DREZ
lesioning guided by intramedullary recordings of spon-
taneous and C-fiber-evoked electrical hyperactivity is
suggested to relieve both at- and below-level SCI pain.100
, 101[V] On the whole, however, surgical approaches are
relatively invasive, may cause additional neurological
deficits and may fail to address supraspinal changes and
therefore provide only temporary or incomplete relief.

PHYSICAL APPROACHES

Physical approaches may help to improve pain associated
with chronic musculoskeletal pain and may indirectly
influence neuropathic SCI pain. Abnormal posture,
gait, and overuse with transfers and wheelchair use
may all contribute to the presence of pain and may be
addressed by physiotherapy, exercise,102[II] retraining,
and environmental modifications, such as the use of
specialized adaptive equipment, wheelchair adjustment
and positioning, and assistance from carers.

Table 29.3 Nonpharmacological treatments for persistent at- and below-level neuropathic SCI pain: level of evidence, limitations, and

specific indications for third-line treatments.

Nonpharmacological
treatment

Level of evidence for
efficacy

Disadvantages or side effects Specific indications

Physical therapy
Exercise 1ve RCT102[II] Indirect influence on

neuropathic SCI pain

Stimulation
TENS

Acupuncture 1ve cases91, 92[V] Invasive

Spinal cord stimulation 1ve cases93[V] Invasive At-level neuropathic pain,

incomplete injuries

Deep brain stimulation 1ve cases90[V] Invasive, intracranial

hemorrhage, lack of long-

term benefit

Transcranial motor cortex 1ve RCT95[II] Short-term effect

Epidural motor cortex 1ve cases94[V] Invasive

Surgery
DREZ 1ve cases98, 99, 100, 101[V] Invasive, risk of further deficits At-level neuropathic pain

Cordotomy 1ve cases96, 97[V] Invasive, risk of further deficits

Psychological therapy
Cognitive behavioral program 1ve studies104, 105[III] Positive effect on mood and

sleep, but not pain intensity

DREZ, dorsal root entry zone; RCT, randomized controlled trials; TENS, transcutaneous electrical nerve stimulation.
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Figure 29.2 Proposed algorithm for the assessment and treatment of nociceptive pain following spinal cord injury (from Ref. 107).
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Psychological and environmental aspects

The person with SCI undergoes a huge adjustment in
relationships, lifestyle, vocation, and self-image that need
to be addressed and people with a severe SCI often have
significant psychological distress, particularly in the acute
post injury period.103[V] The presence of chronic pain
may be an additional factor that prevents expected
rehabilitation and return to employment and function in
domestic life.5, 6, 22, 104[V] Anxiety and depression are
both normal responses to injury and often improve with
time and the implementation of the person’s inherent
coping skills. In these people, formal intervention may
not be required. However, for the minority who experi-
ence severe or chronic mood dysfunction that is having
an impact on their ability to function and contributing to
pain, intervention should be offered.

There are a variety of approaches for dealing with
psychological and environmental contributors. These may
include the use of anxiolytic and antidepressant medica-
tions and/or cognitive–behavioral treatment.105[III], 106

[III] It may also be necessary to address other external
factors that are believed to be contributing to the
pain. It is evident that psychological factors influence
the experience of pain, and therefore it is likely that
cognitive–behavioral interventions may improve the
quality of life in pain patients. Relaxation techniques
are suggested to be of benefit in SCI pain and may
alter the attitude towards pain. Well-designed studies
are needed to determine the effects of the non-
pharmacological treatment of SCI pain.

Treatment summary

It is difficult to summarize the treatments options for
pain associated with SCI succinctly. Guidelines need to
take into consideration a broad range of issues including
pain, other medical and psychological issues, personal
preference, side effects, treatment availability, and cost.
As mentioned, the evidence to support many inter-
ventions in the management of SCI pain is limited,
making definitive recommendations difficult to formulate
(Tables 29.2 and 29.3). Therefore, it is not possible to
provide a prescriptive approach to the management of
SCI pain. Nevertheless, it still may be helpful to consider
guidelines that can provide a general approach that can be
tailored to the individual. An assessment and treatment
algorithm has been published which recognizes these
limitations, and attempts to provide some direction for
treatment (Figures 29.2 and 29.3).107

In this algorithm, a number of pharmacological
options for SCI neuropathic pain are presented. In the
acute, in-patient setting, parenteral lidocaine is suggested
as a first-line agent and gabapentin in the subacute or
chronic setting. With the recent evidence for the efficacy
of pregabalin,65 this is an alternative to the use of

gabapentin. If gabapentin or pregabalin fail to provide
adequate relief, the use of a tricyclic antidepressant, such
as amitriptyline or nortriptyline, or a weak opioid, such as
tramadol, are suggested as a second-line treatment.
Although there is limited and even negative evidence with
tricyclic antidepressants alone in the treatment of SCI
pain,73 there is strong evidence of efficacy in other neuro-
pathic pain conditions, as well as reports that combina-
tions of anticonvulsants and tricyclic antidepressants are
more effective than when either is administered alone.69, 82

[V] Therefore, if a single agent is ineffective, a combina-
tion of an anticonvulsant with either a tricyclic anti-
depressant or an opioid may produce additional relief.
Tricyclic antidepressants should generally not be com-
bined with tramadol because of the increased potential
to develop serotonergic syndrome. There are a number of
third-line treatments that may be considered if the first-
and second-line treatments fail. However, evidence is
limited or negative, they may be indicated for specific
populations or have disadvantages that make it difficult
to recommend them as first- or second-line treatments.
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KEY LEARNING POINTS

� Chronic pain after surgery is common.
� Definition is difficult at a clinical level, but essential for

research purposes.
� Chronic pain may occur after any operation.
� The severity and frequency of pain are not proportional

to the size of the surgical operation.

� There are many different types of pain syndrome after

surgery.
� The mechanisms are ill understood and complex.
� In most cases, it is inappropriate and unhelpful to

blame the surgeon.

INTRODUCTION

Chronic pain after surgery is now a well-recognized
phenomenon and there are several review articles dealing
with the subject in general.1, 2, 3, 4 There is also a wealth
of publications on pain after individual operations, and
this chapter will only briefly review the prevalence and
demographic data on the subject, given that this has been
covered extensively in these other publications. Chapter
31, Preventing chronic pain after surgery in the Acute Pain
volume in this series covers the risk factors and preven-
tion of chronic pain after surgery.

On reviewing the literature, it is interesting to note
that certain operations are well represented (e.g. hernia,
limb amputation, and breast surgery), but there is less
information about others (e.g. cholecystectomy, gyneco-
logical, and orthopedic procedures). Although the fact
that many patients suffer chronic pain after surgery is well

documented, it has not yet reached all doctors, the gen-
eral public, or the media. Postsurgical pain is mentioned
as a potential complication on some websites dealing with
recovery from breast cancer surgery, but is not commonly
discussed in surgical textbooks. When obtaining consent
prior for surgery, chronic postsurgical pain (CPSP)
should be discussed, along with other possible adverse
events, complications, and side effects of operations.
Future studies on outcomes of surgery should include
chronic pain as an outcome measure.

PROBLEM OF DEFINITION

It is difficult to define when a pain becomes chronic. Pain
lasting longer than the usual period of healing, or pain
that is unlikely to resolve have been suggested, as well as
various time scales, for example three or six months.5



These time scales are all arbitrary and in practice it may
not be possible to be exact. As the mechanisms of the
changes that occur after injury and surgery become
better understood, details of definition, such as the time
scale, will become less important. To illustrate this point,
if a patient has an operation for varicose veins and the
saphenous nerve is injured, then they will probably have
pain immediately after the operation. This may persist
from the time of the operation and possibly be perma-
nent, as it is a neuropathic pain. When does it become
chronic? In chronic pain after surgery, the difficulty is
compounded because pain may have been one of the
symptoms that the patient was complaining of prior
to surgery, and in fact may have been the main reason
for seeking medical help. For example, in patients who
have had a cholecystectomy for right upper quadrant
pain, the preexisting pain will confuse the issue and
complicate understanding the process of development.
Is the pain merely a continuation of the presurgical
problem or is it a new problem? If it is new, was it caused
by the surgery? In some cases, it is obvious that there
is a new problem; for example, if there is nerve injury
following open cholecystectomy the description of the
pain will be quite different from the pain of gallstones and
will be accompanied by sensory changes. Unfortunately,
in many cases it is difficult to disentangle the pains,
especially if the pain that the patient complained of
prior to surgery was not helped by the operation. In many
patients with abdominal pain, no obvious cause can be
found, despite exhaustive investigations. Surgeons are
often put under pressure by patients and their relatives,
that ‘‘something must be done.’’ Sometimes an incidental
finding in one of the investigations may serve as a
focus for an unfounded belief about the cause, which then
leads to surgery. In cases where visceral hyperalgesia
is part of the mechanism, surgery is likely to make the
pain worse.6

A working definition of chronic postsurgical pain has
been proposed,3 which suggests the following criteria:

� the pain developed after a surgical procedure;
� the pain is of at least two months duration;
� other causes for the pain should have been excluded

(e.g. continuing malignancy or chronic infection);
� the possibility that the pain is continuing from a

preexisting problem must be explored and exclusion
attempted. (There is an obvious gray area here in
that surgery may simply exacerbate a preexisting
condition, but attributing escalating pain to the
surgery is clearly not possible as natural deterioration
cannot be ruled out.)

Unfortunately, most published studies do not attempt to
define chronic pain after surgery, and in the studies where
a definition is attempted, there are differences in timing
and criteria used.7 Although the above definition is
arbitrary, it is a starting point.

RANGE OF SYNDROMES

There is no single entity ‘‘chronic pain after surgery,’’ it
may present with several different types of pain syn-
drome. Even one operation, such as open thoracotomy,
can cause chronic pain in several different ways; the
surgeon has to either resect a piece of rib or spread the
ribs in order to gain access to the chest. This causes
skeletal trauma to the ribs or to the joints at the posterior
and anterior articulations which may result in a noci-
ceptive, musculoskeletal pain. The intercostal nerves,
lying just deep to the inferior border of the ribs, are
vulnerable to injury, which may cause neuropathic pain.
Surgery involving the lungs, heart, or other organs may
contribute to a chronic visceral pain. Chest drains can
be a source of pain.8 After breast surgery, patients
may experience several types of pain: phantom pain,9, 10

neuropathic pain caused by damage to the inter-
costobrachial nerve,11 or scar pain.12 In addition to pain,
patients report a wide diversity of symptoms including
numbness, tingling, swelling, or sensitivity which they
report as unpleasant and distressing.13, 14 These symp-
toms also cause morbidity and can severely impact upon
quality of life. It is obvious therefore that even after a
single operation there may be a diverse group of sensa-
tions felt in the postoperative period. This can also pre-
sent a challenge for accurate classification of CPSP
syndromes as the majority of the studies are epidemio-
logical, thus population-based, relying on questionnaires
to gather data. Few studies have used clinical assessment,
which is understandable because of resource implications,
but inevitably calls into question the quality and relia-
bility of the findings. Studies on pain after amputation
have stressed how difficult patients find it to differentiate
between stump pain, phantom pain, and other unpleasant
sensations,15 and it is probable that patients with other
postsurgical pain syndromes have similar difficulties.

MECHANISMS OF CHRONIC POSTSURGICAL
PAIN

Most people expect to have some pain after an operation.
This represents the same process within the organism as
pain after any injury. The pain caused by an injury does
not bear a simple relationship to the severity or ‘‘size’’ of
the injury and in the same way the size of the operation
does not neatly correlate to the severity of the chronic
pain that follows. An example would be to compare
vasectomy with total hip replacement or sternotomy.
Vasectomy is an operation carried out for social rather
than medical reasons, on fit men, and is minimally
traumatic. However, in a proportion of men, the pain
suffered after surgery can be severe and cause considerable
disability. The prevalence of chronic pain after vasectomy
varies between studies from 516 to 15 percent.17, 18 In
contrast, total hip replacement is a major operation on
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patients who have normally long-standing and painful
pathology. This is a lengthy procedure that involves cut-
ting and reaming bone, injury to muscles and other soft
tissues, and a large incision which must inevitably cut
some nerves. Nikolajsen et al.19 found a prevalence of
chronic pain of 28 percent at 12–18 months following
total hip arthroplasty, which caused sleep disturbance in
9 percent and moderate, severe, or very severe impact
on daily life in 12 percent. In this group of 1048 patients,
only one did not have pain prior to the operation,
the majority had severe pain. After sternotomy, another
traumatic procedure, about 28 percent of patients report
chronic pain, with about 13 percent overall experiencing
moderate or severe pain.20, 21

In a recent paper, Peters et al.22 explored somatic and
psychological predictors of outcome after surgery. This
interesting study found that operations lasting more
than three hours were associated with more chronic pain,
as well as increased functional limitation, poor global
recovery, and poorer quality of life at six months post-
operatively. Fear of surgery and severe postoperative pain
were also associated with a worse outcome. The authors
suggest that the prolonged and intense nociceptive bar-
rage may increase central sensitizations. Recent work on
the role of the brain stem in influencing spinal cord
amplification may help to explain the role of emotions
and psychological factors.23

Clearly, the mechanisms involved in the etiology of
chronic pain are complex and any operation has the
potential to cause chronic pain, but changes in the
nervous system are probably the most important factor.

Changes to the nervous system after injury and
surgery

Neuropathic pain has many etiologies and mechanisms.24

Nerve injury, such as transection, stretching, or con-
striction, will obviously cause structural and functional
changes. However, it is important to appreciate that
injury to other tissues changes the pain system as well.25

A good example is sunburn, a thermal injury to the skin.
To explain the pain after sunburn simply in terms of
‘‘damage to the skin’’ is an illogical and inadequate
explanation; thermal injury to the skin initiates a cascade
of changes, including the release of inflammatory
mediators from the damaged cells. These change the
nociceptors by reducing their thresholds and increasing
excitability, both at the periphery and in the spinal cord.
This hyperexcitability results in allodynia and hyper-
algesia. It is this sensitization in the sensory nerves to the
skin (caused by the damage) that causes the ongoing
pain, not the damage to the skin itself. In the same way,
the injuries involved in surgery can also cause changes,
both peripheral and central, resulting in sensitization and
hyperalgesia. Many postsurgical pain syndromes are in
fact allodynic and hyperalgesic syndromes.

Neuronal plasticity after injury occurs not only at the
periphery and the spinal cord, but also in the brain. Pons
et al.26 first described remapping of the sensory cortex
after deafferentation. Cortical remapping is now known
to occur in humans after limb amputation27 and may be
evident soon after injury.28 It has been shown to change
with time.29 Plasticity can also occur in the thalamus.30

In an interesting case described by Halligan et al.,31 a
patient developed the sensation of a third arm following a
stroke, suggesting that this may be a two-way process –
injury to the brain can cause misperceptions at the per-
iphery. The changes in the brain after amputation con-
tribute to the reason why amputees have phantom
sensations and pain.

EVOLUTIONARY PERSPECTIVE

As described above, the nervous system changes following
injury. The injured part becomes painful and sensitive
because the peripheral receptor thresholds are decreased
and central amplification occurs, making any signals
‘‘louder.’’ This hypersensitivity following injury probably
confers an evolutionary benefit by encouraging rest,
preventing further damage, and allowing healing. The
abnormal ‘‘settings’’ of the nervous system should return
to normal after the injury has healed. Failure to return to
normal would leave the nervous system in a sensitized
state and this is probably one of the causes of chronic
pain after surgery. Why the nervous system does not
readjust is unknown, but animal work suggests that there
is a genetic component to the development of neuro-
pathic pain after injury.32, 33 There are many similarities
between memory and chronic pain; long-term potentia-
tion (LTP) is a mechanism common to both.34, 35 In many
ways, chronic pain represents a failure to forget.

POSTSURGICAL PAIN SYNDROMES

As stated earlier, there are several different types of pain
syndromes which may develop after surgery. Most studies
of chronic pain after surgery focus on patient cohorts
undergoing one surgical procedure, such as mastectomy
or chest surgery, rather than assessment of large, diverse
surgical populations. In this chapter, it is not possible
to review all the literature on postsurgical conditions.
We will review the pain syndromes associated with three
types of surgery, amputation, hernia surgery, and breast
surgery. These are the three areas that have received the
most attention and in which there are sufficient good
quality publications to draw valid conclusions. The review
articles mentioned in the Introduction above cover pain
syndromes after some other types of surgery, but it has
to be emphasized that for many types of surgery there
is little or no published evidence and often the studies are
of poor quality.
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Pain after amputation

Pain after limb amputation was undoubtedly the first
of all the postsurgical pain syndromes to be recognized.
Silas Weir Mitchell described phantom limbs and pain
syndromes caused by gunshot wounds following the
American Civil War.36 Pain following limb amputation
falls into two broad categories, phantom pain and stump
pain (also called residual limb pain). Many lower limb
amputees also report back pain.37 For a detailed review
of phantom pain, see the excellent article by Nikolajsen
and Jensen, and Chapter 31, Postamputation pain.38

The incidence of phantom limb pain varies from
around 50 to 85 percent.39, 40, 41, 42 In a study of amputees
from the Yom Kippur war, Carlen et al.43 reported an
incidence of phantom pain of 67 percent. The onset of the
phantom pain was immediate in 12 percent of patients,
during the first day in 10 percent, during the first week in
12 percent, in the second week in 5 percent, third week in
16 percent, and longer than three weeks in 2 percent. The
remaining patients had no pain or were uncertain about
the date of onset. A study of upper limb amputees from
the Iran–Iraq War found an incidence of phantom
pain of 32 percent.44 In general, phantom pain seems
to be less common after upper limb amputation than
lower limb amputation.45, 46 The severity of phantom
pain varies between studies, from 59 percent with mostly
mild or moderate pain,41 to 40 percent of amputees
with severe pain.47 Although several studies have shown
that phantom pain can improve or resolve in individuals,
in a population of amputees the prevalence of phantom
limb pain changes little; some patients improve, while
others become worse. Overall, the literature does suggest
that the duration and frequency of phantom limb epi-
sodes tends to decrease in the first six months, but remain
stable thereafter.40 Several studies have investigated risk
factors for phantom limb pain, but areas of controversy
remain.48, 49, 50

In the past it was thought that young children rarely
suffer phantom limb pain and that those with congenital
absence of limbs do not experience phantom limbs or
phantom limb pain. However, a study of children by
Smith and Thompson51 found a pain prevalence of 12
percent for amputation following trauma and 48 percent
for amputations because of cancer. Interestingly, in this
subgroup of cancer patients the incidence rose to 74
percent if the children had chemotherapy at or before the
time of amputation, but the incidence was 44 percent if
the chemotherapy was given after the amputation. The
prevalence was only 12 percent if chemotherapy was
not used. Melzack et al.52 have shown that children with
congenital absence of limbs can indeed suffer phantom
pain.

The prevalence of stump pain varies in different stu-
dies. In a survey of US Army veterans, Sherman et al.39

found an incidence of 62 percent and Richardson et al.42

reported 51 percent, in a prospective study of patients

with peripheral vascular disease. However, Pohjolainen41

found a prevalence of stump pain in only 5 percent in a
study of amputees attending a prosthetics factory. The
differences in prevalence between these studies probably
reflect methodological rather than real differences.

Phantom pain can occur after removal of other body
parts as well as limbs, such as breast,9, 10 eye,53 rectum,54, 55

tongue,56 teeth,57 and genitals.58 Despite the fact that
circumcision is the most common operation carried out
on males, there are no reports of phantom foreskin in the
literature.

Chronic pain after hernia surgery

The epidemiology of chronic pain after inguinal hernia
surgery is well documented. Indeed, the volume of lit-
erature reporting CPSP after hernia surgery has increased
dramatically in the last two decades. Many studies have
been specifically designed to investigate persistent pain
as an outcome rather than the traditional outcomes of
hernia recurrence, wound infection, or return to work.
Guidance on laparoscopic and open hernia surgery pub-
lished by the UK National Institute for Clinical Excellence
(NICE) acknowledged chronic pain as a common post-
operative adverse event and recommended that future
studies assess persistent pain along with recurrence and
other adverse outcomes.59

Two systematic reviews of the epidemiology of chronic
pain after inguinal herniorrhaphy have been published
since 2003. First, Poobalan et al.7 reviewed data on
chronic pain from 40 experimental and epidemiological
studies published up to the year 2000. Using strict
inclusion criteria, with chronic pain defined as that at or
beyond three months, 40 of 101 potential studies were
eligible for inclusion. The frequency of chronic pain after
herniorrhaphy ranged from 0 to 53 percent depending
upon timing and method of follow up, with moderate to
severe pain in about 10 percent of patients. An updated
systematic review only included studies published
between 2000 and 2004, with sample sizes of at least 100
patients and a rigorous definition of chronicity of pain at
or beyond six months of surgery.60 Despite these strict
limiting criteria, the search still yielded over 100 potential
studies, although many were rejected because of lack of
follow up beyond six months. Chronic pain was the pri-
mary outcome in 16 studies. Both reviews found higher
pain prevalence rates where chronic pain was the primary
outcome of interest, with rates being three times higher
compared to studies where pain was the secondary out-
come.7, 60 These systematic reviews indicate the increase
in volume of literature, from both epidemiological and
experimental studies.

Hernia surgery provides a good model for studying the
mechanisms of chronic pain, given it is a common elec-
tive procedure for a benign condition in a relatively
healthy and active population. The condition can be

408 ] PART III MANAGEMENT – CLINICAL SITUATIONS



uncomplicated by extensive comorbidity or by con-
founding treatment variables, such as chemotherapy
and radiotherapy. It is a common surgical procedure,
with approximately 70,000 procedures being conducted in
England per annum and 700,000 in the USA.59, 61

Therefore, the potential burden of illness is high given the
population exposed to surgery and given that 10 percent
will be expected to develop chronic pain after surgery.

Chronic pain after breast surgery

In the UK alone, 42,000 new patients are diagnosed with
primary breast cancer each year and most undergo sur-
gery, either mastectomy or breast conservation surgery
with sentinel node sample or clearance. Chronic pain was
initially reported in the 1970s as a rare consequence of
breast cancer treatment.62 There are now many epi-
demiological and clinical studies reporting the prevalence
and characteristics of persistent pain which suggest that it
occurs commonly, with subsequent impact upon quality
of life. There are several types of pain suffered by women
after breast surgery.9, 63, 64 Although prevalence varies
by methodology used and timing of follow up,10 post-
mastectomy pain is thought to affect up to half of women
undergoing surgery up to one year after their surgery.12

Chronic pain is also common after breast reduction and
augmentation operations.63, 65 It is also important to
recognize that pain is not the only symptom that may be
bothersome for patients after breast surgery; swelling,
tingling, numbness, and other symptoms are commonly
reported.14, 66, 67

The cause of pain following breast surgery is complex
and various etiologies have been postulated. Early
theories mostly attributed the cause to peripheral
nerve damage and traumatic neuroma. Although pre-
dominantly referred to as ‘‘postmastectomy pain syn-
drome’’ in the past, it has been suggested that this term be
changed to intercostobrachial neuralgia (ICN) to describe
the neuropathic pain syndromes, regardless of operative
procedure, whether radical mastectomy or lumpectomy
with axillary clearance.12 Damage may occur to nerves
during surgery, particularly to the intercostobrachial
nerve which arises from the second and/or third thoracic
intercostal nerve and crosses the axilla supplying sensa-
tion to the upper half of the arm and axillary region. The
intercostobrachial nerve is often sacrificed to accomplish
complete removal of axillary lymph nodes. It was report-
ed that sacrifice of the intercostobrachial nerve led to
persistent discomfort, resultant numbness, and para-
esthesia and that the nerve should be preserved wherever
possible.68 However, preservation may not be possible
because of tumor spread or anatomical variations in its
course. The situation is complicated because throughout
the 1990s, studies of breast conservation surgery reported
that chronic pain and abnormal sensations persisted even
where the nerve was preserved.69 Carpenter et al.70 state,

‘‘the generally accepted risk factor of damage to the
intercostobrachial nerve is mostly anecdotal.’’ Axillary
hematoma has been reported as a possible and treatable
cause of postmastectomy pain syndrome.71 Chronic pain
and persistent upper arm symptoms have been reported
after lumpectomy, sentinel node biopsy procedures, and
also breast augmentation or reduction surgery.63, 65, 70, 72,
73 As the surgical procedure is quite different in these
procedures, and the intercostobrachial nerve may not be
affected, clearly other factors in addition to nerve injury
contribute to the development of pain. The risk factors
for CPSP after breast surgery are examined in more detail
in Chapter 31, Preventing chronic pain after surgery in
the Acute Pain volume in this series.

A comprehensive review article proposed a classifica-
tion system for postoperative neuropathic pain after
breast cancer surgery.12 The authors described nociceptive
chronic pain after surgery as that resulting from injury to
ligament or muscle, and neuropathic pain as that initiated
or caused by a primary lesion or dysfunction in the ner-
vous system. They suggest classifying the neuropathic
pain syndromes into four groups: (1) phantom breast
pain, (2) intercostobrachial neuralgia, (3) neuroma pain,
and (4) other nerve injury pain. Although comprehensive
in that it included 17 primary studies, the review was
unsystematic in methodology and failed to describe
bibliographic databases or search strategy, or the criteria
for study inclusion or exclusion. The timing of pain
chronicity ranged from two to six months after breast
surgery. The review presents prevalence rates by pain
syndrome: phantom breast pain (13–44 percent), ICN
(13–61 percent), and neuroma pain (23–49 percent).12

This is the first attempt at syndrome classification; how-
ever, it fails to account for variation or misclassification
within patient samples from individual studies, particu-
larly because most primary studies have used postal
methodology rather than detailed clinical assessment.
Many patients may have mixed pain syndromes and may
be troubled by other symptoms, not usually described as
painful.14, 66, 67 The need for clean distinctions between
syndromes for research purposes is not reflected in the
clinical reality. Many patients present at pain clinics with
complex problems and many different symptoms, and the
challenge is to develop valid and reliable data collection
tools to improve upon accuracy of detection and classi-
fication of syndromes.

IMPLICATIONS OF THE COMPLEXITY OF
MECHANISMS

Understanding the scale of the changes to the nervous
system and the mechanisms that predispose to chronic
pain after surgery is important for many reasons. It can
change the climate of blame that exists when patients have
pain after an operation. Because people expect the pain
after injury or an operation to resolve as the injury heals,
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it is natural that they should imagine that something
must have gone wrong with the operation if the pain
persists. It is not possible to perform surgery without
some damage to tissues, and therefore a hyperalgesic
state will be induced after any operation, regardless of
how it is done. Usually this will revert to normal as
healing occurs, but not always. Whether a patient
experiences chronic pain after surgery or not is therefore
more likely to depend on the ‘‘set’’ of their nervous sys-
tem than on precisely what the surgeon did. For patients
who have chronic pain after surgery, it is inappropriate to
assume that the surgeon has necessarily done anything
wrong or that it is anyone’s fault.

Patients who believe that someone was to blame for
their chronic pain report more distress and behavioral
disturbance, as well as poor response to treatments
and lower expectations of future benefits.74 Cognitive
mechanisms of symptom perception in chronic pain may
be affected by a patient’s belief that they were injured,75

leading to lower pain threshold and tolerance, decreased
activity, and general deconditioning. It is therefore clear
that removing the climate of blame would help both
patients and surgeons. By accepting that chronic pain is,
for a proportion of patients, an inevitable consequence of
surgery, like a wound infection, and openly discussing it
before surgery, much subsequent grief could be avoided.

The complexity also has implications for clinical
practice. The extent of the changes in the nervous system
suggests that pharmacological, psychological, and beha-
vioral therapies may be more beneficial to patients than
invasive treatments. Simplistic notions about treatment,
for example simple nerve blocks, or further surgery are
unlikely to help, and may well do harm, by causing fur-
ther damage. If surgery has the potential to cause chronic
pain, then caution is needed before embarking on
operations. This is of particular relevance for cosmetic
surgery, or for other procedures that are performed out of
choice rather than need. It also raises important questions
about surgery in conditions where the evidence for effi-
cacy is lacking, for example some types of surgery for
back pain, producing the post laminectomy syndrome.76

Lastly, acknowledging the complexity of chronic pain
after surgery, especially the changes in the nervous system,
should help to guide the directions of future research,
in particular by taking into account the mechanisms that
lead to the development of chronic pain.

FUTURE DIRECTIONS

Many of the studies on this topic from the past are of
poor quality. There are papers in which the methods
section describes how to perform the surgical operation,
but does not clearly identify the sample size, the defini-
tions used, the follow-up time, or outcome measures.
The problem of definition has been ignored by many
authors. Many studies report pain incidence but without

preoperative data, making it hard to draw valid conclu-
sions about incidence. Some studies are described as
cohort studies when they are in fact cross-sectional stu-
dies reporting point or period prevalence. There are many
papers, which in the title purport to look at outcomes of
surgery, but do not mention pain, despite previously
published evidence that chronic pain is a recognized
sequela of that type of surgery. Fortunately, there is
evidence of a large increase in literature on CPSP in the
last few decades and that the quality of literature is
improving. Studies which are designed specifically to
investigate the incidence of chronic pain usually find a
higher incidence than studies in which chronic pain is
only studied as part of a broader investigation. These
broader studies can be less well conducted, often with
methodological flaws.

Most previous research has concentrated on the epi-
demiology of CPSP after different procedures, the surgery,
and patient demographics. While this is understandable
and useful, we need to move beyond studies of prevalence
which merely draw attention to the frequency of the
problem. In future clinical studies, researchers should be
concentrating on risk factors, prevention, and manage-
ment. Good quality prospective studies are required that
record baseline preoperative data, in order to identify
subgroups of patients who may be at higher risk of
developing CPSP. There is a need to broaden the scientific
approach, acknowledging the complex interactions
between the ‘‘patient’’ factors, such as genotype, previous
medical history, and psychosocial factors, and the ‘‘sur-
gical’’ factors, such as type of surgery, type of anesthesia,
concomitant treatments, and perioperative analgesia.
These wider investigative approaches have been used
to identify risk factors for other types of nonsurgical
chronic pain syndromes, such as fibromyalgia and
chronic widespread pain.77 Therefore, we argue for a
multidisciplinary approach, to design new studies
with experts from chronic pain, epidemiology, health
psychology, brain imaging, neurosciences, genetics, and
probably other disciplines as well.

Many questions remain unanswered. Why is it that
only a proportion of patients have chronic pain after a
standardized operation, why not everyone or nobody?
What is different about this group of patients? Why are
the results of studies examining nerve transection so
contradictory? In order to begin to understand these
questions, we need to investigate the mechanisms of pain
after surgery, which is in essence the same as that of
pain after any injury. Castillo et al.78 have shown that after
lower limb trauma, the numbers of patients demon-
strating high levels of long-term pain are similar to
chronic postsurgical pain syndromes. This highlights the
importance of relevant basic science research into the
mechanisms of pain after injury. It is only by bringing
together basic scientists and clinicians that we will
understand and solve the problem of chronic pain after
surgery, and work to prevent it.
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KEY LEARNING POINTS

� The present chapter focuses on clinical characteristics,

mechanisms, treatment, and possible preventive

measures for pain after limb amputation.
� The incidence of phantom pain, i.e. pain referred to the

missing limb, is 60–80 percent. The number of

amputees with severe phantom pain is substantially

smaller and in the range of 10–15 percent.
� Phantom sensations, i.e. nonpainful sensations referred

to the missing limb, are experienced by almost all

amputees, but rarely pose any clinical problem.
� Pain located to the residual limb is frequent

immediately after amputation. Residual limb pain,

however, persists in 5–10 percent of amputees and is

often associated with sensory abnormalities, such as

hypoesthesia, hyperalgesia, or allodynia.
� The mechanisms underlying chronic pain in amputees

are not fully known, but both peripheral and central

mechanisms are involved.
� Chronic residual limb and phantom pain are difficult to

treat. Treatment regimens used for other neuropathic

pain conditions are probably the best approximation.
� It is not possible to prevent all postamputation pain

from developing even by intense perioperative pain

management.

INTRODUCTION

The first medical descriptions of postamputation
phenomena were published in the sixteenth century by
such authors as Ambroise Paré, René Descartes, Aaron
Lemos, and Charles Bell. Historically, Silas Weir Mitchell
is credited with coining the term ‘‘phantom limb.’’ In
Injuries of Nerves and their Consequences (1872) he pre-
sented results from clinical studies of amputees and
approached phantom limbs physiologically, experimen-
tally, and therapeutically (for historical review see Finger
and Hustwit).1

In modern times, the Second World War, Vietnam,
Israeli, and Iraqi wars have been responsible for many sad
cases of traumatic amputations in otherwise healthy
people. Landmine explosions in Cambodia still result in

many amputations,2 and during the recent civil war in
Sierra Leone, the opposing sides performed limb ampu-
tations to terrorize the enemy.3 Judicial amputations
are still carried out in some societies (see www.amnes-
ty.org.uk, www.hrweb.org/legal/cat.html). In western
countries, the main reason for surgical amputation is
peripheral vascular disease and, less often, tumors. Most
of these patients are elderly and have often suffered from
long-lasting preamputation pain.

Amputation is followed by phantom phenomena
in virtually all amputees. The incidence and nature of
phantom pain are probably similar in patients amputated
for medical or traumatic reasons.4 Most 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

www.amnesty.org.uk
www.amnesty.org.uk
www.hrweb.org/legal/cat.html


problem, but 60–80 percent of all amputees also have
painful sensations located to the missing limb. The
intensity and frequency of both nonpainful and painful
phantom sensations usually diminish in time, but in a
substantial number of patients (5–10 percent) severe
phantom pain persists. Residual limb pain is another
consequence of trauma or surgery, but in most patients
the pain subsides within a few weeks. However, some
patients develop chronic pain located in the residual limb.
Phantom sensation, phantom pain, and residual limb
pain often coexist in the same patient and the elements
may be difficult to separate.

The mechanisms underlying chronic pain in amputees
are not fully known, despite extensive research in the area.
The development of animal models mimicking neuro-
pathic pain and research in other neuropathic pain con-
ditions has, however, contributed significantly to the
understanding of phantom pain. It is now clear that nerve
injury is followed by a series of changes in the peripheral
and central nervous system, and that these changes
may play a role in the induction and maintenance of
phantom pain.

Chronic residual limb and phantom pain may be
exceedingly difficult to treat. Many different treatments
have been proposed but the vast majority are based on
small groups with no controls. Tricyclic antidepressants
(TCAs) and anticonvulsants have proven effective in other
neuropathic pain conditions.5 These drugs are probably
also effective in the treatment of chronic postamputation
pain. Other medications may include opioids and perhaps
N-methyl-D-aspartic acid (NMDA) receptor antagonists.
Nonmedical treatments, for example physiotherapy and
transcutaneous electrical nerve stimulation (TENS),
should also be tried. Surgery must be avoided, except in
cases with obvious stump pathology.

Although phantom pains may occur after the loss of
other body parts, for example the breast6 or the rectum,7

the present chapter will focus on postamputation pain
after limb amputation. The following definitions will be
used:

� phantom pain: painful sensations referred to the
missing limb;

� phantom sensation: any sensation of the missing
limb, except pain;

� residual limb pain: pain referred to the amputation
residual limb.

CLINICAL CHARACTERISTICS

Phantom pain

PREVALENCE

The reported prevalence of phantom pain varies much
in the literature. Very early studies claimed that the

prevalence was 2–4 percent,8, 9 but today most studies
agree that 60–80 percent of all amputees experience
phantom pain following amputation (see Table 31.1
for details).3, 4, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27 In a recent study including 914 amputees, 80 percent
reported experiencing phantom pain.24

There are several explanations for this variation,
including different methods of estimating pain. Studies
based on patients’ request for pain treatment are likely to
underestimate the prevalence because many amputees –
at least in the past – were reluctant to report pain to
healthcare providers.14 In a retrospective study of the
methods of anesthesia and analgesia for 349 major lower
limb amputations, there was a written record of only 18
percent patients experiencing phantom pain, although 37
percent were prescribed carbamazepine.28

The prevalence of phantom pain seems to be inde-
pendent of age in adults, gender, side or level of ampu-
tation, and cause (nontraumatic versus traumatic) of
amputation.4, 13, 19, 24, 29 Interestingly, phantom limb pain
is more frequent when the amputation occurs in adult-
hood, less frequent in child amputees, and virtually
nonexistent in congenital amputees.30, 31 In a study of 60
child and adolescent amputees who were missing a limb
because of congenital limb deficiency (n= 27), trauma
or surgery (n= 33), the prevalence of phantom pain was
3.7 percent in the congenital group and 48.5 percent in
the surgical group.13, 20, 26

TIME COURSE OF PHANTOM PAIN

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.13, 20, 26 Amputees who do not experience
phantom pain in the first days or weeks after amputation
are less likely to develop phantom pain later in the course.
Richardson et al.26 prospectively examined the incidence
of phantom pain in 52 amputees. Phantom pain was
reported by 92.3 percent in the first week after amputa-
tion and by 78.8 percent after six months. In a retro-
spective study, however, of individuals who were either
born limb-deficient or amputated before the age of six
years, Melzack et al.31 found that the mean time for
onset of phantom pain was nine years in the group of
congenital amputees and 2.3 years in the group with early
amputations.

Case reports confirm that the onset of phantom
pain can be delayed for months or even years.32 In some
cases a trauma to the residual limb can elicit phantom
pain in a previously pain-free individual. Others have
reported phantom pain after spinal neoplasia or spinal
tuberculosis.33, 34, 35

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
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with a maximum follow-up period of two years have
reported a slight decline in the proportion of patients
affected over time.10, 20, 36 In the study by Nikolajsen
et al.,20 the incidence and intensity of pain remained
constant during the six months follow up, but both fre-
quency and duration of phantom pain attacks decreased
significantly. In a survey of 526 veterans with long-
standing amputations, phantom pain had disappeared in
16 percent, decreased markedly in 37 percent, remained
similar in 44 percent, and increased in 3 percent of the
respondents reporting phantom pain.18

FREQUENCY, INTENSITY, CHARACTER, AND POSITION OF
PHANTOM PAIN

Phantom pain is episodic in nature, and only few
amputees are in constant pain.37 Diary studies have
shown that most amputees report pain attacks occur daily
or at daily or weekly intervals.38 Kooijman et al.23 studied
99 upper limb amputees; among patients with phantom
pain, 24 percent had pain constantly, 24 percent experi-
enced pain a few times a day, 16 percent had pain a few
times per week, and the rest had less frequent pain. In a
survey of 255 lower limb amputees, Ehde et al.22 found
that the duration of pain attacks was a few minutes in
52 percent of patients, several minutes to an hour in
26 percent of patients, and even longer in the rest of the
patients.

The mean intensity of pain on a visual analog scale
(VAS, 0–100) was 22 (range 3–82) six months after
amputation in a prospective study of mainly vascular
amputees.20 Houghton et al.4 retrospectively asked 176
amputees to specify intensity of phantom pain on a VAS
(0–10) at six months and one, two, and five years after
amputation; the mean scores were 4, 3, 3, 2, and 1,
respectively. In a survey of 526 veterans with a median
time of 50 years since amputation, patients with phantom
pain graded the intensity of pain as 5.6 on a numeric
rating scale (NRS) from 0 to 10 (0 = no pain;
10 = unbearable pain).18 In a recent study by Hanley
et al.,27 the average phantom pain intensity was 2.05
on an NRS at 24 months after amputation among 57
amputees. In another recent study of 914 amputees,
pain was classified into three categories: 38.9 percent
experienced severe pain intensity (rating 7–10), 26.4
percent experienced moderate pain intensity (rating
5–6), and 34.7 percent experienced mild pain intensity
(rating 1–4).24

Phantom pain can have several different qualities
and is often described as shooting, pricking, stabbing,
throbbing, burning, pin and needles, tingling, crushing,
or cramping.18, 19, 20, 21, 22, 38

Phantom pain seems to be more intense in the distal
portions of the missing limb: fingers and palm in upper-
limb amputees; toes, foot, and ankle in lower limb
amputees. In a prospective study of 52 amputees, the

Table 31.1 Reported prevalence of phantom pain, phantom sensation, and residual limb pain.

Authors Year No. of
amputees

Phantom pain
(%)

Phantom sensations
(%)

Residual limb pain
(%)

Ewalt et al.8 1947 2284 2 – –

Henderson and Smyth9 1948 300 4 – –

Parkes10 1973 46 61 – 13

Carlen et al.11 1978 73 67 100 43

Finch et al.12 1980 133 30 54 17

Jensen et al.13 1983 58 72 84 57

Sherman and Sherman14 1983 764 85 – 58

Wall et al.15 1985 25 88 100 –

Pohjolainen16 1991 124 59 41 5

Houghton et al.4 1994 176 78 82 –

Krane and Heller17 1995 24 83 100 –

Wartan et al.18 1997 526 55 66 56

Montoya et al.19 1997 32 50 81 44

Nikolajsen et al.20 1997 56 75 – 6

Wilkins et al.21 1998 33 49 70 70

Ehde et al.22 2000 255 72 79 74

Kooijman et al.23 2000 72 51 76 49

Lacoux et al.3 2002 40 33 93 100

Ephraim et al.24 2005 914 80 – 68

Desmond et al.25 2005 582 70 – 77

Richardson et al.26 2006 52 79 100 52

Hanley et al.27 2006 57 62 – 57
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position of phantom pain within the phantom limb was
in the toes or foot in 66.7 percent of cases.26 These distal
parts of the limbs are represented by a larger area in the
sensory cortex compared to more proximal parts, and this
may play a role for the more frequent phantom experi-
ence of hands and feet.

The following example illustrates some of the clinical
characteristics of phantom pain. A middle-aged man had
his left arm amputated because of a malignant tumor.
After the amputation, he suffered from severe phantom
pain located to his hand and fingers. The pain was present
constantly and described as cramping, burning, and
shooting. The phantom arm was located in front of the
chest and the hand was clenched in a painful fist. Light
touch of a trigger point in front of the ear resulted in
exacerbation of phantom pain. Occasionally, massage
of the residual limb loosened the fingers and allowed
for voluntary movements. TCAs, anticonvulsants, and
opioids had been tried, but the patient either experienced
a lack of effect or intolerable side effects.

PREAMPUTATION PAIN AND PHANTOM PAIN

Both retrospective4, 15, 17 and prospective studies13, 20, 27, 36

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 indi-
vidual very susceptible to the development of phantom
pain.

In a study by Houghton et al.4 there was a significant
relationship in vascular amputees between preamputation
pain and phantom pain in the first two years after
amputation. In traumatic amputees, phantom pain was
only related to preamputation pain immediately after the
amputation. In a study by Nikolajsen et al.20 of mostly
vascular amputees, a correlation was found between
preoperative pain and phantom pain one week and three
months after the amputation, but not after six months.
However, some patients with severe preoperative pain
never developed phantom pain, while others with trau-
matic amputations who never experienced pain before the
amputation developed phantom pain to the same extent
as patients with longstanding preamputation pain
amputated for medical reasons. In a recent prospective
study by Hanley et al.,27 the associations of preamputa-
tion pain and acute postoperative pain with chronic
amputation-related pain in 57 lower-limb amputees were
examined. Acute postamputation pain intensity was the
only significant independent predictor of chronic phan-
tom pain at 6 and 12 months after amputation, whereas
preamputation pain intensity was the only significant
predictor of chronic phantom at 24 months.

Lacoux et al.3 examined 40 upper-limb amputees
who had lost their limbs following injury during the civil
war in Sierra Leone. Some amputees lost their limbs at the
time of the initial injury (immediate, 56 percent); others

suffered a severe injury and had a subsequent limb
amputation at hospital on average ten days after the
injury (delayed, 44 percent). It is reasonable to assume
that the latter group suffered from severe pain between
the two events. There was, however, no relation between
the development of phantom pain and whether the
amputation was immediate or delayed.

Another issue concerns to what extent phantom pain is
a revivification of pain experienced before the amputa-
tion. Remarkable case reports show that phantom pain
may mimic the pain experienced before the amputation
in both character and localization.20, 39, 40 For example,
Hill et al.39 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 amputation, the patient
experienced phantom pain localized to the open drainage
site that was no longer there.39

In a retrospective study by Katz and Melzack,40 68
patients were questioned about preamputation pain and
phantom pain from 20 days to 46 years after amputation.
A very large proportion (57 percent) of amputees who
had 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.13, 20 In a study by Nikolajsen
et al.,20 56 patients were interviewed before and at specific
time intervals after the amputation about the character
and localization of pain. This was done using different
word descriptors: the McGill Pain Questionnaire and
their own words. About 42 percent of the patients
reported that their phantom 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 preamputation pain and phan-
tom pain and the actual similarity found when comparing
pre- and postoperative recordings of pain. Patients sig-
nificantly overestimated the preamputation pain intensity
after six months. Thus, retrospective memories about
pain should be judged carefully because of the type
of assessment and potential 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.

PSYCHOLOGICAL FACTORS AND IMPACT ON DAILY LIFE

Losing a limb is a traumatic experience and amputees
often exhibit a range of psychological symptoms such
as depression, anxiety, self-pity, and isolation. It has
previously been proposed that complaints of persisting
pain were related to patients with a rigid, self-reliant
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personality and to unemployment or retirement.10 There
is, however, no evidence that phantom pain represents a
psychological disturbance.40, 41 It has been shown that
coping strategies are important for the experience of
phantom pain,42 and as in other chronic pain conditions,
phantom pain may be triggered and exacerbated by psy-
chosocial factors.43 In a study by Jensen et al.,44 biopsy-
chosocial factors such as catastrophizing and a coping
response of resting were shown to play an important role
in the adjustment to phantom pain.

Desmond et al.25 recently investigated psychological
distress among 582 amputees with long-term amputa-
tions and showed that distress was related to residual limb
pain. In another recent study, depressive symptoms were
found to be a significant predictor of level of pain
intensity and bothersomeness.24

Others have looked at pain-related disability and
rehabilitation.22, 45, 46 A study in the Netherlands exam-
ining 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.47

OTHER FACTORS

Evidence is growing that the individual’s genetic predis-
position to develop neuropathic pain may be important.
Seltzer et al.48 suggested several candidate genes on
chromosome 15 that could be involved in the autotomy
that follows peripheral neurectomy in rodents, an animal
model of phantom pain. On the other hand, Schott49

described an interesting case in which five members of a
family sustained traumatic amputations of their limbs.
The development of phantom pain was unpredictable
despite their being first-degree relatives. An inherited
component is not always a feature of phantom pain.

It has been claimed that phantom pain may recur in
lower-limb amputees undergoing spinal anesthesia.50

Tessler and Kleiman,51 however, prospectively investigated
23 spinal anesthetics in 17 patients and only one patient
developed phantom pain that resolved in ten minutes.

Phantom pain may also be related to several internal
and external factors, such as attention, emotional stress,
anxiety, and autonomic reflexes, such as coughing and

urination. A certain position or movement of the phan-
tom and manipulation of the residual limb can affect the
phantom pain, and pain may also be elicited or exacer-
bated by a range of physical factors, for example weather
changes.37, 38 Phantom pain may decrease by the use of a
prosthesis that allows extensive use of the affected limb as
opposed to using a cosmetic prosthesis.52, 53 A list of
modulating factors is shown in Table 31.2.

Phantom sensation

Phantom sensation is experienced by almost everyone
who undergoes limb amputation, but it rarely represents a
clinical problem. Immediately after the amputation, the
phantom limb often resembles the preamputation limb in
shape, size, and volume.11, 19, 22, 23, 54 The sensation can be
very vivid and often includes feelings of posture and
movement. The phantom sensation may fade over time.
Richardsen et al.26 prospectively studied phantom phe-
nomena in 52 lower amputees. At six-months follow up,
nonpainful phantom sensations were present in 100
percent, spontaneous movements occurred in 65.4 per-
cent, and 58 percent stated that they were able to move
the phantom themselves. In another study, amputees were
asked about the frequency of phantom sensations a
median time of 19 years after amputation. Twenty-two
percent experienced phantom sensations always, another
11 percent had phantom sensations daily, and the rest
had sensations with intervals of weeks, months, or
even years.23

In some patients, a phenomenon called telescoping
occurs when the distal parts of the phantom are gradually
felt to approach the residual limb and eventually they
may even be experienced within the residual limb (Figure
31.1). It has been suggested that phantom pain prevents
telescoping, but Montoya et al.19 failed to find such a
relation: 12 of 16 patients with phantom pain and 5 of 10
patients without pain reported telescoping. The following
case illustrates telescoping: A 54-year-old man had his
right arm crushed in a machine at work. The arm was
subsequently amputated at hospital. Immediately after
the operation, the patient had a vivid sensation that the
arm was still present. The phantom arm felt as if it
had the same size and shape as before the amputation.
Gradually, the phantom arm underwent shrinkage, and

Table 31.2 Factors that may modulate the experience of phantom pain.

Internal factors External factors

Genetic predisposition Weather change

Anxiety/emotional distress Touching the residual limb

Attention/distraction Use of prosthesis

Urination/defecation Spinal anesthesia

Coping strategies Rehabilitation

Other disease (prolapsed intervertebral disk, spinal neoplasia) Treatment
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the phantom hand eventually became located within the
residual limb. Telescoping may in some cases resolve.
The patient reported that the phantom arm resumed its
genuine size and shape during the use of an artificial
prosthesis.

Phantom pain and phantom sensation are strongly
correlated. In a study by Kooijmann et al.,23 phantom
pain was present in 36 out of 37 upper limb amputees
with phantom sensations, but only in one out of 17
without phantom sensations. Phantom sensations are less
frequent in congenital amputees and in patients who
underwent amputation before the age of six years.31

Residual limb pain

Not surprisingly, residual limb pain is common in the
early postoperative period, but in most patients it sub-
sides with healing. The prevalence of chronic residual
limb pain is reported to vary between 5 and 100 percent
(Table 31.1). Variations in the literature may reflect dif-
ferent methods of estimating pain and the fact that some
amputees find it difficult to distinguish between residual
limb and phantom pain. In a survey of 78 traumatic
amputees, Pezzin et al.46 found that 14.1 percent suffered
from severe and constant pain in the residual limb.
Similar results have been found by others in patients who
have undergone amputation for different reasons,
including medical.16, 22, 23 In two recent studies, the mean
prevalence of residual limb pain was reported to be 51.2
and 67.7 percent, respectively.24, 26 In the latter study,
mean intensity of residual limb pain among those
reporting pain was 5.1 (NRS, 0–10).24 Chronic residual
limb pain is more likely to be present in war zones.2, 3

Residual limb pain may be described as pressing,
throbbing, burning, squeezing, or stabbing.36 Some
patients have spontaneous movements of the residual
limb, ranging from slight, hardly visible jerks to severe
contractions.

Residual limb pain and phantom pain are strongly
correlated. Carlen et al.11 noted that phantom pain
was decreased by the resolution of stump-end pathology.
In a survey of 648 amputees, Sherman and Sherman14

found that residual limb pain was present in 61 percent
of amputees with phantom pain, but in only 39 percent
of those without phantom pain. Similar results have
been found in at least four prospective studies.11, 20, 26, 36

Other clinical studies have shown that temperature and
muscle activity at the residual limb are related to phantom
pain.41, 55, 56 Nikolajsen et al.57 studied 35 amputees and
found that low mechanical thresholds (pressure algo-
metry) at the residual limb were associated with residual
limb and phantom pain one week after amputation.

The association between residual limb and phantom
pain is consistent with experimental studies in amputees.
Nyström and Hagbarth58 observed abnormal activity in
the peroneal and median nerve fibers of two amputees
with ongoing pain in their phantom foot and hand,
respectively. Percussion of neuromas in these two patients
produced increased nerve fiber discharges and an aug-
mentation of their phantom pain.

Careful sensory examination of amputation residual
limbs may reveal areas with sensory abnormalities, such as
hypoesthesia, hyperalgesia, or allodynia.59 However, it is
not clear whether there is any correlation between phan-
tom pain and the extent and degree of sensory abnorm-
alities in the residual limb. Hunter et al.60 carefully
examined the residual limb in 12 traumatic upper-limb
amputees, but failed to find any simple relation between
psychophysical thresholds and phantom phenomena.

Chronic residual limb pain can be very severe as
illustrated by the following case study. A 48-year-old
woman fractured her ankle in 1999. Healing was difficult
and two years later the osteosynthesic material was
removed because of infection. Physiotherapy was not
possible due to pain, and the foot became fixed in an
extended and pronated posture. Signs of chronic regional
pain syndrome (CRPS) were evident. A below-knee
amputation was performed in 2003 because of ulcers
resistant to treatment. The patient subsequently devel-
oped severe residual limb pain. The pain was present
constantly and described as shooting, burning, and
scalding. The intensity of pain was 4–10 on a VAS.
In addition to residual limb pain, the patient also
experienced phantom pain. Medical treatment (TCAs,
antiepileptic drugs, slow-release opioids) had only a

Figure 31.1 Telescoping: a gradual shrinkage of

the phantom limb. In upper limb amputees, the

hand may eventually become located within the

residual limb.
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modest effect on the pain. Physical examination of the
residual limb revealed allodynia and hyperalgesia (Figure
31.2). In 2006, an epidural electrode was implanted for
spinal cord stimulation (SCS). Within the first week after
the implantation, the intensity of residual limb pain
decreased to 2 on the VAS, and the allodynia at the
residual limb was replaced by a feeling of numbness.

MECHANISMS

The mechanisms underlying chronic postamputation
pain have not been completely clarified, but both peri-
pheral and central mechanisms are likely to play a role.
Nerve section is associated with clear changes in the
periphery, which represents an obvious origin for pain. It
is clear, however, that the phantom limb with its complex
perceptual qualities is ultimately integrated in the brain.
An extensive experimental and clinical literature docu-
ments that nerve injury induces a number of morpholo-
gical, physiological, and chemical changes in both the
peripheral and central nervous system (for review, see
Flor et al.61). These changes will be described briefly in
the following. An understanding of the underlying
mechanisms is likely to lead to new and rational-founded
types of treatment.

Peripheral factors

Several clinical studies support the notion that mechan-
isms in the periphery (i.e. in the residual limb or in
central parts of sectioned afferents) play a role for the
phantom limb concept.

� Phantom pain is significantly more frequent in
amputees with long-term residual limb pain than in
those without persistent pain.23

� Residual limb pathology with altered residual limb
sensibility is a common feature.13

� Phantom pain and pressure pain thresholds at the
residual limb are inversely correlated early after
amputation.57

� Phantom sensations can be modulated by various
residual limb manipulations.62

� Tapping neuromas may increase phantom pain.58

� Phantom limb sensations are temporarily abolished
after local residual limb anesthesia.63

� Changes in blood flow may alter the phantom limb
perception.41

These clinical observations are supported by experimental
studies. Following a nerve transection, formation of
neuromas is seen universally. Such neuromas show
spontaneous and abnormal evoked activity following
mechanical or chemical stimulation (for review, see
Devor64). The ectopic and increased spontaneous and
evoked activity from the periphery is assumed to be the
result of an increased expression of sodium channels.65 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 sen-
sitivity to mechanical and neurochemical stimulation.66

The sympathetic nervous system may also play an
important role. From animal studies it is known that
application of norepinephrine (noradrenaline) at the
residual limb or activation of the postganglionic sympa-
thetic fibers excites and sensitizes damaged, but not
normal, nerve fibers.67 Sympathetic–sensory coupling at
the level of the DRG may also contribute to the increased
pain response following changes in sympathetic activity.64

Spinal factors

The increased barrage from neuromas and from DRG
cells is thought to induce long-term changes in central
projecting neurons in the dorsal horn, including spon-
taneous neuronal activity, induction of immediate–early
genes, increases in spinal metabolic activity,68 and
expansion of receptive fields.69

The pharmacology of spinal sensitization involves an
increased activity in NMDA receptor-operated systems,
and many aspects of the central sensitization can be
reduced by NMDA receptor antagonists.70 In human
amputees, the evoked residual limb or phantom pain
caused by repetitively stimulating the residual limb can be
reduced by the NMDA antagonist ketamine.71

Another type of anatomical 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
Ab fibers; this phenotypic switch of large Ab fibers into
nociceptive-like nerve fibers may be one of the reasons
why nonnoxious stimuli can be perceived as painful.72

Figure 31.2 Patient with severe residual limb pain. Areas of

allodynia and hyperalgesia are indicated.
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Clinical observations confirm that spinal factors are
involved in the generation of phantom pain. For example,
phantom pain may appear or disappear following spinal
cord neoplasia33 and spinal analgesia may modulate
phantom pain.50, 51

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.

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.73, 74

Studies in humans have also documented a cortical
reorganization after amputation using different cerebral
imaging techniques. In a series of studies, Flor et al.75, 76

showed a correlation between phantom pain and the
amount of reorganization in the somatosensory cortex.
Birbaumer et al.77 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.78

showed in a small group of amputees that cortical re-
organization and pain were reduced during treatment
with morphine.

At more subcortical levels, changes have also been
observed. Using neuronal recording and stimulation
techniques, thalamic neurons that normally do not
respond to stimulation in amputees begin to respond and
show enlarged somatotopic maps.79, 80 In addition to
functional plasticity, structural alterations also follow
amputation. Draganski et al.81 recently demonstrated a

decrease in the gray matter of the thalamus in 28
amputees. The decrease was correlated with the time span
after the amputation and explained as a structural cor-
relate of the loss of afferent input.

Summary

The findings described here indicate that a series of
mechanisms are involved in generating phantom pains,
and that these include elements in the periphery, spinal
cord, thalamus, and cerebral cortex. It is likely that the
first events occur in the periphery, which subsequently
generates a cascade of events that sweeps more centrally,
finally recruiting cortical brain structures. The latter may
be responsible for the complex and vivid sensations that
characterize certain phantom pain sensations. Figure 31.3
shows a proposed model for the development of phantom
pain.

TREATMENT

Acute postamputation pain

Immediate postoperative residual limb pain can
usually be successfully treated with conventional analge-
sics (paracetamol, nonsteroidal anti-inflammatory drugs
(NSAIDs), opioids), perhaps in combination with various
blocks (e.g. epidurals, and axillary, femoral, or sciatic
nerve blocks).

It is the first author’s personal impression that acute
phantom pain can in some cases be attenuated or delayed
by a well-functioning regional blockade in the immediate
postoperative period. There is no evidence, however, that a
short-lasting regional block has any long-term effect on
phantom pain. For example, Pinzur et al.82 prospectively
randomized 21 patients to continuous postoperative infu-
sion of either bupivacaine or saline, but failed to find any
difference between the two groups with regard to the pre-
valence of phantom pain after three and six months.82[II]

Before amputation: 
− Preamputation pain 
− Genetic factors 

During amputation: 
− Afferent activity during 
   surgery

After amputation: 
− Postoperative pain

Hyperexcitability changes of 
reorganization of:

•     Peripheral afferents 
•     Dorsal root ganglion
•     Brainstem
•     Cortical structures 
•     Dorsal horn 
•     Thalamus

Sympathetic activation 

Phantom limb 
pain

Figure 31.3 Proposed model of the development

of phantom pain.
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Chronic postamputation pain

Treatment of chronic postamputation pain represents a
major challenge to the clinician and in particular the
treatment of phantom pain. There is only little evidence
from randomized trials to guide clinicians with treatment,
and most studies dealing with phantom pain suffer from
major methodological errors: samples are small, random-
ization and blinding are either absent or inappropriate,
controls are often lacking, and follow-up periods are
short. Halbert et al.83 performed a systematic literature
search to determine the optimal management of phantom
pain. The authors identified 186 articles, but after
exclusion of letters, reviews, descriptive trials without
intervention, case reports, and trials with major metho-
dological errors, only 12 articles were left for review. Since
then, some well-designed studies have been published.78,
84, 85, 86, 87, 88, 89, 90, 91, 92 Until more clinical data become
available, guidelines in analogy with treatment regimens
used for other neuropathic pain conditions are probably
the best approximation, especially for the treatment of
residual limb pain. A combination of medical and non-
medical treatment may be advantageous. In general,
treatment should be noninvasive. Surgery on the per-
ipheral or central nervous system always implicates

further deafferentation and thereby an increased risk
of persistent pain. Suggestions for treatment of post-
amputation pain are presented in Table 31.3.

MEDICAL TREATMENT

A large number of randomized controlled trials have
shown a beneficial effect of tricyclic antidepressants and
sodium channel blockers in different neuropathic pain
conditions.5[I] 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.88[II] Thirty-nine patients
were randomized to receive either amitriptyline or active
placebo during a six-week trial period. The dosage of
amitriptyline was increased until the patient reached the
maximum tolerated dose or 125mg/day. Unfortunately,
this study showed no effect of amitriptyline on pain
intensity or secondary outcome measures, such as satis-
faction with life. In contrast, Wilder-Smith et al.89 found
excellent pain relief of amitriptyline (mean dose, 55mg)
on both residual limb and phantom pain. Ninety-four
posttraumatic amputees were randomized to receive

Table 31.3 Suggestions for treatment of postamputation pain (not evidence-based).

Postamputation pain

Early postoperative pain

Residual limb pain: Conventional analgesics (paracetamol, NSAIDs, opioids), perhaps combined with regional blocks

Residual limb and phantom pain: In case of clear neuropathic pain signs – paroxyms or abnormal residual limb sensitivity – tricyclic

antidepressants or anticonvulsants can be tried

Chronic pain

Local residual limb surgery: If obvious stump pathology is present, residual limb revision should be considered. Surgery should be avoided

in chronic regional pain syndrome

Local medical treatment: Topical lidocaine/capsaicin can be tried in cases with residual limb pain without clear stump pathology

Residual limb and phantom pain (medical treatment, listed in order of preference)

1. Tricyclic antidepressants (imipramine, amitriptyline, nortriptyline) 10–100mg/day, start dose 10–25mg/day, weekly increments of 25mg.

Check ECG before start. Monitor plasma levels with dose 4100mg/day. Amitriptyline should be preferred if sedation is wanted

2. Gabapentin 1200–2400mg/day, start dose 300mg, increments of 300mg every 3rd day, maximum dose 3600mg/day

Pregabalin 75–600mg/day, start dose 25–75mg, increments of 75mg/day every 3rd day, maximum dose 600mg/day

3. Serotonin noradrenaline reuptake inhibitors

Venlafaxine 175–225mg/day, start dose 75mg

Duloxetine 30–60mg/day, start dose 30mg

4. In cases of mainly radiating, lancinating or paroxysmal pain:

(a) Oxcarbazepine 600–900mg/day, start dose 300mg, weekly increments of 300mg

(b) Carbamazepine 200–400mg/day, start dose 100mg, weekly increments of 100mg. Monitor plasma levels after 10 days on maximum

dose

(c) Lamotrigine 100–200mg/day, start dose 25mg/day, slow titration with increments of 25mg/14 days (to avoid rash)

5. Opioids (long-acting or sustained-release preparations) or tramadol

6. No effect of the above: Consider referral to pain clinic

ECG, electrocardiogram; NSAID, nonsteroidal anti-inflammatory drugs.
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amitriptyline, tramadol, or placebo for one month. The
administration of tramadol and placebo was blinded,
amitriptyline was given nonblinded as open comparison.
Nonresponders (less than 10mm pain relief on a VAS
from baseline on day three) were switched to the alter-
native active treatment, e.g. tramadol to amitriptyline
treatment and vice versa. Placebo nonresponders were
switched to tramadol or amitriptyline. Both tramadol and
amitriptyline almost abolished residual limb and phan-
tom pain at the end of the treatment period.89[II]

Bone et al.84[II] examined the effect of gabapentin in a
well-designed crossover study including 19 patients with
phantom pain. The dose of gabapentin was titrated in
increments of 300mg to a maximum dosage of 2400mg
per day. After six weeks of treatment, gabapentin was
better than placebo in reducing phantom pain. A similar
effect of gabapentin was described in an open study by
Rusy et al.93[V] Two other studies have recently examined
the effect of gabapentin on postamputation residual limb
and phantom pain. Smith et al.90[II] administered gaba-
pentin or placebo for six weeks to 24 amputees in a
double-blind crossover fashion. The maximum dose given
was 3600mg. Gabapentin did not decrease 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 exam-
ined the effect of gabapentin on established phantom
pain. Nikolajsen et al.91[II] randomized 46 lower-limb
amputees to receive either gabapentin or placebo for the
first 30 days after amputation. The first dose of 300mg
gabapentin/placebo was given on the first postoperative
day, and the dosage was gradually increased until a
maximum of 2400mg was reached. Intensity, frequency,
and duration of phantom pain attacks were recorded daily
in the first 30 days and after three and six months.
Intensity of residual limb pain was also recorded and
sensory testing of the residual limb 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 does not
seem to affect outcome.

Failure to provide efficient pain relief should not be
accepted until opioids have been tried. Opioids can
probably be used safely – with a limited risk of depen-
dence – for several years.94[I] In a randomized, double-
blind, crossover study with active placebo, 31 amputees
received a 40-minute infusion of lidocaine (lignocaine),
morphine, or diphenhydramine. Compared with placebo,
morphine reduced both residual limb and phantom pain,
whereas lidocaine decreased only residual limb pain.87[II]
In another placebo-controlled, crossover study including
12 patients, Huse et al. found a significant reduction of
phantom pain during treatment with oral morphine.78[II]
Case reports have suggested that methadone may reduce
phantom pain.95[V]

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 residual limb and phantom pain.71[II] Two other
trials have examined the effect of memantine, an NMDA
receptor antagonist available for oral use. In both studies,
memantine was administered in a blinded, placebo-
controlled, crossover fashion to patients with established
residual limb and phantom pain. Memantine at doses of
20 or 30mg per day, respectively, failed to have any effect
on spontaneous pain, allodynia, and hyperalgesia.85[II], 86

[II] Schley et al.92[II] 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 30mg
during the four-week treatment period. Treatment with
memantine resulted in a decrease of phantom pain at
four-week and six-month follow up, but not at 12-month
follow up. Dextromethorphan, another NMDA receptor
antagonist, was suggested to be effective in a study
including ten patients with phantom pain.96[III]

Calcitonin significantly reduced phantom pain when
used intravenously in the early postoperative phase.97[II]
A large number of other treatments, for example b-
blockers,98, 99[V] the oral congener of lidocaine,100[V]
topical application of capsaicin,101[V] intrathecal
opioids,102[III], 103[V] various anesthetic blocks,104, 105

[V] injection of botulinum toxin,106[V] and topir-
amate107[V] have been claimed to be effective in phantom
pain, but none of them have 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 pharmacological treatments physical
therapy was the treatment modality most often used.108

Physical therapy involving massage, manipulation, and
passive movements may prevent trophic changes and
vascular congestion in the residual limb. Other treat-
ments, such as TENS, acupuncture,109[V] ultrasound, and
hypnosis,110[V] may in some cases have a beneficial effect
on residual limb and phantom pain. At least three studies
have examined the effect of TENS on phantom pain, but
the results are not consistent.111[II], 112[III], 113[III] One
study showed an effect of a Farabloc, a metal-threaded
sock to be worn over the residual limb.114 Ramachandran
and Rogers-Ramachandran115[V] used visual feedback
with a mirror to eliminate painful phantom limb spasms.
In a larger clinical trial of 80 amputees, Brodie et al.116[II]
failed to find any significant effect of mirror treatment
on phantom limb pain, sensation, and movement. Flor
et al. demonstrated that sensory discrimination training
obtained by applying stimuli at the residual limb reduced
pain in five upper limb amputees.62[III] The advantage of
most of the above-mentioned methods is the absence of
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side effects and complications, and the fact that the
treatment can be easily repeated. However, most of these
studies are uncontrolled observations.

SURGICAL TREATMENT

Surgery on amputation neuromas and more extensive
amputation previously played important roles in the
treatment of residual limb and phantom pain. Today,
residual limb revision is probably performed only in cases
of obvious stump pathology, and in properly healed
residual limbs there is almost never any indication for
proximal extension of the amputation because of pain.
The results of other invasive techniques, such as,
for example, dorsal root entry zone lesions,117[V] sym-
pathetectomy, and cordotomy have generally been un-
favorable, and most of them have been abandoned.
Surgery may produce short-term pain relief, but the pain
often reappears. Spinal cord stimulation118[III] and deep
brain stimulation119[V], 120[V] are methods that may be
used for carefully selected patients.

PREVENTION

The idea of a preemptive analgesic effect in post-
amputation pain was prompted by observations that
the phantom pain in some cases seemed to be similar to
pain experienced before the amputation, and that the
presence of severe pain before the amputation was asso-
ciated with a higher risk of postamputation phantom
pain. These observations led to the theory that pre-
amputation pain created an imprint in memorizing
structures of the central nervous system, and that such an
imprint could be responsible for persistent pain after
amputation.

Inspired by this, Bach et al. carried out the first study
on the prevention of phantom pain.121[III] Twenty-five
patients were randomized by birth year to either epidural
pain treatment 72 hours before the amputation or con-
ventional 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 six months, the inci-
dence of phantom pain was lower among patients who
had received the preoperative epidural blockade.

At that time, the findings of Bach et al. were supported
by a growing body of work in animal and other clinical
settings, showing an effect of preemptive treatment on the
subsequent development of pain.122 Since then, a few
trials have examined the short- and long-term impact
of regional analgesia (epidural and peri- or intraneural
nerve blocks) on phantom pain. Some of these studies,123

[III], 124[III], 125[III], 126[III] but not all,82[II], 127[II], 128

[II], 129[III]have confirmed that regional analgesia may
be effective in reducing chronic postamputation pain.

Unfortunately, some of the studies are of very poor
methodological quality.

Nikolajsen et al.127[II] carried out a randomized,
double-blind, and placebo-controlled study in which 60
patients scheduled for lower limb amputation were ran-
domly assigned to one of two groups: a blockade group
that received epidural bupivacaine and morphine before
the amputation and during the operation (29 patients)
and a control group that received epidural saline and oral
or intramuscular morphine (31 patients). Both groups
had general anesthesia for the amputation and all patients
received epidural analgesics for postoperative pain man-
agement. Patients were interviewed about preamputation
pain on the day before the amputation and about residual
limb and phantom pain after one week and 3, 6, and 12
months. The median duration of preoperative epidural
blockade was 18 hours. After one week, the percentage of
patients with phantom pain was 51.9 percent in the
blockade group and 55.6 percent in the control group.
Subsequently, the percentages were (blockade/control): at
three months, 82.4/50 percent; at six months, 81.3/55
percent; and at 12 months, 75/68.8 percent. The intensity
of residual limb and phantom pain and the consumption
of opioids were similar in the two groups at all four
postoperative interviews.

The aim of preemptive treatment is to avert spinal
sensitization by blocking, in advance, the cascade of
intraneuronal responses that takes place after peripheral
nerve injury. A true preemptive 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 preexisting neuronal hyperexcit-
ability. It cannot be excluded that a preoperative regional
blockade for a longer period would prevent phantom pain
from developing. However, this would be very incon-
venient 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 post-
operative residual limb pain. At present, no studies of
sufficient methodological quality have provided evidence
that regional blocks have any beneficial effect in pre-
venting phantom pain. It cannot be excluded that other
approaches may be effective. For example, it has been
suggested that peri- and postamputation administration
of NMDA receptor antagonists as ketamine130[III] and
memantine92[II] reduces phantom pain.
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KEY LEARNING POINTS

� Herpes zoster (HZ) results from reactivation of varicella

zoster virus (VZV) clinically latent since primary

infection with varicella. Incidence increases with age.
� Although other serious complications such as

encephalitis may occur, postherpetic neuralgia (PHN) is

the most common complication and is predicted by

greater age, acute pain, and rash, as well as more

painful or prolonged prodrome.
� PHN is a neuropathic pain and the precise pathology,

signs, and symptoms vary between individuals. It has

central and peripheral components and may involve

deafferentation, peripheral or central sensitization, or a

combination.
� Although antiviral drugs, prolonged neural blockade, and

effective analgesia may reduce the duration of pain

following HZ, there is no practical strategy for

preventing PHN, except vaccination, which reduces HZ

incidence and severity with resultant reduction in PHN

and burden of illness (BOI).
� Established PHN may be treated with tricyclic

antidepressants, alpha 2 delta ligands, opioids, topical

lidocaine, and topical capsaicin. Numbers needed to

treat (NNT) range from �2 to �5 and numbers needed

to harm (NNH) indicate that the therapeutic index is

poor.
� Intrathecal methylprednisolone has been shown in a

single study to effectively manage established and

intractable PHN. To date, there has been no

confirmatory study and there are concerns that serious

adverse events could follow this treatment.

WHAT IS HERPES ZOSTER?

Herpes zoster (HZ), also known as shingles, results from
reactivation of varicella zoster virus (VZV), an a herpes
virus, which has been persistent in a clinically latent
state in spinal and cranial sensory ganglia since primary

infection with varicella (chickenpox), often several dec-
ades earlier. Varicella is usually a childhood disease in
temperate climates, but more often affects adolescents
and adults in tropical areas. Latency is maintained
by competent VZV-specific cell-mediated immunity
(CMI), which declines as a normal function of aging



(immunesenescence)1 (Figure 32.1). VZV-specific CMI
may also fall below a threshold necessary to prevent
clinical virus reactivation as a result of disease (e.g. lym-
phoma, human immunodeficiency virus (HIV)), ther-
apeutic immune suppression (e.g. after organ transplant,
for autoimmune disease), or as a result of treatment of
malignancy (e.g. radiotherapy, chemotherapy). However,
younger individuals may develop HZ with no coexisting
disease process. Prodromal pain usually lasting three to
five days is followed by a typical unilateral rash in a
dermatomal distribution. The rash progresses from ery-
thematous patches to vesicles, pustules, and scabs. Heal-
ing occurs typically within three weeks, often leaving
hyper- or hypopigmented scars and sensory changes. HZ
cannot be contracted from contact with varicella, but
varicella may occur after contact with HZ although the
force of infection is low (�0.1 percent)3 compared with
that for contracting varicella from another person with
varicella (�20 percent for varicella affecting children two
to four years of age).

DEFINITIONS

Defined in the IASP Classification on Chronic Pain (2nd
edition) as ‘‘chronic pain with skin changes in the dis-
tribution of (one or more cranial/spinal sensory roots)
subsequent to herpes zoster,’’ PHN has no universally
accepted definition and the term may refer to any pain
after HZ rash healing or may specify various time inter-
vals after rash appearance or healing and/or a require-
ment that average or worst pain exceeds a certain value:
usually three on a zero to ten scale. The rationale for
including a pain severity qualification of Z3 arises from
work showing that pain below this level has little effect on
activities of daily living (ADL).4 However, there is no
evidence that pain o3 may not result in distress. Such
distress may be poorly assessed by standard instruments

for quality of life and ADL. Although multiple definitions
of PHN have been used, the results of recent studies
suggest that pain persisting for at least 120 days after rash
onset may be considered a validated definition of PHN
for research purposes.5, 6, 7

COMPLICATIONS OF HZ

Although PHN is numerically the most common com-
plication by far, other adverse events may result and some
are serious or life threatening. These occur most fre-
quently in immunocompromised and frail, elderly indi-
viduals and include secondary bacterial infection,
ophthalmic sequelae ranging from conjunctivitis to ret-
inal necrosis, encephalitis, and myelitis.8 Two to three
percent of HZ cases are hospitalized and more than 10
percent of patients 465 years. Annual mortality of HZ is
estimated to be 0.6–1 per million of the population.9, 10

Motor nerves may be involved in 5–15 percent of cases
where these can be adequately examined (especially
muscles in the extremities). Using an electromyogram
(EMG), it is possible to show that muscles are involved in
50 percent of cases.11 VZV is frequently involved in cases
of Bell’s palsy.

EPIDEMIOLOGY

Any seropositive individual (i.e. has had primary infec-
tion in the form of varicella) is a potential HZ sufferer.
Approximately 3.4 per 1000 of the population per year
develop HZ with up to 11/1000 per year above the age of
80 years.12, 13 Those living beyond 80 years have a 50
percent lifetime risk of having HZ. It is believed that
VZV-specific CMI is enhanced at intervals during life by
two mechanisms. First by exposure of seropositive indi-
viduals to children with varicella (exogenous boosting)
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Figure 32.1 Lifetime changes in cell-mediated immunity to varicella zoster virus (VZV). Varicella is the primary infection caused by

VZV, and its resolution is associated with the induction of memory T cells specific for VZV (black line). Memory immunity to VZV may

be boosted periodically by exposure to varicella or silent reactivation from latency (gray peaks). Memory T cells specific for VZV decline

with age. The decline below a threshold (dashed black line) correlates with an increased risk of zoster. The occurrence of zoster, in turn,

is associated with an increase in T cells specific for VZV. Administering zoster vaccine to older people may prevent T cells specific for

VZV from dropping below the threshold for zoster occurrence (dashed gray line). Published with permission from Arvin A. Aging,

immunity, and the varicella-zoster virus. New England Journal of Medicine. 2005; 352: 2266-7.2 Copyright & 2005 Massachusetts

Medical Society. All rights reserved.
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and second by immune response to subclinical, contained
reactivations of latent virus occurring periodically after
primary infection (endogenous boosting).2 There are
theoretical reasons to believe that HZ incidence will
increase as a result of universal childhood vaccination
against varicella because seropositive adults will be
deprived of CMI exogenous boosting resulting from
decreased incidence of varicella.14 To date, more than ten
years after the introduction of childhood varicella vacci-
nation in the USA, there is no available evidence of this
effect.

Increases in HZ, and therefore PHN, from increasing
longevity and greater numbers of therapeutically immu-
nocompromised individuals are inevitable. Second cases
of HZ are uncommon (5 percent or less) in the immu-
nocompetent individual, presumably because an episode
of HZ will boost immunity thereby preventing sub-
sequent symptomatic VZV reactivations.12, 15, 16

There is interest in the concept of VZV reactivation
causing dermatomal pain in the absence of skin lesions,
termed ‘‘zoster sine herpete.’’ This concept is controversial
but has been supported by virological evidence of
concurrent VZV reactivation during some acute pain
syndromes.17

The epidemiology of PHN is less easy to detail as so
many definitions have been used. However, pain at
defined time intervals after HZ has been the subject of a
number of studies and it is clear that PHN is extremely
rare in younger subjects (o50) and that incidence rises
sharply above the age of 60. In the shingles prevention
study, incidence of PHN (pain Z3 at 90 days after rash
appearance) was 5.1 percent in the placebo group.18

The cost of HZ and PHN has been addressed in a
number of studies. Scott et al.19 followed 70 patients of all
ages recruited from primary care in London for six
months from diagnosis. In those aged o65 (45 patients),
the combined median costs to the patient, society, and the
National Health Service (NHS) were £173 (min 20, max
3578). For patients Z65 (25 patients) combined median
costs were £138 (min 48, max 4218). Societal costs con-
siderably exceeded costs to the NHS in younger patients
with the position reversed in older patients.19 Davies
et al.20 estimated the 1994 cost of PHN in the UK to be
between £4.8 and 17.9 million.

PHASES OF HZ PAIN

Clinical observation and mathematical modeling suggest
that HZ pain may be divided into an acute phase
(including prodromal) lasting 30 days, subacute (30–120
days) and chronic phases (PHN) from three months after
rash healing or four months from onset of prodrome. It is
likely that the contributions of inflammation, viral
activity, immune response, neuronal damage, and per-
ipheral and central sensitization explain the differing
characteristics between and within the three phases.5

Approximately 70–80 percent of patients with HZ
describe prodromal pain in the dermatome where skin
lesions subsequently appear. It may be constant or
intermittent, and may or may not interfere with sleep.
Pain varies between patients and is commonly described
as burning, shooting, stabbing, or throbbing. Some
patients describe only allodynia and others complain
primarily of pruritus. The prodrome typically lasts two to
three days but longer durations of one week or more are
not uncommon. Significant prodromal pain may lead to
expensive and potentially hazardous medical investigation
for diseases characterized by pain in the area of the pro-
drome (e.g. angina, cholecystitis, glaucoma, nephro-
lithiasis, spinal nerve compression).

The diagnosis becomes obvious when the characteristic
rash appears.21 The prodrome represents the time
required for reactivated VZV to replicate in the ganglion
and to traverse cutaneous nerve to the skin where VZV
induces sufficient necrosis and inflammatory response to
cause the rash.

In some patients, pain does not resolve following the
subacute phase but continues for months or years as PHN
when patients describe different types of pain, including
continuous burning or throbbing pain, intermittent sharp
or electric shock-like pain, and allodynia.22 There have
been no systematic attempts to investigate the prevalence
of PHN and estimates of the number of cases have ranged
up to one million in the United States.23

PATHOPHYSIOLOGY OF PHN

Both peripheral and central processes contribute to PHN
and their contributions vary widely between patients
from minimal deafferentation and severe allodynia to
severe sensory loss but no allodynia.24 Patients with
prominent allodynia often have minimal sensory loss and
gain pain relief following local application of some
analgesic agents. This suggests that preserved, and possi-
bly sensitized, primary afferent nociceptors and their
chronically sensitized central connections are responsible
for initiating and maintaining pain and allodynia in these
patients.25 Pathological findings in PHN include degen-
eration of affected primary afferent neuronal cell bodies
and axons, atrophy of the spinal cord dorsal horn, scar-
ring of the dorsal root ganglion, and loss of epidermal
innervations.26, 27, 28, 29

It is possible that the senescent nervous system is more
vulnerable to the effects of VZV infection facilitating
development of PHN.30, 31

PREVENTION OF HZ AND PHN

At this time the use of an effective live attenuated, Oka
strain, varicella vaccine given during childhood is stan-
dard in some geographic areas, notably the USA, and it
seems likely that vaccinated populations will not develop
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varicella to a large extent (protection of the individual
combined with a herd immunity effect) and are therefore
not subject to HZ from wild-type (natural) VZV. Reac-
tivation of Oka strain virus appears to be infrequent and
mild. The same attenuated virus has been utilized in a
higher dose form for vaccination of seropositive adults to
prevent HZ and its complications. The greater strength is
required because older adults have a reduced immune
response compared with younger persons. The Shingles
Prevention Study (SPS) investigated 38,546 subjects of
Z60 years of age who were injected either with the active
vaccine or placebo. They were followed for a median of
3.12 years and the incidence of HZ was reduced by 51.3
percent, PHN (defined as pain rating Z3 90 days after
rash onset) by 66.5 percent, and BOI (an area under the
curve construct of incidence, severity, and duration of
pain and discomfort over six months from onset of HZ)
by 61.1 percent in the vaccine group, indicating that
where HZ occurred despite vaccination, its course was
attenuated.18 The vaccine has been licensed in the USA
and Europe and long-term surveillance will be required to
assess its overall benefit. Unfortunately, the vaccine is not
appropriate for use in immunocompromised individuals;
in the future a vaccine may be developed offering safe
protection to such patients.

Reviews of significant available data show that greater
age is the most significant predictor of PHN but greater
acute pain and rash are also predictive as are longer and
more severe prodromal symptoms. Although some stu-
dies have suggested that trigeminal distribution and
female gender are predictive, others have not confirmed
this.7, 32, 33, 34

Antiviral drugs, apart from providing good control of
acute pain and rash progression, reduce the duration of
pain following HZ. Because of study design, it is difficult
to say to what extent they may prevent PHN.35, 36[I] It is
certain that PHN occurs and persists in many patients
despite appropriate use of antiviral drugs. Interpretation
of pain data from the studies suggests that the number of
patients with pain at six months may be approximately
halved with the prodrugs valaciclovir and famciclovir
given t.d.s being more effective than acyclovir given 5�
daily. Brivudin has recently been licensed in some coun-
tries for once daily use and appears equivalent to famci-
clovir but with the disadvantage of a serious, sometimes
fatal, interaction with 5 fluorouracil should the drugs be
coadministered. With this exception the antiviral drugs,
which have their effect by inhibition of VZV viral DNA
replication, are specific and remarkably safe. Evidence-
based guidelines suggest that antiviral drugs, preferably
the prodrugs valaciclovir or famciclovir, are given to all
patients of 50 years or greater and to patients with oph-
thalmic zoster. They are also indicated for patients less
than 50 years when acute pain and/or rash are severe. All
immunocompromised patients should be given antivirals;
the route of administration will depend on the degree of
immune suppression.

The addition of oral steroids to acyclovir has been
shown to offer better control of acute pain and quicker
return to normal ADL and sleep pattern over acyclovir
alone, but it has no effect in preventing PHN.37, 38[I]

Local anesthetic blocks, with or without the addition
of steroids, have been investigated. Single epidural injec-
tion of local anesthetic and steroid in the acute phase of
herpes zoster has failed to prevent PHN in a randomized
multicenter clinical trial although acute symptoms
were reduced when compared with standard antiviral
therapy.39

More prolonged epidural administration of local
anesthetic and steroid was effective in one study although
the incidence of PHN in the control group was remark-
ably high.40 Local anesthetic drugs alone, by sustained
epidural injection or repeated stellate ganglion blocks,
have also be shown to reduce duration of pain.41

It is thought likely that the administration of drugs
providing good control of acute pain may reduce the
incidence of PHN. An indicative study of amitriptyline
adds support to this belief as does animal work utilizing
gabapentin. The results of a placebo-controlled trial of
amitriptyline 25mg once daily for three months begin-
ning within 48 hours of rash onset and a reanalysis
examining the subgroup of patients also treated with an
antiviral suggested that amitriptyline reduced the pre-
valence of PHN at six months by at least 50 percent.42, 43

[V] The effect of amitriptyline on acute pain was not
assessed in this study, and because treatment continued
for three months after rash onset, it cannot be determined
whether the reduction in PHN was the result of early
treatment.

In addition, acute pain should be treated effectively.
Evidence for which drug class is most effective is
lacking but paracetamol and weak opioids may be esca-
lated to strong opioids such as tramadol, oxycodone, or
morphine. a2-d ligands and tricyclic antidepressants, such
as nortriptyline, may be effective for acute pain control
and, possibly, PHN prevention and their use can be
justified.

MANAGEMENT OF HZ ACUTE PHASE AND PHN

Prodrome

Although presentation of an elderly person with derma-
tomal unilateral onset of pain and tingling might lead to
the suspicion that the classic skin rash of HZ will follow, it
has been shown not to have sufficient specificity to justify
initiation of antiviral therapy.44 However, this combina-
tion of symptoms, in the absence of an objective diag-
nosis, should lead to advice from healthcare workers that
the patient should look out for a shingles rash over sub-
sequent days and seek medical advice promptly should
this occur.
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Acute HZ

Although the classic combination of unilateral dermato-
mal rash and pain often leads to prompt and correct
diagnosis, studies have shown significant incorrect clinical
diagnosis rates in up to 20 percent of cases. The most
common confusing diagnoses are herpes simplex type 1
(labial), type 2 (genital), or allergy. Pain accompanies
acute HZ in over 90 percent of cases. Antiviral drugs
(acyclovir, valaciclovir, famciclovir, and brivudin) control
viral DNA replication and significantly reduce acute pain,
hasten rash healing, and shorten the period of viral
shedding (infectivity).45, 46[I] The effectiveness of
analgesic drugs has not been well studied with regard to
whether paracetamol, paracetamol with opioid, or non-
steroidal anti-inflammatory drugs (NSAIDs) are the
drugs of choice. Some patients require strong opioid
medication. The place of drugs more commonly asso-
ciated with PHN management is unproven but there is
expert consensus that they have a place in the manage-
ment of acute pain. Such drugs would include strong
opioids, a2-d ligands, and tricyclic antidepressant drugs.
Topical modalities probably have no place during acute
HZ other than to maintain cleanliness and provide
additional comfort (cold packs for instance). Treatment
of HZ should occur in conjunction with careful expla-
nation of the disease, including the risk of viral trans-
mission to individuals who have not had chickenpox, and
of the proposed treatment plan. Encouragement, reas-
surance, and advice on quality of life are important and
include supporting adequate nutrition and optimal levels
of mental, physical, and social activity. Patients should be
advised to keep the rash clean and dry to reduce the risk
of bacterial superinfection (�2 percent).8[V]

TREATMENT OF PHN

At the present time there is no category 1 evidence to
provide a rationale for mechanism-based therapy of PHN.
However, there does exist good evidence for treating PHN
as a single clinical entity. Guidance for use of drugs for
PHN is given in Table 32.1. Clinical trials of pain-mod-
ifying drugs have been subjected to strict systematic review,
providing a clear picture of their efficacy and adverse
effects. Effectiveness is more difficult to judge as agents
have been studied under clinical trial conditions and for
relatively short periods of only a few weeks.47, 48, 49[I]

Recent systematic reviews give a clear overview and
evaluation of current drug treatment in PHN50, 51[I] and
neuropathic pain in general.52 Most studies compare
single drugs with placebo, a few are of cross-over design
and one examines drug combinations. Direct compar-
isons of one drug with another, for both efficacy and
adverse effects, would provide valuable information but
few have been reported. Calculations of NNT and NNH
provide a useful method for comparing therapeutic

indices at this time53 (Table 32.2). Usually an NNT for
450 percent pain relief is used because it is seems to
indicate a useful clinical effect. Treatments discussed
below have all been demonstrated to provide statistically
significant benefits compared with placebo in multiple
randomized controlled trials. However, the sample size
of investigated patients varies, which also has to be
considered when comparing drug efficacy.52

Tricyclic antidepressants

Tricyclic antidepressants (TCAs, e.g. amitriptyline, desi-
pramine, nortriptyline) are effective in the treatment of
PHN.49[I] These compounds inhibit reuptake of mono-
aminergic transmitters and are believed to potentiate the
effects of biogenic amines in descending central nervous
system pain modulating pathways. In addition, they block
voltage-dependent sodium channels and alpha adrenergic
receptors. TCAs, of which amitriptyline is the most widely
prescribed, have significant side effects limiting their use,
especially in the elderly and those with comorbidities.
They can produce orthostatic hypotension, sedation,
urinary retention, memory loss, dry mouth, constipation,
and cardiac conduction abnormalities. Higher doses
of tricyclic antidepressants may even be associated with
the risk of sudden cardiac death.54 It is considered
that the relatively selective noradrenaline reuptake inhi-
bitors, such as desipramine and nortriptyline, cause
less anticholinergic side effects as compared to the unse-
lective serotonin and noradrenaline reuptake inhibitor,
amitriptyline.55

Anticonvulsants

Gabapentin and pregabalin act at the a2d-subunit of
presynaptic calcium channels on primary nociceptive
endings.56, 57 Dizziness and drowsiness are the most
commonly reported adverse events, especially during
upward titration to targeted doses. Both drugs have a low
potential for drug interactions, and no negative impact on
cardiac function. Peripheral edema occurs in some
patients. Both drugs have been shown to be effective in
the management of PHN. Pregabalin has superior bio-
availability and dose titration-to-effect seems to produce
fewer side effects than gabapentin.58 Gabapentin and
pregabalin improve sleep disturbance, overall mood, and
other measures of quality of life in neuropathic pain
patients.56, 59[I]

These features make the a2d-subunit ligands suitable
for first-line therapy especially for the elderly, a popula-
tion very often suffering from several comorbidities that
need multiple drug therapies. In most situations they are
a more costly option than TCAs but their perceived
greater safety may overcome this limitation, particularly
in elderly or frail patients. Abrupt discontinuation should
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be avoided after a case study reporting encephalopathic
changes following sudden pregabalin withdrawal.60 There
is no convincing evidence for efficacy of sodium-blocker
anticonvulsants, such as carbamazepine, in PHN.61

Opioid analgesics

Double-blind placebo-controlled studies have demon-
strated that intravenous infusions of morphine or fentanyl

Table 32.1 Guidance for use of drugs for postherpetic neuralgia.

Medication Start dosage Titration Maximum dosage Duration of adequate
trial

Gabapentin 100–300mg every night

or 100mg 3� times

daily

Increase by 100–300mg

3� daily every 1–7

days as tolerated

1800mg/day (600mg

3� daily); reduce if

low creatinine

clearancea

3–6 weeks for titration

plus 1–2 weeks at

maximum tolerated

dosage

Pregabalin 50mg 3� daily Increase to 100mg 3�
daily within one

week

600mg/day (200mg 3�
daily) reduce if low

creatinine clearance

2 weeks for titration

plus 1–2 weeks at

maximum tolerated

dosage

Tricyclic

antidepressants

(e.g. nortriptyline,

amitriptyline)

10–25mg every night Increase by 10–25mg/

day every 3–7 days as

tolerated

75–150mg/day; if blood

level of active drug

and its metabolite is

4100 ng/mL,

continue titration

with caution

6–8 weeks with at least

1–2 weeks at

maximum tolerated

dosage

Opioid analgesics

(morphine)

5–15mg every 4 hours

as needed

After 1–2 weeks convert

total daily dosage to

long-acting opioid

analgesic and

continue short-

acting medication as

rescue medication

No maximum with

careful titration over

time

4–6 weeks

Tramadol 50mg once or twice

daily

Increase by 50–100mg/

day in divided doses

every 3–7 days as

tolerated

400mg/day (100mg 4

times daily); in

patients older than

75 years, 300mg/day

in divided doses

4 weeks

5% Lidocaine patch Maximum of 3 patches

daily for a maximum

of 12 hours

None needed Maximum of 3 patches

daily for a maximum

of 12 hours

2 weeks

aThis dose is frequently exceeded in specialist clinical practice.

Table 32.2 Number needed to treat (NNT) and number needed to harm (NNH) for effective treatments for postherpetic neuralgia.

Active treatment Number of patient
episodes

Number of
studies

NNT (95% CI) NNH (95% CI)
minor harm

NNH (95% CI)
major harm

Combined tricyclic

antidepressants

248 4 2.64 (2.1–3.54) 5.67 (3.34–18.58) 16.9 (8.85–178)

Combined gabapentin 559 3 4.39 (3.34–6.07) 3.93 (2.64–7.66) 12.25 (7.69–30.2)

Combined pregabalin 411 3 4.93 (3.66–7.58) 4.27 (2.78–9.18)a �
Combined opioids 211 2 2.67 (2.07–3.77) 3.57 (2.16–10.23)a 6.29 (4.16–12.8)

Tramadol 108 1 4.76 (2.61–26.97) � �
Topical lidocaine (5%

patch)

64 1 2 (1.43–3.31) � �

aData from Ref. 50.

434 ] PART III MANAGEMENT – CLINICAL SITUATIONS



give significant pain relief in PHN.62[II] Controlled trials
have demonstrated sustained efficacy for several weeks of
oral oxycodone63[II] and tramadol.64[II] Additionally, in a
nonplacebo-controlled parallel group study of neuropathic
pain management comparing two doses of levorphanol,
significant dose-dependent pain relief was found in PHN
patients.65[II] In one study, oral morphine was analyzed in
a group of PHN patients comparing the effect of tricyclic
antidepressants in the same cohort. Both drugs were
similarly effective. However, there was no correlation in the
response rate between both drugs, indicating that different
mechanisms are active in these PHN patients.66 The use of
opioids requires caution in elderly patients and those with
a history of chemical dependence or pulmonary disease.
Standard guidelines for use of strong opioids in non-
terminal pain should be followed. After dose titration with
a short-acting agent, conversion to long-acting opioid
analgesics (e.g. sustained release morphine or oxycodone
preparation) is desirable. Prophylactic treatment of com-
mon side effects, nausea and constipation, is necessary and
improves patient compliance. Further common adverse
effects are dizziness, sedation, and pruritus. Psychotic
symptoms may occur, in particular in elderly patients.
Withdrawal should be by gradual reduction in dosage.

Topical medications

Topical capsaicin 0.075 percent reduces pain in PHN.67[II]
Capsaicin is an agonist of the vanilloid receptor which is
present on the terminals of primary nociceptive afferents.
On initial application it has an excitatory action and
produces burning pain and hyperalgesia, often leading to
discontinuation of its use. However, with perseverance and
repeated and prolonged application, it inactivates the
receptive terminals of nociceptors. Recent work investi-
gating the use of high-concentration topical capsaicin (8
percent) following topical local anesthetic pretreatment
gives some cause for hope that this therapy may prove
useful.68[V] Therefore, this approach is reasonable for
those patients whose pain is maintained by anatomically
intact sensitized nociceptors and in whom long-term side
effects do not exceed benefit. Topical lidocaine patches (5
percent) placed over the painful area for approximately 12
hours each day may provide significant pain relief in
PHN.69, 70[II] Blood levels of lidocaine are very low and do
not explain the analgesic effect. Minor side effects, such as
local irritation or rash, occur in some patients. Lidocaine
patch therapy is a safe and well-tolerated supplemental
modality for PHN pain relief. Because of fewer side effects
it is generally preferred over topical capsaicin.

Miscellaneous treatments

If this treatment strategy fails, further drugs should be
considered that have been effective in animal models,

smaller studies, or other neuropathic pain conditions but
for which neither category 1 or 2 evidence exists. Intra-
thecal administration of lidocaine and methyl pred-
nisolone combined appears to be associated with
remarkable benefit in PHN patients.71[II] However, the
therapy has potentially dangerous short- and long-term
side effects and the trial has not yet been replicated.72

Therefore, further high-quality controlled trials of this
therapy are required before definite recommendations can
be made.50 Based on pathophysiological pain mechanisms
and animal studies, N-methyl-D-aspartic acid (NMDA)
receptor antagonists are pain-relieving candidates. How-
ever, data from three controlled studies did not demon-
strate a superior efficacy over placebo in humans.50, 73, 74,
75, 76 The anticonvulsant valproate was effective in one
controlled study on 48 PHN patients.77 Anticonvulsants
such as lamotrigine, the selective serotonin and nora-
drenaline reuptake inhibitors venlafaxine and duloxetine,
and cannabinoids might be considered as they have been
effective in neuropathic pain conditions other than
PHN.52 Transcutaneous electrical nerve stimulation
(TENS) may be effective in some cases and has minimal
side effects. In particular cases, invasive stimulation
techniques, such as epidural spinal cord stimulation, may
be indicated.

However, beyond these treatment approaches the
importance of the biopsychosocial model of chronic pain
should be considered and management of psychological
and social aspects of PHN is invaluable.50, 78

TREATMENT GUIDELINES

In summary, the proportion of seropositive individuals
in the population will decline as a result of childhood
varicella vaccination. In time, this will reduce the inci-
dence of HZ. Adult vaccination has been shown to be
effective for the prevention of shingles and PHN.18[II] In
acute HZ, early antiviral therapy is recommended and
pain treatment with strong opioids, tricyclic anti-
depressants, or gabapentin should be considered in
addition to conventional analgesics. The pharmacological
management of PHN consists of three main classes
of oral medication (tricyclic antidepressants, anti-
convulsants [calcium channel], opioids), and two cat-
egories of topical medications (lidocaine and capsaicin).
Possibly because more than one mechanism of PHN
operates in most patients, a combination of two or more
analgesic agents may produce greater pain relief and
fewer side effects. In a recent controlled four-period
crossover trial, gabapentin and morphine combined
achieved better analgesia at lower doses of each drug
than either as a single agent with constipation, sedation,
and dry mouth as the most frequent adverse effects.79 A
treatment plan for pain associated with HZ is shown in
Table 32.3.

Chapter 32 Herpes zoster pain including shingles and postherpetic neuralgia ] 435



Vulnerable and frail elderly patients

The health status of older adults varies widely from well
elders who have no diseases or functional problems to
chronically ill elders who have multiple comorbidities and
disabilities. Increased longevity of the population indi-
cates that ‘‘years are being added to life’’: however, evi-
dence that ‘‘life has been added to years’’ is not
convincing. These individuals have markedly diminished
physiologic reserves to respond to stressors, including
acute illnesses such as HZ. Cutaneous dissemination and
possibly visceral dissemination seem to be more common
in elderly individuals as is the need for hospitalization.
Short periods of reduced competence may lead to long-
term inability for self-care, thus jeopardizing indepen-
dence.80, 81 Drug absorption, binding, and elimination
may be affected thereby increasing the risks of drug
therapy. These individuals experience significant age- and
disease-related declines in glomerular filtration rate so
dosages of renally excreted medications must be adjusted
(e.g. antiviral agents, gabapentin, pregabalin). Hence,
when HZ occurs in this population, it is important
to modify pharmacotherapeutic and augment non-
pharmacotherapeutic approaches to management. Start-
ing dosages of medications should be lower than those
recommended for younger individuals and the dosage
titrated more slowly, particularly for opioid analgesics,
gabapentin, pregabalin, TCAs, and NSAIDs.82

The clinical course of vulnerable and frail elders needs
to be monitored more closely than well elders to detect
inadequate compliance, response to therapy and early
functional decline, and to step up interventions if needed.
The management of HZ pain is more complicated in
demented patients because of the risk for adverse cognitive
effects of opioid analgesics, gabapentin, pregabalin, and
TCAs. In addition, traditional pain measures (e.g. 0–10
numerical rating scale) to track response to analgesics are
not useful in patients with advanced dementia.83
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KEY LEARNING POINTS

� Spasticity needs to be considered by its origin (spinal or

cerebral).
� Spasticity is focal or general in nature.
� The mainstay of spasticity management is appropriate

physical treatment.
� The management of the pain of spasticity is the

management of the underlying spasticity.
� Systemic treatments are generally not indicated for the

management of focal spasticity.

� Oral baclofen is the most important oral antispasticity

agent, but it must be used in an effective regime and

dose.
� Intrathecal baclofen treatment is effective in the

management of otherwise resistant general spasticity.
� Botulinum toxin is the most important medical

treatment for focal spasticity.

INTRODUCTION

Pain is a common feature of people suffering spasticity
following a lesion of the central nervous system (CNS).
There are a number of mechanisms whereby spasticity can
lead to or directly cause pain, and these will be discussed in
this chapter. There is a lack of good data on the mechan-
isms of spasticity producing pain,1 although some
mechanisms will be discussed. In considering the rela-
tionships between pain and spasticity, it is necessary to have
a general understanding of the pathophysiology of spasti-
city and the mechanisms of the production of spasticity.

PATHOPHYSIOLOGY OF SPASTICITY

Spasticity has been described as ‘‘a disorder of the sen-
sorimotor system characterised by a velocity-dependent

increase in muscle tone with exaggerated tendon jerks
(deep tendon reflexes) resulting from hyperexcitability of
the stretch reflex as one component of the upper motor
neuron syndrome (UMNS).’’2 The UMNS is the result of
the changes to the normal functioning motor system
following lesions to the CNS. These changes can be
considered as both negative (i.e. things taken away from
normal control) and positive (i.e. superimposed on nor-
mal motor control, not positive as ‘‘good’’). The negative
components include weakness, loss of dexterity, and
fatigability. The positive components include velocity-
dependent increase in tone and changes in deep tendon
reflexes as described above. They also include changes in
cutaneous-mediated reflexes (via disinhibition of flexor
reflex afferents (FRA)), increased spread of cutaneous and
deep tendon reflexes (via disinhibition of propriospinal
pathways), abnormal reflexes (e.g. Babinski, Hoffmann),
and flexor and extensor spasms.3 Many clinicians consider



spasticity as not just the velocity-dependent increase in
muscle tone, but the total picture of the positive com-
ponent of the UMNS. These changes are summarized in
Table 33.1.

It is also important to appreciate that in addition to
the neurological changes there are also considerable
muscle changes following lesions of the CNS. These
changes include a relative increase in collagen compared
to elastin, with an increase in tissue stiffness plus possible
changes in muscle fiber type,4 contributing to the increase
in stiffness.5

It is axiomatic that in spasticity there is hyperexcit-
ability or disinhibition of the alpha motor neuron
pool.6 The mechanism for this excitation is different for
spasticity following lesions of the brain (cerebral origin
spasticity) and for lesions of the spinal cord (spinal origin
spasticity) (Table 33.2).

Cerebral origin spasticity has a rapid build up of
reflex activity consistent with loss of inhibition of mono-
and oligosynaptic pathways between brain stem nuclei, in
particular rubro- and vestibulospinal pathways7 and the
alpha motor neuron pool. Cerebral origin spasticity also

differs from spinal origin spasticity in the expression of
hemiplegic, or in the case of bilateral brain damage,
double hemiplegic posturing with the typical features
of shoulder adduction, elbow, wrist, and finger flexion
and forearm pronation (flexor posturing), and hip
adduction, knee extension, and ankle and foot plantar
flexion (extensor posturing).

Spinal origin spasticity, on the other hand, has a
relatively slow rise in reflex activity which is consistent
with disinhibition of polysynaptic pathways between the
dorsal column and the alpha motor neuron pool.3, 7, 8

This occurs particularly in Rexed laminae III and IV,
where the FRA and C- and Ad-fibers have their primary
synapses. Spinal origin spasticity is also marked by
disinhibition of propriospinal pathways resulting in
longitudinal spread of reflexes. Consequently, a muscle
response may occur many segments from the muscle
stimulus. Unlike cerebral origin spasticity, flexor pattern
spasticity and spasms tend to dominate the presentation,
although, especially in severe spasticity, extensor pat-
terning particularly of the trunk and lower limbs may
dominate the clinical picture. Spasms are much more
common in spinal origin spasticity9 than cerebral due
to disinhibition of FRA.

FOCAL VERSUS GENERAL SPASTICITY

In considering the management of spasticity and hence, as
will be discussed, spasticity-associated pain, it is necessary
to look at the clinical presentation of spasticity in terms of
focal and general presentations.

Focal or regional spasticity typically results from cere-
bral origin.7 This refers to spasticity primarily affecting
one limb, e.g. upper limb with the flexion/pronation/
adduction patterning described above or lower limb with
the extension/adduction patterning. However, flexion
spasticity of the hamstrings and sometimes the psoas

Table 33.1 Components of the upper motor neuron syndrome.

Positive Negative

Spontaneous spasms Paresis

Increased sensitivity to

cutaneous mediated reflexes

Loss of dexterity beyond the

degree of weakness

Increased sensitivity and spread

of deep tendon reflexes

Fatigability

Abnormal reflexes, e.g. pantar,

adductor, etc.

Poor isolated movements

Increased tone velocity

independent, i.e. spastic

dystonia, as well as velocity

dependent, i.e.’’spasticity’’

Table 33.2 Spinal versus cerebral origin spasticity.

Spinal origin spasticity Cerebral origin spasticity

Loss of supraspinal control of spinal pathways Interruption to corticoreticular and corticovestibular pathways

Loss of interneuron inhibition from flexor reflex afferents Loss of cortical inhibition to ipsilateral vestibulospinal and

reticulospinal pathways

Loss of propriospinal inhibition Oligo- and monosynaptic connections from vestibular and reticular

nuclei to a and g motor neurones

Loss of descending catecholamines and rubrospinal inhibition of

interneurons

Movement patterning common

Limb flexor and extensor spasms common Rigidity (velocity independent), as well as spasticity

Trunk extensor spasms Spasms less common

Marked increase in cutaneous mediated reflexes Relatively drug resistant

Abnormal spread and sensitivity of reflexes

Polysynaptic pathways, relatively drug sensitive
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may also occur. Clearly, upper and lower limb spasticity
resulting from a cerebral lesion often occur together.

General spasticity typically results from spinal origin
UMNS.10 It depends on the level of the spinal cord
lesion. Lumbar and thoracic spasticity will affect both legs
and possibly the trunk, depending on the level and nature
of the lesion. The upper limbs are likely to be involved
with cervical lesions.

PAIN AND SPASTICITY

There are a number of ways that spasticity can result in
chronic pain. These will be considered as follows:

� abnormal posture;
� muscle spasm and spasticity;
� contracture and pain;
� hygiene and pain;
� musculoskeletal pain;
� neuropathic pain.

Abnormal posture

Spasticity, particularly cerebral origin spasticity, will often
result in abnormal posturing, most usually with flexion/
pronation/adduction of the upper limb and extension/
adduction of the lower limb. The resulting muscle
imbalances of this posturing will often result in pain as a
direct consequence of the prolonged muscle tightness of
the affected prime mover muscles and the corresponding
stretching of the antagonists. It is usually the tighter
contracted muscles that cause more pain than the
chronically stretched antagonists.

Abnormal posture will also result in changes in normal
weight bearing and weight distribution, once again often
resulting in pain. The most common example of this is
the equinovarus foot and associated knee hyperextension
during standing and walking. The knee hyperextension
itself is usually due to a combination of plantar flexion/
knee hyperextension coupling, quadriceps weakness, and
quadriceps spasticity. The consequence, with respect to
pain is two-fold.

1. The abnormal posturing of the foot in
equinovarus (plantar flexed and inverted) means
that during standing and walking the anterolateral
border of the foot becomes the primary weight-
bearing portion of the foot. This will lead to pain
in the foot and ankle on weight bearing and often
to skin breakdown.

2. Chronic knee hyperextension in gait will often
lead to stretching of the posterior cruciate
ligament and the knee capsule leading to chronic
knee joint pain and eventual instability and
arthritis of the knee.

A common problem that often requires intervention is
foot and toe pain related to toe flexor spasticity. The great
toe often displays extensor pattern spasticity, although
may join the other toes in a generally flexor pattern. This
patterning frequently results in forefoot pain, pain on the
balls of the toes as they are forced into the floor or
footwear, and pain over the proximal metatarsopha-
langeal joints which will rub against footwear. In the
frequent situation where the great toe is extended rather
than flexed, this will often result in pain on the dorsum of
the foot and the toe catching on footwear once again
resulting in pain and discomfort.

Similar problems will occur in the upper limb,
although the weight-bearing issues are clearly not as
important or frequent. Forearm pain arises due to spas-
ticity of finger flexors and, to a lesser extent, wrist flexors.
Supination, whether active or passive, is frequently
painful. Where weight bearing does occur, such as in
the use of a walking aid, the inability or difficulty in
supination can result in pain.

Muscle spasm and spasticity

Muscle spasm is a particular feature of spinal (including
brain stem) origin spasticity as described above under
Pathophysiology of spasticity.10, 11 Mass extensor spasms
affect lower limbs, trunk and, in higher lesions, the upper
limbs (Figure 33.1). In severe spasticity, flexor spasms
of the lower limbs also occur (Figure 33.2) and may
be associated with pain in those people with preserved
sensation. These sorts of spasms frequently occur in
people with poor or absent sensation where the typical
muscle pain cannot be expressed. It is often the spasms
themselves rather than the pain that require treatment.12

Even so, pain not infrequently accompanies these spasms
and can be very severe. Chronic muscle spasticity will

Figure 33.1 Severe generalized spasticity with opisthotonus

posturing and pain following a traumatic brain injury.
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frequently be felt as tightness or discomfort or pain, even
in the absence of spasms.

Contracture and pain

Contracture associated with chronic spasticity involves
the remodelling of soft tissues including muscles,
connective tissue, and joint capsule around joints, so
that there is loss of range of movement almost invariably
with the joint in an abnormal posture. Severe con-
tracture, especially flexion contracture of the distal upper
limb, is more a feature of cerebral origin spasticity
than of spinal origin spasticity. Severe wrist and
finger flexor spasticity can lead to carpal subluxation
and pain.

Contractures can affect just about any joint in the
body. Shoulder adduction, elbow flexion, wrist and finger
flexion (Figure 33.3) and thumb in palm contractures
(adduction, flexion of the metacarpophalangeal joint,
with or without flexion of the interphalangeal joint) all
occur in the upper limb. Hip flexion, knee flexion, ankle
equinus and equinovarus, and forefoot and toe flexion
contractures occur in the lower limb.

Contractures lead to pain associated with joints and
soft tissues and with skin breakdown in flexures or the
development of pressure decubiti.

Hygiene and pain

Skin hygiene can be significantly compromised when
there is the development of contractures or when spasti-
city is high. Both result in difficulty of access to skin
flexures, in particular in the distal upper limb, but also
at the elbow (Figure 33.4) or less commonly behind the
knee. This may lead to skin breakdown with pain,
maceration, infection, and malodorous flexures.

Hip adductor spasticity may lead to difficulties with
perineal access and the development of painful excoria-
tion and skin maceration in the groin area. Infections,
either fungal or bacterial, may accompany this skin
breakdown. Shoulder adductor spasticity may lead to
similar problems of access to and breakdown of skin in
the axilla.

Figure 33.2 Severe generalized spasticity preventing sitting.

Figure 33.3 Palmar skin breakdown following hypoxic brain

injury.

Figure 33.4 Elbow flexor spasticity and flexure breakdown

following traumatic brain injury.
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Musculoskeletal pain

Musculoskeletal pain is a frequent problem in people with
spasticity. Poor seating posture as a result of trunk or
lower limb spasticity will result in postural muscle pain,
particularly back and trunk pain. Paralytic scoliosis,
particularly in children and adolescents, may result from
either high paraplegia or tetraplegia or from a double
hemiplegia. This will result in significant back and trunk
musculoskeletal pain. Skin and soft tissue breakdown can
occur, particularly over the major deformity. Paralytic
scoliosis may be progressive and very difficult to control.

Musculoskeletal pain may also occur in the upper
trunk, neck, and shoulder as a result of shoulder and arm
paralysis and spasticity.

Neuropathic pain

Neuropathic or deafferentation type pain may occur fol-
lowing lesions of the central nervous system. Neuropathic
pain is usually independent of spasticity and is considered
in Chapter 28, Central neuropathic pain: syndromes,
pathophysiology, and treatments.

TREATMENT OF THE PAIN OF SPASTICITY

The treatment of pain resulting from spasticity is pri-
marily the treatment of the underlying spasticity itself.
This section will discuss spasticity management. Clearly,
in considering pain management, simple (or complex)
analgesics will often be an integral part of the treatment,
but will not be considered in detail in this section. It
will examine pertinent pain management issues and
modalities.

General principles of spasticity management

The management of spasticity is determined by whether
you are dealing with focal or general spasticity. Treatment
decisions will for the most part be predicated on this.
Before considering specific interventions, it is essential
that factors that can exacerbate the spasticity be treated or
managed. Potentially, nociceptive stimulus can exacerbate
spasticity. These include factors such as pressure
areas, ingrown toenails, heterotopic ossification, fractures,
bladder or bowel distention, and postural abnormalities.7,
11 Once the decision to treat the spasticity has been made,
then irrespective of the nature of the spasticity, the
mainstay of management is good and appropriate phy-
sical treatment.13, 14, 15 Expert physical therapy is essential
and forms the basis of management. The most important
physical approach is muscle stretching and, where
appropriate, muscle and joint splinting16 to maintain
range of movement and to prevent the development of

contractures.9, 17 Physical modalities, including ultra-
sound diathermy and local heat and local cold therapy,
may assist in joint and muscle flexibility. Passive stretch to
assist in spasticity management and the prevention of
contractures is essential. Hydrotherapy is often beneficial
in spasticity management allowing a combination of
supported weight bearing and local heat.

MANAGEMENT OF GENERAL AND REGIONAL
SPASTICITY

Oral medications

Oral medications are the mainstay of medical treatment
of mild to moderate general or regional spasticity of
spinal origin not controlled by physical management.
Oral medications are far less useful in the management of
cerebral origin spasticity, although it is often reasonable
to trial them in appropriate patients. Cerebral origin
spasticity is marked by disinhibition of oligosynaptic
pathway, making specific pharmacological management
very difficult. There are few sites at which oral medica-
tions can act to modify this type of spasticity. In spinal
origin spasticity, which is mediated by polysynaptic
pathways, there are many synapses available for medica-
tion to act upon.18 Thus, there are strong theoretical
reasons, often borne out clinically, for the differential use
of oral systemic antispasticity medications. Four medi-
cations are commonly used in spasticity management.

BACLOFEN

The most commonly used oral medication is baclofen.
Baclofen is a GABA-B agonist that acts pre- and post-
synaptically to inhibit the release of excitatory neuro-
transmitters.14, 19[I] In addition to its antispasticity effect,
baclofen has also been shown to be antinociceptive.20 This
may also be useful in the management of spasticity-
associated pain. Baclofen is considered more useful for
the management of spinal origin spasticity than for cere-
bral origin spasticity.21 Because of its relatively short half-
life, baclofen should be administered in divided doses at
least three times a day. Doses are usually between 40 and
120mg/day. The most common side effects include
drowsiness and a feeling of detachment. Oral baclofen
may lower the seizure threshold in people with epilepsy,
and therefore care must be exercised (Novartis product
information for Baclofen), especially when it is used in
people with cerebral origin spasticity.

DIAZEPAM

Diazepam has long been used for spasticity management
for both cerebral4, 22[II] and spinal origin.23, 24[II]
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Diazepam acts on the benzodiazepine (BZD) site of
the GABA-A receptor to increase the inhibitory effects
of endogenous GABA.25, 26 Although there are no
formal data or studies confirming the advantage of
diazepam over baclofen in cerebral origin spasticity,
many physicians believe that there are some advantages.
As with baclofen, diazepam is generally considered to be
more effective in spinal origin spasticity than cerebral
origin spasticity.16 The common side effects of diazepam
are drowsiness, sedation, and CNS depression. Diazepam
can also cause addiction.27 Doses of between 4 and 50mg/
day can be used, titrating the clinical effect against
side effects.

ALPHA-2 AGONISTS

The a2 receptor agonists,28 most notably tizanidine
and clonidine, can be useful. Their antispasticity activity
may be related to the presynaptic inhibition of normal
catecholamine release.29, 30 These medications may be
used in combination with baclofen. Clonidine can be
used in doses up to 500 mg/day. It does have some
a1 activity and may cause an increase in spasms at
high doses. Side effects include hypotension, drowsiness,
sedation, and constipation. Once again these medica-
tions are more useful in spinal than cerebral origin
spasticity.21, 31[II] Tizanidine is not available in Australia
and is reported to have a lower side-effect profile than
clonidine.

DANTROLENE

Dantrolene sodium is the last of the commonly used oral
medications. Unlike the three medications discussed
briefly above, dantrolene acts peripherally in skeletal
muscle to inhibit calcium release from the endoplasmic
reticulum. It blocks excitation contraction coupling in
skeletal muscle.32[II] The primary effect of dantrolene is
muscle weakness,18, 24 but because it acts on intrafusal as
well as extrafusal fibers, it has a true antispasticity effect.16

The most notable side effect of dantrolene is an idio-
syncratic hepatotoxicity, and liver function needs to be
monitored, particularly over the first few months of
treatment. Because dantrolene causes muscle weakness, it
is rarely used where motor function is important.14, 23

Some authors feel it is the medication of choice in cere-
bral origin spasticity.33

There are a number of other oral medications that can
be used, usually in addition to the above medications.
These include, but are not limited to, cyproheptadine,34

some of the newer GABAergic anticonvulsants such as
piracetam, lamotrigine, and progabide34 and the canna-
binoids,35 either medically prescribed or otherwise
obtained. In general, these other medications show level
III or IV evidence for effectiveness in the management of
chronic spasticity.

Intrathecal baclofen therapy

When general or regional spasticity is severe and cannot
be managed by physical or oral pharmacological means,
continuous delivery of intrathecal medication should
be considered. Intrathecal baclofen (ITB) therapy follows
the same principles as intrathecal therapy for chronic
pain as discussed elsewhere in this volume. Baclofen does
not easily cross the blood–brain barrier.36 Administering
this medication directly into the subarachnoid space
means that very low doses of medication can be delivered
directly to the spinal cord at high local concentra-
tions. This results in good clinical effects with very
low systemic absorption and hence a low incidence of
side effects. A typical dose of oral baclofen is 60–80mg/
day in divided doses. A typical intrathecal baclofen dose is
350 mg/day (1/2000th of the oral dose) as a continuous
infusion. Some patients like a bolus dose in the early
hours of the morning to assist them when getting out
of bed.

ITB therapy has been shown to be effective in both
cerebral origin17, 28, 37, 38[I] and in spinal origin spasti-
city.15, 18, 39[I] ITB is much more useful for trunk and
lower limb spasticity than for upper limb spasticity. ITB is

(a)

(b)

Figure 33.5 Severe traumatic brain injury. (a) The patient has

had botulinum toxin injections to left biceps and brachialis. (b)

The patient has had botulinum toxin to biceps and brachialis of

both arms plus musculocutaneous nerve phenolization.
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particularly effective for the management of flexor and
extensor spasms which are a frequent cause of pain, as
well as for hypertonus. Some authors have recorded better
upper limb effects with a higher placement of the catheter
in the cervical or upper thoracic spine. However, these
reports are inconsistent, and there are theoretical reasons
why high placement of the catheter does not improve
upper limb effects.40

Surgical management

Surgical management of general or regional spasticity is
usually neurosurgical.41 There are a number of operations
that have been described. Selective dorsal rhizotomy
(SDR)23, 24[I] is an occasional but useful procedure in
children with cerebral palsy. The advent of ITB therapy
has made the surgical approach to general or regional
spasticity a rarity.

MANAGEMENT OF FOCAL SPASTICITY

Physical therapy is the mainstay of all spasticity man-
agement. When this is not effective then botulinum
neurotoxin, most commonly type A (BoNT-A), or phe-
nolization of selected peripheral nerves can provide
effective treatment for focal spasticity. Neither of
these techniques is permanent, but may be helpful in
selected cases.

Botulinum toxin

Apart from its well-known cosmetic uses, there are many
clinical noncosmetic indications for the use of BoNT-A.
There are at least 30 proposed or accepted uses for
botulinum toxin. Some of the well-accepted indications
include the management of hyperhydrosis,42 hemifacial
spasm,43 detrusor overactivity,44 cervical45 and other focal

Regional or general 
spasticity Focal spasticity

Analgesics

Eliminate any precipitating or aggravating cause 

Surgery (usually neurosurgery) 

Intrathecal baclofen

Oral medications

Physical therapy and 
modalities

BoNT-A or phenol

Surgery (usually orthopedic) 

Physical therapy and 
modalities

Treatment of painful spasticity 

Figure 33.6 Treatment algorithm for spasticity

management.
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dystonias,26 spasmodic dysphonia,46 and anal fissure.
BoNT-A blocks the release of acetylcholine (Ach) at the
neuromuscular junction of injected muscles, thus causing
focal weakness by the action on extrafusal fibers, and
decrease in spasticity by its action on intrafusal fibers.
In addition to its antispasticity effect on pain, there is a
growing evidence of a separate antinociceptive effect.47, 48,
49, 50

There is a very large body of evidence showing that
BoNT-A injected directly into spastic muscles is effective
in the treatment of focal spasticity of cerebral1, 51, 52, 53, 54,
55[I] and, to a lesser extent, spinal origin,56, 57[II] but it
is not useful for the management of established con-
tractures. BoNT-A has duration of benefit of around three
months and injections can be repeated. Side effects are
uncommon and usually very minor. Antibodies may
occasionally develop and render subsequent injections
less effective.

Phenol injections

Phenol injected perineurally on to mixed motor/sensory
or motor nerves results in patchy demyelination of those
nerves with a slowing of nerve conduction and a resulting
decrease in spasticity.24, 58[III] Phenol can be moderately
useful in focal spasticity. Whereas BoNT-A affects the
individual muscle into which it is injected, phenol affects
all muscles supplied by the injected nerve (Figure 33.5).
The main disadvantage of phenol is the relatively high
rate of late dysesthesia in the sensory distribution of
the injected nerve. Phenol injected intravascularly can
cause seizures, and if injected intramuscularly can lead to
the development of sterile abscess.

Surgery

Surgery for focal spasticity usually involves orthopedic-
type procedures with muscle lengthening, transfers,
excision of bone, or joint reconstruction.41, 58 Surgery of
this type can be useful and is often the only available
medical treatment for established contractures. Surgery is
not usually indicated in the management of the pain of
spasticity unless there are also contractures.

CONCLUSIONS

There are many ways for spasticity to cause pain, both
directly related to the spasticity itself or to the con-
sequences of the spasticity. Management of spasticity-
related pain is essentially the management of the
spasticity. There are major differences in the etiology,
pathogenesis, and treatment of spinal as compared
to cerebral origin spasticity, and treatment decisions will

be based to a large extent on the nature of the spasticity
(Figure 33.6).
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KEY LEARNING POINTS

� Migraine has a lifetime prevalence of 16 percent.
� The prevalence of chronic tension-type headache is 2–3

percent.
� Migraine is a neurovascular headache with associated

symptoms.

� Migraine can be treated with acute or preventive treatment.
� The specific antimigraine drugs, the triptans, are new

treatment options.
� For prevention, beta-blockers and antiepileptics can be

used.

INTRODUCTION AND CLASSIFICATION

Headache is the most frequent pain disorder and has been
experienced by almost everyone. Despite the widespread
prevalence, the pathophysiology behind the primary
headache disorders is widely unknown. Treatment
strategies are still nonspecific in most cases, although
acute migraine therapy with the advent of the triptans
(5-HT1B/1D receptor agonists) has improved considerably
in the last decade.

Headache disorders are classified as primary and sec-
ondary headaches on the basis of their clinical symptoms
and by means of a hierarchical and operational diagnostic
system. This classification system1 is used and accepted
worldwide and has improved headache research
considerably.

Migraine and tension-type headache (TTH) are the
most prevalent primary headaches. Migraine is classified
as either migraine with or without aura (Table 34.1).
Tension-type headache is divided into infrequent episo-
dic tension-type headache (ETTH) (less than one day
per month), frequent tension-type headache (less than
one, but not more than 15 days per month), and chronic
tension-type headache (CTTH) (Z15 days per month)
(Table 34.2).1 Distinguishing episodic from chronic
tension-type headache and episodic tension-type head-
ache from migraine without aura has practical implica-
tions in management strategies. Chronic tension-type
headache is often associated with more severe pain, with
more accompanying symptoms, is often combined with
medication overuse, and is less influenced by daily hassle
and stress. It can be difficult to distinguish between



various headache disorders in the severely affected
patients with very frequent attacks and a diagnostic
headache diary and a long-term follow up are therefore
mandatory.2

EPIDEMIOLOGY

Migraine has a quite uniform worldwide prevalence with
a lifetime prevalence at 16 percent and a one year

Table 34.1 Operational diagnostic criteria for migraine without aura.1

Headache characteristics

At least five headache attacks of 4–72 hours duration (untreated or unsuccessfully treated)

The attacks should fulfil at least two out of four

characteristics:

Unilateral location

Pulsating quality

Moderate or severe pain intensity

Aggravation by or causing avoidance of routine physical activity (e.g. walking or

climbing stairs)During headache, at least one of the following:

Nausea and/or vomiting

Photophobia and phonophobiaNot attributed to another disorder

Table 34.2 International Headache Society (IHS) diagnostic criteria for tension-type headache.1

Diagnostic criteria

Episodic tension-type headache (IHS 2.1) IHCD-II

A. At least ten previous headache episodes

fulfilling criteria B–D listed below

Number of days with such headacheo180/

year (o15/month)

B. Headache lasting from 30 minutes to 7 days

C. At least two of the following pain

characteristics:

1. Pressing/tightening (nonpulsating quality)

2. Mild or moderate severity

3. Bilateral location

4. No aggravation by walking stairs or similar routine physical activity

D. Both of the following: 1. No nausea or vomiting (anorexia may occur)

2. Photophobia and phonophobia are absent, one but not the other is

present

E. At least one of the following: 1. History, physical and neurological examinations do not suggest one of the

disorders listed in group 5–11 (secondary headache disorders)

(IHCD-II)1

2. History, physical and neurological examinations do suggest such disorder,

but is ruled out by appropriate investigations

3. Such disorder is present, but tension-type does not occur for the first time

in close temporal relation to the disorder

Chronic tension-type headache (IHS 2.2)

A. Average headache frequency 15 days/month

or more (180 days/year) for six months

or more fulfilling criteria B–D listed

below

B. As listed in episodic tension-type headache

C. Both of the following: 1. No vomiting

2. No more than one of the following: nausea, photophobia, or

phonophobia

D. As (E) in episodic TTH above
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prevalence at 10 percent.3, 4, 5, 6 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

The prevalence of migraine increases with age until
peak prevalence is reached during the fourth decade of life
and thereafter declines again. It is more pronounced in
females than in males3, 6 and the most common age at
onset is in the second or third decade of life.3, 6

In its milder and infrequent forms, tension-type
headache is a nuisance, not a disease, but in its frequent
forms, it becomes distressing and socially disturbing like
other primary headaches. The prevalence of episodic
tension-type headache varies considerably among popu-
lation-based studies, and ranges from 38 percent in the
most recent American study7 to 74 percent in a Danish
cross-sectional study.3 In contrast, the prevalence of
chronic tension-type headache is quite uniform, 2–3
percent in most studies.3, 4, 7

The male:female ratio of tension-type headache is 4:5
indicating that, unlike migraine, females are only slightly
more affected.3, 4, 7 The median frequency of the frequent
episodic form varies from 2 to 6 days per month,4, 8

whereas the vast majority of patients with chronic ten-
sion-type headache suffer from a daily almost constant
headache. In contrast to migraine, there is no consistent
decline in prevalence with increasing age.3

Cluster headache is also a primary headache, but far
less prevalent than migraine and tension-type headache
with a prevalence between 0.5 and 1 per thousand and
with an almost inverse male/female ratio at 4–5/1 com-
pared to migraine.9 The male preponderance, the very
severe pain attacks, the clustering of attacks in one to two
months, and the highly characteristic features are very
clear, but nevertheless there is still an unacceptable long
mean diagnostic delay of nine years (Jensen RM, personal
communication).

CLINICAL FEATURES

The typical migraine attack is often dominated by a severe
and pulsating, unilateral pain which is intensely aggra-
vated by physical activity,1, 10 although various clinical
manifestations are described. The prominent associated
symptoms (photophobia, phonophobia, and nausea,
sometimes with vomiting) are often just as incapacitating
as the pain itself.

In tension-type headache, the 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 head, while others mention a big
‘‘weight’’ over their head and/or shoulders.11, 12, 13, 14 The
headache of tension-type headache is typically bilateral.
Thus 90 percent of subjects in one population-based
study reported bilateral pain.13

At 12-years follow up of a general population, Lyng-
berg et al.15 found that 42 percent of migraineurs had
remission with a lower attack frequency, 38 percent had
unchanged infrequent migraine, while 20 percent had
developed increased migraine frequency. Some 47 percent
of subjects with chronic TTH had remission, while 12
percent with episodic TTH had developed the chronic
form.15

In cluster headache, there is a severe orbital or peri-
orbital pain lasting 15–180 minutes with accompanying
symptoms such as Horner’s syndrome, lacrimation, rhi-
norrhea, and restlessness and agitation. The attacks occur
in clusters of weeks to months duration, and in a min-
ority of 15 percent the condition is chronic, lasting for
years.

PATHOPHYSIOLOGY

Migraine

Several pathophysiological mechanisms of migraine have
been suggested: genetic, neurogenic, vascular, inflamma-
tory, or combinations of these (an update appears in
Ref. 16).

Very exciting data have been published in the field of
genetics.17, 18 In the very rare condition of familial
hemiplegic migraine, mutations in the P/Q calcium
channel complex have been described. However, this gene
has so far not been linked to migraine with and without
aura.19 A genetic mechanism is undoubtedly involved as
Russell et al.20 have found an increased familial risk in
first-degree relatives of migraineurs. The risk appears to
vary from 1.9 in migraine without aura to 3.8 in migraine
with aura, and to 14 in cluster headache.20 These data
indicate that the mode of inheritance is multifactorial and
that the primary headache disorders have somewhat dif-
ferent pathophysiological mechanisms. The prevalence of
tension-type headache was the same in monozygotic and
dizogotic twins and it was concluded that environmental
factors were more important than genetic factors in ten-
sion-type headache.21

Can the precipitating factors provide any important
clues to the pathophysiology? The factors, such as stress,
mental tension, certain foods, wine and spirits,10, 22 are
quite nonspecific. They can only be identified in some
patients and vary considerably between and within
patients. Precipitating factors are therefore only of limited
guidance, although the frequent reports of mental and
biochemical stressors along with the accompanying
symptoms, such as nausea, photo- and phonophobia,
indicate central mechanisms.

For years, the migraine aura has been linked to a
cortical hyperexcitability, but neurophysiological evidence
for this very likely mechanism has actually been scarce
and results are conflicting. Application of more advanced
methods, such as transcranial magnetic stimulation has

452 ] PART III MANAGEMENT – CLINICAL SITUATIONS



demonstrated consistently and significantly lowered
thresholds (44 versus 69). Recorded visual symptoms,
such as phosphenes, occur in all migraine patients in
contrast to only 27 percent of the controls23 favoring an
increased excitability explanation.

The previous theory of cortical spreading depression of
Leao was demonstrated in animal models and recently in
man after brain injury24 and during migraine aura.25 It is
very likely to play a role in the migraine aura where a
slowly spreading decrease in regional cerebral blood flow
(rCBF) has been observed.26 Whether this cortical and
neuronal hyperexcitability is a factor in both migraine
with and without aura and whether it is the causative
mechanism for the entire attack, or just a triggering
factor, is not yet known.

Positron emission tomography (PET) scanning
showed an increase in rCBF in median brain stem
structures during migraine attacks. This increase was also
observed after relief of symptoms after sumatriptan.27

These changes in the brain stem have been suggested as a
‘‘migraine generator.’’

The cranial vessels have been extensively studied as
peripheral factors. The patients never doubt that their
pain is a vascular pain due to the throbbing, pulsating
quality and the transient comfort experienced by a min-
ority of patients by compressing the temporal artery on
the painful site. Simple dilatation of the large intracranial
arteries can play a role in the pain process, as dilation of
various segments of the middle cerebral artery can pro-
duce referred pain in relevant areas, but the pain is
transient and not a migraine. A strictly unilateral dilation
of the temporal artery on the painful site has been
demonstrated during an episode.28 There is also indirect
evidence of dilatation of the middle cerebral artery on the
migraine site by means of transcranial Doppler mea-
surements in some,29 but not in all studies.30 Infusion of
the nitric oxide (NO)-donor nitroglycerin (NTG) also
gives rise to a dilation of the cephalic arteries and a
delayed headache indistinguishable from genuine
migraine attack. It is elicited in most migraine patients
after five to six hours.31, 32 The NO molecule acts, how-
ever, on multiple systems, including the cortical and the
brain stem neurons, and the vascular effect may therefore
represent another epiphenomenon. Nevertheless, the
NTG model is a very useful human model for the study
of various aspects of the entire migraine episode.31, 32, 33

The highly prominent vasoconstrictor effect of specific
and effective acute migraine drugs, such as the triptans,
ergotamine, and dihydroergotamine (DHE), also
supports a prominent vascular mechanism.

Activation of the trigeminal ganglion and the tri-
geminal nucleus by neurogenic inflammation has been
intensively studied in animal models34, 35 and may be
involved in the migraine attack leading to the concept
of migraine being a trigeminovascular disease. Whether
the activation of the trigeminal system is primary or
secondary to the migraine pain is yet unknown, but these

models have also been very useful for the study of pain-
producing mechanisms and for the screening procedure
of possible therapeutic agents. Calcitonin gene-related
peptide (CGRP) in the external jugular venous blood was
increased in one study,36 but in a recent, controlled
study37 no such increase was found. However, CGRP
infusion induces headache in migraine patients38 and a
CGRP antagonist BIBN4096BS has been shown to be
effective in the treatment of migraine attacks.39

In conclusion, migraine is a transient, complex
disorder in otherwise healthy individuals. The most likely
mechanism that can unify the numerous existing hypoth-
eses is a spreading regional neuronal depolarization. This
depolarization is probably due to a genetically inherited
membrane channel dysfunction in the neurons, either as
increased excitability or lack of inhibitory transmitters. If a
certain number and combination of idiosyncratic external
triggers are present, a migraine attack can be initiated. In
the intervals between attacks, there are no clinical signs of
the underlying neuronal dysfunction. Similarly, the trigger
factors alone cannot initiate the migraine attack, as a
genetic disposition also appears to be required. Activation
of the trigeminal and the vascular system is most likely to
be secondary to the basic migraine process, although highly
involved in the elicited central–peripheral–central migraine
cascade. Future studies applying more advanced neuro-
physiological and neuroimaging techniques and genetic
studies will hopefully shed more light on the basic
mechanisms of migraine.

Tension-type headache

The pathophysiology of tension-type headache is far from
elucidated. Headaches of tension-type generally are
reported to occur with emotional conflict and psycho-
social stress, but the cause–effect relation is not clear.
Stress and mental tension are thus the most frequently
reported precipitating factors, but occurred with similar
frequency in tension-type headache and migraine.10, 22

Widely normal personality profiles are found in subjects
with episodic tension-type headache, whereas studies of
subjects with the chronic form often reveal higher fre-
quency of depression and anxiety.13, 40 In a controlled
study, Holroyd et al.41 reported that depression, anxiety,
and somatization were highly abnormal during ongoing
pain and normalized when patients were retested outside
the pain period. However, it was recently demonstrated
that depression increases vulnerability to TTH in patients
with frequent headaches during and following a labora-
tory stress test and that the induced headache was asso-
ciated with elevated pericranial muscle tenderness.42 The
authors suggested that depression may aggravate existing
central sensitization (see below under Prophylactic treat-
ment) in patients with frequent headaches.42 Thus, there
may be a bidirectional relationship between depression
and frequent TTH.
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Peripheral factors have traditionally been considered of
major importance in TTH. Numerous studies have
reported increased tenderness of pericranial myofascial
tissues in these patients.43, 44 Moreover, TTH patients are
more liable to develop shoulder and neck pain in response
to static exercise than healthy controls.45 The increased
myofascial pain sensitivity in TTH could be due to release
of inflammatory mediators resulting in excitation and
sensitization of peripheral sensory afferents.43, 44 A recent
study demonstrated normal in vivo interstitial con-
centrations of inflammatory mediators and metabolites in
a tender point of patients with CTTH.46 Concomitant
psychophysical measures indicated that a peripheral sen-
sitization of myofascial sensory afferents was responsible
for the muscular hypersensitivity in these patients,47 but
firm evidence is still lacking.

Central factors also play an important role in CTTH
and increased suprathreshold pain sensitivity, both in skin
and muscle and in cephalic and extracephalic regions, was
confirmed in a recent study of patients with CTTH.48 The
fact that the hyperalgesia is generalized, i.e. found in all
the examined tissues, makes it highly unlikely that the
hyperalgesia is caused by peripheral sensitization of
nociceptors in muscle and skin or by abnormal pain
modulation in the central nervous system. A recent study
demonstrated a decrease in volume of gray matter brain
structures involved in pain processing in patients with
CTTH.49 This decrease was positively correlated with
duration of headache and the authors interpreted the data
as being the consequence of central sensitization. Thus,
present knowledge strongly suggests that the central
nervous system is sensitized both at the level of the spinal
dorsal horn/trigeminal nucleus and supraspinally in
patients with CTTH, while the central pain processing
seems to be normal in patients with ETTH.

A recent longitudinal population study demonstrated
that pain sensitivity is inversely related to headache fre-
quency in both migraine and tension-type headache.
Frequent pain did not appear to be a causative factor as
pain thresholds were normal before the headache became
frequent.50

Cluster headache

Cluster headache is a chronobiological headache with a
tendency for the attacks to occur at a certain time of the
day. The attacks are most likely generated from the
hypothalamus where activation has been observed during
attacks.51 The pain is most likely a trigeminovascular pain
with dilation of large cerebral arteries.

DIAGNOSIS

A diagnosis of primary headaches as migraine or tension-
type headache requires exclusion of other organic dis-
orders. The differential diagnoses for primary headaches

are listed in Table 34.3. If an intracranial lesion is sus-
pected on the basis of a clinical history and/or examina-
tion a computed tomography (CT) or magnetic
resonance (MR) scan should be performed. At present,
there are no reliable clinical or laboratory tests that are
useful in the differential diagnosis. Therefore, a careful
history and neurological examination, as well as a pro-
spective follow up using diagnostic headache diaries, are
of utmost importance to reach the diagnosis.

A migraine attack should be treated quite differently
from an episode of tension-type headache and a separa-
tion between these disorders is therefore important. The
intensity of pain, the aggravation by physical activity, and
the pronounced accompanying symptoms are some of the
main features of migraine, although recall bias often
influences the history. It has to be kept in mind that
tension-type headache and migraine often coexist in the
same patient, and an exact diagnosis can only seldom be
applied at the initial consultation.

Chronic sinusitis cannot be accepted as a cause of
headache on the basis of a simple radiological thickening
of sinus mucosa. At least intermittent radiological or
clinical signs of ongoing sinus disease have to be present.
Similarly, radiological evidence of cervical spondylosis is
rarely a satisfactory explanation for a headache since it
can be found with equal prevalence in age-matched
nonheadache subjects and in other headache patients.52, 53

The relation between oromandibular dysfunction and
headache also remains controversial as a similar pre-
valence of oromandibular dysfunction in subjects from
the general population, suffering from tension-type
headache, migraine, or devoid of headache, suggests that
a causal relationship with primary headaches must be
rare.54

Table 34.3 Most frequent differential diagnosis for primary

headaches.

Differential diagnosis

Medication overuse headache

Transient ischemic attack

Intracranial tumors

Meningitis

Encephalitis

Subarachnoid hemorrhage

Subdural hematoma

Venous sinus thrombosis

Stroke

Temporal arteritis

Arterial dissection

Primary angle-closure glaucoma

Idiopathic intracranial hypertension

Carbon monoxide poisoning

Each of the primary headaches is in the differential diagnosis of each of
the others.
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Changes in intracranial pressure are well-known causes
of headache. While spontaneous or symptomatic intra-
cranial hypotension is most often distinguishable from
other headache types by its clear-cut accentuation in the
erect position (‘‘orthostatic headache’’), the syndrome of
idiopathic intracranial hypertension, also known as
‘‘pseudotumor cerebri’’ or ‘‘benign intracranial hyper-
tension,’’ may mimic chronic migraine or chronic ten-
sion-type headache. It is vital to remember that idiopathic
intracranial hypertension may occur without papilledema
and especially young female patients with obesity and
pulsatile tinnitus may suggest this diagnosis.55, 56

Although brain tumors represent only a very small
minority among the causes of headache, they obviously
are a major concern to patients and clinicians. Headache
awakening the patient from sleep or present on awaken-
ing, and/or associated with vomiting, are frequent char-
acteristics with brain tumors, but may also occur in some
migraineurs and in subjects with medication overuse.

In clinical practice, the most frequent cause for chronic
daily headache is medication overuse headache (MOH) due
to chronic analgesic and/or ergotamine or triptan overuse,
to which patients may evolve after having presented initially
with migraine or episodic/chronic tension-type headache.57

The prevalence of MOH is as high as 30–50 percent
in headache clinic populations.57, 58, 59 Recognizing this
condition is of crucial importance, since the outcome in
general is very positive after withdrawal.58 Likewise,
migraineurs become responsive to prophylactic drugs after
a successful detoxification, despite prior prophylactic
failures in combination with acute medication overuse.60

TREATMENT

It is important to establish an accurate diagnosis, where
the individual headache episode is identified and sepa-
rated from a secondary headache, most frequently drug-
induced headache. The treatment of primary headache
disorders consists primarily of prevention by avoidance of
any possible trigger factors. Treatment of the acute attack
and prophylaxis is typically by pharmacological methods.
One of the most important elements in treating headache
patients in general is to take their complaints seriously,
show empathy, and examine them.

THE ACUTE EPISODE

Migraine

Migraine attacks can be treated with nonspecific drugs,
such as analgesics and nonsteroidal anti-inflammatory
drugs (NSAIDs),61[II] which have an effect on headaches
generally, or with specific antimigraine drugs, such as
triptans (5-HT1B/1D receptor agonists),62[I] and ergot
alkaloids (ergotamine and dihydroergotamine), which

only are effective in migraine.63[II] The absorption of
orally administered drugs is delayed during migraine
attacks.64 If nonspecific drugs are used, it is recom-
mended therefore that they are combined with a pro-
kinetic antiemetic drug, such as metoclopramide, in order
to optimize absorption.64 Nonspecific drugs, often com-
bined with metoclopramide,64[II] were comparable to
sumatriptan in several randomized clinical trials (RCTs)
(see Table 34.4). An exception is tolfenamic acid (58
percent headache relief) which was inferior to suma-
triptan (75 percent headache relief).69 Oral ergotamine70

[II] has a very low bioavailability (o1 percent)71 and, as
expected, was inferior to oral triptans (sumatriptan,
rizatriptan, eletriptan, and almotriptan) in four RCTs
(Table 34.4). In contrast, rectal ergotamine70[II] was
superior to rectal sumatriptan [I] (Table 34.4), but
because it also acts on dopamine and 5-HT2 receptors, it
causes more side effects than triptans. The benefit/toler-
ability ratio for effective doses of ergotamine is thus less
than that for triptans. Ergotamine was recently only
recommended in patients who already use it, are
responding satisfactorily to the drug, with no contra-
indications to its use, and with no signs of dose escala-
tion.72 Long-lasting migraine attacks (448 hours) may be
usefully treated with ergotamine, since headache recur-
rence (primary successful treatment within two hours
with subsequent increase to moderate or severe headache
within 24 hours) is probably less likely with ergotamine.72

If ergotamine is used, the rectal route, provided it is
acceptable to the patient, should be used.72

TRIPTANS

The triptans are a new class of compounds which act as
agonists on the-HT1B/1D receptor. The first of this family,
sumatriptan, was undoubtedly a significant advance in
migraine therapy.73, 74[I]

The mechanisms of action of triptans in migraine are
mainly constriction of dilated cranial extracerebral blood
vessels,75 reduction of neuropeptide release and plasma
protein extravasation across dural vessels,34 and inhibi-
tion impulse transmission centrally within the trigemi-
novascular system.76 However, the possible contribution
of the neuronal effect of triptans, mediated via 5-HT1D

receptor, has been put in doubt because PNU142633, a
selective 5-HT1D receptor agonist, has not proved effective
in the acute treatment of migraine.77

Efficacy of triptans in randomized clinical trials

The relative efficacy of the different triptans has only been
investigated in 15 comparative, randomized clinical trials
(Table 34.5).62, 65 In addition to direct comparative trials,
more information on the efficacy of different drugs can be
obtained by meta-analyses of the drugs.65, 78 An extensive
meta-analysis of oral triptans is shown in Figure 34.1.
The efficacy measure recommended by the International
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Headache Society, rizatriptan (10mg), eletriptan (80mg),
and almotriptan, were superior to the standard drug
sumatriptan (100mg). Naratriptan (2.5mg) was inferior
to sumatriptan.78, 79[I] In later comparative randomized
trials, eletriptan (40mg) was superior to sumatriptan
(100mg),80[I] whereas almotriptan (12.5mg) was inferior
to sumatriptan (50mg) for this variable.66[II] Rizatriptan
(10mg) was superior for pain relief to sumatriptan
(100mg);62, 66[II] naratriptan (2.5mg) was inferior to
100mg sumatriptan and 10mg rizatriptan.62, 65[II]

How do the triptans compare with other drugs for
acute migraine treatment? As shown in Table 34.4,

sumatriptan (100mg), eletriptan (40 and 80mg), almo-
triptan (12.5mg), and rizatriptan (10mg) were superior
to oral ergotamine plus caffeine (2mg1200mg).62[II]
Oral sumatriptan (100mg) was not superior to aspirin
with metoclopramide for the first treated attack (but
superior for the second and third attacks),62[II] and was
comparable to lysine acetylsalicylate plus metoclopramide
(1620mg (�900mg aspirin)110mg).81[II] Sumatriptan
(50mg) was equivalent to effervescent aspirin (1000mg)
in two trials.82, 83[II] Sumatriptan was superior to tolfe-
namic acid rapid release in a randomized clinical trial, 75
versus 58 percent.69 Rectal sumatriptan (25mg) was

Table 34.4 Randomized clinical trials comparing triptans with nontriptan drugs.

Drug Dose Headache
relief (%)a

Difference (%) 95% CI

Sumatriptan Oral 100mg 66 118 19 to 127
Ergotamine and caffeine Oral 21200mg 48

Sumatriptan Oral 50mg 56 13 –5 to 113

Aspirin 1000mg 53

Ibuprofen 400mg 60 –4 –14 to15

Sumatriptan Oral 50mg 49 0 –11 to 112

Aspirin Oral 1000mg 49

Sumatriptan Oral 100mg 56 111 –1 to 123

Aspirin and metoclopramide Oral 900110mg 45

Sumatriptan Oral 100mg 53 –4 –17 to 18

L-ASA and metoclopramide Oral 1620110mg 57

Sumatriptan Oral 100mg 79 12 –17 to 120

Tolfenamic acid (rapid release formulation) Oral 2001200mg 77

Sumatriptan Oral 100mg 75 117 15 to 128
Tolfenamic acid (rapid release formulation) Oral 2001200mg 58

Placebo 47

Sumatriptan 6mg s.c. 80 130 119 to 141
Didydroergotamine Nasal 111mg 50

Sumatriptan 6mg s.c. 85 (83) b 112 (–3)b 13 to 121 (–11 to 15)b

Dihydroergotamine 111mg s.c. 73 (86)b

Sumatriptan Nasal 20mg 63 112 14 to 120
Dihydroergotamine 111mg 51

Sumatriptan 6mg s.c. 91 117 18 to 127
L-ASA 1800mg i.v. 74

Sumatriptan Rectal 25mg 63 –10 –18 to –2
Ergotamine and caffeine Rectal 21200mg 73

Eletriptan 80mg 68 135 126 to 144
Ergotamine and caffeine 21200mg 33

Eletriptan 40mg 54 121 111 to 130
Ergotamine and caffeine 21200mg 33

Rizatriptan 10mg 76 129 119 to 138
Ergotamine and caffeine 21200mg 47

Almotriptan 12.5mg 58 113 16 to 125
Ergotamine and caffeine 21200mg 45

aA decrease from severe or moderate headache to none or mild after two hours.
bAfter four hours.
CI, confidence intervals; L-ASA, lysine acetylsalicylate.
Significant differences are shown in bold.
For further details see Refs 62, 65, 66, 67, 68.
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inferior to rectal ergotamine plus caffeine (2mg1
200mg), but caused fewer adverse events (8 versus 27
percent).62[II] In four out of five RCTs where a triptan
and an ergot alkaloid were compared, there were
less recurrences after the ergot alkaloid than after the
triptan.62, 67[II]

In one RCT, not shown in Table 34.4 because of a
difference in design from the other RCTs listed, diclofe-
nac–potassium (50 and 100mg) was equivalent to 100mg
sumatriptan.62[II]

Therapeutic use of triptans

The contraindications to the use of triptans62 are shown
in Table 34.6, together with the recommended doses. In
the RCTs mentioned above under Efficacy of triptans in
randomized clinical trials, migraine was treated when the
headache was moderate or severe. Recently, treatment in
the mild phase of migraine was introduced. The efficacy
measure used in these RCTs was pain relief after two
hours. In these placebo-controlled RCTs a pain-free state
after two hours was achieved in 70 percent with riza-
triptan (10mg),84[II] 50 and 57 percent with sumatriptan
tablets (50 and 100mg, respectively),85[II] and 51 and 66
percent with a fast-disintegrating/rapid-release tablet
formulation of sumatriptan (50 and 100mg, respec-
tively).86[II] As shown in Figure 34.1b the pain-free
response is, as expected, much lower when treating
moderate or severe migraine pain. If the patients are sure
that they are experiencing a migraine attack, the use of

triptans in the first mild phase can be recommended. The
risk of this strategy is that the patients will treat all their
headaches, including episodes of tension-type headache,
with triptans, and careful instructions to the patients are
therefore required.

Use of triptans should be limited to a maximum of
nine days per month. A study using prescription data
suggests that sumatriptan abuse is a real problem with 5
percent of sumatriptan users using a daily (or more) dose
of sumatriptan and a total consumption of 44 percent of
all the national use of sumatriptan in Denmark.87, 88

Migraine patients should not be allowed such frequent
use of triptans and other treatment strategies as detox-
ification and subsequent prophylactic strategies shoud be
initiated. In previous drug overusers, it has been recom-
mended to limit the use of triptans to one dose per
week.89

It has been shown that if one triptan is not effective,
another triptan can be used successfully;62, 90 and it is our
clinical experience that if one triptan is not effective,
clinical success can sometimes be obtained with another
triptan or another mode of administration.

The main problem with the triptans is the high cost.
Currently, only 10 percent of migraine patients in a
Danish county receive a prescription for any triptan
(Jensen R, personal communication) and the corre-
sponding figure for the UK is 15 percent (Steiner TJ,
personal communication). Sumatriptan is now generic
which has resulted in a considerable decrease in price.

Table 34.5 Mean therapeutic gaina for different triptans and forms of administration based on

published papers and abstracts.

Drug Dose Mean therapeutic
gain (%)b

95% confidence
intervals (%)

Sumatriptan 6mg s.c. 51 48–51

Oral 100mg 32 29–34

Oral 50mg 29 25–34

Oral 25mg 24 18–29

Nasal 20mg 30 25–34

Rectal 25mg 31 25–37

Zolmitriptan Oral 2.5mg 32 26–38

Naratriptan Oral 2.5mg 22 18–26

Rizatriptan Oral 10mg 37 34–40

Oral 5mg 28 23–34

Wafer 10mgc 37 29–45

Eletriptan Oral 80mg 42 37–47

Oral 40mg 37 32–42

Almotriptan Oral 12.5mg 26 20–32

Frovatriptan Oral 2.5mg 16 8–25

aPercentage headache relief after active drug minus percentage headache relief after placebo.
bBased on headache relief (a decrease from severe or moderate headache to none or mild after two hours (for
subcutaneous sumatriptan after one hour)).
cA rapidly dissolving wafer.
For references and number of patients, see Refs 62, 65.
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TREATMENT OF TENSION-TYPE HEADACHE

The acute episode

Due to the lack of pathophysiological knowledge of tension-
type headache there is no selective or specific therapy.
Pharmacological treatment of the acute episode includes
simple analgesics and NSAIDs. The efficacy of these drugs in
treating tension-type headache has only been systematically
tested using modern day methodology in a few cases.91[II]
In one study, aspirin (76 percent) was superior to placebo
(56 percent) in episodic tension-type headache.92[II]

The effect of solid aspirin was compared to effervescent
aspirin in a placebo-controlled study and demonstrated
that aspirin was significantly better than placebo, but that
there was no significant difference between solid and
effervescent aspirin.93[II] In another placebo-controlled
study, it was noted that paracetamol (acetaminophen)
and aspirin were more effective than placebo, but not
different from each other.91[II] However, as the gastric

side-effect profile is much better with paracetamol than
with aspirin, paracetamol may be recommended as the
first drug of choice for these mild or moderate headache
episodes. Although simple over-the-counter drugs are the
most commonly used drugs for headache, excessive and
frequent use, particularly when combined with caffeine
and/or sedatives, should clearly be avoided due to the
high risk of drug-induced headache.89 Therefore, thor-
ough information and an upper daily/weekly limit of such
drug consumption are essential to these patients.

The value of NSAIDs in treating tension-type headache
is barely substantiated in randomized controlled trials. In
one comparative study, ketoprofen was superior to
paracetamol and placebo,94[II] whereas ketoprofen was
similar to paracetamol in another study.95[II] When dif-
ferent doses of ketoprofen, ibuprofen, and naproxen
sodium were compared to each other, no significant dif-
ference between the NSAIDs was demonstrated.96, 97[II]
Finally, the use of muscle relaxants is only on empirical
basis and cannot be recommended.
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Figure 34.1 (a) Headache response after seven

oral triptans. The shaded area indicates the 95%

confidence intervals for sumatriptan (100mg)

both for absolute responses and placebo-

subtracted results (continued over). Redrawn from

Ferrari MD, Roon KI, Lipton RB, Goadsby PJ. Oral

triptans (serotonin 5-HT1B/1D agonists) in acute

migraine: a meta-analysis of 53 trials. Lancet.
2001; 358: 1668–75, with permission from the
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458 ] PART III MANAGEMENT – CLINICAL SITUATIONS



In conclusion, the mainstay of acute treatment of
tension-type headache is simple analgesics and NSAIDs.
Muscle relaxants and migraine-specific drugs are only
empirically used. Combined drugs consisting of analge-
sics, tranquillizers, and sedatives should clearly be avoided
because of the potential of habituation and subsequent
MOH.89 Clinical experience indicates a positive effect of
combinations of nonpharmacological and pharmacolo-
gical treatment, [V] but there are no formal studies to
substantiate these impressions.98

PROPHYLACTIC TREATMENT

Migraine

Prioritizing prophylactic treatment of migraine can be a
complex task and should be regarded as a joint venture

between the doctor and the patient. The first priority is to
use the drug with the highest benefit/tolerability ratio.99

The ranking of prophylactic drugs is summarized in
Table 34.7 and is based on a combination of the authors’
judgment of the publications and personal experience.66

The potential for side effects is an important factor in the
choice of prophylactic drug because use may be prolonged
over months to years. It is our clinical experience that
migraine patients often have more side effects with these
drugs than other patients. We therefore generally try to
start out with small doses of prophylactic drugs (e.g.
40–60mg propranolol daily) and then gradually increase
the dose depending on side effects and effect.

In general, the drugs of first choice are the b-block-
ers,102[I] which are also, in practice, the most frequently
used. There are no trials to show superiority of one of the
effective b-blockers over another. When b-blockers are
not effective or are contraindicated, the choice of a
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Figure 34.1 (b) Pain relief after two hours. The

shaded area indicates the 95% confidence

intervals for sumatriptan (100mg) both for

absolute responses and placebo-subtracted results

(continued).
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Table 34.6 Therapeutic use of marketed triptans in currently recommended doses.

Recommended doses of triptans Maximum daily dosage

6mg subcutaneous sumatriptan 12mg

50–100mg oral sumatriptan 300mg

50mg sumatriptan rapidly dissolving tablets 300mg (25mg tablets available in the USA)

20mg intranasal sumatriptan 40mg

25mg sumatriptan as suppositories 50mg

2.5–5mg oral zolmitriptan 10mg

2.5mg orally melting tablets of zolmitriptan 10mg

2.5mg oral naratriptan 5mg

10mg oral rizatriptana 20mg

10mg oral rizatriptan wafera 20mg

40mg oral eletriptan 80mg

12.5mg oral almotriptan 25mg

2.5mg frovatriptan 5mg?

Clinical efficacy in the treatment of migraine attacks Subcutaneous sumatriptan (6mg)4eletriptan (40mg) Z oral sumatriptan

(50–100mg) = intranasal sumatriptan (20mg) = rectal sumatriptan

(25mg) = oral zolmitriptan (2.5–5mg) = oral rizatriptan (10mg)4oral

sumatriptan (25mg), oral naratriptan (2.5mg) = oral frovatriptan (2.5mg)

Speed of onset of effect compared with placebo Subcutaneous sumatriptan (10min)4intranasal sumatriptan (15min)4oral

sumatriptan = oral eletriptan = oral rizatriptan (30min)4rectal

sumatriptan (30–60min)4oral zolmitriptan and oral naratriptan (60min).

It should be noted, however, that these ‘‘early responses,’’ apart from

subcutaneous sumatriptan, are often of relatively small magnitude

Speed of onset of effect compared directly among two

triptans or two administration forms of a triptan

Oral rizatriptan4oral sumatriptan

Oral rizatriptan = oral zolmitriptan

Oral rizatriptan4oral naratriptan

Intranasal sumatriptan (4) oral sumatriptan

Adverse events with triptans So-called ‘‘triptan’’ symptoms: tingling, numbness, warm/hot sensation,

pressure or tightness in different part of the body, including chest and

neck. Rarely regular chest pain. Dizziness and sedation. Naratriptan and

almotriptan cause no more adverse events than placebo

Choice of form of administration Tablets generally most convenient. If severe nausea/vomiting is present, the

patient could alternatively use an injection, nasal spray, or a suppository

Additional dose if the first dose of a triptan is not effective There is no evidence that a second dose of a triptan increases the efficacy. If

the chosen dose of a triptan is ineffective, patients should instead try

another dose or different forms of administration or another triptan

Recurrence or secondary treatment failure Most triptans have the same recurrence rate of 20–40%. Naratriptan has a

lower recurrence rate than sumatriptan in some trials and could be tried in

recurrence-prone patients

Use of a second dose for the treatment of a recurrence when

the first dose of a triptan is primarily effective

A second dose of a triptan will probably be effective, but with multiple

recurrence, alternative drugs should probably be tried

Abuse or inappropriate use of triptans Triptans should not be used on a daily basis (except in the treatment of

chronic cluster headache). Set an upper limit of 9 days per month with

triptan use. Use triptans with extreme caution in previous drug abusers

Breast feeding Sumatriptan can be used if milk is expressed and discarded for eight hours

after the dose. Not recommended with the other triptans

Possible drug interactions In patients on propranolol 5mg rizatriptan should be used. Eletriptan should

not be used in patients on CYP3A4 inhibitors

Contraindications to triptans Ischemic heart disease, variant angina, cerebral and peripheral vascular

disease, and uncontrolled hypertension. Pregnancy. Use of ergot alkaloids

within 24 hours. Current use or use of MAO-inhibitors within the last two

weeks. Hypersensitivity to the triptan. Hemiplegic and basilar migraine

Cautious use Patients on SSRIs can be treated with triptans, but should be warned about

the symptoms of the serotonin syndrome

a5mg rizatriptan in patients on propranolol.
For details, see above under Prophylactic treatment.
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prophylactic drug will depend to some extent on local
availability (for example, pizotifen and flunarizine are not
available in the USA); but based on the ratios for efficacy/
side effects, all of which should be discussed with the
patient, the choice can be either topiramate,100[II]
valproate semisodium (divalproex),100[II] one of the
NSAIDs listed, pizotifen,103[II] flunarizine,101[II]ami-
triptyline,101[II] or candesartan.105[II] Amitriptyline is
often useful in patients with a mixture of migraine and
tension-type headache. Clonidine, dihydroergotamine,
and methysergide106[II] (in a headache specialist’s hands)
should probably only be used as the last resort. Finally, the
physician should follow the patient at two- to three-
month intervals. The patient should keep a simple
headache diary for monitoring migraine attack frequency

and side effects should always be recorded by and dis-
cussed with the patient. The patient can then decide
together with the physician whether to continue with that
particular prophylactic treatment or try another. Even
with successful treatment, we recommend to try to taper
it off after one year.

Tension-type headache

Tricyclic antidepressants have been extensively used, but
only relatively few placebo-controlled studies have
investigated their efficacy. Results are to some extent
contradictory.107 The effect of amitriptyline has been
confirmed in a few placebo-controlled, double-blind

Table 34.7 Clinical efficacy,a scientific proof of efficacy,b and potential for side effectsa rated on a scale from 1 to 1111 for some

drugs used in migraine prophylaxis.

Drug Clinical efficacy Scientific proof
for efficacy

Side-effect
potential

Examples of side effects (examples of
contraindications in brackets)

b-blockers (propranolol,
metoprolol, atenolol,

nadolol, timolol

1111 1111 11 Tiredness, cold extremities, vivid dreams,

depression (asthma, brittle diabetes, A–V

conduction defects)

Antiepileptics

Sodium valproate

(divalproex)

111 111 111 Weight gain, tremor, hair loss, (thrombocytopenia,

liver disease,c pregnancy)

Topiramate 111 1111 111 Sedation, paresthesia, weight loss (kidney stones)

Antiserotonin drugs

Methysergide 1111 11 1111 Chronic use: fibrotic disorders (cardiovascular

diseases)

Pizotifen 111 11 111 Weight gain, sedation (obesity)

Calcium antagonists

Flunarizine 111 1111 111 Sedation, weight gain, depression (depression,

parkinsonism)

Verapamil 1 1 1 Constipation (bradycardia, A–V conduction

defects)

NSAIDs Dyspepsia, peptic ulcers

Naproxen 11 111 11 (Active peptic ulcers)

Tolfenamic acid 11 111 11

Miscellaneous

Amitriptyline 11 11 11 Sedation, dry mouth, weight gain (glaucoma)

Candesartan 11 11 1 Dizziness (liver disease)

Clonidine 1 1 1 Dry mouth

Dihydroergotamine 11 1 11 Nausea, diarrhea (ischemic heart disease)

aThe rating is based on a combination of the published literature and the authors’ personal experience.
bAs judged by the authors (apparently conflicting with the overwhelming majority of comparative trials claiming equipotency of two drugs. This claim of
comparability is probably due to small trials, see above under Prophylactic treatment).
cIn most countries, routine hematological screening and biochemical tests of liver function are considered necessary prior to starting and during valproate
(divalproex) treatment.
DHE, dihydroergotamine; NSAIDs, nonsteroidal anti-inflammatory drugs.
For details and references, see Refs 100, 101, 102, 103, 104.
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studies where the most extensive study reported a sig-
nificant reduction in the area under the headache curve
during amitriptyline, compared with placebo, while the
specific serotonin reuptake inhibitor citalopram had no
significant effect.108[II] The mechanism of action of
amitriptyline in tension-type headache is independent of
its antidepressant effect109, 110 and the effective dosage in
headache is usually much lower than used in the treat-
ment of depression, namely 10–75mg per day. The lack of
significant effect of the selective serotonin reuptake
inhibitors (SSRIs)109, 111 indicates that serotonergic
mechanisms are not of decisive importance. The anti-
depressant drug mirtazapine, which is both a serotonin
and noradrenalin reuptake inhibitor, was found to be
more effective in doses of 15–30mg than placebo in one
RCT,107, 112[II] whereas a lower dose of 4.5mg alone or
combined with ibuprofen (ibumetin) had no prophylactic
effect.113[II] A few other tricyclic antidepressants have
been reported to have a prophylactic effect in chronic
tension-type headache, but unfortunately these studies
have never been replicated. Valproate and NSAIDs cannot
be recommended for prophylaxis of tension-type head-
ache until properly designed trials have been conducted.

NONPHARMACOLOGICAL TREATMENT

Physical treatment modalities, such as hot and cold packs,
ultrasound and electrical stimulation, improvement of
posture, relaxation, and exercise programs, have all been
used. However, the majority of these treatments have not
been properly evaluated, and most of the reported studies
are not controlled. In one open-label study, the beneficial
long-term effect of physical therapy was excellent,114[IV]
whereas a controlled study reported only a minor effect
on headache frequency after eight weeks of standardized
treatment.115, 116[II] A recent controlled study concluded
that there was no significant effect of spinal manipulation
on patients with episodic tension-type headache.98[II]
Likewise botulinum toxin plays no role in the treatment
of tension-type headache or migraine.117, 118[II]

TREATMENT OF CLUSTER HEADACHE

Attacks of cluster headache can be treated with oxygen or
subcutaneous sumatriptan (6mg).119[II] For acute treat-
ment, sumatriptan (20mg) administered as a nasal spray
was superior to placebo (57 versus 26 percent relief).120

[II] Intranasal zolmitriptan (10mg) was superior to pla-
cebo (65 versus 21 percent relief) after 30 minutes.121[II]

The prophylactic treatment is based on verapamil in
doses of 360–720mg daily. In addition, lithium, ergota-
mine, methysergide, valproate, and topiramate can be
used together with verapamil, although the scientific
evidence for most of these prophylactic drugs and their
combinations is lacking.122 A placebo-controlled trial has

shown that infiltration of the greater occipital nerve with
steroids on the side of the pain is an effective prophylactic
treatment.123[II] Invasive procedures, such as deep brain
stimulation and occipital nerve stimulation, are under
evaluation and there is no general consensus.

CONCLUSIONS

Primary headaches represent some of the most costly
diseases in modern society and epidemiological studies
indicate that tension-type headache and migraine repre-
sent two different diseases, although coexisting in many
patients. Only limited knowledge of the underlying
pathophysiology is yet available. Scientific interest in
migraine over recent decades has increased and resulted
in specific treatment for the acute attack, through the use
of the triptans. These specific drugs are available world-
wide but are still underused, most likely due to the high
price. The majority of migraine attacks are treated with
nonspecific drugs such as aspirin. Prophylactic treatment
of migraine is still nonspecific and only more scientific
evidence for the pathophysiology of the disease will result
in specific prophylactic treatment.

Tension-type headache is the stepchild of headache
research, but the burden of tension-type headache in its
frequent and chronic forms is even higher than the bur-
den of migraine. This fact should result in prioritizing
research in the pathophysiology of this primary headache
disorder.

One secondary chronic headache disorder which is
preventable and treatable is medication overuse headache
which occurs in 1 percent of the population.89 Patients
should be warned against daily or almost daily intake of
any analgesic drugs, even over-the-counter drugs, and if
they have MOH they can be treated satisfactorily by
merely withdrawal of the drug for two months.63
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KEY LEARNING POINTS

� Facial pain problems are common and cover a wide

variety of chronic pain problems.
� Facial pain problems share many of the same

pathophysiological mechanisms with chronic pain in

other parts of the body, but there are some salient

differences.

� Diagnosis of facial pain should always include a

comprehensive examination of the orofacial region to

exclude dental pain conditions.
� Management of facial pain follows similar guidelines as

for other chronic pain problems, except for some specific

dental procedures and treatment of trigeminal neuralgia.

INTRODUCTION

Facial pain is encountered by a high percentage of
the population and has special biological, emotional, and
psychological meaning to the patient because of the
special role of the orofacial region in vital functions,
such as chewing, swallowing, talking, and expression of
emotions. In addition, facial pain may lead to emotional
and social consequences for the patient and others and
represent an increasing socioeconomic burden as the
population changes with more people being middle-aged
or elderly, the age span in which many chronic facial
pain conditions are prevalent. This chapter will describe
the most common facial pain conditions that general
practitioners and dentists will encounter in their
clinic. Thus, the chapter is not an exhaustive review of
all chronic facial pain conditions and the reader is refer-
red to more specialized textbooks for more detailed
information.1, 2, 3

TEMPOROMANDIBULAR DISORDERS

Temporomandibular disorders (TMD) are not a single
entity but rather a cluster of related pain conditions in the
masticatory muscles, temporomandibular joint (TMJ),
and associated structures, i.e. an orofacial musculoskeletal
pain condition. A nonhierarchical classification scheme
based on operationalized and systematic criteria has
been developed and extensively tested for reliability and
validity.4, 5, 6 These research diagnostic criteria (RDC/
TMD) (Table 35.1) have indeed been essential for the
initiation of extensive international collaborations and
new clinical research in TMD pain and can also rationally
be applied in daily clinical practice.

Diagnoses of, for example, muscle contracture, muscle
spasm, myositis and other less frequent painful conditions
in the masticatory muscles, are not possible in this clas-
sification scheme. In a similar way, various mechanical
problems in the TMJ, for example ankylosis, disk–condyle



derangements, hypermobility, and capsular fibrosis, have
not been included in the RDC/TMD mainly because such
conditions are rare.7

Epidemiology

Epidemiological studies have indicated that between 3
and 15 percent of the population will qualify for a TMD
pain diagnosis.8, 9 Few studies have tried to separate TMJ
pain from myofascial TMD pain, but the latter appears to
be less prevalent than the former.9 Most studies have,
however, found that TMD pain is 1.5–2 times more
prevalent in women, but it is critical to distinguish
between the number of TMD cases presenting in the
clinic and the number of TMD cases in the community,
because treatment-seeking patterns and use of health
services may bias a biological sex difference.10, 11 The
prevalence of TMD across the lifetime is still debated but
there seems to be a peak around 20–45 years for women,
although elderly people may also suffer from TMD
pain.12, 13 For some types of TMD problems such as
osteoarthrosis, there seems to be an increase over the life
span. There are few good studies on the incidence of
TMD pain problems, but there is some evidence that the
incidence is in the range of 2–4 percent with the persistent
types being around 0.1 percent.9 Some longitudinal stu-
dies have shown substantial variations in the time course
of myofascial TMD14 with 31 percent being persistent
over a five-year period, 33 percent being remittent, and 36
percent recurring. Asymptomatic clicks in the TMJ (disk
displacement with reduction (DDwR)) are very common
(10–35 percent),8, 15 but have been shown to very
rarely progress to disk displacement without reduction
(DDwoR), in fact none of the 114 adolescents that were
followed over a nine year period progressed from DDwR

to DDwoR.15 Interestingly, this study also indicated major
fluctuations in the presence and absence of a DDwR so
that only 2 percent of the examined population had a
consistent click at all examination points during the nine
year study period.15 This strongly indicates that asymp-
tomatic DDwR should be managed by conservative
techniques. Other studies have shown that patients with
combined diagnosis of DDwR and arthralgia may have a
higher risk to progress to a DDwoR.16, 17

Symptomatology

Classicially, three cardinal symptoms of TMD are men-
tioned: (1) pain in the masticatory muscle and/or joints;
(2) sounds from the TMJ (clicks, crepitation); and (3)
changes in mandibular movements, usually as restriction
in jaw-opening capacity. Pain is moderate to intense, can
vary during the day, often with exacerbations during jaw-
movements such as chewing and wide opening.18 The
quality of myofascial TMD pain is a deep ache, tender and
taut, which can be diffuse and difficult for the patient to
pinpoint. The pain is often associated with referred pains
to the TMJ, ear, temple, and teeth.19 TMJ pain is more
localized around the TMJ with a sharp component and
pain referrals to the ear region. Both the masticatory
muscles and the TMJ will be painful on manual palpation.
Clicking in the TMJ is not a problem in itself but can
sometimes be unpleasant for the patient and cause irre-
gularities during jaw-opening and closing. The disk in the
TMJ can also cause a limitation in the maximal opening-
capacity, in particular in acute conditions. In addition,
the oral health-related quality of life is impaired in most
TMD pain patients.20

There are no specific diagnostic tests for TMD pain
and electronic measures of jaw movements and sounds
cannot be recommended in clinical settings.21 Thus, the
diagnosis is based on a systematic history and clinical
examination, e.g. with the use of the RDC/TMD.

Pathophysiology

The exact pathophysiology of TMD pain is not known,
given the fact that multiple factors related to anatomical,
psychological-psychosocial, and neurobiological compo-
nents seem to be involved.22 Thus, on a population basis,
TMD may still be viewed as multifactorial conditions,
which in the individual patient actually means an
idiopathic pain condition.11, 23

One of the most prominent features of painful TMDs
is the report of pain on palpation of jaw muscles or TMJ.
Several studies have, indeed, reported lower pressure pain
thresholds in the jaw muscles of patients with TMD pain
compared to normal subjects.24, 25, 26, 27 The pathophy-
siological mechanism responsible for lower pain thresh-
olds in deep tissues could be a sensitization of peripheral

Table 35.1 Axis I of the RDC/TMD.

Axis I. Biomedical/physical status

I. Muscle diagnoses

a. Myofascial pain

b. Myofascial pain with limited opening

II. Disk displacements

a. Disk displacement with reduction

b. Disk displacement without reduction, with limited

opening

c. Disk displacement without reduction, without limited

opening

III. Arthralgia, arthritis, arthrosis

a. Arthralgia

b. Osteoarthritis of the TMJ

c. Osteoarthrosis of the TMJ

There is also an axis II which describes pain-related disability and psy-
chological status. Modified from Ref. 4.
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nociceptors. Animal data have documented that deep
noxious inputs cause sensitization of the peripheral
receptors.28, 29 Thus, endogenous substances released
by tissue trauma such as bradykinin, serotonin, pros-
taglandins, adrenaline, and hypoxia, in addition to the
excitatory amino acid glutamate, lower the mechanical
threshold of nociceptors into the innocuous range
making weak stimuli able to excite nociceptors and elicit
pain.30, 31, 32

Patients with myofascial TMD pain have also been
found to have hyperalgesic responses to segmental, as well
as extrasegmental, application of thermal heat, although
this may less often be a clinical problem.27 Temporal
summation mechanisms and wind-up phenomena in
central neurons could be strongly related to the devel-
opment of central hyperexcitability.33, 34 This indicates
that patients with persistent TMD pain are in a state of
generalized central hyperexcitability. Dysfunction of the
nociceptive system is also implicated by the finding of
suppression of cortical responses and brain stem reflexes
elicited by painful laser stimulation of the skin in TMD
patients.35 Furthermore, ischemic pain models have been
used to demonstrate a less effective activation of endo-
genous pain-inhibitory systems in TMD patients.36 In
particular, female TMD patients appear unable to effec-
tively engage the normal pain-inhibitory systems37 and it
has been suggested that opioid receptor desensitization
and/or down-regulation could be involved.38 Catechol-O-
methyl transferase (COMT) activity has been linked to
experimental pain sensitivity, and it appears that the three
major haplotypes which determine COMT activity in
humans are inversely correlated with pain sensitivity and
the risk of developing TMD.39, 40 Recently, variations in
the adrenergic receptor beta (2) (ADRB2) has also been
suggested to be a genetic risk factor for the development
of TMD pain.41, 42 Taken together, the pain studies cited
above suggest that a more generalized state of neuronal
hyperexcitability is likely to play an important role in
TMD patients.43 Thus, peripheral sensitization of deep
craniofacial tissues alone may not be adequate to explain
persistent TMD pain.

Differential diagnosis

Spontaneous pain or pain on jaw movement is a char-
acteristic and necessary feature for the diagnosis of
myofascial TMD pain. Patient-based drawings of their
typical pain patterns demonstrate a concentration around
the masseter muscle and spreading towards the anterior
part of the temporalis muscle.44 When patients with
episodic or chronic tension-type headache (TTH) draw
the location of their typical pain, the lower part of the
face, including the masseter muscle, is usually spared,
whereas there is a significant occurrence of pain in
the neck and pericranial regions.45 These findings imply
that different muscles and structures are involved in

myofascial TMD pain and TTH. TMD and TTH disorders
do overlap and appear to share many of the same
pathophysiological mechanisms; however, it would be
premature to consider them as identical entities since
the importance of, for example, the affected muscles and
associated function in addition to genetic background
factors need to be further examined.44

Rheumatoid arthritis and other systemic manifesta-
tions of arthritis (psoriatic or infectious arthritis) may
also affect the TMJ. Differential diagnosis will be based on
history, blood tests, and magnetic resonance imaging
(MRI) of the TMJ.

A number of more generalized pain conditions such
as fibromyalgia, whiplash-associated disorders, low-back
pain, and general joint laxity have been found to be
comorbid with TMD pain conditions.46, 47 These condi-
tions should be taken into consideration in the manage-
ment strategy and calls for the involvement of healthcare
providers other than dentists.

Management and prognosis

When the underlying mechanisms and etiology of TMD
pain are only known in part (see under Differential
diagnosis) it is difficult to perform causal therapy and
cure the pain and dysfunction. Instead, a more realistic
goal will be to alleviate TMD pain and restore function.

It is a common clinical experience that various physical
strategies (e.g. stretching, relaxation, etc.) can be effective
for the management of different types of TMD pain.
Unfortunately, it has been much more difficult to support
this with proper research data adhering to randomized
controlled trial (RCT) principles. Critical reviews and
meta-analysis have, however, started to appear to evaluate
the claimed efficacy of the procedures.48, 49[III] There
have been attempts to calculate the number needed to
treat (NNT) values for oral splints. The available NNT
estimates range between three and four for management
of myofascial TMD patients and around five and six
for TMJ arthralgia patients,50 suggesting a moderate
efficacy of oral splints.51, 52[I] Very recently, another
controlled study compared the conventional hard splint
with a soft splint and a usual self-care-based treatment
approach.53 This study failed to show any significant
differences between the three different treatment groups
and all patients improved over time which suggests that
oral splints are not essential in the management of most
TMD patients and that low-cost nonsplint self-care
therapy should be considered as an initial step in the
management.

Nonsteroidal anti-inflammatory drugs (NSAIDs) such
as ibuprofen in combination with diazepam have been
shown to provide significantly better pain relief compared
to ibuprofen alone and placebo in myofascial TMD pain
patients.54[II] However, naproxen (500mg twice a day) is
significantly better than celecoxib (100mg twice a day)
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and placebo for the management of TMJ arthralgia.55[II]
A short-acting benzodiazepine (triazolam) has also been
shown to improve sleep but failed to provide significant
pain relief in myofascial TMD patients.56[II] Cyclo-
benzaprine (a muscle relaxant) has been shown to have a
minor but significant effect on jaw-muscle pain upon
awakening57[II] and it has been suggested that flupirtine
(another muscle relaxant), with its additional effects on
potassium channels and membrane-stabilizing actions,
may be useful in management of myofascial TMD pain.58

[V] A combination of paracetamol, codeine, and dox-
ylamine succinate (antihistamine) provided significantly
greater pain relief than placebo in another study on mixed
TMD patients.59[III] Also, low doses of tricyclic anti-
depressants (TCA) have been shown to provide sig-
nificantly better pain relief than placebo.60[III] Open
studies later supported the usefulness of TCAs in the
management of persistent TMD pain.61[IV] Intra-
articular morphine (0.1–1.0mg) administered as a single
dose has been shown to increase the pressure pain
thresholds and mouth opening capacity and to reduce
the visual analog scale (VAS) pain intensity. However, the
clinical relevance of these findings was not impressive.62

[II] The use of botulinum toxin for myofascial TMD pain
cannot be recommended at present due to inconclusive
evidence.63, 64[II] Recently, evidence was presented in
favor of gabapentin in the management of myofascial
TMD pain and tenderness.65[II] There is clearly a need
for more research before firm recommendations of
specific pharmacological procedures in the management
of TMD pain conditions can be given since there is only
scattered, reliable information on the efficacy of most of
the suggested drugs.66

There is nevertheless good evidence that self-care
instructions and monitoring can provide at least as good
pain relief as usual dental approaches to TMD pain and
that in more severely affected patients the inclusion of
comprehensive care provided by a clinical psychologist
will provide a significant advantage compared to the usual
dental treatment.67, 68[II] It appears to be important to
tailor the treatment to each individual patient and not
consider psychological interventions of TMD pain as a
treatment of last resort, but rather use it concurrently
with biomedical/dental treatments.69 Recently, it was
shown that a brief cognitive-behavioral treatment pro-
gram was, indeed, able to significantly reduce catastro-
phizing and increase perceived control over pain and
improve activity interferences and jaw use limitations.70

[II] The current guidelines recommend reversible and
noninvasive management of TMD pain.

NEUROPATHIC OROFACIAL PAIN

Traumatic stimuli, such as mechanical, thermal, or che-
mical, to trigeminal nerve branches can lead to primary
lesions which may, on rare occasions, be associated with

neuropathic orofacial pain (NOP). In fact, the trigeminal
system seems to have unique features compared to the
spinal system with respect to its propensity to develop
neuropathic pain following a nerve injury.71 There are
unfortunately no operationalized criteria for the diagnosis
of NOP, but a hierarchical system for general neuropathic
pain conditions has been proposed72 and is currently
being adjusted for NOP and tested.73 In this paragraph,
emphasis is on procedures and trauma which potentially
may induce NOP, although many other diseases can
also cause lesions to the nervous system, for example
autoimmune diseases, metabolic diseases, infections,
vascular diseases, and cancer.

Epidemiology

Extraction of a tooth or a root canal treatment is in fact a
deafferentation of the nerve supply to the tooth pulp.
Fortunately, these procedures, which are still common in
dental practice due to advanced caries and perio-
dontitis,74, 75 only carry a very small risk for development
of NOP. It can be speculated that the presence of chronic
infections and inflammatory reactions in the tooth pulp
or periapical region may in some cases increase the risk
but there are no systematic data available on this topic.

Third molar surgery is another very common proce-
dure in dental practice and it has been estimated that
between 4 and 6 percent of patients undergoing third
molar surgery will have sensory disturbances in the
inferior alveolar or lingual nerves after one week, but
these numbers drop down to 0.7–1 percent after two
years.76 Other reports suggest that only about 1 per 2500
lower third molar extractions will be associated with
permanent injuries to the inferior alveolar nerve.77 Thus,
most trigeminal nerve injuries are reversible and do not
necessarily lead to NOP but stringent criteria for assess-
ment of neurosensory deficits and NOP need to be
applied.

Orthognathic surgery is increasingly used for correc-
tions of the basal relationships between the jaws and for
alignment of the occlusion in younger adults (20–30
years). It is a well-established fact that a significant pro-
portion of the patients undergoing osteotomies on either
the maxilla or mandible suffer injuries to the maxillary or
mandibular divisions of the trigeminal nerve. Depending
on the specific type of osteotomy, age of the patients,
intraoperative variables such as magnitude of movements
of bony segments, and assessment techniques of soma-
tosensory disturbances, prevalence data vary between 10
and 85 percent.78 However, it is important that only
a small percentage (�5 percent) of all the patients will
eventually develop NOP.79

Dental injections also carry a risk for the development
of NOP. The proposed mechanisms of nerve lesions are
direct trauma from the injection needle, formation of
hematoma, or neurotoxicity of the local anesthetics.80 The
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risk is, however, very low and estimates predict 1 out of
26,762 mandibular blocks with approximately one-third
experiencing dysesthesia or NOP symptoms. On the other
hand, since dental injections are so frequently used to
control procedural-related pains in clinical dentistry,
every dentist working full-time can expect to see one or
two patients with this kind of complication.81

Zygomatico-orbital fractures are one of the most
common facial injuries and occur in about 1 in 10,000
people with frequent (�50 percent) involvement of the
sensory function of the infraorbital nerve.82 However,
only a small proportion (o3–4 percent) of patients with
zygomatic arch fractures appears to develop chronic
NOP.82

In addition, the frequent use of oral implants and
other surgical procedures, for example on the salivary
glands, may also contribute to risk for trigeminal nerve
injuries.83

In summary, although a great number of dental pro-
cedures and facial injuries carry a significant risk to
impede the trigeminal nerve branches, it seems that only
relatively few patients will end up with a manifest NOP
condition.

Symptomatology

Patients with NOP often complain of a constant burning
pain starting with a clear traumatic onset. Although
burning is a frequent word used to describe the pain,
other words like dull aching or sharp and shooting are
commonly reported. In addition to the spontaneous pain,
there is frequently stimulus-evoked pain triggered mainly
by mechanical stimuli, for example touching the skin or
oral mucosa or intensified by normal oral functions, such
as chewing, talking, and jaw-opening. Unfortunately,
there are no universal criteria for NOP which significantly
hampers the description of clinical characteristics.84

Clinical findings are rare. There are no visible signs
of inflammation and only in very rare cases may
there be swelling and reddening of the facial skin or
oral mucosa possibly mimicking complex regional pain
syndromes.85

One of the hallmark findings in NOP may be changes
in somatosensory function. The use of quantitative sen-
sory testing (QST) has revealed a number of somato-
sensory disturbances with both hypo- and hyperesthesia.
According to the criteria suggested, there should be
complete or partial sensory loss in the painful area, but
these areas could potentially be masked by hyperpheno-
mona from the surrounding areas.86 It should be noted
that although a number of QST techniques are available
for intraoral use, there are no widely accepted guidelines
for the standardized assessment of intraoral sensitivity
which varies substantially from region to region and with
type, thickness, and vascularization of the tissues. How-
ever, in the painful facial areas of patients with NOP,

increased temperature and tactile thresholds have been
demonstrated in addition to abnormal temporal sum-
mation of painful stimuli.87 Relatively few QST studies are
available,83, 88 but there seems to be a trend that not all
NOP patients have sensory disturbances and that there
can be modality-specific differences.73 This therefore
suggests that a comprehensive battery of QST techniques
should be used.89, 90

Advanced electrophysiological tests may be of help. For
example, the blink reflex and recording of sensory nerve
action potentials may provide important diagnostic
information about the integrity of the trigeminal nerve
fibers83 (Figure 35.1). In addition, laser-evoked potentials
and other brain stem reflexes can be used.91

Pathophysiology

The underlying pathophysiology of NOP involves the
same basic mechanisms linked with lesions of the spinal
nerves.86, 92, 93 In brief, the mechanisms involved in an
injury to a peripheral nerve can be summarized as sen-
sitization of the primary afferent due to up-regulation of
sodium-channels and ectopic activity. As a consequence
there is an increased release of glutamate and activation of
N-methyl-D-aspartic acid (NMDA) receptors and metabo-
tropic glutamate receptors on second order neurons. A
cascade of intracellular events will lead to spontaneous
discharges and reduced thresholds, increased responses to
peripheral stimuli, and expansion of receptive fields, i.e.
central sensitization. In addition, loss of inhibitory con-
trol can be a consequence of the altered trafficking of
impulses.86 Evidence also points to the importance of
microglia and the interaction between somatic afferent
fibers and sympathetic activity.94, 95 Despite the simila-
rities in the responses to damage of trigeminal and spinal
nerve fibers, there are a few noticeable differences. For
example, the time course of recovery appears to be faster
in the trigeminal system, autonomic responses differ so
there is no sprouting of sympathetic terminals on the
trigeminal ganglion cells, and the neuropeptide content
and the specific patterns of up- and down-regulation of
the sodium channel family appear to be different between
the trigeminal and spinal system.96, 97, 98 The importance
of these differences is not established, but could con-
tribute to the apparent higher resistance of the trigeminal
system to develop a manifest NOP.

Differential diagnosis

First of all, dental types of pain must be ruled out (see
under Dental pain). Also, inflammatory conditions such
as sinusitis or sialoadenitis must be excluded. The most
troublesome differential diagnosis is atypical odontalgia
and atypical facial pain. The discriminating factor has
been suggested to be disturbances in somatosensory
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function, but recent studies have indeed suggested dis-
turbances in atypical odontalgia.99 Trigeminal neuralgia
must also be considered but the symptomatology is
usually very different.

Management and prognosis

There are relatively few controlled clinical trials on the
specific management of NOP, but generally the same
principles and guidelines for other neuropathic pain
conditions should be followed. Thus, low doses of tri-
cyclic antidepressants would be the first choice.100[I]
Antiepileptics, such as gabapentin and pregabalin, would
be second choices followed by opioids and tramadol and
selective serotonin reuptake inhibitors.100[I] Capsaicin
and other topical formulations such as lidocaine patches
have been reported to be efficient in some NOP condi-
tions, but mainly in open trials. The advantage of topical
medication is the potential to reduce the side effects but
so far there is only relatively limited evidence for their
efficacy.85, 101[III] An important point is to avoid further
trauma to the area, for example by avoiding further
explorative oral surgery.

TRIGEMINAL NEURALGIA

Trigeminal neuralgia (TN) is defined by the International
Association for the Study of Pain (IASP) as a sudden,
usually unilateral, brief stabbing recurrent pain in the
distribution of one of more branches of the trigeminal
nerve. TN is usually divided into classical or idiopathic
TN and symptomatic or secondary TN. For classical
trigeminal neuralgia (CTN), there is no apparent cause
other than vascular compression (see under Pathophy-
siology), whereas for symptomatic trigeminal neuralgia
(STN) there are structural lesions, for example multiple
sclerosis or compression of the posterior fossa.102

Epidemiology

CTN is considered a rare facial pain conditions with a
prevalence of around 0.7–1/1000. Women are more often
affected than men, F:M ratio = 1.7–2.2:1, and the annual
incidence is between two and six people per 100,000.
Typically, CTN is diagnosed in elderly patients with a
peak incidence around 50–60 years. In contrast, there
seems to be no sex-related differences for STN and the

Normal side

Lesioned side

Latency: 2.2 ms

Latency: 1.7 ms

1 ms

(b)

(a)

Figure 35.1 (a) Patient with definite neuropathic orofacial pain after injection trauma to the inferior alveolar nerve. One year after

the injection there is a discrete area with loss of sensation and a paradoxical hypersensitivity to light tactile stimuli (allodynia) (marked

area). (b) Recording of sensory nerve action potentials from the inferior alveolar nerve revealed longer latency on the ipsilateral side

compared to the contralateral normal side (Reference values: mean 1.5� 0.2ms; 95 percent confidence interval 1.3–1.9ms; from

Jaaskelainen et al.83).
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onset age is slightly younger. An intriguing finding
without explanation is the fact that the right side is
more often affected than the left side, both in CTN
and STN.102, 103

Symptomatology

The diagnosis of TN can often be derived from the patient
history alone. The intensity of the pain is severe, lasting a
few seconds and with pain-free intervals in which the pain
cannot be provoked (refractory period). Multiple attacks
(paroxysms) can be evoked by gently touching the facial
skin or oral mucusa, for example during chewing or
brushing teeth. It is characteristic that the paroxysmal
pain can be provoked from distinct areas (trigger zones)
located in one or more divisions of the trigeminal nerve
and most often only ipsilateral.103 There is some debate as
to whether thermal stimuli are sufficient to provoke the
pain, but light tactile and mechanical stimuli are usually
described. There is also a periodicity to the pain so there
can be pain-free intervals of weeks or months. Words like
‘‘shooting,’’ ‘‘electric-shock-like,’’ ‘‘sharp,’’ and ‘‘stabbing’’
are often used and the McGill Pain Questionnaire
can provide important information in this respect. In
addition, TN is often associated with poor quality of
life, weight loss, depression, and problems related to
chewing.104

Somatosensory deficits are not characteristic in the
clinical work up of patients, but quantitative sensory
tests have been able to demonstrate damage of nerve
fiber populations leading to hypoesthesia.105 However,
in the individual patient, the QST results do not
have major diagnostic implications. Electrophysiological
tests, such as laser-evoked potentials and trigeminal
somatosensory tests, have also been used and have
demonstrated subtle changes in the processing of
sensory inputs.91

MRI techniques and angiography are now considered
the best options to image the trigeminal ganglion and the
adjacent vessels.106 In approximately two-thirds of
patients with CTN there is an intimate relationship
between the ganglion and the vessels. However, it is
also clear that the neurovascular contact is not always
associated with TN.107

Pathophysiology

The classical explanation for CTN is the so-called neuro-
vascular contact between the root entry zone of the tri-
geminal nerve and, in particular, the superior cerebellar
artery.107 In support of this explanation are biopsies from
TN patients showing axonal swelling and demyelination.
As a consequence of the loss of myelin, ephaptic activity
and high-frequency discharges of touch-transmitting
axons to nociceptive axons can lead to the paroxysms of

pain. The fact that not all patients with CTN have a
demonstrable neurovascular conflict and that patients
who do appear to have a neurovascular conflict do not
have CTN has led to some doubts about this as the
universal explanation for TN.

Devor et al.108 have promoted the ‘‘ignition hypoth-
esis’’ based on an up-regulation of ion channels in
response to an injury of the trigeminal nerve. Another
possibility to be discussed is the involvement of the
secondary neurons in the trigeminal sensory nuclear
complex and that central sensitization may be part of the
pathophysiological mechanisms.102

Differential diagnosis

The correct diagnosis of TN is important because
there are specific treatments related to this condition (see
under Management and prognosis). A number of orofa-
cial pain conditions can be mistaken for TN. The most
common will be dental types of pain in their acute stage.
Therefore, it is mandatory to rule out dental pathology
using clinical examination radiographs in order to avoid
unnecessary tooth extractions. Atypical facial pain or
atypical odontalgia (persistent idiopathic facial pain) can
also mimic TN, but usually the pain is more constant/
persistent without paroxysms characteristic for TN.
Sinusitis and acute ear infections (otitis externa, otitis
media) also need to be ruled out by the general history
and examination.

Management and prognosis

Carbamazepine has been used extensively in the man-
agement of TN and with good success. Several meta-
analyses are available and generally agree that about 70
percent of patients will benefit from therapeutic doses
(100–2400mg).100[I] The NNT value is accordingly good
in the range of 1.8 (1.3–2.2 95 percent confidence inter-
val). However, side effects are frequently observed such as
allergic rash, hyponatremia, and numerous drug interac-
tions, so elderly patients in particular must be monitored
carefully. A second choice may be oxcarbazepine which
also has been documented to be effective in a number
of RCT studies.100[I] Other options are lamotrigene,
baclofen, and topiramate.103

Surgery may be an option if pharmacological man-
agement provides insufficient pain relief. Microvascular
decompression provides good pain relief in the majority
of the patients over a longer period of time with
approximately three-quarters of patients being pain-
free three years after surgery.107 A number of other
ablative surgical techniques are available but generally do
not provide similar long-term pain relief and are asso-
ciated with significant disturbances in the facial sensory
function.
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PERSISTENT IDIOPATHIC FACIAL PAIN

A condition called persistent idiopathic facial pain has
been described in The International Classification of
Headache Disorders, 2nd edition, by The International
Headache Society (IHS).109 This term covers the diag-
noses atypical facial pain (AFP) and atypical odontalgia
(AO). Burning mouth syndrome (BMS) is separate from
AFP and AO in the IHS classification but is often grouped
together with these conditions and sometimes also with
TMD as being so-called idiopathic, i.e. medically unex-
plained orofacial pain conditions.84, 110, 111

Atypical facial pain

The IHS describes AFP as a ‘‘persistent facial pain that
does not have the characteristics of the cranial neur-
algiasy and is not attributed to another disorder.’’

EPIDEMIOLOGY

Reliable prevalence and incidence data on AFP are pre-
sently not available,112 but it is believed to be more
frequent than trigeminal neuralgia (0.7/100,000) and
less common than temporomandibular disorders (10–12
percent).110 A preponderance of middle-aged or older
women is often reported in studies on AFP.

SYMPTOMATOLOGY

The symptoms of AFP are usually described by the patient
as deep, poorly localized pain in the mid-face but the pain
can also be superficial.113 The pain is mostly unilateral
but approximately one-third of the patients experience
bilateral pain. At onset, the pain is confined to a defined
zone of the face, e.g. the nasolabial groove. Later, the pain
spreads in a way that often does not follow the distribu-
tion of a peripheral nerve.114 The pain is present every day
for most of the day and is not associated with somato-
sensory loss.109 The pain quality of AFP has been reported
to be diffuse, drawing, burning, stabbing, or throbbing
and with emotional terms as vicious and excruciating.113,
115, 116 The pain may debut after surgery or injury to the
face but persists after healing without signs of pathology.

Importantly, it is a diagnostic criterion whereby
investigations such as an x-ray of face and jaw and clinical
examination do not demonstrate any relevant abnorm-
ality.109 Hence, an AFP diagnosis is based on exclusion
of local orofacial disease, neurological disorders, etc.
Therefore, an AFP diagnosis can only follow a thorough
clinical examination of the mouth including the teeth and
nearby structures, palpation of the masticatory and cer-
vical muscles, examination of the temporomandibular
joints, examination of possible sinus pathology, and a
cranial nerve examination.

A high level of comorbidity in AFP patients has been
reported. Especially, psychiatric comorbidity has been
emphasized but also the presence of additional pain
conditions, for example headache and back pain.111

PATHOPHYSIOLOGY

The etiology of AFP is largely unknown, although some
risk factors have been suggested.117 These risk factors
include psychological factors, hormonal factors, minor
nerve trauma, and infection of the sinuses or teeth.117

None of these risk factors can be considered the sole
etiological factor. The high level of psychiatric comor-
bidity has led to the assumption that AFP is secondary to
mental illness, for example depression.111 However,
whether AFP pain is secondary to mental illness, or vice
versa, can be very difficult to determine. Furthermore, the
large proportion of middle-aged women suffering from
AFP has aroused the suspicion that AFP could be caused
or worsened by a deficiency or imbalance in female sex
hormones.117 At present, a widely discussed hypothesis is
that AFP is neuropathic in origin, which could explain the
temporal relationship between debut of AFP and the
history of trauma or surgery in or near the painful region.

DIFFERENTIAL DIAGNOSES

During examination of a patient with chronic facial pain,
many different pain conditions, for example dental pain,
must be ruled out in order for the patient to receive a
diagnosis of AFP. Sometimes, diagnostic local anesthetic
blocks can be useful when dental pathology is suspected
to cause the facial pain. Pain originating from the max-
illary sinuses often cause pain in the mid-facial region and
can be ruled out by nasal endoscopy, x-ray, or computed
tomography (CT) of the sinuses. Examination of the
masticatory muscles and the temporomandibular joint
with palpation over joint and muscles, as well as evalua-
tion of jaw function can reveal the presence of TMD. TN
can usually be distinguished from AFP by the sympto-
matology. Trigeminal neuralgia patients are pain-free
most of the time and suffer from attacks with short-
lasting, shock-like pain paroxysms (see under Trigeminal
neuralgia), whereas AFP pain is constant and non-
paroxysmal. Furthermore, TN, and not AFP, is char-
acterized by the presence of trigger-points.118 Some forms
of primary headaches may also present with symptoms
like AFP and, hence, must be excluded. As can be seen,
the diagnostic process is multidisciplinary involving,
for example, family practitioners, dentists, otorhino-
laryngologists, and neurologists.

Examination of trigeminal sensory function with
QST in combination with neurophysiological testing of
sensory nerve conduction velocity or brain stem reflexes
has been shown to increase the sensitivity to detect tri-
geminal neural pathology.119 Also, MRI examination is
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recommended in order to exclude the possibility that the
pain can be caused by intracranial pathology.120

MANAGEMENT AND PROGNOSIS

The management of AFP can be challenging. AFP patients
are reported to consult multiple healthcare professionals
in order to obtain pain relief.113 Many unnecessary
invasive treatments, which may possibly aggravate the
symptoms, are performed because of this.

The first step in management of carefully diagnosed
AFP is patient education. The patient may need help in
order to accept the fact that there is no infection or ‘‘bad
tooth’’ that can be easily treated or extracted. The next
step is pharmacological treatment where the first choice is
TCAs such as amitriptyline.60, 117[V] Treatment with TCA
must be continued for several months since the analgesic
effect can take weeks to occur. When pain relief has been
reached, TCA treatment can be phased out, but if the pain
returns it may be necessary to continue TCA treatment.121

Anticonvulsants such as gabapentin may also have some
effect.101, 117[V] Unfortunately, not many randomized
controlled clinical trials have been performed. Surgery has
been reported to cause pain aggravation and should only
be performed after the confirmed presence of pathology,
for example a periapical granuloma. Other types of
treatments such as acupuncture, transcutaneous electric
nerve stimulation (TENS), and biofeedback have been
mentioned as possible treatment strategies, but the
evidence in favor is scarce.121[V]

Atypical odontalgia

The IHS considers AO as a subgroup of persistent idio-
pathic facial pain, i.e. ‘‘persistent facial pain that does not
have the characteristics of the cranial neuralgias and is not
attributed to another disorder.’’109 The IHS states that ‘‘the
term AO has been applied to a continuous pain in the
teeth or in a tooth socket after extraction in the absence of
any identifiable cause.’’109 AO has also been called
‘‘phantom tooth pain’’122, 123 or idiopathic toothache.124

EPIDEMIOLOGY

As with AFP, no reliable data on incidence or prevalence
exist in the literature but it has been estimated to occur in
3–6 percent of patients undergoing endodontic treat-
ment.125, 126 Both sexes and all adult ages can be affected
with a predominance of women in their mid-40s.127

SYMPTOMATOLOGY

As mentioned under Atypical odontalgia, AO pain is
perceived in a tooth or in a tooth socket after extraction
of the tooth. Some diagnostic criteria for AO have been

proposed as follows: pain has been ongoing for more than
six months, is present every day during most of the day,
and is not paroxysmal in character. No signs of pathology
are present in clinical and radiological examinations.110

The pain is often reported to occur after dental or surgical
treatments and the patients have typically seen five to six
different specialists before being referred to a specialized
pain clinic.122, 124

PATHOPHYSIOLOGY

The precise pain mechanisms behind AO are presently
unknown but hypotheses much like those of AFP have
been put forward, i.e. psychogenic pain, vascular pain, or
neuropathic pain.127 As with AFP, many AO patients
suffer from psychiatric or psychological comorbidity but
it is not considered causal for AO pain. At present, the
prevailing hypothesis is that AO is a neuropathic pain
condition.128, 129 Recently, some studies have aimed at
investigating possible pain mechanisms behind AO. Fairly
subtle changes in somatosensory sensitivity and the blink
reflexes have been reported in AO patients compared with
healthy controls, lending some support for the neuro-
pathic hypothesis.99, 130, 131

DIFFERENTIAL DIAGNOSES

The differential diagnoses for AO are the same as for AFP.

MANAGEMENT AND PROGNOSIS

Management of AO is performed as management of
AFP. Recently, an RCTwas published evaluating the effect
of fentanyl (a m-opioid agonist) and S-ketamine (an
NMDA-receptor antagonist) on AO pain and capsaicin-
evoked pain in a placebo-controlled manner. Fentanyl
effectively reduced evoked pain, but none of the two
active drugs alleviated AO pain more effectively than
placebo, indicating that opioid- and NMDA-receptors
are not promising targets in the treatment of AO
(Figure 35.2).132[II]

Burning mouth syndrome

The IHS describes BMS as ‘‘an intraoral burning sensation
for which no medical or dental cause can be found.’’109

Other terms, such as glossodynia, glossopyrosis, stoma-
todynia, sore mouth, and oral dysesthesia, have been used
in the past for this condition.

EPIDEMIOLOGY

Prevalence estimates on BMS range from 0.7133 to 15
percent,134 but the highest estimates may be due to
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including burning mouth as a symptom rather than
a syndrome.112 BMS prevalence increases with age
and women aged 60–69 have the highest prevalence (12
percent).135, 136

SYMPTOMATOLOGY

BMS is characterized by daily pain in the mouth, some-
times with dysesthetic qualities, persisting for most of the
day. Most often, BMS patients complain about a mod-
erate to severe burning pain located to the tongue, palate,
lips, or gingiva.136, 137 The oral mucosa is of normal
appearance and no pathology can be detected.109 Symp-
toms are usually bilateral, but can be unilateral. This
burning pain can be associated with taste changes and a
subjective feeling of dry mouth.136 Many patients wake up
with negligible symptoms in the morning and experience
a build up of symptoms during the day.138 Others
describe constant pain during the day and some only have
intermittent symptoms.

The presence of emotional and psychological issues
has been the focus of many of the earlier investigations
on BMS and it has been shown that BMS patients have a
high occurrence of depression, anxiety, somatization, and
personality disorders.138

PATHOPHYSIOLOGY

The etiology and pathophysiology of BMS is presently
unknown, although several hypotheses have been put
forward. Hence, BMS belongs to the group of idiopathic
orofacial pain conditions, although recent studies have

demonstrated (subclinical) sensory changes and abnor-
mal brain stem reflex responses,137, 139, 140 which suggests
a dysfunction in the peripheral or central nervous system,
either in the form of a neuropathic or a ‘‘functional’’ pain
condition.137, 141 A psychogenic etiology has also been
suggested, but is generally not accepted as a causal factor
for BMS.

DIFFERENTIAL DIAGNOSES

Like AFP and AO, BMS is a diagnosis of exclusion.
Burning pain symptoms in the oral mucosa can be caused
by systemic or local conditions, including anemia, vita-
min B, folic acid, or iron deficiency, untreated diabetes,
hormonal disturbances (menopausal complaints, estrogen
deficiency), oral candidiasis, hyposalivation, Sjögren’s
syndrome, oral lichen planus, or systemic lupus.136, 142

Furthermore, burning symptoms can be a side effect to
some medications such as angiotensin-converting enzyme
(ACE) inhibitors and also allergy to dental materials,
dentures, toothpaste, etc., must be considered and
excluded before a BMS diagnosis can be given.136, 142

MANAGEMENT AND PROGNOSIS

When a BMS diagnosis has been reached after exclusion
of local or systemic causes for the symptoms, the first
management step is patient education and information.
Avoidance of spicy and acidic foods is recommended and
some patients experience pain relief while sucking pas-
tilles.142 In a recent Cochrane review, pharmacological
treatment of BMS was evaluated with disappointing
results.143 Antidepressants (such as amitriptyline) or
other systemic drugs (trazodone, paroxetine, clordeme-
tildiazepam, amisulprid) were not found to be more
effective in symptom alleviation than placebo. Topical
clonazepam has been shown to be able to reduce pain in
patients with BMS.144[II]

DENTAL PAIN

Dental pain is very common and is usually an acute
phenomenon. It rarely becomes chronic if treated
appropriately. A short presentation of dental pain con-
ditions will be provided in this chapter since it is a rele-
vant differential diagnosis to most of the other facial
pains.

Epidemiology

Prevalence estimates range from 7 to 66 percent,
depending on the specific criteria used for the classifica-
tion of dental pain and, importantly, the population
studied.145
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Symptomatology

Numerous conditions can produce dental pain. The most
frequent local causes of dental pain are dental caries,
dentine hypersensitivity, cracked-tooth-syndrome (dental
infractions), reversible and irreversible pulpitis, apical
periodontitis with and without abscess, postoperative
dental pain, and transient pain from dental procedures.
Pain can also quite frequently be referred from structures
outside the mouth, for example the maxillary sinuses, the
masticatory muscles, or the heart (during angina pec-
toris). Less frequently, dental pain can be part of
the symptomatology of trigeminal neuralgia (see under
Trigeminal neuralgia) and various headache conditions.11

Dentine hypersensitivity is a common clinical problem
where patients experience sharp or shooting pain in a
tooth as a result of mechanical or thermal stimulation of
the dentinal surface. Dentine hypersensitivity most often
occurs in the cervical and root areas of the tooth.146

Cracked-tooth-syndrome refers to an incomplete fracture
of a vital tooth that may extend into the pulp. The
symptoms are a sharp pain evoked by chewing and is
relieved by removing the pressure from the tooth.147 The
pain is poorly localized and the radiographic examination
does not reveal pathology.

Patients with acute irreversible pulpitis complain
about intense pain induced by temperature changes
caused by ingestion of hot or cold drinks or food, or pain
may occur spontaneously without any obvious provoking
stimulus.148 Pulpitis pain often disturbs sleep and over-
the-counter analgesics may not be effective in relieving
the pain. If there is no spontaneous pain, the pulpitis may
be reversible.

Apical periodontitis is often asymptomatic, but
symptoms when present are pain, tooth elevation, sensi-
tivity to percussion, and swelling.146

Pathophysiology

Pulpitis pain is caused by inflammation in the tooth pulp.
The inflammatory condition causes changes in the pulpal
nociceptors and their central connections,149 thereby
resulting in changes in pain quality and response to
external stimuli.150 The inflammation can be a response
to a deep carious lesion and the inflammatory mediators
in the pulp cause sensitization of the pulpal nocicep-
tors.148 Furthermore, neurovascular reactions occur with
branching and sprouting of nerve terminals, increased
pulpal blood flow, increased vascular permeability, and
extravasation of fluid and plasma proteins.151, 152, 153

Dentine hypersensitivity is believed to be caused by
hydrodynamic activation of the intradental A-fibers.148

This hydrodynamic activation is caused by any stimulus
capable of removal of fluid from the outer part of the
dentinal tubules, which results in an outward flow in
the dentinal tubule due to capillary forces.154

Apical periodontitis is an inflammatory condition of
the periapical periodontium, most often caused by
necrosis of the tooth pulp, which leads to accumulation of
bacteria, bacterial products, and inflammatory mediators
in the root canal. This spreads into the periapical tis-
sues.146 A host defense is initiated with inflammatory
cells, intercellular mediators, metabolites, effector mole-
cules, and humoral antibodies.155

Differential diagnoses

A thorough dental examination is always performed if a
patient presents with dental pain. If no pathological
findings can be found in the clinical or radiological
examination, alternative causes of the pain should be
considered and diagnosed if present. One of the most
frequent nonodontogenic conditions to present as dental
pain is sinusitis, which may cause pain and sensitivity
to percussion of one or more of the upper premolars
and molars. Another common type pain, which can be
referred to the teeth, is myofascial pain of the masticatory
muscles.

Importantly, most pain of dental origin is acute
and rarely persists for more than a few days or weeks at
worst. This fact differentiates dental pain from the pain
conditions, which are the main focus of this chapter.

Management and prognosis

Cracked-tooth-syndrome is managed by the application
of a band around the tooth or a temporary crown. If
this does not relieve the pain, endodontic treatment or
extraction may be necessary.147

Reversible pulpitis can be treated by prescription of an
NSAID for relief of the pain due to inflammation of the
pulp. Definitive treatment consists of removal of the sti-
mulus that is evoking the pain, such as treating the car-
ious lesion. This condition does not require treatment
with antibiotics or opioid analgesics.147

Treatment for irreversible pulpitis consists of endo-
dontic treatment (removal of the inflamed pulp tissue)
and prescription of analgesics, either NSAIDs or para-
cetamol with 30mg of codeine, one to two tablets every
four to six hours as needed for pain. Systemic adminis-
tration of antibiotics is not indicated.147[V]

Dentine hypersensitivity can be quite difficult to
manage. Treatment consists mainly of application of
fluoride gel or a desensitizing agent to the hypersensitive
tooth surface.147, 156[III]

Apical pariodontitis also requires endodontic treat-
ment (removal of the necrotic tooth pulp and bacteria). If
an abscess is present, it must be drained and systemic
antibiotics may be indicated. Surgical removal of the
periapical granuloma can be performed if proper healing
is not obtained by endodontic treatment.
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SUMMARY

The present chapter has highlighted some of the most
common facial pain conditions which the general physi-
cian and dentist need to be aware of in order to reach the
correct diagnosis and initiate the most rational therapy.
Due to the complexity of many facial pain conditions and
the special emotional and psychological meaning of the
orofacial region, the diagnostic work up and management
strategy will often require a substantial interdisciplinary
approach between the medical profession, dentists, and
specialists in orofacial pain, neurology, anesthesiology,
and psychology. As for most chronic pain conditions, a
careful history and standardized clinical examination
must be performed, but attention has also been directed
towards the application of additional diagnostic tests,
such as QSTs and electrophysiological recordings. Evi-
dence-based guidelines for the management of chronic
facial pain conditions are relatively scarce but the general
principles for documentation of efficacy are, more
recently, also being applied to the facial pain conditions.
Indeed, there will be the need in future studies to examine
the efficacy of interventions tailored to the trigeminal
system.
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KEY LEARNING POINTS

� Neck pain and cervical radicular pain are different

entities, and should not be confused.
� Patterns of cervical referred pain indicate the likely

segmental location of the source of pain, but not its

cause.
� Neck pain is common.
� The cardinal risk factors relate to the work environment.
� The natural history of neck pain is not always favorable.
� Tumors, infections, and aneurysms are serious causes of

neck pain but are uncommon.
� Spondylosis and osteoarthrosis are not valid causes of

neck pain.
� The natural history of neck pain after whiplash is

generally favorable.
� Lesions of the disk and zygapophysial joints are the

likely causes of the chronic neck pain after whiplash.

� History is the most important and most useful

component of clinical assessment for neck

pain.
� Imaging is indicated only if the history reveals

indications of a possible serious disorder.
� Disk stimulation may be used to diagnose cervical

discogenic pain.
� Cervical medial branch blocks can diagnose cervical

zygapophysial joint pain.
� Evidence is lacking for most treatments of neck pain.
� For acute neck pain, the focus of management should

be on explanation, reassurance, resuming activity, and

simple exercises.
� For chronic neck pain, exercises may be palliative.
� Radiofrequency medial branch neurotomy is the only

proven treatment for chronic neck pain.

INTRODUCTION

The foremost message that any pain physician should take
from a chapter on neck pain is that neck pain and cervical
radicular pain are not synonymous. The causes,
mechanisms, investigations, and treatment of radicular
pain differ from those of neck pain, and the two condi-
tions have a different evidence base. Most emphatically,
when a patient presents with just neck pain there is no
justification for investigating and treating them as if they
had radicular pain. Confusion in this regard has led to

inappropriate investigations and therapeutic mis-
adventure in the past and continues to do so. The topic of
cervical radicular pain is covered elsewhere.1, 2, 3 The
present chapter deals exclusively with neck pain.

DEFINITION

Neck pain is pain perceived in a region bounded laterally
by the margins of the neck, superiorly by the superior
nuchal line, and inferiorly by an imaginary transverse line



through the T1 spinous process.4 This definition does not
necessarily imply that the cause of pain lies within this
region; it is based solely on where the patient perceives
their pain.

According to this definition, neck pain is perceived in
the back of the neck, and this is typically where patients
indicate neck pain. It is unusual for a patient to indicate
neck pain anteriorly. In such cases, neck pain needs to be
distinguished from pain in the throat or elsewhere in the
visceral column of the neck. If a patient complains of
visceral pain it should be so described and recorded, and
not confused with neck pain. Conceptually, anterior neck
pain would be pain perceived behind the visceral struc-
tures of the neck. Accordingly, the term ‘‘anterior neck
pain’’ should be reserved strictly for those patients who
can identify pain at the front of their neck, but not in the
pharynx, larynx, trachea, or esophagus, or their adnexae.
Little has been published about this type of pain. The
evidence base for neck pain pertains to pain perceived in
the back of the neck.

REFERRED PAIN

Referred pain is pain perceived in a region that has a
nerve supply different from that of the source of pain.4 In
the context of spinal pain, it is pain perceived in the
territory of the ventral rami of the spinal nerves when the
source of pain lies in the territory of the dorsal rami or
other branches of the spinal nerves. The mechanism
appears to be convergence, in that when afferents from
deep spinal tissues innervated by certain branches of a
spinal nerve converge on second-order neurones in the
spinal cord that happen also to receive afferents from
other branches of that spinal nerve. Referred pain may
also arise when afferents from a particular spinal nerve
converge within the spinal cord or thalamus with
afferents from another spinal nerve.

By these mechanisms, pain arising in the cervical spine
can be referred to a variety of regions. From upper cer-
vical segments it can be referred to the head. From lower
segments it can be referred to the shoulder girdle, upper
limb, and chest wall. Although somatic referred pain has
been evoked experimentally from the cervical spine to
areas as remote as the forearm and hand,5, 6 such patterns
have not been reported in the clinical literature. Referred
pain from the cervical spine tends to be localized proxi-
mally: around the shoulder girdle or chest wall, and in the
arm rather than the forearm and hand.

Somatic referred pain tends to be felt deeply as an
aching pain or expanding pressure. It occurs in patterns
whose boundaries are hard to identify but whose cen-
troids are readily identified. Furthermore, somatic refer-
red pain is static or sessile: it rests in relatively fixed
locations. Although its boundaries might fluctuate –
becoming broader when the pain is more intense – its
epicenter remains essentially the same. These features

help to distinguish somatic referred pain from radicular
pain.

Cervical radicular pain tends to radiate into the upper
limb, being perceived in areas more like linear bands. In
quality, the pain can be deep and aching, but when it is
shooting or lancinating, its radicular origin is beyond
doubt. Moreover, to be consistent with the mechanism of
radicular pain, it should be associated with paresthesiae
or other features of nerve root compromise, such as
segmental numbness or weakness. Neurological features
do not accompany somatic referred pain. Their presence
is perhaps the cardinal distinguishing feature of radicular
pain. Conversely, however, in the absence of neurological
features, aching pain in the upper limb may be either
somatic referred pain or early radicular pain, and the
distinction may not readily be made clinically. However,
aching pain in the upper limb, in the absence of any neck
pain is far more likely to be radicular than somatic
referred pain.

Patterns

Cervical referred pain tends to occur in distinctive pat-
terns that can be depicted as pain maps. Previously, such
maps had been derived using noxious stimulation of
various structures in the cervical spine, either in normal
volunteers7, 8 or in patients undergoing procedures.9, 10, 11

These maps provided an idealized and somewhat con-
servative picture of where pain can be referred to from
different segments (Figures 36.1 and 36.2). More recent
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C6–7

C5–6

C3–4

Figure 36.1 Patterns of referred pain evoked in normal

volunteers by noxious stimulation of the vertebral segments

indicated. Although these patterns were originally derived from

stimulation of the zygapophysial joints in normal volunteers,7

the same patterns have been shown to apply to stimulation of

the intervertebral disks at the same segments.11
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data are based on responses to controlled, diagnostic
blocks in patients presenting with neck pain.12 They show
that pain from a given segment is concentric with areas
evoked in normal volunteers, but can spread further afield
(Figure 36.3).

Pain from the C1–2, C2–3, and C3–4 segments is often
perceived in the suboccipital region but can spread to
various other regions, or may present primarily in these
other regions. From C1–2 and C2–3, pain can be referred
caudally into the upper neck, but it tends to be referred,
more often or more intensely into the head. Pain can be
referred to the orbit from both C1–2 and C2–3, but pain
from C1–2 tends to refer to the vertex and ear, whereas
pain from C2–3 tends to cross the temporoparietal
region. Although pain from C3–4 can radiate into the
head, it tends more often, or more intensely, to refer
caudally into the upper neck.

Pain from C4–5 typically occupies the lower neck, near
its junction with the shoulder girdle. Pain from C5–6 or
C6–7 also covers this region but typically radiates from it.
Pain from C5–6 tends to radiate over the top of the
shoulder girdle, into the deltoid region and upper arm.
Pain from C6–7 typically radiates more medially over the
scapula and particularly over its medial border.

Although these patterns have been derived largely from
studies of the cervical zygapophysial joints, they do not
imply the actual source of pain. Referred pain from
interspinous muscles,5, 6 from the cervical zygapophysial
joints,7, 9, 12 and from the cervical intervertebral disks10, 11

follows similar patterns. Those patterns are dictated not
by the structure stimulated but by its segmental nerve
supply. Thus, any structure innervated by C5,6 will have a
referred pain pattern like any other structure innervated

by C5,6. Pain maps, therefore, cannot be used to diagnose
the source of pain, but they do serve to indicate the likely
segmental location of the source.

Epidemiology

Neck pain is a common complaint whose prevalence
differs in different communities and amongst different
occupations. The yearly prevalence of acute neck pain in
the general community is approximately 10 percent; that
of chronic neck pain is as high as 14 percent.13, 14, 15 The
prevalence increases with age, and is somewhat higher in
women. Some 5 percent of the population are highly
disabled by neck pain.16

Risk factors

Many factors have been studied as risk factors for the
development of neck pain. Some have been refuted;
others have only a weak or moderate association, with
odds ratios less than 3.0 (Table 36.1).17 The most per-
vasive risk factors for neck pain relate to the work
environment. They include high job demands,18, 19 low
decision authority,19, 20 little influence over the work
situation21 or low job control,22 low coworker social
support,19, 22, 23 high psychological demand,23 and low
decision latitude.23 Although psychosocial in nature, these
factors stem from the patient’s work circumstances, and
do not constitute personal psychological factors.

Specific and classical psychological variables have
failed to emerge as determinants of neck pain. Distinctly
unrelated to neck pain are variables such as social sup-
port, depression, anxiety, coping ability, self-confidence,
ability to solve problems, sense of humor, irritability,
impatience, psychosis, extroversion, and lying, on the
Eysenck Personality Questionnaire.24 Factors found to be
significantly related to neck pain upon univariate analysis
disappear upon multivariate analysis.24, 25 Upon multi-
variate analysis, psychological state accounts for only 2
percent of the variance in symptoms of neck pain.26

Natural history

Some 14 percent of the population experience a new
episode of neck pain in a given year, with 0.6 percent
experiencing disabling pain.27 Approximately 37 percent
of those affected progress to complete resolution, with the
passage of time; and a further 33 percent experience
improvement; but neck pain persists in the remainder.27

Some 23 percent of individuals suffer a recurrence within
the year. In effect, neck pain persists in about half of those
initially afflicted.28 Some 25 percent of patients have
moderate symptoms after ten years, and some 7 percent
remain or become severely disabled.29, 30

C2–3 ZJ

LAAJ (C1–2)

AOJ (0–C1)

Figure 36.2 Patterms of referred pain evoked in normal

volunteers by noxious stimulation of the C2–3 zygapophysial

joint (ZJ),7 the lateral atlanto-axial joint (LAAJ),8 and the

atlanto-occipital joint (AOJ).8
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Figure 36.3 The distribution of referred pain relieved by anesthetizing the synovial joints at the segments indicated. The density of shading reflects the proportion of patients with pain

from the segment indicated who reported pain in the area shaded. Adapted from Cooper et al.12



Prognostic factors

Systematic reviews have found few studies that reported
on prognostic factors for neck pain.31, 32 None provided a
statistical analysis that yielded either the relative risk or
odds ratio for any association. Consequently, there are no
validated prognostic factors for neck pain.

Etiology

The taxonomy of the International Association for the
Study of Pain (IASP) lists some 60 recognized causes of
neck pain.4 These, and others, can be grouped as shown
in Table 36.2. Tumors, infections, and aneurysms con-
stitute the ‘‘red flag’’ conditions of the neck because they
threaten serious neurological or systemic sequelae.

Neck pain can occur in patients with known rheu-
matoid arthritis, but it is unlikely to be the sole presenting
feature. Less than 2 percent of patients with rheumatoid
arthritis have neck pain as their only feature.33 Rheuma-
toid arthritis becomes potentially serious if it affects the
C1–2 joints, but even then the prognosis is favorable.34

Gout and the seronegative spondylarthropathies (anky-
losing spondylitis, Reiter’s syndrome, and psoriatic
arthritis) can each involve the neck, but are rare causes of
neck pain in patients without other manifestations of
these conditions.

Tumors, infections, and metabolic disorders are very
uncommon causes of neck pain. Although their pre-
valence has not been explicitly established, the failure of
large radiological surveys to detect such conditions35, 36

implies that their prevalence is less than 0.4 percent in
primary care.

Headache is the most common presenting feature of
internal carotid artery dissection, but neck pain has been
the sole presenting feature in some 6 percent of cases.37, 38

In 17 percent of patients, headache may occur in com-
bination with neck pain.38 Neck pain has been the initial
presenting feature in 50–90 percent of patients with ver-
tebral artery dissection, but is usually also accompanied
by headache, typically in the occipital region although not
exclusively so.37, 39 Although the typical features of dis-
secting aneurysm of the aorta are chest pain and cardi-
ovascular distress, neck pain has been reported as the
presenting feature in some 6 percent of cases.40, 41

Although considered common and feared as a cause of
neck pain (for medicolegal reasons), fractures of the neck
are actually not common. In accident and emergency
settings, only about 3 percent of patients suspected of
having a fracture prove to have fractures upon cervical
radiography.42, 43, 44, 45, 46, 47

Missing from Table 36.2 are cervical spondylosis and
cervical osteaoarthrosis. Although hallowed by tradition,
these entities are not valid causes of neck pain. The
radiological features of these conditions are normal age
changes. They correlate poorly with neck pain.35 Indeed,
cervical osteoarthrosis is more common in subjects with
no neck pain.48

For patients with neck pain whose cause is not
apparent, the IASP recommends the rubric cervical spinal
pain of unknown origin, as an honest diagnosis.4 Zyg-
apophysial joint pain and discogenic pain are specific
subsets of what otherwise might be known as ‘‘mechan-
ical’’ neck pain, but their diagnosis requires invasive
procedures such as zygapophysial joint blocks and disk
stimulation (see under Invasive techniques below).

Although favored by many, there is no evidence that
trigger points are a cause of neck pain. Even in the hands

Table 36.2 The causes of neck pain grouped according to whether they are common and serious.

Nonthreatening Serious

Uncommon Rheumatoid arthritis Fractures

Ankylosing spondylitis Tumors

Reiter’s syndrome Spinal infections

Psoriatic arthritis Dissecting aneurysms

Crystal arthropathies Spinal hematomas

Metabolic disorders

Common Cervical spinal pain of unknown origin

Acceleration–deceleration injuries of the neck

Zygapophysial joint pain

Discogenic pain

Table 36.1 Refuted and weak to moderate risk factors for the

development of neck pain.17

Refuted as risk factors Weak to moderate risk
factors

Degenerative disk disease Female gender

Zygapophysial osteoarthrosis Previous injury

Smoking Working with machines

Socioeconomic status Occupation

Prolonged sitting at work station Educational level
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of experts, the diagnosis is unreliable,49 and the absence of
a criterion standard means that its validity cannot be
tested. Furthermore, trigger points in the neck do not
satisfy the prescribed criteria for a trigger point. They are
characterized solely by tenderness and reproduction of
pain, in which regard they cannot be distinguished from
tenderness of underlying zygapophysial joints.50

Acceleration–deceleration injury, or whiplash, is per-
haps the most common traumatic basis for neck pain. In
population studies, a large proportion of patients attri-
bute their neck pain to an injury incurred in a motor
vehicle accident.16

WHIPLASH

There is no evidence that neck pain following whiplash
differs physiologically from neck pain due to other causes.
It is an entity defined by its circumstances of onset, and
complicated by its social context. The onset is attributed
to an inertial injury sustained in a motor vehicle accident.
The complicating factor is that it may be subject to
compensation.

Epidemiology

In western societies, the incidence of neck pain attributed
to whiplash is about 1/1000 population per year,51 but
this figure may be larger or smaller in different countries,
or different states or provinces, depending on the nature
of the administrative system that applies, and depending
on whether population samples or hospital samples are
used to calculate the figure.

Risk factors

Being involved in a motor vehicle accident does not
destine a victim to suffer neck pain. Many suffer no
symptoms. Individuals who do not suffer neck pain at the
time of being involved in a motor vehicle accident sub-
sequently exhibit a prevalence of chronic neck pain that is
no greater than that expressed by those who have never
suffered an accident.52 However, individuals who experi-
ence neck pain immediately or soon after an accident, are
three times more likely to suffer persistent neck pain than
is the general community.52

Natural history

The natural history of neck pain after whiplash is
remarkably benign. The rate of recovery appears to be
considerably better than that of neck pain in general.
Within 12 months, some 75 percent of victims are
asymptomatic, with the figure rising to 82 percent by two

years. This leaves some 20 percent of patients still with
symptoms, but only 4 percent are severely disabled.53

Prognostic factors

Persistence of neck pain after whiplash is not related to
factors such as age, gender, psychological response, or
compensation.54 It is weakly related to sleep disturbance,
cognitive impairments, poor concentration, neuroticism,
past history of headache, and being unprepared for the
collision.54 The cardinal determinant of poor outcome is
the initial intensity of pain and other symptoms.54, 55, 56,
57 Patients least likely to recover exhibit hyperalgesia, both
in the cervical region and in regions remote from the
neck, as well as psychological distress in the face of their
symptoms.58, 59, 60, 61, 62 Evidence has also emerged that,
independent of the initial intensity of pain, engaging a
lawyer is a predictor of poor outcome.56, 57

Etiology

The favorable natural history of neck pain after whiplash
indicates that most patients suffer no substantive injury.
Perhaps they suffer a minor muscle strain, or a minor
injury to a joint in the neck, which spontaneously
resolves. A pathology is required only to explain the
minority of cases in which pain becomes chronic.

Rare injuries include disruption of the alar ligaments,
prevertebral hematoma, perforation of the esophagus,
tears of the sympathetic trunk, damage to the recurrent
laryngeal nerve, spinal cord injury, periplymph fistula,
thrombosis or traumatic aneurysms of the vertebral or
internal carotid arteries, retinal angiopathy, and anterior
spinal artery syndrome.51, 58 Fractures after whiplash are
so uncommon as to be rare. Such fractures as have been
attributed to whiplash have been reported only in case
studies or small, descriptive series. These fractures may be
difficult to detect on conventional investigations, and
special attention needs to be paid to their possibility if
they are to be detected. The majority involve the upper
cervical spine, and include fractures of the odontoid
process, the laminae and articular processes of C2, and
the occipital condyles. In one study of 283 patients with
acute neck pain after whiplash, however, no fractures
were found on plain radiography.46 This result implies a
prevalence of less than 1.3 percent.

The most likely lesions that underlie chronic neck pain
after whiplash are injuries to the intervertebral disks and
zygapophysial joints. Cineradiography studies in normal
volunteers undergoing simulated whiplash collisions
reveal that at some 100 msec after impact, the cervical
spine undergoes a sigmoid deformation, during which the
lower cervical vertebrae undergo extension about an
abnormal axis of rotation.59 The movement is such that
the anterior edges of the vertebral bodies separate and the
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zygapophysial joints impact (Figure 36.4). These move-
ments indicate that the anterior anulus fibrosus can be
sprained while the zygapophysial joints can suffer
impaction fractures or contusions to their meniscoids.59

These are the very lesions that have been demonstrated
in post mortem studies of victims of motor vehicle
accidents.60, 61, 62

Clinical assessment

A comprehensive history of neck pain can be recorded by
noting the standard features of any type of pain, as listed
in Table 36.3. Asking the duration of illness establishes if
the condition is acute or chronic. The circumstances of
onset identify if the cause was spontaneous or traumatic,
or associated with an illness or intervention. The mode of
onset is usually unremarkable, but a sudden, spontaneous
onset of severe neck pain should warn of a red flag con-
dition. The site of pain and its radiation may be helpful in
indicating, prima facie, the likely segmental origin of pain,
but widespread neck pain offers no localizing clue. Neck
pain should be dull and aching in quality; lancinating or
sharp pain suggests a possible neurogenic cause. Asking
about frequency and duration establishes if the pain is
episodic or constant, but lends little to establishing the
cause, nor does the timing of the pain. Pain precipitated
and aggravated by neck movement suggests an articular
or muscular source of pain, as does pain relieved by rest.

However, these features are not valid indicators of any
particular source or cause of pain. More sinister is pain
that is not affected by movement, and not relieved by rest.
This suggests a possible red flag condition, affecting a
nonarticular structure, but the likelihood ratio of this
contention is low. The detection of red flag conditions
relies on an index of suspicion, not on a specific finding
or set of findings.

The most critical aspect of taking a history of neck
pain is enquiry as to associated features. It is in this regard
that the red flag conditions of the neck are most readily
recognized. The enquiry can be rendered systematic by
obtaining a systems review that asks both about current
symptoms and past history of illness, as prompted by
Table 36.4. If at any stage a response is positive, a more
thorough enquiry and investigation of a possible medical
disorder should be initiated.

A positive response with respect to neurological
symptoms may indicate spinal tumor or cerebrovascular
disorder. Cardiovascular risk factors prompt considera-
tion of aneurysms. Respiratory features, genitourinary
features, or a history of thyroid cancer warrant con-
sideration of spinal metastases. Weight loss and anorexia
suggest neoplasia. Diarrhea and skin lesions suggest
spondylarthropathy, as do peripheral features of inflam-
matory arthropathy. Neck pain in the elderly warrants
consideration of myeloma or other tumors. Hyper-
parathyroidism is a possible cause of spinal pain that is
easily overlooked because of its rarity.

Infection of the cervical spine may be very difficult to
identify clinically. Mercifully it is rare. However, the car-
dinal risk factors are diabetes, immunosuppresion, or a
history of penetration, in the form of a surgical or other
invasive procedure, catheterization, cannulation, or
intravenous drug use.

Physical examination

Physical examination offers little towards the diagnosis of
neck pain. Typically, the patient will be tender in the cer-
vical spine, and will exhibit restriction of neck movements
because of pain. Neither of these features, however, is a
valid indicator of any particular source or cause of pain.

Abnormally high
axis of rotation

Anterior
distraction

S-shape

Posterior
impaction

Figure 36.4 The mechanism of whiplash injury. The cervical

spine is compressed from below and undergoes a sigmoid

deformation. Lower cervical vertebra undergo posterior sagittal

rotation about an abnormally high axis of rotation. This results

in impaction of the zygapophysial joints posteriorly and

distraction of the intervertebral disk anteriorly.

Table 36.3 Categories of enquiry for taking a history of neck

pain.

Categories

Duration of illness Frequency

Circumstances of onset Duration

Mode of onset Time of onset

Site of pain Precipitating factors

Radiation Aggravating factors

Quality Relieving factors

Associated features
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In this context, neurological examination is immaterial
in the assessment of neck pain, for it is not a neurological
disorder. Neurological examination is pertinent if the
patient has neurological symptoms, but not if pain is
the only presenting feature. In that event, a screening
neurological examination, looking for weakness or
numbness, is all that is justified.

Special techniques of examination, such as the detec-
tion of cervical intersegmental motion, have either not
been shown to be valid, or have been found to lack
reliability, validity, or both. For the detection of tender-
ness over the zygapophysial joints, inter-observer agree-
ment has been shown to be good, with a kappa score of
0.68.63 For other signs, particularly those espoused by
chiropractors, observer agreement is poor.64, 65, 66, 67, 68

Manual examination of passive intersegmental motion
lacks validity for the diagnosis of zygapophysial joint
pain.69

INVESTIGATIONS

Medical imaging is notoriously unhelpful for the diag-
nosis of neck pain. The common causes of pain cannot be
detected by imaging. Particular investigations are indi-
cated only if there are clinical grounds for suspecting
particular lesions.

Plain radiography

The only valid indication for plain radiography in a
patient with neck pain is a history of trauma. In that
context, radiography is used as a screening test for frac-
tures. However, the pretest likelihood of fracture is low,
even in patients with a history of trauma.70 The Canadian
C-spine rules define the responsible use of radiography in
such patients71 (see Chapter 12, Diagnostic procedures in
chronic pain). Radiography is indicated if the patient is
older than 65; has suffered a dangerous injury, such as a
fall or high speed collision; or expresses neurological
symptoms. A simple rear-end motor vehicle collision does
not qualify as a dangerous injury, and is not an indication
for radiography. Otherwise, if the patient has been
ambulatory and is able to rotate their neck by 451 to the
left and right, radiography is not indicated. Under these
rules, the chances of missing a significant fracture by
failing to undertake radiography are essentially nil.

In patients with neck pain but no history of trauma,
radiography is not indicated. Two large studies, each
involving over 1000 patients, have found that no instances
of unexpected malignancy or infection were found.35, 36

The British study concluded that ‘‘the request for x-ray
films of the cervical spine ‘just in case’ such a finding is
present is probably unjustified’’.35 The US study found
that upon five-year follow up ‘‘no medically dangerous
diagnoses would have been missed if the cervical spine
series had not been done’’.36 These results underscore the
guideline that x-ray examination of the neck should be
performed only if there is a clinical suspicion of infection
or malignancy or after some instances of trauma.

What plain radiography is likely to reveal in a patient
with neck pain is either a normal cervical spine or cervical
spondylosis. The features of cervical spondylosis, how-
ever, are simply age-related changes. In some studies
cervical spondylosis occurs somewhat more commonly in
symptomatic individuals than in asymptomatic indivi-
duals,35, 72 but the odds ratios for disk degeneration or
osteoarthrosis as predictors of neck pain are only 1.1 and
0.97 respectively for women, and 1.7 and 1.8 for men.72 In
other studies, the prevalence of disk degeneration, at
individual segments of the neck, is not significantly

Table 36.4 A comprehensive checklist of associated features of

neck pain that might indicate a red flag condition, if evident on

systems review or past history of illness.

System Feature or condition

Nervous Weakness

Numbness

Bladder dysfunction

Impaired balance

Impaired vision

Altered speech

Disorientation

Altered consciousness

Cardiovascular Risk factors

Chest pain

Anticoagulants

Transient ischemic attacks

Respiratory Carcinoma

Tuberculosis

Cough

Weight loss

Alimentary Carcinoma

Weight loss

Loss of appetite

Dysphagia

Diarrhea

Altered bowel habits

Urinary Incontinence

Obstruction

Reproductive Breast lump

Uterine dysfunction

Endocrine Thyroid cancer

Hyperparathyroidism

Reticulo-endothelial Lymph nodes

Skin Rash

Musculoskeletal Other joint pain

Other muscle pain

Age Risk of Paget’s disease

Risk of myeloma
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different between symptomatic patients and asympto-
matic controls.48 Indeed, uncovertebral osteophytes
and osteoarthrosis are less prevalent in symptomatic
individuals.48

Of significance is the false-positive impact of a report
of cervical spondylosis. Such a report is more likely to
lead to a referral to a hospital orthopedic department.35

The reason for this is not evident, but presumably it is
because of a belief that, somehow, spondylosis is diag-
nostic of neck pain and that orthopedic management,
somehow, is indicated. Yet, the evidence indicates that
cervical spondylosis is not diagnostic of neck pain, and
there is no evidence that orthopedic management for
neck pain ascribed to cervical spondylosis is superior to
any other management for neck pain. There is also the
risk that someone might choose to operate on a patient
on the basis of having found spondylosis, thereby incur-
ring the risks of failure and the production of iatrogenic
disease.

Loss of lordosis is a feature sometimes reported in
cervical spine films, but this phenomenon is a normal
variant, and carries no diagnostic implication. It is equally
prevalent amongst patients with acute neck pain, chronic
neck pain, and no neck pain.73 It is independent of age
and symptoms, but is more common in females.

Computed tomography scanning

No data, and no studies, justify the use of computed
tomography (CT) as a screening test for undiganosed
neck pain. CT may be of use in better defining known or
suspected pathology, such as fractures or tumors; but it
offers no value in the pursuit of uncomplicated neck pain.
Nothing that might be evident on CT has been shown to
correlate with any known cause of neck pain.

Magnetic resonance imaging

In patients with acute neck pain, but with no clinical
indicators of any serious cause, magnetic resonance imag-
ing (MRI) offers little prospect of a positive diagnosis. The
only indication for MRI is as a screening test for rare and
clinically occult disorders in patients with persistent or
chronic neck pain. Yet even in that context, the use of MRI
is questionable. By definition, rare conditions are unlikely
to be evident, and in the absence of clinical indicators they
are even more unlikely. The cardinal indicators are a past
history of cancer, risk factors for infection, or signs of
systemic illness. In patients with risk factors for aneurysm
(see Chapter 12, Diagnostic procedures in chronic pain),
magnetic resonance angiography is indicated.

In the absence of clinical indicators, MRI will reveal a
normal cervical spine or normal age changes. Disk
degeneration, disk bulges, spinal stenosis, and even spinal
cord impingement occur in asymptomatic individuals,

and with increasing frequency with age.74, 75 Finding such
abnormalities does not provide a diagnosis. In patients
with neck pain after whiplash, multiple studies have
shown that MRI reveals nothing but normal age changes,
with the same prevalence as in the general population.76,
77, 78, 79, 80, 81

Single-photon emission tomography scanning

A small study reported that single-photon emission
tomography (SPECT) could reveal small articular frac-
tures and avulsions of the vertebral rims, at about four to
six weeks after whiplash.82 The results of this study have
not been corroborated.

Emerging prospects

It is possible that lesions responsible for neck pain can
escape detection because of the limited resolution of con-
ventional imaging techniques. Advanced technology has
been explored for its ability to provide greater resolution. A
case report illustrated that functional MRI could reveal
lesions of the atlanto-axial joints and ligaments that had
escaped detection by conventional means.83 A pair of stu-
dies reported that MRI could demonstrate various grades
of lesions in the alar and transverse ligaments, and that
such lesions were significantly more common in patients
with a history of whiplash than in control subjects.84, 85

Others have not yet reproduced these observations. Nor
have the lesions detected been shown to correlate with pain.
A study in progress issued a preliminary report to the effect
that lesions affecting the zygapophysial joints, disks, and
other structures could be revealed in patients after
whiplash, using MRI spectroscopy.86

Invasive techniques

It is not surprising that medical imaging lacks utility for
the vast majority of patients with neck pain. Pain is a
symptom. It cannot be seen on morphological tests. It
requires physiological tests. In this regard, two such tests
have been advocated.

DISK STIMULATION

Disk stimulation is a test designed to determine if an
intervertebral disk is painful or not. It involves introdu-
cing a needle into the center of the suspected disk,
through which contrast medium is injected in order to
stress the disk by distending it from within.87 The
recommended criteria for a diagnosis of cervical disco-
genic pain are that stressing a particular disk reproduces
the patient’s pain, with an intensity of at least seven on a
ten-point scale, but provided that stressing adjacent disks
does not reproduce pain.87
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Two phenomena complicate the interpretation of cer-
vical disk stimulation. First, disk stimulation can be false-
positive when the patient has zygapophysial joint pain at
the same segment.88 Therefore, in order to be valid, disk
stimulation must be performed after zygapophysial joint
pain has been excluded.87 Second, it is uncommon for
cervical disks to be symptomatic at one segmental level,
or just at lower cervical levels. Positive responses are
commonly encountered at two, three, and even four levels
or more.11 The assessment of the patient is, therefore, not
complete unless and until all levels are studied, which
makes cervical disk stimulation a demanding procedure.
If disk stimulation is undertaken at only one, two, or
three, preferred or habitual levels, the likelihood of an
incomplete, and incorrect, diagnosis is high.

The one virtue of cervical disk stimulation is that, if
multiple disks are found to be symptomatic, surgery is
not indicated. Disk stimulation, therefore, plays an
important role in reducing unnecessary and futile cervical
surgery.11

MEDIAL BRANCH BLOCKS

Cervical medial branch blocks can be used to test if a
zygapophysial joint is the source of a patient’s neck pain.
They involve anesthetizing, under fluoroscopic control,
the small nerves that innervate the target joint, each with
no more than 0.3mL of local anesthetic89 (Figure 36.5).

Cervical medial branch joint blocks have face-validity,
in that they selectively anesthetize the target nerves, and
do not anesthetize any nearby structures that realistically
might be the source of pain.90 Single diagnostic blocks,

however, are not valid. They carry a false-positive rate of
some 27 percent.91 Controls are, therefore, required in
each and every patient. When performed under con-
trolled conditions, cervical medial branch blocks have
proven construct validity.92

Two types of control are available. Foremost, placebo
controls can be used. However, this requires three blocks
to be performed on separate occasions.89 The first block
must be with a local anesthetic in order to establish,
prima facie, that the joint is painful. The second block
cannot summarily be a local anesthetic agent, for a mis-
chievous patient would know that they were expected to
respond. Rather, in order to maintain chance, the second
agent must be randomized as either a local anesthetic or a
placebo. For the third block, the reciprocal agent should
be used. A valid response would be relief of pain on each
occasion that a local anesthetic was used, but no relief
when placebo was administered. However, although they
are stringent, placebo-controlled blocks are not practical
in most clinical circumstances.

An alternative are comparative diagnostic blocks.89, 92

Blocks are performed on separate occasions using differ-
ent local anesthetic agents. A valid response is one in
which the patient obtains a duration of relief concordant
with the expected duration of action of the agent admi-
nistered, i.e. long-lasting relief when a long-acting agent is
used, and short-lasting relief when a short-acting agent is
used. Controlled studies have shown that diagnostic
decisions based on this paradigm are robust.93

Epidemiologic studies, using double-blind, controlled,
diagnostic blocks, have shown that zygapophysial joint
pain is the single most common basis of chronic neck
pain, both after whiplash and in heterogeneous samples.
In patients with a history of whiplash, prevalence figures
(with 95 percent confidence intervals) of 54 percent
(40–68 percent)94 and 60 percent (46–73 percent)95 have
been reported. In patients with headache after whiplash,
the prevalence of C2–3 zygapophysial joint pain was 53
percent (37–68 percent).96 Amongst drivers involved in
high-speed collisions, the prevalence was as high as 74
percent (65–83 percent).97 In patients with neck pain not
restricted to those with whiplash, the prevalence of cer-
vical zygapophysial joint pain has been at least 36 percent
(27–45 percent) in a rehabilitation practice,98 and 60
percent (50–70 percent) in a pain clinic.99

Of all the possible diagnostic tests that might be
applied to a patient with neck pain, cervical medial
branch blocks are the only validated test. Of all the pos-
sible causes of chronic neck pain, zygapophysial joint pain
is the only proven entity and is the most common cause
of neck pain after whiplash.

TREATMENT

For the treatment of neck pain, the evidence differs
according to whether the pain is acute or chronic. In both

Figure 36.5 A lateral fluoroscopy view of a needle in place on

the articular pillar of C5 in preparation for a C5 medial branch

block.
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instances, the available evidence refutes or fails to support
many traditional interventions that still continue to be
used.

Acute neck pain

For the treatment of acute neck pain, the Australian Acute
Musculoskeletal Pain Guidelines Group found evidence
that collars were ineffective, and found evidence to be
lacking or insufficient on the effectiveness of acupuncture,
analgesics, manipulation, passive mobilization, electro-
therapy, gymnastics, multidisciplinary biopsychosocial
rehabilitation, muscle relaxants, neck school, nonsteroidal
anti-inflammatory drugs, patient education, spray and
stretch, traction, or transcutaneous electrical nerve sti-
mulation (TENS).100[I] The literature pertaining to this
evidence is reviewed in detail elsewhere.100, 101

The Australian Guidelines Group recommended that
the treatment of acute neck pain be based on explanation
and reassurance, activation, and exercises.100[I] These
recommendations were consonant with the results of an
earlier systematic review of conservative therapy for neck
pain.102, 103[I] In support of these recommendations, the
literature is positive but limited.

In a randomized, controlled study, simply instructing
patients to act as usual was at least as effective, or slightly
more effective, in terms of recovery, than having sick-
leave and using a collar and analgesics.104[II] One con-
trolled study found that keeping the neck active, by using
simple home exercises, was more effective in the short
term than rest and analgesia, and no less effective than
physiotherapy.105[II] In the long term, a greater propor-
tion of patients who used home exercises were free of pain
than in either of the other groups.106[II] In another study,
home exercises were compared with treatment with
information, advice, postural correction, and a collar. It
showed that patients who exercised had greater reduc-
tions in pain, and greater proportions were either pain-
free or had only low levels of pain, at six months.107[II]
A subsequent report confirmed that these differences

persisted at 12 months.108[II]
The most recent Cochrane review still supports these

recommendations but with less confidence.109[I] The
basis for this change is a more critical analysis of the
literature. For example, in the revision, the studies of
McKinney105, 106 are rated as low quality, for a variety of
technical reasons.

Contentious is how effective manual therapy is for acute
neck pain. A systematic review found no evidence of effi-
cacy for manual therapy used as a sole intervention.110[I]
Any attributable benefit of manual therapy lies in its
combination with exercise therapy. Even so, the effect-sizes
of combined therapy are small.101, 111 The available data do
not allow the attributable effect of manual therapy to be
differentiated from that attributable to exercises.101 The
circumstantial evidence strongly implies that exercises are
the cardinal active component of combined therapy.101

Of difficulty is the challenge for practitioners to
modify their practice, by abjuring traditional, passive
interventions and instead engaging the patient to provide
explanation and reassurance, and promoting activation
with simple exercises. Descriptions of how this can be
achieved in practice are provided elsewhere.111

Chronic neck pain

For the treatment of chronic neck pain, the evidence is
even more sparse than that for acute neck pain, and even
less supportive of traditional approaches. There is no
published evidence supporting the effectiveness of a col-
lar, TENS, traction, trigger point therapy, or multimodal
therapy for chronic neck pain.112 There is no published
evidence of any drugs being effective.

For acupuncture, the evidence is conflicting. While
some studies have reported an effect greater than that
of placebo,113[II] others have found no difference
from placebo,114, 115, 116, 117, 118, 119[II] and one study
found placebo to be more effective.120[II] Injections of
Botulinum toxin are not effective for chronic neck
pain.121[II] One study found trigger point injections to be
as effective as ultrasound treatment122[II] but another
found ultrasound to be no more effective than placebo
treatment.123[II] Intra-articular injections of cortico-
steroids are not effective for cervical zygapophysial joint
pain.124[II]

A systematic review110[I] found no evidence of benefit
from manipulative therapy or cervical mobilization for
chronic neck pain. Physiotherapy provides only small
improvements in pain, and is not more effective than a
brief session of advice.125[II] No controlled trials have
determined if multidisciplinary or behavioral therapy is
effective for chronic neck pain.112

Of the conventional, conservative therapies, exercises
are the mainstay of treatment for chronic neck pain.
Exercises of various types can reduce pain by anywhere
between 25 and 75 percent, but they are not demonstrably
more effective than treatments with which they have
been compared, which include manual therapy and
ordinary activity (Table 36.5). In the most recent study,
exercises were barely more effective than three sessions of
advice.134[II]

Surgical therapy

There is no compelling evidence of the efficacy of cervical
fusion for neck pain. Such studies as have reported on this
therapy claim success,135, 136[IV] but outcome measures
are few and lacking in rigor. Some studies report dis-
heartening results,137[IV] particularly for surgical therapy
of neck pain after whiplash.138[IV] Some 57 percent of
patients report their pain as much better after surgery, but
only 10 percent are rendered free of pain.139[IV]
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Radiofrequency neurotomy

Percutaneous radiofrequency (RF) neurotomy is the one
surgical procedure that has withstood scientific scrutiny.
In this procedure, the nerves that innervate the cervical
zygapophysial joints are coagulated in an effort to relieve
pain stemming from these joints.140 Under double-blind,
controlled conditions, the procedure has proven not to be
a placebo.141[II] Moreover, it is the only treatment for
neck pain that has been shown to achieve complete relief
of pain, and restoration of activities of daily living.141, 142

[II], [III] Furthermore, relief of pain is attended by
complete resolution of psychological distress.143[III]

A limitation of the procedure is that pain recurs as the
treated nerves regenerate, but in that event, the procedure
can be repeated and the pain once again completely
relieved. Long-term studies have shown that continued,
repeated relief can be sustained for up to 2000 days.142[III]

In the context of whiplash, it has repeatedly been
shown that the outcomes following RF neurotomy are not
worse statistically in patients with litigation pending than
in patients who have settled litigation or did not pursue
litigation.141[III], 142[III], 144[II], 145[III], 146[III]

RECOMMENDATIONS

For acute neck pain.

� A thorough history should look for possible red flag
indicators.

� Imaging should be undertaken only if clinical
indicators justify doing so.

� If a serious condition is evident or detected,
management should follow conventional lines for
that condition.

� If no serious causes are evident, the management
should focus on explanation, reassurance, staying
active, and using simple exercises.

For chronic neck pain.

� MRI serves as a screening test for occult serious causes,
but conventional imaging is unlikely to be diagnostic.

� Cervical medial branch blocks are the only validated
diagnostic tests, and are likely to provide a diagnosis
in approximately 60 percent of patients.

� Cervical disk stimulation may be used in the
remaining patients, but needs to be performed in a
rigorous manner.

� Exercises may be palliative for some patients.
� The effectiveness of surgery is contentious.
� Radiofrequency medial branch neurotomy is the only

validated treatment, and is the only treatment shown
to be able to relieve neck pain completely.
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KEY LEARNING POINTS

� Understanding the chronic lower back pain (CLBP)

patient’s motivation for seeking care improves satisfaction,

treatment compliance, outcomes, and saves time.
� Spine clinicians best serve as gatekeepers to the

growing list of other local spine care specialists.
� Initial assessment emphasizes measuring pain, disability,

red and yellow flags, and diagnostic subgroups.
� Several pitfalls for the initial assessment of the CLBP

patient exist.
� History and examination are geared toward ruling out

serious underlying diseases.

� Many theories exist for the causes of CLBP.
� CLBP treatment must emphasize maximizing function

through rehabilitative exercise and return to work

programs.
� Temporizing measures for treating pain also include

medications, manipulation, massage, injections, and

modalities.
� Multidisciplinary cognitive-behavioral therapy is perhaps

one of the most useful treatment tools for chronic

disabling CLBP.

INTRODUCTION

The medical management of the patient with chronic
lower back pain (CLBP) is a process that has evolved over
time. Prior evaluation and treatment recommendations
using a bioanatomic model1 of low back pain have given
way to a newer biopsychosocial model.2, 3, 4 This model is,
as will be discussed, more multidimensional and patient-
centric.5 For example, treatment efficacy is higher when
patient’s thoughts, beliefs, attitudes, and expectations are
taken into account.6, 7, 8 Therefore, empathic listening is
also a prerequisite for assessment and the development of
a care plan.9, 10 The astute clinician will still want to assess
pain, functional limitations or disability, work ability, and

to screen for serious pathology. Care planning should
strongly emphasize the concept of maximizing function.

The goals of this chapter are to review motivation for
seeking medical care and the components of the initial
assessment, including the details of the history and
examination. In addition, discussion will be directed
toward counseling patients with CLBP in the context of
known literature, as well as to outline sound management
programs for CLBP patients.

One needs to understand at the outset that CLBP is a
symptom rather than a clinical entity with wide variations
in severity of disability and duration.2 The screening of
prognostic factors for disability in this population (yellow
flags) is therefore an essential component of the



evaluative process.11 Overall, there is limited literature
support to guide the clinician in this patient population,
and as a result, there is a paucity of guidelines available.

The approach to treatment should take into account
the fact that no single treatment intervention is likely to
be effective in isolation given the complexity of CLBP. For
instance, using modalities and medications to control
pain while progressing a back rehabilitation program with
a cognitive-behavioral counseling style may be far more
successful in a severely disabled patient than simply
offering physical therapy. In addition, the effect sizes for
the various treatments available for chronic low back pain
are modest at best.12 Reducing pain by 50 percent may be
a more realistic goal than hoping to take most or all pain
away. Reducing pain by 30 percent is actually used to
define ‘‘efficacy’’ in drug efficacy research.13

Very few CLBP patients will have a ‘‘fixable’’ etiology
for their pain. Therefore, to optimize care, the clinician
should function as a gatekeeper partnering with the
patient and utilizing the talents of various spine care
providers as needed. The gatekeeper philosophy of spine
care delivery allows the treating clinician to protect the
CLBP patient from an expensive and often criticized trap
of receiving unimodal treatment from one type of care
provider over the long term.14 It is essential then to also
understand the spine care providers in the area in which
one practices, so as to be an effective management
gatekeeper.

WHY ARE THEY COMING TO SEE YOU?

The office evaluation of the CLBP patient should include,
at a minimum, the assessment of pain severity, functional
disability, and screening for underlying serious disease.15

However, most of these issues carry little importance to
the chronic low back pain patients as their reasons for
seeking care may be entirely different.

Perhaps the most common reason for seeking care is to
find the source of the back pain.16 However, many other
reasons exist (Box 37.1). Simply continuing to probe into
the patient’s reasons for seeking an evaluation will allow
more meaningful counsel and is less time-consuming.10

This can lead to improved outcomes of not only patient
satisfaction, but compliance of treatment, self-rated
improvement, and decreased desire for ordering further
testing.17In addition, to the patient’s reasons for seeking
care for the CLBP, referring physicians have additional
interests. They may hold some of the same expectations as
their patients.18 For example, low back pain myths shared
by physician and patient may need to be addressed.19

These myths include:

� if you have a slipped disk, you should have surgery;
� radiographs and newer imaging tests can always find

the cause of pain;
� bed rest is the mainstay of therapy;

� if your back hurts you should take it easy until the
pain goes away;

� most back pain is caused by injuries or heavy lifting;
� back pain is usually disabling;
� everyone with back pain should have a spine x-ray.

Primary care physicians may be uncomfortable making
management decisions in this population18 and may
assume that you have better tools to treat these patients,
or access to other spine care practitioners. There may be
an assumption that you will provide ongoing care for the
CLBP patient, prescribe opioids, or perform a more
thorough evaluation. The management options outlined
in this chapter will give the spine care provider a working
feel for making reasonable choices for and with the CLBP
patient.

THE SPINE CARE TEAM

The spine clinician, as gatekeeper, has a team of spine care
providers to assist in patient management. Over recent
decades, the spine care team has grown. For example,
specialists who act as intermediaries between primary care
providers and spine surgeons include physiatrists or
physicians trained in the specialty of physical medicine
and rehabilitation (www.aapmr.org). Many physiatrists
have a special interest in medical management of mus-
culoskeletal problems like CLBP. In addition, physicians
of various specialties have additional board certification
in pain medicine and deal with a large proportion of
CLBP patients. Some, including anesthesiologists, phy-
siatrists, and radiologists among others, may have taken
fellowship training in interventional spine techniques
(www.spinalinjection.com).

Physical therapists, chiropractors, as well as osteo-
pathic-trained physicians, in many countries provide a
significant amount of care for CLBP patients. Occupa-
tional therapists can be valuable particularly in assessing

Box 37.1 Common reasons why patients
seek medical care for low back pain

� To receive information regarding recovery time
� To find out the cause of their pain
� Advice on activity modification
� Advice regarding medication options
� Reassurance about the absence of serious

pathology
� Opportunity to challenge misdiagnoses or

inappropriate management
� Sickness certification
� To explore alternative management strategies
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work or home ergonomic issues for CLBP patients as well.
Complementary and alternative medicine practitioners,
such as those who provide massage therapy, acupuncture,
manipulation, or other manual medicine techniques, also
have an increasingly large role in the care of patients with
acute and chronic spine problems.

Other spine care service lines to be aware of include
pain rehabilitation programs. These programs are inten-
sive with two to four weeks of full day, multidisciplinary
treatments for patients with chronic pain and chronic
pain syndrome.20, 21 These typically have a cognitive-
behavioral approach to rehabilitation. Pain medicine
physicians are trained in pharmacologic management
options that include oral and pump delivery systems
(www.painmed.org). Work rehabilitation facilities are
thriving, offering rehabilitation geared toward specific
work tasks, full return-to-work programs, and functional
capacity evaluations.

Spine surgeons are most appropriately positioned as a
third tier of expertise downstream from the primary care
providers and the other subspecialists. Their expertise is
required of only a small percentage of CLBP patients.
Among spine surgeons, the neurosurgeons are partici-
pating in spine care to a larger extent as neurosurgical
residency programs are increasingly offering training in
spinal instrumentation techniques similar to their
orthopedic spine colleagues.

Given the changes in the spine care team, it is
imperative that clinicians caring for patients with CLBP
get to know the various spine subspecialists in their
geographic area. This will ensure appropriate referrals by
allowing an understanding of the types of patients sub-
specialists can help and are interested in seeing, as well as
treatments they can provide.

INITIAL ASSESSMENT

Goals of the initial assessment

The initial assessment of patients with CLBP needs to be
thorough and systematic. The goals of the initial evalua-
tion are as listed in Box 37.2. Part of the initial evaluation
should include a screen for risk factors for chronicity.11

These so-called ‘‘yellow flags’’ are psychosocial factors
that increase the risk of developing or maintaining
chronic pain and disability, and include:

� inappropriate attitudes and beliefs about back pain;
� inappropriate pain behavior, such as fear-avoidance;
� work satisfaction and related return-to-work issues;
� associated emotional issues, such as depression,

anxiety, or stress.

Assessment for the presence of yellow flags and manage-
ment suggestions are detailed elsewhere.1

Chronic low back pain or chronic pain
syndrome?

The International Association for the Study for Pain
defines pain as an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage or described in terms of such damage.22 Chronic
low back pain is defined and distinguished from acute pain
by symptom duration, treatment responses, the concept of
neuroplasticity (sensitization) of the central nervous sys-
tem, and the relationship of symptoms to the initial nox-
ious stimulus. In contrast, in chronic pain syndrome, the
balance between the sensation of pain and the emotional
experience associated with it is far out of balance in favor
of the emotional side.23 The criteria are as follows:

� chronic symptoms often severe;
� disproportionate to the pathology;
� atypical sensory features;
� ‘‘nonanatomic’’ location;
� associated symptoms (fatigue, sleep, memory, libido);
� psychological distress (depression, anxiety,

posttraumatic stress disorder (PTSD));
� social role dysfunction (work, home, play);
� excessive healthcare utilization.

Don’t be fooled by these patient populations

The evaluation of CLBP patients is often a search for the
needle in a haystack with regard to the presence of serious

Box 37.2 Goals of the initial assessment of
chronic low back pain patients

� Identify the reason(s) why they are seeking care
� Identify patients with an evolving chronic pain

syndrome
� Don’t be fooled by certain subgroups of

patients:
– the chronic low back pain patient you have

seen regularly over years;
– the patient with psychological overlay;
– the poor historian;
– the patient who has been seen by everyone

else;
– the patient who has been sent with a

diagnosis of ‘‘low back pain.’’
� Assessment of pain
� Assessment of disability
� Identify red flag medical issues by history and

examination
� Identify yellow flag psychosocial issues
� Look for diagnostic subgroups
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underlying pathology or surgically correctable disease.24,
25 There is a tendency, then, to be somewhat dismissive
with regard to the evaluation of these patients in a busy
practice. However, one must remain vigilant as to not
miss the patient with real pathology (Box 37.2).26

The chronic low back pain patient, who has presented
on numerous occasions, can subsequently develop a life-
threatening reason for their pain. They may only com-
plain of worsening symptoms over time or an additional
area of pain, when indeed they are harboring a new
cancer, infection, or fracture. The patient with psycho-
logical overlay or the possibility of chronic pain syndrome
similarly can have a serious underlying reason for their
pain.

The poor historian presents a unique challenge as
many of the spine disease subcategories are defined best
by their historical features. The challenge for the clinician
is to dig deeper and spend the extra time to ensure that
nothing is missed. Then there are those patients whose
records indicate visits to many of your colleagues or other
clinicians in the region and are now in your office with
the same complaints. Clinicians can fall into the trap of
assuming that a proper evaluation must have been com-
pleted by someone along the way. It is important to follow
through on a meticulous and systematic evaluation,
independent of previous diagnoses given in the past.

Assess the pain severity and disability

The Joint Commission for Hospital Accreditation
(JCAHO) requires an assessment of pain severity on the
initial and all follow-up visits. Pain assessment is descri-
bed in detail in Chapter 8 Assessment, measurement, and
history in the Acute Pain volume of this series. This can be
documented by the patient on a simple 11-point
numerical scale completed in the waiting room. The
assessment of pain alone gives an incomplete picture as
pain poorly correlates with the amount of impairment

and disability in CLBP patients.7, 27, 28, 29, 30, 31 Therefore,
even if the patient’s documented pain scores are
improving, one cannot assume that their function is
improving as well.

The impact of pain on the patient’s function and
quality of life should be assessed, by asking the patient
what activity they enjoy and document how much of that
activity they can do. This serves as a useful guide for
initial assessment and follow-up progress over time.
Additionally, assessment of the patient’s sleep quality,
work capabilities, and self-care skills all contribute to the
understanding of disability.

Effective screening for red flag and yellow flag
issues

Screening for serious underlying pathology includes
screening for malignancy and/or benign tumor, infection,
fracture, inflammatory arthropathy, and neurologic dis-
ease, such as radiculopathy, spinal stenosis, or the rare but
serious cauda equina syndrome.25 In all of these cases,
with the exception of neurologic disorders, the exam-
ination is nonspecific.32, 33 There is often very little
difference in the appearance of someone with gardening-
variety low back pain on examination and those with
cancer, infection, or fracture. Therefore, the history is
relied upon heavily to assess risk (Table 37.1).

Physical examination

The examination of a patient’s chronic low back pain is
best performed with the patient wearing garments that
allow viewing of the spine, buttock region, and extre-
mities. The examination is also geared towards screening
for serious underlying disease processes. It is most heavily
weighted towards neurologic conditions, most commonly
radiculopathy or other diseases, involving the cauda

Table 37.1 Assessment for red flags.

Site

Tumor or cancer A history of cancer, unexplained fever, weight loss, night sweats, pain not relieved by rest (unremitting),

or pain worse at night, progressively worsening pain over time, or pain refractory to treatment

Infection As above, but also consider immunosuppression, intravenous drug use, foreign travel, recent trauma, or

infection (urinary tract, pulmonary, skin, etc.)

Fracture Recent significant trauma, fall, or lift, or trivial trauma in someone at risk for osteoporosis, disabling

symptoms of sudden onset, or pain located in the sacrum instead of the usual low back location

(sacral insufficiency fractures)

Inflammatory arthropathy Younger ages (20s and 30s), prolonged morning stiffness 430 minutes, symptoms improved with

exercise but not rest, significant inability to bend well, also possible lower extremity large joint

involvement

Cauda equina syndrome Typically abrupt onset of back pain with pain in one or both legs�weakness, sensory changes, saddle

distribution sensory changes, urinary retention or incontinence without warning, occasionally rectal

sphincter dysfunction as well (a surgical emergency)
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equina. However, it is also useful to screen for the range of
motion of the spine, hips, and knees, as well as assessing
for any asymmetry of flexibility and movement. Similarly,
assessing the presence of significant muscle tenderness
and spasm can help direct the patient towards treatment
that may be of value for a muscular component of their
symptoms. Finally, examination can also be useful in
identifying pain behaviors that may alert the clinician to
the presence of psychological distress34 or evolving
chronic pain syndrome, such as grimacing, vocalization,
excessive rubbing of areas, or posturing during the
examination.

Excellent resource texts are available to further define
individual features of the physical examination.35, 36 An
outline of the comprehensive physical examination is
given in Table 37.2. Essentially, the examination pro-
gresses from assessment in a standing position, sitting
position, supine, side lying, and if needed, prone.

Patients can be potentially grouped together by find-
ings on history and examination into several special
subcategories, as follows.

CAUDA EQUINA SYNDROME

Cauda equina syndrome (CES) is the new onset of sacral
nerve dysfunction manifested by initial urinary retention,
then overflow incontinence, and unilateral or bilateral
saddle distribution sensory loss with the possibility of
rectal sphincter dysfunction. This is all in the context
of typically abrupt onset of back pain and unilateral or
bilateral leg pain, weakness, or paresthesias. While this is
classically a bilateral leg problem different from radicu-
lopathy, occasional patients will present with what
otherwise looks like radiculopathy but have the sacral
segment symptoms (incontinence) that make this
syndrome a surgical emergency.37, 38

CHRONIC BACK PAIN OF POTENTIAL DISCOGENIC ORIGIN

Patients are typically younger than 50 years, often with
acute injury and worsening pain in positions that load the
spine to the greatest extent (i.e. sitting, twisting, and
flexion), positive cough, sneeze, and strain effect. Exam-
ination is nonspecific with spasm, tightness, or segmental
hypomobility.39

SYMPTOMATIC FACET JOINT DISEASE

Symptomatic facet joint disease accounts for 15–40 per-
cent of CLBP.40 This is often focal low back pain (LBP)
frequently referring to the buttocks unilaterally or bilat-
erally. Examination may find increased pain with exten-
sion, stork test, or quadrant test41 and focal tenderness in
the periarticular regions.

SYMPTOMATIC SACROILIAC JOINT DISEASE

Studies vary, but patients are more often symptomatic in
one buttock only and have no low back pain component.
Examination findings with the most potential (con-
troversial) include Faber’s test, Gaenslen’s test, shear test,
and forced hip abduction.42, 43, 44

OVERLYING SIGNIFICANT FOCAL MYOFASCIAL PAIN

Patients with overlying significant focal myofascial pain
present with a history of acute injury or repetitive
overload with pain along the paraspinal muscles that
occurs a day or two after significant or new labor.
Examination may show tenderness, spasm, and guarding
with segmental hypomobility.45

SYMPTOMATIC HIP JOINT DISEASE

Symptomatic hip joint disease is usually confused with
upper lumbar radiculopathy as the hip can refer pain down
the anterior thigh to the knee and occasionally further.
Variable pain locations may also include the groin, but-
tock, or other areas in the thigh. The severity of arthritis
demonstrated on x-ray only roughly correlates with pain
which can be severe and often at night. Hip motion
asymmetry is often diagnostic as is Trendelenberg gait,
Faber’s test, or Stinchfield’s test compared to the well leg.46

SACRAL INSUFFICIENCY FRACTURES

Like those with a vertebral compression fracture, the only
clue to sacral insufficiency fracture (SIF) may be the
profile of someone with osteoporosis risks. SIF patients
look different in that their pain may be predominantly in
the buttocks compared to the typical CLBP patient. Pal-
patory examination of the sacrum or pain with sitting
versus standing is highly variable and nondiagnostic.
Bone scan is more sensitive than x-ray and lumbar
magnetic resonance imaging (MRI).47

LUMBAR RADICULOPATHY

Ninety-five percent of patients have either L5 or S1 root
symptoms. Leg pain typically dominates over back pain.
L5 patients have pain down the posterolateral thigh and
lateral calf. If the foot is involved, pain is on the top
including the great toe. S1 patients have pain down the
back of the thigh and back of the calf with foot symptoms
on the bottom and/or outside of the foot. Sensory
symptoms may or may not be present and can be loca-
lized to a dermatomal distribution. About half of patients
are weak (usually mild) in the respective myotome.48

BAASTRUP’S DISEASE

Baastrup’s disease is a radiographic finding more often
than a clinical syndrome. Best seen on a lateral x-ray,
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generously sized adjacent spinous processes make
contact creating degenerative changes and occasionally a
pseudo bursa. Focal pain in the interspinous pro-
cess region with tenderness would make this a potential
clinical issue.49

BERTOLOTTI’S SYNDROME

Bertolotti’s syndrome is also more often only an anatomic
finding. Patients present with a transitional lumbosacral
interval, such that one or both transverse processes of L5

Table 37.2 Examination outline and rationale.

Criteria for assessment

General assessment

Global level of comfort Assess how disabling the pain is or signs of pain behaviors suggesting chronic pain syndrome

grimacing vocalizations, rubbing, over-reacting (Waddell’s signs (W))34

General quality of movement Look for guarding, posturing suggesting muscle spasm, or fear of movement

Assess pain location Regionalization (W) of pain complaints or sensory changes

Standing

Standing posture Look for guarding, off-weighting a limb or atrophy; scoliosis may suggest mass lesion, iliac crest

height asymmetry suggests a functional or anatomic leg length discrepancy

Gait Antalgic, Trendelenberg; suggests hip disease or weak hip girdle weakness, steppage; compensating

for foot drop, spastic; suggests central nervous system problem

Gross motor examination Walking on heels and on toes; an extension of the muscle testing examination looking for L5 or S1

weakness, respectively

Spine range of motion Look for quality and quantity of movement; Schober test can measure amount of flexion. Extension,

stork, and quadrant test load the posterior elements (i.e. facet joints or spondylolysis if present)

Palpation Look for muscular tenderness, possible bursitis (ischial or greater trochanteric), spinous process

tenderness may suggest level of facet or disk pain

Simulation tests (of Waddell) Simulated hip rotation, axial loading; nonanatomic tenderness (W); superficial skin rolling (W)

Sitting

Muscle stretch reflex examination Look for symmetry; heel jerk tests S1, internal hamstring test L5 and knee jerk tests L4, relaxation is

important

Upper motor neuron signs Babinski, clonus, hypertonicity, hyper-reflexia

Manual muscle testing Must have 30–40% of strength loss to be able to see it on this part of the examination; L2, hip

flexion; L3, knee extension; L4, ankle dorsiflexion; L5, great toe extension, foot inversion, and

hip abduction; S1, ankle plantar flexion or foot eversion and hip extension; S2, knee flexion

Vascular examination Screening for vascular disease, especially if claudication is suspected

Sensory examination Pin examination discriminates best between dermatomes: look for dermatomal sensory loss if

radiculopathy is suspected

Distraction (W) Seated straight leg raise, while performing Babinski testing

Supine

Straight leg raising Look for reproduction of leg complaints if present below the knee up to 701 of hip flexion. Must

have leg relaxed

Hip provocative maneuvers and

range of motion

Look to reproduce pain complaints in the area of the hip and compare to well side (Faber’s,

Stinchfield’s tests)

Knee joint examination Look to reproduce pain complaints with joint line palpation, meniscal testing, full flexion or

extension

Side lying

Repeat palpatory examination Look for reproducibility of tenderness found standing. Look for a potential muscular target for focal

pain treatments

Rectal examination and perineal

sensory examination

If cauda equine syndrome is suspected
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create a false joint with the top of the sacrum. Degen-
erative changes can develop and patients may have focal
mechanical pain at that location. Injection or surgery
have been completed successfully.50

SPINAL INSTABILITY

This rare phenomenon is seen most often in those with
spondylolisthesis or in the setting of previous spinal
fusion surgery. Trauma without fracture, but with
instability, would be rare. Flexion and extension lateral
x-ray views showing 43.5mm of translation suggest
instability.

FIBROMYALGIA SYNDROME

Patients with fibromyalgia may complain of back pain
predominantly and the two issues can coexist. Wide-
spread pain complaints with poor sleep quality and
deconditioning is typical. Classic tender points on
examination help diagnostically.51

DOCTOR, WHAT IS CAUSING MY CHRONIC
LOW BACK PAIN?

The issue of finding the source of pain is an important
one on several levels. First, patients expect their practi-
tioner to find the pain source and expect to discuss it in
detail. Second, aside from rare and serious underlying
disease screening, clinicians need to understand that there
is a lack of diagnostic tools to indeed answer this question
accurately. In other words, a meticulous history and
examination along with judicious use of imaging studies
all fail to localize the source of pain in most cases.52, 53, 54

There are important exceptions that need to be con-
sidered (see above under Don’t be fooled by these patient
populations), therefore, one must not become compla-
cent or dismissive. Third, the astute spine care provider
will do well to understand the various etiologic theories
currently espoused regarding chronic low back pain

(see below under Setting up a sound treatment program)
in order to provide meaningful counsel.

The patient’s mindset regarding the causes of their
pain is crucial for effective counseling and education.
Their mindset may be colored by contrasting input from
family members with previous spine issues, friends, co-
workers, as well as other care providers. Additionally,
there may have been miscommunication or over-
interpretation of the findings on imaging studies such as
‘‘degenerative disk disease.’’ Isolated data like these may
allow the patient to ‘‘wed’’ themselves to a particular
etiology which varies significantly (Table 37.3).17 It is
important to understand that patients will hold tightly to
their concepts of chronic low back pain and will often do
so in a cause and effect or bioanatomic way.55 This will
often conflict with the care provider’s overarching bio-
psychosocial view and therefore result in treating clinician
discomfort to attempt to try to resolve this conflict.56, 57

Chronic low back pain disability can actually be decreased
by effective education centered around the patient’s
beliefs, attitudes, and their expectations about their pain
and activity.58 As Dr RG Hazaard recommended in a
recent review, ‘‘y it may be more effective to specifically
address an individual’s (spouse supported) fear of re-
injury than to hand print a pamphlet describing clinical
‘red flags’ or a video on therapeutic options.’’59 In CLBP, a
complex interaction between the peripheral and central
nervous system has occurred. Neurons, neuro-
transmitters, neuroplasticity in the context of wind up,
can all contribute in theory to an overall long-standing
change in the pain signal transmission, maintaining the
signal chronically.59

Second, the literature is replete with contrasting the-
ories regarding the etiology of low back pain. In a tradi-
tional, bioanatomic view, Kirkaldy-Willis et al.60 and
Andersson61 have identified the disks, facet joints, or
sacroiliac joints, as some of the main causes of chronic
low back pain. These are often found with a ‘‘myofascial
cycle’’ that explains a muscular component often seen in
chronic low back pain patients and also allows for the
interplay between ‘‘emotional factors’’ to contribute to the
overall pain problem.62 Diagnostic injection studies have
supported this view,40, 43 though it is unclear whether a

Table 37.3 Patient models regarding the etiology of low back pain.

Category

Purely biological or mechanical terms ‘‘I jumped from a height as a child and that’s how it started’’

Gender Women associate childbirth, men associate military service

Environmental factors Improper chair, exposure to wind, wrong shoes or car seat

Aging ‘‘My muscles are not strongy decline in well being’’

Overuse, misuse, or bad habits

Psychosocial factors Stress and unhappiness

Defective spine (congenital or acquired) ‘‘It is obvious to me that there is some defect in my spine’’
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response to diagnostic blocks confirms the presence of a
clinical entity.

In contrast, the osteopathic view of the etiology of
CLBP suggests that a lesion defined as ‘‘somatic dys-
function’’63 is identified (see below under Spinal manip-
ulation). Others have postulated that spinal manipulation
treats lesions that may include the release of entrapped
synovial folds or plica within facet joints, relaxation of
hypertonic muscle by sudden stretching, disruption
of articular or periarticular adhesion, or unbuckling of
motion segments that have undergone disproportionate
displacements.64 Others have recently put forward an
argument that atherosclerosis of the lumbar vessels is
responsible for low back pain.65

These theories and others have to be understood in
terms of a wider context. Historically, the orthopedic
literature has been the most robust with regard to low
back pain in general, and therefore, also theories
regarding CLBP etiology have a strong orthopedic
influence. This literature is dominated particularly from
the 1940s to the 1980s by the assumption that the disk
and disk disease is the primary cause of acute and
chronic low back pain.66 This assumption has driven
much of the treatment decision-making and research of
that time. Many other theories, such as gynecological,
neuritis, or muscle rheumatism, have preceded the era of
the disk and many other potential etiologies re-emerged
at the end of the twentieth century.66 All await definitive
support.

SETTING UP A SOUND TREATMENT PROGRAM

The medical management of a typical CLBP patient is
oriented toward maximizing function and quality of life.
In the ideal setting, the patient would be taught the tools
to self-manage their symptoms. Keep in mind that a
realistic reduction in pain (�50 percent) is a secondary
goal. The patient’s main focus may be the treatment of
pain, so setting expectations including full participation
in the rehabilitation process while addressing pain is
fundamental. Many options for pain control exist and
there are few guides to assist in deciding which are best
for any individual patient. Taking into account patient
preferences, patient expectations, as well as weighing the
risk/benefit ratio of a pain control treatment, aids in
decision-making.

Medication

Medications (described in Chapter 15, The use of NSAIDs
and paracetamol (acetaminophen) in chronic pain;
Chapter 16, Opioids and chronic noncancer pain;
Chapter 17, Topical analgesics for neuropathic pain; and
Chapter 19, Antiepileptic and antiarrhythmic agents) are
one of the most common treatments given for CLBP.

However, there exist no data supporting longer-term
(42–16 weeks) use of any of these medications. Studies
demonstrating short-term efficacy generally show only
minor improvements in pain or function compared to
placebo.

Literature supports the use of antidepressants includ-
ing noradrenergic and mixed noradrenergic-serotonergic
inhibitor types.67, 68, 69[II] However, their consumption
has failed to improve function or disability. Nonsteroidal
anti-inflammatory drugs (NSAIDs), on the other hand,
appear to have some literature support70, 71, 72, 73, 74, 75[II]
in improving pain and function, but side effects including
potential cardiac risks are poorly understood for use for a
period of over 12 weeks.

Opioid medications are also commonly prescribed for
CLBP patients, although studies supporting their use are
difficult to interpret given the heterogenicity of opioids
studied and the small sample sizes.76, 77, 78[II] These stu-
dies show no improvement in function even if effective at
controlling pain and typically do not address sampling
issues such as whether patients were opioid-naive or
opioid-experienced. Systematic reviews find patients
using opioids not uncommonly have histories of sub-
stance abuse.79, 80 Finally, it has to be appreciated that
significant variability exists in the metabolism of these
drugs highlighted by examples that normal doses can be
life-threatening in certain circumstances.81 Overall, lim-
iting use to short periods of time and favoring long-act-
ing, scheduled opioids makes the most sense. If faced with
longer-term prescribing of opioids, consider an opioid-
use contract signed by the patient. It should include
having one source for prescriptions, restriction of other
medication use, frequent return visits, a plan for tapering
if not effective, consequences of breaking the agreement,
and the approval of urine drug screening when needed.
Resources are available to assess candidacy for opioids
and screening for addiction.82, 83

Muscle relaxants may be of some value in controlling
CLBP, but their efficacy does not appear to be related to
controlling muscle spasm. Therefore, other medications
with fewer side effects may be preferred.84, 85, 86[II] Tra-
madol, a mixed peripheral and centrally acting agent with
weak central nervous system opioid receptor activity,
improves pain in patients with CLBP87, 88[II] given with
or without paracetamol (acetaminophen). Paracetamol as
a single agent has unproven efficacy for CLBP, but from a
risk/benefit standpoint, it is perhaps the most appealing
of all oral agents.

Other medications to consider based on safety include
lidocaine patches89 in those with focal pain, topical
capsaicin plaster,90 or topical menthol, camphor, or sali-
cylates available over the counter.91, 92, 93 Oral cortico-
steroids enjoy popularity as they are generally considered
potent, safe, and address a presumptive inflammatory
etiology to worsening pain. However, this empiric prac-
tice for axial pain is not supported by the literature and
side effects are a very real issue to consider.76
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Exercise therapy

Patients with CLBP have decreased general conditioning,94

as well as reduced back support muscle strength, if not frank
muscle inhibition,95 decreased coordination of contraction,
and decreased back muscle endurance.96, 97, 98 Patients may
fall into the trap of waiting for pain to significantly improve
or resolve prior to addressing these issues.

Rehabilitation of the spine support muscles perhaps is
one of the best studied and literature-supported treat-
ments for CLBP patients.99[I] In literature reviews, it
appears that pain and function is improved best when
therapy programs are supervised, individualized, inten-
sive, and progressive.99, 100[I] Specific exercises that
appear to be the most efficacious include stretching or
strengthening of the spine support muscles and they
appear to be nonharmful.101[II] Both pilates and yoga,
which involve exercises that address these core muscle
groups, may provide a comparable benefit.102, 103[II]

Individualization of therapy programs may add to
chances of success, therefore working with an experienced
physical therapist is important. Long et al.104 screened
LBP patients for postural or repeated end range move-
ments that decreased or eliminated pain. The presence of
this directional preference was found in 230 (74 percent)
of 312 patients. Those patients randomized to therapy
who matched their individual directional preference had
superior improvement in pain and patient satisfaction
with decreased medication use.

In addition, programs that address fear-avoidance
beliefs105, 106[III] or have a motivational component
added to the program107[II] may be superior to exercise
alone. Box 37.3 outlines an example of a motivational
program. It is generally believed that an aerobic program
of 30–40 minutes at least five days per week should
supplement a specific back muscle program.

Spinal manipulation

In the United States, manual medicine encompasses a
variety of techniques. Thrusting techniques or

mobilization with impulse referred to in layman’s terms as
‘‘adjustments’’ are best known. The goal of this treatment
is to restore the full active range of motion to a restricted
joint or spinal segment which will secondarily decrease
afferent neuronal signals into the central nervous system
and consequentially decrease muscle spasm and pain.
Most studies on the efficacy of manipulation utilize about
two treatments per week for two to three weeks.

In CLBP, manipulation is superior to sham manip-
ulation for pain and functional improvement.108, 109, 110

[II] It also appears to be about as effective as back school,
exercise therapy, or general practitioner care with
analgesics.111[II] The risk of serious side effects, such as
cauda equine syndrome, disk herniation, or vertebroba-
silar accidents (cervical manipulation), range from 1 in 2
million to 1 in 400,000 treatments.112, 113[IV] Flexion
distraction technique appears to compare favorably with
exercise.114[II]

Massage therapy

Massage therapy can be thought of as soft tissue manip-
ulation using the hands.115[II] Various types exist, but
most have evolved out of traditional Swedish school
massage popularized decades ago. The goals of massage
therapy include sedation, adhesion reduction, fluid
mobilization, muscular relaxation, and vascular changes.
For chronic LBP, there is only limited evidence that sug-
gests massage is superior to sham treatment, exercise and
postural training, relaxation exercise, acupuncture, or
self-care education. Combining massage therapy with
education and exercises may be better than using massage
therapy alone.116[II]

Physical modalities

Physical modalities as management tools for CLBP have
the potential advantage of independent use by the patient.
This can help empower the patient to take responsibility
for their CLBP. This advantage has to be tempered by the
fact that these are generally passive treatments which can,
if overused, contribute to deconditioning. Physical
modalities often have a relaxing effect in addition to
temporarily controlling pain which gives them the
potential for abuse. Ideally, they should be used as
adjuncts to the rehabilitative process and their efficacy
assessed in terms of their contribution to the overall goals
of maximizing function and quality of life.

HEAT

Much more is known about the physiological effects of
heat on the body than its efficacy in CLBP or other
painful musculoskeletal conditions. Local effects include
increased blood flow, nerve conduction, tendon

Box 37.3 Example of a motivational
component of a physical therapy program
for chronic low back pain

� Counseling on the importance of regular and
consistent exercise

� Exercise decreases the likelihood of recurrences
� Rehabilitation depends on the patient’s behavior
� Problem-solving with the therapist
� Reinforcement techniques used
� A reward strategy can be used
� Oral agreements reinforced in writing
� Exercise diary used daily
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extensibility, and analgesia, in addition to elevating pain
threshold and general relaxation.117 Any condition where
increased blood flow is of concern (tumors, edema,
impaired circulation, bleeding diatheses) or situations
with decreased ability to appreciate excessive heating
(scars, decreased sensation, cognitive deficits) are
contraindications to heat.118

Typical treatment duration of superficial heat, such as
a heat pack, is 20–30 minutes. Electric heating pads are
commonly used, but often poorly control temperatures.
This, combined with use while lying down, have resulted
in burns after patients fell asleep.118 Short-term use has
some supportive evidence119, 120[III] and heat plus exer-
cise may be superior to either alone for LBP.121[III] It is
often used prior to or after activities. Overall, the evidence
to support this common practice for LBP is limited.122

[III]
Deep heat modalities exist, but ultrasound is used

almost exclusively in clinical practice. It heats at tissue
interfaces where sound energy is converted to heat and
therefore it is used best for focal issues that may accom-
pany CLBP such as bursitis, tendonitis, or capsulitis.123

COLD

Similar to heat modalities, various cold treatments have
well-understood physiological effects, but little clinical
support. Vasoconstriction, decreased nerve conduction,
decreased tendon extensibility, and increased joint stiff-
ness add to an analgesic effect and general relaxation.117

No studies have compared cold to placebo or to no cold
treatment.122 Two low quality studies have compared cold
to heat for LBP and had conflicting results.122 Treatments
are typically 20 minutes, but frostbite can occur.124 If the
expected increased erythema at the site of cold applica-
tion subsequently turns white, frostbite is beginning.
Intermittent ice application (on for ten minutes, off for
five minutes, on for ten minutes) may be superior to one
20-minute treatment.125[III]

TRANSCUTANEOUS AND PERCUTANEOUS ELECTRICAL
NERVE STIMULATION

Transcutaneous electrical nerve stimulation (TENS) has
been used for CLBP for years based on the gate control
theory of pain reduction by Melzack and Wall.126 The
attractiveness of TENS is that the units themselves are
portable. They easily hang from a belt or fit in a pocket,
with electrodes attached to the back. Many variations of
treatment duration and stimulation settings exist. Typical
treatment is 30 minutes, four times per day. Evidence
of efficacy in CLBP is limited and inconsistent.127[II]
When combined with neuromuscular electrical stimula-
tion, there is an increase in benefit compared to either
modality alone.128[III] Percutaneous electrical nerve sti-
mulation (PENS) combines electrical stimulation with

acupuncture-type needles placed in the skin and appears
to be more effective than the TENS for CLBP.129[III]
Randomized, controlled trials have shown PENS superior
to sham PENS for LBP.130[II]

TRACTION

Traction is a traditional CLBP treatment that has fallen
out of favor as better efficacy studies have become avail-
able.131 Anatomically, spinal traction enlarges the inte-
vertebral space (theoretically decreasing forces on the
intervertebral disk), stretches muscles and ligaments,
separates apophyseal (facet) joints, and enlarges the
intervertebral foramen. For CLBP, it appears to be no
more effective than placebo, sham, or no treatment.131, 132

[III] However, intermittent and continuous traction stu-
dies have been combined in systematic reviews. Propo-
nents of traction suggest that intermittent traction may be
beneficial. Currently, heavily marketed elaborate systems,
such as VAX-D (VAX-D Medical Technologies LLC,
Oldsmar, FL, USA) or DRX-9000 (Axiom, Tampa, FL,
USA), await studies to support their claims of benefit, but
use intermittent traction. Candidates for traction include
those with discogenic radiculopathy and an x-ray that
reveals no evidence of serious spine disease. Reports of
various systems ‘‘pulling’’ a herniated disk back into the
disk space are unsubstantiated.

Return to work programs

Rehabilitation programs designed for workers with CLBP
and other musculoskeletal conditions can be effective at
reducing work absenteeism. These successful programs
share several key components including intensive physical
training. The training for these workers, who are typically
either off work or in modified duties, is oriented to spe-
cific work tasks. In addition, there exists a significant
cognitive-behavioral therapy (CBT) component. CBT
involves attempting to change the CLBP patient’s cogni-
tions and behaviors consistent with the biopsychosocial
model of Waddell.2 In this model, the pain and secondary
disability are influenced not only by the structure(s) in
the back, but also the culture in which the patient
experiences the pain. Therefore, the individual’s beliefs,
attitudes as well as psychological distress will play into
how much illness behavior they display. Modifying
maladaptive beliefs and attitudes, and addressing distress,
changes behavior and thus disability. So called ‘‘work
hardening’’ programs have support in the literature20, 21

[II] and can be cost-effective.

Cognitive-behavioral treatment

CBT in the setting of a return to work program can be
effective. In addition, these programs even outside the
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work-hardening arena are perhaps one of the most useful
tools for the spine clinician.133, 134, 135, 136[II] Programs
can be as short as six educational sessions137[II] or up to
two to four weeks in the case of a multidisciplinary pain
management program.138[II] The more multidisciplinary
the program, the more spine rehabilitation exercise is
built into the program as well. Programs can vary con-
siderably with regard to content, but ideally should con-
tain pharmacologic treatment options, education,
exercise, a vocational emphasis, and a large component of
CBT.20, 21

Injection therapies

In moving the CLBP patient toward rehabilitation, whe-
ther it is with an experienced spine therapist, a work-
hardening program, or a multidisciplinary CBT program,
more aggressive pain control options may be considered.
Various spine injections should be considered a stepping
stone to one of these main treatments, not used in iso-
lation. This is one example where the treating physician
can be the patient’s gatekeeper and help direct care. Many
patients find such dramatic relief with a facet joint
injection or sacroiliac joint block that they abandon all
other treatments until pain returns weeks or months later.
They invariably return to the treating clinician’s office
specifically asking for another ‘‘shot.’’

The attractiveness of corticosteroid injections lies in a
systemic effect of the steroid causing decreased pain in
multiple areas and mild euphoria. There may be a placebo
effect of the injection as well. In addition, the injections
are thought of as diagnostic tests since placing medication
into a facet joint, for example, may lead one to conclude
that pain reduction ‘‘proves’’ that the injected structure
was a pain generator. This is a debatable issue as efficacy
data in general are conflicting and of poor quality. Many
suggest that variability of techniques used and in parti-
cular the lack of image-guidance for epidural injections, is
a big factor behind these study results. Looking at the 15
randomized trials on the efficacy of epidural corticoster-
oid injections for discogenic radiculopathy, systematic
reviews are conflicting.139[I] However, all but two of these
studies can be dismissed based on a lack of proper image-
guided and contrast-controlled injection technique at the
level of the targeted disk.

Overall, there are conflicting or poor quality studies
to support the use of epidural, facet joint, sacroiliac
joint, radiofrequency procedures, intradiscal electro-
thermotherapy (IDET), botulinum toxin injections, pro-
lotherapy, trigger point injections, or spinal cord
stimulation for patients with CLBP.15[IV] Proper patient
selection and wise counseling to set realistic expectations
for these procedures is important. They should only be
performed with the intent to move along the rehabilita-
tion process, after proper screening for contraindications,
and executed in experienced hands. Patients should

assume that the effects of injection treatments are
temporary (weeks to months).

LUMBAR RADICULOPATHY AND SPINAL
STENOSIS PATIENTS

Patients with radiculopathy are approached with the same
treatment tools in mind as the patient with only CLBP
with some important additional considerations. First, the
back pain and radicular leg pain component are
approached as two different problems since they can act
and respond to treatments in very different ways. For
instance, the back pain component does not usually
respond to the treatments that are helpful for the radi-
cular component. Treatments, such as surgical disc-
ectomy, epidural steroid injections, or neuropathic drugs,
can eliminate radicular leg pain, but have not shown
efficacy for treating axial pain.140 Most of these patients
will have a discogenic or bony hypertrophic etiology for
their radicular pain. Occasionally, the radicular pain
comes from a synovial cyst, but serious underlying spine
disease as a source of radiculopathy is extremely rare32

and only investigated if the usual low back screening red
flags are positive.

The natural history of discogenic radiculopathy is one
of complete elimination of leg symptoms over time.141, 142

However, someone with continued chronic and activity-
limiting radicular pain can be approached with several
treatment tools. The least invasive treatment options
involve physical therapy combined with anlagesic oral
medications. The therapy can generally consist of pain-
control treatments via modalities like heat, ice, or elec-
trical stimulation, foraminal opening maneuvers, a trial of
McKenzie techniques, education on back care, sleeping
positions, body mechanics, stretches, and possibly a
trial of traction.143[III] As the patient progresses, typical
stabilization exercise can also be introduced.

Analgesics are similar to those discussed above under
Medication, with the addition of medications specific for
treating neuropathic pain, such as gabapentin, pregabalin,
duloxetine, tramadol, or tricyclic antidepressants. For
patients who have not responded adequately to these
types of treatments over time, fluoroscopically guided and
contrast-controlled injections into the epidural space may
add additional pain control. Empirically, patients are
limited to three injections a year to avoid steroid side
effects. Injections are approached one at a time and effi-
cacy is evaluated ten days to two weeks later before any
repeat injections are considered.

For patients with predominantly leg pain and
continued disability despite treatments as described, a
surgical consultation could be offered.

Patients with classical spinal stenosis may well have
significant back pain, but they usually present because of
bilateral leg pain that limits their standing and walking
(pseudoclaudication). Treatments worth pursuing include
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a trial of flexion-biased stabilization exercises which
promote a posture that opens the stenotic or narrowed
spinal canal areas. This is carried out in addition to the
usual back pain treatments described above under Setting
up a sound treatment program. Many patients find that
using a walker to allow some forward flexion while
walking, increases walking tolerance significantly. Oral
analgesics or epidural corticosteroid injections may be of
benefit especially if there is a significant discogenic
component to the stenotic area of the spinal canal. Sur-
gery is considered an elective procedure which should
ultimately be offered based on disability and lack of
medical contraindications.144, 145[II]

WHO MAY BENEFIT FROM SPINAL SURGERY?

Patients with CLBP and their treating physicians need to
approach the issue of spinal surgery with caution. It is
important to understand that the spine surgical com-
munity is indeed split as to whether they believe spinal
surgery is an option for the patient with CLBP. This is a
controversial area of medicine highlighted by recent
published expert opinion statements critical of spinal
fusion surgery146[V] and in response, supportive of
surgery.147[V]

Part of the controversy is centered around the
assumption that CLBP is caused by a painful disk and
therefore removing the disk surgically should alleviate the
pain. This view fits well with the orthopedic model of
CLBP which is arguably bioanatomically based. History,
examination, and imaging or provocative discography
studies do a poor job at differentiating patients with truly
discogenic pain from others.

On the other hand, recent clinical trials using a bio-
psychosocial model of CLBP have shown evidence sup-
porting conservative care for these patients. The first
randomized trials comparing spinal fusion to an aggres-
sive exercise therapy treatment approach within a CBT
program have shown virtually identical results. Both
groups showed improvement in pain and disability, but
the surgical group had more morbidity in the inter-
operative and postoperative periods.133, 148[II] Another
similarly designed comparison published earlier showed
an advantage to spinal fusion surgery. However, the
conservative treatment group in that study was poorly
defined and treatment was variable with little attempt at a
formal therapy component.149[II]

Probably the best candidate for spinal fusion surgery
for CLBP is one in whom the imaging studies and dis-
cography define a single discogenic pain generator in a
patient who is otherwise fit, motivated to get better, and
continues to have disabling CLBP, despite all the rea-
sonable medical treatments previously discussed. In
addition, they need to have realistic expectations for and
understand the risks of the surgery itself.

Radiculopathy patients are surgical candidates if they
have predominantly leg pain, a clear corroborative disk on
imaging studies, and have failed with aggressive medical
management for at least six weeks. About 70 percent of
patients will realize significant improvement within six
weeks of symptom onset150 without the need for surgery.
Rarely, progressive neurological deficit (2–4 percent) or
cauda equine syndrome (1–2 percent) will prompt urgent
or emergency surgery, respectively. Otherwise, it does not
appear that mild static weakness is an indication for
surgery as patients will recover strength to the same extent
and at the same rate, whether they are treated surgically or
medically.150, 151

Spinal stenosis surgery is similar to radiculopathy as it
is an elective procedure driven by patient function/dis-
ability. The natural history of typical degenerative central
spinal canal stenosis is one of very little change over many
months with 15 percent actually improving over time.152

CONCLUSIONS

The chronic low back pain patient can be effectively
managed by clinicians if a biopsychosocial model of back
pain is implemented. A thorough and systematic evalua-
tion of red and yellow flag issues, as well as pain and
disability, are the goals of all treating clinicians. Under-
standing the patient’s motivations, beliefs, and pre-
ferences through empathic listening allows superior
outcomes. Assuming the role of gatekeeper to mobilize
the spine care neighborhood team when needed, will
provide the best care possible. Setting patient expectations
for self-management through effective and informed
counsel, as well as emphasizing a return to function and
work avoids the pitfalls of passive and temporizing
treatment dead ends. Cognitive and behavioral programs
hold the most promise for the future treatment of
patients with CLBP.
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KEY LEARNING POINTS

� Biologic therapies have revolutionized the treatment of

rheumatoid arthritis (RA).
� Approaches using multiple disease modifying drugs

(including biologics) offer the possibility of disease

remission in some patients with this disorder.
� RA is a major cardiovascular risk factor and therapy

should be administered accordingly.
� Both pharmacologic and nonpharmacologic therapies

play an equally important role in the management of

osteoarthritis.

� Local or topical therapies may be as efficacious as

systemic therapy in osteoarthritis with fewer adverse

events.
� Soft tissue disorders are common and may

become chronic if not treated at an early stage.

Control of symptoms and maintenance of activity

remains the mainstay of treatment for the majority

of cases.

INTRODUCTION

Chronic joint pain is one of the leading causes of suffering
and disability worldwide. Taken together, there are over
200 acute and chronic musculoskeletal disorders, some
with multisystem involvement and some that affect spe-
cific regions only. The World Health Organization
(WHO) classifies common rheumatic complaints under
four headings, including inflammatory arthropathies,
osteoarthritis and related disorders, regional periarticular
or ‘‘soft-tissue’’ disorders, and back pain. A more detailed
classification is given in Table 38.1.

Osteoarthritis is the most common musculoskeletal
disorder, followed by neck and back pain, regional soft-
tissue disorders, and finally rheumatoid arthritis (RA).
Spinal disorders are covered elsewhere in this volume (see

Chapter 37, Chronic back pain), and the three remaining
groups of disorders will form the principal focus for this
chapter.

ASSESSMENT

The history and examination of a patient presenting with
arthritis or other musculoskeletal disease usually provide
most of the key information required for diagnosis and
treatment, without recourse to additional measures.
Whereas the history provides information about the
pathologic process and the impact upon the patient, the
examination defines the anatomic structures involved.1

Although articular pain in adults is associated with
many potential diagnoses, in practice the majority turn



out to have one of relatively few disorders. Around one-
third of patients presenting with true inflammatory
arthritis remain undiagnosed and have a relatively good
prognosis, whereas the reminder mostly have either RA or
spondyloarthropathy.2 The most common causes of
polyarticular pain include viral arthritis, osteoarthritis,
inflammatory polyarthritis, fibromyalgia, and soft tissue
problems whereas the differential diagnosis of pain in or
around a single joint includes trauma, infection, and
crystal disease.3

Important presenting symptoms in joint disease are
pain, stiffness or locking, swelling, weakness or difficulty
moving, fatigue, and emotional lability such as anxiety or
depression.4 When taking a history, particular attention
should be given to the onset and subsequent temporal
and spatial pattern of joint involvement as well as to the
age and sex of the patient. Osteoarthritis is characterized
by use-related pain, whereas inflammatory pain is most
severe in the mornings and again towards the end of the
day. Prolonged morning stiffness is usually present.
However, it is not uncommon for symptoms to overlap
and RA and osteoarthritis may be difficult to separate on
symptoms alone.5 The diagnosis of gout is more
straightforward with symptoms beginning acutely with a
pricking sensation and progressing to an intolerable
burning pain. More constant severe pain throughout the
day and night may indicate the presence of sinister bone
pathology, but can also indicate important psychosocial
influences.

RHEUMATOID ARTHRITIS

Definition

RA is a chronic systemic inflammatory disease of
unknown etiology. It is characterized by a chronic poly-
arthritis affecting primarily the peripheral joints and

related periarticular structures. It usually starts as an
insidious symmetric polyarthritis, often with nonspecific
systemic symptoms such as fatigue, low-grade tempera-
tures, and loss of weight. It has an unpredictable and
variable course and prognosis. Diagnostic and classifica-
tion criteria have been proposed and are now widely used
in both research and clinical practice (see Box 38.1).6

Epidemiology

The prevalence of RA varies from 0.5 to 1.5 percent of the
population in Western countries and affects more women
than men (ratio 2.5:1).7 The annual incidence in women
is estimated at 36/1,00,000 and in men 14/1,00,000, with
the peak age of onset being between 30 and 55 years.8

Family studies demonstrate a modest genetic predis-
position to the development of the disease. The con-
cordance rate for monozygotic twins is about 25 percent,
whereas fraternal twins and first-degree relatives of RA
patients have a four-fold higher risk (2–5 percent) than
the general population. HLA-DR4 and DR1 molecules are
associated with an increased severity of the disease.9

Clinical features

The onset is usually insidious but can be episodic or
acute. RA usually presents as a symmetrical polyarthritis
affecting the small joints of the hands and feet. It rarely
presents as a monoarthritis, in which case infection or
crystal arthritis must be excluded.10 In elderly patients,
the onset of the disease may be indistinguishable from
polymyalgia rheumatica, which is a relatively rare con-
dition characterized by myalgia, morning stiffness, and a
mostly transient arthritis lasting a few hours to days.11

Inflamed joints in RA become swollen, painful, and
stiff. The cardinal symptoms and signs of inflammation
are usually very obvious and include pain, heat, swelling,

Table 38.1 Classification of the rheumatic diseases.

Type Examples

1 Immune-based joint diseases Rheumatoid arthritis; juvenile chronic arthritis; spondarthritis;

(includes ankylosing spondylitis, plus reactive, psoriatic, and

enteropathic arthritis)

2 Connective tissue diseases Systemic lupus erythematosus; scleroderma; polymyositis,

polyarteritis nodosa; Churg–Strauss syndrome; Wegener’s

granulomatosus; giant cell arteritis; Takayasu’s disease

3 Infectious arthritis Bacterial; viral; fungal diseases

4 Crystal deposition Gout; chondrocalcinosis

5 Osteoarthritis

6 Soft-tissue rheumatism Tendinitis; capsulitis; enthesitis; bursitis; fasciitis

7 Miscellaneous Bechet syndrome; Whipple’s disease; fibromyalgia syndrome

8 Disorders of bone Osteoporosis; osteomalacia; Paget’s disease
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loss of function, and, less commonly, erythema. Synovial
fluid may accumulate, causing an effusion. Joint pain is
usually more prominent and more persistent than in
osteoarthritis, occurring at rest, at night, and on activity.
Early morning stiffness is also a key feature suggestive of
inflammatory joint disease and one of the diagnostic
criteria of RA.

In addition to the symmetrical peripheral joint invol-
vement, the cervical spine may also be involved. The
synovium-lined atlantoaxial joint and/or the posterior
apophyseal joints may become inflamed, causing pain in
the neck and occipital headache. Pain may also occur as a
result of temporomandibular joint disease.

Uncontrolled disease eventually results in inflamma-
tion spreading beyond the synovium of the joint to other
nearby structures, including the tenosynovium of ten-
dons, ligaments, other soft-tissue structures, and bone.
Subcutaneous nodules can occur in more severe and
advanced subsets of RA, which can cause pain, ulceration,
and interference with functional activities. Extra-articular
features are common and may involve multiple organ
systems.12

Investigations

The laboratory features in RA reflect the acute-phase
response and chronic inflammation of the joints and are
listed in Box 38.2. Anemia, thrombocytopenia, leukope-
nia, or abnormal liver function tests may also be caused
by drug toxicity.The earliest radiographic changes are seen
in the hands in the form of soft-tissue swelling and
periarticular osteopenia, but these are nonspecific signs.
Erosions typical of RA develop in ‘‘bare’’ areas of bone

(i.e. areas lacking articular cartilage) within three years of
onset in 90 percent of those patients who ultimately
develop erosive disease.13 Late radiographic signs include
narrowing of the joint space, severe erosions of sub-
chondral bone, synovial cyst formation, and lack of bone
repair. The distribution of radiologic disease in decreasing
order of frequency is hands, feet, knees, hips, cervical
spine, shoulders, and elbows.

Bone scintigraphy is helpful in confirming the presence
of RA, the distribution of joint involvement, and in
assessing disease activity.14 The use of ultrasonography
and extremity magnetic resonance imaging (MRI) is still
being evaluated in RA but recent studies suggest that these
techniques may be more sensitive for the detection of
early disease than conventional assessments.15

Treatment

The aims of treatment for RA include:

� relief of symptoms, especially pain, joint stiffness,
and general fatigue;

� prevention of or improvement in functional and
vocational capabilities;

� prevention of deformity by joint protection and
splintage;

� correction of existing deformity using surgery;
� halting the disease process.

Considerable progress has been made in developing vali-
dated instruments to assess disease activity and severity,
which in turn allow for appropriate provision and mon-
itoring of therapy. Two methods using numeric scoring
systems are currently employed and assess a number of
parameters including numbers of swollen and tender
joints, inflammation markers, and global health and
quality of life assessments. The Disease Assessment Score

Box 38.1 Criteria for the classification of
RA

1. Morning stiffness in and around joints lasting
one hour

2. Soft tissue swelling of three or more joint
areasa

3. Swelling of the proximal interphalangeal,
metacarpophalangeal or wrist jointsa

4. Symmetrical arthritisa

5. Subcutaneous nodules
6. Positive test for rheumatoid factor
7. Radiographic erosions or periarticular

osteopenia in hand or wrist joints

aPresent for at least six weeks.
To be classified as having rheumatoid arthritis, a patient must
meet at least four of the seven criteria. Adapted with
permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons,
Inc., from Arthritis and Rheumatism, 31, 1988, 315–24. & 1988
John Wiley & Sons, Inc.

Box 38.2 Laboratory features of
rheumatoid arthritis

� Anemia
� Thrombocytosis
� Eosinophilia
� Large granular lymphocytes (especially in Felty

syndrome)
� Elevated erythrocyte sedimentation rate
� Elevated C-reactive protein
� Decreased serum albumin
� Raised serum globulins
� Increased levels of alkaline phosphatase,

aspartateaminotransferase, and g-glutamyl
transferase

� Rheumatoid factor (occurs in 75–80 percent)
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(DAS28) score and the American College of Rheumatology
(ACR) scores (20, 50, and 70) have both been validated for
defining remission and disease activity.16

PHARMACOLOGIC THERAPY

Nonsteroidal anti-inflammatory drugs

The general pharmacology of nonsteroidal anti-inflam-
matory drugs (NSAIDs) is covered in Chapter 4, Clinical
pharmacology: traditional NSAIDs and selective COX-2
inhibitors in the Acute Pain volume of this series and will
not be discussed further. NSAIDs are used widely in the
treatment of RA for their anti-inflammatory/analgesic
properties. They reduce morning stiffness and the pain
and swelling of inflamed joints but do not influence the
acute-phase response or radiologic progression.17 No
individual NSAID has been shown to have a clear
advantage over other NSAIDs with respect to efficacy,
although selective cyclooxygenase (COX)-2 inhibitors
have been reported to have less gastrointestinal toxicity
than ‘‘classical’’ NSAIDs.18[II], 19[II]

Other analgesic agents

The general principles for the use of analgesic agents in
RA and other arthropathies are the same as for other
disorders. Paracetamol (acetaminophen) with or without
dextropropoxyphene, codeine, dihydrocodeine, or tra-
madol are all effective for symptom control. They may
also be used singularly or in combination with NSAIDs,
but tend not to be as effective in reducing morning
stiffness.20

Antidepressants

The role of antidepressants in relieving pain and depres-
sion in RA is not clear. A randomized, double-blind,
placebo-controlled study of 48 female outpatients with
RA and depression/anxiety reported that dothiepin in
doses up to 150mg daily relieved pain and disability and
reduced the duration of early morning stiffness.21[II]

Disease-modifying antirheumatic drugs

All patients whose RA remains active despite adequate
treatment with NSAIDs should be considered for disease-
modifying antirheumatic drugs (DMARDs) (see Table
38.2). In broad terms, DMARDs are slow acting drugs
with a delay of one to six months before a clinical
response becomes evident. Efficacy cannot be predicted
for an individual patient, but two-thirds of patients may
respond. It should be noted that each drug has specific
toxicity that requires monitoring.59, 60

The decision as to when to introduce DMARDs
remains controversial. One randomized controlled trial
(RCT) of 238 patients with recently diagnosed RA com-
pared early (within one year of onset of symptoms) with
delayed DMARD treatment.61[II] Patients who received
early treatment had significantly better outcome measures

at 12 months although no differences were observed in
radiologic progression between the early and delayed
groups. In another prospective three-year follow-up study
of 119 patients with early disease, a nine-month delay in
starting hydroxychloroquine resulted in a detrimental
effect on pain intensity and patient global well-being.62

[II] Combination therapy with up to three DMARDs is
currently proposed as best practice for the initial man-
agement of RA compared with monotherapy or step-
therapy, with studies suggesting that the response is
superior in regimens that include methotrexate therapy.63

Biological DMARDs

The management of RA has been revolutionized by the
development of biological DMARDs. These agents target
a variety of small molecules and can be differentiated into
four main categories:

1. tumor necrosis factor (TNF) a inhibitors;
2. interleukin 1 inhibitors;
3. T cell costimulation inhibitors;
4. B cell depleters.

The pro-inflammatory cytokine TNFa plays a key role in
the pathophysiology of RA and TNF blocking agents have
proved to be effective agents for the treatment of this
disorder as well as other inflammatory arthritides
including psoriatic arthritis, ankylosing spondylitis, and
juvenile chronic RA.

Three main TNF-blocking agents exist at present;
infliximab, etanercept, and adalimumab. Infliximab is a
chimeric (human, murine) IgG1 monoclonal antibody
against TNFa; etanercept is a soluble, recombinant fusion
protein of the human TNF receptor and the Fc compo-
nent of human IgG1 molecule, whilst adulimumab is a
fully humanized IgG1 monoclonal antibody against
TNFa. Several RCTs have now shown that the combina-
tion of anti-TNF agents with methotrexate is associated
with significantly reduced radiographic progression,
clinical disease activity scores, and improved functional
status, compared to placebo and also compared to either
the TNF-blocker or methotrexate alone (see Table 38.2).
One recent study using combination therapy (including
infliximab) demonstrated that in rheumatoid patients
with less than two years of disease more than 50 percent
were able to completely stop infliximab after one year of
therapy, suggesting that medication-induced remission
may be possible in some patients.64[II]

Anakinra is a recombinant human interleukin-1
receptor antagonist (IL-1Ra) which has shown to improve
clinical activity and radiographic scores compared to
placebo, with various background therapy of DMARDs,
steroids, and NSAIDs, at the discretion of clinicians. It is
currently recommended for use in active RA after an
adequate trial of another DMARD, usually methotrexate,
and is also recommended in combination with metho-
trexate in Europe at present.51[II]
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Table 38.2 Summary of evidence from systematic reviews of disease-modifying drugs in RA.

Drug Efficacy Toxicity

Sulfasalazine Improvements in the number of tender and swollen

joints, pain score, and ESR. Evaluation of

radiologic progression was inconclusive. Efficacy

similar to other DMARDs, including parenteral

gold and methotrexate (six RCTs22[I])

Abdominal discomfort, skin rash, and abnormal liver

function tests, but more serious hepatic

dysfunction or marrow suppression uncommon.

Discontinuation due to adverse side effects

occurs less often than with other DMARDs, with

the exception of hydroxychloroquine23[I]

Penicillamine Improvements in the number of swollen joints and

ESR (six RCTs24[I])

Adverse effects are common and potentially serious.

They include skin rashes, mouth ulcers, altered

taste, gastrointestinal reactions, proteinuria,

bone marrow suppression, and autoimmune-

mediated disorders such as myositis and

myasthenia gravis24[I]

Methotrexate Improvement in the number of swollen and tender

joints, pain score, physician and patient global

assessment, and functional status (five RCTs25[I]).

Patients are more likely to continue taking

methotrexate than other DMARDs26[III], 27[III] and

the magnitude of short-term improvement in

disease activity is larger for methotrexate than for

other DMARDs28[I]

Adverse effects are common and include abnormal

liver function tests, mouth ulcers, skin rashes,

gastrointestinal, or hematological disorders.

Infections may also occur even at low doses.

More serious side-effects include pulmonary

toxicity and hepatic fibrosis29[I]

Parenteral gold Improvement in the number of swollen joints in

patient and physician global assessments and ESR

(four RCTs30[I]). Decreased rate of radiologic

progression31[I]

Dermatitis, stomatitis, proteinuria, and

myelosuppression30[I]

Azathioprine Significant benefit from use of azathioprine (three

RCTs32[I]). It is useful as a corticosteroid-sparing

agent

Increased risk of infection and tumor formation.

Other side effects include nausea, vomiting,

abnormal liver function tests, and bone marrow

suppression32[I]

Cyclophosphamide Improvement in the number of tender and swollen

joints, but no significant difference in ESR (three

RCTs33[I])

Nausea, vomiting, bone marrow suppression,

alopecia, and increased risk of infection and

cancer. Because of its toxicity, cyclophosphamide

use is reserved for patients unresponsive to other

DMARDs, and those with serious extra-articular

complications such as systemic rheumatoid

vasculitis34[I]

Cyclosporine Improvement in the number of tender and swollen

joints and in functional status; reduced radiologic

progression (three RCTs35[I])

Patients develop nephropathy, which can be

irreversible, and hypertension. Other adverse

effects include nausea, dyspepsia, hypertrichosis,

gingival hyperplasia, hepatic toxicity, and

increased risk of infections and cancer. Because

of its toxicity, cyclosporine is used for patients

with severe disease or who are unresponsive to

other DMARDs, or in combination with

methotrexate35[I]

Auranofin (oral gold) Significantly less effective than other DMARDs36[I] Main adverse effects are diarrhea and abdominal

discomfort. Serious adverse effects are rare36[I]

Hydroxychloroquine Improvements in swollen and tender joint counts,

joint score, physician and patient global

assessment, and ESR37[I]

Ocular complications, with the risk being higher with

chloroquine than hydroxychloroquine. Other

adverse effects include gastrointestinal

disturbances (the most common), skin rashes,

renal abnormalities, vertigo, blurred vision, and

(Continued over )
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Table 38.2 Summary of evidence from systematic reviews of disease-modifying drugs in RA (continued).

Drug Efficacy Toxicity

very rarely cardiomyopathy and severe neurologic

disorder38[I]

Leflunomide More effective than placebo in the treatment of

rheumatoid arthritis and has similar efficacy to

sulfasalazine. Radiographic progression was also

significantly slower with leflunomide and

sulfasalazine than with placebo (one RCT39[I], 40,

41[II]). Improvements in the ACR responses after

six months when used in combination with

methotrexate therapy. There were more

discontinuations due to adverse effects in the

combination group versus placebo and more

withdrawals due to lack of efficacy in the

methotrexate plus placebo group.

Diarrhea, nausea, alopecia, rash, and transient

abnormality in liver function tests39[II]

TNF-a blockade Infliximab produces improvements to both clinical

and laboratory parameters of disease activity.42[II],
43[II] Two RCTs have shown significant clinical

benefit of etanercept with minimal toxicity in

rheumatoid patients who had inadequate response

to other DMARDs.44[II], 45[II] In other trials, the

combination of etanercept and low-dose weekly

methotrexate was safe, well tolerated, and

provided significantly greater clinical benefit than

methotrexate alone.46[II], 47[II] Adalumimab

shows similar results with combination with

methotrexate. Nonclinical trial study suggests

restoration of good clinical response with

adalimumab after secondary loss of efficacy from

infliximab or etanercept48[II], 49[II]

Long-term data not yet available. Preliminary data

from the several TNF-a blockade registers show

increased risk of respiratory infections,

reactivation of latent tuberculosis. There is

conflicting data about whether there is an

increased risk of lymphoma and solid

malignancies, such as skin cancers. Insufficient

evidence for demyelinating-like syndromes, drug-

induced lupus, viral hepatitis reactivation or

exacerbation. Rarely, new onset interstitial lung

disease with infliximab. Increased relative risk of

worsening congestive cardiac failure with high

dose infliximab (410mg/kg). Rarely,

pancytopenia and aplastic anemia

Anakinra Five studies, including two clinical trials, to date show

improvement in clinical response for treatment of

rheumatoid arthritis (RA) alone or with MTX50[II],
51[II]

Long-term data not yet available and no registries as

yet. Serious infections are increased, higher

incidence than in RA using other DMARDs,

magnified by corticosteroid use. No data to date

to suggest increased incidence of tuberculosis or

malignancy

Abatacept Reduced clinical activity, structural damage and

radiographic progression with improved physical

function in moderate-severe RA in those with

inadequate response to one or more DMARDs such

as MTX or TNF blocking agents, when used in

combination with MTX52[II], 53[II], 54[II]

Increased incidence of serious infection versus

placebo (3 versus 1.9 percent) and 4.4 percent

when in combination with other biological agents

versus 1.5 percent in controls. No data when in

combination with rituximab. Caution in use with

chronic obstructive pulmonary disease patients

due to increased incidence of adverse events than

with placebo. Insufficent data as regards

incidence of tuberculosis or malignancy52[II], 53

[II]

Rituximab Improvement in patient global visual analog scale,

fatigue, disability, quality of life and clinical signs,

symptoms and/or laboratory measurements by

8–16 weeks in RA patients with an inadequate

response to MTX who have failed conventional

DMARDs or one or more TNF-inhibitors. RCTs show

combination of rituximab and MTX have superior

Infusion reactions, although corticosteroids can

reduce the incidence and severity of infusion

reactions by 30 percent without changing

efficacy. No cases of progressive multifocal

leukoencephalopathy (PML) in RA, as regards at

least two cases seen in systemic lupus

erythematosus (SLE) (although PML also seen in

(Continued over )
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Abatacept is an example of a biological agent which
modulates T cell activation. It is a soluble fusion protein
of CTLA4 and human Ig, which competitively inhibits the
CD28-B7 co-stimulation interaction. Phase III RCTs have
demonstrated that its use in RA patients in association
with methotrexate significantly reduces the rate of pro-
gression of erosions, joint space narrowing, and total
radiographic scores. Its use is currently recommended in
patients with active RA who have had an adequate trial of
methotrexate, another DMARD or TNF inhibitor.52[II],
53[II], 54[II]

Rituximab is a B cell depleting agent, used for years in
the treatment of non-Hodgkin’s lymphoma and more
recently for systemic lupus erythematosus (SLE) and
Wegener’s granulomatosis, and now approved for use in
the treatment of RA. It is a chimeric (human, murine)
monoclonal antibody against CD20, present on B cell
precursors before they differentiate into antibody-pro-
ducing plasma cells. Two clinical trials to date have shown
benefit of rituximab therapy in the treatment of rheu-
matoid patients whose disease is refractory to both
methotrexate and TNF blockade, with significant
improvement in clinical activity scores. Less strong
data suggests that rituximab may also slow radiographic
progression.56[II], 65[II], 57[II]

Corticosteroids

Corticosteroids are often used for prompt relief of
symptoms of inflammation. In practice, they are fre-
quently given for acute exacerbations of the disease or as a
‘‘bridge therapy’’ until DMARDs become effective. They
may be given directly into joints or as intramuscular/
intravenous depot injections. The long-term use of oral
steroids as a DMARD remains controversial because of
the fear of side effects, particularly osteoporosis.

One systematic review comparing short-term (weeks)
treatment using low-dose prednisolone (15mg or less/day)
with placebo or NSAIDs found that, in the short term,
prednisolone had a greater effect than placebo or NSAIDs
in controlling the activity and symptoms of the disease.66[I]

A second systematic review evaluating longer term
(three months or more) steroid use drew the same con-
clusion.67[I] Several RCTs have found a significant decrease
in pain, disability, and the rate of progression of radiologic
damage in patients treated with prednisolone 7.5mg
compared with placebo over two years, although joint
destruction resumed after steroids were discontinued, often
within one year of steroid withdrawl.68[II]

Another study suggests that even prednisolone doses of
as little as 5mg per day for two years may improve clinical,
functional and radiographic measures in DMARD naive,
early RA patients, although it is unclear whether doses less
than this have any beneficial effect.69[II]

Medications addressing cardiovascular/atherosclerotic
risk factors

Relatively recent studies have demonstrated an increased
risk of coronary atherosclerosis and associated morbidity
and mortality in patients with rheumatoid arthritis.
Management of such patients should therefore include
pharmacological and nonpharmacological measures to
modify such risk factors as cigarette smoking, hyperlipi-
demia, hypertension, and a sedentary lifestyle.70, 71 In
addition to lipid lowering effects, HMG CoA reductase
inhibitors (statins) may have clinically important
anti-inflammatory properties, with beneficial effects on
markers of inflammation in RA patients noted in one
placebo-controlled trial of atorvastatin.72[II]

NONPHARMACOLOGIC THERAPY

Physical therapy: rest versus exercise

Rest has long been recommended for patients with RA,
especially during periods of active joint inflammation,
although controlled studies of the effects of hospitaliza-
tion and bed rest have not found this to be of benefit,
unless the patient is seriously ill with active disease.73[II],
74[II] The effects of joint immobilization in RA have been
examined in several studies, which indicate that joint

Table 38.2 Summary of evidence from systematic reviews of disease-modifying drugs in RA (continued).

Drug Efficacy Toxicity

clinical efficacy for RA when compared to

monotherapy. Slows radiographic progression in

patients who have had inadequate response to

one or more TNF inhibitors55[II], 56[II], 57[II], 58[II]

SLE without rituximab treatment). Small

increased incidence of serious infections

compared to placebo. No evidence as yet of

increased frequency of tuberculosis in patients

with lymphoma treated with rituximab or in RA

patients. No evidence yet for increased risk of

solid malignancy. Patients to be screened for

hepatitis B and C prior to use as a case of

hepatitis reactivation in oncological practice has

been reported55[II], 56[II]

DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation rate; TNF, tumor necrosis factor.
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splintage may have short-term effects, such as reduced
pain, that are not maintained in the longer term.75[II]
Overall, the evidence for effectiveness of massage and
electrophysical modalities is absent or weak.

Available evidence suggests that range of motion,
strengthening, and aerobic conditioning exercises are safe
for patients with RA and improve muscle strength, car-
diovascular fitness, and probably physical function.
They do not seem to exacerbate joint symptoms. Pre-
liminary evidence also suggests aerobic weight-bearing
exercise may help prevent corticosteroid-associated
osteoporosis.76[III], 77[III], 78[III]

Diet

Patients should follow diets that help maintain a rea-
sonable weight and that contain high amounts of poly-
unsaturated fatty acids, adequate calcium, vitamin D, and
the recommended amounts of other vitamins and
minerals. Food allergies may be a factor in RA in a very
small number of patients.79 Controlled studies have
shown that omega-3 fatty acids (present in Pacific her-
ring, king mackerel, salmon, and mullet) may reduce
fatigue and joint tenderness in patients with RA.80[II]
Specifically, a diet enriched with eicosapentaenoic acid or
docohexaenoic acid may result in decreased arachidonic
acid metabolites and cytokines, with a concurrent
decrease in symptoms.81[II] Patients with RA may be
deficient in zinc, copper, and magnesium, probably as a
result of chronic inflammation, but there is no evidence
that either wearing copper bracelets or taking zinc sup-
plements improves symptoms.82

Patient education and other approaches

One meta-analysis of educational interventions for
patients with RA or osteoarthritis has found a clinically
small, but statistically significant, beneficial effect of
patient education or counseling on both pain and dis-
ability in 17 trials.83[I] Cognitive-behavioral therapies
may also significantly reduce the patient’s self-reported
pain, functional disabilities, joint involvement, and dis-
ease activity, and feelings of low self-esteem.84[II] Overall,
further research into the use of nonpharmacological
treatments and comprehensive arthritis service delivery
models is required.85

Prognosis

It is difficult to predict the clinical course of RA.86 Indi-
cators of poor outcome are listed in Box 38.3. RA is
mostly a persistent disease with slow progression. In a
study of outcome of 50 patients seen within six months of
the onset of symptoms, only 10 percent had no evidence
of the disease after five years, another 10 percent had
severe progression, whereas 80 percent had continuing
disease.87

In general terms, RA is characterized by progressive dis-
ability. One long-term follow-up study found that after 11
years 25 percent of patients with RA were severely dis-
abled, and after 15 years 50 percent were similarly dis-
abled.88 Nearly half of all patients will be disabled or
unable to work within ten years.89 RA also shortens life
expectancy by a few years in both men and women.90

More severe RA disease (more than 30 joints involved),
is associated with higher mortality rates and has been
compared to that of three-vessel coronary artery disease
or stage IV Hodgkin’s lymphoma.91 Patients with RA that
require hospital care have at least a two-fold increased
mortality when compared to those without disease.92

Patients who respond to therapy, particularly to
DMARDs, may have a lower mortality, in particular with
methotrexate which has a small, statistically significant
survival advantage as regards cardiovascular risk factors.

OSTEOARTHRITIS

Definition

Osteoarthritis (OA) has been defined as a group of
overlapping distinct diseases, which may have different
etiologies but with similar biologic, morphologic, and
clinical outcomes. The disease process not only affects
articular cartilage but also involves the entire joint,
including the subchondral bone, ligaments, capsule,
synovial membrane, and periarticular muscles. There is
gradual loss of articular cartilage, combined with thick-
ening of the subchondral bone, bony overgrowths
(osteophytes) at joint margins, and mild, chronic non-
specific synovial inflammation. Ultimately, the articular
cartilage degenerates with fibrillation, fissure, ulceration,
and full thickness loss of the joint surface.93, 94

Box 38.3 Indicators of poor outcome in
rheumatoid arthritis

� Gradual onset of disease
� Older women have a less favorable outcome
� Disease duration before consulting a physician
� Early development of rheumatoid nodules
� High titers of rheumatoid factor
� Persistently high ESR or CRP or plasma viscosity

for more than a year
� Early development of erosions
� Extra-articular manifestations
� Severe functional impairment
� Early involvement of large joints

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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Epidemiology

OA is an age-related condition and one of the most
important causes of pain and disability in older people.
However, the difference between physiologic aging of the
cartilage and OA cartilage is not clear. Although radio-
graphic evidence of OA is universal in at least some joints
in people over the age of 60 years, significant symptomatic
disease probably affects only about 10–20 percent of the
population.95 OA of the knee affects function in 10 percent
of the population aged over 50, with the female–male
ratio being 3:1.96 OA of the hip is less common but is
more likely to cause disability, with the prevalence
increasing from less than 3 percent under the age of 65
through to 5 percent of people in their eighties.

OA is common worldwide, but the sites most com-
monly affected vary in different populations. Nodal OA of
the hand is rare in black Africans and Malaysians, and OA
of the hip is uncommon in black and Asian populations
compared with white people.97 These ethnic differences
seem to reflect genetic rather than cultural factors.

Clinical features

It is important to stress that OA is symptomatic only in a
minority of patients. Pain is generally activity related and
is thought to arise from sites in and around the affected
joint (see Table 38.3). Night pain usually occurs in
advanced cases and may be caused by raised intraosseous
pressure. Joint locking may indicate a loose body. In
erosive OA, the pain is inflammatory in nature and is
associated with erythema, tenderness, and stiffness, and is
aggravated by rest. Sudden deterioration in a stable
osteoarthritic joint may be caused by fracture, avascular
necrosis, crystal synovitis, or even sepsis.98

Physical signs include crepitus on joint movement,
bony enlargement, instability, deformity, restricted range
of movement, and effusion. Periarticular tenderness is
also common. Muscle weakness may contribute to joint
instability and may aggravate the pain. Acute inflamma-
tory signs may occur in crystal synovitis.

OA with deposition of calcium pyrophosphate dihy-
drate (pyrophosphate arthropathy) occurs predominantly
in elderly women, but in younger patients it may be
caused by an underlying metabolic disease, e.g. hemo-
chromatosis, hyperparathyroidism, and Wilson’s dis-
ease.99 Apatite-associated destructive arthritis occurs
usually in the hips and shoulders (Milwaukee shoulder)
or knees of elderly women. It is usually associated with
large amounts of apatite deposition. The outcome is
poor.100

Investigations

Laboratory tests are not useful in the diagnosis of OA.
The erythrocyte sedimentation rate (ESR) is usually
normal; it may be slightly increased in the inflammatory
stage but even then rarely exceeds 35mm/hour.101 The
synovial fluid is generally relatively viscous and trans-
parent and noninflammatory, with a cell count under
2000/mm3.102

The plain radiograph is the investigation most fre-
quently used to confirm the clinical diagnosis. The radi-
ologic features include narrowing of the joint space,
osteophyte formation, sclerosis of the articular surfaces,
and subchondral cyst formation. If plain radiographs do
not show pathological alteration, a 99mtechnetium phos-
phate radionuclide scan or MRI may be required to show
earlier signs of disease.103

Treatment

Clinical guidelines for the management of hip and knee
OA have been published.104[V], 105[V], 106[V] Recom-
mendations for pharmacologic therapy were broadly
similar, although differences were apparent with respect
to first-line choice of anti-inflammatory therapy. Both
sets of guidelines stressed the importance of non-
pharmacologic therapy including patient education and
self-management programs.

PHARMACOLOGIC THERAPIES

Topical therapies

NSAID creams and gels

One systematic review of 86 clinical trials comparing
topically applied NSAIDs with placebo found these agents
had a relative benefit of 2.0 (95 percent confidence
interval (CI) 1.5–2.7) for relief of chronic musculoskeletal
pain caused by OA and tendonitis.107[I] Topical NSAIDs

Table 38.3 Possible causes of pain in osteoarthritis.

Tissue origin Modifiers

Bone

Periosteal elevation by osteophytes Anxiety

Trabecular microfracture Depression

Pressure on subchondral bone Lack of social support

Hypertension in bone marrow Secondary gain

Articular

Synovitis Physical demands

Pinching of synovial villi Occupational

Joint capsule distension Obesity

Periarticular

Ligament damage Neuromuscular integrity

Muscle spasm Protective reflexes

Bursitis Muscle weakness
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have a good safety record. Large surveillance studies in
general practice suggest good safety (adverse events o1.5
percent) with local skin reactions the principal side effect
with no association between topical NSAIDs and upper
gastrointestinal bleeding or perforation.108[III]

Capsaicin cream

A nonsystematic meta-analysis of pooled data from three
RCTs of topically applied capsaicin concluded that it was
useful for pain relief.109[IV] Active treatment with cap-
saicin results in significantly greater pain reduction than
placebo.110[II] Capsaicin may cause a mild, transient,
burning sensation.

Intra-articular injections

Corticosteroid injections

These should be given as adjunctive therapy. Effusions,
when present, should be aspirated before injections are
administered. Periarticular injections of hydrocortisone
are sometimes used to relieve painful bursitis associated
with OA,111 whereas injections of methylprednisolone or
triamcinolone into the knee joint may relieve the pain of
OA for a few months.112

Intra-articular hyaluronan injections

There is a reduction in the size and concentration of
hyaluronan (hyaluronic acid) molecules present in syno-
vial fluid in joints affected by OA. As a result, the capacity
to absorb shock and to lubricate articulating surfaces is
reduced.113 A recent review concluded that injections of
either preparation produce a small reduction in pain
compared with placebo that may last several months.113

There is evidence to support the efficacy of hyaluronan in
the management of knee OA, both for pain reduction and
functional improvement. However, although pain relief
may be obtained for several months, rather than for
several weeks as with steroid, this benefit may be offset by
its slower onset of action and by the requirement of a
course of three to five weekly injections with the logistical
and cost issues. There is minimal evidence for a role in
disease modification.

SYSTEMIC THERAPIES

If physical and/or local measures do not control pain in
OA, oral analgesics or NSAIDs are considered next. Sys-
tematic reviews have found that simple analgesics such as
paracetamol and NSAIDs produce short-term pain relief
in OA.94[I] However, there is no good evidence that
NSAIDs are superior to simple analgesics such as para-
cetamol or that one NSAID is better than another.94[I]
There is some evidence that indometacin (and possibly
other NSAIDs) may accelerate progression of OA.114

In practice, most physicians treat patients with para-
cetamol initially and an NSAID is added if symptoms
remain uncontrolled. When used, NSAIDs are prescribed

in the lowest effective dose and for a short time. There is
some evidence to suggest a slight benefit if dex-
tropropoxyphene is added to paracetamol but at a cost of
increased toxicity.115[V] An RCT of 90 patients showed
that treatment of knee OA with tramadol allowed
reduction of the naproxen dose among those patients
with naproxen-responsive pain.116[II]

CHONDROPROTECTIVE AGENTS

Glucosamine sulfate has received much attention in both
the medical and popular press.117 A number of controlled
studies have been published, although many are small and
of poor quality.118 A larger three-year RCT has suggested
that glucosamine retards the progression of symptomatic
knee OA with no differences in safety or reasons for
withdrawal between the treatment and placebo groups.119

[II] Other studies have shown modest improvements in
pain and function compared with placebo and current
evidence supports a beneficial effect of glucosamine on
OA although its exact role remains unclear.

Tetracyclines may offer some chondroprotection, but
more data are awaited. Rumalon (a glucose aminoglycan
peptide complex extracted from bovine cartilage), arte-
paron (glucosaminoglycan polysulfate with heparanoid
actions), and chondroitin sulfate have not been shown to
have chondroprotective actions.120 The combination of
glucosamine and chondroitin sulfate may be effective in
patients with moderate to severe knee pain.121[II]

NONPHARMACOLOGIC THERAPIES

Patient education and self-management

Education of the patient forms an integral part of the
treatment plan for patients with OA. A meta-analysis of
trials of patient education programs in comparison with
standard NSAID use showed that education was 20 percent
as effective as NSAIDs at providing pain relief.122[I] Psy-
chosocial support can improve general well-being by
reducing the requirement for health care.123[IV] Education
of spouses or family members may improve social support
to the patient.124[IV] Regular telephone contact by a
member of the multidisciplinary team can produce sig-
nificant improvement in pain and functional status.125[II]

Exercise therapy

A randomized controlled trial has been conducted that
examined the effects of a structured exercise program on
self-reported disability in 439 patients over 60 years old
with knee OA.126[II] The two exercise groups showed
significant, but modest, reductions in disability and pain
compared with the education group.

Physical therapy

Medical knee taping in patients with patellofemoral OA
has been shown to be effective in reducing pain.127[III] A
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walking stick or a cane of the correct height can improve
function and reduce pain in patients with OA of the lower
limbs.128[IV] Weight loss has been shown to lead to a
slower rate of development of symptomatic OA of the
knees in women.129[III]

Transcutaneous electrical nerve stimulation

Transcutaneous electrical nerve stimulation (TENS) has
been shown to reduce pain and the use of analgesia
compared with placebo in OA.130[II] In another trial, no
significant difference was found between TENS and oral
naproxen in a placebo-controlled crossover study of 36
patients with OA of the knee.131[II] Acupuncture has not
been shown to be of benefit in OA, possibly because of
relatively impressive responses in control groups.132[II]

Splints and soles

A wedged insole changes the angle of the lower limb
and may result in significant symptomatic improve-
ment. Patients may also benefit from shoe orthoses to
correct abnormal biomechanics due to leg length
inequality, or vesicoplastic insoles that reduce the strain
of impact loading.133[IV] Trainers may also provide
some relief for many people with lower limb and lumbar
OA.128

Occupational therapy

In a trial of occupational therapy, patients with OA
were assessed at baseline and then taught hand exercises
both directly and with information sheets and were
provided with appropriate adaptive devices.134[IV]
After 12 weeks, 49 percent of patients who previously
perceived themselves as being disabled no longer felt
so, with benefits that were additive to the use of
NSAIDs.

Surgical treatment

Arthroscopic washout and cartilage debridement can
relieve symptoms of OA of the knee for up to several
months.135 Closed tidal irrigation (nonarthroscopic
washout) has also been shown to be effective in relieving
pain.136[II] Arthroscopic meniscal debridement may not
improve outcome in OA of the knees.137[II] Upper tibial
osteotomy or supracondylar femoral osteotomy can
provide effective pain relief in younger patients with OA
of the medial compartment of the knees.138

Persistent, severe pain uncontrolled by medical and
physical therapy is the best indication for joint replace-
ment, especially when there is associated disability. Joint
replacement is very effective for relief of pain and dis-
ability in patients with advanced OA of the hip and
knee.139 After such surgery, over 90 percent of patients
can expect good function in a replaced joint for at least
ten years.

REGIONAL SOFT-TISSUE DISORDERS

Definition

Many of the musculoskeletal conditions seen by clinicians
are not primarily disorders of cartilage or synovium but
arise as a result of problems within joint-related soft tis-
sues such as tendons, ligaments, capsules, bursae, inter-
vertebral disks, and meniscii. Guidelines for the diagnosis
and treatment of these disorders are less well developed
compared to RA and OA and whilst the outcome
is mostly favorable, a significant proportion of cases
progress to become chronic or resistant to therapy.

Shoulder

EPIDEMIOLOGY AND DIAGNOSIS

Shoulder pain is the second most common musculoske-
letal complaint after back pain with a reported point
prevalence of between 7 and 21 percent of adults.140, 141,
142 Once present, shoulder pain may persist indefinitely,
such that at least half of all patients presenting to a
general practitioner with pain continue to have symptoms
at one year.143 Shoulder pain may be due to either
intrinsic disorders or to referred pain syndromes although
a standard history and examination should enable a
diagnosis to be made in the majority of cases.144 A
longstanding comprehensive diagnostic system recogniz-
ing various independent entities such as frozen shoulder
and tendonitis remains in widespread use today145 and
this approach is mirrored in more recent diagnostic cri-
teria developed using a Delphi consensus approach146 (see
Table 38.4).

The site and distribution of pain usually provides
important diagnostic information. Lateral or anterolateral
shoulder pain is often associated with impingement
syndromes involving the rotator cuff or with frozen
shoulder. Posterior shoulder pain can arise from tendo-
nitis of the external rotators but is more generally a
reflection of referred cervical pain. Similarly, poorly
localized pain, or pain that is referred below the elbow
into the forearm of hand, should prompt a search for
more central pathology.

Cluster analysis of examination findings has revealed
three patterns based on range of movement.147 The first
includes patients with pain plus severely restricted passive
range of glenohumeral movement who are most com-
monly suffering from frozen shoulder. Other patterns
include mildly reduced passive range of movement and
patients with pain but no restricted movement. The vast
majority of patients exhibiting these features will have a
rotator cuff disorder which is the largest single diagnostic
category accounting for shoulder pain. In common with
other tendinopathies, rotator cuff tendonitis is often
characterized by pain on resisted movement with an
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additional sign being that of a painful arc on active
abduction of the affected side. The differential diagnosis
includes true acromioclavicular joint disease arising from
either OA or trauma, however, in these disorders gleno-
humeral movements are normal, there is no resisted pain,
and symptoms are generally confined to the joint with the
patient often pointing to the affected area (the ‘‘point
sign’’).

TREATMENT

Frozen shoulder is considered to be a relatively benign
self-limiting disorder, however, some patients may
experience considerable pain and distress during the more
acute stages which can prove difficult to control. Full
recovery generally occurs between 12 and 42 months after
onset of symptoms with less than 10 percent of patients
requiring more aggressive surgical therapy. A wide variety
of treatment options have been proposed although only a
few approaches have been subjected to adequate clinical
trials. There is evidence to support the use of intra-
articular steroids in the more acute phases and the
addition of physical therapy following injection may
result in greater improvement than injection alone.148[II]
A role for intra-articular dilation has been shown in
a number of studies although uncertainty remains as
to whether capsular distention is superior to steroid
injection alone.149[II]

The goal of treatment of rotator cuff disorders is to
control symptoms and maintain activity, relieve ongoing
cuff impingement, and manage existing cuff tears.
NSAIDs have been shown to be useful in the short term
(within four weeks), but the long-term efficacy remains
unclear.150[I] Flexibility and strengthening exercises

combined with joint mobilization are used widely and
there is some evidence to support the use of these
approaches.151[I] Laser therapy and electromagnetic field
therapy may also be useful but there is no evidence that
other commonly used physical techniques are sub-
stantially better than placebo. Shoulder injections of local
anesthetic may be helpful diagnostically and ther-
apeutically, at least in the short term although this
approach remains controversial, particularly given the
risks of soft tissue atrophy associated with these agents.152

[I], 153[II] Cognitive-behavioral therapy may have a role
to play in managing chronic symptoms, although this
remains to be shown in clinical trials. Finally, surgical
decompression and/or repair is warranted for patients
who do not respond to conservative measures after
three to six months with acromioplasty being the sur-
gical procedure of choice for patients with refractory
impingement.154[III]

Forearm and hand

EPIDEMIOLOGY AND DIAGNOSIS

The prevalence of all types of elbow pain may be as high
as 14 percent in older age groups.155 A relationship to
occupation is reported, with elbow pain being 1.6–1.8
times more common in those with strenuous jobs, such as
packers and meat-cutters.156 Lateral epicondylitis (tennis
elbow) is the most common disorder of the elbow, being
approximately six-fold more common than medial
epicondylitis (golfer’s elbow).157

Given problems with definitions, prevalence estimates
for disorders of the forearm and hand vary widely, with
the reported prevalence of nonspecific forearm pain

Table 38.4 Diagnostic criteria for upper limb disorders.

Disorder Diagnostic criteria

Rotator cuff tendinitis History of pain in the deltoid region and pain on resisted active movement (abduction, supraspinatus;

external rotation, infraspinatus; internal rotation, subscapularis)

Bicipital tendinitis History of anterior shoulder pain and pain on resisted active flexion or supination of forearm

Shoulder capsulitis History of pain in the deltoid area and equal restriction of active and passive glenohumeral movement

with capsular pattern (external rotation4abduction4internal rotation)

Lateral epicondylitis Epicondylar pain and epicondylar tenderness and pain on resisted extension of the wrist

Medial epicondylitis Epicondylar pain and epicondylar tenderness and pain on resisted flexion of the wrist

de Quervain’s disease Pain over the radial styloid and tender swelling of the first extensor of the wrist compartment and either

pain reproduced by resisted thumb extension or a positive Finkelstein’s test

Tenosynovitis of the wrist Pain on movement localized to the tendon sheaths of the wrist and reproduction of pain by resisted

active movement

Carpal tunnel syndrome Pain or paresthesiae or sensory loss in the median nerve distribution and one of: positive Tinel’s test;

positive Phalen’s test; nocturnal exacerbation of symptoms; motor loss with wasting of abductor

pollicus brevis; abnormal nerve conduction time

Nonspecific diffuse Pain in the forearm in the absence of a specific diagnosis or forearm pain pathology (sometimes includes

loss of function, weakness, cramp, muscle tenderness, allodynia, or slowing of fine movements)

Adapted from Annals of the Rheumatic Diseases, 1998, 57, 1–2, with permission of BMJ Publishing Group Ltd.
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ranging from 9 to 20 percent.158 Reliable data for the
prevalence of individual disorders such as tenosynovitis,
trigger finger and thumb, and Dupuytren’s contracture
are not available. The relationship between occupation
and many forearm/hand disorders (excluding tennis
elbow) remains controversial although one meta-analysis
has concluded that soft-tissue disorders of the neck and
upper limb are associated with jobs involving prolonged
abnormal postures, abnormally high forces, or frequent
repetition.159 As with other chronic disorders, psychoso-
cial and cognitive factors probably play an important role
in upper limb symptoms and disability, although evi-
dence to support this remains indirect and the subject of
continuing controversy.

The diagnosis of tennis elbow is based on a history of
pain over the lateral epicondyle, together with local
tenderness, pain on resisted wrist extension, or strong
gripping in the presence of a normal range of elbow
movement. Diagnosis of more distal tendinopathies is
along similar lines with local symptoms and tenderness,
together with provocation of pain on resisted movement
of the relevant tendon. Local anesthetic blocks can play
some role where the diagnosis is uncertain, however,
laboratory and radiological investigations are generally
used only to exclude other diagnoses.

TREATMENT

The most frequent treatments for soft-tissue disorders of
the upper limb including tennis elbow include rest, oral
analgesics, and NSAIDs. A review of physical therapies
for forearm/hand pain is available,160[I] although well-
controlled RCTs demonstrating efficacy of most of the
commonly used therapies are lacking. Somewhat sur-
prisingly, a systematic review of topically applied NSAIDs
found them to be effective in treating both acute and
chronic soft-tissue disorders.107[I] A pooled odds ratio
for active drug against placebo in acute soft-tissue syn-
dromes was 1.7, and that for chronic disorders was 2.0 in
favor of the active drug.

Although evidence for inflammation is lacking in most
soft-tissue disorders of the forearm and hand, locally
injected steroids have been widely used and appear to
provide better results than either placebo or local anes-
thetic alone.158 The best evidence for the efficacy of cor-
ticosteroid injections has come from studies in patients
with tennis elbow where treatment produces good short-
term benefits, but no improvement in outcome at one
year.161[II] Other suggested therapies for which some
evidence exists include the use of botulinum toxin,162[II]
autologous blood injection,163[III] topical nitrates,164[II]
and acupuncture.165[I] Unfortunately, relapse is common,
with between 15 and 50 percent of patients with lateral
epicondylitis having further symptoms and about 40
percent having prolonged discomfort over the next five
years.158[II] Surgery gives good results in the short term,
but symptoms may recur.166

Lower limb

EPIDEMIOLOGY AND DIAGNOSIS

There are very few epidemiological data relating to soft-
tissue disorders of the lower limb. Risk factors for the
development of these disorders include trauma, unac-
customed exercise, obesity, poor footwear, and prolonged
standing.167

In the hip, the most common soft-tissue disorders are
due to problems associated with the numerous bursae that
are found in this region. Trochanteric bursitis is the most
prevalent condition and is often associated with other
disorders, including osteoarthritis of the same hip, lumbar
spondylosis, and RA.168 Since no findings are pathogno-
monic of trochanteric bursitis, the diagnosis is generally
based on the clinical picture, which includes pain along the
lateral side of the upper thigh that is aggravated by activity
or lying on the affected side. Physical examination reveals
tenderness over the greater trochanter. Less frequent soft-
tissue disorders in this area include iliopsoas bursitis,
iliogluteal bursitis (‘‘weaver’s bottom’’), and adductor
tendinitis, which tends to occur as a sporting injury,
particularly in gymnasts and horseback riders.169

Chronic knee pain is common at all ages: OA is the
major determinant in the elderly, whereas anterior knee
pain syndrome (chondromalacia patellae) is more
important in adolescents and children. There are also a
large number of soft-tissue structures within the knee
giving rise to symptoms including ligamentous injuries,
meniscal tears, bursitis, popliteal cysts, iliotibial band
syndrome, and synovial plicae.170 Prepatellar bursitis is
among the most common of these and is usually related
to repetitive trauma. Diagnosis is usually obvious, with a
fluctuant swelling over the front of the patella. Anserine
bursitis is also common, although in practice the term
tends to be used loosely to describe any pain over the
medial aspect of the upper tibia in the region of the bursa
and so may include lesions of the medial ligament or pes
anserus insertion.171

Soft-tissue disorders of the ankle include Achilles
tendinitis, which is generally associated with repetitive
trauma due to excessive use of the calf muscles during
sporting activities. There may be an associated Achilles
bursitis, which can also arise spontaneously or in asso-
ciation with a systemic arthropathy such as RA. One of
the most common causes of pain around the heel is
plantar fasciitis, which generally also results from repeti-
tive microtrauma with risk factors being obesity, athletics,
and poor footwear.172 The disorder may coexist with
subcalcaneal bursitis.

TREATMENT

Treatment options are similar to those discussed in the
section on upper limb soft-tissue disorders, except that
there are even fewer controlled trials demonstrating
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efficacy of particular therapeutic modalities. For the most
part, primary care management consists of rest, simple
analgesia, and NSAIDs. Physical therapy may be used
in both acute and chronic disorders, but evidence for
efficacy remains scant. Uncontrolled studies have shown
infiltration of local anesthetics and steroids to be helpful
in confirming the diagnosis and in bringing relief to a
number of these disorders, but definitive studies are
awaited.
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KEY LEARNING POINTS

� Chest pain is common.
� A multidimensional approach to treatment helps to

reduce its burden on health care and on the patient.
� Of all chest pains presenting to medical professionals,

musculoskeletal etiologies are the most common.
� Cardiac rehabilitation programs have shown to reduce

hospital admissions, improve mood, and increase activity

in cardiac and noncardiac chest pain.

� Cardiac rehabilitation programs are associated with an

equivalent or lower mortality than some conventional

therapies.
� Spinal cord stimulation has shown to improve quality of

life and reduce hospital admissions in patients with

refractory angina, without masking symptoms of

coronary events. It carries a similar mortality to medical

treatments.

INTRODUCTION

In many ways, the approach to chest pain has mirrored
that of axial pain. The reliance on the biomechanical
model has now been coupled with a growing awareness of
the cognitive aspects, their effect on disability, and quality
of life in both the cardiac and noncardiac causes of chest
pain.

When faced with this common clinical presentation,
angina pectoris comes to mind and it is apposite to
remember that etymologically this shares a common
Greek origin with anxiety and anguish. Widening appre-
ciation of this has been reflected in the initiation of a
more multidisciplinary approach to the assessment of the
cardiac patient in particular.

This chapter deals with pain originating in the anterior
part of the chest cavity and with pain referred from

somatic structures. Pain of a referred neuropathic nature
is dealt with in Chapter 30, Chronic pain after surgery
and Chapter 32, Herpes zoster pain including shingles
and postherpetic neuralgia, as well as postcardiothoracic
surgery pain, and will not be discussed here.

ETIOLOGY AND EPIDEMIOLOGY

There are multiple structures within the chest from where
a pain may originate (Table 39.1). In a primary care
setting:1, 2

� between 20 and 48 percent of consultations for chest
pain were thought to be musculoskeletal in origin;

� 13–30 percent gastroesophageal reflux;
� 13 percent costochondritis;



� 10–17 percent cardiac cause/stable angina pectoris;
� 1.5 percent unstable angina pectoris/myocardial

infarction;
� 9.5 percent undiagnosed.

It has been estimated that 12 percent of the population
will experience chest pain lasting more than 24 hours in a
six-month period.3 The majority of resources are directed
to the diagnosis, treatment, and exclusion of the cardiac
causes.

The healthcare economics of chest pain have not been
widely studied. In the United States, there are over 4.6
million visits a year to emergency departments for non-
traumatic chest pain.4 In 1998, Medicare beneficiaries
were paid nearly US$11 billion for coronary artery dis-
ease.5 A Swedish study of over 1000 patients attending a
university hospital emergency department, with cardiac
chest pain6 for assessment and therapy, on average cost
26,800 SEK (h2900, US$3000, or £1900) per visit.

ASSESSMENT

Clinical history remains the main tool in the diagnosis of
chest pain. Patients with clinical history suggestive of a
cardiac origin undergo more extensive examination and
diagnostic tests.2

The use of resources in health care is directed towards
cardiac causes of chest pain despite its low frequency
among chest pain diagnosis. Up to 30 percent of patients
who present with chest pain lack coronary disease7 in
angiogram. However, work by Wright et al.8 lends some
justification towards this. They looked at the cost in
health care generated by patients with chronic chest pain.
They examined the impact of coronary artery angio-
graphy in subsequent requests for medical services and
prescription drugs. They reported that over a period of
2.5 years postcoronary angiography there was a significant
reduction in attendances to emergency services and pre-
scription of oral and topical nitrates compared to the
same length of time before angiography.

Psychological problems and coronary artery disease
have been found to correlate. Anxiety, depression, and
reduced quality of life are associated with angina and
are independent outcome predictors of coronary

angiographic findings. Patients with chest pain where no
organic cause can be found have a higher proportion of
panic disorders (15 percent), obsessive-compulsive dis-
order (21 percent), and major depressive episodes (28
percent).9 Recurrent panic disorders may be linked to
coronary artery disease,10 and these patients have been
found to be twice as likely to have coronary artery disease
than the general population.11 Patients with diagnosed
depressive disorder and panic attacks have a tendency
towards a three-fold increase in the risk of coronary artery
disease, although that was not statistically significant.11

Recently, a study carried out in the emergency room on
patients diagnosed with nonspecific chest pain found that
these patients scored highly for anxiety in the Hospital
Anxiety and Depression Scale (HADS) and were more
likely to report other symptoms accompanying the chest
pain, such as dizziness, chills, hot flushes, or fear of
dying.12 Patients with chronic chest pain have been found
to report passive pain-coping strategies, express an
exaggerated degree of spouse reinforcement, and report a
lower pain threshold when compared to other pain suf-
ferers, including coronary arteriopaths.13 There is a
growing recognition that stable coronary pathology and
chest pain of other origins deserves a more multi-
dimensional approach to reduce its burden on patient
and society alike.

ANATOMICAL NOTES

The human heart is estimated to contain more than
14,000 neurons14 of autonomic origin. The sympathetic
supply is via the cervical and upper thoracic sympathetic
chains. The parasympathetic supply is via the vagus nerve.
Both merge together to form the cardiac plexus which is
an intricate network embedded in the tissues of the
myocardium and the coronary and mediastinal vessels.
This plexus is formed by afferent and efferent fibers
that include chemoreceptors, pressoreceptors, mechan-
oreceptors, and pain receptors. These are connected by a
number of pathways to the central nervous system (CNS).
The stellate ganglion is the fusion of the inferior cervical
and the superior thoracic. It can be identified consistently
in normal persons.15 There are four cardiac rami from the
T2–T6 segment of the thoracic sympathetic trunk that

Table 39.1 Structures within the chest from where a chronic chest pain may originate.

Visceral Somatic Referred

Heart, pericardium, great vessels Musculoskeletal

system

Somatic from cervical or thoracic spine

Upper gastrointestinal system: pharynx,

esophagus, stomach, pancreas, liver, and

gallbladder

Neuropathic from thoracic nerves

Respiratory system and pleura: trachea,

bronchi, lungs, and pleura
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also form part of the deep cardiac plexus.16, 17 Recent
work has elucidated more details of these pathways, but it
is apposite to remember that silent ischemia often coexists
with painful ischemia in the same patient. The evidence
suggests that there is no correlation between the degree of
pain and the severity of the lesion or ischemia.18

VISCERAL CHEST PAIN: CARDIAC

Refractory angina pectoris

The European Society of Cardiology defines refractory
angina pectoris (RAP) as ‘‘a chronic condition character-
ized by the presence of angina caused by coronary insuf-
ficiency in the presence of coronary artery disease that
cannot be controlled by a combination of medical therapy,
angioplasty and coronary bypass surgery.’’ The presence of
reversible myocardial ischemia should be clinically estab-
lished to be the cause of the symptoms. Chronic is defined
as a duration of more than three months.19, 20 Later defi-
nitions have included when revascularization is unfeasible
or where the risks are unjustified.

INCIDENCE

As patients with angina pectoris live longer, the pre-
valence of this condition increases.21 They often have
good ventricular function and thus good prognosis. These
patients are traditionally males in their sixties who have
had multiple hospital admissions and high usage of
healthcare resources. The incidence and admission rates
of patients with myocardial infarction are both declining,
but those of angina pectoris are on the increase.20 The
absolute prevalence of RAP is unknown, but may be in
the region of 5:100,000 in the UK. It is estimated that
5–10 percent of patients with unstable angina will develop
refractory angina.20 In Europe, there are estimated to be
30–50,000 patients each year, and for the United States,
25–75,000.19 In 1995, the Swedish Council of Technology
Assessment in Healthcare showed that 9.6 percent of

patients referred for revascularization were not suitable,
despite severe symptoms.22

ASSESSMENT

This is essentially clinical. Assessment of these patients
should be directed to determining the certainty of the
diagnosis, the suitability of the medical therapy, revascu-
larization procedures, and the assessment of other organic
or psychological diagnosis. Patients with refractory angina
pectoris often have a poor quality of life. Anxiety
and depression20 are prevalent in this population. Moore
et al.23 documented this to be up to 50 and 33 percent,
respectively, for refractory angina, higher when compared
to sufferers of other chronic painful conditions.24

The development of multidisciplinary teams and the
growing realization of the palliative nature of several
secondary cardiac interventions have helped increase
awareness of refractory angina and the therapeutic
options.25 Specialist angina services provide a link
between these disciplines and help provide a consistent
message and approach to the patient.

THERAPEUTIC OPTIONS

Table 39.2 summarizes the evidence for the different
therapeutic options for refractory angina pectoris.

Cardiac rehabilitation and angina plan

The aim of cardiac rehabilitation is to provide compre-
hensive care including secondary prevention through
active risk factor management, physical reactivation, and
psychosocial support.51 This approach is recognized by
the American College of Cardiologists (www.amer-
icanheart.org) and the European Society of Cardiology.26

The UK Department of Health expects that chronic
disease management programs will reduce emergency
hospital bed day admissions by 5 percent by 2008.52

The benefit of mechanical enhancement of patients’
own vasculature is often an embedded belief, as is the
inevitability of further deterioration leading to increased

Table 39.2 Management of refractory angina pectoris.

Therapy Supporting evidence

Angina plan 26[I], 27[IV], 28[II], 29[II], 30[III]

Spinal cord stimulator 19[III], 31[II], 32[I], 33[IV], 34[IV], 35[II], 36[III], 37[I], 38[IV]

Transmyocardial laser revascularization 20[I], 39[II], 40[III]

Transcutaneous electrical nerve stimulation 20, 41[II]

Transcutaneous laser revascularization 42, 43, 44, 45[II]

Thoracic epidural 20, 46[III]

Left stellate ganglion block 20, 47, 48[III]

Thoracic sympathectomy 20, 49[III]

Radiofrequency (RF) sympathectomy 50[III]
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morbidity and mortality. These often tightly held views
should be addressed.53 It would be interesting to speculate
a more extensive cognitive approach earlier in the patients
who go on to develop RAP, in parallel with traditional
approaches of cardiac intervention which may effect a
more enhanced quality of life and a reduction in use of
healthcare resources. This would be supported by the
work of Lewin27 after the initial diagnosis of angina and
the more recently proposed angioplasty plan.

The angina plan27 is a cognitive-behavioral therapy
(CBT) package developed to address the risk factor and
belief misconceptions in angina sufferers. A facilitator
interview is followed by telephone contacts. This has been
demonstrated to reduce anxiety, glyceryl trinitrate (GTN)
consumption, physical limitations, and enhance lifestyle
modifications.29 Brief disease management interventions
have also shown reduced hospital admissions. A study of
271 chronic refractory angina patients showed that
enrolment in a disease management course led to a
reduction from 2.4 to 1.78 admissions per patient per year
(po0.001). The overall mortality during the study was
lower than that of comparable groups treated with sur-
gery. These disease-modification strategies resulted in a
reduction of hospital costs per year of £1337 per patient
per year.53 Further cognitive-behavioral work in this
patient group has shown that at six months follow up the
differences in mood and activity were not as marked as
before, but the attitude towards and understanding of
their disease was more positive in the group that had
undergone CBT,28 which suggests that continued educa-
tion might be necessary to maintain these benefits.
Overall, there is level I evidence of the merits of this
intervention.29[II], 30[I]

Sympathetic blockade

Sympathectomies were first tried in 1964, when Apthorp
et al.54 reported that they relieved the angina pain in
about 75 percent patients. Sympathetic blockade can be
achieved by thoracic epidural, paravertebral block, sym-
pathectomy, or stellate ganglion blockade.

Local anesthetic stellate ganglion blocks are reported to
provide repeated benefit47 for some patients, although the
overall improvement only lasted a mean of 3.48 weeks.48

In our own practice, the number of patients who
experience a benefit longer than one month is low, but it
can be used for acute exacerbations. It has a proven effect
on symptoms, but not on ischemia.36, 37[III] Thoracic
paravertebral block are reported to provide satisfactory
analgesia for a mean duration of 2.8 weeks with a follow
up of up to two years, with a complication rate of 3
percent.48

There has been some interest in endoscopic thoracic
sympathectomies,49 despite the promising results shown
by one study20[III] as the number of patients included
was small and the follow up was limited to six months.
One case series looked at percutaneous radiofrequency
thoracic sympathectomy as a less invasive technique with

good results,50 but further randomized evidence is lack-
ing. High thoracic epidural anesthesia (HTEA) was
initially described as a low-risk alternative to surgical
thoracic sympathectomy.46 Employing an indwelling
catheter with intermittent boluses or continuous infu-
sions that allowed the patients to be discharged from
hospital, HTEA has an effect both on symptoms and on
ischemia.46[III] The evidence relates mainly to its use in
acute unstable angina pectoris. Its use in a chronic setting
is limited by the fact that it is usually administered via an
infusion pump.

Transcutaneous electrical nerve stimulation

It is often thought that chest pain after provocation that
disappears totally after 30–60 seconds of high-intensity
stimulation is a strong indicator of ischemic origin.
Manheimer et al.’s41 randomized unblended study of 22
patients revealed a significant reduction in angina epi-
sodes (17 percent) and an increased exercise tolerance (15
percent).

The most frequent side effect of transcutaneous elec-
trical nerve stimulation (TENS) is the development of
skin reactions to the adhesive of the pads and skin sen-
sitivity to the effect of the electrical current. Its efficacy
may be limited if there is cutaneous change following
left internal mammary artery (LIMA) harvest. These
often limit the long-term use of this therapy, and
spinal cord stimulation appears to be less problematic
in this respect.20 TENS has a documented effect on
symptoms.20[V]

Spinal cord stimulation

Spinal cord stimulation (SCS) has been used since the early
1970s and applied to refractory angina pain since 1985.38

Studies have shown improved quality of life,31, 32, 35, 38

reduction in hospital admission rates,33, 38 comparable
mortality for patients with similar degree of coronary
artery disease, and symptoms controlled by medical or
surgical means.31, 55, 56 Studies have also demonstrated that
these do not mask the symptoms of an acute coronary
event.33 A review by a Working Group of the European
Society of Cardiology recommend spinal cord stimulation
treatment for refractory angina pectoris.34[V] Despite
evidence in favor of the use of spinal cord stimulators, they
are only effective in around 75 percent of patients with
refractory angina pectoris.19, 57 Factors predictive of good
outcome have been suggested as left ventricular ejection
fraction 440 percent, low cholesterol levels, fewer
attempts at revascularization before the procedure, and a
lower New York Heart Association (NYHA) grade.55, 56, 58

The mechanism of action is complex. An increase in
myocardial perfusion during exercise is not thought to be
the cause of the improvement as demonstrated by posi-
tron emission tomography (PET).59 However, some
authors still postulate that the mechanism of action is by
increasing oxygen supply via vasodilatation of micro-
vasculature.57
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Bagger et al. conducted a study to evaluate the effect of
long-term spinal cord stimulation at increasing the
threshold for angina.35, 60 They found that after per-
forming atrial pacing, the pacing threshold for angina was
increased by 50 percent in 70 percent of patients.32, 35

However, this effect only lasted between three and nine
months after which, despite paresthesia within the area of
the pain, only 40 percent still had angina pain relief. These
40 percent still had benefit at 60-month follow up.

An Italian registry of SCS for RAP was established by
Di Pedre and colleagues36 who documented a reduction
in weekly angina episodes in greater than 50 percent and
an improvement in Canadian Cardiovascular Society
angina class by at least one class in 80 percent.

The Electrical Stimulation versus Coronary Bypass
Surgery (ESBY) study compared spinal cord stimulation
with coronary artery bypass graft (CABG) in patients
considered to derive only symptomatic benefit from
CABG. There was no difference in long-term outcome
between these therapies in terms of mortality or in
improvement of quality of life, which significantly
increased in both arms. The CABG group had sig-
nificantly more cerebrovascular complications (16 versus
4 percent) and periprocedural morbidity (14 versus 2
percent). The CABG had less ischemic changes on stress
testing, but the SCS group did not have active stimulation
during the tests.37 Larger studies have shown consistent
findings with these results in regards of safety of the
treatment,38 reduction in nitroglycerin intake in follow up
over 18 months, and reduction in the number of angina
attacks.19, 32, 35, 38

Spinal cord stimulators are susceptible to failure.
Studies quote that during these episodes the intake of
nitrates escalated, as did the frequency of the angina
attacks. Both variables returned to normal upon restitu-
tion of stimulation. No evidence of tolerance has been
found, and the beneficial effects of spinal cord stimulation
are suggested to be due to factors other than placebo.35, 61

Cost-effectiveness of spinal cord stimulation has been
evaluated in several healthcare economies. Taking into
consideration the reduction in hospital admissions, as
well as the reduction in prescriptions, it is thought to be
cost-effective.38 The expense of the procedure and the
device was recovered within 16 months of insertion.
However, these conclusions were based on retrospective
analysis.38

Enhanced external counter pulsation

Acting in the same way as aortic counter pulsation, this
technique augments blood flow during diastole. The
technique involves cuffs compressed in early diastole for
up to 35� 1-hour sessions. There have been several stu-
dies of enhanced external counter pulsation (EECP). A
multicenter study (MUST-EECP) of 139 patients
decreased anginal episodes by 25 percent (po0.035) when
compared to sham EECP.62 The technique has a number
of contraindications and is limited by availability, but has

been licensed by the Food and Drug Administration
(FDA) for RAP.

Pharmacological strategies

With emerging pharmaceutical strategies, optimization of
the patient’s medical regime should always be considered.
Optimizing the medical treatment has shown to reduce
the pain in 83 percent of patients with unstable angina
and in 44 percent of patients referred for transmyocardial
laser revascularization.20 Fatty acid oxidation inhibitors,
L-arginine, testosterone, and estrogens have all been used
to impact on stable angina-like symptoms. Opioids have
been advocated, but there is little formal evidence to
support their use in RAP. In our center, antihyperalgesics
have been employed with benefit, although it has been
difficult to establish if these are addressing the pain or the
associated anxiety and depression. Anecdotally, the tri-
cyclics seem to be tolerated well in this patient cohort.

Other therapies

� Intermittent urokinase: 500,000 IU i.v. three times a
week, for 12 weeks. There is limited evidence, but
some studies have suggested that it could reduce
angina episodes by 70 percent and the need for
nitrates by 84 percent. Authors advocate that the
benefit is from improvement in the rheological
properties of blood and improved blood flow.63[IV]

� Laser revascularization: This consists of drilling
channels into the myocardial wall with laser and has
been performed transmyocardially (transmyocardial
revascularization, TMR) via a minithoracotomy or
percutaneously (percutaneous revascularization,
PMR).
– Randomized, but not sham, trials in TMR have

shown significant improvements by two angina
classes at 12 months by Allen et al.39 (76 versus 32
percent; po0.001) and Frazier et al.40 (72 versus
13 percent; po0.001). However, overall, no
improvement in myocardial supply had been
demonstrated and did not consistently improve
exercise tolerance, dyspnea, or left ventricular
function.20 The placebo effect cannot be excluded
as a mechanism.

– In PMR, a laser fiberoptic lead is introduced
through the peripheral artery into the left
ventricle, and the channels are created with
fluoroscopic and TOE guidance. A randomized
unmasked trial looking at the effect of PMR, the
PACIFIC trial, did reveal a reduction in angina
class and an increase in exercise tolerance, but was
associated with more morbidity in the PMR arm.
However, sham randomized trials have not
consistently reproduced this finding.42, 43, 44, 45 On
this basis, PMR has not gained FDA approval.

� Gene therapy: This is still experimental, although
several studies have shown encouraging results in
terms of decrease in angina class. The Angiogenic
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Gene Therapy (AGENT-2) trial and the vascular
endothelial growth factor in ischemia for vascular
angiogenesis (VIVA) trial have included placebo arms
and revealed significant changes in ischemic defect
and angina class, respectively, but further work is
needed with clinical efficacy and immunological
security.64, 65

Syndrome X

Syndrome X is the combination of anginal chest pain,
abnormal exercise testing, and normal coronaries on
angiography. It appears to be more prevalent in women,66

who tend to complain of symptoms after the menopause.
Despite presenting angina on exertion and nearly 50
percent cases also at rest, only 40 percent benefit from
sublingual nitrates during an episode of pain.66 However,
in a follow up of up to seven years, no acute coronary
events or deterioration of cardiac function were found in
a study that included 99 patients.66

The psychological impact of Syndrome X is widely
acknowledged.67 The use of a CBT approach has been
shown to reduce symptom severity and frequency while
improving mental state, quality of life, and increase social
activities.30, 68 Unlike RAP, a brief intervention CBT
program did not show any benefit, although this was
undertaken closely following angiographic assessment.69

An Italian group has tried spinal cord stimulation on
the basis that it is an accepted therapy for refractory
angina pain.70 They found a reduced frequency of attacks
and consumption of nitrates, and an increased exercise
tolerance, threshold for angina pain, and overall
improved quality of life. On this basis, they recommend
that spinal cord stimulation be offered to patients with
refractory angina pectoris and normal coronary arteries
on angiography.

The management options for Syndrome X are
summarized in Table 39.3.

VISCERAL CHEST PAIN: PERICARDIUM AND
GREAT VESSELS

Pericarditis is an inflammation of the pericardium that is
classically acute. A recurrent pericarditis with acute

episodes lasting many years has been described. This term
includes two clinical entities. Incessant pericarditis refers
to pericarditis that relapses within six weeks of any
attempt to reduce anti-inflammatory treatment. Inter-
mittent pericarditis refers to those patients who have
episodes where for more than six weeks while on no
treatment they remain free from symptoms.79 The inci-
dence is 15–32 percent of the cases of acute pericarditis.79,
80 Recurrent pericarditis is often associated with an
autoimmune process.

Clinical features

Although they may have suffered an effusion, cardiac
tamponade, cardiac failure, or cardiac arrhythmias during
the first episode, they rarely suffer them during the
relapses that often give only disabling chest pain with
raised inflammatory markers in blood tests.79 Con-
strictive pericarditis is not a feature of repeated episodes
of recurrent pericarditis, and the prognosis is good with
severe complications seen only rarely despite the severe
impairment to quality of life.79

Diagnostic tests are not currently recommended
unless there are multiple relapses and failure to improve
with nonsteroidal anti-inflammatory drugs (NSAIDs).
In those cases, aspiration of pericardial fluid may be
indicated.81

Therapeutic options

The treatment hardly ever needs to be administered on an
in-patient basis. Current evidence suggests treatment with
NSAIDs and colchicine.80, 82[II] Colchicine has reduced
the incidence of recurrence at 18 months from 32.3 to
10.7 percent.80, 82 High-dose steroids used to be advo-
cated, but they have been abandoned as a routine treat-
ment because of the side-effect profile. These are best
reserved for cases resistant to conventional treatment and
some authors suggest they are better administered intra-
pericardially.83 A published case series of pericardiec-
tomies failed to improve the symptoms,84 suggesting
surgical treatments are not routinely indicated.

Table 39.3 Management of Syndrome X.

Treatment Supporting evidence Treatment Supporting evidence

b-blockers 71, 72[III] Estrogens [III]73

ACEI 71, 72, 74[III] Transcutaneous electrical nerve stimulation [III]75

Tricyclic antidepressants 76[III] PMP/cognitive-behavioral therapy [III]77

Spinal cord stimulation 70, 75[III] Nitrates [V]66, 70

Ca21 channel blockers 72, 78[III] Adenosine antagonists [V]78

PMP, Pain Management Program.
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VISCERAL CHEST PAIN: ESOPHAGEAL AND
STOMACH

Pathophysiology

Both cardiac and esophageal causes of chest pain may
coexist or have overlapping symptoms. Both can present
with similar qualities, similar distribution, and dyspnea.85

In order to establish that esophageal disease is the cause of
angina-like chest pain, four criteria must be fulfilled.

1. The patient must have symptoms consistent with
angina pectoris.

2. A cardiac basis for the symptoms must be
excluded.

3. A cause–effect relationship between chest pain
and esophageal abnormality must be established.

4. The correction of the esophageal problem should
result in relief from the chest pain.86

Physiological stimuli in the healthy gastrointestinal tract
are not painful. Some of the different etiologies that have
been postulated for noncardiac chest pain related to the
upper gastrointestinal tract include acid reflux, esophageal
motor disorder, altered pain threshold/hypersensitivity,
and psychiatric dysfunction.87 Although 64 percent of the
episodes of chest pain in different studies do not correlate
with any esophageal abnormality that could be found
on routine testing, 20 percent of the episodes could be
correlated with pH abnormalities and 12 percent of the
episodes could be correlated with motility abnormalities.88

Etiology and management

The most common etiology is thought to be occult gas-
troesophageal reflux disease that affects up to 40 percent of
these patients.7, 87, 89 Some of these patients have clinical
features consistent with the disease, but pH studies have
shown normal results,87 although up to 53 percent of
patients with undiagnosed noncardiac chronic chest pain
have abnormal lower esophageal sphincter and up to 44
percent have abnormal pH proximal to the lower esopha-
geal sphincter.89 It is possible to have a negative pH study at
rest that transforms into a positive study with an exercise-
induced incompetent lower esophageal sphincter.86

Studies have suggested that in view of the high pre-
valence of gastroesophageal reflux disease in patients with
noncardiac chest pain, it is recommended that a trial of
proton-pump inhibitors (PPI) be conducted for four to
eight weeks.7, 87, 90 This has proven to be cost-effective
beyond one year7 when compared to investigations for
gastrointestinal causes. Furthermore, when compared
against placebo, the arms treated with PPI consistently
showed a reduction in frequency and intensity of chest
pain,90 although some of the studies only included
patients with known gastroesophageal reflux disease.

Very little relation has been found between chronic
noncardiac chest pain and abnormal esophageal function.91,
92 Based on the lack of correlation between chest pain and
positive findings in esophageal motility tests, together with
the demands imposed in patients for these tests and the
poor cost–benefit ratio,93 routine testing for esophageal
motility in patients with undiagnosed chronic chest pain is
not routinely recommended. Furthermore, although these
tests can sometimes identify the esophagus as the cause of
the pain, they do not direct therapy and they lack a gold
standard to compare as normal reference point.94

Some studies have shown disappointing results when
targeting chronic chest pain with therapies aimed at
treating esophageal pain.95, 96 These trials have not inclu-
ded PPI and the poor response rate may be related to the
small proportion that has positive provocation studies in
which a smooth muscle relaxant may prove beneficial. This
benefit is seen in long-term follow up and the physiological
benefit of a reduction in spasm of the esophageal wall
does not always translate into a reduction in reported
chest pain.95 Another drug that has been used as part of
diagnostic esophageal tests is the spasmomimetic agent
edrophonium, but this appears to produce chest pain
symptoms, as well as alterations in esophageal motility.97

Other patients have other esophageal motor disorders
that do not fit into any diagnostic categories. One study
reported that in 72 percent of these patients, botulinum
toxin injections at the gastroesophageal junction can be
beneficial for up to 18 months. The mean duration of a
benefit 450 percent was just over seven months.98 Stress
can induce an increase in esophageal pressures and this
increase seems to be greater when the stress is related to
cognitive problems.99

Table 39.4 provides a comparison of angina and eso-
phageal chest pain.

Table 39.4 Comparison of angina and esophageal chest pain.100

Pain description Angina Esophageal pain

Time-course Short Often prolonged

Site and radiation Precordium, jaw, arm Retrosternal, precordium, jaw, arm

Character Pressure, tight, band-like, fear Burning, pressure

Provoking factors Exercise, stress, food, cold, rare at night Food, posture, rare exercise, often at night

Relieving factors Rest nitrates Nitrates, antacids
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SOMATIC CHEST PAIN: MUSCULOSKELETAL

After coronary artery disease and gastroesophageal
reflux, the next most common cause is musculoskeletal
chest wall syndromes. Around 70 percent of these patients
have chest wall tenderness on palpation that in up to 16
percent can resemble classical angina.101 The most com-
mon areas of musculoskeletal chest pain are sternum,
xiphoid, left costosternal junctions, and left anterior
chest wall.101

A musculoskeletal cause for a chest pain is suspected
when the pain is specific of certain postures or move-
ments or activities. Physical examination often finds
tenderness to palpation over the structure that is the
source of the pain.102

Etiology

The most common cause of musculoskeletal chest pain is
costochondritis, with an incidence of up to 30 percent of
all musculoskeletal chest pains,103, 104 with inflammation of
the costal cartilages and up to 42 percent of patients with
recurrent costochondritis complaining of widespread
pain.103 In a number of patients the chest pain still prevails
once the clinical signs of costochondritis have subsided.
The incidence of costochondritis has risen steadily in the
last few years because of an increase in the abuse of
intravenous recreational drugs, mainly heroin.105, 106, 107

Other conditions that predispose to costochondritis are
diabetes, sepsis, following cardiothoracic surgery and
medications. There have been an increasing number of
case reports of patients with costochondritis secondary to
Pseudomonas aeruginosa, Candida albicans,106 Salmonella
pertusis,108 and Escherichia coli.109

The main symptom is pain or tenderness in the front
of the chest that is normally sharp, exacerbated by pres-
sure and movement of the chest wall. It can affect more
than one costal cartilage. Tietze’s syndrome is an entity
similar to costochondritis. The main difference is the
presence of swelling of the affected area with Tietze’s
syndrome that does not exist in costochondritis.

Treatments include conservative and interventional,
and anti-inflammatory treatment both with steroids and
nonsteroids has been described. Sulfasalazine (sulphaza-
lazine) shows some evidence of being helpful in long-term
treatment.110[V] Interventional treatments that have been
reported in four ‘‘illustrative’’ cases and include debri-
dement, rib excision, chest wall en-bloc excision, and flap
reconstructions111 have been suggested in advanced cases.
Most patients will achieve spontaneous resolution within
a year,112 so surgery must be regarded with considerable
suspicion.

SOMATIC CHEST PAIN: REFERRED

With an estimated prevalence in the general population of
66 percent, spinal pain is another possible etiology of

chronic thoracic pain.113 It has been estimated that 15
percent of spinal pains originate in the thoracic spine.114

Of those, it has been suggested that nearly half originated
in the zygoapophyseal joints.115, 116 Painful cervical facets
were the cause of the pain in 55 percent of patients with
neck pain and 42 percent patients with thoracic pain.116

Manchikanti et al.116 found this to be more prevalent in
people with sedentary jobs. The diagnosis is made by
exclusion of other pathologies and a high index of sus-
picion since there are no defined clinical or radiological
features.117 There have been descriptions of patterns of
distribution of this pain in healthy volunteers, and these
are mainly centered on the back.118, 119

OTHER ETIOLOGIES OF CHEST PAIN

These are summarized in Table 39.5.
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KEY LEARNING POINTS

� Abdominal, groin, and perineal pain can be of visceral,

neuropathic, musculoskeletal, related to cancer or

psychogenic origins.
� Visceral pain is poorly localized and evokes strong

autonomic and emotional responses.

� There is poor correlation between visceral pathology and

reports of visceral pain.
� The principles of the management of visceral pain are

similar to those of other painful conditions.

INTRODUCTION

Scope

Chronic pain localized to the abdomen, groin, and/or
perineum can have multiple etiologies ranging from focal
sites of inflammation to idiopathic systemic diseases1

(Box 40.1). These pains fall within the practice of vir-
tually every medical specialty and are some of the most
common presenting symptoms for the primary care
physician. Pain experienced in the abdomen, groin, and/
or perineum may arise from pathology of the nervous
system innervating those structures or may originate in
the viscera, vascular structures or musculoskeletal-
articular stuctures in the region. Psychological dis-
turbance frequently manifests as complaints of abdominal
discomfort as evidenced by common usage of the term
hypochondria as ‘‘imagined illness’’ when the term ana-
tomically refers to the mid-upper abdomen. Stress clearly

affects visceral sensation but acts more often as an
exacerbator rather than generator of pain.2 Other por-
tions of this text address cancer-related pain, gynecolo-
gical (pelvic) pain, chest (thoracic visceral) pain,
neurological pain, psychogenic pain, spine-related pain,
and pain syndromes occurring as complications of sur-
gery (e.g. a neuroma following hernia repair); all of which
can be causes of abdominal, groin, and perineal pain. As a
consequence, this chapter will focus on pains arising from
nongynecologic abdominal and pelvic viscera. The disease
states of chronic pancreatitis, the irritable bowel syn-
drome and interstitial cystitis will then be discussed in
depth as ‘‘archetype’’ chronic disease states, since these
entities are illustrative of general phenomena present in
patients presenting with chronic or recurrent abdominal,
groin, and/or perineal symptomatology and therefore
serve as examples of diagnostic workups and therapeutic
modalities. Numerous other painful disorders with
abdominal, groin, or perineal symptomatology will then



Box 40.1 Sources of chronic abdominal, groin, and perineal pain

Infectious-inflammatory pain states
Esophagitis (XIX-4; XIX-5)
Gastritis and duodenitis (XXI-14)
Chronic gastric ulcer (XXI-4)
Chronic duodenal ulcer (XXI-5)
Radiation enterocolitis (XXI-16)
Crohn’s disease (XXI-9)
Ulcerative colitis and other colitis/ulcer (XXI-17)
Diverticular disease of the colon (XXI-12)
Chronic pancreatitis (XXI-19)
Ulceration of anus or rectum (XXV-5)
Gallbladder disease (XXI-2)
Pain from urinary tract – kidney stones (XXIV-10)
Subphrenic abscess (XIX-1)
Tuberculous peritonitis (NC)

Functional pain states
Postgastric surgery syndrome, dumping (XXI-18)
Postcholecystectomy syndrome (XXI-3)
Dyspepsia and other dysfunctional disorders in
stomach (XXI-15)
Irritable bowel syndrome (XXI-11)
Chronic constipation – fecal impaction (XXI-10)
Proctalgia fugax (XXV-4)
‘‘Adhesions’’ (NC)

Musculoskeletal origin
Thoracic, lumbar and sacral spinal disease (X,
XXVI, XXVII)
Slipping rib syndrome (XVII-10)
Abdominal muscle wall (I-18, I-34)

Other pain states
Herniated abdominal organs (XIX-2)
Aneurysm of the aorta (XVII-7)
Chronic mesenteric ischemia (XXI-8)
Hepatic capsule distension secondary to cardiac
failure (XXI-1)
Injury of external genitalia (XXV-6)
Pain due to hemorrhoids (XXV-3)
Hydronephrosis – urinary bladder distension
(XXIV-10)
Interstitial cystitis (NC)

Abdominal pain of chest-related origin
Cardiac (XVII-4,5)
Pericarditis (XVII-6)
Diaphram (XVII-8; XIX-2)
Esophageal (XIX-3,4,5)

Generalized disease origin
Familial Mediterranean fever (XXII-1)
Intermittent acute porphyria (XXII-3)
Variegate porphyria (XXII-5)
Hereditary coproporphyria (XXII-4)
Systemic rheumaticologic (I-8; I-27)

Fibromyalgia (I-9)
Lead poisoning (NC)
Adrenal insufficiency (NC)

Due to cancer
Esophagus (XVII-9)
Stomach (XXI-6)
Colon (XXI-13)
Rectum (XXIX-5)
Pancreas (XXI-7)
Liver or biliary system (XXI-21)
Kidney (XXI-22)
Urinary bladder (XXIV-12)
Prostate (XXV-7)
Testicular (NC)
Spinal involvement (X-3, XXVI-3, XXIX)
Other metastatic including carcinomatosis (NC)

Gynecological pain
Mittelschmerz (XXIV-1)
Secondary dysmenorrhea (XXIV-2)
Primary dysmenorrhea (XXIV-3)
Endometriosis (XXIV-4)
Posterior parametritis (XXIV-5)
Tuberculous salpingitis (XXIV-6)
Retroversion of the uterus (XXIV-7)
Ovarian pain (XXIV-8)
Injury of female external genitalia (XXV-6)
Vaginismus or dyspareunia (XXIV-11)
Chronic pelvic pain without obvious pathology
(XXIV-9)

Neurologic origin
Acute herpes zoster (XX-1)
Postherpetic neuralgia (XX-2)
Peripheral neuropathy (I-1)
Central pain (I-6)
Segmental or intercostal neuralgia (XX-3)
12th rib syndrome (XX-4)
Abdominal cutaneous nerve entrapment syndrome
(XX-5)
Abdominal migraine (XXII-2)
Postsurgical neuroma (NC)
Painful scar (I-26)
Neuralgias of iliohypogastric, ilioinguinal,
genitofemoral nerves (XXV-1)
Guillain–Barré syndrome (I-36)

Pain of psychological origin (XXIII-2; XXIII-3; XXIII-4;
XXV-2)
Pain of uncertain origin (NC)

Roman numerals in parentheses indicate classification per Merskey
and Bogduk.1 NC indicates not classified.
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briefly be discussed as ‘‘correlates’’ of the archetypal dis-
orders. Various useful reviews are referenced in relation to
the disorders discussed in this chapter and general state-
ments will be referenced to those reviews. Prior to the
discussion of ‘‘chronic’’ disorders, a brief discussion
of pancreatic cancer will be presented as it serves as a
contrast to most of the other conditions which are con-
sidered to be nonlife-threatening and associated with
significant psychopathology such as anxiety, depression,
and substance abuse.

General evaluation of abdominal pain

Abdominal pain is a common presenting symptom for the
clinician. Primary evaluation includes an interview to assess
the acute versus chronic nature of the complaints, exacer-
bating and ameliorating factors, and definition of coexist-
ing disease. Chronic use of medications which alter bowel
motility is meaningful. A detailed clinical history alone will
result in a functionally accurate diagnosis in most patients.3

Palpation of the abdomen can identify abdominal wall
rigidity suggesting a peritoneal process, distended bowel, or
underlying masses suggestive of neoplastic, infectious or
obstructive processes and localizable tenderness which may
suggest a particular organ system. Auscultation of bowel
sounds may suggest the presence or absence of gastro-
intestinal motility and give evidence for obstruction. Rectal
and pelvic exams may give additional information related
to local pathology. Neurological examination may
demonstrate evidence of neuropathy or localized radicu-
lopathy. Basic laboratory examinations include testing for
fecal blood, urinalysis, blood cell count with white cell
differential, serum amylase/lipase levels, electrolytes, and
liver function tests. Radiographic evaluations, other tests,
endoscopic evaluations, ultrasonography, paracentesis, or
advanced imaging studies would be dependent upon the
persistence or progression of complaints.

ARCHETYPE DISORDERS

Pancreatic cancer

A full discussion of this subject is found in the Cancer
Pain volume of this series.

Most tumors of the pancreas arise from exocrine tis-
sue, primarily ductular epithelium with only rare cases of
endocrine pancreatic tumors. In experimental animals,
pancreatic cancer can be induced by several compounds
(e.g. nitrosoureas) but no specific agent has been con-
clusively linked to its development. There is indirect
evidence that tobacco use increases the incidence of
pancreatic carcinoma and links have been made with
hepatobiliary disease, diabetes mellitis, fatty foods, and
alcohol ingestion, but conclusive evidence is still lacking.
Nonsteroidal anti-inflammatories, increased intake of

fruits and vegetables, and physical activity reduce risks of
developing this cancer.4 A premalignant condition for
pancreatic cancer may be chronic pancreatitis but this has
only been definitively demonstrated for patients with
hereditary pancreatitis.5 Pancreatic cancer occurs more
frequently in males (2:1), in blacks, and in peoples of
developed countries. The mean age at diagnosis is 55. It is
the second most common cancer of the gastrointestinal
tract and ranks fifth among cancers as a cause of death.

The classic presentation of pancreatic cancer4 located
at the head of the pancreas (70 percent of these tumors) is
the triad of abdominal pain, weight loss, and jaundice due
to obstruction of the biliary system. Epigastric tenderness
and a palpable gallbladder or abdominal mass may be
present, but in general there are no definitive findings on
physical exam. Cancer in the body or tail of the pancreas
may be associated with venous obstruction, portal
hypertension, and/or bleeding. The abdominal pain is
described as persistent and typically located in the middle
of the upper abdomen and may have radiation through to
the back. It can be dull and achy, gnawing, or have a
cramping, colicky sensation. Pain is moderate to severe in
20–30 percent of patients at the time of presentation and
is severe in 480 percent with advanced disease.6 Weight
loss may be profound and malabsorption is frequently
noted. Due to its location and the typically asymptomatic
nature of this cancer, tumors are often quite advanced and
deemed unresectable at the time of presentation. Non-
specific and vague complaints such as nausea, aches, or
weakness often attributed to anxiety or depression are
often the earliest features.4 Caraceni and Portenoy6 have
delineated several pancreatic cancer pain syndromes
based on clinical characteristics and the pathology iden-
tified with appropropriate imaging modalities (Box 40.2).
Abdominal computed tomography (CT) or ultra-
sonography followed by surgical or endoscopic biopsy are
the most frequent diagnostic modalities. Findings from
endoscopic retrograde cholangiopancreatography, arter-
iography, and/or pancreatic function tests may warrant
progression to surgical treatment (curative resection ver-
sus palliative treatment) prior to definitive biopsy results.
The prognosis of advanced disease is poor.

Once a patient has received a definitive diagnosis of
pancreatic cancer, they may enter into palliative treat-
ments in which the cancer may be treated surgically, with
chemotherapy, or with radiation therapy.4, 7 The indica-
tions for their treatments are beyond the scope of this
review, but are dependent upon precise localization and
tumor differentiation. Ample use of opioids, anti-
inflammatories, and adjuvant agents constitute medical
therapies and are extensively employed, even to extremely
high doses. Neuraxial opioids are considered appropriate.
Psychological therapies and pastoral counseling become
vitally important and the pharmacological treatment of
anxiety and depression are considered to be standard care.
Therapeutic options for pancreatic cancer pain are listed
in Box 40.3.
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A key modality of palliative treatment for patients with
pancreatic cancer and other upper abdominal cancers is the
neurolytic celiac plexus block (NCPB).8 It has proven to be
an effective neurolytic block in randomized controlled trials
(RCTs),10 which is safe and with few serious complications.
The site of the tumor location appears to influence success
rates of this treatment with a high probability of
improvement with tumors involving the head of the pan-
creas, but poor responses in those involving the body and
tail of the pancreas.11 For this latter group it has been
proposed that neurolysis of the splanchnic nerves may
prove more efficacious.12 Several percutaneous techniques
of NCPB have been described,13, 14, 15 including those which
are guided by fluoroscopy or CT. The classic technique
consists of the injection of a neurolytic agent (typically
alcohol or phenol) into the retroperitoneal periaortic
region of the upper abdomen/lower thorax. The nerve
supply to the upper abdominal viscera traverse this region
and so this technique results in deafferentation of sensory
input from this region, but also affects bowel motility and
systemic blood pressure due to efferent effects. Newer

techniques such as videothoracoscopic splanchnicectomies
have been described but have similar outcomes to the
NCPB.9 Commonly cited success rates range from 80 to 90
percent with success measured as a reduction of opioid
requirement and improved quality of life but without
profound effects on survival. When used alone, the NCPB
abolishes the pain of pancreatic cancer in 10–24 percent of
patients.16 Quality of life measures show a progressive
deterioration in patients with pancreatic cancer, but in a
randomized, prospective study, Kawamata et al.17 demon-
strated that patients who received an NCPB as part of their
pain management had less deterioration than those treated
exclusively with systemic medications. Ischia et al.16 eval-
uated three different techniques for percutaneous neuro-
lysis (transaortic plexus block versus classic retrocrural
versus bilateral splanchnicectomy) in a prospective rando-
mized study of 61 patients and found no differences in the
efficacy or morbidity of the various techniques. There is a
case report of the effectiveness of bilateral vagotomy.18

The treatment of pain due to pancreatic cancer forms
one end of the spectrum of pain management options.
Aggressive surgical, medical, and other interventional
treatments such as neuraxial opioids and neurolysis are
considered not only acceptable, but ethically mandated in
many cases. Presenting symptoms of pancreatic cancer
may be protean in nature and similar to other abdominal
pain disorders with a high incidence of anxiety and
depression.

Box 40.2 Pancreatic cancer pain
syndromes

Pain due to direct tumor involvement
Visceral pain

Infiltration of pancreas
Infiltration of duodenum/stomach
Liver metastases: capsule distension,
diaphragmatic irritation
Biliary tree distension–obstruction
Bowel obstruction
Ischemic pain due to mesenteric vessel
involvement

Somatic pain
Retroperitoneal involvement (direct, nodal)
Parietal peritoneum and abdominal wall
involvement
Abdominal distension due to ascites
Bone metastases

Neuropathic pain
Radiculopathy from retroperitoneal spread
Radiculopathy from metastases
Lumbosacral plexopathy
Epidural spinal cord compression

Pain due to cancer therapies
Postoperative pain syndromes
Biliary prosthesis complications
Postchemotherapy pain syndromes
Postradiation pain syndromes

Adapted from Caraceni and Portenoy.6

Box 40.3 Treatments for pancreatic
cancer-related pain

Analgesics and side-effect managementa

Opioids6[I]
Anti-inflammatories6[I]
Antiemetics6[V]
Adjuvantsb6[II]

Antidepressants
Stimulants (methyphenidate)
Anticonvulsants
Antiarrhythmics

Curative surgeryc4[V]
Palliative treatments (surgery, radiotherapy,
chemotherapy)4[IV], 7[IV]
Neurolysis (neurolytic celiac plexus block)8[I], 9[II]
Biliary stenting procedures (for obstruction)4[V]
Psychological interventions7[V]

aAssessed for cancer pain with pancreatic cancer patients as
component.
bAs indicated by side effects or nature of pain (e.g. neuropathic).
cDisease often unresectable at time of diagnosis – ‘‘curative’’
implies abolition of pain apart from that which is surgery-
related.

552 ] PART III MANAGEMENT – CLINICAL SITUATIONS



Chronic pancreatitis

Symptomatic pancreatitis can be associated with pan-
creatic cell death and/or with ductal fibrosis and calcifi-
cation. Acute pancreatitis, such as that induced by passage
of a gallstone, is thought to be pathogenetically and
morphologically different from chronic pancreatitis19 and
generally resolves without permanent structural
abnormalities. Chronic pancreatitis is associated with
permanent abnormalities, but may present with an acute
necrotic episode. Excessive alcohol consumption is the
primary etiology in 70–80 percent of the cases of chronic
pancreatitis in developed nations, although the precise
mechanism of action of alcohol has not been determined.
First described in 1788 by Cawley in his description of ‘‘a
free living young man’’ who developed severe pancreatic
disease, it has been described as a ‘‘drunkard’s pancreas’’
since 1878. Only 5–10 percent of heavy drinkers develop
symptomatic chronic pancreatitis and so there are likely
genetic, infectious, and/or nutritional factors that also
contribute to its development. The other 20–30 percent of
cases of chronic pancreatitis are predominantly idiopathic
in origin, although other etiologies include a pancreas
divisum, genetic causes (hereditary-type), previous
trauma, previous obstructive episodes, hyperparathyr-
oidism, hyperlipidemia, statin use,20 and a1-antitrypsin
deficiency. In certain Third World nations, a tropical
variety of chronic pancreatitis is common and has been
associated with specific dietary patterns.

Various theories have been put forward related to the
precise pathophysiology of chronic pancreatitis. Experi-
mentally, chronic pancreatitis may be induced in animals
by the administration of toxins but similar links have not
been conclusively identified in humans. Alterations in the
protein components of pancreatic fluids have been noted
which may result in the formation of ‘‘sludge’’ or intra-
ductal ‘‘plugs’’ that become calcified into ‘‘stones’’ which
produce inflammatory and fibrotic reactions.21 It has
been proposed that oxidative stress underlies chronic
pancreatitis with periodic bursts of free radical formation
leading to chronic injury. Genetic factors have been
clearly identified in hereditary pancreatitis and in asso-
ciation with such diseases as cystic fibrosis, but no specific
marker has been identified in association with other
etiologies. Intraductal hypertension is a common sequel
of stone formation/fibrosis and has been proposed as a
source of the continuous pain that may develop in
chronic pancreatitis. However, relief of ductal obstruction
and hypertension does not invariably result in pain relief.
Similarly, pancreatic intraparenchymal pressure, a corre-
late to myofascial compartment syndromes with asso-
ciated ischemia and neural compression, has also been
proposed as the source of pain. As stated before, for most
cases of chronic pancreatitis a common finding is a high
level of chronic alcohol ingestion. The average latent
period is 18 years and a comorbidity is cirrhosis of
the liver (to complement ‘‘cirrhosis’’ of the pancreas.)

Cigarette smoking is associated with increased incidence
of chronic pancreatitis22 and diets with too much or too
little fat and/or protein have been implicated.

Histopathologically, chronic pancreatitis is identified
by the presence of intraductal calcification (stones), aci-
nar cell loss, fibrosis, and inflammation. Proliferation of
unmyelinated nerve fibers and mononuclear cell infil-
trates around nerve sheathes has been noted and elevated
levels of the neuropeptides have been identified23 but,
unfortunately, identifiable pathology does not firmly
correlate with reports of pain.

The primary presenting complaint is pain. Classically,
it is deep, boring, and epigastric with frequent radiation
through to the back. It may be episodic in nature but may
advance until it is continuous and may be precipitated by
eating. Sitting upright or leaning forward may decrease
the pain. It is often coupled with nausea and vomiting
which may lead to dehydration, malnutrition, and an
inability to take oral analgesics. Steatorrhea due to pan-
creatic insufficiency may result with advanced disease as
may glucose intolerance and eventual diabetes mellitus
with associated clinical history. Subjects with alcoholic
chronic pancreatitis are generally thin individuals
(often emaciated) and may have stigmata associated with
extensive alcohol use and associated liver failure. An
inflammatory mass may be palpable but typically
abdominal guarding precludes adequate deep palpation.
There are no definitive findings on physical exam.

Diffuse intraductal calcium deposition is pathogno-
monic of chronic pancreatitis and this may be demon-
strated by plain abdominal radiographs in 30 percent of
cases. Ultrasonagraphic evaluation is 60–70 percent
sensitive for intraductal abnormalities and computed
tomography is 90 percent sensitive. Endoscopic retro-
grade cholangiopancreatography (ERCP) is the ‘‘gold
standard’’ for chronic pancreatitis based on ductal
abnormalities which are graded by severity. Newer, non-
invasive imaging studies include magnetic resonance
cholangio-pancreatography. Elevated serum amylase and
lipase levels indicate a pancreatic exocrine cell damaging
process. Pancreatic function tests have found less utility
with improved sensitivity of other diagnostic modalities.

A system of stratification or subgroupings of patients
by morphological or functional criteria has never been
agreed upon.19 Differential diagnoses must include pan-
creatic cancer but also include peptic ulcer disease, irri-
table bowel syndrome, gallstones, and endometriosis. An
initial first step in the management of pain in patients
with chronic pancreatitis is the exclusion of complications
that can be the cause of the pain such as pseudocysts or
compression of adjacent visceral structures.24

The literature related to the treatment of pain in
chronic pancreatitis consists of numerous retrospective
collections of patients subjected to treatments determined
by interest in applying a certain method.19 Until recently,
few studies of chronic pancreatitis pain have employed
placebo-controlled methodologies. Those that have,
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generally demonstrated limited effects of the studied
treatment. Interventional/procedural studies have gen-
erally not had controls performed. The symptomatology
of chronic pancreatitis is episodic in nature with frequent
exacerbations and spontaneous resolution. Hence, any
‘‘open’’ study which is initiated during an exacerbation
(when the patient presents to the study physician for
treatment) is likely to be deemed effective in some
patients due to the natural course of the disease.
Therapeutic options for chronic pancreatitis are listed in
Box 40.4 and a suggested treatment pathway given in
Figure 40.1.

For alcoholic chronic pancreatitis, the initial treatment
is abstinence from alcohol. If the patient continues to
drink, their five-year mortality rate approaches 50 per-
cent; if they do not drink, it takes 25 years to achieve a
mortality rate of 50 percent. Psychological therapies
directed toward developing alternative coping mechan-
isms and abstaining from alcohol are considered vitally
necessary, but outcomes related to substance abuse
treatment are mixed and not limited to this specific
population. It has been commonly reported that total
abstinence from alcohol achieves pain relief in up to 50
percent of patients, particularly those with mild to
moderate disease,24, 26 but even this tenet of care has been
questioned.33

The endoscopic placement of stents, sphincterotomy,
dilatation, 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 developed.28 However, recent ran-
domized comparisons of endoscopic versus surgical
management of ductal obstruction have suggested
superiority of surgical intervention.29, 32 Extracorporeal
shock-wave lithotripsy with or without associated endo-
scopic procedures to remove stones from pancreatic ducts
has been effective at reducing pain.30, 34

Opioids are the primary analgesic therapy of advanced
chronic pancreatitis,25 although some have suggested use
of ‘‘adjuvants’’ such as antidepressants. There is the
unfortunate but common experience of clinicians that
patients who have alcoholic pancreatitis may exchange
their alcohol addiction for an opioid addiction. Patients
with substance abuse histories develop painful diseases
and ethically require treatment, but clinicians still
experience significant angst in association with their
patients’ symptomatic treatment. Both corticosteroids
and nonsteroidal anti-inflammatory drugs (NSAIDs)
would seem logical choices in the treatment of a chronic
inflammatory process. However, case reports35, 36 of
pancreatitis induced by these agents has temporized
their use.

Based on the oxidative stress hypothesis, placebo-
controlled medical trials of antioxidants and micro-
nutrients such as vitamins C and E, b-carotene, S-ade-
nosylmethionine, and selenium have produced favorable
results.25, 27 Oral pancreatic enzyme treatments have been
utilized as inhibitors of pancreatic enzyme secretion with
a resultant decrease in intraductal pressure. This negative
feedback strategy has been effective at reducing pain and
improving quality of life in some studies37 but results
overall have been mixed.25 Negative feedback inhibition
of pancreatic secretion can also be provided by soma-
tostatin or its analogue octreotide and have similarly had
mixed results related to pain, but they clearly affect some
of the processes thought to be associated with compli-
cations of pancreatitis thought to be involved in the
generation of pain (pseudocysts and fistulas).25 Other
pharmacological therapies that have undergone clinical
trials with some measure of success related to pain
include kappa opioid receptor agonists,38 loxiglumide (a
CCK-A receptor antagonist), and secretin which also
improved pancreatic secretion viscosity25 A notable fail-
ure in clinical trial was use of montelukast, a leukotriene
receptor antagonist, which failed to have any effect on
pain.39

Celiac plexus blocks with local anesthetics have been
used for diagnostic purposes,40 as part of protocols for the
determination of eligibility for surgical treatment41 and as
primary therapies when coupled with steroids.31, 40 It is
notable that series reporting the efficacy of intraceliac
plexus steroids did not compare their treatment with sys-
temic steroids, although significant central nervous system
effects of the steroids (i.e. acute mania) have been repor-
ted.42 NCPBs have been performed using alcohol or phenol.
NCPB for the treatment of nonmalignant pancreatic pain
has both proponents43 and opponents.44 Fugere and Lewis45

reviewed 20 series in which NCPBs were utilized for chronic
pancreatitis and concluded that there were deficiencies in
every report stating that most of the studies were not
prospective, randomized, or controlled. They also noted
that results of NCPB on chronic pancreatitis pain were not
as good as those for cancer-related pain. Enthusiasm for
NCPB for chronic pancreatitis has also been tempered by

Box 40.4 Treatment options for chronic
pancreatitis pain

Abstinence from alcohol25[IV], 26[III]
Opioids19[IV]
Anti-inflammatories26[IV]
Antioxidants and micronutrients27[V]
Endoscopic management (stents, sphincterotomy,
stone removal)28[IV], 29[III], 30[III], 25[IV]
Oral pancreatic enzyme treatment25[IV]
Neurolysis21[V]
Intraceliac steroid injections31[V]
Surgical diversion or resection32[III]
Pseudocystic drainage (percutaneous, endoscopic,
surgical)32[III]
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the apparent limited duration of effect requiring retreat-
ment (e.g. two to six months),44 secondary side effects such
as chronic diarrhea,46 and the occurrence of uncommon
but catastrophic neurological sequelae.47, 48, 49 Other forms

of injection therapy have also been employed including
bilateral splanchnic nerve blocks, intrapleural anesthetics,
and epidural infusions in open trials and anecdotal
reports.
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Figure 40.1 Proposed flow diagram for the evaluation and treatment of the patient presenting with chronic pancreatitis-related pain.
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Surgical treatment is often viewed as the definitive
treatment of chronic pancreatitis despite the absence of
prospective randomized studies. As noted before, when
compared with endoscopic procedural therapies related to
ductal decompression, surgical interventions proved
superior at two- and/or five-year follow-ups.29, 32 Relief of
ductal hypertension/obstruction by surgical means is via
pancreaticojejunostomy or by partial or total resection of
the pancreas. Following total resection, the loss of the
endocrine function of the pancreas leads to diabetes
mellitus with its own associated morbidity and mortality.

Pancreatic pseudocysts are nonepithelialized sacs of
pancreatic fluids and/or blood and necrotic debris with
apparently inadequate drainage. They enlarge, are fre-
quently painful, and risk rupture of their contents into
the peritoneal cavity. Treatments have been pre-
dominantly procedural with open or percutaneous drai-
nage, followed by marsupialization (connection of the
cyst to nearby gastrointestinal structure) if recurrent.
Following surgical drainage of pseudocysts, it has been
reported that 96 percent of patients report short-term
relief of pain and 53 percent remain pain free for many
years.50 No prospective, randomized studies related to
pseudocyst drainage have been reported.

Visceral neurolysis via surgical splanchnicectomy or
celiac ganglionectomy has been reported. The best results
have been reported by Mallet-Guy51 in a series of 215
patients treated with a combination of surgery and/or
neurolysis. Ninety-eight patients had biliary diversions,
biliary-enteric bypasses, or external drainage performed
in addition to neurolysis; the other 117 patients had only
exploratory surgery and neurolysis. Results were not
stratified between groups. Five years after their surgery 5
percent of the patients had died, 8 percent had recurrence
of their pain, 13 percent were lost to follow up and 74
percent were characterized as free from pain and relapsing
effects (90 percent of living/available patients). Thoraco-
scopic splanchnic nerve resections have been reported.52

Surgical neurolysis as a treatment for pain due to chronic
pancreatitis has not been subjected to an RCT.

It has been proposed that the pain of chronic pan-
creatitis will eventually ‘‘burn out’’ and subside as the
disease process progresses to total organ failure.53

Whereas this may occur in some patients, it occurs at a
variable rate and may not occur at all.54 Hence, delay of
treatment in the hopes of disease resolution is neither
realistic nor ethical.

Interstitial cystitis

At present, there is no agreed upon etiology or patho-
physiology for interstitial cystitis (IC). The only defining
pathology is the presence of mucosal ulcers or ‘‘glomer-
ulations’’ (small submucosal petechial hemorrhages)
viewed cystoscopically after hydrodistension (sustained
distension of the bladder). The presence of Hunner’s

(mucosal) ulcers, so named after the first clinician to
describe them, separates IC patients into those with
ulcerative versus nonulcerative types. Glomerulations are
not unique to IC, but occur in other forms of cystitis (e.g.
radiation cystitis). Theories related to the development of
IC have centered around four primary hypotheses:

1. that a disruption of the normal urothelial barrier
has occurred and bladder sensory nerves are being
activated by urinary constituents;

2. that a systemic autoimmune disease is presenting
as a local manifestation;

3. that abnormal mast cell activity occurs within the
bladder; and

4. that alterations in peripheral and/or central
nervous system structures have led to a
neuropathic type of pain.

The frequent association of IC with other chronic diseases
and pain syndromes such as inflammatory bowel disease,
systemic lupus erythematosus, irritable bowel syndrome,
‘‘sensitive’’ skin, fibromyalgia, and allergies55 speaks to the
fact there may be multiple different pathophysiologies
grouped together under one diagnosis. Recent studies
have demonstrated some histopathological differences in
bladder biopsies from patients with IC versus normal
controls with increased expression of substance P-con-
taining nerve fibers and substance P receptor-encoding
mRNA,56, 57 increased nerve growth factor content,58 and
altered mast cell activity.59 The meaning of these findings
is still to be determined.

Prevalence of IC is estimated to be 2 in 10,000.60 It has
a female to male ratio of 10:1 although some are pro-
posing that in males it may have a higher prevalence but is
given the diagnosis of prostatitis. Patients with IC are
10–12 times more likely to report childhood bladder
problems than the general population. Although a history
of urinary tract infection is twice as common in IC
patients than non-IC patients, most report infrequent
urinary tract infections (o1/year) prior to the onset of
their IC symptoms. Urgency, frequency, nocturia, and
associated pain are the primary symptoms of IC.61 Pain
may be localized to the lower abdomen, pelvis, groin,
and/or perineum. The onset of the disease is normally
abrupt with rapid progression of symptomatology, often
following an ‘‘event’’ such as a prolonged episode of severe
urgency while searching for a lavatory. Anxiety and
depression are frequent comorbidities. Suprapubic ten-
derness to palpation may accompany a diagnosis of IC. As
a diagnosis of exclusion, other physical findings and
examinations should be negative for identifiable pathol-
ogy with the exception of abnormal cystometry and
cystoscopy.

A reasonable approach for evaluation and treatment
has been proposed by Pontari et al.,62 which includes
urine cultures, pelvic and rectal exams, cystometry, and
cystoscopy. Criteria for IC have been suggested by a
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consensus panel (Table 40.1). Parsons et al.64 have pro-
posed the use of intravesical potassium solutions as a
provocative diagnostic test for IC with a sensitivity of 75
percent, but at present this serves only as a research tool.

The ultimate goal of therapy is to neutralize the fac-
tor(s) responsible for a disease process. In the absence of
any known causative factors, the treatments for IC have
been guided by prudence and a given patient’s therapy
typically progresses from the least invasive treatments and
proceeds to the more invasive.62 A listing of treatments
for IC is given in Box 40.5. Some studies of treatments
have employed placebo-controlled methodologies, but
most have been open trials and generally without con-
trols. Up to 50 percent of patients diagnosed with IC have
spontaneous remissions with durations of 1–80 months.60

Any treatment of IC must factor these patients into the
‘‘success’’ rate of that treatment.

Avoidance of foods that exacerbate symptoms (e.g.
acidic foods such as cranberry juice) has proven to have
great value in individuals, but has not been tested in a
controlled fashion in large populations. As part of the
diagnostic process, hydrodistension is performed and this
procedure often proves to be therapeutic with short-term
reductions in frequency and pain in more than half
of the patients. Patients with symptomatic improvement
for six months or more are considered candidates for
repeat hydrodistension.62 A controlled trial of amitriptyline
reported a success rates of 64 percent.69 Drugs such as oral
antihistamines and the oral, renally excreted heparin-like
agent, pentosanpolysulfate (Elmirons) has been exam-
ined in placebo-controlled, double-blind studies with
variable results.66 Intravesical therapy with dimethyl sulf-
oxide (DMSO) and/or heparin and/or corticosteroids and/
or bicarbonate has been proposed as effective therapies,62

as has Clorpactin (a derivative of hypochlorous acid in a
buffered base)77 with success rates ranging from 50 to490
percent. A controlled comparison of intravesical DMSO
with intravesical saline by Perez-Marrero et al.65 demon-
strated improvements in symptomatology in 53 percent of
the DMSO-treated group and only 18 percent of the saline-
treated group. DMSO produces a distinct taste and smell in
the patient’s breath, so blinded comparisons were not
performed. Based on the hypothesis that IC is a local
manifestation of a systemic autoimmune disease, immu-
nosuppressant therapies such as systemic cyclosporine67

and intravesical Bacillus Calmette-Guerin immuno-
therapy68 have been utilized in controlled trials with good
success rates for the former and insignificant success rates
reported for the latter.

Long-term treatment with opioids is an option in
patients with IC, but this treatment remains controversial
for all nonmalignant processes. Transcutaneous electrical
nerve stimulation has been used in open trials and
demonstrated to produce good results or remission in
26–54 percent of patients.70 Behavioral therapies and self-
care strategies such as timed voiding have proven to have
value in some individuals.76, 78 A report of a series of 13
patients by Irwin et al.72 suggests that lumbar epidural
local anesthetic blocks may have short-term efficacy in up
to 75 percent of patients. Novel therapies that have
demonstrated some success in controlled trials include
the use of hyperbaric oxygen,79 but the intravesical
administration of the vanilloid, resiniferatoxin, proved
disappointing.71

Neurolysis by percutaneous injection or surgical
resection have been described. The most positive results
are those of Gillespie73 who reported on 175 women
diagnosed with IC treated with laser obliteration of the

Table 40.1 Interstitial cystitis diagnostic criteria.63

Criteria

I. Inclusion criteria (both required)

1. Hunner’s (mucosal) ulcer or glomerulations on cystoscopy

2. Pain associated with the bladder or urinary urgency

II. Exclusion criteria (any of the following)

Age o18 years old Symptomatic urethral diverticulum

Radiation cystitis Uterine/cervical cancer

Cyclophoshamide cystitis Vaginal or urethral cancer

Tuberculous cystitis Benign or malignant bladder tumors

Bacterial cystitis or prostatitis in last three months Bladder or lower ureteral calculi

Active genital herpes Duration o9 months

Vaginitis Absence of nocturia

Involuntary bladder contractions Frequency o8 times per day

No urgency with bladder fill 4350 cc Symptoms relieved by antibiotics, urinary antiseptics, anticholinergics, or

antispasmotics

Absence of urgency with 100 cc air or 150 cc water (fill rate

30–100 cc/min)
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vesicoureteric plexus bilaterally. One hundred and twelve
patients reported complete relief and 58 partial relief
following the procedure. Two-year follow-up in 45
patients in the ‘‘complete relief ’’ group demonstrated no
recurrence of symptoms. Considered a last resort, surgery
in the form of supravesical diversions or cystectomy has
also received mixed reports of efficacy. For example,
Peeker et al.74 reported excellent results in patients with
classic (ulcerative) IC and poor results in nonulcerative
IC. Webster et al.75 reported that only two of their 14
patients treated surgically with urinary diversion and
cystourethrectomy had symptom resolution, and Baskin
and Tanagho80 have reported on patients with continued
bladder pain despite the absence of a bladder.

All clinical trials related to IC have been hampered by
the inclusion of a likely heterogenous clinical population.
This problem may become less problematic in the future
with the advent of a diagnostic test that appears to have
validity in the IC population. There is a presence of a
specific peptide present within the urine of IC patients
that impairs urothelial regrowth. Named the anti-pro-
liferative factor (APF), this low molecular weight peptide
is a member of the Frizzled 8 protein family and is present
in bladder urine, but not renal pelvis urine of IC
patients.81 It has been identified in over 90 percent of
rigorously diagnosed IC patients, is not present in other

disorders, and is therefore viewed as the best laboratory
diagnostic test for IC. The test itself will likely become
available widespread pending further validation as a
diagnostic test. Whether APF is present due to rheuma-
tological, immunological, infectious, genetic, or neuro-
logical causes has not been determined, but it has been
demonstrated to produce a downregulation of genes that
stimulate epithelial proliferation and upregulates genes
that inhibit cell growth. Future clinical trials may finally
have a tool that allows for appropriate inclusion and
exclusion of appropriate subjects for study.

Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a diagnosis of exclusion
that is based on symptomatology and has been demon-
strated to have associated abnormalities of motility and/
or sensation in different subpopulations. A frequent
companion of other disorders without identifiable histo-
pathology such as fibromyalgia, noncardiac chest pain,
functional dyspepsia, and mixed headaches, it has simi-
larly been associated with significant DSM-IV diagnoses
such as anxiety and depression. There exist many diverse
hypotheses related to the etiology of IBS. These propose
that the pain may be psychosocial in origin, that the pain
may be due to motility dysfunction at one or multiple
sites in the gut (with dietary modifiers), or that the pain is
a manifestation of visceral hyperalgesia. This visceral
hyperalgesia may be due to peripheral sensitizers (e.g.
mast cells) or altered central nervous system processing.
Like many diagnoses of exclusion, it is likely that multiple
pathophysiologies are present in different subgroups and
that all of these hypotheses may be correct for different
subgroups.

IBS is a common diagnosis given to 40–70 percent of
referrals to gastroenterologists. In general populations, up
to 20 percent of women and 10 percent 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 percent have significant symp-
tomatology consistent with depression and/or an anxiety
disorder. IBS typically presents in the third or fourth
decades of life and has a female to male ratio of 2:1. It is
present in many cultures with similar prevalences noted
in Britain, China, India, Japan, New Zealand, the United
States, and South America.

At least three different clinical presentations are given
the diagnosis of IBS, two of which have no pain or pain as
a minor component (watery diarrhea group and alter-
nating constipation–diarrhea group respectively). The
third subgroup has abdominal pain as their primary
symptom and altered bowel movements 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

Box 40.5 Interstitial cystitis treatment
options

Hydrodistension[V]
Dietary modification61[V]
Intravesical treatments

Dimethyl sulfoxide65[III]
Heparin66[V]
Corticosteroids66[V]
Bicarbonate66[V]
Clorpactin67[III]
Bacillus Calmette–Guerin68[III]

Antidepressants69[III]
Antihistamines66[V]
Cyclosporine67[III]
Opioids66[V]
Nonsteroidal anti-inflammatories66[V]
Transcutaneous electrical nerve stimulation70[V]
Pentosanpolysulfate67[III]
Resinferatoxin71[III]
Epidural local anesthetics72[V]
Neurolysis73[V]
Surgical resection/diversion74[V], 75[V]
Behavioral76[IV]
Physical therapies61[V]

Criteria proposed by NIDDK Workshop on Interstitial Cystitis.63
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often prominent and anxiety may exacerbate 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 physical finding is a
tender, palpable mass (the sigmoid colon) in the left lower
quadrant. As a diagnosis of exclusion, physical examina-
tion, imaging, and laboratory findings should be negative
for neoplasm, inflammatory bowel disease, infection,
diverticulosis, or other intra-abdominal process. Colo-
noscopy and/or barium enema radiography should not
demonstrate focal lesions. Stool samples should not have
occult blood or infectious agents present. It is generally
agreed that the colons of patients with IBS are excep-
tionally reactive to physiological stimuli (e.g. eating) but
the finding is not pathognomonic. There are no absolute
criteria for the diagnosis of IBS except for a report of
abdominal pain and altered bowel habit in the absence of
identifiable pathology, but criteria have been proposed to
facilitate a ‘‘positive’’ diagnosis (Box 40.6). Motility stu-
dies and sensation evocation with a distending balloon in
the rectum or sigmoid colon may prove valuable in the
stratification of patients to different groups, but at present
still serve as research tools.

IBS has exacerbations and spontaneous resolution of
pains and so ‘‘open’’ trials initiated when the patient pre-
sents with an exacerbation can easily demonstrate the
effectiveness of virtually any therapy. Placebo rates of 40–70
percent have been quoted.83 Unlike chronic pancreatitis or
interstitial cystitis, procedural treatments have not been a
major component of therapy because, by definition of the
disease, there is no structural pathology to treat. Controlled

studies have been performed, but are likely hampered by
the multiple pathophysiologies that are all diagnosed as
IBS. Without definitive, objective diagnostic criteria by
which to stratify patients, it is likely that effective treat-
ments will similarly be difficult to demonstrate. Due to the
typically stable nature of a patient’s symptom complex,
once significant pathology has been ruled out, additional or
repeat investigation is probably not necessary unless the
symptom complex were to change.84, 85

As in any chronic pain disorder, an important (but not
particularly testable) component to the management of
IBS is a stable, trusting patient–physician relationship. Life-
threatening pathology may be simply ruled out without an
exhaustive investigation and the patient needs to be
assured that their symptoms are believed. Therapeutic
options for IBS are listed in Box 40.7. As part of a diag-
nostic/therapeutic trial, patients are generally advised to
engage in dietary modifications such as avoiding milk
products, avoiding excessive legume consumption (asso-
ciated with gas production), increasing fiber and bran in
those with constipation,86, 93 avoiding caffeine- or sorbitol-
containing foods, and establishing a stable dietary pattern
in the hope of establishing a stable evacuation routine.
Anticholinergics/antidiarrheals have been extensively
employed clinically and extensively studied. Reviews of the
efficacy of these agents have concluded that their benefit is
unproven.93 Traditional advice has been to keep analgesic
therapy to a minimum with the use of opioids particularly
discouraged. Recently, various antidepressants have been
demonstrated to have efficacy in controlled studies.90, 91, 92

Drugs acting via serotonin receptors as either 5HT-3
antagonists (alosetron) or 5HT-4 agonists (tegaserod) have
been utilized in clinical practice95 but ischemic colitis has
proven to be a problematic side effect96 resulting in some
restriction of use. Peripherally restricted kappa opioid
receptor agonists have found some utility in experimental
trials.94 Gastrokinetic agents, anti-diarrheals, serotonin
receptor antagonists, osmotic laxatives, naloxone, chole-
cystokinin antagonists, and peppermint oil have all been
proposed as effective. Injection therapies have not been
generally employed in the treatment of IBS but a neurolytic

Box 40.6 Diagnostic criteria for irritable
bowel syndrome

No identifiable neoplastic, infectious or
inflammatory etiology for symptoms
Three months of continuous or recurrent symptoms
of abdominal pain which is

Relieved by defecation, or
Associated with a change in stool consistency,
or
Associated with a change in stool frequency
with two of the following:

Altered stool frequency (43/day or o3/
week)
Altered stool form
Altered stool passage (straining, urgency,
incomplete evac.)
Passage of mucus
Abdominal bloating

From ROME II criteria.82

Box 40.7 Treatment options for irritable
bowel syndrome

Dietary modification
Food avoidance (caffeine, milk products,
legumes)84[V]
Addition of fiber/bran/bulking agents86[IV]

Behavioral therapies87[III], 88[III], 89[II]
Antidepressants90[III], 91[III], 92[III]
Anticholinergics/antispasmotics93[II]
Kappa opioid receptor agonists94[III]
Serotonin receptor agonists/antagonists95[III]
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celiac plexus block has been reported as useful in the
treatment of idiopathic abdominal pain.97 Behavioral
treatments such as hypnosis, cognitive-behavioral therapy,
and supportive psychotherapy have proven valuable,
especially if pain is intermittent and there is identified
psychiatric disease such as anxiety or depression.87

Swedlund et al.,88 in a prospective, randomized study of 99
patients with the diagnosis of IBS, demonstrated that those
patients who received eight psychotherapy sessions (and
antispasmotics and bulking agents) had less abdominal
pain, better bowel movements, and less psychological
distress at both three and 15 months following treatment
than similar patients treated only with antispasmotics and
bulking agents. Other studies have been less supportive of
behavioral treatments.89

OTHER PAINFUL DISORDERS

General

The disorders of pancreatic cancer, chronic pancreatitis,
IBS, and IC have been presented as archetypal examples
illustrative of most of the problems facing the clinician in
the diagnosis and management of this type of pain. In the
case of pancreatic cancer, we have a disorder that has
definable histopathology, is accepted as pain-producing
by all caregivers, and elicits intensive and aggressive
treatment. Palliative surgery, high dose narcotics, and
therapeutic interventions such as neurolysis are con-
sidered standards of care. This contrasts with IC and IBS,
disorders for which reassurance and ‘‘watchful waiting’’
are considered appropriate care, with aggressive treat-
ments reserved for the patients who complain loudest and
longest. For these disorders narcotics have been viewed as
controversial at best and contraindicated in many
patients. Chronic pancreatitis is somewhere intermediate
to these other disorders in that definable pathology is
present but this pathology does not correlate with pain
symptomatology. Chronic pancreatitis has the additional
factor of having a high incidence in substance abusers. It
also has a frequent association with life-threatening
complications such as pancreatic necrosis, malnutrition,
and pseudocyst formation and so frequently may lead to
hospitalization. Other sources of chronic abdominal
visceral pain as well as urogenital and rectal pain syn-
dromes producing groin and perineal symptomatology98

all have correlates with these disorders and diagnostic
work-ups and therapies are similar. A limited discussion
of several of these painful disorders and their correlation
to the above four archetype disorders will be given below.

Other visceral cancers

For a full discussion of this topic, see the Cancer Pain
volume of this series.

Neoplasms can arise in all abdominal and pelvic
structures. Symptomatology related to these neoplasms is
similar for all sites with dull constant pain a common
‘‘early’’ symptom. Pain is generally localized to the chest
or upper abdomen for upper gastrointestinal tract lesions
and organs located in the upper abdomen. It is generally
localized to lower abdomen/perineum for lower gastro-
intestinal tract lesions and pelvic organs. The key state-
ment is ‘‘generally’’ since no symptomatology or location
is pathognomonic for any specific disease site due to the
frequent presence of metastatic extension prior to diag-
nosis. Visceral cancers are frequently asymptomatic until
obstruction or invasion of other structures occurs.
Anorexia, weight loss, fatigue, nausea, and virtually every
other nonspecific symptom can be noted at presentation.
Anemia, hematemesis, melena, hematuria, and palpable
masses on physical exam may direct further investigation.
Appropriate imaging and surgical exploration/biopsy are
the definitive diagnostic modalities.

Sources of pain can be visceral due to the primary
tumor or somatic/neuropathic due to local involvement
and metastases. Cancer treatments themselves may be pain-
producing. All of these sources of pain are similar to those
described above under Pancreatic cancer (Box 40.2). Pat-
terns of tumor spread differ between types of tumors and
so general patterns of symptomatology related to metas-
tases also differ. Gastrointestinal tumors tend to spread
through the lymphatics towards the liver and may present
with diffuse abdominal complaints. In contrast, prostatic
tumors frequently spread relatively early to involve the
lumbar spine and so may present as back pain. Pain
treatment options for all cancers are similar to that
described for pancreatic cancer (Box 40.3). Treatment of
the cancer (surgery, chemotherapy, radiotherapy) may be
curative or palliative. Neuroablation is an option with the
particular site of treatment determined by the site of the
symptomatic cancer (see Figure 035.1 in Chapter 3,
Applied physiology: persistent visceral pain). Celiac plexus
blocks may be of benefit for tumors in the upper abdomen,
superior hypogastric blocks for tumors in the pelvis and,
recently, blockade of the ganglion of Impar99 has been
suggested as beneficial for perirectal/perineal symotoma-
tology. Stenting of obstructed ureters or bowel segments
may be necessary as well as potential surgical diversion (e.g.
loop colostomy). Psychological interventions are always
deemed appropriate in patients with an end-stage disease.
Medical treatments are often empirically driven with the
aggressive use of opioids, anti-inflammatories, antiemetics,
and adjuvants appropriate for end-stage disease.

The ‘‘problems’’ that occur in cancer pain management
are those that are present when the cancer has responded
to treatment, but the treatment itself has proved to be
pain-producing. Radiation enteritis/colitis, postsurgical
phantoms, neuroma formation, neuropathies, altered
biomechanics, adhesions/strictures, and other effects of
‘‘scarring’’ can all act as generators or modulators of pain
that could also potentially represent tumor recurrence.
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The associated roller coaster of emotions associated with
the investigation, reinvestigation, or lack of investigation
of symptoms can prove taxing to both the patient and
clinician. Even definitive evidence of complications such
as endoscopic confirmation of radiation changes or nerve
conduction studies consistent with neuropathy do not
absolve the clinician of the need for ongoing care. What
constitutes appropriate care is somewhat fuzzy as the
distinction between palliative care for pain due to meta-
static cancer and that for chronic ‘‘benign’’ pain in a
patient with a history of cancer is unclear and lapses into
the realm of opinion.

Inflammatory bowel disease

Ulcerative colitis (UC) and Crohn’s disease (CD) are two
recurrent gastrointestinal inflammatory disorders with
many similarities in symptomatology and histopathology,
but significant differences in extent of the disease process,
relapse incidence, and associated complications such as
fistula formation. Common presenting symptoms include
abdominal pain, fever, and altered bowel habits such as
bloody diarrhea. Inflammatory bowel disease is more
common in white than black people or Asians and three
to six times more common in Jews than non-Jews. UC is
three to five times more common than CD, but recurrent
exacerbations are much less frequent. In UC, the gastro-
intestinal component of the disease process is restricted to
the colon whereas in CD there is involvement in all
portions of the gastrointestinal tract. Extracolonic fea-
tures of inflammatory bowel disease include arthritis, skin
changes, and evidence of liver disease. The diagnosis of
inflammatory bowel disease is based on biopsy, colono-
scopic/endoscopic appearances, and/or surgical evalua-
tion. Other causes of inflammatory changes such as
radiation enteritis or local infection (e.g. shigella, sal-
monella, amebiasis, Clostridium difficile) must be ruled
out. Local complications of inflammatory bowel disease
include the formation of fistulas, abscesses, strictures,
perforation, and toxic dilation, all of which are more
common in CD than UC. With a prolonged clinical
course there is a potential for the development of carci-
noma. There is a stated incidence of colon cancer of 1/2–1
percent per year for every year after the initial ten years of
active inflammatory bowel disease. Surgical treatment of
inflammatory bowel disease is normally reserved for the
treatment of complications with 20–25 percent of UC
patients requiring colectomy and 70 percent of patients
with CD. Colectomy presumably resolves UC, but does
not resolve all of the symptoms of CD since the disease
process is panenteric.

Dietary alterations may have some acute effects during a
‘‘flare’’ but have not been demonstrated to alter overall
disease progression. Neurolysis is typically avoided since
symptoms may act as early indicators of life-threatening
complications. Regional anesthetic techniques, although of

possible short-term benefit during a flare, have the same
risks as neurolysis in that they may mask disease compli-
cations. Surgery has remained an integral component in
the management of inflammatory bowel disease. Pain
treatment related to inflammatory bowel disease forms a
limited-choice corollary to chronic pancreatitis (Box 40.4).
Whereas UC is potentially ‘‘cured’’ by colectomy, CD
continues for a lifetime. Overall, treatments are considered
palliative for CD with varying degrees of evidence for
implementation.100 Surgical resection of portions of
inflamed bowel, strictures, or abscesses/fistulas are not
uncommon in CD but the strategies associated with sur-
gical treatment continue to evolve. Surgical interventions
may result in temporary relief until another site is affected
but such resections may also result in a ‘‘short bowel’’ with
associated nutritional compromise. Since reports of pain
may be associated with life-threatening complications,
these patients may have frequent hospitalizations. The use
of opioids and other motility-altering drugs carries the
perception of an increased risk of toxic dilation with an
associated increase in morbidity and mortality. Similar to
other diseases with unknown etiologies, genetic influences,
immunologic abnormalities, and infectious agents have all
been implicated and used as rationales for treatment.
Primary treatment for exacerbations is typically bowel rest,
anti-inflammatories (e.g. oral sulfasalazine, possible corti-
costeroids), nutritional/fluid/electrolyte management, and
treatment of complications. No universal consensus
appears to exist in relation to preventative treatment.
Multiple therapies such as oral sulfasalazine, oral mesala-
zine, oral olsalazine, oral metronidazole, systemic corti-
costeroids, and mesalamine enemas/suppositories have
been utilized not only as reactive treatments for exacer-
bations but as prophylactic measures. Although results
related to use of these agents are encouraging for UC, a
multicenter study failed to observe any decrease in the
recurrence of CD exacerbations even with sulfasalazine.
Immunosuppressants such as azothioprine, methotrexate,
and cyclosporine have been used for a presumed immu-
nologic etiology. Recent use of drugs known to affect
inflammatory responses in rheumatological disorders has
been encouraging101 with successful clinical trials reported
for infliximab102 but not for etanerecept.103 Granulocyte-
macrophage colony-stimulating factor has also had
encouraging results related to improvements in quality of
life and decreased disease severity.104, 105 Novel anibiotics
such as rifaximin106 or probiotics107 as treatments have
been suggested, particularly for the prevention of extra-
gastrointestinal symptoms such as arthralgias. Psychologi-
cal treatments are justified by the presence of a life-long,
recurrent disease process.108

Chronic mesenteric ischemia – ischemic colitis

Inadequate blood supply to meet the energy demands of
viscera can lead to reports of pain, as occurs with cardiac
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angina. A similar phenomenon has been noted in the
gastrointestinal system whereby severe abdominal pain
may be precipitated by the ingestion of a meal.109, 110 Fear
of eating with subsequent weight loss and poor nutri-
tional status may further compromise patients already in
ill health due to atherosclerotic disease in multiple sites.
Poor peripheral pulses, abdominal bruits, and arterio-
graphic evidence of stenosis or occlusion in the three
main mesenteric arteries are all consistent with the
diagnosis of abdominal angina. Similar to cardiac disease,
abdominal angina may precede infarction which has
devastating life-threatening consequences. Arterial
thrombosis, embolic events, venous occlusion, and low
flow states due to poor cardiac output may all lead to the
same disastrous results. Ischemic colitis represents
approximately half of the cases of morbidity due to
mesenteric vascular disease. Although usually diagnosed
by colonoscopy, 20 percent of patients with ischemic
colitis develop evidence of peritonitis requiring surgical
diagnosis and treatment. Initial presentation may be with
persistent diarrhea, rectal bleeding, or weight loss. Diag-
nostic work-up for mesenteric ischemia has angiography
as the gold standard, but the less invasive magnetic
resonance angiography and/or tonometry have diagnostic
value.111 Surgical revascularization, thrombectomy,
thrombolytic therapy, or angioplasty are definitive treat-
ments for mesenteric vasculopathy but, like all patients
with widespread vascular disease, comorbidity may dic-
tate outcome as much as the specific procedure per-
formed. Pharmacologically, there can be short-term value
of vasodilators such as papverine and, like most chronic
processes with some low grade inflammatory component,
there appears to be a role for the use of antioxidants and
agents acting via cytokine mechanisms, but at present
these treatments are experimental.112

Diverticular disease

Diverticuli can occur throughout the gastrointestinal tract
but prove to be most common in the colon where they
exist as small sac-like herniations of mucosa through the
muscular wall, typically at the site of penetrating blood
vessels. Duodenal, jejuna, and ileal diverticuli can occur
with Meckel’s diverticulum forming a special congenital
abnormality present in 2 percent of the population.
Meckel’s diverticuli are particularly notable since they
may contain acid-producing gastric mucosa and lead to
enteral ulcer formation. Colonic diverticuli are generally
pain free but with the development of inflammation and/
or obstruction of their mouth, severe abdominal pain and
infection may result. Peridiverticular abscesses, obstruc-
tion, colonic distension, bleeding, and altered bowel habit
(diarrhea, constipation) are not uncommon. Painful
diverticulosis classically presents as recurrent left lower
quadrant colicky pain without evidence of inflammation.
Like chronic pancreatitis, diverticular disease can produce

pain which is episodic and which can have life-threaten-
ing consequences if ignored. Bleeding diverticuli are the
most common sources of lower gastrointestinal tract
bleeding113 and segmental colonic resection has the
highest success rate at stopping bleeding. However, effects
on pain are unclear. Reports of pain do not always cor-
relate with observable pathology and symptoms can be
nonspecific. A European surgical consensus panel was not
able to definitively state when surgery was indicated for
symptomatic reasons and called for RCTs.114 The poorly
absorbed antibiotic rifaximin, normally used to treat
traveller’s diarrhea, has also been demonstrated to treat
and prevent recurrences of symptomatic diverticular
disease in controlled trials and large clinical series.115, 116

Similar results have been noted with use of the anti-
inflammatory mesalazine (mesalamine).117

Familial Mediterranean fever

An autosomal recessive genetic disease linked to chromo-
some 16, familial Mediterranean fever begins at age 5–15118

(Box 40.1). Referred to as a trait of the sons of Shem (one
of Noah’s sons) due to its increased incidence in Sephardic
Jews, Armenians, Turks, and Arabs, the known gene
mutations have also been found in substantial numbers of
people from other Mediterranean populations. Linked to
alterations in the innate immune system involving the
protein pyrin, the pathogenesis of this and other periodic
fever syndromes is still being defined.119 Features that are
classic include periodic febrile episodes without identified
triggering event, serous peritonitis, pleuritis, synovitis, and
a rash that may resemble erysipelas. Abdominal pain of
varying intensity occurs in 95 percent of the episodes with
chest pain and arthralgias in 75 percent of episodes. The
frequency of the episodes may vary from twice per week to
once per year, but most commonly occur at two- to four-
week intervals with acute episodes typically lasting between
one and three days. Amyloidosis with associated kidney
failure and athralgia are the most severe associated
sequelae. Leukocytosis and elevated sedimentation rate
may be present on laboratory exam. Typical treatment is
episodic with the use of systemic analgesics although case
reports support use of modalities such as intermittent
spinal cord stimulation.120 In controlled studies, daily
colchicine has been demonstrated to decrease the fre-
quency of attacks and risks of amyloidosis and is the
treatment recommendation of a European consensus
conference.121 Prophylactic antibiotics, hormones, anti-
pyretics, immunotherapy, psychotherapy, dietary altera-
tions, chloroquine, and phenylbutazone have all been tried
without success.

Porphyria

Several related genetic disorders, all characterized by the
increased formation of porphyrins or their precursors, are
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termed porphyria122, 123 (Box 40.1). Three subgroups
have been identified which all have similar symptoma-
tology: intermittent acute porphyria (IAP), hereditary
coproporphyria, and variegate porphyria. Of these, IAP is
the most frequently encountered with attacks of colicky
abdominal pain that are intermittent, may be associated
with environmental exposures, and which can last for
days to months. Transmitted as an autosomal dominant
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, meprobamate, and corticosteroids
have been particularly implicated as ‘‘triggers’’ although
use of many of these agents without the precipitation of a
crisis has been reported. Constipation, abdominal dis-
tension, and profuse vomiting are common. Neurological
dysfunction may occur principally due to demyelination
effects with emotional disturbance a nonspecific symp-
tom. Urine and blood tests related to porphyria may only
be diagnostic during crises. Genetic testing of asympto-
matic members in IAP families may allow for avoidance
of triggers. Treatment is avoiding known triggers, treating
crises with intravenous fluids, hemin, and/or increased
carbohydrate intake, and treating pain and nausea
with ‘‘safe’’ analgesics/antiemetics. Most opioids are
alleged to be nontriggering, a notable exception is the
mixed agonist–antagonist pentazocine. Chlorpromazine,
promethazine, and droperidol have all been reported to
be safe as antiemetics.

Orchialgia

Like abdominal pain, pain localized to the testes has a
wide differential diagnosis.124 Local processes such as
tumor, infection (e.g. epididymitis), varicocele/hydrocele/
spermatocele, and testicular torsion are all potentially
acute and chronic sources of pain. Previous surgeries such
as inguinal hernia repair and vasectomy, as well as non-
iatrogenic trauma, can all lead to chronic inflammatory
processes as well as altered sensation and associated
chronic pain. Neuropathic etiologies ranging from dia-
betic neuropathy and entrapment neuropathies to spinal
disk disease may all present with testicular pain. An
uncommon side effect of statin drugs has been orch-
ialgia.125 Scrotal pain should be differentiated from tes-
ticular pain since the nerve supplies differ and may
represent differing sites of pathology along sacral versus
thoracolumbar pathways. Due to the ‘‘personal’’ nature
of the site of pain, concerns related to psychological
etiologies or sequelae of this chronic pain are maintained.

Treatment of chronic orchialgia forms a correlate to the
disease entity of interstitial cystitis (Box 40.5) with
numerous treatments proposed for a disease of unknown
but presumably localized etiology. Traditional pain man-
agement has started with anti-inflammatories and/or anti-
biotics. Surgical procedures including epididymectomy,

orchiectomy, or denervation procedures have been recom-
mended,126 but long-term outcomes are unknown and
retrospective series have suggested limited benefit in ‘‘pain-
prone’’ patients. Wesselmann et al.98 have suggested that
there may be benefit from low dose antidepressants,
anticonvulsants, membrane-stabilizing agents, opiates and,
in some patients, repeated lumbar sympathetic blocks, oral
sympatholytics, and repeated infusions of phentolamine.
Case reports support use of pulsed radiofrequency proce-
dures.127 Because of the wide differential diagnosis of tes-
ticular pain, no specific treatment will be universally
effective, and no good interventional studies are available
for guidance.

Chronic prostatitis/chronic pelvic pain
syndrome

Chronic prostatitis/chronic pelvic pain syndrome (CP/
CPPS) is defined as pain attributed to the prostate in the
absence of identifiable pathology and has often been
referred to as prostatodynia. Hallmark features consist of
persistent complaints of urinary urgency, dysuria, poor
urinary flow, and perineal discomfort without evidence of
bacteria or white blood cells in prostatic fluids. It serves as
a male-specific corollary to interstitial cystitis in that it
has similar symptomatology, is a diagnosis of exclusion,
and has a presumed site of pain generation. Infectious,
inflammatory, neurological, and referred gastro-
enterological etiologies of the pain need to be ruled out.
Cystoscopic findings of interstitial cystitis have been
found in males with the diagnosis of prostatodynia.61

Wesselmann et al.98 have suggested that interstitial cysti-
tis, CP/CPPS (male), and vulvodynia (female) may all be
variations of a generalized disorder of the epithelium of
the urogenital sinus. To further quote Wesselmann et al.,98

no strikingly successful treatment options have been
described. As with interstitial cystitis, treatments may be
empiric trials of medications employed in the treatment
of any other chronic pain. Antibiotics are commonly
employed despite the absence of evidence for a micro-
biological etiology. Numerous clinical trials have been
performed with improvement in symptoms associated
with use of alpha adrenergic-blocking agents, transure-
thral microwave hyperthermia or dilation procedures,
pelvic floor relaxation techniques, oral pentosan poly-
sulfate, antioxidant therapies, and use of muscle-relaxing
agents all with some efficacy in population subsets. Since
monotherapies have proven to be of limited benefit in
this disorder combination therapies are now being
employed.128

Post cholecystectomy syndrome

Gallbladder inflammation, gallstones, and associated
pathology of the biliary tract are known sources of acute
pain that is typically coupled with dyspepsia and
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occasionally jaundice when obstructive. However, even
after surgical resection of the gallbladder, pain may con-
tinue which is termed postcholecystectomy syndrome. In
a follow-up study, Vetrhus et al.129 found that 27 percent
of patients who underwent cholecystectomy for uncom-
plicated gallstone disease or acute cholecystitis continued
to have persistent abdominal pain five years after their
surgery. Typically in the right upper quadrant of the
abdomen, its symptomatology is similar to that of cho-
lecystitis in that it may be exacerbated by eating, may be
associated with nausea, and is described as continuous
during the day, dull and frequently colicky. Appropriate
workup will rule out definable pathology such as a
retained bile duct stone or secondary pancreatitis. It is a
correlate to chronic pancreatitis in that there may be
abnormal pressures or motility within the biliary duct.
Endoscopic demonstration of elevated sphincter of Oddi
pressures suggest sphincter dysfunction as the cause of the
syndrome which has also been termed a ‘‘functional’’
disorder.130 During endoscopic retrograde cholangio-
pancreatography it may be possible to reproduce the pain
by producing intraductal distension. Endoscopic or sur-
gical sphinterotomy or sphinteroplasty have been bene-
ficial in series reports and calcium channel blockers or
long-acting nitrates have been proposed as therapeutic
when sphincterotomy is not possible. Other treatment
options are similar to chronic pancreatitis with dietary
alterations, surgical re-explorations, focal injections/neu-
rolysis, and traditional analgesics all suggested as ther-
apeutic options. In many cases there is no objective
identification of a site of pain generation so treatment is
empiric. In many cases, the cholecystectomy was one
aspect of this empiric treatment.

Proctalgia fugax

Episodic spasms (seconds to minutes) of pain localized to
the rectum/anus, occurring at irregular intervals and
without identifiable cause, are termed proctalgia fugax.131

Highly prevalent, occurring in 14–19 percent of healthy
subjects, the episodes are brief (seconds to minutes) and
infrequent (normally o6/year). They may be precipitated
by bowel movements, sexual activity, stress, and tem-
perature changes and so may lead to avoidance behavior
on the part of the patient. No etiology or method of
treating/preventing proctalgia fugax has been universally
accepted. Spasm of the sigmoid colon, levator ani, and/or
pelvic floor musculature have been postulated as sources
of the pain. If episodes are prolonged (420 minutes)
then the disorder is termed chronic proctalgia rather than
proctalgia fugax and the likelihood of involvement of the
levator ani musculature is increased, particularly if there
is tenderness with posterior traction on the puborectalis
during physical exam.131 Local anorectal pathology such
as fissures or abscesses need to be ruled out as alternate
sources of pain and spasm. Due to the brief nature of
most episodes, most reactive pharmacological treatments

have usually proved inadequate although inhaled salbu-
tamol, clonidine, nitroglycerin, antispasmotics, and cal-
cium channel blockers have all been reported as effective.
Heat or pressure applied to the perineum, food/drink
consumption, dilation of the anal sphincter, assumption
of a knee–chest position, and assumption of other
postures have been anecdotally reported as beneficial.

Recurrent urolithiasis

Stones located within the urinary system (renal pelvis/
calices, ureters, bladder, urethra) can produce severe pain
(renal colic) and if sufficiently obstructive to urine flow
can destroy kidney function. It occurs in 15 percent of
white men and 6 percent of all women in industrialized
countries.132 Recurrent in ‘‘stone-formers,’’ it may pro-
duce continuous pain when numerous or large renal
pelvic (staghorn) calculi are present. Diagnosis is based
on history of stone formation and/or imaging studies
(intravenous pyelogram or computed tomography). The
definitive treatment is the removal of the stone by
spontaneous passage which may be assisted by fragmen-
tation using lithotripsy or surgical removal. Drugs pro-
ducing a relaxation effect in the ureters include NSAIDs,
nifedipine, and tamsulosin. Pain treatments employed for
renal colic are intended to be ‘‘temporizing’’ until stone
removal occurs. As such, narcotics and NSAIDs are the
mainstay of treatment. There may be particular benefit to
the use of NSAIDs as they may produce ureteral relaxa-
tion in addition to analgesia. Therapies to reduce stone
formation include alkalinization of urine, avoidance of
certain drugs, use of thiazide diuretics, and dietary
alterations.133

Polycystic kidney disease

This disorder is an autosomal-dominant genetic disease
that eventually leads to kidney failure. Cyst formation,
rupture, infection, and secondary compression/traction of
neighboring structures may produce low back pain,
abdominal pain, headache, chest pain, flank pain, and/or
leg pain.134 Renal stone formation and liver cyst forma-
tion are both common comorbidities and so reports of
pain may require an assessment of those etiologies. Bajwa
et al.135 have proposed a general progression from non-
pharmacological methods to non-narcotic analgesics and
minimally invasive procedures to progressively more
invasive procedures and use of opioids. Procedures
unique to polycystic kidney disease include surgical or
percutaneous drainage of the cysts with marsupialization
to avoid fluid reaccumulation.136

Loin pain – hematuria syndrome

This is a descriptive diagnosis with the primary symptom
of severe flank pain and the laboratory finding of
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hematuria. It is of obscure etiology and is associated with
inconsistent pathology. It may be secondary to an immu-
noglobulin A nephritis but is predominantly a diagnosis of
exclusion. Renal biopsies of subjects with this diagnosis by
Spetie et al.137 demonstrated a common finding of red
blood cells in multiple tubules, suggesting a glomerular
source of the hematuria. Glomerular basement membranes
were observed to be commonly thick or thin but in general
the glomeruli were without definable pathology. Accepted
by some as a diagnosis that justifies aggressive interven-
tions including nephrectomy or renal autotransplantation,
its very existence as a discrete clinicopathological entity has
been questioned. Recurrence of pain following surgical
procedures including extensive surgical sympathectomy of
the kidney has been common except in cases where there
was meticulous screening of patients for other urological,
nephrological, or psychiatric etiologies of the pain. Injec-
tion therapies have been normally viewed as short-lived.
Transcutaneous electrical nerve stimulation has been
reported to result in partial pain relief. Due to the limited
success of other modalities of treatment, the use of narcotic
analgesics may be considered.138

Other

Abdominal pain may also result from nonabdominal
sites. Abdominal migraine is a variant of the more typical
migraine. Rather than headache and nausea, symptoma-
tology may consist of abdominal pain and nausea.
Treatment is similar to that of other migraines.

Another source of abdominal pain may be cardiac
failure, which produces congestion-related hepatomegaly
and associated distension of the hepatic capsule. Similarly,
low cardiac output may be associated with ischemia of the
bowel.

Chronic ulceration of the stomach or duodenum may
also produce recurrent epigastric pain. Potentially life-
threatening due to their potential for hemorrhage and
perforation they are generally viewed as acute events,
diagnosed with endoscopy or contrast radiology and
treated with antacids, mucosal coating agents, bowel rest,
and drugs blocking gastric acid secretion/formation.

Nerve injury or entrapments can occur after any
abdominal or pelvic surgery resulting in neuralgias,
neuroma formation, or referred pains (e.g. testicular pain
following an inguinal hernia repair). Evaluation and
treatment are similar to those of other neuropathic pains.
The surgical demonstration of adhesions in post-
abdominal surgery patients may be attributed as a source
of abdominal or pelvic pain but the role of these adhe-
sions in producing pain is a matter of debate. It would
appear that unless adhesions are producing bowel
obstruction, adhesiolysis appears unlikely to produce
reliable benefit. Treatment is episodic and symptomatic,
but the use of narcotic analgesics may lead to further
bowel dysfunction and so may be viewed as a late option.

SUMMARY

Chronic pain with abdominal, groin, or perineal locali-
zation is a common clinical entity with multiple etiologies
both known and unknown. Four archetypal disorders
have been presented in depth, as well as multiple other
disorders as correlates. Each of the sources of pain listed
in Box 40.1 have their own unique aspects but similarities
in evaluation and treatment are apparent. All forms of
cancer have their correlate in pancreatic cancer with
defined pathology and a desire for aggressive palliative
treatment. Infectious and inflammatory pain states are
correlates to chronic pancreatitis in that they have
definable pathology but variable symptomatology. They
also have associated potentially life-threatening compli-
cations such as abscess formation, fistula formation, and
hemorrhage. Functional and undefined pain conditions
have their correlates in IBS and IC with presumably
defined sites of pain generation but minimal or absent
definable pathology at those sites. All therapies are both
disorder dependent and patient dependent. Outcome
studies for many therapies are nonexistent and so the
challenge for the clinician treating pain is to define the
most appropriate therapy for an individual patient. It is
beyond the scope of the present article to delineate every
option ever tried, but the general maxim of starting
‘‘simple’’ and advancing as needed is prudent for all of the
disorders.
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KEY LEARNING POINTS

� Chronic pelvic pain (CPP) is pelvic pain that has

persisted for six months or more. The amount of pain is

often greater than the degree of pathology.
� Gynecologic causes of CPP can be divided into noncyclic

and cyclic.
� Primary and secondary dysmenorrhea are cyclic. Primary

dysmenorrhea is best treated with nonsteroidal anti-

inflammatory drugs (NSAID) and hormonal

contraceptives; treatment of secondary dysmenorrhea

depends on the etiology, but both may respond to

menstrual supression.
� The most prevalent cyclic gynecologic cause of CPP is

endometriosis.
� The pain with endometriosis is most likely associated

with deeply infiltrating lesions. Numerous medical and

surgical techniques are available for treatment.
� Pelvic pain, urinary urgency, urinary frequency, and

frequent nocturia without evidence of urinary tract

infection are suggestive of painful bladder syndrome or

interstitial cystitis.
� Eliciting a trigger point or localizing tenderness to a

specific branch of a somatic nerve is indicative of

neuropathic pain. Injection of local anesthetic can be

diagnostic as well as therapeutic.
� Psychological factors impact the perception and

maintenance of pain. Depression and a history of

physical and/or sexual abuse are common and should be

addressed. Cognitive behavioral therapy is an important

component of multidisciplinary management.
� Physical examination should encompass not only the

pelvic viscera system, but also the musculoskeletal and

neurologic systems.
� Management of CPP should involve a multidisciplinary

approach for maximal benefit. Individual components of

therapy may include:

– pharmacologic therapy: NSAIDs, antidepressants,

anticonvulsants, and possibly narcotics, depending

on the presumed etiology of the pain, trigger point

injections, and local anesthetic nerve blocks.

– physical therapy including consideration of

transcutaneous electric nerve stimulation (TENS) unit

device in cases where there is a myofascial

contribution to the pain.
� Vulvar vestibulitis, vestibulodynia vulvar dermatoses,

cyclic vulvovaginitis, and dysesthetic vulvodynia are

subtypes of vulvodynia.
� The etiology of vulvodynia may be infectious, trauma,

allergens, underlying dermatologic, neurologic, urologic,

or systemic conditions.
� Vulvar vestibulitis is vulvar pain characterized by entry

dyspareunia, vestibular erythema, and vestibular

tenderness.



� Therapies for vulvodynia depend on results of

evaluation, and may include antifungal agents,

antihistamines, topical corticosteroids, topical or

injected local anesthetics, and estrogen.
� Tricyclic antidepressants, anticonvulsants, biofeedback

and physical therapy of pelvic floor muscles, and

cognitive-behavioral therapy may enhance the above

therapies.
� Surgical intervention (perineoplasty – total or subtotal)

should be offered in cases of vulvar vestibulitis resistant

to medical therapy.

INTRODUCTION

Chronic pelvic pain (CPP) is defined as pelvic pain that
persists for more than six months in the same location. It
may occur in individuals with no apparent visceral or
somatic abnormalities or, if disease is present, the pain is
frequently more pronounced than the degree of pathology
might suggest. Chronic pelvic pain is often associated
with depression, anxiety (hopelessness and helplessness)
and other mood disturbances, catastrophizing, somatiz-
ing, and dependent personality styles, marital and social
discord, including sexual dsysfunction. The purpose of
this chapter is to review the pelvic anatomy, differential
diagnosis, and management, including the role of multi-
disciplinary assessment and treatment of CPP.

EPIDEMIOLOGY

In the USA, an estimated 12–15 percent of women report
signs and symptoms suggestive of CPP, or have been
diagnosed with CPP,1, 2 and up to 15 percent have vul-
vodynia.3 Approximately 10 percent of referrals to gyne-
cologists and 44 percent of laparoscopies are performed to
evaluate CPP.4, 5 The impact of CPP on society is not
measured only by the amount spent on the diagnosis and
treatment, but also by the opportunity cost it exacts. For

example, Mathias and colleagues1 reported a 45 percent
reduction in work productivity and a 15 percent increase
in time lost from work in women with CPP.

ETIOLOGY AND PATHOPHYSIOLOGY

Neuroanatomy

VISCERAL INNERVATION

The reproductive organs have a dual innervation via the
sympathetic (thoracolumbar) and parasympathetic
(sacral) autonomic, with contributions from the somatic
sensory nervous system.6, 7 The visceral afferent fibers
travel the same route as their corresponding efferent
autonomic fibers (Table 41.1). The afferent innervation
of the upper vagina, cervix, uterus, proximal fallopian
tubes, upper bladder, terminal ileum, and distal large
bowel travels with the thoracolumbar sympathetics
through the inferior hypogastric plexus to the hypogastric
nerve to the superior hypogastric plexus and on to the
lower thoracic and lumber splanchnic nerves which
enter the spinal cord at T10–L1. Other pathways of
afferent innervation from the pelvis travel via the pelvic
(parasympathetic) splanchnic nerves (nervi erigentes) to

Table 41.1 Pelvic structures and their innervations.

Organ Spinal
segment

Nerves

Outer two-thirds of fallopian tubes, upper ureter T9–10 Thoracolumbar splanchnic nerves through mesenteric

plexus

Ovaries T9–10 Thoracolumbar splanchnic nerves traveling with

ovarian vessels via renal and aortic plexus and

celiac and mesenteric ganglia

Uterine fundus, proximal fallopian tubes, broad

ligament, upper bladder, cecum, appendix,

terminal large bowel

T11–12, L1 Thoracolumbar splanchnic nerves through uterine and

hypogastric plexus

Lower abdominal wall L1–2 Iliohypogastric, ilioninguinal

Perineum, vulva, lower vagina, anus, rectum L1–L2, S2–S4 Pudental, ilioninguinal, genitofemoral, posterior

femoral cutaneous, anococcygeal

Upper vagina, cervix, lower uterine segment, posterior

urethra, bladder trigone, uterosacral and cardinal

ligaments, rectosigmoid, lower ureters

S2–S4 Sacral afferents traveling through the pelvic plexus
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S2–4. The perineum, anus, and pelvic floor muscles are
supplied by somatic branches of the pudendal nerve
(S2–4). Urogenital sinus structures, including the lower
vagina, lower bladder, and rectosigmoid, are innervated
by both the thoracolumbar and sacral afferents.6

The outer fallopian tube, ovary, and upper ureter are
innervated by sympathetic nerves traveling with the
ovarian artery, and enter the sympathetic nerve chain at
L4, ascend with the chain, and enter the spinal cord at T9
and T10. The afferents from the ovary and outer fallopian
tube therefore bypass the inferior hypogastric nerve and
superior hypogastric plexus. Visceral conditions are
characterized by referred pain to the dermatomes asso-
ciated with pelvic organ innervation, i.e. T10–L2 (anterior
abdominal wall and anterior thighs) and dorsal rami of
L1–L2 (lower back).8, 9, 10 Referred pain is well localized,
superficial in location, and appears to arise in the same
spinal cord segment receiving the pain input.

MECHANISMS OF SOMATIC AND VISCERAL PAIN

A complete description may be found in Chapter 3,
Applied physiology: persistent visceral pain.

PERIPHERAL CAUSES OF CHRONIC PELVIC
PAIN

Table 41.2 lists the differential diagnosis of the peripheral
(outside of the central nervous system (CNS)) etiology of
chronic pelvic pain. It is helpful to consider pain as either
‘‘cyclic’’ or ‘‘noncyclic,’’ based on whether the pain is
exacerbated premenstrually or with menses. Although not
all cyclic pain derives from the reproductive system,
suppression of gonadal steroids or menses is often useful
for the management of cyclic pelvic pain.

Gynecologic: cyclic pelvic pain

Dysmenorrhea or painful menses is the most common
category of cyclic pelvic pain. It is a common disorder of
the female reproductive tract and affects approximately 50
percent of menstruating women.11 Dysmenorrhea may be
described as primary or secondary, depending on its
etiology. Primary dysmenorrhea refers to pain with
menses in the absence of an underlying pathology.
Secondary dysmenorrhea refers to pain in the presence
of an underlying disorder such as adenomyosis or
endometriosis.

PATHOPHYSIOLOGY

Several mechanisms are likely to activate the thor-
acolumbar and pelvic afferents invoking dysmenorrhea.
These include: (1) myometrial contractions leading to

intense intrauterine pressure and uterine hypoxia; (2)
hyperproduction of prostaglandins and leukotrienes
and other hormonal factors which increase afferent
terminal excitability; (3) altered CNS processing of the
afferent barrage possibly mediated by opioid or gamma
aminobutyric acid (GABA)-ergic mediations; and (4)
environmental and behavioral factors.12 In primary dys-
menorrhea, an increase in endometrial prostaglandin
production is seen in the secretory phase of the cycle.12

SYMPTOMS AND SIGNS

As retrospective history may be inaccurate, the diagnosis
of cyclic exacerbation of pain often depends on the review
of a daily pain ratings and menstrual calendar to confirm
the cyclic nature of the pain.

Primary dysmenorrhea

In primary dysmenorrhea, onset of pain generally occurs
approximately one year following menarche when ovu-
latory cycles are established. The pain starts near or at the
onset of menses, lasting for 48–72 hours, is suprapubic
and cramping, radiating to the lumbosacral region and
anterior thighs. Associated gastrointestinal symptoms
including nausea, vomiting, and diarrhea are common.

Secondary dysmenorrhea usually occurs years after
menarche, and pain may occur up to two weeks prior to
the onset of menses and last until the cessation of menses.
In primary dysmenorrhea, the physical examination is
unremarkable, although at the time of dysmenorrhea
some suprapubic and uterine tenderness is common,
whereas with secondary dysmenorrhea, careful pelvic
examination may reveal abnormalities in adnexal
structures, uterine size, contour, mobility and/or tender-
ness, and nodularity of the uterosacral ligaments and
rectovaginal septum.

DIAGNOSIS

Evaluation includes cervical studies to rule out gonorrhea
or chlamydial infection, a complete blood count (CBC),
and erythrocyte sedimentation rate (ESR). Transvaginal
ultrasound should be performed as it may suggest an
anatomic disorder underlying the cyclic pain. Secondary
dysmenorrhea is discussed in detail under Secondary
dysmenorrhea below.

TREATMENT

The standard treatment for primary dysmenorrhea is
prostaglandin synthetase inhibitors. Dosing requires
around-the-clock administration at the onset of menses
or, preferably, one to two days prior to onset of pain for
the first few days of menses. Treatment is effective in up to

572 ] PART III MANAGEMENT – CLINICAL SITUATIONS



Table 41.2 Peripheral causes of chronic pelvic pain.

Gynecologic Gastrointestinal Genitourinary Neurologic Musculoskeletal Systemic

Noncyclic Cyclic

Adhesions Primary dysmenorrhea Irritable bowel

syndrome

Recurrent or

relapsing

systourethritis

Nerve entrapment

syndrome

Low back pain

syndrome

Acute intermittent

porphyria

Endometriosis Secondary dysmenorrhea Ulcerative colitis Urethral syndrome Neuroma Myofascial syndrome Abdominal migraine

Salpingo-oophoritis Imperforate hymen or

transverse vaginal septum

Granulomatous

colitis

(Crohn’s

disease)

Interstitial cystitis Trigger points Fibromyalgia Systemic lupus

erythematosus

Ovarian remnant syndrome Cervical stenosis Carcinoma Ureteral diverticula or

polyps

Pelvic floor muscle

tension/spasm or

trigger points

Lymphoma

Pelvic congestion syndrome

(varicosities)

Uterine anomalies (congenital

malformation, bicornuate

uterus, blind uterine horn)

Infectious

diarrhea

Carcinoma of the

bladder

Hernia Neurofibromatosis

Ovarian neoplasms Intrauterine synechiae

(Asherman syndrome)

Recurrent partial

small bowel

obstruction

Ureteral obstruction

Pelvic relaxation Endometrial polyps Diverticulitis Pelvic kidney

Uterine leiomyoma Hernia

Adenomyosis Abdominal

angina

Pelvic congestion syndrome

(varicosities)

Recurrent

appendiceal

colicEndometriosis

Atypical cyclic

Endometriosis

Adenomyosis

Ovarian remnant syndrome

Chronic functional ovarian

cyst formation



80 percent of cases.13 A recent Cochrane review14 found
that nonsteroidal anti-inflammatory drugs (NSAID) were
significantly more effective than placebo for pain relief
(OR 7.91), but were not found to be significantly more
effective than paracetamol.

Further benefit may be obtained by adding an oral
contraceptive pill (OCP) with relief noted in more than
90 percent.15 A meta-analysis of four randomized con-
trolled trials (RCTs) found that combined OCPs provide
effective pain relief.16 Contraceptive rings, patches, and
progestin containing intrauterine devices and implants
may also be effective. High-dose oral or depot progestins
and gonadotropin-releasing hormone (GnRH) agonists
(with low-dose add-back therapy) are other forms of
hormonal suppression.17 If more aggressive medical
therapy including narcotic analgesia is necessary, laparo-
scopy should be considered to rule out endometriosis.

Other alternative forms of treatment include acu-
puncture or transcutaneous electric nerve stimulation
(TENS).18, 19, 20 A meta-analysis of nine RCTs found that
high frequency TENS was effective for treatment of dys-
menorrhea, but that there was insufficient evidence to
assess the efficacy of low frequency TENS.21 Surgical
management can be considered once conservative medical
management has failed or if an underlying disorder is
present. Surgical approaches to dysmenorrhea may
include laparoscopic uterosacral nerve ablation or pre-
sacral neurectomy. In selected cases of dysmenorrhea,
after childbearing has been completed, hysterectomy may
be appropriate. These interventions are further discussed
later in this chapter. There is currently no evidence that
spinal manipulation is effective for the treatment of
primary or secondary dysmenorrhea.22

Secondary dysmenorrhea

Secondary dysmenorrhea most commonly arises when a
woman is in her twenties or thirties, after years of less
painful cycles. Elevated prostaglandins may also play a
role in secondary dysmenorrhea but, by definition, con-
comitant pelvic pathology must also be present. Common
causes include endometriosis (see below under Endome-
triosis), adenomyosis, endometrial polyps, endometritis,
pelvic inflammatory disease, copper intrauterine devices
(IUDs), ovarian cysts, congenital pelvic malformations,
and cervical stenosis.

Adenomyosis

Adenomyosis refers to the presence of endometrial glands
and stroma within the uterine musculature. It can be a
diffuse disease or it can form nodules that resemble
myomas. The ectopic endometrial tissue stimulates the
surrounding myometrium to hypertrophy, causing an
enlarged globular uterus.

INCIDENCE

Incidence is generally estimated to be 20 percent of
women, but has been found in up to 65 percent of women
in one study and cannot be accurately estimated.23

Patients are typically between 40 and 50 years of age.
Adenomyosis may be more common in parous women
and those who have had prior uterine surgery. Fibroids
and endometriosis often coexist with adenomyosis.24

SIGNS AND SYMPTOMS

Abnormal uterine bleeding, primarily menorrhagia, and
premenstrual and menstrual pain are the most common
symptoms.

DIAGNOSIS

Definitive diagnosis is by histological examination of
hysterectomy specimen. The preoperative diagnosis can
be suggested when there is menorrhagia and dysmenor-
rhea, particularly if the uterus is enlarged but has a het-
erogenous echo texture on ultrasound, but no myomata.
The sensitivity and specificity of transvaginal ultrasound
were 81 and 71 percent, respectively.25 Magnetic reso-
nance imaging (MRI) may show areas of decreased signal
intensity in areas of adenomyosis, and is the best way to
distinguish adenomyosis from normal myometrium or
fibroids, but is an expensive modality for diagnosis.26

TREATMENT

Hormonal treatment for adenomyosis is similar to that of
endometriosis and includes OCPs, progestins or GnRH
analog (also see below under Treatment under Endome-
triosis). However, six months after cessation of therapy,
the enlargement of the uterus and symptoms usually
recur. Uterine artery embolization may be effective and
hysterectomy is curative.

Endometriosis

INCIDENCE

In the general female population, prevalence is estimated at
approximately 10 percent and with infertile women it is
15–25 percent, and 28–74 percent of women undergoing
diagnostic laparoscopy for CPP.27, 28, 29 In the past decade,
the incidence has increased, perhaps reflecting delayed
childbearing but also the increasing use of laparoscopy and
greater awareness of subtle endometriotic lesions.30

Endometriosis may present in any age group (from ado-
lescents to postmenopausal women on hormonal therapy),
however most diagnoses are made in women in their
thirties or forties.31 Endometriosis has been suggested by
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one study to be the etiology in up to 70 percent of
adolescents with CPP unresponsive to medical treatment.32

ETIOLOGY

In women with endometriosis, endometrial glands and
stroma are located outside the uterine cavity, most com-
monly at the cul-de-sac, ovaries, and the pelvic visceral and
parietal peritoneum. The favored theory, proposed by
Sampson in the 1920s, is that endometriosis results from
retrograde menses with implantation of endometrium on
the peritoneum and nearby organs. Retrograde menses
occur in 70–90 percent of women. However, endometriosis
does not necessarily result. It may be that altered peritoneal
immune function contributes to the progression of endo-
metriosis, and the eutopic endometrium may also differ in
women prone to endometriosis.33 Proliferation occurs with
each menstrual cycle, with resultant inflammation,
scarring, fibrosis, and adhesion formation. Thus, the risk
of endometriosis is thought to increase with abnormal
menstrual activity, such as shorter menstrual cycle,
menorrhagia, obstruction to outflow, and reduced parity.31

The estrogenic hormonal environment further permits
proliferation. Further theories include celomic metaplasia
of the peritoneum and hematogenous/lymphatic spread to
extrapelvic sites.33

SYMPTOMS AND SIGNS

The most common symptoms of endometriosis are:

� Dysmenorrhea: pelvic pain may be present all month
but is is invariably associated with menstruation, and
may start seven days prior. Pain is sharp/pressure-like
and located in the lower abdomen, back, and rectum.

� Deep (pelvic as opposed to introital) dyspareunia.
� Infertility.
� Abnormal uterine bleeding: usually from a secretory

endometrium.
� Nongynecologic symptoms: dyschezia (pain during

bowel movements) or cyclic hematochezia with
involvement of intestine/rectum. Urinary urgency,
frequency, bladder pain, and hematuria with urinary
tract involvement. Patients rarely can develop bowel
or ureteral obstruction.

Classic physical findings include uterosacral nodularity
and focal tenderness on bimanual and rectovaginal
examination. With severe disease, fibrosis can result in
a fixed, retroverted uterus. Adnexal masses may be
palpated, consistent with endometriomata.33

DIAGNOSIS

A definitive diagnosis is made by laparoscopy or
laparotomy.34 Typical endometriotic lesions range from

the early, active petechial lesions to the older and less
active powder-burn, fibrotic lesions.35 Clinical diagno-
sis of endometriosis is accurate approximately 50 percent
of the time.30 Deep infiltrating lesions are most
prevalent in the pouch of Douglas and the uterosacral
ligaments and may cause pain by infiltrating nerve
endings.36 Sensory innervation of endometriotic
implants may also contribute to pain sensations.37 Other
diagnostic options include ultrasound (however this is
limited to diagnosis of ovarian endometriomas), and
an elevated CA-125 and ESR (however the specificity
is low).

TREATMENT

The chronic, recurring nature of endometriosis makes
effective treatment difficult. There are several medical and
surgical options. Untreated, minimal to moderate endo-
metriosis may progress in 30 percent of patients, regress
in 30 percent, or remain static in 40 percent.38 With
medical treatment, the goal is to induce a pseudomeno-
pause or pseudopregnancy state to reduce the hormonal/
cyclic stimulation of endometriotic lesions, and to
decidualize or atrophy the lesions.

No studies have compared medical versus surgical
treatment of endometriosis, but costs and side effects
often dictate the choice of medical treatment. Initial
therapy according to an expert consensus panel recom-
mendations include a trial of NSAIDs with or without
combined estrogen–progestin formulations.39, 40, 41 A
recent Cochrane review42 found only one applicable RCT
comparing NSAIDs to placebo in women with endome-
triosis; it had only 24 patients and found that there was
no evidence of a positive effect on pain relief. However,
NSAIDs have a low risk side-effect profile and are avail-
able over the counter. Hormonal combined OCPs have
been used in both a cyclic and continuous fashion.43

Traditionally, low estrogen dose OCPs containing more
androgenic progestogens have been used but OCPs with
new generation progestogen, desogestrol, has also been
proven effective.44

If unsuccessful, high-dose progestins, androgenic
hormones (danazol), or gonadotropin-releasing hormone
(GnRH) agonists and GnRH plus aromatase inhibitors
are used to induce atrophy of implants.33 The most
commonly used progestogens are medroxy-progesterone
acetate and norethindrone acetate.43, 45 The levonorges-
trol-releasing intrauterine system (Lng-IUS) is a novel
approach to endometriosis. Its mechanism is unknown
but it has been found to be more effective than expectant
management in an RCT.46 Danazol acts primarily by
inhibiting the LH surge and steroidogenesis and by
increasing free testosterone levels.43

GnRH agonists bind to GnRH receptors and down-
regulates, eventually causing hypoestrogenism and ame-
norrhea.45 Methods of delivery include nasal spray twice
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daily or a depot formulation. Side effects include those
of a hypoestrogenic state: mood swings, vaginal dryness,
decreased libido, myalgias, and headache. In an RCT of
six-month GnRH-agonist therapy in laparoscopically
confirmed endometriosis, decreased pain was associated
with GnRH-agonist treatment as well as a decrease in
the size of the endometriotic lesions.47 GnRH-agonist
therapy may be initiated without laparoscopically con-
firmed endometriosis if it is clinically suspected. Hor-
monal add-back therapy (i.e. norethindrone acetate
2–5mg daily with or without estrogen) has also been
utilized to prevent the long-term hypoestrogenic side
effects (bone loss) of long-term (12 months) therapy,
with continued relief of pelvic pain.48 After dis-
continuation of GnRH-agonist treatment, recurrence of
symptoms may return in up to 36–75 percent of patients
over a five-year period, most commonly in patients
with severe disease.49 An RCT comparing Lng-IUS with
depot GnRH analog for the treatment of CPP-associated
endometriosis found that both were effective treatments
and one was not significantly better than the other.50

The Lng-IUS does not provoke hypoestrogenism and
it requires only one medical intervention for its
introduction every five years.

Surgical intervention involves laparotomy or laparo-
scopy. At the time of the laparoscopy, endometriosis
lesions should be ablated or preferably removed. There
have been no randomized trials to compare the efficacy
of these methods with each other. Endometriomas
should be removed with their capsule to prevent recur-
rence.51 In an RCT of minimal to moderate endome-
triosis, laparoscopic laser treatment was noted to benefit
90 percent of women at one-year follow-up.38 A pro-
spective cohort study on patients with stage III–IV
endometriosis found that 87.7 percent of the patients
were satisfied with the results of ablative surgery at 12
months postoperatively.52 An RCT with endometriosis to
either diagnostic laparoscopy only or immediate exci-
sional procedure found that laparoscopic excision of
endometriosis (80 percent) is more effective than pla-
cebo (32 percent) at reducing pain and improving
quality of life.53 A review of the literature shows that in
comparison to expectant management there is a sig-
nificant amount of pain relief at six months after surgery
with laser laparoscopic surgery for minimal, mild, and
moderate endometriosis.54 Recurence rate of pain after
24 months is around 50 percent.

In women who have finished childbearing, a hyster-
ectomy with bilateral salpingo-oophorectomy, appen-
dectomy, and removal of any residual gastrointestinal,
genitourinary, or peritoneal disease can be performed.
Hysterectomy without bilateral salpingo-ophorectomy is
found to be less effective, with more disease recurrence
and higher re-operation rates of approximately 30 per-
cent.55 Additional benefit in pain reduction may be
derived from adjunctive acupuncture or multidisciplinary
pain management (Box 41.1).56

OUTCOME WITH RESPECT TO CPP

The relationship of endometriosis to chronic pelvic pain
is unclear as endometriosis is a common finding in
reproductive-age women without pain, and other
pathology (i.e. adhesions, interstitial cyctitis, pelvic floor
muscle spasm, abdominal wall pain) may be simulta-
neously present.34 Classically, the severity of disease does
not significantly correlate with the degree of pain.57, 58

However, vaginal and uterosacral endometriosis was
highly associated with complaints of deep dyspareunia58

and deeply infiltrating lesions, particularly of the

Box 41.1 Treatment approach when
endometriosis is suspected

� Trial of low-dose monophasic combination oral
contraceptive pills (one pill/day for three to six
months)

� If no improvement, three-month therapy with a
GnRH agonist; if pain improves continue for
three additional months, may consider hormonal
add-back therapy

� Surgery to evaluate for pathology if no
improvement with GnRH agonist:
– excision/thermal ablation/laser of
endometriotic lesions;

– excision of endometriomas;
– � presacral neurectomy (for central pain);
– � hysterectomy and bilateral salpingo-
oophorectomy;

� Endometriosis confirmed; hormonal management
with one of following if pain persists/recurs
following surgery:
– continuous monophasic oral contraceptive
pills to induce amenorrhea;

– progestins:
� medroxyprogesterone acetate (MPA) 30mg

p.o. q.d.;
� depot MPA 150mg i.m. q.3mo.
� megestrol 40mg p.o. q.d.;
� norethindrone acetate 2–5mg p.o. q.d.

� Levonorgestrol-releasing intrauterine device:
– danazol 400–800mg p.o. q.d.;
– GnRH agonist:

� nafarelin 200–400 g intranasal b.i.d.;
� leuprolide 3.75mg i.m. q.mo. or 11.25mg

i.m. q.3mo.
� � Add-back therapy with norethindrone

2–5mg p.o. q.d. or conjugated/esterified
estrogen 0.625mg p.o. q.d. and MPA 2.5mg p.o.
q.d.

� Multidisciplinary pain management – may be
considered early in the management.
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uterosacral ligaments were strongly associated with
pain.36 In contrast, Stovall et al.59 found at a mean follow-
up of 15 years that stage of disease was associated with
persistence and intensity of chronic pelvic pain. In sum-
mary, pain that is not cyclical and/or does not respond to
adequate surgical and medical management of endome-
triosis should be reevaluated for another source of pain
and/or other contributing factors.

Pelvic congestion

PATHOPHYSIOLOGY

The syndrome of pelvic congestion was first proposed in
the 1950s by Taylor,60 who stated that autonomic nervous
system dysfunction from emotional stress could cause
smooth muscle spasm and congestion of the ovarian and
uterine–pelvic venous plexes. Beard et al.61, 62 investigated
the prevalence of pelvic venous congestion in a blinded
study on patients with CPP with no other obvious cause
found at the time of laparoscopy. On transuterine pelvic
venography, women with CPP had a larger mean ovarian
vein diameter, delayed disappearance of contrast medium,
and greater ovarian plexus congestion than controls.

SYMPTOMS AND SIGNS

Dull/aching pelvic pain accentuated with postural chan-
ges, ambulation, menstruation, and coitus; gastro-
intestinal symptoms characteristic of irritable bowel
syndrome; genitourinary symptoms without evidence of
infection; significant emotional disturbance; and on
examination, tenderness over the adnexa, uterus, para-
metria, and especially the uterosacral ligaments.60, 61

DIAGNOSIS

Prior to carrying out invasive measures, symptomatic
treatment to differentiate gastrointestinal, genitourinary,
or myofascial etiology of CPP should be performed.
Different techniques are now available to diagnose pelvic
congestion, but none are as accurate as the transuterine
venogram which is not widely available. On transvaginal
ultrasound or MRI there may be uterine enlargement,
thickened endometrium, cystic ovaries, and dilated pelvic
veins. Laparoscopy can reveal varicosities62 but false
negative findings may occur.

TREATMENT

Hormonal suppression with progestin, medroxy-
progesterone acetate (MPA) 30mg may improve the
symptoms of pelvic congestion, especially if combined
with cognitive-behavioral therapy.63, 64 OCPs have not
been proven to be effective in treatment of pelvic

congestion.65 An RCT of GnRH analog, goserelin versus
MPA found that one year following six months of treat-
ment, goserelin was superior to MPA.66 Several small,
noncontrolled studies have looked at transcatheter
embolization of pelvic veins with good short-term suc-
cess.67, 68 Further studies are indicated to evaluate the
risks and long-term benefits.69 Hysterectomy with bilat-
eral salpingo-oophorectomy may be considered in women
who have failed medical management. In a prospective
study, 12 of 36 women on hormone replacement therapy
following a hysterectomy with bilateral salpingo-
oophrectomy (for pelvic congestion) were noted to have
residual pain at one-year follow-up.70

Ovarian remnant syndrome

PATHOPHYSIOLOGY

The ovarian remnant syndrome is a rare complication
resulting from ovarian cortical tissue left in situ during a
difficult salpingo-oophorectomy, generally in the setting
of extensive inflammation from tubo-ovarian abscess or
endometriosis.71, 72 In this situation, the remnants of the
ovarian tissue may become functional and cystic.73

SYMPTOMS AND SIGNS

Pelvic pain usually arising one to five years after surgery is
often cyclic, accompanied by flank pain. Associated gen-
itourinary and gastrointestinal symptoms are common.74

Pelvic examination may reveal a tender mass in the lateral
region of the pelvis.

DIAGNOSIS

The diagnosis is suspected on the basis of history, physical
examination, ultrasound, and hormonal evaluation.71, 75

In a patient who has had a bilateral salpingo-oophor-
ectomy and is not on hormone replacement, pre-
menopausal levels of estradiol and follicle-stimulating
hormone (FSH) levels should be present, although on
occasion the remaining ovarian tissue may not be active
enough to suppress FSH levels. Clomiphene citrate may
be used to stimulate ovarian tissue to enhance diagnosis
by ultrasound.

TREATMENT

Hormonal therapy may be utilized to suppress the ovarian
remnant. GnRH agonists have shown superior results over
oral contraceptives, progestins, and danazol in providing
relief. The patients who achieved relief with the GnRH
agonist were also noted to have subsequent relief with
surgery.76 Exploratory laparotomy is the method of choice
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for removal of residual ovarian tissue.77 Surgical manage-
ment via laparoscopy is controversial given the presence of
extensive adhesions and potential complications, including
hemorrhage, ureteral, bladder, and bowel damage.74

Recurrent remnants occur in 15 percent of cases.

Residual ovary syndrome

Residual ovary syndrome consists of recurrent functional
ovarian cysts in an individual who has undergone hys-
terectomy. The ovaries may be adherent to the pelvic side
wall or vaginal cuff. Pain is usually limited to episodes of
cyst formation. The treatment is ovarian suppression with
combined estrogen/progestin contraceptives, high-dose
progestins, or salpingo-oophorectomy.

GYNECOLOGIC NONCYCLIC PAIN

Adhesions

INCIDENCE

The precise role of adhesions in the genesis of CPP is
unclear. The incidence of adhesions in patients under-
going laparoscopy for CPP ranges from 16–51 percent.27,
78 The marked variation in incidence of adhesions noted
in these studies may relate to the use of dissimilar control
groups and/or a failure to recognize other causes of
‘‘occult’’ pelvic pain (abdominal wall or pelvic floor
muscle pain, pelvic congestion, irritable bowel syndrome,
and interstitial cystitis) prior to laparoscopy. Rapkin
reported adhesions in 26 percent of CPP patients and 39
percent of asymptomatic infertility patients, with no
significant differences in the location or density of
adhesions between the two groups.27 One cannot con-
clude that adhesions are causal, or even highly associated
with CPP, as other populations (i.e. infertility patients)
have been demonstrated to have substantial adhesions.

SYMPTOMS AND SIGNS

Abdominal/pelvic pain in women with adhesions is gen-
erally noncyclical, and commonly associated with dys-
pareunia. A clinical presentation synonymous with partial
or complete obstruction of the bowel may be seen.
Uterine immobility and adnexal mass/tenderness may be
noted during physical examination.79

DIAGNOSIS

Diagnosis is by exploratory laparoscopy or laparotomy.
The technique, known as ‘‘pain mapping’’ (office micro-
laparoscopy with local anesthesia/conscious sedation),
was thought to allow physicians to better locate the

adhesions associated with pelvic pain.80 In an observa-
tional pain mapping study of 50 women under local
anesthesia, manipulation of appendiceal and pelvic
adhesions was observed to contribute significantly to
pelvic pain.28 However, correlation between lysis of
adhesions or removal of these adhesions and long-term
pain outcome could not be established.

TREATMENT

The mechanism by which adhesions contribute to chronic
pain is thought to be secondary to the restriction of bowel
mobility and distention.81 Therefore, adhesiolysis should
improve subjective pain symptoms; indeed, in several
retrospective, noncontrolled studies, pain was improved
in 50–90 percent of these patients.81, 82, 83 An RCT of
adhesiolysis for pelvic pain found that surgery did not
benefit women with mild or moderate degrees of pelvic
adhesions.84 Adhesiolysis was of no more benefit than
expectant management, except in those patients with
severe, vascularized, and dense adhesions involving the
small bowel. These patients tended to have symptoms and
physical findings consistent with intermittent partial
small bowel obstruction.84 The lack of benefit of adhe-
siolysis was confirmed in another RCT of 100 patients
who had laparoscopically documented adhesions and
CPP and were randomly assigned to either adhesiolysis or
no adhesiolysis at the time of diagnostic laparoscopy.85

Patients were evaluated for 12 months postoperatively.
The authors concluded that laparoscopic adhesiolysis was
not more beneficial than diagnostic laparoscopy alone,
demonstrating the substantial placebo effect of surgical
intervention.

The patient’s degree of psychosocial functioning and
other signs which may be a proxy for an abnormal pain
amplification state may also influence the effectiveness of
adhesiolysis. For example, a small prospective, but
uncontrolled study found that after eight months, chronic
pelvic pain patients with ‘‘CPP syndrome’’ had not
benefited from surgery.86 They defined women with ‘‘CPP
syndrome’’ as those presenting with four or more of the
following: (1) pain duration greater than six months; (2)
incomplete relief by previous treatments; (3) impaired
physical functioning secondary to pain; (4) vegetative
signs of depression; and (5) altered family roles.

Tumors and cysts of the reproductive organs
and salpingo-oophoritis

Other gynecologic pathology that may present with
symptoms of chronic discomfort include adnexal masses
and uterine leiomyomata (fibroids). Vague lower
abdominal discomfort and fullness and bladder or gas-
trointestinal symptoms may be related to leiomyomata
or ovarian neoplasm. On examination, a pelvic mass is
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generally palpated, which is confirmed by ultrasound. A
myomectomy or hysterectomy may be therapeutic for
uterine myomata, especially if associated with abnormal
bleeding or if uterine size is greater than 14 cm. An
adnexal mass larger than 6 cm is concerning for malig-
nancy and should be referred to a gynecologist. Solid or
complex components and bilaterality are also more sus-
picious for malignancy, and a persistent mass should also
be concerning for inflammatory mass, endometrioma or
malignancy as functional cysts (follicles and corpus
luteum cysts) usually resolve over four to eight weeks.
One way of preventing functional cysts from recurring
is ovulation suppression with hormonal contraception.

Salpingo-oophoritis/pelvic inflammatory disease
(PID) generally presents as an acute process. Chronic
pelvic pain can develop secondary to subacute infections
with chlamydia for example, or possibly related to past
salpingo-oophoritis with large hydrosalpinges and adhe-
sion formation, causing restriction of pelvic organs and
stretching of the pelvic peritoneum or an inflammatory
insult leading to chronic up-regulation of neural proces-
sing.87 Diagnosis of acute PID is made by clinical criteria
proposed by Sweet and Gibbs.88 Two of the three must be
present: lower abdominal pain as well as lower abdominal
tenderness (with or without rebound), cervical motion
tenderness, and adnexal tenderness. In addition, one of
the following minor criteria must be present: (1) tem-
perature greater than 381C, leukocytosis (410,500 white
blood cells/mm3); (2) culdocentesis fluid containing
white cells and bacteria on Gram stain; (3) presence of an
inflammatory mass; (4) elevated ESR; (5) a Gram stain
from the endocervix revealing Gram-negative intracellular
diplococci; or (6) studies of endocervical secretions
revealing chlamydia or gonorrhea. However, clinical
diagnosis leads to error in 50 percent of cases88 and, in
repeated episodes of pain suggestive of salpingo-
oophoritis, laparoscopy may be performed to verify the
diagnosis.

GASTROENTEROLOGIC CAUSES OF CHRONIC
PELVIC PAIN

Gastrointestinal disease may mimic the features of
chronic gynecologic pelvic pain, due to the common
innervation tract (T10–L1) between the cervix, uterus,
adnexa, and lower ileum, sigmoid colon, and rectum. The
complete differential diagnosis and management of pain
of enterocolic origin is presented in Chapter 10, The
psychological assessment of pain in patients with chronic
pain.89, 90, 91, 92, 93

Endometriosis affecting the bowel

Implantation of endometriotic lesions on the intestine
can cause cyclic abdominal pain. In severe cases, partial or

complete bowel obstruction may develop. The incidence
of a significant bowel involvement with endometriosis is
approximately 5 percent.

Hernia

Although infrequent in the female population, the pre-
sence of an abdominal wall hernia in a patient with
chronic pelvic pain should be included in the differential
diagnoses.94 These include inguinal (indirect or direct),
femoral, spigelian, incisional, and umbilical. Symptoms
and signs include history of an abdominal or groin mass
and pain or discomfort with an increase in intra-
abdominal pressure. Spigelian hernias result from a defect
through the transversalis fascia, just lateral to rectus
muscle at the level of the semicircular line of Douglas.95

Incisional hernias generally occur at fascial defects with
vertical incisions. Other types of hernias include sciatic
hernias secondary to atrophy of the piriformis muscle,
which may include the ipsilateral ovary in its hernia sac,
and vaginal hernias (cystocele, rectocele, and enter-
ocele).96 Treatment of abdominal hernias includes surgi-
cal repair through the laparoscope or through a skin
incision. Vaginal hernias are repaired surgically or a
pessary may be used.

Irritable bowel syndrome

Irritable bowel syndrome (IBS) accounts for 7–60 percent
of referrals to gynecologists97 and 48 to 79 percent of
patients with chronic pelvic pain, dyspareunia, dysme-
norrhea, or a history of numerous abdominal surgeries
also have IBS.98 Women who have undergone hyster-
ectomy for CPP are twice as likely to have IBS.99

A full discussion of IBS appears in Chapter 40, Chronic
abdominal, groin, and perineal pain of visceral origin.

UROLOGIC CAUSES OF CHRONIC PELVIC PAIN

Many chronic pelvic pain cases are primary urinary tract
disorders.100, 101 The overlap in clinical presentation in
part relates to the close development and anatomic rela-
tionship of the urinary and genital tracts. Urologic
symptoms can stem from a primary gynecologic cause,
including bladder and ureteral involvement of endome-
triosis or external bladder compression with a uterine
leiomyomata. The differential diagnosis in urologic causes
of chronic pelvic pain should include the following.

Recurrent infectious cystitis

Suprapubic pain, dysuria, frequency, and urgency com-
prise the classic presentation of cystitis. Microscopic
analysis with pyuria and a positive urine culture are
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diagnostic. Women frequently produce ‘‘clean catch’’
urine specimens that are still contaminated with vaginal
secretions, as evidenced by squamous epithelial cells.
Catheterized specimens are therefore recommended if
repeated bouts of infectious symptoms occur. In cases of
recurrent infection, repeat culture and test of cure cul-
tures will aid in diagnosis and management. Further
history should be elicited to determine the etiology; if
associated with intercourse, voiding following intercourse
and prophylactic antibiotics may be used after coitus.
Recurrent infections in peri- and postmenopausal women
may benefit from vaginal estrogen cream by altering the
vaginal pH and modifying the vaginal flora.102 Chlamy-
dial infection is responsible for approximately 25 percent
of cases of pyuria and urethritis in women with a sterile
urine culture.101

Urethral syndrome

ETIOLOGY

The diagnosis of urethral syndrome is one of exclusion.
Its unknown etiology makes the diagnosis and treatment
difficult. Subclinical infection, chronic inflammation of
the periurethral glands, or urethral spasticity with peri-
urethral muscle fatigue have been suggested as possible
etiologies.

SYMPTOMS AND SIGNS

Classically, urethral syndrome presents with irritative
lower urinary tract symptoms – dysuria, suprapubic
discomfort, urinary frequency, and dyspareunia.101, 103

Voiding dysfunction such as stranguria, the slow and
painful discharge of urine, may occur. A careful physical
examination should be performed to evaluate for possible
structural causes of pain. The urethra should be evaluated
for discharge, tenderness, or a mass suggestive of a
urethral diverticulum or Skene’s cyst.

DIAGNOSIS

Diagnostic studies include urinalysis with urine culture
and sensitivity, urethral evaluation for chlamydia, myco-
plasma, or ureaplasma infection, and a wet mount for
infectious or atrophic vaginitis.

TREATMENT

Treatment consists of reeducation of voiding habits
through pelvic floor muscle biofeedback,101 antibiotic
therapy with doxycycline or erythromycin for 10–14 days
if chlamydia is suspected, or chronic suppression with a
three- to six-month low-dose course of broad-spectrum
antibiotics. Urethral dilation has been performed in

recalcitrant cases. In a prospective study, Bergman and
colleagues103 assigned 60 women to serial urethral dila-
tion, antibiotic treatment, or placebo. Seventy-five per-
cent of women in the urethral dilation group had absence
of symptoms, which was significantly higher than in the
placebo (20 percent) or tetracycline group (50 percent).
Improvement in the uroflowmetry dynamics was also
noted only in the dilation group. Vaginal estrogen for
peri- and postmenopausal women should also supple-
ment treatment. Other treatments have included muscle
relaxants, alpha-antagonists (terazosin and doxazosin),
and psychotherapy.

Interstitial cystitis

SYMPTOMS

This is a symptom complex characterized by pelvic pain,
urinary urgency, urinary frequency, and nocturia.104

Symptoms of dyspareunia and perimenstrual exacerba-
tion with negative laboratory studies are consistent with
both interstitial cystitis (IC) and urgency/frequency syn-
drome.105 The National Institutes of Health (NIH) Con-
sensus Criteria from 1988 for the diagnosis of IC includes
at least two of the following: pain on bladder filling
relieved by emptying; pain in the suprapubic, pelvic,
urethral, vaginal, or perineal region; glomerulations on
endoscopy or decreased compliance on cystometro-
gram.106 Symptoms that do not meet IC criteria can be
termed ‘‘painful bladder syndrome’’ and are probably a
variant of interstitial cystitis.

A full discussion of this condition appears in Chapter
40, Chronic abdominal, groin, and perineal pain of
visceral origin.

MUSCULOSKELETAL CAUSES OF CHRONIC
PELVIC PAIN

In women with CPP, isolated back pain without pelvic
pain is rarely a presentation of primary gynecologic
pathology. Generally, the etiology of low back pain results
from an imbalance of muscle groups related to repetitive
movements, fatigue, or faulty posture (lordosis and
kyphosis). Back pain may be caused by gynecologic,
vascular, neurologic, psychogenic, or spondylogenic
(related to the axial skeleton and its structures)
pathology.107, 108

Myofascial pain

Reports of the prevalence of myofascial pain as a cause of
pelvic pain vary from 15 to 89 percent.10, 100, 109 This dis-
crepancy in part reflects the overlap in innervation and
referred pain sites in the musculoskeletal structures and
the visceral pelvic structures. Whether pain is primarily
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myofascial or is a manifestation of referred pain is not
known. Myofascial pain syndrome and fibromyalgia should
be ruled out with history and physical examination.110

SYMPTOMS AND SIGNS

Musculoskeletal pain typically presents as a dull aching
pain that is difficult to localize. Structures including the
rectus muscle, iliopsoas, quadratrus lumborum, pir-
iformis, and obturators, innervated via T12–L4, and
levator ani, innervated via S2–4, can refer pain to the
lower abdomen pelvis and vulva or vagina. This pain is
further enhanced if there is a primary pelvic pathology or
irritation, including bladder and colon activity, menses,
and intercourse, as these organs also have a similar
innervation of T10–S4,10, 108, 109, 111 therefore, myofascial
pain is often worse during menses. On digital examina-
tion of the abdominal, back, or vaginal dermatomes,
pressure on a trigger point evokes local and referred pain.
Performing a straight leg raising maneuver tensing the
abdominal wall muscles exacerbates abdominal wall pain.

TREATMENT

Physical therapy to evaluate posture, muscle length,
strength, and flexibility as well as trigger point injections
are critical in the treatment of myofascial pain.112 Psy-
chological factors should also be assessed and treated. The
comorbid factors of depression, anxiety, and maladaptive
behavior may potentiate the pain.10, 111 Medications such
as low-dose tricyclic antidepressants and anticonvulsants
may also be useful.

Neuropathic pain/nerve entrapment or injury

PATHOPHYSIOLOGY

Injury to or cutaneous nerve entrapment of the ilioin-
guinal (T12, L1), iliohypogastric (T12, L1), genitofemoral
(L1, L2), and pudendal (S2–4) nerves may result in
chronic lower abdominal and perineal pain. Generally, the
iliohypogastric/ilioinguinal nerve pain develops following
a Pfannensteil skin incision or other lower abdominal
skin incision which results in nerve entrapment or
stretch.113, 114 This syndrome may also occur sponta-
neously by muscular impingement of the nerve between
the transverse and internal oblique muscles from repeti-
tive activity, physical trauma, or poor posture.

Neurologic injury may also occur at the time of
gynecological surgery due to: (1) improper placement or
positioning of retractors, especially retractors with deep
lateral retractor blades; (2) improper positioning of
patients in lithotomy position preoperatively; and (3)
radical surgical dissection and subsequent autonomic
nerve disruption.

SYMPTOMS AND SIGNS

Stabbing, sharp pain, typically elicited by exercise and
chronic dull aching pain that is relieved by bed-rest, may
reflect nerve entrapment.113, 115 In a series of 46 women
with a clinical diagnosis of ilioinguinal nerve entrapment,
88 percent had hyperesthesiae and 53 percent dysesthe-
sia.116 The site of maximal pain with ilioinguinal or
iliohypogastric nerve entrapment is along the lateral edge
of the rectus margin and may radiate to the hip or
sacroiliac region.

DIAGNOSIS

Nerve entrapment is diagnosed by eliciting focal tender-
ness over the site of the nerve entrapment.117 This is
carried out by having the patient tense her abdominal
muscles in the supine position by raising either her
shoulders or legs while pressing with a single finger
medial and below the anteriosuperior iliac spine or along
the course of the involved nerve. If the abdominal pain is
secondary to abdominal nerve entrapment, the pain
will worsen with this maneuver and is located in the
characteristic dermatome distribution for that nerve.118

TREATMENT

Relief of pain with a peripheral nerve block is both diag-
nostic and often therapeutic. Approximately 5mL of
bupivacaine 0.25 percent or other local anesthetic is injec-
ted into the tender point using a 22–26 gauge 1.5-inch-long
needle. The needle is placed such that the fat pad is slowly
penetrated until the needle tip reproduces the pain.108, 109,
111, 116 Initially, severe pain may occur; however, relief (five
to ten minutes for onset of the local anesthetic) will follow
and is continued by repeating biweekly injections, up to
five, as needed.119 Other forms of more long-standing
treatment include cryoneurolysis and nerve transection.
Hahn116 reported a 76 percent improvement in pain with
surgical transection at one year of follow-up in 51 cases of
treated trapped nerves. Two other studies have reported
complete relief after surgical management in over 70 per-
cent of patients.120, 121 As with all neurolytic techniques,
however, there is a high probability of failure over time,
painful neuroma formation, and anesthesia dolorosa. Other
therapeutic options include topical local anesthetic creams
or patches, low-dose tricyclic antidepressants, antic-
onvulsants, physical therapy (to strengthen muscles,
mobilize nerves, and avoid traction on nerves), and acu-
puncture. Narcotic medications are relatively ineffective.

CHRONIC PELVIC PAIN WITHOUT OBVIOUS
PATHOLOGY

The International Association for the Study of Pain
(IASP) classification includes a category entitled chronic
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pelvic pain without obvious pathology. This category is
useful because it allows the assignment of a diagnosis in
situations where the etiology of the pain, even after an
exhaustive evolution, remains elusive. This diagnosis
should not imply, however, that the pain is psychogenic in
nature, yet unrecognized neurophysiologic or biochemical
perturbations may in the future be identified in women
with pelvic pain without obvious pathology. Dysmenor-
rhea, for example, was thought to be a neurotic affecta-
tion until the discovery of prostaglandins. Furthermore,
the multifactorial etiology of most unexplained chronic
pain conditions is just beginning to be recognized.122 The
management of pelvic pain without obvious pathology is
similar to that of any enigmatic pain process: multi-
disciplinary management including pharmacological and
psychological interventions, although specific studies are
lacking.

Psychological factors in chronic pelvic pain

Factors can promote the chronicity of pain. Women with
CPP have higher levels of depression, anxiety, and
somatization, as well as emotional, physical, and sexual
abuse.123, 124, 125, 126, 127, 128 Catastrophizing, pain-related
anxiety and fear, depression (hopelessness), and loss of
control (helplessness) can lead to persistent pain; whereas
self-efficacy, pain-coping strategies, readiness to change,
and acceptance can help prevent or break the cycle of
chronic pain.129

A woman’s response to an acute pain experience
may therefore be more likely to progress to a chronic
process based on a current or previous emotional
experience, catastrophizing personality style, expecta-
tions, mechanism or thinking, and/or habits. This pro-
cess likely involves alterations in central processing. The
stimulus for these alterations and mechanisms under-
lying the maintenance of changes in central processing
without an inflammatory stimulus or nerve damage
are unknown. Other factors may include alterations in
the hypothalamic–pituitary–adrenal axis and cortisol
levels.122, 130

DEPRESSION

Major depression and other dysthymic, panic, and
somatization disorders have been associated with CPP of
unknown etiology.131, 132 Higher depression scores and
family histories of affective disorder were described in
women with CPP without pathology than in women with
chronic pelvic pain and pathology as established by
laparoscopy.131 Often, the depression preceded the onset
of the pain; however, no prospective or outcome studies
have been performed.89, 131, 132 A recent systematic review
found depression to be correlated with pelvic pain with an
OR of 2.59.133

Sexual and physical abuse

Women with CPP have a higher incidence of sexual and/
or physical abuse in childhood and adulthood with pre-
valence rates of approximately 50 percent.132, 134, 135, 136,
137 A history of sexual and physical abuse is an inde-
pendent risk factor for CPP.138 A recent systematic review
found a strong association of sexual abuse with CPP with
an OR of 2.67.133 A higher incidence of substance abuse
has been reported in the CPP population.135

CLINICAL EVALUATION

History

Critical to the evaluation and management of CPP is a
detailed history. A pain questionnaire may assist in
helping the patient express issues that she may otherwise
be unable to verbally express.

The history should include:

� The chronology of the pain. In what context did the
pain arise? Was there an eliciting event? Has the pain
changed? What does the patient think is causing the
pain?

� The nature of the pain: character, intensity, location
and radiation, aggravating and alleviating factors,
and the effect of menses, exercise, work, stress,
intercourse, and orgasm.

� The severity of pain, rated from 0 to 10 on a verbal
or visual analog scale.

� Associated somatic symptoms. Specifically related to the:
– genital tract (abnormal vaginal bleeding,

discharge, mittelschmerz, dysmenorrhea,
dyspareunia, infertility);

– gastrointestinal tract (constipation, diarrhea,
flatulence, tenesmus, alterations to pain before
and after a bowel movement, blood, changes in
color or caliber of stool);

– musculoskeletal system (pain distribution,
radiation, association with injury, fatigue, postural
changes, exercise, lifting);

– urologic tract (dysuria, urgency, frequency,
nocturia, hematuria, suprapubic pain).

� Neurologic system (burning, lancinating pain,
allodynia, and or numbness in the distribution of a
particular peripheral nerve).

� Prior evaluations for the pain including treatment
history, operative and pathology reports, as well as
side effects/success or failure of prior treatments.

� Impact on family, work, daily activities. Is the degree
of pain such that the pain prevents the patient from
performing a family role or occupation? Is litigation
or worker’s compensation an issue? What is the
attitude of the patient and family toward the pain
and resultant behavior?
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� Past medical, surgical, gynecologic, obstetric history,
and medication intake including pain medication.

� Current and past psychological history. History of
past or current physical, sexual, and/or emotional
abuse, history of hospitalization, suicide attempts,
and chemical (drug or alcohol) dependence.

� Patient’s expectations. What is the goal of treatment?

Prospective daily pain ratings or calendars to note the
occurrence and intensity of pain, menstrual bleeding, and
mood rating (0–10) are very helpful in the evaluation of
CPP. Aggravating factors should be noted in the daily
rating, utilizing an analog scale from 0 (no pain) to 10
(most severe pain ever) for at least two months or two
menstrual cycles, and is best continued until pain has
resolved. Daily rating increases self-efficacy, demonstrates
compliance, allows for diagnosis of atypical (luteal phase
as opposed to just with menses) cyclic pain, demonstrates
improvement with treatment, and allows the patient to
recognize the connection between pain and stress or
physical activities.

Examination

Perform a complete physical examination, with particular
attention to the abdomen, back, vagina, vulva, and pelvic
floor muscles, and pelvic viscera. Prior to the examina-
tion, the patient should carefully localize the area(s) of
pain, as this can help differentiate the tissues involved in
the genesis of pain. The examination should include
evaluation of:

� General: The patient’s general body habitus, posture
while sitting, standing, and walking, and anxiety
level.

� Abdomen: Evaluate for scars and sites of
hypersensitivity in specific dermatome regions and
for trigger points or nerve entrapment. A bilateral
straight leg raising or abdominal crunch maneuver
performed to discern abdominal wall sources of pain,
as abdominal wall pain (myofascial and neuropathic)
is augmented and visceral pain is diminished with
the above maneuver.109, 111, 118 The quality of bowel
sounds should be noted as well as distension, sites of
tenderness to palpation, and guarding. While the
patient is standing, evaluate visually and by palpation
for hernias (inguinal, femoral, and Spigelian).

� Musculoskeletal: The patient should be evaluated for
concurrent fibromyalgia or scoliosis. Discrepancy in
leg length, muscle strength, and range of motion
should be assessed and pelvic floor muscle
tenderness, trigger points, and hernias should be
elicited by palpation of tender sites.

� Neurological: It should be determined if there are
signs of hyperalgesia and allodynia in the distribution
of a particular nerve. Neurological examination

including sensation of pinprick, cold and light touch
is useful as is assessment of perineal and lower
extremity strength, sensation, and reflexes.

� Gynecologic: Assess the vulva for lesions, rashes,
evidence of trauma and old scars (episiotomy). A
cotton-tipped swab should then be used to evaluate
for sites of hypersensitivity within the vulva and
vestibule. A unidigital examination is then performed
to palpate the urethra, bladder base, vaginal side-
walls, levator ani, pubococcygeus, coccygeus,
piriformis, obturator internus, cervix, and uterosacral
ligament to elicit any tenderness. Evaluate for pelvic
floor relaxation (cystocele, rectocele, enterocele) and
vaginal atrophy. Bimanual examination may elicit
uterine or adnexal tenderness, and/or abnormalities
in size, shape, or mobility. A rectovaginal
examination is then performed to further assess
uterosacral tenderness, nodularity, and rectal disease/
occult blood. Speculum examination should be
performed to inspect visually for vaginal or cervical
lesions, hypoestrogenization, and to rule out
vaginitis.

DIAGNOSTIC STUDIES

Diagnostic work-up includes a CBC, ESR, clean catch or
catheterized urine for urinalysis and culture, cervical and
urethral studies for gonorrhea and chlamydia, pregnancy
test (if indicated), wet mount of vaginal secretions, Pap
smear if indicated, stool guaiac, and, if diarrhea is present,
stool culture. Pelvic ultrasound is warranted but
abdominal/pelvic computed tomography (CT) scan or
pelvic or lower back MRI should only be performed if
other pathology is suspected. Other studies (i.e. cysto-
scopy, colonoscopy) should be based on patient symp-
tomatology or on consultation with other specialists
(urologist, gastroenterologist, neurologist, orthopedist,
and physical therapist). Surgical evaluation with diag-
nostic laparoscopy or hysteroscopy may be considered if
initial therapy fails or if pelvic examination is abnormal.

EVIDENCE-BASED EVALUATION OF
MANAGEMENT

Pharmacological

NSAIDs, narcotics, antidepressants, and anticonvulsants
have been utilized in the treatment of CPP as in other
types of chronic pain. NSAIDs are also widely used in
patients with cyclic pelvic pain. They act as inhibitors of
prostaglandin production and may also act on local
cytokines. A Cochrane review14[I] found that NSAIDs in
patients with dysmenorrhea were significantly more
effective than placebo for pain relief (OR 7.91). Another
Cochrane review42[II] found only one applicable RCT
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comparing NSAIDs to placebo in women with endome-
triosis and found that there was no evidence of a positive
effect.

Only one RCT has looked at the effect of a selective
serotonin reuptake inhibitor (SSRI) on pelvic pain139[II]
and found no significant difference between sertraline and
placebo in the measures of pain and functional disability.
CPP patients treated with gabapentin alone or in com-
bination with amitriptyline was better than with ami-
triptyline alone.140 Treatment of CPP with narcotics
should include a narcotic contract between provider and
patient as well as regularly scheduled appointments for
follow-up. Tricyclic antidepressants and serotonin/nor-
epinephine reuptake inhibitor would be theoretically
more effective than SSRIs but studies for CPP are lacking.

Cyclic pelvic pain should respond to menstrual sup-
pression with continuous oral contraceptive pills, high-
dose progestins, or gonadotropin-releasing hormone
agonists with hormone add-back therapy to minimize
bone loss. These hormones act by suppressing ovulation
and lessening the endometrial lining of the uterus.
Menstrual volume is thus decreased as well as the amount
of prostaglandins produced, in effect reducing dysme-
norrhea by decreasing uterine motility, and thus cramp-
ing. A Cochrane review of five RCTs of OCPs for primary
dysmenorrhea found OCPs more effective than placebo.16

[I] There have been two RCTs looking at medroxy-
progesterone acetate in patients with pelvic congestion
syndrome or adhesions, but not endometriosis or dys-
menorrheal, and pain scores were improved at the end of
treatment.141[I]

Physical therapy

There are few randomized studies in the area of physical
therapy and pelvic pain. One open randomized study
found that distention of painful pelvic structures in
women with CPP resulted in significant relief of pain and
improvement in quality of life measures.142[II] However,
in the multidisciplinary approach of treatment for CPP,
physical therapy is often incorporated in the manage-
ment,143 especially in cases of myofascial syndrome. TENS
and biofeedback are often used in conjunction by the
physical therapist.144 A meta-analysis of seven rando-
mized controlled trials found that high frequency TENS
is more effective for pain relief than placebo.21[I] Intra-
vaginal TENS provides electrical stimulation to the pelvic
floor muscles and is also available.145[III]

Injection therapies

TRIGGER POINT INJECTIONS

Trigger point injections may provide prolonged relief by
interfering with transmission of the pain impulse and thus

eliminating the positive feedback arc.10 No RCTs specifi-
cally looked at chronic pelvic pain and trigger point
injections. One small RCT compared trigger point injec-
tions in patients with myofascial syndrome with bupiva-
caine 0.5 percent, etidocaine 1 percent, or saline. Subjective
improvement was noted with the local anesthetic treat-
ment over saline.146[II] Slocumb10[III] studied the
response of 122 women with abdominal pelvic pain
characterized by dermatome hypersensitivity and trigger
points: 89.3 percent reported relief or improvement in
pain, such that no further therapy was required over the
duration of the study (3–36 months). Further management
of myofascial pain is described in Chapter 12, Diagnostic
procedures in chronic pain. Botulinum toxin injections
were effective in reducing pain in patients with myofascial
pain syndrome but the difference in pain between the two
modes was not significantly different.147[II]

LOCAL ANESTHETIC NERVE BLOCKS

In some cases, with multiple trigger points in the vaginal
wall, back, and abdominal wall, a series of abdominal
nerve, caudal, pudendal or epidural blocks may prove to
be more fruitful in treating the pain than multiple trigger
point injections.10[III] Nerve blocks with local anesthetics
may provide relief of neuralgia due to nerve injury. Pro-
longed partial pain relief may occur for weeks or months
following one or more nerve blocks beyond the antici-
pated duration of the local anesthetic. The explanation for
prolonged pain relief may be secondary to reduced
capacity of the nerve to maintain repetitive impulses,
decreased excitability of the nerve fiber, and systemic
uptake of the anesthetic. Nerve blocks have also been used
as a prerequisite for evaluating potential effectiveness
prior to neurectomy.148[III] Superior hypogastric plexus
block by CT guidance and at the time of microlaparo-
scopy may provide further evaluation and management in
chronic pelvic pain.149, 150[III] CT guidance has also been
found to be useful for needle guidance in pudendal nerve
blocks.151[III]

Surgery

Very few RCTs evaluate the surgical management of
chronic pelvic pain. However, a large prospective obser-
vational cohort study with 370 participants found
that patients improved modestly with either medical or
surgical therapy.152[III]

LAPAROSCOPY

Laparoscopy has an important role in the diagnosis and
management of acute pelvic pain. Its exact role in the
evaluation of patients with chronic pelvic pain is more
controversial and limited.153 Of patients with CPP 14–77
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percent have no obvious pathology and two-thirds of
patients have findings of adhesions, which may or may
not play a role in their pain.29, 154 In a review on the use of
laparoscopy in chronic pelvic pain, Howard4, 155 found
that CPP patients had approximately twice the incidence
of pelvic pathology compared with the 28 percent
incidence of pathology in the non-CPP population.

Indications

Prior to proceeding with laparoscopy, a thorough eva-
luation of the patient’s pelvic pain should be carried out
to exclude other nongynecologic etiologies of CPP, as
outlined above under Gastroenterologic causes of chronic
pelvic pain; Urologic causes of chronic pelvic pain;
Musculoskeletal causes of chronic pelvic pain; Neuro-
pathic pain/nerve entrapment or injury; and Chronic
pelvic pain without obvious pathology. An abnormal
pelvic examination prior to laparoscopy is associated with
pathology 70–90 percent of the time, and abnormal
pathology is present in one-half of patients with normal
preoperative pelvic examinations.4 During the operative
procedure, specific attention should be directed at sites of
increased tenderness on physical examination. Laparo-
scopy should be performed when one believes it will help
in the management:

� failure of medication (hormonal and analgesic) to
relieve pain over a minimum of three months;

� surgical management of adhesions, endometriosis, or
hernias;29, 156[III]

� for pain mapping. Under conscious sedation and
local anesthesia, direct visualization by
minilaparoscopy can be performed to evaluate intra-
abdominal sites associated with pelvic pain to help
isolate sources of somatic and visceral pain. However,
no outcome studies exist as to whether pain
management guided by pain mapping is more
efficacious.80, 157[III]

Adverse effects

One may erroneously attribute the source of pain to
‘‘pathology’’ visualized at the time of laparoscopy when a
nongynecologic source, such as irritable bowel syndrome,
myofascial pain, or nerve entrapment, may be the true
etiology. The patient must also be clear that she may still
have some degree of pain following the procedure. Sur-
gical injury to bowel, bladder, ureter, vessels, and nerves
are potential complications.

Evidence for efficacy

The use of laparoscopy is controversial, as nonsurgical
management of chronic pelvic pain is successful in 65–90
percent of patients regardless of the presence of ‘‘pathol-
ogy’’.10, 47, 143, 158 The only RCT of the use of laparoscopy
randomized women with CPP to one of two treatment
modalities.143[II] The standard approach in 49 patients
involved routine laparoscopy. The other 57 patients

underwent an integrated approach, including assessment
of somatic, psychological, dietary, environmental, and
physiotherapeutic factors. Laparoscopy was not routinely
performed in this group.143 Of the 49 patients in the
standard group, 65 percent had no abnormality, 5 percent
had endometriosis, 18 percent had adhesions, and the
remainder had myomata, ovarian cysts, or pelvic varices.
The integrated approach was significantly more effective
in the reduction of pelvic pain (75 versus 41 percent).143

The authors concluded that laparoscopy provided too
little a benefit to warrant its routine use in the manage-
ment of CPP. Although there was a 35 percent incidence
of pelvic pathology, these abnormalities overall were
considered negligible and minimally additive to the
preoperative diagnosis.143

Hysterectomy

Thirty percent of patients presenting to pelvic pain clinics
have already undergone hysterectomy without experiencing
relief of pain.5 A decline in the incidence of hysterectomy
for the indication of CPP from 16.3 to 5.8 percent was
rated after the initiation of a multidisciplinary approach to
the diagnosis and treatment of chronic pelvic pain.158

Additionally, preoperative pelvic pain is a major risk factor
for postsurgical pain one year after hysterectomy.159

INDICATIONS

Patients with cyclic pain or dysfunctional uterine bleeding
are excellent candidates for hysterectomy, especially if
they have relief of pain with hormonal suppression. The
American College of Obstetricians and Gynecologists
(ACOG) criteria set on hysterectomy for pelvic pain states
the following as indications for hysterectomy:160 no
remediable pathology found on laparoscopic examination
and presence of pain for more than six months with a
negative effect on the patient’s quality of life. However,
unless there is uterine pathology, endometriosis, second-
ary dysmenorrhea, or significant prolapse, hysterectomy is
unlikely to be helpful for CPP. Prior to hysterectomy,
medical management and multidisciplinary therapy
should be tried, and other nongynecologic etiologies
should be evaluated, including the patient’s psychological
and psychosexual status.160

CONTRAINDICATIONS

Desire for future fertility and known medical or psycho-
logical risks that exceed benefit are contraindications.160

ADVERSE EFFECTS

Preoperatively, one needs to discuss with the patient the
potential outcomes of the surgery – including the
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possibility of posthysterectomy pelvic pain – secondary to
nerve entrapment, new trigger points, irritable bladder or
bowel, postoperative adhesions, residual ovary, ovarian
remnant, recurrent endometriosis, and vaginal cuff
pain.73

EVIDENCE OF EFFICACY

No RCTs have compared hysterectomy with no surgery
in CPP patients. From the limited nonrandomized stu-
dies, one may estimate that one in four women will
continue to have persistent pain following hysterectomy
for CPP.160, 161, 162, 163[III] The success rate of hyster-
ectomy for the treatment of CPP is better with cyclic
pelvic pain. Stovall et al.,162 in a retrospective study of 99
women, and Hillis et al.163 in a prospective cohort of 308
women, noted a 77 and 74 percent response rate,
respectively, in woman who underwent hysterectomy for
CPP felt to be of uterine origin. At one-year follow-up,
however, 25 percent of women in Stovall’s group noted a
persistence of worsening of pain. Hillis observed that
persistent pain was associated with multiparity, prior
history of PID, lack of pathology, and Medicare payer
status.163 A retrospective study of 98 women with a
history of CPP who underwent abdominal hysterectomy
found that 96% of women reported improvement in
pain and 87% were satisfied with their surgery.164 A large
prospective cohort study of women with pain and
depression or pain only who underwent hysterectomy for
benign conditions found that both groups had significant
and substantial pain reduction 24 months after sur-
gery.165 There was a smaller reduction in the pain in the
depression group.

Presacral neurectomy/uterosacral transection

Presacral neurectomy involves transection of the superior
hypogastric plexus at the level of the sacrum. This differs
from uterosacral transection (laparoscopic uterine nerve
ablation (LUNA)) in which the nerves are cut at the level
of the uterus. LUNA involves the destruction of the
uterine nerve fibers as they exit the uterus through the
uterosacral ligament.

INDICATIONS

Cotte166 documented the use of presacral neurectomy
(PSN) or sympathectomy as a treatment for intractable
dysmenorrhea in 1937. PSN has since been recommended
as a surgical treatment for women with deep central pain
secondary to refractory primary dysmenorrhea or endo-
metriosis. Afferent innervation from the cervix, uterus,
and proximal fallopian tubes (T11–L12) travels through
the superior hypogastric plexus. PSN interrupts pain from
these organs by transection of these nerves.

Preoperative evaluation/requirements should include:

� failure in the past to respond to medical
management;

� interference with daily activities secondary to the
pain;

� assessment for structural abnormalities likely
contributing to the pain;

� evaluation for somatic (nonvisceral) causes of pain;
� possible trial of paracervical or fluoroscopic guided

hypogastric plexus blockade to assess whether surgery
may benefit;

� a discussion of the expectations/long-term relief of
pain with the procedure.

CONTRAINDICATIONS

Afferents from the adnexal structures travel with the sym-
pathetic fibers along the infundibulopelvic ligament to
enter the spinal cord at T9–T10. Therefore, lateralizing pain
of visceral origin will not be relieved by PSN or LUNA.

ADVERSE EFFECTS

Risks of the procedure include: ureteral injury secondary
to the close proximity of these structures necessitating
laparotomy167[V] and dysfunction of the bladder and
rectum with PSN due to the common pathway of their
sympathetic afferent nerves along the superior hypo-
gastric plexus.168 With uterosacral nerve ablation, a
theoretical risk of uterine prolapse exists.169, 170[V]

EVIDENCE FOR EFFICACY

Generally quoted statistics on the efficacy of PSN or
LUNA report a 70–80 percent improvement in primary
and less for secondary dysmenorrhea.168, 171, 172, 173, 174

[III]
The addition of uterosacral ligament resection to

conservative laparoscopic surgery for endometriosis did
not reduce the medium- or long-term frequency and
severity of recurrence of dysmenorrhea.175 An RCT of
LUNA decreased dysmenorrhea in women with no evi-
dence of endometriosis at the one year mark. However,
the addition of LUNA in patients with endometriosis did
not add to pain relief.176 Zullo et al.177[II] randomized
patients suffering from severe dysmenorrhea associated
with endometriosis to either receive PSN or no PSN at the
time of laparoscopic surgery. They found significantly
more pain relief with PSN at both six (87.3 versus 60.3
percent) and 12 months (85.7 versus 57.1 percent).

A Cochrane database meta-analysis178[I] concluded
that there was evidence that uterine nerve ablation was
more effective for primary dysmenorrhea as compared to
no treatment. When comparing LUNA with PSN, there
was no pain relief difference in the short term, however,
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PSN was better in the long term. LUNA combined with
surgical treatment of endometrial implants as compared
to surgical treatment without LUNA did not result in
further relief. The same results were true for PSN but
there was a significant difference in relief of midline
abdominal pain.

Psychological therapies

Psychological evaluation should be performed early in the
evaluation of CPP. Stress reduction, relaxation, and beha-
vioral therapies should also be addressed.143[II] Assess-
ment should evaluate the pain complaint, impact on life
circumstances, controlling factors, and coping mechan-
isms. Issues often involve relationship dysfunction requir-
ing family and marital therapy, presence of past or current
physical or sexual abuse, and the negative effects on self-
esteem and independence. Prolonged psychotherapy for
these issues is generally not part of pain management but
can be used in conjunction. No RCTs have assessed the
effect of psychological approaches on chronic pelvic pain,
however, a randomized trial of multidisciplinary manage-
ment of CPP (which involves a component of psycholo-
gical assessment and therapy) has demonstrated significant
improvement in pain and well-being with the multi-
disciplinary approach compared with standard gynecologic
treatment. Standardized psychological testing is helpful to
determine whether affective disturbance is present, as
well as to establish a baseline against which to measure
treatment response and guide treatment approaches.

There have been studies looking at cognitive-beha-
vioral therapy and chronic pain, although not specifically
with respect to CPP.179

Alternative medicine

Nontraditional approaches to CPP include chiropractic
treatment, hypnosis, and acupuncture.18, 180 A prospective
study on chiropractic treatment in 18 CPP patients
demonstrated significant improvement in pain and
functioning over a six-week treatment period of flexion/
distraction and trigger point techniques.180[III] A ran-
domized controlled study found a 90 percent improve-
ment in dysmenorrhea with acupuncture compared with
only 36 percent in the placebo group.181[II] A Cochrane
review21[I] of acupuncture for pain relief with dysme-
norrhea concluded that there was insufficient evidence to
determine the effectiveness of acupuncture in reducing
dysmenorrhea.

Multidisciplinary pain management

Numerous studies have demonstrated the utility of an
interdisciplinary pain management program in treating
CPP.180, 182, 183[III] This approach involves simultaneous

evaluation of somatic and psychological components of
chronic pelvic pain by different health care specialists.
One program utilizing cognitive-behavioral therapy,
acupuncture, and tricyclic antidepressants was successful
in reducing pain by at least 50 percent in 85 percent of the
subjects.180 Other studies have suggested that similar
results may be obtained with a multidisciplinary team.143,
158, 182, 183, 184 In a prospective randomized, controlled
study, the multidisciplinary approach combining the
traditional gynecologic treatment with psychological,
dietary, and physical therapy input was found to be
more effective than traditional gynecologic (medical and
surgical) management of cure.143[II]

VULVODYNIA

Definition

The most recent classification of vulvar pain, agreed upon
at the 2003 Congress of the International Society for the
Study of Vulvovaginal Disease (ISSVD), consists of two
major categories:185 (1) vulvar pain related to a specific
disorder: a) infection, b) inflammation, c) neoplasm, d)
neurologic disease or (2) vulvodynia: vulvar discomfort
usually described as burning pain occurring in the absence
of a specific disorder. Vulvodynia is called ‘‘generalized’’,
involving the entire vulva, or ‘‘localized,’’ involving a por-
tion or component of the vulva (e.g. vestibule, clitoris,
hemivulva). It may be termed ‘‘provoked,’’ i.e. by sexual
and/or nonsexual contact or ‘‘unprovoked,’’ i.e. sponta-
neous or ‘‘mixed’’ (provoked and unprovoked). Common
causes of vulvodynia include those described below.

VULVAR VESTIBULITIS/VESTIBULODYNIA

Entry dyspareunia with vestibule erythema and tender-
ness to light touch. The term vestibulitis signifies the
presence of inflammation, which was thought to be
misleading since much evidence suggests no such pre-
sence. Therefore, the ISSVD voted to discontinue use
of this term in favor of localized vulvar pain or, more
specifically, vestibulodynia.

CHRONIC VULVOVAGINITIS

Symptoms include vulvar burning and itching. On
examination, vulvar erythema is diffuse and associated
with vulvar swelling. The etiology is unclear, but candi-
diasis or estrogen deficiency is often a contributing factor.

ALLERGIC DERMATITIS

Contact dermatitis is an inflammatory reaction of the
skin to a primary irritant or to an allergenic substance.
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Vulvar dermatitis (vulvar eczema) is the most common
vulvar inflammatory skin disease in women.

VULVAR DERMATOSES

The dermatoses include lichen sclerosus, lichen planus,
and lichen simplex chronicus. Vulvar pain is noncyclic and
associated with significant pruritus. On examination,
hypopigmentation or hyperpigmentation is present with
atrophic or hyperplastic tissue. A stenotic introitus, flat-
tening of the labial folds, vulvar fissures, with white pla-
ques and erythema may be present. Biopsy is required to
make the diagnosis and eliminate a malignant process.
Treatment depends on the specific dermatosis (high-
potency topical corticosteroids, testosterone ointment).186

DYSESTHETIC VULVODYNIA

Generally considered a diagnosis of exclusion, it presents
commonly in perimenopausal and postmenopausal
women as nonspecific superficial vulvar burning or
perineal discomfort with intermittent, deep, aching pain.
Patients deny entry dyspareunia. Physical examination is
normal, with no tenderness on palpation. Pudendal nerve
tenderness, hyperesthesiae, or hypoesthesiae in a saddle
distribution extending from the mons pubis to the upper
inner thighs and posteriorly across ischial tuberosities
may be noted on examination.187 The etiology may be
secondary to an aberration in cutaneous nerve perception
(pudendal nerve distribution S2–S4) at either the central
or peripheral level. Tricyclic antidepressants starting at
10mg q.d. to 40–60mg q.d. may be of benefit in this
condition.188 Topical 5 percent lidocaine may provide
additional benefit. Other reported treatments, although of
unproven effectiveness, include acupuncture, pelvic floor
muscle, physical therapy, TENS, regional nerve blocks,
and anticonvulsants.188

Epidemiology

The typical patient with vulvodynia used to be described
as a nulliparous woman in her twenties or early thirties
who often develops symptoms suddenly.189 In a survey of
over 4900 women aged 18–64, it was reported that 16
percent of the 3000 respondents had experienced vulvar
pain lasting at least three months and 7 percent had
vulvar pain at the time of the survey and, many had seen
up to five different doctors for this problem.190 Unex-
plained vulvar pain was found to be of similar incidence
among white and African-American women. Hispanic
women were 80 percent more likely than white women to
have experienced chronic vulvar pain.

Etiology

Vulvar pain is multifactorial in many cases (Table 41.3) A
detailed history and examination is important to help
direct diagnosis and treatment.191

Clinical evaluation

HISTORY

Assess the onset, the type of pain, timing (constant or
cyclic), associated activities (i.e. intercourse), inciting
agents (perfumes, lotions, detergents, clothing), and
relieving factors (i.e. antifungal medications). A pain
diary may better define these characteristics.

In addition, past or current infections (human papil-
lomavirus, herpes, candida), medications, local and sys-
temic dermatologic disorders, neurologic disorders (i.e.
herniated disks, herpes zoster, pudendal or genitofemoral
neuralgia), urologic disorders (interstitial cystitis, urethral
syndrome), and physical trauma (vaginal deliveries,

Table 41.3 Etiologies of vulvodynia.

Etiologies of vulvodynia

Infections Bartholin’s gland abscess, vulvovaginal candidiasis, herpes, herpes zoster, human papillomavirus, molluscum

contagiosum, Trichomonas

Trauma Sexual assault, prior vaginal deliveries, hymenectomy, vaginal surgery

Systemic illness Bechet’s disease, Crohn’s disease, Sjögren syndrome, systemic lupus erythematosus

Neoplasia Vulvar intraepithelial neoplasia and invasive squamous cell carcinoma

Allergens/toxic

medications

Soaps, fabric softeners, bubble bath, sprays, douches, antiseptics, sanitary pads, suppositories, creams, laser

treatment, podophyllin, trichloroacetic acid (TCA), 5-fluorouracil (5-FU)

Dermatological

conditions

Allergic and contact dermatitis, eczema, hidradenitis suppurativa, lichen planus, lichen sclerosus, pemphigoid,

pemphigus, psoriasis, squamous cell hyperplasia

Urinary tract

syndromes

Interstitial cystitis and urethral syndrome

Neurological Referred pain from urethra, vagina, and bladder, dysesthesiae secondary to herpes zoster, spinal disk problems,

specific neuralgias (pudendal, genitofemoral)

Psychological Sexual/physical abuse sexual history
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episiotomy, vaginal surgery) should be ascertained. Sexual
history evaluating lubrication, ability to achieve orgasm,
whether the pain is primary or secondary, and a history of
sexual abuse should be assessed.

EXAMINATION

In many cases, the vulva appears normal. Evaluate for
discoloration, ulcers, fissures, and atrophy. Tenderness
should be outlined using a cotton-tipped swab. Tone
and tenderness of the pelvic floor muscles should be
assessed.

Vaginal pH, ‘‘whiff ’’ test, and microscopic examina-
tion of vaginal secretions with potassium hydroxide
(KOH) and normal saline can help evaluate for vaginitis
and estrogen deficiency. Vaginal fluid may be cultured
for Candida (as microscopic evaluation may reveal can-
didias is in only 50 percent of cases).192 Acetowhite
changes or lesions should be biopsied to evaluate for
an underlying dermatosis or infectious or neoplastic
process.

VESTIBULODYNIA (FORMERLY VULVAR
VESTIBULITIS SYNDROME)

The vestibule is the nonpigmented, nonkeratinized,
squamous epithelium of the vulva between the labia
minora and the hymen. The ductal orifices from
Bartholin’s, Skene’s, and the minor vestibular glands open
onto the vestibule.

The etiology is unknown. On biopsy, the subepithelial
tissue often demonstrates a nonspecific, chronic inflam-
matory infiltrate, consisting predominately of lympho-
cytes without direct glandular inflammation.193 A recent
model of vulvar vestibulitis places the disorder within
the concept of chronic pain disorder, similar to fibro-
myalgia and irritable bowel disorder and tempor-
omandibular disorder.194 This theory describes
vestibulitis as a group of conditions characterized by
varying degrees of pain and dysfunction in the mucosa,
underlying musculature, and associated dysfunction in
pain-regulatory systems.195, 196, 197, 198, 199, 200, 200, 201, 202

The belief is that a convergence of a variety of patho-
physiological mechanisms, including a predisposition of
the mucosa toward heightened inflammatory response,
pelvic muscle dysfunction, previous trauma, intrinsic
CNS dysregulation, and modulation of psychologic traits
result in the clinical manifestations of vulvar vestibulitis.
The underlying pathophysiologic disorder resulting in
vulvar pain likely involves autonomic nerve dysfunction,
resulting in altered immune function, increased tissue
vascularity, nerve endings, vascular injury, and histamine
release in the surrounding tissue (Figure 41.1).203, 204, 205

Treatment should therefore be based at all levels of the
neuraxis.

Symptoms

Pain with vestibular touch especially intercourse and
sometimes chronic burning/irritation are common pre-
senting symptoms. Vestibulodynia typically presents as
persistent introital or contact-related burning. Urinary
symptoms with a negative urine culture may be present in
11–44 percent of women.192, 205 The coexistence of
interstitial cystitis and vestibulitis has been defined as the
‘‘urogenital sinus syndrome.’’205

Diagnosis

Vulvar vestibulitis is characterized by three criteria:206 (1)
introital pain on vestibular or vaginal entry (entry dys-
pareunia), (2) vestibular erythema, commonly involving
the posterior fourchette, and (3) vestibular tenderness –
gentle pressure from a cotton-tipped applicator at the
vestibule reproduces the pain (allodynia).

EVIDENCE-BASED EVALUATION OF
MANAGEMENT OF VULVODYNIA

Few RCTs have evaluated the different treatment mod-
alities for vulvodynia or vulvar vestibulitis. Given the

Release of histamine in vulvar tissue, activation of immune system

Increased vascularity/inflammation and vascular injury

Release of substance P∗

Sympathetic nerve hyperactivity (C-fibers)

Pelvic floor muscles irritated

Triggering factor (i.e. infectious agent, allergen)

Pain

Figure 41.1 Potential mechanisms of vulvodynia. �Important
in the transmission and modulation of the pain response.
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potential for multiple etiologies, successful treatment is
often difficult (Table 41.4). Numerous medical options
are available for treatment. Supportive measures include
sitz baths or ice and proper vulvar hygiene (cotton
underwear, keeping area dry, avoidance of constrictive
garments, prolonged sanitary pad usage, and irritating
agents).

Pharmacological

ANTIFUNGALS

Vulvovaginal candidiasis has often been implicated in
vulvodynia. Antifungals, including fluconazole 150mg
orally once a week for six weeks then once a month for six
months, may provide relief in cases of cyclic monilial
culture-positive vulvodynia. However, even in culture-
positive cases of vulvar vestibulitis, improvement may not
occur, as Ledger et al.192[V] reported only a 16 percent
success.

ANTIHISTAMINES/CORTICOSTEROIDS

Allergens may also be an inciting agent for vulvodynia. In
addition to avoiding the noxious substance, anti-
histamines (i.e. hydroxyzine) as well as topical corticos-
teroids (hydrocortisone 1 percent cream b.i.d.) may help
alleviate the discomfort. Ledger et al.192[V] observed a 48
percent response to hydroxyzine, however, no significant
difference was noted between IgE-negative and -positive
groups, although the histology revealing inflammatory

changes suggests that an anti-inflammatory applied
topically for up to four weeks would be helpful. There are
no data to support this approach. Steroid creams also thin
tissue.

ESTROGENS

In cases of pain secondary to atrophied tissue which may
occur postpartum, on low-dose oral contraceptives, or
peri- or postmenopausally, estrogen vaginal cream or oral
hormone replacement therapy as indicated should be
utilized.207[I]

TRICYCLIC ANTIDEPRESSANTS

Tricyclic antidepressants in doses of 25–75mg at night or
at divided amounts throughout the day have been utilized
successfully in cases of vulvodynia.188[V]

ANTICONVULSANTS

Gabapentin (GBP) is an anticonvulsant that has been used
successfully in many different types of chronic pain con-
ditions, especially those with neuropathic pain.208, 209[V]

LOCAL ANESTHETICS

Lidocaine 5 percent to the vestibule nightly, significantly
improves pain and dysparenia.210[III] Local anesthetic
nerve blocks (caudal, pudendal, and perineal) have been
used successfully in one pilot study for vestibulodynia.211

[III]

Table 41.4 Treatment of vulvodynia.

Treatment of vulvodynia

Supportive measures Warm sitz baths, Burrow’s solution, topical anesthetic agents (2 percent topical xylocaine gel or 5

percent ointment) and other lubricants with intercourse

Vulvar hygiene Cotton underwear, avoid constrictive garments

Treat underlying cause Human papillomavirus (HPV)a – TCA 30 percent, topical 5-FU, interferon 1 million IU per injection

to painful site with total of 12 injection sites over four weeksa

Candida – fluconazole 150mg once a week for six weeks then once a month for six months

Allergens – avoid agent (these patients should also avoid local creams and suppositories

containing propylene glycol), hydroxyzine or other antihistamine, hydrocortisone 1 percent

cream b.i.d., 5 percent aspirin cream q.i.d.

Atrophy – topical estrogen vaginal cream, oral hormone replacement therapy

Diet modification Low-oxalate diet with calcium citrate 400mg p.o. t.i.d.

Tricyclic antidepressants Amitriptyline, desipramine, nortriptyline, 10–50mg h.s.

Psychological and behavioral

pain management

Biofeedback

Surgery Vestibuloplasty, partial or total vestibuloectomy with vaginal advancement

aCurrent studies do not substantiate human papillomavirus as a causative factor in vulvodynia, however its treatment, in particular interferon, is still
supported in the literature.
5-FU, 5-fluorouracil.
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BOTULINUM TOXIN

Botulinum toxin A has been used in refractory pain
conditions associated with skeletal muscle hypertoni-
city.212, 213[III] One case report found that botulinum
toxin A was useful when the patient was refractory to
many other therapies including gabapentin, carbamaze-
pine, physical therapy, and local anesthetic injections.211

After injection of botulinim toxin, the area of diffuse
allodynia became more refined to the vestibule so that she
was able to receive a vestibulectomy.

Surgical

PERINEOPLASTY/VESTIBULECTOMY

Surgery is often performed in cases of severe vulvar
vestibulitis recalcitrant to medical management.214

Excision of a localized painful area, such as the anterior
and posterior vestibule, or the lateral vestibule with
vaginal advancement can be performed. The Woodruff
procedure is a U-shaped excision that includes the
hymeneal ring and the adjacent 0.5 cm of tissue.
The incision extends from 5mm beneath the urethra to
the fourchette and is 2–5mm in depth. The adjacent
vaginal tissue is then mobilized to cover the excised area.
In the literature, success rates based on nonrandomized,
retrospective studies range from 47 to 100 percent.
Success, however, diminishes to 40–60 percent as the
length of follow-up increases.191, 192[III] One study that
randomized patients to either vestibuloplasty or peri-
neoplasty found no improvements in all ten patients
who had vestibuloplasty and complete resolution of
symptoms in patients who received a perineoplasty.215

[III] Progressive introital dilation using vaginal dilators
is also recommended by some and should be used for six
weeks prior to intercourse.192 Patients with vestibulitis
associated with dyspareunia since their first sexual
episode tend to have an incomplete response.214 Com-
plications include bleeding, infection, hematoma,
complete or partial wound separation, Bartholin duct
cyst formation, anal sphincter weakness, uneven healing
requiring further surgery, vaginismus, and vaginal
stenosis.214

Psychological and behavioral pain management

Meana et al.216 observed that women with physical find-
ings of vestibulitis did not have significant psychological
findings. However, women with no apparent findings on
examination were more likely to have psychological issues
or relationship and sexual dysfunction. One randomized
trial observed a beneficial effect when cognitive-beha-
vioral therapy was incorporated either with or without
surgical treatment.217[II]

Diet modification

Hyperoxaluria has been implicated in aggravating vulvar
pain through the formation of sharp oxalate crystals.218 A
prospective study noted a 10 percent objective (pain-free
sexual intercourse) decrease in women following a low-
oxalate diet (avoiding such foods as tea, coffee, cocoa,
wine, chocolate, peanuts, peanut butter, all berries,
prunes, all beans, eggplant, sweet potatoes, spinach, spicy
food, vinegar, wheat germ, tofu) with calcium citrate
(400mg t.i.d.) to inhibit formation of calcium oxalate
crystals.219[III] Further investigation is needed as other
studies report up to a 75 percent significant improvement
on a low-oxalate diet and calcium citrate.220

Biofeedback

Pelvic floor muscle irritability may aggravate the under-
lying cause of vulvar vestibulitis. A decrease in subjective
vulvar pain in 83 percent of women followed 16 weeks
of electromyographic biofeedback in a prospective,
nonrandomized uncontrolled trial. Pelvic floor muscle
physical therapy may also be useful.

Prognosis

Up to two-thirds of patients may be cured following a
variety of treatments.192 Recalcitrant pain subsequent to
surgery warrants further medical management prior to
surgery.221
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KEY LEARNING POINTS

� Fibromyalgia is characterized by chronic widespread

pain, whereas pain in myofascial pain is localized.
� Fibromyalgia is a syndrome associated with a wide

range of symptoms and other conditions, one of which

is myofascial pain
� Fibromyalgia arises at least in part due to an alteration

in central pain processing.
� Elevated levels of substance P, central sensitization,

wind-up and extrinsic factors are all involved in the

pathophysiology.

� There are (at least) three different subgroups of

fibromyalgia patients who respond differently to

management strategies.
� Treatment must be tailored to the individual needs of

the patient depending on their range of symptoms.
� The ideal management is generally a multidisciplinary

approach.

INTRODUCTION

Fibromyalgia syndrome (FMS) and myofascial pain
(MFP) are two common chronic pain disorders, which
frequently coexist. MFP is the most common cause of
regional pain in clinical populations1, 2 and FMS is one of
the most common causes of widespread pain. Both con-
ditions are characterized by reduced pain threshold,
presence of tender points, and evidence of central sensi-
tization. This has led to the hypothesis that both condi-
tions share similar pathogenic mechanisms.

In FMS, chronic widespread pain that persists in all four
quadrants of the body is often accompanied by a range of
symptoms including fatigue, sleep disturbance, functional
impairment, cognitive dysfunction, variable bowel habits,
depression, stiffness, and more. One-third of FMS patients
experience significant minor depression or anxiety, which
may contribute to the severity of the symptoms or may be
a result of suffering from chronic pain. FMS patients have
reduced pain thresholds (hyperalgesia) and feel pain with
normally innocuous stimuli (allodynia). FMS shares many
common features with, and often coexists with, other



syndromes such as irritable bowel syndrome (IBS), chronic
fatigue syndrome (CFS), and dysmenorrhagia, leading to
the suggestion that it is part of a spectrum of disorders
characterized by somatization. FMS also occurs con-
comitantly with other conditions such as rheumatoid
arthritis and systemic lupus erythematosus. In the past,
this form has been called secondary FMS, suggesting that
these conditions predispose patients to develop FMS.
However, this has not been used recently as the precise
relationship between FMS and these chronic painful con-
ditions remains unclear.

MFP is characterized by regional areas of chronic pain,
arising from ‘‘taut bands’’ of muscle. It can include neck
and shoulder pain, tension headaches, and lower back
pain. Trigger points are found at discrete regions across
the body, which are hypersensitive. Palpation of these
causes local and referred pain. It has been proposed that
MFP is a ‘‘precursor’’ to FMS, or that it is one of the many
factors contributing to the ‘‘syndrome’’ of FMS. In the
past there has been confusion over the distinction
between FMS and MFP, however, they can both exist
as distinct entities and research has led to differential
diagnosis becoming clearer.

DIAGNOSIS

Fibromyalgia syndrome

Since first being described in the 1800s, FMS has been
labeled by various different titles, including muscular

rheumatism, myalgia, interstitial fibrositis, myofascitis,
and myofascial pain. In 1977, Smythe and Moldofsky3

applied the term fibrositis to patients with localized
or generalized musculoskeletal pain associated with
tender points. This is a misnomer since the term implies
an inflammatory process in fibrous tissue which has
never been demonstrated by biopsy. The diagnosis of
FMS has been problematic in the absence of an objective
test. In 1990, Wolfe et al.4 defined the American
College of Rheumatology (ACR) classification criteria,
which are currently the standard used to diagnose this
syndrome in clinical and therapeutic research. They state
that patients must have a history of widespread pain
lasting more than three months, defined as: pain in both
sides of the body, pain above and below the waist. In
addition, axial skeletal pain (cervical spine, anterior
chest, thoracic spine, or low back) must be present.
Low back pain is considered lower segment pain. They
must also have pain in at least 11 of 18 tender point
sites on digital palpation with an approximate force of
4 kg (until the color under the nail blanches). These
must be reported as ‘‘painful’’ not just ‘‘tender’’ (see
Figure 42.1).

Although the ACR criteria are useful for providing
uniform populations for research and clinical trials, there
is significant controversy about the diagnosis. Some
clinicians have argued that FMS is not a distinct disease
entity. Labeling patients with FMS encourages chronic
illness behavior and would increase healthcare con-
sumption. However, recent research in the UK showed the
contrary to be true. Using the General Practice Research
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Figure 42.1 Bilateral tender point locations for

fibromyalgia: 1, occiput; 2, low cervical; 3, trapezius; 4,

supraspinatus; 5, second rib; 6, lateral epicondyle; 7,

gluteal; 8, greater trochanter; 9, knee. At least 11 of

these must be present.
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Database, Gallagher et al.5 showed that healthcare
utilization amongst FMS patients was already very high in
the eight years preceding the diagnosis. Interestingly,
healthcare utilization decreased after the diagnosis
indicting that the diagnosis of FMS could be used con-
structively to reassure and educate patients.

While research has shown that the diagnosis of
FMS has positive benefits, the validity of the ACR
classification criteria in routine clinical practice is less
certain. The key area of contention is the validity and
sensitivity of the tender point count. Although intui-
tively tender point count is a measure of pressure pain
threshold, recent research has shown that the number of
tender points is largely influenced by psychological dis-
tress and is therefore not necessarily the best measure of
overall tenderness or means of categorizing patients.6, 7

A recent study in the UK demonstrated that Z11 tender
points can be demonstrated in 40 percent of people
with chronic widespread pain, 20 percent of people
with regional pain, and 5 percent with no pain. Con-
versely, 29 percent of people with chronic widespread
pain only had r4 tender points. The presence of tender
points without pain was confirmed by Schochat and
Raspe.8 Furthermore, although the tender points are
frequently present in FMS patients, pain is not restricted
to these areas.9, 10 MFP trigger points are also not
restricted to these 18 locations. In addition, men
inherently have a higher pain threshold than women. It
is consequently possible that the guide of 4 kg pressure
may not be great enough to detect positive tender points
in men, which may account for the lower prevalence
of FMS diagnosis in males.11, 12 Cumulatively, these
factors are likely to reduce the sensitivity of the ACR
classification criteria and lead to underdiagnosis of the
condition.

Indeed, a recent study by Katz et al.13 has demon-
strated this problem. In this study, the ACR classification
criteria were compared with clinical diagnosis by experi-
enced clinicians and survey criteria for FMS. Only a
moderate degree of agreement was found. Importantly, it
showed that the cut-off point of 11 out of 18 tender
points was insensitive. A better balance of sensitivity
versus specificity would have been achieved by using a
threshold of six tender points.

Aside from tender point count, others have criticized
that the ACR criteria ignore other important features of
FMS such as pain threshold, mood, sleep disturbance, and
fatigue. Many of the collaborators involved in defining
these criteria have expressed concern about their use in
clinical practice.

Subtypes of FMS

Due to the wide range of symptoms associated with FMS,
it has been hypothesized that FMS patients can be divided

into three different subgroups, reflecting the ‘‘syndrome’’
aspect of this condition.14, 15

These three groups were identified by cluster analysis
and could be identified as those exhibiting:

1. moderate anxiety, depression, catastrophizing, and
poor control over pain, the highest pain
thresholds and low tenderness;

2. high levels of anxiety, depression and
catastrophizing, low pain control, and
considerable tenderness; and

3. low levels of anxiety, depression, and
catastrophizing, good control over pain but very
low pain threshold and the most tenderness.15

In the analysis by Giesecke et al.,15 the first subgroup
was considered to represent ‘‘typical FMS,’’ as more than
half of the patients fell within this category. It is
important to note that the patients in this study were
recruited from the community. The proportion of
patients in each subtype may change if patients in sec-
ondary care were studied since the latter tends to include
a higher incidence of mood disturbance and psychosocial
stress.

Myofascial pain

Similar to FMS, MFP has many different labels. It has
been cited under different headings over the years
including fibrositis and myofibrositis when distinction
between FMS was not so clear. MFP was first defined in
the 1950s as was the ‘‘trigger point’’ which characterizes
the condition.16 More research into its pathophysiology
has led to clearer definition between MFP and FMS.
However, research into this condition has been ham-
pered by the lack of classification/diagnostic criteria.
Heterogeneity in patient populations across studies is
always a potential confounder which may explain dif-
ferent observations. This problem has been addressed
by the publication of Long and Kephort’s modified
criteria (Box 42.1) in 1998 which are now commonly
used.17

The trigger point feels harder than the surrounding
muscle, as within the trigger point the muscle has formed
a tense ‘‘knot.’’ Palpation of a trigger point causes local
and referred pain, the latter of which is not a feature of
FMS tender points. This trigger point can also be asso-
ciated with a twitch response which is termed the ‘‘jump
sign.’’ It can be active or latent, a latent trigger point will
not be associated with referred or spontaneous pain, but
is still sensitive to palpation.

MFP can be labeled under different terms depending
on the area of the body that it affects such as tempor-
omandibular disorder (TMD), low back pain, and tension
headache. It is also associated with limited movement,
weakness, and autonomic dysfunction.
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EPIDEMIOLOGY

Epidemiology of chronic widespread pain

The prevalence of chronic widespread pain in population
studies is approximately 3–16 percent.18 It is more com-
mon in women compared with men. Prevalence increases
with age with the highest prevalence found between the
age group of 59–74 years. However, children also suffer
from chronic widespread pain with a prevalence of 7.5
percent.

FMS

Estimates of the prevalence of fibromyalgia varies sig-
nificantly depending on the classification/diagnostic cri-
teria. Whilst many secondary care studies utilized the
ACR classification criteria, many community studies
investigated patients with chronic widespread pain. In
population-based studies, prevalence varies from 0.1 to 3
percent and 2 to 16 percent in clinical situations.19 The
mean age was 50. Women are affected more frequently
than men with a ratio of 3:120 but it has been reported to
be as high as 9:1 in a US study. As discussed above, the
prevalence of FMS may be an underestimate while the
gender ratio is biased toward a higher female predis-
position due to the drawbacks of the ACR classification
criteria.

Furthermore, prevalence can be influenced by social,
economic, cultural, and ethnic factors, therefore epide-
miology may show significant geographical variation. In

1987, the General Practice Research Database (GPRD) in
the UK began recording all visits to general practice
surgeries. Between 1990 and 2001 the incidence of FMS
increased, most probably due to the instigation of the
ACR diagnostic criteria and increased awareness in gen-
eral practices. Although it is predominantly a disease of
middle age, all ages can be affected. The mean age of onset
recorded by the GPRD was 49.21

MFP

MFP is the most common cause of chronic regional pain.22

It can include low back pain, shoulder pain, tension
headaches, and facial pain, amongst others. It is again
more common in women. Studies have suggested that
many people attending general practitioner (GP) or pain
clinics with other complaints may actually suffer from
MFP. For example, 85 percent with low back pain and490
percent with chronic neck pain and tension headaches may
in some cases arise from referred MFP.1, 23, 24 As mentioned
above, varying diagnoses make epidemiological studies
hard to interpret for the prevalence of this condition.

ASSOCIATED CONDITIONS

There are a group of disorders that have been termed
‘‘affective spectrum disorders’’ which frequently coexist
with one another. These include fibromyalgia, but also
irritable bowel syndrome, chronic fatigue syndrome,
depression and anxiety disorders, and migraine. These are
all associated with psychological distress. It had been
thought that depression may lead to the development of
widespread pain, and although it is commonly reported
in fibromyalgia (in 20–30 percent of patients) it is more
likely that it in fact occurs the other way round (the pain
results in depression) as the majority of patients do not
suffer from any psychiatric illness and, when present, the
depression can be treated without improving the pain
state.

RISK FACTORS

Fibromyalgia

Many studies have shown that psychological features are
risk factors for chronic generalized musculoskeletal pain
and/or fibromyalgia. These include somatization, having a
mental disorder, presence of psychological distress, major
depression, panic disorder, and familial major mood
disorder. Sociocultural factors such as a low level of
income, being divorced, being disabled, being an immi-
grant, smoking, and/or lower social class have been
implicated but definitive evidence linking these to the
development of fibromyalgia is lacking.

Box 42.1 Long and Kephort’s modified
criteria for the MFP.17

All of the following must be present:

1. regional pain;
2. presence of a taut palpable band;
3. distinct pattern of referred pain;
4. exquisite local tenderness at one or more

points in the taut band;
5. limited range of motion in the affected area.

Plus one of the following:

1. local twitch response to snapping palpation or
needling;

2. pressure on myofascial trigger points
reproduces pain;

3. pain alleviated by deactivating the myofascial
trigger point.

602 ] PART III MANAGEMENT – CLINICAL SITUATIONS



MFP

Similar to FMS, some studies25, 26 of MFP in patients with
temporomandibular disorder, high baseline somatization
score, anxiety, and depression were significant risk factors
for development of chronic MFP.

PATHOPHYSIOLOGY

Fibromyalgia

The exact pathophysiological mechanisms behind FMS
remain unknown although a number of hypotheses and
contributing factors have been identified and proposed.27, 28

MUSCLE ANOMALIES

The generalized muscle pain frequently appears to be
exhibited following suffering of localized muscle pain,29

often due to injury, such as whiplash30 or low back pain.31

Although no obvious muscle or tissue damage is present
in FMS patients, some changes within the muscle have
been reported. The microcirculation of muscles appears
to be altered resulting in reduced muscle tissue oxyge-
nation.32, 33 This is not specific to FMS, but may be
important for onset of pain and hypersensitivity in
chronic pain conditions. This can cause other muscle
changes which have also been observed in fibromyalgia
patients, including ‘‘red ragged and moth-eaten’’ fibers,
possibly due to distribution and proliferation of mito-
chondria and various metabolic effects. Hypoxia of
muscle tissue may lead to the release of pain substances
including serotonin, bradykinin, substance P, and
histamine, which sensitize nociceptive fibers, and is
exacerbated during contraction of the muscle.

GENETICS

Buskila et al.34 suggested a possible genetic factor in the
development of FMS by demonstrating that 28 percent of
offspring of mothers with FMS suffered from chronic
widespread pain. Offspring with and without FMS did
not differ on anxiety, depression, global well-being,
quality of life, and physical functioning.34 In a case con-
trolled study in which the frequency of FMS in 533
relatives of 78 probands with FMS was compared with
272 relatives of 40 probands with rheumatoid arthritis
(RA), Arnold et al.35 found that FMS aggregated strongly
in families. The risk of suffering from FMS in a relative of
a proband with FMS was increased eight-fold when
compared with probands of RA. They also tended to have
significantly higher number of tender points and major
mood disorders.35 More recently, a study compared the
prevalence of chronic widespread pain in monozygotic
and dizygotic twins. They found that genetic factors

accounted for 50 percent of the total variance.36 This
provides persuasive evidence supporting the importance
of genetic factor in the pathogenesis of FMS.

A number of candidate genes have been examined in
more details which include HLA, polymorphism of
catechol-O-methyltransferase (COMT),34, 37, 38 and more
recently polymorphism in the 5HT2A receptor,39 ser-
otonin transporter gene.40 Overall, it is likely that FMS is
a polygenetic disorder, due to the many different factors
that may be involved. It is possible that genetic factors
may act in collaboration with environmental factors (or
mechanical/psychological traumas) to contribute to the
development of FMS.

NEUROENDOCRINE ALTERATIONS

In patients with FMS, a reduced hypothalamic-pituitary-
adrenal (HPA) axis response to stress has been demon-
strated.41, 42, 43 The neuroendocrine response acts nor-
mally under baseline conditions, but not when subjected
to stress or even normal activities of daily living. However,
this deficit might have more impact on depression, a
common associated feature of FMS as well as chronic
pain. Patients with FMS often report experiencing pre-
vious stressful or traumatic events. A reduced HPA axis
response to stress can contribute to FMS development or
worsening of FMS. The HPA axis is also linked to the
autonomic nervous system, which is involved in mod-
ulating sleep, mood, pain, and cardiovascular activities
(including microcirculation of muscles). This could
explain many clinical features and the association of FMS
with sympathetic nerve system over activity, although
more detailed mechanistic studies will be needed to
confirm a causative relationship. Abnormal HPA axis
activity has also been observed to a lesser extent in
chronic low back pain sufferers, therefore it does appear
to be linked to chronic pain.

Hormones such as cortisol, growth hormone (GH),
and thyroid hormone can be affected particularly in
patients with an altered HPA axis. Studies have reported
increased levels of adrenocortical trophic hormone
(ACTH) and decreased levels of insulin-like growth factor
(IGF-1), triiodothyronine (T3), GH, estrogen, and
urinary cortisol.44

A reduction in IGF-1 levels has also been proposed as a
contributing factor for FMS development/symptomatol-
ogy. Bennett et al.45 observed that FMS patients had
declining levels over the following one to two years. These
patients with a low level of IGF-1 also failed to secrete GH
after stimulation with clonidine and L-dopa suggesting
that low IGF-I levels in patients with FMS are a secondary
phenomenon due to hypothalamic-pituitary-GH axis
dysfunction.

Some have suggested that the HPA deficit may be a
secondary phenomenon rather than having a causative
role as it has been observed in people with sleep dis-
turbances. FMS patients have been reported to have a
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reduction of stage 4 non-REM, or deep sleep, which also
leads to reduced pressure pain thresholds, increased
aching and fatigue.46 FMS patients are frequently more
painful and tender in the morning and experience sig-
nificant morning stiffness, this is lessened after nights
where they have had more restful sleep. Although a cause
and effect relationship has not been established, this does
appear to be an important factor in FMS.

Another hypothesis involves the role of proin-
flammatory cytokines which could induce hyperalgesia in
the central nervous system (CNS). Release of these cyto-
kines can be triggered by chronic stress. They are known
to directly contribute to peripheral and central neuro-
pathic pain as well as depression and can lead to exag-
gerated pain states similar to those seen in FMS.47 A
recent study in 40 patients with chronic widespread pain,
including 26 with FMS and 40 age- and sex-matched
healthy controls, found lower relative gene expression
for the anti-inflammatory cytokines interleukin-4 and
interleukin-10.48

NEURONAL PLASTICITY

A characteristic feature of FMS is hyperalgesia (increased
sensitivity to mechanical, thermal, and electrical stimuli)
and allodynia (painful response to normally non-noxious
stimuli). These are likely to be due to altered mechanisms
within the CNS such as ‘‘wind-up’’ and central sensitiza-
tion which have been demonstrated in FMS patients.49, 50

Altered pain processing has been illustrated by studies
using functional magnetic resonance imaging (fMRI)
where painful pressure stimuli result in increased cerebral
blood flow in areas associated with activation by noxious
stimuli. This is exaggerated in FMS patients at stimulus
intensities that may otherwise be seen as non-noxious.51

High levels of catastrophizing were also associated with
increased activity in similar areas,52 as was depression.15

(See Table 42.1.) Neither catastrophizing nor depression
affects hyperalgesia, therefore other mechanisms must also
be involved in fibromyalgia.52, 53

One of the models proposed is a ‘‘bottom to top’’
approach in which regional musculoskeletal pain (for
example MFP) leads to widespread and persistent pain,

generalized hypersensitivity, and consequently FMS. This
is based on neural plasticity of the CNS, in which per-
sistent input or activation of peripheral nociceptors
causes a change in CNS function and eventually structural
changes. Although FMS appears to be due to a central
dysfunction, it is the peripheral factors that are the most
debilitating for the individuals affected, and the activation
of the peripheral pain receptors undoubtedly plays some
role in the central sensitization observed, possibly as an
instigating factor.

Repetitive activation of muscle nociceptors leads to
peripheral sensitization, therefore decreasing the excita-
tion threshold and increasing the response to low level
noxious stimuli (hyperalgesia). Wind-up occurs in the
spinal dorsal horn, when repetitive input from the C-fiber
nociceptors increases the response of the neurones. This
causes increased release of substance P and glutamate
activating the N-methyl-D-aspartic acid (NMDA) recep-
tors by removing the magnesium block. Temporal sum-
mation studies have been carried out in FMS patients
with intramuscular electrical stimulation. The results
showed that temporal summation was more pronounced
in FMS patients compared to controls, indicating central
sensitization.54 Similar results were reported for FMS and
whiplash patients,55 again supporting the hypothesis that
localized pain (or trauma) can develop into FMS.

An epidural injection of lignocaine relieves pain and
tender points in FMS,56 which supports the involvement
of peripheral nociception causing the pain. In a study
population of FMS patients, 87 percent reported that they
suffered from localized pain before FMS. A further study
demonstrated that 25 percent of chronic back pain suf-
ferers and 21.6 percent with neck trauma went on to
develop FMS.

Research also supports central sensitization in FMS as
injections of ketamine in responders with FMS reduced
the pain and allodynia experienced. However, not all FMS
patients responded to ketamine suggesting that FMS is
heterogenous and one mechanism is not universally
responsible for FMS.

An alternative theory is that the model works from
‘‘top to bottom.’’ In this case chronic stress and pain
catastrophizing lead to FMS in the periphery. It has been

Table 42.1 Regional cerebral blood flow following various stimuli.

Brain region Stimuli that increase blood flow Painful or nonpainful?

Contralateral primary somatosensory cortex (S1) Mechanical Painful and nonpainful

Contralateral secondary somatosensory cortex (S2) Mechanical Painful and nonpainful

Anterior cingular cortex Mechanical Painful

Catastrophizing

Insula Mechanical Painful

Aversive stimuli

Depression

Thalamus Mechanical Painful
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observed that pain catastrophizing is higher in FMS
patients than in controls and other chronic pain condi-
tions, but this may not be the preceding factor.57 Recent
research has shown that fibromyalgia patients have ele-
vated levels of substance P in the cerebrospinal fluid
(CSF),58, 59 which could be due to an increased release
from neurones in the periphery and/or CNS.

Descending inhibition is also altered or impaired in
FMS.60 Research into the diffuse noxious inhibitory
control system (DNIC) has revealed that FMS and MFP
patients appear to lack this function, in which normally a
noxious stimuli applied to one body site would suppress
pain at another site. (See Figure 42.2.)

Myofascial pain

In MFP, the muscle which causes the pain is said to be a
‘‘taut band’’ which has contracted abnormally. Electro-
physiological evidence suggests that the responsible factor
is a dysfunctional motor end-plate.61, 62 For an unknown
reason, excess amounts of acetylcholine (ACh) are released
into the synaptic cleft even when the muscle is at rest. This
leads to depolarization of the membrane of the motor

fiber, causing cross-bridge activation and muscle contrac-
tion. Because of the excess ACh present, the depolarization
is sustained and the muscle can become maximally con-
tracted with the sarcomeres at their shortest, causing the
muscle to become ‘‘taut’’ and resulting in a trigger point
(see Figure 42.3). This contraction increases the energy
consumption of the muscle, putting increased demand on
the microcirculation and leading to local ischemia and
hypoxia. As previously discussed this can initiate a pain
state. MFP is also associated with enhanced pain sensitivity
and wind-up, due to the persistent stimulation of the
nociceptors. Similar to FMS, TMD patients have reduced
pressure pain thresholds and decreased descending inhi-
bition of nociceptive reflexes.

MANAGEMENT

Fibromyalgia

In order to improve the outcome of FMS, first one must
acknowledge the problem. Regardless of whether FMS is a
single condition/disease or not, it is a major healthcare
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Figure 42.2 Contributing factors to the
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burden and must be addressed. As previously mentioned,
diagnosis of FMS can help reduce the healthcare burden
through reduced investigations and referral to specia-
lists.21 Therefore, ignoring the problem is not the solu-
tion. Clearly, the diagnosis of FMS can be used
constructively to reassure patients, thereby reducing
healthcare utilization.

As FMS is a complex syndrome associated with a wide
range of symptoms, treatment should be tailored to the
individual, addressing their particular needs and targeting
their most distressing symptoms. The best strategy is to
use a multidisciplinary approach to treatment, using both
pharmacological and nonpharmacological interventions
as required. It is unlikely that a single treatment will target
all of the different symptoms involved. The different
subgroups of patients with FMS respond differently to
treatment strategies,63 highlighting the fact that patients
should be managed according to their individual needs,
rather than following a generalized approach.

In the following section we aim to discuss the current
evidence for treatment of FMS, which can be selected to
suit the individual concerned. This is based on evidence
gained from studies using the 1990 ACR criteria for FMS
diagnosis in order to study a more homogenous popu-
lation. The European League Against Rheumatism have
also produced guidelines for management of FMS.64

Nonpharmacological

Due to the lack of a ‘‘gold standard’’ treatment for FMS, a
wide range of nonpharmacological approaches have been
tested with varying success and more research is required.
These include; exercise, cognitive-behavioral therapy,
homeopathy, physiotherapy, acupuncture, magnetism,
dietary alterations, and laser therapy, amongst others.

By the nature of the interventions, the study quality is
inevitably rated as poorer in quality than the pharmaco-
logical trials, since double-blind trials are not possible.
However these interventions are safe as they are not
associated with potential adverse events and therefore
long-term use is not detrimental.

EXERCISE

The literature on exercise is extensive: over 20 studies
since the 1990 ACR criteria, but the majority of these are
of relatively poor quality as they are often open studies,
although a limited number are investigator blinded. These
studies reported mixed results.65, 66, 67 However, most
experts concurred that aerobic exercise and strength
training are beneficial for some FMS patients and this is
supported by systematic reviews.68, 69, 70, 71[III] It should
be noted that exercise rarely improves pain, and this
symptom can in fact be worsened at first.72 Other factors
including function, tender point count, aerobic perfor-
mance, and global well-being have all been reported to
improve. FMS patients are equally able to carry out
exercise as healthy people, at levels tailored to each
individual. When performing strength training they can
experience the same strength gains,73 which may in turn
lead to functional improvements and/or quality of life.
Adherence to a program may be a limiting factor, but
otherwise long-term use is without risks.

Heated pool-based exercise is particularly beneficial
and is supported by one randomized controlled trial and
one open randomized trial.72, 74, 75 Heated pools or
hydrotherapy are effective for pain relief even without
exercise.76, 77[III] Buoyancy reduces pressure load from
the muscles, and the heated water provides relaxation.
Pain relief may only be temporary, but treatment can be
maintained long term without any safety concerns.
Treatment improves pain and function and reduces ten-
der point count, although availability of a hydrotherapy
pool and cost are limiting factors.

COGNITIVE-BEHAVIORAL THERAPY

Cognitive-behavioral therapy (CBT) and/or patient edu-
cation may help improve pain and function in some
individuals, either as sole therapy or in combination with
exercise.49, 78, 79, 80, 81[III] It may be particularly beneficial
to provide CBT early after diagnosis to help patients
understand FMS and learn how they themselves can be
actively involved in its management. As FMS is a chronic
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condition without a permanent remedy, patient education
is an important aspect of management as patients have to
learn to manage their pain better even if they also receive
other therapy. This therefore may help to improve their
long-term prognosis by providing more realistic health
beliefs. The quality of published trials in this area is
relatively poor, but its use has been supported by previous
reviews71, 72, 82 and expert opinion supports its use.

With regard to the subgroups of FMS patients that
have been proposed, the second group who experience the
highest levels of distress may respond best to this
approach,15 whereas the other two groups with moderate
and low mood disturbances and distress are less likely to
require CBT. Variation in trial reports and/or success may
be compounded by this factor.

OTHER THERAPIES

A range of dietary interventions has been studied in
fibromyalgia, however, no one treatment has more than
one study. A randomized controlled trial using Chlorella
pyrenoidosa supplements showed improvements in the
treated group for pain and function, however, the patients
also continued their usual treatment.83 Vegan and vege-
tarian diets have also been reported to show some non-
significant improvements, as have ascorbigen (with
broccoli power) supplements.84, 85, 86 Complementary
therapies including homeopathic remedies87, 88, 89 and
acupuncture90, 91 have also been reported to have benefits
for pain, tenderness, quality of life, and well-being for
FMS patients. However, there have also been negative
studies for acupuncture, but it may be of benefit to some
patients. A number of miscellaneous treatments have also
been used in FMS including therapy with lasers, magnets,
ultrasound, and music vibration. Clearly, the paucity of
evidence does not allow a firm conclusion and recom-
mendations to be made regarding these therapies.

Pharmacological

A number of pharmacological interventions have been
shown to be efficacious in randomized controlled trials
for FMS, despite the fact that at this point in time only
one treatment is specifically licensed for its management
(in the US). These can be used with or without combi-
nation with a nonpharmacological intervention in the
management of FMS.

ANALGESICS

Tramadol is a useful moderately potent opioid analgesic
that can help to improve pain and function.92, 93[II] It is a
centrally acting analgesic which inhibits norepinephrine
and serotonin reuptake whilst also being an agonist for
the mu opioid receptor. The most commonly reported
adverse events include nausea, somnolence, constipation,

and dizziness. However, it should be prescribed with
caution as typical opiate withdrawal can be experienced at
termination so careful down-titration must be observed.
Dependence and abuse are also potential issues to bear in
mind when prescribing.94 Other systemic analgesics have
been used in short-term studies including lidocaine,
ketamine, and morphine. While ketamine and lidocaine
have received some support for short-term pain relief
(postinjection), there is doubt over their efficacy for
treating a chronic condition such as FMS.95, 96 Topical
analgesics (including xylocaine and capsaicin) are not of
benefit in this condition.

ANTIDEPRESSANTS

Antidepressants should be considered for FMS patients.71,
82, 97[I] Tricyclic antidepressants (TCAs), selective ser-
otonin reuptake inhibitors (SSRIs), dual reuptake inhi-
bitors, mono-amine oxidase inhibitors, and serotonin
antagonists have all been reported to have benefits. The
evidence is strongest for amitriptyline and fluoxetine, but
recently trials of a newer class of dual reuptake inhibitors
have reported good positive results.

TCAs such as amitriptyline (the most widely used and
studied in FMS) inhibit serotonin (5HT3) and nor-
epinephrine (NE) reuptake, but also affect glutaminergic
neurotransmission by acting on histamine, ACh and
NMDA channels. Positive results are reported for sleep,
fatigue, and pain in FMS.98, 99, 100 The effect is indepen-
dent to the drugs antidepressant action as the doses
prescribed are much lower than those for depression.
Despite the positive results, tolerance is variable due to
the anticholinergic effects of this class of treatment.
Adverse events can include dry mouth, digestive dis-
turbances, and neuropsychiatric disturbances. SSRIs lack
these actions, so are better tolerated, but results are
mixed. Fluoxetine has had two positive studies for a
variety of symptoms including pain, function, fatigue,
and depression.100, 101 Dual reuptake inhibitors, however,
have a similar efficacy as TCAs for NE and 5HT but lack
the anticholinergic effects. Their tolerance is good
(headaches and nausea are the most commonly reported
adverse events) and studies for milnacipran, duloxetine,
and venlafaxine have all reported positive effects on
pain, function, pain threshold, fatigue, and quality of
life (although the study on venlafaxine was open and
nonrandomized).102, 103, 104

Tropisetron and ondansetron are 5HT3 receptor
antagonists which have shown pain and tender point count
improvements in FMS patients but only in short-term
studies (five to ten days).105, 106, 107 Further investigation is
required into long-term use of these medications.

OTHER PHARMACOLOGICAL INTERVENTIONS

Anti-epileptics such as pregabalin increase inhibitory neu-
rotransmission and block calcium and/or sodium channels.
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A large recent controlled study in FMS patients reported
good effects for sleep, pain, and fatigue and good toler-
ability with most adverse events being dizziness or som-
nolence, mild to moderate in severity.108[II] This is the first
treatment to be licensed by the FDA for FMS in the US.

Pramipexole is a dopamine agonist that was developed
for the treatment of Parkinson’s disease, however, its action
within the mesolimbic system (particularly on sleep con-
trol) provided the potential for treatment in FMS. Results
from a placebo controlled trial have supported its use with
improvements in pain, fatigue, function, and global well-
being with good tolerance, however, patients were allowed
to continue with current medications if at a stable dose.109

[II] Further research is warranted.
Hypnotics including zolpidem act on benzodiazepine

receptors. In FMS they are effective for sleep and fatigue,
but not pain, so should only be used in combination with
another approach. Sodium oxybate (a commercial form
of gammahydroxybutyrate) is known to increase slow-
wave sleep and GH levels (both impaired in FMS
patients). It has been shown to improve pain as well as
fatigue and sleep in FMS.110[II] There is the potential for
abuse with this medication, however, and it has been
associated with date rape, so its use in FMS should be
considered with caution.

Tizanidine, an alpha 2 adrenergic central agonist,
probably acts by reducing levels of substance P in the CNS
and has been reported to reduce pain and improve sleep
and quality of life in FMS. However, the study was not
controlled or blinded.111[III]. Adverse events can include
tiredness, somnolence, dizziness, and dry mouth. It
should be used with caution in women receiving oral
contraceptives, which can reduce its clearance.

GH has been studied in FMS due to research showing
reduced levels in FMS patients. Although results were
positive for quality of life and tender points, its usefulness
is limited by potential side effects and high cost.112[II]

There has been a suggestion that FMS patients benefit
from thyroid hormone therapy and that perhaps patients
(or a subgroup of them) suffer from a subclinical defi-
ciency in this hormone. Three small studies by Lowe
et al.113, 114, 115[III] suggest that tri-iodothyronine is
beneficial for pain and function following up to eight
months treatment in euthyroid female FMS patients.
Long-term toxicity remains a significant safety concern.

Nonsteroidal anti-inflammatory drugs (NSAID) may
be useful for short-term pain relief when used in addition
to other therapies (e.g. stretching exercises), however,
they should not be considered as an option for long-term
management due to their gastrointestinal effects. Most
studies of NSAIDs have produced negative results in FMS.

Myofascial pain

There are few placebo-controlled trials into managements
for MFP, therefore most evidence is based on clinical

experience. As with FMS, treatment should be tailored to
the individual, bearing in mind the muscles involved,
contributing factors, and any concomitant diseases.

The first-line approach should be nonpharmacological
treatment. Physiotherapy involving stretching the muscle
to release the tension is the most commonly used
method. The ‘‘spray and stretch’’ approach is sometimes
used where a vapocoolant spray is applied to the muscle
whilst it is stretched gently which can produce relief
from the pain. This aims to deactivate the trigger point
by restoring the muscle to its full length.116[III] For
long-term relief, the patient should also be taught home
management, including stretching exercises, to prevent
the trigger point recurring. Education should be given to
help avoid triggering activities, such as posture, sitting
positions, etc., and to learn to recognize situations which
might increase muscle tension and try to avoid them.
These interventions have not been studied directly in
MFP. Exercise has not received support in clinical trials
for MFP, however, clinicians often support the idea that
stretching and strengthening should be included in
exercise programs.117[V] Postural training has been seen
to produce benefits, as have range-of-motion exercises
and relaxation.118

Acupuncture has been researched in MFP, partly due
to the proximity of acupuncture points and common
MFP trigger points. Results have been promising, but
further research is needed.119

Trigger point injections have been used to directly
deactivate trigger points for patients who are not
responsive to stretching and/or exercise techniques alone.
It has been suggested that these should be combined with
exercise so that the patients do not become dependent on
the injections. Dry needling, anesthetics, steroid, and
botulinum toxin have all been used. One study showed
that dry needling was equally effective as lidocaine, but
caused more postinjection soreness.120 It is thought that
perhaps dry needling acts by mechanically disrupting the
trigger point until it relaxes.

Local tender point injection of drugs such as procaine,
lidocaine, and corticosteroids may reduce the pain or
prolong the relief although a systematic review suggested
that the choice of drug did not affect outcome.121 There is
no evidence to support the use of corticosteroids as local
inflammation is absent, and they have been reported to be
no more effective than saline injections.122

Recent research has suggested the use of botulinum
toxin. This acts by blocking ACh release at the neuro-
muscular junction. This would therefore theoretically
reduce the muscle activity at the trigger point and help to
restore the local microcirculation to normal levels.
Reports in the literature have been mixed with efficacy
over steroids and saline being reported, but not compared
to lidocaine.123 Further research is warranted.

Benzodiazepines have been studied in MFP with sup-
port for their use in the short term,124 but long-term use
has not been researched.
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PROGNOSIS

Long-term cohort studies in the Americas and Europe
found no significant change in FMS prognosis over a six-
to eight-year period.6, 125 Severity of pain, fatigue, dis-
ability, and quality of life remains unchanged. In America,
the annual healthcare cost of FMS in 1996 was $2274 per
patient. Confronted by such worrying statistics, the Chief
Medical Officer in the UK wrote to all the doctors in the
UK emphasizing the healthcare burden of chronic wide-
spread pain, urging that more research is essential to
address the problem and improve outcome.

For FMS, although it is rare for symptoms to subside
completely, if patients are able to learn to manage their
chronic pain and adopt effective coping behavior, it is
unlikely that the pain will progress and may in fact
reduce, although the patients remain symptomatic.
Unfortunately, the lack of an effective treatment for all
symptoms, or all sufferers, means that a multidimensional
approach will most likely be required and a number of
interventions may have to be used before the most
appropriate for each individual is determined. The
prognosis is linked to the severity or range of symptoms
experienced by the individual concerned. Those with
fewer symptoms may be better able to manage their
syndrome with education and coping behaviors, whereas
patients with a more wide range of FMS-related symp-
toms, or more severe spectrum, are more likely to require
a more complex approach which may have a less positive
long-term prognosis. It is important that the patients
realize that complete remission is rare for them to be able
to manage the pain better.

In MFP the prognosis is generally good.22 With
effective treatment and education in postural and/or
mechanical behaviors to reduce recurrence of the trigger
point, it is likely that once treated the pain may not
return.

SUMMARY

Fibromyalgia is a chronic syndrome of widespread pain
that is associated with a variable spectrum of symptoms
and concomitant disorders. It is characterized by allody-
nia and hyperalgesia with the presence of Z11 out of 18
positive tender points and widespread pain in all four
quadrants of the body that has persisted for over three
months. In contrast, myofascial pain is a regional pain
syndrome that can affect one muscle in isolation. It is
caused by a ‘‘taut band’’ of muscle in which the muscle
becomes maximally contracted and fails to relax of its
own accord. In the past, the two have been seen to overlap
and research has led to differential diagnosis, although
MFP can occur within the spectrum of FMS-related
syndromes. Management of both is likely to require a
multidisciplinary approach with a combination of phar-
macological and nonpharmacological approaches. With

MFP this can be effective in relieving the symptoms and
education of preventative behaviors can stop recurrence
of the pain. However, in FMS the goal of treatment is
currently to reduce symptoms to a more tolerable level as
remission is rare. More research into FMS pathogenesis
and treatment will hopefully lead to more promising
medical development in this area.
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KEY LEARNING POINTS

� Most patients with a psychiatric disorder seen in a pain

clinic will have had a preexisting psychiatric illness or

will have developed mental illness because of their

chronic painful illness.
� Depression and anxiety are the most common

psychiatric illnesses affecting people with chronic pain.
� In many cases, it is appropriate to treat depression with

antidepressant drugs, particularly if there is pervasive

loss of pleasure. The selective serotonin reuptake

inhibitor (SSRI) drugs are usually employed first, but

tricyclic antidepressants and serotonin-norepinephrine

reuptake inhibitors (SNRI) drugs are more appropriate if

there is evidence of a neuropathic pain state.
� Posttraumatic stress disorder is a poor prognostic sign

in people with chronic pain who have developed pain

following an injury.

� People with borderline or dependent personality

disorders require specialized attention in a pain clinic

service. In these individuals, a contract needs to be

established early in therapy, applying particular care to

the administration of drugs. Psychodynamic treatment

has been shown to be of assistance in selected patients

with borderline states.
� Both cognitive behavior therapy (CBT) and tricyclic

antidepressants have been shown to be effective in the

treatment of persistent somatoform pain disorder.
� Substance misuse, which includes both alcohol

and drugs, occurs in between one in eight and

one in four people attending pain clinics, respectively.

Those with a history of previous misuse or likelihood

of misuse should have their drugs monitored

closely.

INTRODUCTION

Although not usually considered by the uninitiated, it is
now accepted clearly that psychological and psychiatric
factors are of prime importance in the evaluation of pain.
Thirty years ago, the International Association for the
Study of Pain (IASP) stated categorically that ‘‘activity
induced in the nociceptor and nociceptive pathways by a
noxious stimulus is not pain, which is always a psycho-
logical state y’’1 Psychological issues are discussed in

Chapter 10, The psychological assessment of pain in
patients with chronic pain and Chapter 13, Psychological
effects of chronic pain: an overview and this chapter will
be primarily concerned with psychiatric issues in chronic
pain.

Psychiatric disorders are frequently manifest in
patients suffering from chronic pain. This is the situation
in patients attending general medical clinics, family
practices, and pain clinics.2 In some cases, psychiatric
disorders may present with pain as the prime symptom.



This is certainly known for chest pain in adolescents,3

abdominal pain in childhood,4 panic disorder,5 post-
traumatic stress disorder,6 and the rare presentation of
psychotic disorders with delusional pain.7 However, it is
unlikely that most physicians involved with patients with
chronic pain will be presented with such patients at the
time that they see the patient concerned. It is much more
common for patients with chronic pain to develop psy-
chiatric disorders and increased functional impairment
because of their widespread pain.8 Pain affects enjoyment,
reduces the opportunity to take part in pleasurable
activities, and fundamentally changes the whole direction
of a person’s life. Furthermore, if patients believe that
there is no cure for this symptom, they are under-
standably downcast and affected adversely in their emo-
tional state. The chronic pain physician needs to know
which psychiatric diagnoses are likely to be found in
patients with chronic pain, how these may be identified,
and what actions should be taken when these are
encountered.

SCHEDULES FOR CLASSIFYING PSYCHIATRIC
DISORDERS IN PAIN

There are two widely used schedules for the classification
of psychiatric disorders:

1. the International Classification of Diseases, 10th
edition (ICD-10);9

2. the Diagnostic and Statistical Manual for Mental
Disorder, 4th edition (DSM-IV).10

In addition, the IASP has developed its own classification
for painful conditions.11 A comparison of the diagnoses
used in all three systems is shown in Table 43.1.

PSYCHIATRIC DIAGNOSES

Depression

Depressive illness is the most common associated psy-
chiatric disorder that is found in patients with chronic pain.
Between 20 and 50 percent of patients attending chronic
pain clinics fulfil the criteria for this diagnosis.2, 12, 13 The
three most typical symptoms of a depressive illness are:

1. depressed mood;
2. loss of interest and pleasure;
3. loss of energy and increased fatigue.9

Loss of appetite and/or weight, change in sleep pattern,
and poor concentration are also usually present. These
latter symptoms are commonly found in patients with
chronic pain who are not necessarily depressed. It has
therefore been recommended in physically unwell patients
that these somatic symptoms be replaced with nonso-
matic alternatives.14 If changes in appetite or weight are
replaced by a depressed appearance, sleep disturbances by
social withdrawal, fatigue by brooding, and diminished
concentration by a lack of reactivity to pleasant events,
the diagnostic confidence of depression in patients with
chronic pain is increased.15

Table 43.1 Comparison of three schedules used in diagnosing emotional aspects of pain.

Symptoms and signs ICD-10 DSM-IV IASP

Emotional conflict or psychosocial

problems associated with pain

disorder

Persistent somatoform pain

disorder

Pain disorder associated with

psychological factors

Monosymptomatic (if pain in

single site)

Belief of disease. Unable to accept

medical reassurance

Hypochondriacal disorder Hypochondriasis Hypochondriacal subtype

Multiple and variable symptoms

for at least two years

Somatization disorder Somatization disorder Multiple complaints, usually

from at least five systems

of the body

Symptoms of depression Depressive episode Major depressive episode or

dysthymia

Pain associated with

depression

Severe depression with delusions

of disease, torture, or deserved

punishment

Severe depressive episode with

psychotic symptoms

Major depressive episode with

psychotic features

Pain associated with

depression

Delusions of physical defect,

disorder, or disease

Delusional disorder Delusional disorder (somatic

type)

Delusional or hallucinatory

pain

Pain due to persistent muscle

contraction

Psychological factors

associated with diseases

Psychological factors affecting

medical condition

Muscle tension pain

DSM-IV, Diagnostic and Statistical Manual for Mental Disorder, 4th edition; IASP, International Association for the Study of Pain; ICD-10, International
Classification of Diseases, 10th edition.
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It is rare for pain (except for headaches and facial pain)
to be a presenting symptom of a patient with depressive
illness in the absence of any existing or past organic
findings. If such a symptom is found in association with
any suggestion of psychotic ideation, enquiry should be
made of possible delusional beliefs.7

The risk of death by suicide is increased in patients
with chronic pain. In a recent systematic review, it was
found that relative to controls, risk of death by suicide
was doubled in chronic pain patients.16 A number of risk
factors for suicidal intent in chronic pain were identified
in this review, including:

� the type, intensity, and duration of pain;
� sleep-onset insomnia co-occurring with pain;
� hopelessness about pain;
� the desire for escape from pain; and
� specifically, pain catastrophizing (negative thoughts

in which pain is seen in terms of extremes, e.g. ‘‘I
worry it will never end’’), which is highly related to
hopelessness about pain.

In patients with these symptoms, who have not respon-
ded well to treatment and who are depressed, it is
appropriate to ask about suicidal intent. Positive
responses to questions such as ‘‘Do you wish you would
not wake up in the morning?’’ should be followed by
‘‘Have you had thoughts of suicide?’’ and ‘‘Have you
planned how you would do this?’’ If the patient replies yes
to this last question and other risk factors are present,
active suicidal risk is a definite possibility. In such cases,
and if there is any doubt, it is vital to contact the local
mental health team, which may include an assertive
outreach team or the local psychiatric clinic, to discuss
the person concerned as soon as possible. It may be
appropriate and advisable in rare instances to do this
without informing the patient if there is concern about
the safety of the patient and the individual’s ability or
motivation to follow through on the recommended plan
of treatment. In cases where safety cannot be established,
it may be necessary to arrange supervised transportation
to a psychiatric treatment facility or emergency service.

There is debate about how far to treat depression in
people with chronic pain. Cognitive behavior therapy
(CBT) is sometimes utilized, but usually in the context of
treatment aimed at altering attributions arising from the
chronic painful state. Although there is a belief by some
that standard antidepressant drugs are not effective in
such patients,17 based in part on limited evidence that
these agents are no more effective in depressed compared
to nondepressed patients,18 studies have shown that
depression is ameliorated in such patients19[I] and the
effects of these drugs on the degree of pain is clearly
evident.20, 21, 22[I] One reason for the belief of poor effi-
cacy of antidepressants is because the standard drugs of
this type used in psychiatric practice, the selective ser-
otonin reuptake inhibitor (SSRI) group of drugs have

virtually no analgesic effect per se,22[I] whereas the older
tricyclic drugs have been shown to be effective in neu-
ropathic pain,21, 22[I] despite the fact that their value in
nociceptive pain states is not so firmly based.20[II] The
newer monamine inhibitors that inhibit the reuptake of
both serotonin and norepinephrine, the serotonin-nor-
epinephrine reuptake inhibitors (SNRIs), are more
effective than the SSRIs in reducing neuropathic pain23

[II], 24 and there is evidence that these drugs are more
effective in treating depressive symptoms in severe
depressive disorders.25

ANXIETY AND STRESS-RELATED DISORDERS

Anxiety disorders have recently been found to be corre-
lated more closely than depression with chronic painful
conditions in a large US sample of chronic pain
patients.26 In particular, people who are fearful of anxiety-
related sensations, who interpret somatic symptoms as
harmful and who avoid situations where these feelings are
likely to arise, have greater disability.27 The term ‘‘anxiety
sensitivity’’ has been used to describe this condition in
these individuals.28

The diagnoses included under this rubric comprise
generalized anxiety disorder (GAD), panic disorder,
phobias, posttraumatic stress disorder, adjustment dis-
orders, and obsessive compulsive disorder.

Generalized anxiety disorder

The symptoms of this disorder include excessive anxiety
and worry, occurring frequently for a period of at least six
months with difficulty in controlling this. Additionally,
the person concerned has at least three additional
symptoms including restlessness, becoming tired easily,
difficulty in concentrating, irritability, muscle tension, or
disturbed sleep.29 Early work suggested that female
patients with chronic pain and who were not seeking
compensation had a higher frequency of GAD than
expected,30 although women with anxiety were not found
to have a poorer prognosis compared with men in a
recent investigation.31 Higher degrees of anxiety were
related to greater intensity of pain in this study.31 This
same study showed that patients with this symptom have
a poorer prognosis and this has been shown by others.32 It
has been suggested that patients with chronic pain may
use worry to reduce the physical sensations associated
with pain, and thus fulfil the diagnostic criteria for
GAD.33 This hypothesis does not have experimental
proof.

CBT has been shown to be effective in chronic painful
conditions.34[I] This treatment is also used in GAD
associated with pain.35 It has been shown that in patients
with low back pain who have pain-related anxiety
receiving CBT combined with physical therapy, that
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improvement in anxiety was more important than
changes in physical capacity in predicting outcome.36

Similar benefits when reducing anxiety in patients with
back pain were shown in a Finnish study.37 In a recent
World Health Organization (WHO) survey, people with
back and neck pain were over 2.5 times more likely to
have GAD than controls without this condition.38 This
survey was not able to show the temporal relationship
between pain and anxiety, but other studies have strongly
suggested that anxiety sensitivity is a feature in this
population.27, 36

Panic disorder

Panic disorder comprises severe unpredictable anxiety
episodes that can occur ‘‘out of the blue,’’ although they
are usually more common in one situation than another.
The symptoms include intense fear and apprehension,
often with a fear of dying. There is usually a desire to
escape to an alternative place where the person believes
the symptom will be less intense. Patients with panic
disorder always have intense somatic symptoms of anxi-
ety. If these symptoms are associated with a very frigh-
tening experience, the condition should be classified
separately as a stress disorder.

Although the pain sensitivity of patients with panic
disorder has been reported to be no different from that of
controls,39 patients with chronic painful conditions are
more likely to have panic than average.26 People with
migraine attacks may be particularly prone.40 These
findings suggest that panic and migraine may be directly
related through a single mechanism.

Treatment of panic disorder is best achieved with either
CBT or with medication. In normal practice, the SSRI
group of antidepressants should be the first line of phar-
macological treatment for patients with panic disorder.41[I]

Phobias

When anxiety symptoms occur in response to a specific
environmental situation, the term ‘‘phobia’’ is used. Most
people encountered in a pain clinic who have phobic
disorders will have had such disorders beforehand.
However, a phobia may develop because of the experience
of the event leading to the pain, e.g. travel phobia fol-
lowing a road traffic accident.42 The condition known as
‘‘social phobia,’’ in which sufferers feel anxious in social
situations and avoid such engagements, has been found to
be over-represented in disabled workers with chronic
musculoskeletal pain.43

Stress disorders

The psychiatric disorders classified in ICD-10 and DSM-
IV as resulting from stress include acute stress reactions,

posttraumatic stress disorder (PTSD), and adjustment
disorder. Acute stress reactions and PTSD develop in
response to exceptionally threatening experiences, but
acute stress subsides within days (and is not considered
further), whereas PTSD is more prolonged. This disorder
consists of persistent, intrusive recall or reenactment of
the traumatic event in memories, dreams, and flashbacks.
Restriction of the emotions, avoidance of situations that
might provoke memories of the trauma, and increased
arousal to particular perceptual stimuli, e.g. sudden loud
sounds, are associated symptoms.

There is clear evidence that the experience and man-
agement of pain can be aggravated by PTSD. One of the
main reasons for this is because PTSD is associated with
high anxiety and we have seen that anxiety is associated
comorbidly with chronic pain.26 Furthermore, the
presence of PTSD is a poor prognostic sign.44, 45 Hyper-
arousal, excessive attention to changes in the environ-
ment, and an inclination to focus on bodily symptoms are
frequent accompaniments of both PTSD and chronic
pain, which may explain these findings.46

If PTSD is identified, treatment should be carried out
by a specialized team who are familiar with treatment
procedures in this condition. Debriefing and superficial
treatments of this type are not valuable and have been
found to worsen the prognosis in those who have more
intense symptoms.47[II] Trauma-focused CBT and eye
movement desensitization and reprocessing (EMDR), a
technique that involves movement of the patient’s eyes in
a systematic way whilst recalling disturbing memories,
have been found to be effective in treating PTSD in a
recent meta-analysis.48 Either of these treatments is
recommended as first-line in the treatment of PTSD
according to a recent national guideline.49 If facilities for
such treatment are not available or if these therapies are
not successful, treatment with the antidepressant drugs,
amitriptyline, mirtazapine, or phenelzine has been shown
to be effective.49

Adjustment disorders consist of states of emotional
distress that arise following a major life change or stressful
life event. The symptoms accompanying this disorder
include excessive worrying, mild depressed mood, poor
sleep, inability to cope, and some difficulties in carrying
out daily routines. However, the symptoms are not
usually persistent and do not reach the threshold to
enable an alternative psychiatric illness to be diagnosed.
These disorders are considered to develop in response to a
variety of stressful events, the symptoms representing an
adaptation to these stressors or to their continuing effects.
The difficulty is in deciding what is abnormal or delayed
adaptation. By definition, these disorders would not have
developed but for the stressful event. Symptoms last for
less than six months, except in the case of prolonged
depressive reaction, otherwise an alternative diagnosis
should be sought. In an early study of patients with
chronic pain, male patients had adjustment disorder
significantly more frequently than females, but this may
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have been more related to change in work status.50 In
most cases, it is not thought that specific intervention is
necessary.

Personality disorders

Personality disorders refer to a long-standing manner of
handling life circumstances that adversely affects the
person’s social, occupational, or domestic life. Although it
has been said that personality disorders are more com-
mon in chronic pain patients,51 there has been a dearth of
good research in this area. People without any previous
history of personality disorders may appear to suffer from
such a condition because of the exacerbation of pre-
morbid personality characteristics resulting from pain
and subsequent stresses.52 Originally, it was thought that
some patients who developed chronic pain had a ‘‘pain-
prone personality,’’ but there is very little evidence for
such a label.53

Table 43.2 illustrates the main types of personality
disorders described together with associated behaviors.
An early study suggested patients with chronic pain had
compulsive personality features.54 More recently, a study
of outpatients attending a chronic pain clinic in Germany
showed that more than one in ten subjects had a paranoid
or a borderline personality disorder, with passive-
aggressive, avoidant, and obsessive-compulsive person-
ality disorders being significantly over-represented
compared to a control group.55

Individuals with borderline personality disorder and
other cluster B personality disorders (see Table 43.2) are
at greater risk of misusing medication, and benzodiaze-
pines and opioid drugs should be prescribed very care-
fully in this group. In these patients it is essential to
explain clearly the aims and likely outcomes of treatment
strategies proposed, concentrating on one treatment
intervention at a time. A big problem is treatment com-
pliance and consistent clinic attendance and a contract
should be established at the start. There have been recent
trials that show benefit of psychotherapeutic interven-
tions in the treatment of personality disorder.56 However,
there is inadequate evidence to confidently recommend
any particular therapy. There is limited evidence that
antidepressants, particularly the selective serotonin
reuptake inhibitors and the monoamine oxidase inhibi-
tors, have some benefits in the management of this con-
dition, and lesser evidence for the advantages of
antipsychotic drugs and mood stabilizers.57 There is no
basis to recommend different treatments for the different
personality disorders. All these treatments should be
carried out by psychiatrists and it may be necessary to
refer these patients to a specialized psychiatric unit.

A recent structured evidence-based review warns all
pain clinicians to be skeptical about the assessment of
personality in patients who are in pain.58 Personality
profiles of patients who have chronic pain usually alter

considerably if pain is reduced. This was shown more
than 30 years ago, but is not generally realized.59 This
change has been shown convincingly for the widely
quoted Minnesota Multiphasic Personality Inventory
(MMPI) schedule.60 These findings illustrate that many
personality questionnaires are influenced by the current
state of the individual, including physical and mental
health.

Somatoform disorders

For a diagnosis of a somatoform disorder to be made,
there should be continued presentation of physical
symptoms together with persistent requests for medical
investigations, despite negative findings of organic illness
and reassurance by doctors that the symptoms have no
physical basis. In some patients, physical disorders may
have been present, but these do not explain the nature
and extent of the present symptoms, or the distress and
preoccupation of the patient.

Guidelines have been published on the management of
patients with somatoform disorders who present in gen-
eral hospitals,61, 62 which include addressing psychological
and psychiatric issues.

Table 43.2 Personality types, associated symptoms and

behaviors.

Personality
cluster

Personality
disorders
included in the
cluster

Symptoms and behaviors

Cluster A Paranoid Long-standing mistrust and

suspiciousness

Schizoid No desire for social

relationships

Schizotypal Discomfort in social contact

together with perceptual

distortions

Cluster B Antisocial Irresponsible behavior. Lack of

regard for others

Borderline Unstable interpersonal

relationships; impulsive

Histrionic Attention-seeking, shallow

emotions

Narcissistic Grandiose ideation, needs

admiration; lacks empathy

Cluster C Avoidant Avoids social contact;

inhibited; feelings of

inadequacy

Dependent Submissive behavior, fearful

of separation

Obsessive-

compulsive

Preoccupation with

orderliness and control
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These disorders are frequent. In a recent survey of
patients attending a general practice clinic in Holland, the
prevalence of somatoform disorders was as high as 21.9
percent.63 Many of these patients are severely disabled,
but it is only the minority that are likely to be assessed by
clinical psychologists or psychiatrists, despite a recent
recommendation advocating joint working between liai-
son psychiatrists and pain physicians.64

The value of the present classifications of these syn-
dromes has been brought into question because of the
imprecise categorization of such disorders and the fact
that many patients fall into the category of undiffer-
entiated somatoform disorder, a watered-down version of
somatization disorder. Pain is only one of the symptoms
that can occur in a somatoform disorder. Other
symptoms include palpitations, breathlessness, cough,
swallowing air, and frequency of micturition. Those
somatoform disorders that are concerned with painful
conditions are indicated below, together with their
ICD-10 codes.

PERSISTENT SOMATOFORM PAIN DISORDER (F45.4)

The main complaint in this disorder is of persistent,
severe, and distressing pain, which cannot be explained
fully by any bodily process or physical disorder. Fur-
thermore, this occurs in association with emotional
conflict or psychosocial problems that are considered to
be the main cause.9 In a different diagnostic classificatory
schedule, DSM-IV,10 the diagnosis of pain disorder can be
made as long as ‘‘psychological factors are judged to have
an important role in the onset, severity, exacerbation or
maintenance of the pain.’’ It can be seen that the threshold
for a diagnosis of pain disorder in DSM-IV is lower than
in ICD-10.

Particular skills are required to manage these patients.
An agenda should be set early on, with a limit on inves-
tigations. It is essential to allocate one single treating
doctor, who communicates directly with all other thera-
pists and advises on all proposed treatment.

There are two established treatments for this condi-
tion, antidepressants and CBT. Antidepressants that
inhibit both serotonin and norepinephrine uptake, such
as amitriptyline and venlafaxine, are more effective than
the SSRI group of antidepressants.19, 25[II] CBT has been
shown to be of definite value in those who have reached
the stage to accept that medical or surgical interventions
are not indicated.34[I] The value of biofeedback is yet to
be established, despite suggestions that this treatment
may be valuable in chronic headache.65[II]

HYPOCHONDRIACAL DISORDER (F45.2)

In this condition, the patient believes that he or she has a
serious or progressive physical disorder that persists
despite negative investigations and reassurance. Between 1

and 2 percent of the patients in the general population
have been found to have hypochondriacal features and
these are more evident in older people.66 Fear of disease
(disease phobia) is associated with anxiety, whereas a false
belief of having a disease (disease conviction) is associated
more with somatic symptoms. Although this condition
may seem to be more frequent in patients with chronic
pain, there has been no recent survey of this condition in
a pain clinic. It has been found that a hypochondriacal
attitude is considered the least desirable quality if one has
chronic pain.67

SOMATIZATION DISORDER (F45.0)

Somatization disorder, formerly known as Briquet’s
syndrome, is by far the most crippling somatoform
disorder. Its main features are multiple, recurrent, and
frequently changing physical symptoms, which have been
present for many years. Most patients have a long and
complicated history of contact with both primary and
specialist medical care services, during which time many
negative investigations have been carried out. These
patients have major impairment in social or occupational
functioning. Personality disorders, particularly of the
passive-dependent and histrionic types, are considerably
over-represented compared to control subjects with
anxiety and depression.68 The gender ratio of patients
with this condition is 5:1, female:male. The prevalence
rate has been estimated to be 0.5 percent, but this is
probably an underestimate, the true rate is probably
higher.69

In practice, the diagnosis of undifferentiated somato-
form disorder (F45.1), which has a lower criteria for
diagnosis, is found to be much the most frequent diag-
nosis in standard populations.70, 71 This category com-
prises a raft of heterogeneous conditions in which
physical and psychiatric disorders intermingle.

Psychoactive substance use

There is a higher rate of alcohol and analgesic misuse in
patients with chronic pain. Between 12 and 28 percent of
patients attending specialized pain clinic facilities reach
the criterion for diagnosis under this category.12 High
average alcohol consumption before developing a chronic
painful state was found to be a poor prognostic sign in a
large follow-up study of patients with lower limb pain.72

Despite these findings of an increased prevalence of
substance misuse generally, there has been a change in
attitude about the use of opioid medication for patients
with chronic nonmalignant pain. Although it has been
argued that long-term opioid use leads to increased drug
dependency and further functional impairment in
patients who have disproportionate pain and disability,73

recent work has not found clear evidence that this is the
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case. In a large study of patients with chronic pain
comparing opioid users with nonusers, there was no
increase in illness behavior exhibited by the opioid users
after controlling for other variables.74 Benzodiazepine use,
on the other hand, was associated with reduced activity
and disability.

It seems that prior alcohol and substance abuse are
likely risk factors in leading to what is described as a
‘‘downhill spiral’’ in patients with chronic pain involving
escalating doses and abuse of opioid therapy. Notwith-
standing this, opioid use is not contraindicated in this
population, except for those who have evidence of pre-
vious drug dependency or who are found to regularly
ask for additional medication ahead of schedule. If there
is definite evidence of opioid misuse, it is normally
advisable to refer the patient to a specialized substance
misuse center. Brief psychosocial interventions and
contingency management (which consists of payment of
money or tokens to patients if they succeed in reducing
opiate use) have been found to improve compliance
with therapy.75 Drug detoxification may be needed
before these strategies are employed; the decision
rests with the substance misuse team, to whom the
patient should be referred if such treatments are being
considered.

A specialized tool, the current opioid misuse measure
(COMM),76 has very recently been developed to identify
people who are prone to abuse opioids. The use of this
instrument needs further assessment in more pain clinic
settings.

Factitious disorder

In factitious disorder, patients consciously fabricate
symptoms and may even physically injure themselves in
order to produce symptoms and signs that are typical of
an organic illness. The motivation for exhibiting such
symptoms in factitious disorder is to obtain medical care.
Abdominal pain, often suspected to be due to renal or
biliary colic, is the most frequent presentation of a painful
factitious disorder. Most people encountered in clinical
practice with this disorder are healthcare professionals
with a considerable female preponderance.77 They are
often found to have a number of different diagnoses at
different times. Their families are closely involved and are
convinced of an organic etiology. Frequent attendance at
emergency departments, coupled with negative investi-
gations, raises suspicions that this disorder may be
present.

Malingering

In malingering, there is also a conscious wish to fabricate
symptoms. However, the reason why malingerers behave
in this way is to obtain financial gain or avoid situations
for responsibilities that they wish to avoid.

CONCLUSIONS

The difficulty for the nonpsychiatric physician in exam-
ining a patient with long-standing pain is in differ-
entiating distress from illness. The majority of patients
seen are in understandable emotional discomfort, but
most do not have a psychiatric illness that requires
alternative treatment other than for the pain itself.
Warning symptoms and signs of psychiatric illness
include a recent major change in emotional functioning,
in particular withdrawal and change in interest, persistent
memories of traumatic events, and sudden behavioral
changes. It is valuable to have mental health professionals
attached to pain clinics so that accurate evaluation can be
made of these patients. These individuals also improve
the diagnostic confidence of physicians attending such
clinics.78
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KEY LEARNING POINTS

� The chronic pain experience in childhood presents a

multifaceted challenge to clinicians, as it not only

causes suffering and interruption to daily living, but

also has distinctive issues that are individual to each

child and family.
� Evaluation of the many factors (physiological, individual,

family, school and peers, healthcare system) within the

child’s immediate environment and in the community at

large that have an impact on the pain experience, is an

important aspect of pain management.
� Biological, psychological, and functional aspects of pain

should be considered in the management of diverse

childhood persistent and recurrent pain experiences.
� Management plans should, where possible, be based on

the current best evidence for efficacy of specific

interventions for chronic pain conditions in childhood.

BASIC CONSIDERATIONS

Chronic and recurrent pain in children is a major health
concern that significantly affects most aspects of children’s
daily lives. Those affected become physically inactive,
dependent on others for basic daily tasks, reduce socia-
lization with their peers, suffer strained family relation-
ship, and lag behind in school attendance.1[III], 2[III]
Whether the pain is persistent, episodic, or both, it
fluctuates in severity, quality, frequency, and predictability
and involves a single or multiple body regions. The var-
ious different types of pediatric chronic pain conditions
have not been systematically examined and infrequently
followed in longitudinal studies. However, it is known
that tissue injury may sensitize the nervous system and
invoke variable biological and behavior responses that are
uniquely determined by the complex interplay between

each child’s genetic composition, developmental stage,
and environmental influence.3[IV], 4

PATHOPHYSIOLOGY

Acute injury or disease may cause the pain and nervous
system sensitization and this often resolves after healing
of the tissue. Such pain and hypersensitivity may persist
past resolution of the underlying cause, becomes a self-
sustained condition independent of the original pathol-
ogy that initiated it and becomes in itself a disease entity;
a chronic pain.5 Irrespective of the cause of the pain it is
associated with negative affect and psychological distress
that has been recognized in many pain syndromes of
organic origin and of uncertain causes.4 Although the
underlying pathophysiology of unexplained pain in



which the nociceptive substrate is difficult to find, and
enhanced sensitivity to pain are incompletely understood,
mechanism-based research suggests a biological plausi-
bility of a common denominator of neural plasticity at
different levels of integration that may be important to
understand the interplay of body and mind in chronic
pain conditions.6

EPIDEMIOLOGY

Despite the growing knowledge in the field of childhood
pain, limited data are available about the prevalence of
chronic pain, the probability of its presentation in asso-
ciation with specific somatic or psychological disorders,
natural history of pain syndromes, and how develop-
mental challenges and risk factors affect diagnosis, treat-
ment, and outcomes.7 Epidemiological studies indicate
disease-related, recurrent, and chronic pain are common
in childhood, and the frequency estimates range from 15
to 25 percent and approximately 30 percent of randomly
selected school-age children.8[III], 9[III], 10[III], 11[III] A
similar prevalence of medically unexplained physical
symptoms accounts for 25–35 percent of adult outpatient
clinic studies.12[III], 13[III]

PRINCIPLES AND GOALS OF MANAGEMENT

In the absence of a cure or treatable cause, the major
goal of care for children with chronic and recurrent
pain conditions is to restore health and function through
interdisciplinary rehabilitative (biopsychosocial) pro-
grams. Although most patients’ priority is relief from
pain, healthcare providers are presented with challenges of
biological, psychological, and social difficulties in children
with chronic pain. The biopsychosocial model addresses
the multidimensional dynamic interplay of psychophy-
siological antecedents and consequences of pain, and
facilitates functional restoration to activities of daily living
through modulation of cognitive, emotional, and physical
status, which often occurs before the patient perceives
pain reduction.

As with adult interdisciplinary pain treatment pro-
grams, pediatric research supports the effectiveness of
interdisciplinary cognitive-behavioral14[III] and physical
therapy interventions in improving self-reported func-
tioning through positive changes in the child’s cognitions
and coping responses.

ARCHETYPE DISORDERS

In this review, we will address the overall assessment and
management of three most common pain conditions
arising from musculoskeletal (fibromyalgia, complex
regional pain syndromes), nervous system (headaches)

disorders, and viscera (recurrent abdominal pain), as
archetypes of the complex nature of chronic and recur-
rent pain syndromes in children.

MUSCULOSKELETAL PAIN

Musculoskeletal pain (MSP) constitutes a large group of
joint, muscle, tendon, and bone disorders. It is a common
presenting complaint in pediatric practice, affects 6–15
percent of school children, and is frequently associated
with benign causes.15[V], 16[III] Chronic and recurrent
pain may present a diagnostic challenge to the practi-
tioner and a source of great anxiety to the child and
parents.17[III] While most MSP complaints are not of
serious origin, early diagnosis of the primary cause of the
pain should be the goal of the clinician to avoid delaying
the detection of treatable underlying conditions. The
differential diagnosis of MSP includes an exhaustive list of
many possible causes and is beyond the scope of this
chapter, but they should be considered when screening for
disease causes in children with MSP. In general, the source
of MSP in childhood can be attributed to broad categories
of noninflammatory (mostly benign), inflammatory due
to abnormal immune responses (e.g. rheumatologic dis-
eases), infection, malignancies, and trauma. This section
focuses specifically on isolated common MSP conditions
that present with persistent pain as the most prominent
symptom and reason to seek consultation.

Diagnostic evaluation

The clinician’s primary objective is to obtain general
and relevant comprehensive medical history, including
psychological status, to distinguish noninflammatory pain
from other possible causes of MSP. Performance of a
thorough physical examination with special attention to,
but not limited to, the painful musculoskeletal site(s)
along with appropriate diagnostic studies can facilitate
and support the final diagnosis.18 Careful characterization
of the pain will greatly aid in narrowing the differential
diagnosis. Given the mutual relationship between
chronic pain and mood, the initial assessment of a child
with chronic pain also warrants special consideration
of a comprehensive psychosocial assessment.19 Children
should be permitted to self-report pain using a devel-
opmentally appropriate rating scale, the family members
should report their observations regarding child’s pain and
special approaches of surrogate measures should be used
for the assessment of pain of children with special needs
(neurologically impaired and noncommunicating).20[V]

Juvenile fibromyalgia syndrome

The prevalence of juvenile fibromyalgia syndrome (JFS) is
approximately 1.3 percent in children aged 9–17 years.21
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[V] A population-based prospective study of school-
children reported a widespread pain prevalence of 14.6
percent among the ages of 11 and 14 years. At one-year
follow up, the new onset of such a pain was 7.7 percent.
The widespread pain was associated with behavioral and
emotional difficulties, and somatic symptoms of frequent
headaches and high level of sports activity; these factors
predicted increased short-term risk of developing wide-
spread pain at follow up.22[III]

CLINICAL PRESENTATION

The primary presenting symptoms are diffuse persistent or
intermittent MSP involving the extremities, back, and neck
that may not manifest concurrently and are present for at
least three months duration. Earlier criteria proposed for
the diagnosis of JFS emphasized the combined importance
of symptoms and tender points.23[III] Subsequent revised
criteria from multicenter adult study, the American Col-
lege of Rheumatology (ACR) criteria, showed that con-
current presence of widespread pain and tenderness on
palpation in at least 11 of 18 tender point sites have better
sensitivity (88 percent) and specificity (81 percent).24[IV]
However, the proper diagnostic criteria of tender points
are subject to assessors’ training and performance of a
thorough physical examination.23[III] The pain is often
associated with many subjective symptoms; some investi-
gators have noted overlapping complaints of fatigue ran-
ging from 20 to 100 percent.25[V], 26[V] A recent study
suggested that a combination of a high level of fatigue and
many regional painful areas are equally useful symptoms
in the diagnosis of fibromyalgia.27 The diagnosis of pri-
mary fibromyalgia is established in the absence of evidence
for other conditions that may be associated with fibro-
myalgia-like symptoms, such as connective tissue disease,
hypermobility, and somatoform pain conditions.24[IV]

ETIOLOGY

The cause of fibromyalgia is unknown. Hypermobility
may contribute to musculoskeletal pain in JFS, a high
incidence (81 percent) of schoolchildren with JFS were
found to have hypermobility by blinded assessors com-
pared with 1 percent of children without JFS.28[III]
Recent adult psychophysical studies suggest that the
widespread MSP could be due to central sensitization and
enhanced perceptual wind-up phenomenon as a possible
etiology or predisposing factor.29

Sleep disturbance is common among children with JFS
ranging from 67 to 96 percent in those under the age of 17
years23[III], 26[V], 30[III] and is confirmed by a poly-
somnographic study and a subset of 38 percent of JFS
children had a primary sleep disorder of periodic limb
movements in sleep.31[III] In one study, a high prevalence
(28 percent) of JFS was observed among offspring of
mothers with fibromyalgia. Because psychological and

familial factors were not different in children with and
without fibromyalgia, the high familial occurrence of JFS
may be attributable to genetic factors.32[V] Some studies
have reported more behavioral and emotional (e.g.
anxiety, depression) problems in children with JFS than
controls and so it has been speculated that psychological
factors may contribute to increased sensitivity to pain and
associated disability.21[V], 33[III] On the other hand, a
number of studies failed to demonstrate significant dif-
ferences in psychological issues between children with
fibromyalgia and their families, compared to children
with other illnesses and their families. Occurrence of
depressive symptoms is relatively comparable in children
with JFS and juvenile rheumatoid arthritis.34[V], 35[III]

PROGNOSIS

Little is known about the natural history of JFS. A large
epidemiological study of 338 schoolchildren prospectively
followed 28 children (21 with fibromyalgia fulfilling ACR
adult criteria and 7 with tender point count criteria of 11
of 18 points) over a 30-month period. At the end of the
study, 11 of the 15 (73 percent) children with fibro-
myalgia no longer fulfilled the fibromyalgia criteria and
showed significant reduction in the mean tenderness
threshold at the painful and control sites. None of the
seven children who experienced only tender points cri-
teria, without diffuse pain, developed fibromyalgia over
the follow-up period.36[III]

MANAGEMENT

There are no randomized placebo-controlled trials of the
use of analgesics and other medications in JFS. An earlier
study of JFS involving 15 children, with a mean age of 13
years, demonstrated ineffectiveness of salicylate and other
anti-inflammatory medications; most (73 percent) chil-
dren responded to cyclobenzaprine (a muscle relaxant), at
a mean dose 12.75mg (range 5–25mg at bedtime). An
additional two patients who did not respond to cyclo-
benzaprine improved with amitriptyline (10–30mg at
bedtime) and trazodone 50mg at bedtime.37[V] Tricyclic
antidepressants are used primarily to improve sleep,
other medications such as selective serotonin reuptake
inhibitor (SSRI) antidepressants, tramadol, gabapentin,
and pregabalin are also used empirically and based on
adult empirical experiences. There are very few data on
the usefulness of trigger-point or tender-point injections,
or the use of transcutaneous electrical nerve stimulator.

A general and individualized rehabilitative approach
for management of chronic pain disorders is applicable to
children with JFS.

� Patient and family education, cardiovascular fitness
(low impact aerobic exercise), weight control, and
physical therapy for flexibility training.
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� Psychological interventions are used to reduce pain
perception, and improve functional ability and
quality of life. Children taught cognitive-behavioral
therapies can effectively manage chronic and
disabling musculoskeletal pain.38[III]

Complex regional pain syndromes

Complex regional pain syndromes (CRPS) type 1 and
2 are recent terminologies that refer to what was pre-
viously known as reflex sympathetic dystrophy (RSD) and
causalgia, respectively. CRPS type 1 occurs without a
definable nerve lesion, whereas type 2 follows a definable
nerve lesion. These diagnostic criteria were standardized
by an International Association for the Study of Pain
(IASP) consensus development conference in 1995 to
encompass the minimal criteria.39 In adults, studies have
attempted validation of the original40[IV] and modified41

[IV] IASP criteria of CRPS as compared to established
painful neuropathic disorders and have found relatively
weak interobserver agreement or sensitivity and specifi-
city based on clinical examination and quantitative
sensory evaluation.42[IV], 43[III] These criteria are yet to
be validated in children with CRPS.

CLINICAL PRESENTATION

The typical presentation of CRPS usually follows an
injury, albeit trivial, and affects distal extremities char-
acterized by pain, altered skin sensitivity, swelling, cuta-
neous autonomic changes, pronounced guarding of the
affected limb, and functional disability. Although invol-
vement of lower limbs is consistently reported in children
and has occurred as frequently as 87 percent,44[V] it may
involve an upper extremity or contralateral corresponding
limbs.44[V], 45[V] These findings fluctuate over time and
the objective findings may not be present at the time of
examination and may spread to other extremities and
body regions.44[V], 46[V]

Most of the criteria of CRPS 1 were developed on the
basis of clinical experience alone for which there is no
distinctive biomarker characteristic of the disorder.
Diagnostic tests are performed to primarily exclude other
pathologies. None of these tests provide consistent posi-
tive findings of altered specific function(s), therefore,
questions have been raised about their validity. A pre-
liminary study confirms altered central processing using
quantitative thermal and mechanical tests in children
with CRPS, the diagnostic specificity of these tests is yet to
be determined.47[III]

ETIOLOGY

There is no single theory that explains the intricate pre-
sentation of CRPS, usually initiated by a noxious event

that is disproportionate to the ensuing pain, and several
mechanisms have been proposed including neurological
disorder,48[V] inflammation,49[V] sympathetic nervous
system dysregulation,50[V], 51[III] anticipatory pain and
immobilization (fear avoidance),52[V] genetic predis-
position, higher incidence associated with histocompat-
ability antigens HLA-DQ1 and HLA-A3, B7, and DR2,53

[III], 54[III] and sensitization of the neurons at various
levels of integration from the periphery to central nervous
system.55[III], 56[III], 57[III]

Psychological factors are implicated in the causation
and/or maintenance of CRPS 1 because the proposed
mechanisms outlined above fail to account fully for the
patient’s pain and are considered by some as a somato-
form pain disorder; somatoform pain disorders may
account for some of the cases, but certainly do not
account for all CRPS sufferers.58[V], 59[V], 60

AGE AT ONSET

Complex regional pain syndrome 1 has been reported in
children as young as 30 months, but predominantly
occurs in preadolescence and adolescence.44[V], 58[V],
61[V], 62[V]

GENDER DIFFERENCES

The findings from most pediatric studies of CRPS/RSD
suggest that it is more frequent in girls than boys and
the prevalence ratios ranges from 5 to 13:1.44[V], 58[V],
62[V], 63[II]

TREATMENT

For the purpose of this discussion, hereafter the term
CRPS also refers to pediatric studies that used the previous
definition of RSD. There are numerous diverse therapies
reported in the literature for management of CRPS in
children, but none has been examined in well-controlled
randomized controlled trials to be reliably effective. There
is only one prospective randomized controlled trial that
has examined the effectiveness of physical therapy and
cognitive-behavioral treatment to improve pain and overall
(89 percent) excellent improvement in functional status for
short-term symptoms with a duration of 1–18 weeks.63

Most practitioners recommend early intervention to pre-
vent refractoriness, disability, and to enhance favorable
outcome. The initial therapeutic strategies include patient
and family education, physical therapy, and cognitive-
behavioral therapy.45[V], 58[V], 62[V], 63[II]

The primary goal of management is to restore normal
function through activity irrespective of severity of the
pain as follows:

� Aggressive step-wise mobilization of the affected limb
by eliminating guarding postures and assistive
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devices, posture correction, encouraging range of
motion, flexibility exercise and gradual weight
bearing, normalizing motor, gait control and increase
ambulation, and strengthening hand grip and
dexterity to avoid undesirable immobilization
contractures.

� Improve overall physical deconditioning through age-
specific aerobic training programs to reduce fatigue,
increase endurance, and avoid reinjury.

� Desensitize allodynia by warm/cold contrast bath,
hydrotherapy, compression sleeves to reduce edema
and touch intolerance, and gentle massage by self-
touch of sensitive skin with application of inert
creams/gels.

PHARMACOLOGICAL THERAPIES

Various analgesics have been proposed, but no specific
treatment has been consistently effective in children
with CRPS.64 The appropriate role for medication is to
alleviate pain, improve sleep, and facilitate physical
therapy.

� Tricyclic antidepressants are offered primarily to
ameliorate para-insomnia and reactive depression
that are often associated with persistent pain.65, 66

� Anticonvulsants have a promising benefit, but the
data on their use in CRPS are experience-based and
anecdotal.67[V], 68[V], 69[II]

� Nonsteroidal anti-inflammatory drugs (NSAIDs) may
alleviate pain from inflammation and even partial
pain relief is desirable to mobilize the painful limb.

� Opioid use is controversial and efficacy is yet to be
demonstrated. Opioids are prescribed for short-term
treatment of acute pain or on time-contingent
schedule prior to physical therapy in order to
maximize compliance with mobilization of the
painful limb.

� Other therapies including antagonist of calcium
channel, sodium channel, beta-adrenergic, and alpha-
adrenergic receptors, calcitonin, steroids, and
Lidoderm (5 percent) patches have shown to produce
short-term relief of pain in uncontrolled trials.68[V],
70[IV], 71[IV], 72[V], 73[III], 74[III], 75[V]

� Baclofen and clonazepam have been prescribed for
symptomatic treatment of dystonia and muscle
spasms with variable success.76

SYMPATHETIC BLOCKADE

Sympathetic blockade is considered when the pain is not
sufficiently controlled to restore regular function after
use of the conservative therapy described above under
Pharmacological therapies. The site of action of selective
sympathetic blockade and long-term efficacy are yet to
be validated in placebo-controlled trials.77, 78[V], 79[V]

The experience with nerve blockade for management
of pediatric CRPS is limited in the form of case reports
and is based on uncontrolled studies.80[V], 81[V] A trial
of selective sympathetic and/or somatic nerve blockade
is worth considering when overwhelming pain and allo-
dynia hinder progress of an active exercise program
despite pharmacological and psychological therapy or
poor circulation particularly associated with impending
infection. In a controlled trial, 35 percent of children with
CRPS required lumbar epidural infusion of a local anes-
thetic to control intense pain and allow effective mobili-
zation of the affected limb in a hospitalized setting.63[II]

A preliminary prospective trial in a small number of
hospitalized children with CRPS 1 reported favorable
two-month benefit from combination of continuous
peripheral blockade, physical therapy, and psychological
support.82[III] Further controlled and longitudinal stu-
dies are needed to confirm the effectiveness of such an
approach.

Invasive therapies of dorsal column and peripheral
nerve stimulators with implanted programmable gen-
erators, intrathecal baclofen, and chemical and surgical
sympathectomies have been examined with variable
success in adults in prospective trials but have not been
studied in children.83[III], 84[III], 85[III] These proce-
dures potentially can worsen or produce a new pain
syndrome, e.g. postsympathectomy neuralgia.86[I], 87[I]

Psychological counseling should include individual
cognitive-behavioral and family intervention to eliminate
reinforcement of maladaptive behaviors and promote
positive coping skills.44[V], 63[II]

PROGNOSIS

Childhood CRPS presents with a wide clinical spectrum
that ranges from a mild self-limited course to severe pain
and disability. In contrast to adult CRPS, the time course
of illness in childhood CRPS is shorter and the prognosis
is favorable in most children.44[V], 45[V], 58[V], 62[V], 63

[II], 88[V] Early treatment may shorten the course of
the illness and disability, and may prevent osseous
growth deformities.89[V], 90[V] In three retrospective
pediatric trials, aggressive therapy of active mobilization,
analgesics and/or psychological therapy yielded functional
improvement ranging from 60, 69, and 92 percent,
respectively.45[V], 62[V], 91[V] A long-term follow-up
study of 70 children with CRPS reported the presence of
some degree of residual pain and dysfunction in 54 per-
cent of children at a median follow-up interval of three
years and 50 percent of those children who were engaged
in competitive sport before treatment were unable to
return to sports because of residual pain.44[V] A recent
controlled trial of pediatric CRPS showed a response rate
of 89 percent to conservative therapy, including resolu-
tion of musculoskeletal signs, improvement in function,
and return to school. Although recurrent episodes were
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frequent, most patients continued to respond to con-
servative therapy more readily than with the initial
therapy after onset of the CRPS.63[II]

PRIMARY HEADACHE DISORDERS

Headaches are common during childhood. In one
Swedish interview study of 9000 schoolchildren,92[II] 40
percent of children before age seven years reported having
at least one memorable headache. In a later review by the
same author, 10 percent of children reported having
recurrent headaches. In another Canadian study,93[IV] 85
percent of children aged five to seven years reported
headaches, as did 100 percent of adolescents aged 14–16
years. Most of these pain experiences were reported as
mild to moderate in intensity, of short duration, and not
disruptive to daily activities. However, an increasingly
recognized minority of children is reported to have daily
headaches associated with significant disability. These
patients present with decreased academic performance
and school absenteeism, reactive anxiety, depression,
disrupted family interactions, and increased healthcare
costs.94[III] Fortunately, most childhood headaches are
benign, not associated with underlying organic pathology,
and amenable to pharmacological and cognitive-beha-
vioral interventions, and lifestyle changes that enhance
functional behavior, such as dietary support, regular sleep
hours, and adequate hydration. Secondary headaches,
such as related to central nervous infection, mass, vascular
anomalies or venous sinus thrombosis, hydrocephalus,
obstructive Arnold–Chiari malformation, or pseudo-
tumor cerebri, are generally eliminated by a thorough
history and examination. Warning signals on history
include:

� onset at age less than five years, without a family
history of migraines;

� sudden and severe onset of a new headache;
� mental status change during headache course;
� recent infection or fever;
� pain beginning during vigorous exercise or head/neck

trauma;
� pain radiation to posterior thorax (meningeal);
� history of toxic exposure/substance use.

On examination, careful consideration should be given to
(1) change in consciousness, attention, language, and
memory, (2) papilledema, (3) cranial nerve asymmetry,
(4) motor strength asymmetry, (5) abnormal tone, (6)
involuntary movements (dysmetria), (7) gait ataxia,
(8) nuchal rigidity, (9) toxic appearance, or (10) new
neurologic abnormality.

Management of primary headaches in a patient free of
the above considerations, especially with a positive family
history, is unlikely to change following neuroimaging,
electroencephalogram (EEG), or lumbar puncture.95

Primary headache disorders in childhood pre-
dominantly include migraine headaches and tension-type
headaches. The reported prevalence for migraine head-
ache is estimated at 3 percent for children aged 3–7 years,
4–11 percent for ages 7–11 years, and 8–23 percent for
ages 11–15 years. The mean age of onset for boys is 7.2
years and for girls 10.9 years.96[IV] Of note, some
researchers97[V] suggest that children less than three years
may have an early common migraine headache which
presents as periodic irritability, head-banging or holding,
change in sleep and behavioral patterns, abdominal pain,
recurrent vomiting, and pallor. These migraine variants
now referred to as childhood periodic syndromes and
include cyclic vomiting, abdominal migraine, benign
paroxysmal vertigo, benign paroxysmal torticollis, acute
confusional migraine, and acephalgic migraine.

Diagnosis

The diagnosis of primary headache in children, including
migraine with and without aura, is based on clinical
criteria modified in 2004 by the International Headache
Society (Tables 44.1 and 44.2).98 Tension-type headache
criteria for children are still evolving, but are based on the
adult description (Table 44.2).

Headache assessment

The clinical interview is essential and includes both open-
ended and structured questions about headache duration,
location, frequency, intensity, quality, triggers (puberty,
diet, worries), associated affect (‘‘How did you feel
when you had your last headache?’’), and accompanying
symptoms. Such a symptom checklist93[IV] may include
feeling:

� aches or pins and needles in arms and legs;
� dizziness: spinning; near-fainting;
� soreness in neck and shoulders;
� light bothering the eyes;
� seeing of bright white or colored spots, flashes, wavy

lines, or dark/blank;
� spots described as a puzzle where a piece has been

removed;
� sounds are bothersome;
� tired, wanting to sleep;
� sick to the stomach and/or vomiting;
� hot and sweaty;
� the heart beating very fast.

These symptoms may accompany the pain or may occa-
sionally present independent of the headache.

For chronic pain problems, data related to childhood
disability, such as pain interfering with school work
and attendance, socializing with peers, sports activity,
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performing domestic chores and leisure activities, watch-
ing television, playing video games, should be elicited.

Differential diagnosis

Migraines in children generally present without aura
(prevalence of 70 versus 15 percent for migraine with
aura). It is important to recognize some migraine syn-
dromes which present more commonly in pediatrics,
including ophthalmoplegic migraine (third nerve paresis
or palsy); complex migraine (transient neurological
abnormalities); basilar artery migraine (Bickerstaff ’s
migraine); confusional migraine (most common in
adolescence, with aphasia); and Alice-in-Wonderland
syndrome (headache with visual illusion and spatial
distortions). Both epilepsy and migraine headaches, two

paroxysmal disorders, may coexist in an individual.
However, nonepileptiform EEG abnormalities are also
common in migraineurs and do not constitute a
seizure diagnosis. As in adults, particularly female, ado-
lescents may have visual symptoms not associated with
headache – ‘‘migraine sine hemicrania.’’ Acute confu-
sional migraine, which may present with unexpected
stroke-like symptoms (dysphasia and aphasia), is a benign
migraine variant but always prompts a neurological eva-
luation in children. Migraine variants are much more
prevalent in pediatrics, may precede the development of
common migraine, and may occur in a patient with a
family history of migraines. In these cases, headache may
not be initially a prominent symptom. Such disorders are
benign; paroxysmal vertigo (brief episodes presenting
before age six years with transient instability with or
without nystagmus), paroxysmal torticollis (recurrent

Table 44.2 Tension-type headache criteria.

Criterion

A. At least ten previous headache episodes fulfilling criteria B–D. Number of days with such headache o180 per year (o15 per month)

B. Headache lasting from 30 minutes to 7 days

C. Headache with at least two of the following pain

characteristics:

1. Pressing/tightening (nonpulsating) quality

2. Mild or moderate intensity (may inhibit, but not prohibit, activities)

3. Bilateral location

4. No aggravation by walking, stair-climbing, or similar routine physical

activity

D. Both of the following: 1. No nausea or vomiting (may have anorexia)

2. Photophobia and phonophobia are absent, or one but not the other

occurs

E. Same as for migraine without aura (as above)

Table 44.1 Criteria for migraine without aura.

Criterion

A. Five attacks or greater, fulfilling B–D

B. Headache attack lasting 1–72 hours

C. Headache has at least two of the

following four features:

1. Either the bilateral or unilateral (front/temporal) location

2. Pulsating quality

3. Moderate to severe intensity

4. Aggravated by physical activities

D. At least one of the following

accompanies headache:

1. Nausea and/or vomiting

2. Photophobia and phonophobia (may be inferred by behavior)

E. Both of the following: 1. History and physical and neurological examinations do not suggest an organic

disorder, including head trauma, vascular disorders, nonvascular intracranial disorder,

substances or their withdrawal, noncephalic infection, metabolic disorder, disorder of

the cranium, neck, eyes, ears, nose, sinuses, teeth, mouth, or other facial or cranial

structures;

2. History and/or physical and/or neurological examinations suggest an organic disorder,

but migraine attacks do not occur for the first time in close temporal relation to the

disorder.
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head tilt with occasional nausea and vomiting), and cyclic
vomiting (recurrent cycles of abdominal pain, nausea,
and vomiting with negative gastrointestinal and metabolic
evaluations). In one recent report of 5848 children
over eight years, 1106 migraineurs were identified, of
whom 108 (9.8 percent) had ‘‘migraine equivalents,’’ i.e.
transient neurological symptoms between headaches.99

Genetics

Familial hemiplegic migraine (FHM), the first clearly-
defined genetic pediatric headache disorder, is a possible
window into the still enigmatic molecular and cellular
origins of migraine headache. Migraine susceptibility is
believed to be inherited, with its presentation modified by
both internal and environmental factors, although specific
generic loci are not readily identified in most families
with migraine headaches. However, in FHM, at least
three loci have been documented by linkage analysis.
FHA4 is a rare autosomal dominant form of migraine
with aura, with a variable presentation of hemiparesis,
ataxia, and nystagmus. Some headache episodes may
resemble confusional migraine. Cerebellar atrophy may
be seen on magnetic resonance imaging. The first gene
identified with FHM was CACNAlA on chromosome
19p13 (FHM1). It encodes for the alpha-1A subunit of the
PIQ-type, voltage-gated calcium channel. Another spe-
cific FHM polymorphism involves ATP 1A2 (FHM2) on
chromosome lq23, which encodes the alpha-2 subunit of
the NA1/K1 pump. Further FHM linkage studies have
excluded these two loci, suggesting additional hetero-
geneity of this disorder.100[III]

Therapeutic options

Treatment includes pharmacologic and non-
pharmacologic therapies and is initiated with patient and
family education, removal of possible triggers, and if
appropriate, changes in a disrupted lifestyle (school
attendance, physical activity, sleep, dietary habits).
Overuse of particularly symptomatic and centrally acting
analgesics is prevalent in children with chronic daily
headache. Attempts to discontinue the overused medi-
cations may cause rebound. If prophylactic medication
is prescribed, it should be given every day, whether or not
a headache is present. Attention to the following good
health habits remains the primary therapy.

Hydration: Children need at least four to eight glasses
of fluid without caffeine per day. During a headache
or increased activity, sports drinks (with sugar and
salt) are recommended.

Sleep: Fatigue and overexertion may trigger headaches.
Most children require eight to ten hours of
uninterrupted sleep each night and a regular sleep
schedule.

Diet: Children do best with regular and balanced meals.
Foods that trigger headache are unique to individuals,
and general exclusionary diets are not indicated.

Activity: Sensible child activity schedules, without
overcrowding or exposure to stressful and upsetting
situations, are reasonable.

PRACTICE PARAMETER

Systematic review of 166 articles by the American Acad-
emy of Neurology101[I] from 1980 to 2003 with an age
qualifier of 3–18 years, and a four-tiered scheme of evi-
dence classification (class I–IV) and recommendation
(levels A–C, U). Acute treatment recommendations were:

� ibuprofen effective (level A);
� paracetamol (acetaminophen) probably effective

(level B);
� sumatriptan nasal spray effective for adolescents

(level A);
� no data for oral triptans (level U);
� inadequate data for subcutaneous sumatriptan (level

U).

For preventive treatment:

� flunarizine probably effective (level B); not available
in USA;

� insufficient evidence to recommend cyproheptadine,
amitriptyline, valproate semisodium (divalproex
sodium), topiramate, or levetiracetum (level U);

� pizotifen, nimodipine, and clonidine showed no
efficacy (level B); not recommended;

� there is conflicting evidence for the use of
propranolol and trazodone (level U).

The review also concluded that there is a need for ‘‘multi-
center, placebo-controlled clinical trials to assess the safety,
tolerability, and efficacy of medications used for the acute
and preventive treatment of pediatric migraine.’’

The present practice of pediatric headache therapy is
based on adult guidelines. According to the US Headache
Consortium in 2000,102[I] the adult agents that show the
best balance of efficacy, evidence, and adverse effects are
amitriptyline, valproate semisodium, propranolol, and
timolol. There is lower efficacy and less evidence for
aspirin, NSAID, gabapentin, verapamil, other beta-blockers,
riboflavin, magnesium, and feverfew. Consensus efficacy is
available for cyproheptadine, diltiazem, nortriptyline, and
doxepin. No efficacy greater than placebo is present for
carbamazepine, indometacin, nifedipine, and lamotrigine.

Acute treatment

The goal of acute therapy is to abort an attack of
severe pain and suppress pain, nausea, and vomiting. For
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mild–moderate pain and minimal nausea, preferred
agents are NSAIDs and paracetamol. For severe pain,
opioids may be judiciously used, as well as nasal suma-
triptan.103[II] As previously noted, we have little pediatric
data regarding the safety and efficacy of subcutaneous
sumatriptan and oral triptans.104[II] Adverse effects of the
5-HT 1B/1D receptor agonists include initial selective
constriction of intracranial extracerebral vessels and
inhibition of release of vasoactive neuropeptides from
trigeminal nerve terminals in the intracranial vessels and
meninges. Secondary effects include inhibition of noci-
ceptive neurotransmission in the brain stem and cervical
spinal descending trigeminal sensory nucleus.105 For
nausea and vomiting, diphenhydramine and hydroxyzine
are least associated with adverse effects, such as the mood
changes and dystonia potentially seen with chlorproma-
zine and metoclopramide. The dosing regimens shown in
Table 44.3 are suggested for pediatric dosing.

PARACETAMOL AND NSAIDS

Paracetamol is the most commonly and widely used
analgesic and antipyretic in children. It has no peripheral
anti-inflammatory effects and it putatively acts on
cyclooxygenase (COX-1 more than COX-2) through
central nervous system mechanisms. Although a weak
analgesic, it is a generally safe agent, if proper pediatric
doses are administered. The recommended single doses
are 15–20mg/kg and 10–15mg/kg for repeated dosing.
Maximum recommended doses are 90mg/kg in children
and adolescents, 60mg/kg in infants, and 45mg/kg in
preterm infants. Paracetamol is available in multiple
formulations and administration routes.

NSAIDs act primarily at peripheral sites and have a
prominent anti-inflammatory effect, as well as analgesia
and antipyresis. Their selection is guided by their adverse
effects, including gastritis, bleeding, and platelet and renal
dysfunction.

The major mechanisms of action of NSAIDs are
through inhibition of prostaglandin synthesis by blockade
of constitutive and expressed COX. The pharmacology of
most NSAIDs has been studied in children aged two years
and older and in general, the elimination half-lives are
similar to adults for most of the agents. In children 3–30
months, the volume of distribution and clearance of

ibuprofen and ketorolac are increased, suggesting a
possible need for a higher initial dose.106[II], 107[III]

Aspirin, although used for acute pain, is contra-
indicated in the presence of fever in children due to an
association with Reye’s syndrome. For severe pain, par-
enteral ketorolac is effective. The oral formulation of
paracetamol and ibuprofen is similar in efficacy to other
NSAIDs with markedly fewer adverse effects. Intravenous
ketorolac at a dose of 0.5mg/kg every six hours has
been shown to be safe and effective for short-term
post-operative pain management (48 hours) in children
as young as two years.108[III]

For acute intravenous treatment of severe headache,
one to two doses of ketorolac (0.5–1mg/kg) in the
emergency department or intramuscularly in the primary
physician’s office may break a headache attack. Intra-
venous valproate semisodium (10–15mg/kg intra-
venously over 30 minutes) has also shown promise
in adult studies and for controlling seizure activity in
children. Intravenous magnesium is currently under
investigation.109[II]

OPIOIDS

Oral opioids, administered for mild to moderate pain,
include oral opioid preparations (codeine, oxycodone,
morphine elixir, and rapid-release tablets) and opioid–N-
SAID combinations (paracetamol with codeine or oxyco-
done). Tramadol is an unusual opioid, with weak mu-l-
receptor agonism and modulates the GABAergic, nora-
drenergic, and serotonergic systems which may account
for the headache-alleviating effect. It has a safe and effec-
tive profile in children.110[II]

Rectal suppositories of morphine and hydromorphone
are available for management of severe pain in patients in
whom the oral route is unavailable or where there is
presence of nausea and vomiting.

The recommend oral opioid doses are shown in
Table 44.4.

For prophylactic treatment of pediatric headaches,
pharmacologic choices are still currently based on adult
studies including anticonvulsants, with the caveats of slow
titration and anticipation of greater side effects. Current
adult literature supports beta-blockers, amitriptyline, and
valproic acid as the most effective agents for headache

Table 44.3 Dosing recommendations for specific migraine and adjuvant medications.

Drug Dosing regimen

Sumatriptan Initial doses: intranasal 5–20mg; oral 25mg in adolescents; subcutaneous 3–6mg

Zolmitripan Oral 2.5mg, peaks in 2 hours, nasal 5mg

Eletriptan Oral 20–40mg, peaks in 1.3 hours

Diphenhydramine and hydroxyzine Oral 1–1.5mg/kg/dose; 6.25–25mg every 6 hours

Chlopromazine Oral 1mg/kg every 8 hours

Metaclopromide 1–2mg/kg/dose every 6 hours
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prophylaxis. Second tier agents include other anti-
convulsants, such as gabapentin, topiramate, and levetir-
acetam, which are considered to block nerve discharge by
binding to inappropriately active sodium and neuronal
calcium channels. Beta-blockers, such as propranolol,
may decrease reactive vasodilation of intracranial arter-
ioles but may also effect an earlier step in the neuroin-
flammatory cascade associated with migraines. Pediatric
anecdotal experience suggests that these agents are
most effective for patients with severe but infrequent
migraines. Calcium channel blockers, such as verapamil,
bind directly to inappropriately active ion channels. The
recommended dosing is shown in Table 44.5.

Tricyclic antidepressants, such as amitriptyline and
nortriptyline, potentiate the analgesic actions of serotonin
and norepinephrine at nerve terminals in the central ner-
vous system, especially in the trigeminal nucleus caudalis.
They are recommended for migraines that are frequent but
less severe and often associated with sleep disturbance.
Their side effects are due to additional cholinergic, hista-
minergic, and adrenergic actions, resulting in possible dry
mouth, constipation, urinary retention, sedation, weight
gain, orthostatic hypotension, increased intraocular pres-
sure, tachycardia, and heart block. Although the cardiac
risks for children are low, it is recommended that an
electrocardiogram be taken before initiation of the therapy
to exclude rhythm abnormalities and during dose escala-
tion to monitor QT-interval prolongation. Amitriptyline is
the most effective agent, but also has the highest antic-
holinergic side effects of sedation and orthostatic dizziness.
Therefore, nortriptyline with milder anticholinergic
untoward effects is often the first choice.

Recommended dosing

The recommended dosing for amitriptyline and nor-
triptyline is 0.2–0.4mg/kg orally at bedtime with titrations
upwards by 0.25mg/kg every five to seven days. The
dose may be administered twice a day at 0.2–0.3mg/kg.

Other antidepressants, such as fluoxetine, sertraline,
citalopram, escitalopram, venlafaxine, and trazodone, are
best used for associated symptoms, such as anxiety, mood
disorder, and sleep disturbance. The data regarding their
analgesic efficacy remain anecdotal; however, trazodone
has shown some efficacy in pediatric trials.111[I]

Anticonvulsants are used for management of head-
aches because they depress abnormal neuronal discharges

and raise the inappropriately lowered threshold of sensi-
tized neurons. They are variably active at voltage-gated
ion channels, and at glutamate, N-methyl-D-aspartic acid
(NMDA), gamma-aminobutyric acid, and glycine recep-
tors. Much of pediatric experience with these agents is for
seizure management. Their use as analgesics is extra-
polated from adult experience. The first-generation
agents, such as phenytoin and carbamazepine, are asso-
ciated with serious adverse effects and require regular
blood level monitoring. The second-generation medica-
tions, such as gabapentin, lamotrigine, topiramate, zoni-
samide, levetiracetam, and pregabalin, may not require
laboratory monitoring, have fewer sedation or cognitive
effects, and fewer overall adverse effects. Recommended
oral dosing is given in Table 44.6. Caution is advised with
their use as the pediatric experience with these agents is
limited and the true incidence of serious side-effect pro-
file is not fully known.

NMDA receptor antagonists show promise as reg-
ulators of the central nervous sensitization that occurs
during pathologic or excessive NMDA-receptor activa-
tion, as postulated to occur during chronic headaches.
Activation of NMDA receptor and release of glutamate,
a primary excitatory amino acid of central nervous
system (CNS), prevents magnesium from reentering
and blocking the channel pore resulting in a chroni-
cally open state and excessive calcium influx. NMDA-
receptor antagonists bind to the magnesium site as an
effective receptor blocker. However, the safety and
efficacy of NMDA-receptor antagonists for clinical use
are yet to be demonstrated. Anticonvulsants with
NMDA-receptor antagonist effects are used for chronic
headache prophylaxis. Pediatric use may be particularly
limited due to developmental regulation of these receptor
subtypes.

Dosing of NMDA antagonists

The dose of dextromethorphan in children over the age
12 years is 30mg every six to eight hours up to a max-
imum dose of 120 mg/24 hours. The adult recommended
dose of memantine is 5mg/24 hours, up to a maximum
dose of 20mg/24 hours. Future studies are needed to
demonstrate the efficacy and safety of botulinum toxins
for pediatric tension headache and other complementary
therapies of magnesium, riboflavin, feverfew, and
butterbur.112[V]

Table 44.5 Calcium channel blockers dosing.

Calcium channel
blocker

Recommended dose

Propranolol 1–3mg/kg/24 hours, in two or three

divided doses

Verapamil 4–8mg/kg/24 hours, in three divided doses

Table 44.4 Recommend oral opioid doses.

Oral opioid Dose

Morphine 0.3mg/kg every 3–4 hours

Hydromorphone 0.02–0.08mg/kg every 3–4 hours

Methadone 0.2mg/kg every 4–8 hours

Codeine 0.5–1mg/kg every 3–4 hours

Oxycodone 0.1–0.2mg/kg every 3–4 hours
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Nonpharmacologic therapies

Unencumbered by significant side effects and efficacious,
nonpharmacologic therapies are highly recommended in
the treatment of both acute and chronic pediatric head-
aches. Such modalities include biofeedback with relaxa-
tion and cognitive-behavioral therapies and may modify
the multiple factors that trigger and/or exacerbate
the migraine headaches and disability cycle.113[I] Less
information is currently available for acupuncture and
alternative medicine therapies.114[II], 115[III]

FUNCTIONAL ABDOMINAL PAIN

Another frequent complaint in children is functional
abdominal pain (FAP). FAP is a broad category of func-
tional diagnostic entities, taking the place of recurrent
abdominal pain (RAP).116[V] The newest criteria for
pediatric functional gastrointestinal disorders define a
broad FAP category and include diagnoses, such as
functional dyspepsia, irritable bowel syndrome (IBS), and
abdominal migraine.117[V] Because these definitions
are relatively new, the majority of research has used the
traditional RAP label and definition. Thus, the research
described below applies to FAP as a general category.

Prevalence

Between 4 and 25 percent of school-age children com-
plain of abdominal pain severe enough to interfere with
daily activities.118[IV], 119[V], 120[IV] There appears to be
an increase in prevalence in children aged four to six years
and again in early adolescence,121[IV], 122[IV] with a
higher prevalence in females, particularly after the age
of 12 years.123[V] There is also a higher prevalence of FAP
in locations with more social stressors,119[V], 124[IV]

indicating a strong psychosocial component. The major-
ity of children with FAP probably have IBS and many
children with abdominal pain without the hallmark
symptom of altered bowel habit may develop this over
time (for review, see Ref. 125).

Between 30 and 60 percent of these children will likely
experience symptom remission.123[V], 126[V] Long-term
follow-up studies have noted, however, that children with
FAP are more likely to report abdominal pain several
years after evaluation than healthy controls127[V]and may
be at greater risk of developing psychiatric disorders.128

[V] The continuation of pain in children with FAP is
associated with psychological distress,129[IV] family
members with irritable bowel syndrome,130[IV] and high
levels of healthcare utilization.131[II]

Diagnosis

Organic causes are rarely found in FAP, only about
10 percent of these children are diagnosed with pain that
is not functional. Warning signs that need to be investi-
gated include:132[V], 133[V]

� involuntary weight loss;
� deceleration of linear growth;
� gastrointestinal blood loss;
� significant vomiting;
� chronic severe diarrhea;
� persistent right upper or right lower quadrant pain;
� unexplained fever;
� family history of inflammatory bowel disease;
� pain far from umbilicus;
� pain awakening the child at night;
� nocturnal diarrhea;
� dysuria.

These warning signs are generally absent in FAP, and the
subcategories of FAP have specific positive symptom

Table 44.6 Anticonvulsants: recommended oral dosing.

Anticonvulsant Recommended dose

Carbamazepine 5–10mg/kg/24 hours divided into two doses; incremental increase of 10mg/kg/24 hours per week; maximum

dose for children over the age of 12 years is 1.6–2.4 g/24 hours

Oxcarbazepine For children over the age of 12 years, dose is 300–600mg/24 hours; maximum dose 900–2400mg/24 hours

Phenytoin 2–3mg/kg divided into two to three doses per day, incremental increase of 0.5mg/kg every 3–4 weeks;

maximum dose 5mg/kg per day (1000mg per day)

Valproic acid 5–15mg/kg administered in a single night-time dose or three divided doses per day; incremental increase of

5–10mg/kg every 5–7 days; maximum dose 60mg/kg/day

Gabapentin 5–10mg/kg administered either once, twice, or three times a day; maximum dose 2400–3600mg/24 hours

Lamotrigine 0.15–0.6mg/kg/24 hours administered in a single night-time dose or twice-a-day divided dose; slow

incremental increase every 2 weeks

Levetiracetam 10mg/kg/24 hours, prescribed in twice-a-day divided doses

Topiramate 1–3mg/kg/24 hours; maximum dose 600mg/24 hours

Zonisamide 2–4mg/kg/24 hours; maximum dose 400mg/24 hours
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criteria that should be applied for diagnostic purposes.
FAP is not the ‘‘wastebasket diagnosis’’ it is often thought
to be, but rather a broad diagnostic category with specific
syndrome subsets.132[V]

Psychological symptoms

FAP has been associated with elevated anxiety and
depression;134[IV], 135[IV] however, the presence of
abdominal pain, regardless of identification of a func-
tional or organic problem, is associated with increased
levels of distress.136[IV] Stressful life events and/or a lack
of coping skills are triggers of symptom flares in both
irritable bowel syndrome and inflammatory bowel
disease.137[IV]

Psychological issues need to be assessed in FAP; how-
ever, the simplistic view that these issues are responsible
for the pain is no longer an acceptable conclusion. An
interactive biopsychosocial model is currently employed
to understand FAP. An underlying abnormal bowel
reactivity to physiological changes, such as gut distension,
inflammatory processes, as well as the physiological
changes associated with psychological stressors is likely
taking place in these patients.132[V]

Psychological symptoms are associated with the pre-
sence of pain, regardless of diagnosis; however, functional
status and parental psychological symptoms appear to be
strongly related to treatment-seeking behavior. Levy et al.
identified maternal psychopathology as a significant fac-
tor in treatment seeking for FAP138[II] and treatment
seekers are significantly more likely to be missing school
than nontreatment seekers.139[II] Disability may depend
on the ability of the child’s parents to facilitate school
attendance rather than any specific characteristic of the
pain or the child.

Treatment

The traditional treatment of choice for FAP has been
support and reassurance that no organic pathology exists
and that the child will likely improve with time. This
approach tends to fare no better than no treatment at all
for children with FAP because of the relatively high
remission rate (see Ref. 140 for review).

Many different categories of medication are used
clinically in the treatment of FAP and antidepressants, in
particular, are frequently used.141[V] A recent Cochrane
review concluded that there is little evidence to support
the use of pharmacology in FAP outside clinical trials.142

[II]
There are currently only two published controlled

medication trials in children with FAP. See et al.143[II]
conducted a double-blind placebo-controlled crossover
trial of famotidine in 25 children with dyspepsia and
found that the medication trial was associated with

significant improvement in the dyspeptic symptoms;
however, pain ratings were no different between the trials.
Symon et al.144[II] conducted a double-blind crossover
placebo-controlled trial of pizotifen syrup in 14 children
diagnosed with abdominal migraine. The medication trial
was associated with less pain frequency and severity than
the placebo trial. Thus, specific medications do show
some promise in the treatment of FAP subtypes; however,
there is a dearth of information regarding popularly
utilized medications, such as antidepressants.

Clinically, children and parents often associate their
FAP symptoms with specific foods, and eating is fre-
quently cited as a pain trigger. Lactose intolerance is a
potential cause of RAP and is worth investigation in
children with a potential predisposition; however, a
positive test result and elimination of lactose from the
diet is not necessarily associated with pain relief.145[II]
Sorbital malabsorption has similarly been cited as a
potential cause of chronic abdominal pain.146[V]

It is relatively easy and economical to maintain food
diaries that may assist in determining the relationship
between specific foods, mealtimes, and pain. Many
families will initiate dietary restrictions or food challenges
on their own. It is not uncommon to find at least a
clinical relationship between greasy foods and/or large
meals and altered bowel habits. If the child has
constipation, the inclusion of fiber supplements or
increasing dietary fiber has been demonstrated to be
effective.147[II]

Unfortunately, very little evidence exists to support the
role of most dietary treatments in FAP.148[I] Despite the
common associations made between specific foods and
FAP, there are few investigations regarding dietary
restrictions in these syndromes, and there is often a strong
placebo response in controlled studies of dietary change.
In one promising study, peppermint oil supplementation
was investigated for use in children with irritable bowel
syndrome.149[II] Seventy-six percent of patients who
received peppermint oil reported decreases in the severity
of symptoms, compared with only 19 percent who
received placebo.

The majority of research in the treatment of FAP has
been focused on psychological treatment, specifically
cognitive-behavioral therapy, that is designed to teach
coping skills and relaxation, as well as to teach the parents
to reinforce healthy functional behavior. Such treatments
generally report good results.

Sanders and colleagues150[I] conducted a controlled
study of CBT in 16 children with recurrent abdominal
pain consisting of stress management and parent training.
Both groups reported symptom improvement; however,
75 percent of the treated group became pain-free com-
pared to 25 percent of the controls. In a second study,
Sanders et al.151[I] randomized 44 children with RAP into
CBT or standard assurance treatment. Again both groups
showed a significant pain decrease; however, over half
the patients receiving CBT were reportedly pain free at
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posttreatment compared to 23.8 percent of controls.
Improvement was maintained at 12 months.

In a more recent study, Robins et al.152[I] randomized
69 children into standard medical follow up or CBT and
standard medical groups. The CBT treatment consisted of
relaxation training, problem-solving training related to
pain symptoms, and parent training. Significantly less
pain and school absences were found in the CBT group
compared to controls, and improvement was maintained
one year later.

Continued research is clearly necessary; however, in
general, the use of psychological therapies can be con-
sidered probably useful in the treatment of FAP. The
above studies utilized the following elements in their
active treatments:

� relaxation training;
� cognitive-behavioral stress management;
� parent training to address reinforcement of

symptoms and sick role.

Other psychology-based treatment elements described in
the research literature show promise, but have not been
investigated as thoroughly. These include:

� self-hypnosis training;153[IV]
� biofeedback.154[II]

Other treatment options

Several other treatment options are available for the child
with FAP; however, little is known about the efficacy of
most. Acupuncture has been increasingly utilized; how-
ever, the one controlled study assessing acupuncture in
adults with irritable bowel syndrome155[II] reported no
significant differences between groups treated with true
versus sham acupuncture. Reflexology massage, similarly
investigated in adult IBS patients, has demonstrated no
clear benefit.156[IV] Mechanical treatment through the
use of transcutaneous electrical nerve stimulation is also
often clinically used,157[V] but has not been researched in
a controlled manner.

Conclusions

Despite an increase in interest in FAP by researchers in
recent years, there are few well-researched options for
treatment. The most progress has been made in refining
and developing diagnostic criteria to establish subtypes of
FAP that are defined by specific symptoms. Pharmaco-
logical research has been disappointing in this area and
diet treatments, while having a certain amount of face
validity, also remain questionable. Treatments that have
the most promise are the psychologically based ones with
cognitive-behavioral approaches that incorporate parent
training.
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KEY LEARNING POINTS

� The elderly population is growing with up to 50 percent

suffering chronic pain.
� The physiological reserve of an individual reduces with

time and at the extreme of age, this limitation may

become apparent as part of normal activity.
� Assessment is essential and requires adequate time as

mental processing changes.
� Psychological, social, and environmental factors must be

considered as part of pain management.

� Cognitive deficit is common at the extremes of age, but

most patients can self-report their pain.
� Drugs can be used with good benefit at adequate

dosing. Starting with a low dose and slowly titrating to

effect minimizes side effects.
� Nondrug interventions are frequently beneficial.
� Pain management in the elderly provides both

challenges and rewards. The process cannot be rushed

and requires patience and perseverance.

INTRODUCTION

Pain in the elderly is common and poses both challenges
and rewards for its management. The International
Association for the Study of Pain (IASP) Global Year
Against Pain in Older Persons was in 2006. There is also a
summary publication by the IASP1 as part of the Progress
in Pain Research and Management series. This provides
an up-to-date and comprehensive review of the issues
relating to pain in the older population.

The aim of this chapter is to examine some of the key
areas related to elderly pain and its management. All of us
are at risk of suffering from painful conditions, with the
older person having the potential to suffer from several
painful conditions at once. Specific conditions are covered
in Chapter 5, Epidemiology of chronic pain: classical to
molecular approaches to understanding the epidemiology

of pain. Here we discuss the issues specific to the older
population, including epidemiology, before reviewing the
physiological and psychological consequences of aging
and discuss their relevance to pain management. Assess-
ment poses particular difficulties and is a vital component
of pain management. This is further complicated when
the effects of cognitive deficit and dementia are con-
sidered. Our discussion of the interventions used in pain
management focus on those that are of particular
importance to the elderly.

EPIDEMIOLOGY

The world population continues to grow and with
increasing life expectancy the older population is expec-
ted to continue increasing. The percentage of people over



65 years in 2007 varies from 3.3 percent in the least-
developed countries to over 15 percent in the developed
countries. The overall percentage of over 60 year olds is
currently 11 percent and expected to rise to 22 percent by
2050. The fastest growing group of elderly people are
those over 80 years, growing at a rate of almost 4 percent
per annum.2

Estimates suggest that up to 50 percent of elderly
adults living in the community suffer from chronic pain.3

Thomas et al.,4 looking at pain in the previous four
weeks, found a prevalence of 66 percent in the older
population. They show that the prevalence of some pains
decrease across age groups, but those in the lower limb
increase in the oldest age group, thus the overall pre-
valence remains similar across older age groups. They also
demonstrate that pain which interferes with daily life rises
with increasing age from 32 percent in 50–59-year-old
women to 50 percent in the over 80 year olds. For men,
the rise was from 33 to 41 percent. This work recognizes
that pain has a greater impact on daily living with
increasing age for those living in the community, but does
not explain what factors contribute to these increases. A
study from Catalonia, looking at pain in the general
population (592 respondents) over 65 years, found a
prevalence of any pain at 73.5 percent and for pain lasting
more than three months at 71.4 percent, with both rates
consistent across age groups. This study also identified
low back pain, joints, and lower limb pain as causing
most problems.5 A European study involving 1520 sub-
jects with a mean age of 82.1 years assessed nonmalignant
pain present every day for the previous seven days and
disability in performing activities of daily living.
Approximately 46 percent of subjects reported daily pain
and these subjects had a higher risk of developing dis-
ability, an association which was stronger with increased
severity of pain and number of painful sites.6

Chronic back pain is common in the community in
general and in the elderly specifically. An Italian study
looking at frequent low back pain in the over 65 year age
group demonstrated a prevalence of 31.5 percent, which is
consistent with other studies. Interestingly, only 7.5 per-
cent had functional limitations due to back pain and 76
percent had no back pain-related impairment.7 A recent
review of the back pain literature suggests that benign
back pain prevalence reduces with increasing age, but
severe back pain increases with increasing age. However,
these conclusions require further research in older age
groups, which is currently limited, and standardization of
definitions to allow more appropriate comparisons to be
made between studies.8[IV]

Visceral pain in the elderly is reported to decline with
increasing age, with one recent study reporting a pre-
valence in the 50–59-year age group of 11.7 percent that
fell to 9.7 percent in the oldest age groups (70–79 years
and 480 years).4 This may account for delays in diag-
noses and appropriate intervention in older patients with
pathology, but little or no associated pain.

A large number of elderly people live in the commu-
nity, but require sheltered or nursing home care. These
individuals frequently have complex medical problems, as
well as social issues. A significant number of nursing
home residents also have varying degrees of cognitive
impairment. Pain assessment and management in these
settings is complex and poses challenges for the care
providers. It is estimated that 45–80 percent of nursing
home residents have pain that interferes with their
functional ability and quality of life.9

Many chronic pain studies do not examine age expli-
citly or specifically study older age groups, so the true
impact of pain for older individuals is not understood.
Typically, the older population is defined as being over 60
years of age and all participants are grouped together. Few
papers look specifically at the very elderly or stratify
across the older age groups. This is often due to limited
numbers of individuals in each older age group and the
frequent presence of confounders, such as comorbidity,
that make it difficult to interpret the results.

PHYSIOLOGICAL INFLUENCES

The well-documented physiological changes that occur as
a result of the ageing process develop at different rates
and do not strictly follow chronological age. They are
further influenced by concomitant medical conditions
and the polypharmacy that accompanies their manage-
ment. This often means that older individuals respond
less predictably than their younger counterparts as the
degree of physiological change is more varied in the older
population. The correlation between comorbidity and
pain in the older patient10 is associated with increased
pain severity, reduced activity, and increased depressive
symptoms. The physiological reserve of an individual
reduces with time and at the extreme of age, this limita-
tion may become apparent as part of normal activity.
Even a minor illness, acute or chronic, may be sufficient
to reduce function. Many elderly patients adapt their
behavior and expectations to this failing reserve and avoid
challenging their fragile physiological reserve. This may
make identifying such high-risk patients very difficult
from the history alone.

The elderly show altered pharmacokinetics and phar-
macodynamics with regard to drug handling. For exam-
ple, decreases in lean body mass influence the volume of
distribution of drugs, such that maintenance doses of
many pharmacological agents may need reducing. Renal
function deteriorates with age and by the age of 80 years
may approximate to renal insufficiency. Reductions in
blood flow and glomerular filtration rate will influence
drug clearance. Liver metabolism is rarely an issue in the
elderly, but enzyme systems may not be as easily induced
as in younger patients.

As in the larger pain literature, genetic factors con-
tributing to pain in the elderly have begun to be
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investigated, but the findings to date in the elderly suggest
genetic factors are not important. A study looking at the
development of neck pain in the elderly failed to
demonstrate a significant influence of genetic factors.11

[IV] Similar work on back pain in the over 70 age group
suggests a small genetic effect in men but not women.
Significant predictors for back pain found in this latter
study included previous or current diagnosis of osteo-
porosis, arthritic or lumbar disk disease, as well as
environmental effects.12[IV]

Pain mechanisms

There is a growing understanding of altered neural pro-
cessing with increasing age,13, 14 which has been well
reviewed by Gagliese and Farrell.15 It is clear that there are
neurobiological changes with ageing at the neuronal level,
including reductions in myelination, axonal atrophy, and
altered electrophysiological responses. These are not lin-
ear with age, but the degree of neuronal regeneration
following injury is slowed with increasing age16 and the
deterioration in the endogenous inhibitory systems that
occurs with age17 starts in middle age.18

Not all nociceptive modalities reduce in sensitivity
with age. A study by Lautenbacher et al.19 found an
enhancement of pain pressure thresholds. They postulate
that superficial pain (heat) is not significantly different in
the elderly and is processed differently from deeper pain
(pressure), which is influenced to a greater degree by
descending inhibition in the dorsal horn. Reduced des-
cending inhibition17 may account for the enhanced
pressure pain in the older subject, which may help explain
why older patients are more likely to develop muscu-
loskeletal (deeper) pain than younger patients, as seen in
the epidemiology studies reviewed (see above under
Epidemiology).

Visceral pain perception does appear to reduce with
increasing age.4 The atypical presentation of abdominal,
cardiac, or thoracic pain is well known, but poorly
understood. The consequences of this atypical presentation
can include delayed diagnosis with concomitant compli-
cations and a higher mortality risk. Atypical pain may lead
to misdiagnosis and thus inappropriate management. The
understanding of visceral mechanisms is increasing, but
age-related effects are poorly understood.20 Most of the
research is on somatic mechanisms that may not be
directly transferable to visceral nociception.

Dementia and cognitive deficits are common in the
older population, including Alzheimer’s disease which is
commonly seen in residential care home settings. A study
looking at heat pain perception and cerebral event-related
potentials in cognitively impaired older adults demon-
strated a significant difference in threshold for just
noticeable sensations, but no difference for painful heat
thresholds. Patients with Alzheimer’s disease may be
slightly less reliable witnesses with longer cortical

latencies, but with similar levels of activation. This sug-
gests slower cortical processing in the cognitively
impaired subjects.21 This supports the thought that
patients with Alzheimer’s disease do experience pain, but
the processing is altered. Cardiovascular disease and
diabetes mellitus are incriminated in the development of
vascular dementia and Alzheimer’s disease. A pilot study
looking at cognitively impaired nursing home patients
demonstrated higher pain prevalence in patients with
cardiovascular disease (hypertension) or diabetes mellitus
(65 percent) compared to those without (36.4 percent).
The difference is significant despite the limitations in the
study. Although further work is needed, these authors
postulate that cortical and subcortical changes resulting
from these conditions may be responsible for the differ-
ence in pain.22

Postoperative pain

There is debate as to the severity of postoperative pain in
the older patient, since there is some suggestion that
postoperative pain intensity reduces after the age of 60
years.23 A study using cannulation as a standardized
clinical painful stimulus found both statistical and clinical
reductions in pain in patients over 65 years.24 A study
looking at morphine requirements postoperatively did
not show a significant difference in reported pain score in
the elderly compared to younger patients.25[III] The sex
differences in morphine dose, with women requiring
higher morphine doses to provide adequate analgesia,
were not apparent in the elderly patients suggesting a
hormonal influence on pain modulation in the post-
operative setting.

Postoperative cognitive deficit is well recognized as a
complication of surgery and may be more pronounced in
the elderly population. Postoperative pain is considered
to be one of the factors influencing this, and there may be
particular concerns about the influence of analgesic
techniques on postoperative cognition. A recent review of
the postoperative pain literature showed pethidine
(meperidine) to have a direct influence on cognitive
deficit, but other commonly used postoperative opioids
did not show significant effects on delirium or cognitive
deficits and no differences were found between intra-
venous or epidural techniques. Further studies are
required with sufficient power to detect a difference, as
well as more standardized techniques.26[II]

PSYCHOLOGICAL INFLUENCES

The role of psychology and the psychological make up of
individuals has become increasingly recognized as
important at both a research and clinical level. Cognitive
factors, such as attitudes, beliefs, and coping, are known
to influence pain perception and behaviors, as well as
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response to treatment.27 Stoicism and cautiousness also
play a role in pain reporting and response to illness.
Stoicism may account for some of the underreporting of
pain and may be a barrier to adequate pain manage-
ment.28 This work has examined age effects, finding that
pain reporting reduced with age, but that this could be
accounted for by alterations in stoic and cautious atti-
tude. This suggests that psychological factors may play an
important role in determining age-related changes in pain
rather than age itself.

The social circumstances of patients will influence the
effect pain has on their ability to perform daily activities.
This is a complex area, as the same circumstances influ-
ence factors such as anxiety and depression. Pain and
depression are associated with pain being more persis-
tent.29 It is then difficult to evaluate if the depression is
modifying the ability to perform daily activities or the
pain. There are, however, trends suggesting that indivi-
duals in pain who have few or no social ties experience
greater degrees of interference in daily living. This is true
for the older postretirement population, as well as the
preretirement age group (50–64 years). The same group
found that the exception to this were patients with chil-
dren who are in frequent contact, which increased the
degree of interference caused by pain and was particularly
true in men. Despite limitations, these findings have
implications beyond primary and secondary health care
and extend into the role of public health.30

ASSESSMENT

Assessing pain in the elderly requires an understanding
that pain also influences a person’s ability to perform
tasks of daily living, their emotional wellbeing, and ability
to interact with friends, family, etc. Assessment, therefore,
has to take these factors into account. There is a need to
examine the past medical history, as well as social and
psychological components of pain. Past interventions
and their outcomes, as well as the patient’s willingness
to engage in any proposed new interventions, has to be
understood. Self-report is typically more reliable as
compared to proxy reports, and allowing time for patients
to express themselves is important along with simple and
clear questions.

Any pain scales should be explained clearly and if one is
not understood then consideration should be given to
using a different one. Most elderly patients are able to use
one of the common self-assessment tools, such as the Faces
Scale or verbal rating scale, even if they have more diffi-
culty with the numerical rating scale or the visual analog
scale. These simple tools will give an insight to the severity
of the pain and can be managed by individuals with
moderate cognitive impairment.31 There is evidence to
suggest that using assessment scales increases the frequency
of diagnosing pain in the elderly. One study compared
asking patients ‘‘do you have pain’’ with three assessment

scales. The scales group diagnosed a greater incidence of
pain. This was particularly noticeable in the over 85-year
age group and to a lesser extent in those with cognitive
deficit.32 Older patients commonly have more than one
painful complaint and each requires assessment on its own
merits. Examination can then be focused according to the
history and discussion of the current complaint.

Patient’s attitudes to pain influence their responses to
assessment. Research by Yong et al.,33 validating a pain
attitude questionnaire, has demonstrated both similarities
and differences in stoicism and cautiousness across the
ages in chronic pain patients.33 It is postulated that older
patients may be more accepting of their pain (as part of
the ageing process) compared to the younger generation.
Other dimensions will also influence the pain experience,
including mood and self-esteem, as well as actual or
perceived biological changes.

A consensus document has been produced with the
aim of helping researchers and clinicians assess pain in
older people.34[V] This report includes self-reporting and
observational methods that can be used in elderly
patients, including those with dementia. Which assess-
ment methods are best suited in a specific situation will
depend on the context of the assessment. These authors
recommend a short ten-minute battery of assessment
tools that can be used in the clinic setting.

In support of this multidimensional approach, the
evaluation of eight measures that distinguish between
elderly patients with chronic low back pain and pain-free
individuals yielded a brief functional and medical
assessment battery for research into this area and feel it
could easily be adapted for clinical practice.35[II]
Dimensions included in the self-report and observation of
function include mood as measured by the Geriatric
Depression Scale, as well as the presence of comorbidities.

A full discussion of assessment tools currently available,
along with the benefits and limitations, is beyond the scope
of this text. A complete discussion is available in a recent
IASP publication devoted to pain in the elderly.1 Many
assessment tools are currently available and have been
validated in specific patient groups, but many are cum-
bersome and better suited to the research environment.

Barriers to assessment

Making complete pain assessments can be complicated in
any population, but there are particular difficulties with
the older patient, including barriers and misconceptions
on the part of the public and healthcare profession.
Clinicians, nurses, and psychologists with an interest in
pain surveyed the ethical issues relating to pain man-
agement, finding that the undertreatment of pain in the
elderly and pain management at the end of life were both
major dilemmas.36 Underlying these were a range of
themes, including concern about barriers inhibiting care,
conflicts with others, inappropriate pain management,
and regulatory issues.
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Specific barriers in the postoperative assessment of
pain in the elderly include issues related to patients and/
or healthcare workers.37 Recent work identifies similar
issues (see Table 45.1). Language can also be a barrier, as
an older patient may not describe a sensation as painful,
but may describe it as an ache or unpleasant sensation.
Other research suggests that older patients are reluctant to
label some sensations as painful38 and there are limited
investigations of language in the postoperative setting.39

Multiple barriers remain despite developments over
recent years, including outdated attitudes, poor assess-
ment, and inadequate use of medications.40

Surveys of nursing homes suggest a lack of written
policies and absence of standardized assessments, low
rates of staff education, and low rates of access to pain
specialists.41 Surveys assessing nursing responses to two
scenarios of pain in elderly patients highlights that a
patient’s self-report alone was not enough for staff to
report pain, with the more experienced nurses being least
likely to believe self-reports of pain. Under half the nurses
involved indicated they would alter the analgesic dose in
response to the scenarios.42 When staff and patient
reports of pain have been compared, a UK study found
reasonable concordance between staff and patients when
interviews of patients and staff were compared to reviews
of medical records. Differences in reporting were greater
in the severely cognitively impaired patients, and patients
reported more back and wound pain, while staff reported
cardiac and stroke pain. Staff reported they could tell if a
patient was in pain, but less than one-third asked patients
about pain. In this study there was little difference
between qualified and unqualified staff assessments.43 As
has been shown in other groups, the assessment of pain in
the elderly by different health professionals may yield
different results. The degree of agreement of assessment
between nurses and physicians was 32 percent in medicine
and 44 percent on the geriatric wards.44 The prevalence of

pain in a group assessed by proxy was 65 percent on the
medical wards and 20 percent on the geriatric wards.
Clearly, barriers remain with regard to providing con-
sistent pain assessment across settings and across mod-
alities of assessment.

There are several areas of poor understanding with
regard to pain management in this population that persist
at all levels (professional and public alike). Education is
the link if these barriers are to be addressed before there is
the opportunity to improve the delivery of interventions
aimed at managing the patient’s pain. Recent guidelines
on pain assessment in the elderly provide practical skills
for use in hospital and domestic settings.45[V]

Postoperative pain

Postoperative pain is experienced by the elderly and can
be severe, and underreporting of pain is common. Satis-
faction with postoperative pain management has been
shown to be high (87 percent) even in the context of
severe postoperative pain (62 percent).46 Predictors
associated with satisfaction included preoperative educa-
tion, younger age, oral medication, and type of surgery.
These authors concluded that there is still significant
undermanagement that may be addressed by better pre-
operative education.

The assessment principles regarding postoperative pain
are the same as discussed above under Assessment.
Comparisons of pain scales in older patients often reveal
problems with visual analog scales. For example, in one
study comparing three pain scales in younger and older
patients following radical prostatectomy, the visual analog
scale was not sufficiently sensitive to detect alterations in
pain quality in the older patient and the verbal rating
scale was more appropriate.39 Although the older age
group reported lower pain on two pain descriptor scales,

Table 45.1 Barriers to pain management in the elderly.

Category Barrier

Patient related Fear of bothering or angering caregivers

Belief that caregiver is doing all they can to relieve the pain

Anxiety in using unfamiliar equipment

Access to health care

Cost of health care

Healthcare team related Lack of understanding and training of pain assessment tools

No expression of pain means no pain is experienced

Pain perception decreases with increasing age

Opioids are poorly tolerated in the elderly

Barriers relating to patient, family, and healthcare team Lack of training in pain management for elderly patients

Lack of awareness regarding use of language

Belief that pain is inevitable with ageing

Fear of side effects from medications

Fear of addiction to opioids

Modified from Pasero C, McCaffery M. Postoperative pain management in the elderly. In BR Ferrell, BA Ferrell (Eds). IASP Press, Seattle, WA, 1996.37
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the visual analog scale did not detect this. Given that up
to 35 percent of the elderly are visually impaired, the
visual analog scale should generally be avoided in the
elderly.

IMPAIRED COGNITION

Cognitively impaired elderly patients are harder to assess
but continue to have significant pain. In a cross-sectional
study of nursing home residents, patients with cognitive
impairment had more frequent pain in fewer sites with
greater severity.47 Although nursing home residents
demonstrate similar levels of pain across the spectrum of
cognitive impairment, analgesic use reduces as cognitive
impairment increases.48 Similarly, an Italian study of the
over 85-year age group in care also demonstrated a cor-
relation between low cognitive performance and inade-
quate analgesia.9

Behavioral disturbances were more common in
patients with cognitive deficit. The relationship between
behavior and pain in cognitively impaired individuals
suggest that pain has a greater influence on dysfunctional
behavior in patients with severe dementia compared to
those with less severe forms.49 Careful assessment of
dementia, behavioral dysfunction, and pain, and treat-
ment of the physical suffering may address the behavioral
disturbance.49

Assessment of patients with dementia can be difficult.
Assessment tools including self-assessment tools are
available for cognitively impaired patients.50[I], 51 Pautex
et al.52 assessed four self-assessment scales with one
observational scale in patients with mild, moderate, and
severe dementia. They found that the majority (over 90
percent) of mild and moderately impaired patients and 40
percent of the severely impaired patients were able to use
at least one scale. There was only moderate correlation
between the observational and self-assessment scales,
demonstrating that self-assessment should be used
where possible. Other studies have also demonstrated
that patients with dementia are often able to use self-
assessment tools for rating their pain.53 In 2004, Closs et
al.54 looked at five assessment scales in nursing home
residents with varying degrees of cognitive impairment.
There was good consistency generally between the scales,
although there was poor consistency with the severely
impaired residents. The verbal rating scale was the most
consistent across the spectrum of cognitive impairment.
The assessment of pain by proxy is complicated and
generally should be avoided. Manfredi et al.55 examined
the validity of facial expression as an indicator of pain
during dressing changes for decubitus ulcers in patients
with and without severe dementia. Nurses and medical
students watching videotapes of facial expression and
vocalization during the dressing changes showed reason-
able agreement for the presence of pain, but not for its
intensity.

PAIN MANAGEMENT CONSIDERATIONS

The frequent comorbidities seen in the elderly often
results in polypharmacy. The effect of drug interactions
and the altered handling of drugs in the elderly increases
the risk of complications. Caution has to be exercised in
developing a management plan with appropriate con-
sideration to side effects and potential interactions.56

Other chapters detail the management of specific condi-
tions and discuss the pharmacology of individual drug
groups. In a general sense, the World Health Organization
(WHO) analgesic ladder can guide initial pain manage-
ment. There is a principle in prescribing, particularly in
the elderly, to start with a low dose and slowly titrate to
benefit or side effects. The aim of pain management is to
improve pain and optimize function, particularly with
regard to daily activities. The eradication of pain is
usually unrealistic and the lowest drug dose will often not
provide optimal analgesia. Optimal treatment typically
combines pharmacological and nonpharmacological
interventions, including the home remedies that patients
utilize for themselves. Most elderly patients use a variety
of pain management methods, including prescribed
medication, rest, and distraction and identify cold, exer-
cise, hot bath/shower, and alcohol as effective.57 Long-
itudinal studies of nursing home residents suggest that
the use of long-acting opioids in a nursing home setting is
relatively safe.58

A qualitative study looking at elderly patients pre-
ference for pain management strategies and barriers to
management found that patients wanted to be actively
involved in their management and make informed deci-
sions. They were happy to try new methods and inter-
ventions. Conventional medication, exercise, and
physiotherapy were the least liked options.59 These studies
suggest a need to involve patients more closely and dis-
cuss management options with regard to the patient’s
perspective and preferred strategies.

The use of nondrug interventions is of great impor-
tance in optimizing management. Many patients are
aware of the interventions they can use at home to ease
their pain and optimize function. These may include the
use of heat and cold, position, and mobility, as well as
aids for moving, dressing, or performing activities of daily
living. There is also a role for physical therapy.

Paracetamol

Paracetamol (acetaminophen) is a well-tolerated drug
with few side effects in all age groups. It has a role as an
opioid and anti-inflammatory sparing agent. Evidence
suggests that it may be as efficacious as other agents, while
also being cost effective.60[V] It is therefore prudent to
consider its use as part of a pain management plan. There
are, however, no studies looking specifically at the very
elderly or frail with regard to altered drug handling. This
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is a group where physiological reserve is limited and
altered dosing may be required.

Nonsteroidal anti-inflammatory drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
commonly used for arthritic and musculoskeletal condi-
tions with good analgesic efficacy. The Cox-2-specific
agents have a reduced incidence of gastrointestinal side
effects, but increased cardiovascular side effects resulted
in the voluntary withdrawal of rofecoxib from the market
in 2004.61[I] There had been previous work suggesting
NSAIDs had an increased risk in susceptible patients to
develop congestive cardiac failure.62[III] A more detailed
discussion can be found in Chapter 15, The use of
NSAIDs and paracetamol (acetaminophen) in chronic
pain.

There is evidence that the elderly are at increased risk
of gastrointestinal complications with NSAID use. This
risk returns to baseline on withdrawal of the agent.63[I]
The elderly are also at risk of the renal and cardiovascular
complications of these drugs, which appear to be dose
related. There is therefore an argument to minimize the
duration of treatment and use the lowest effective dose.64

It has been suggested that other analgesics with fewer side
effects should also be considered as alternatives to the
NSAIDs.65 Consideration should also be given to using
the NSAIDs for exacerbations of pain and for short
duration only. The use of an NSAID with a proton pump
inhibitor may be as effective as a Cox-2 antagonist alone.

Opioids

The use of opioids for nonmalignant pain has increased
over recent years. There have been several publications
regarding opioid use66[V], 67[V], 68 and other organiza-
tions have published consensus documents. There are
theoretical reasons why older patients may have an altered
response to opioids and the adage of ‘‘start low and go
slow’’ with regard to titration is important. This does not
negate the requirement for adequate analgesia. An earlier
paper by Aubrun et al.69 demonstrated lower sub-
cutaneous dosing with morphine on the wards in older
patients, but not intravenous dosing titrated to effect in
the recovery ward. There have been studies demonstrating
reduced opioid requirements in elderly patients, but the
variability of dose is wide and individual titration is
suggested.70[V]

When opioids are used chronically, there is a potential
for dose escalation, possibly as a result of tolerance. A
small retrospective review of 206 patients demonstrated
that initial opioid doses were the same, but that escalation
over approximately 15 months was almost 50 percent
lower in the older population (60 years and above). The
older patients also had a sustained reduction in visual

analog pain score compared to the younger patients. The
postulate is that older patients may have a reduced rate of
tolerance.71 The use of slow-release opioids over a six-
month period demonstrated improved functional ability
and social engagement and failed to demonstrate a higher
rate of side effects in a nursing home population com-
pared to short-acting opioids. The authors suggest that
slow-release opioids may have a role in the long-term
management of nonmalignant pain in the nursing home
population.58

Coanalgesics

The incidence of neuropathic pain is common in the
elderly. Conditions including painful diabetic neuropathy,
postherpetic neuralgia, central poststroke pain, and tri-
geminal neuralgia are all seen in this age group. Despite
multidisciplinary pain management, there remains a role
for drug therapy. The commonly used agents have been
studied, but not specifically in the older population.

The antidepressants have long been used in managing
neuropathic pain. A systematic review suggests that the
best evidence is for amitriptyline with a number needed
to treat (NNT) of 2.0 for moderate pain relief and
number needed to harm (NNH) for minor harm of 4.6.72

[I] The elderly are poorly tolerant of these agents due to
the side effects, notably, sedation, postural hypotension,
falls, and urinary retention. Nortriptyline may be better
tolerated than amitriptyline. The analgesic effects are
independent of the antidepressant effects with benefit
often in the 50–100-mg dose range for amitriptyline.

Systematic reviews have also been performed for
anticonvulsants demonstrating that there is no role for
these agents in acute pain, with the exception of trigem-
inal neuralgia. They should be withheld until other
interventions have been tried.73[I] Gabapentin has been
shown to have an effect on neuropathic pain with an
NNT of 2.9 for diabetic neuropathy and 3.9 for post-
herpetic neuralgia and an NNH for minor harm of 3.7.74

[I] There is no clear research date demonstrating
improved efficacy of gabapentin over the older agents.
Other anticonvulsants continue to be studied, but as yet
clear evidence is awaited.

Psychological strategies

As part of pain management, the role of psychological
strategies must not be forgotten. As described above, there
are several psychological variables that influence pain. If
these can be understood then they may be used to
improve a patient’s quality of life and provide appropriate
pain management.

Self-help focused on improving physical functioning,
mood, and pain over seven weeks compared to an edu-
cational booklet group demonstrated improvements in
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function and pain intensity with a three-month follow
up.75 Self-management strategies to control emotions
were shown to alter pain intensity in the older popula-
tion.76 There were differences in the patients’ ability to
regulate their emotions, with the oldest group (over 80
years), men, and those living alone being less able to
control their emotions.76 Those who did benefit have a
potential tool to manage their pain without the risks and
costs associated with pharmacological interventions.
Depression has an influence on pain. A study looking at
musculoskeletal pain in elderly women and the effect on
activities of daily living found that an outpatient inte-
grative psychotherapeutic programme for depression
provided improvements in daily activities and quality of
life compared to the untreated group.77[II]

Physiotherapy and exercise

Many of the common pains related to the elderly involve
the musculoskeletal system. There is, therefore, a role for
physiotherapy both from the perspective of recovery from
injury or following surgery, but also in optimizing and
maintaining function or improving fitness in the frail
elderly.

In a small study looking at osteoarthritis of the knee, a
common condition in the elderly, a 12-week exercise and
walking protocol improved physical function, symptom
severity, and the limitation of function by pain for up to
six months.78 A more recent study compared community
physiotherapy to a pharmacy review and demonstrated
benefits compared to controls who received an informa-
tion leaflet. At three-month follow up, 40 percent of the
physiotherapy group, 33 percent of the pharmacy group,
and 19 percent of controls responded to treatment with
reduction in pain scores and improvement in function.76

Although these benefits were not sustained at 6- and 12-
month follow up, there was a reduction in general prac-
titioner consultation rates in the physiotherapy group at
six months, and an overall reduction in the use of
NSAIDs and high patient satisfaction in the treatment
groups.79 Exercise is often considered beneficial for many
reasons. A study looking at pain as a barrier to exercise
over a 12-month period has shown that walking for
exercise can increase with time. They found no significant
alteration in pain and that the initial pain level was not a
barrier to walking. The patients did however self-report
their level of exercise.80 A larger physiotherapy-based
study looking at exercise in elderly patients with low back
pain followed them up at two years (70 percent response
rate). The numbers performing some exercise at two years
was 72 percent compared to 49 percent before the reha-
bilitation program, which had an exercise orientation to
it. Those who failed to maintain the exercise gave the
reason of no benefit or aggravated pain. Of those who
continued to exercise, the majority did so for its health
benefits.81

GUIDELINES FOR PAIN MANAGEMENT IN THE ELDERLY

There have been several publications that provide guide-
lines for managing pain in the elderly. Some are aimed
specifically at the elderly and others are more general, but
incorporate recommendations relating to the older
population. The Australian and New Zealand College of
Anaesthetists and Faculty of Pain Medicine have pro-
duced an evidence-based text on acute pain management
with specific reference to the elderly.70 Other guidelines
have been published with regard to chronic pain.82, 83[V]

CONCLUSIONS

Pain in the older person is a real and increasing problem
as the proportion of the population over the age of 70
years increases. Many live independently, but increasing
numbers will be in sheltered or residential care. There are
aging effects on the physiological systems that influence
functional reserve and pain processing. Psychological
adaptations with increasing age also affect both pain
perception and strategies used in managing pain.

Assessment of pain and its impact on the individual is
vital if an appropriate management plan is to be devel-
oped with the aim of providing improved quality of life
and function. This is made more complex in patients with
cognitive deficit who may have great difficulty in clearly
communicating their pain. There are many assessment
methods available, some of which are validated. At a
practical level such tools need to be easy to administer
and provide reproducible and reliable results when
administered by different members of staff. This requires
further research to find assessment tools that are appro-
priate for the clinic or in the care home.

Education is a key to providing appropriate manage-
ment for these patients and involves carers, as well as
healthcare professionals and the patients themselves. This
is where guidelines have a role in providing a basic level of
understanding and intervention in the first instance.
There remain a variety of barriers to providing care
relating to all members of the team, some have been
overcome with time, but others remain.

Interventions need to be focused on what is achievable.
A biopsychosocial approach is important with support for
the patient to reach their potential. Traditional drug
interventions have a place in management with appro-
priate consideration being taken with regard to side
effects and interactions between medications. An
approach of starting with a low dose and titrating slowly
to benefit or side effects is often suggested. Nondrug
interventions are also of great benefit and are often
already used with effect by patients, including heat, cold,
physical activity, etc. The psychological treatments,
including self-help, may be used with clear benefits seen
in function and quality of life.
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Pain management in the elderly provides both chal-
lenges and rewards. The process cannot be rushed and
requires patience and perseverance. A significant amount
of education is required to increase awareness of the size
of the problem, as well as to its management and
assessment.
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KEY LEARNING POINTS

� Opioids have been shown in clinical trials to be

effective for a number of chronic pain conditions.
� The degree to which prescribed opioids predispose to

substance misuse problems is not known.
� Risk factors associated with propensity to develop

substance misuse problems should be evaluated and

therapy monitored appropriately.

� Patients with a past or current history of substance

misuse should be offered opioid therapy, if

appropriate, for their pain condition. Close

evaluation of therapy needs to be supported by

collaboration between appropriate healthcare

professionals.

INTRODUCTION

The use of opioid drugs for the management of acute pain
states and for the management of pain associated with
cancer is well established. There is now a considerable and
wide-ranging literature on the use of these drugs in per-
sistent pain conditions not associated with malignant
disease.1 The concerns of clinicians regarding the pro-
pensity of these drugs to cause problems of tolerance,
dependence, and addiction remain largely unanswered.
These concerns become sharply focused when prescribing
opioid analgesic drugs for patients in pain who have a
past or current history of substance misuse.2

This chapter outlines the burdens of substance misuse
to individuals and society and discusses the relevant
neurobiology in order to explain why use of opioid drugs
may lead to medical and legal problems. Definitions of
addiction, dependence, and tolerance to opioid drugs in
the context of pain management are discussed and
data regarding risks of iatrogenic problem drug use are

presented. The discussion supports the safe use of opioids
for long-term pain control by giving guidance on iden-
tification and management of problem drug use and
outlines principles of management of persistent pain in
patients with addictive disease.

BACKGROUND

Psychoactive substances and the law

A psychoactive substance changes the way a person thinks
and may modify mood and level of consciousness. The
medicinal use of such substances, particularly the opioids,
is well established, but their nonmedical (illicit) use is
widespread with individuals using the drugs for the per-
ceived benefit of the psychoactive experience.

A legal framework exists for the control and regulation
of drugs that are considered to be dangerous or harmful



to individuals or to society. Some of the medical and legal
issues in the United States have been considered by
Bloodworth.3 There are three international conventions
under which most countries (within their own legislative
framework) agree to restrict nonmedical use of and trade
in certain classes of drugs, including opioids, cannabis,
cocaine, hallucinogens, and various hypnotics and
sedatives.4 Individual countries may prohibit other
substances, such as alcohol.

Epidemiology of substance misuse

Dependence on psychoactive substances is a common
global problem. The British Crime Survey 2005/6 showed
that a third of 15–59-year-olds have used illegal drugs at
some stage with the figure rising to 45.1 percent in the
16–24 age group with cannabis being the most frequently
used drug, cocaine powder or crack cocaine being used by
2.4 percent of individuals, and heroin or methadone
being used by 0.1 percent of this age group.5 Other sur-
veys of developed countries paint a similar picture. Data
from Canada, the USA, and European countries suggest
that more than 2 percent of young people report heroin
use and almost 5 percent reported smoking cocaine at
some stage. More than 20 percent of those surveyed in the
USA report using at least one illicit drug other than
cannabis.6 More recent data give a substance dependence
or abuse prevalence in the US population over the age of
12 years of 9.4 percent, with the vast majority of these not
receiving treatment for addiction.7 The United Nations
World Drug Report 2006 estimated that 200 million
people, or 5 percent of the global population age 15–64

years, have used illicit drugs at least once in the previous
year.8

The problem of substance misuse imposes significant
burdens on the individual and on society. The effects on
an individual have been classified into four groups:9

1. chronic health effects (cirrhosis, HIV, hepatitis);
2. acute health effects (overdose, injury whilst

intoxicated);
3. acute social problems (arrest, disruption of

relationship);
4. chronic social problems (disruption of family

role, effect on employment, low income).

Substance misuse places a significant burden on society in
terms of healthcare costs of both acute and chronic illness,
criminal behavior and the burden of poor productivity
and absenteeism from work, as well as unemployment.7

Definitions in relation to substance misuse

Existing diagnostic criteria, whilst of considerable
applicability in the field of substance misuse, serve to
cause confusion when prescribing opioids for pain relief
and have acted both as a barrier to appropriate pre-
scribing and a source of concern to patients and their
carers. A more pragmatic set of criteria, applicable to
individuals being prescribed opioids for pain were
developed by Portenoy10 (Table 46.1).

The confusion regarding nomenclature has prompted
production of a clarifying consensus statement from
the American Pain Society, the American Society for

Table 46.1 Criteria for diagnosing addiction in the context of patients taking opioids for chronic pain.

Criteria

1. An intense desire for the drug and overwhelming concern

about its continued availability (psychological

dependence)

2. Evidence of compulsive drug use, characterized, for example

by

a. Unsanctioned dose escalation

b. Continued dosing despite significant side effects

c. Use of drugs to treat symptoms not targeted by therapy,

or

d. Unapproved use during periods of no symptoms

and/or

3. Evidence of one or more of a group of associated behaviors,

including:

a. Manipulation of the treating physician or medical

system for the purpose of obtaining additional drug

(altering prescriptions, for example)

b. Acquisition of drugs from other medical sources or from

nonmedical sources

c. Drug hoarding or sales

d. Unapproved use of other drugs (particular alcohol or

other sedatives/hypnotics) during opioid therapy

Reprinted from Journal of Pain and Symptom Management, 5, Portenoy RK, Chronic opioid therapy in non-malignant pain, S46–62, Copyright Elsevier (1990),
with permission.
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Addiction Medicine and the American Academy of Pain
Medicine.11, 12 Addiction is defined by the observation of
impaired control over drug use, craving, or compulsion,
regarding drug use and continued use despite harm. The
consensus statement highlights problems of evaluating
addiction in the presence of unrelieved pain, which may
itself be accompanied by apparently aberrant patterns of
drug use. The term ‘‘pseudoaddiction’’ is clarified and
describes a pattern of behaviors, such as drug hoarding
and attempts to procure extra supplies, as well as more
worrisome behaviors including illicit drug use and
deception, that might usually be indicative of an addic-
tion problem but which resolve on adequate treatment of
pain.

Neurobiology of substance misuse

Addiction is a chronic relapsing brain disorder in which
repeated exposure to certain substances induces plastic
change in motivational and reward systems of the brain.
Not all individuals exposed to these substances will
develop an addiction disorder: the propensity to addic-
tion and the manifestations of the disorder are shaped by
genetic, psychologic, environmental, and social factors.
Further discussion is available on the website of the
National Institute on Drug Abuse.13

Modification of motivation and reward signaling sys-
tems is so powerful that the addicted patient will continue
to use drugs when the cost of doing so in terms of phy-
sical, psychological, social, and emotional harm is high.
Over time, secondary stimuli associated with drug taking
(specific venues, drug-taking paraphernalia, etc.) become
powerfully conditioned and can trigger relapse, even after
a prolonged period of abstinence.14 There is evidence that
this persistence of drug-seeking behavior over time may
be related to mechanisms of learning and memory.15

CLINICAL ISSUES

Risk of addiction to prescribed opioids

Not all patients exposed to reward-inducing psychoactive
drugs will develop an addiction syndrome. Many patients
using these drugs appropriately for pain relief will develop
tolerance to one or more of the effects of the drug
(including analgesia). They are also likely to develop
physical dependence as manifest by withdrawal on dose
tapering or cessation. However, the potential for pain-
relieving medicines, particularly opioids to be used for
purposes other than pain relief (by the patient or by
others), and for the development of true addiction,
remains a concern for prescribing physicians.

A number of questions need to be answered to inform
the decision to prescribe or be prescribed opioids.

WHAT IS THE PREVALENCE OF ADDICTION TO OPIOIDS IN A
PATIENT WITH NO HISTORY OF SUBSTANCE MISUSE?

The risk of becoming addicted in patients without a
known history of addiction during opioid treatment for
pain is not known. Clinical trials of opioid efficacy are
often of insufficient duration to detect development of a
substance misuse problem. The historical study of Porter
and Jick is often quoted as reassurance that addiction to
prescribed opioids is unlikely.16[V] More recent publica-
tions describe methods of identifying substance misuse,
including validated and unvalidated behavioral observa-
tions, Diagnostic and Statistical Manual of Mental Dis-
orders (DSM)-III and -IV criteria,17 Portenoy criteria,
and urine toxicology. From these data, overall prevalence
rates vary considerably. Several prospective studies of
cancer and of noncancer patients identify no substance
misuse on behavioral criteria,18, 19[V], 20[V], 21[V]
although some studies in whom no substance misuse
problems were detected had previous substance misuse as
an exclusion criterion.22[II], 23[V] In contrast, prevalence
rates of up to 50 percent are also reported in one retro-
spective24 and one cross-sectional study25 of noncancer
pain patients. Overall, the published literature would
suggest that prevalence rates from problem drug use are
lower in patients with cancer-related pain, with a notable
exception being one study which described a prevalence
of 44.2 percent, although this was from a study of
inpatients who had undergone urine toxicology during
their hospital stay.26

WHAT ARE THE RISK FACTORS THAT INCREASE THE
LIKELIHOOD OF OPIOID ADDICTION?

The degree to which an individual is at risk of becoming
addicted to opioids is shaped by genetic, environmental,
social, and cultural factors. It is generally agreed that a
family history of substance misuse is an important risk
factor for addiction to prescribed drugs.9 The relative
contributions from environmental and genetic influences
within a family have been characterized by family, twin,
and adoption studies.27, 28 Such studies suggest that her-
itability for opioid dependence is high.29 The specific
contribution of environmental and cultural factors that
render an individual likely to be at risk of substance
misuse are difficult to quantify, but are likely to include
social class, occupation, and educational factors, as well as
cultural perceptions (and legislation) relating to substance
misuse.30

Misuse of opioids is frequently associated with a cur-
rent or previous history of other substance misuse,
including alcohol and nicotine.31, 32 Nonsubstance misuse
psychiatric disorders are also common in the substance-
misusing population with lifetime rates of psychiatric
disorders being reported as greater than 40 percent in
most studies and up to over 80 percent in a smaller
number of studies.33 Depressive, anxiety, and substance
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misuse disorders are also associated with increased use of
prescribed opioids in the general population.34, 35

Although repeated use of psychoactive substances can
give rise to symptoms of other psychiatric disorders, such
as sleep, perceptual, and mood disturbance, and similarly
people with mental illness may use psychoactive sub-
stance to alleviate unpleasant experiences, an independent
relationship between substance misuse and other mental
illness has been demonstrated.36

HOW CAN PRESCRIBERS IDENTIFY WHO MIGHT RUN INTO
PROBLEMS?

A patient who is being considered for opioid therapy
must be assessed by means of the usual triad of medical
history, clinical examination, and, where necessary,
relevant special investigations.

Medical history

It is essential to take a detailed medical, family, social, and
occupational history from the patient, including an
assessment of their beliefs regarding their presenting
complaint and their expectations regarding the outcome
of the consultation. It is helpful to explain that a full
picture of all substances, prescribed or otherwise
(including alcohol and tobacco), used by the patient, is
important to support the safe prescribing of medications
for pain relief.

Substance misusing patients may have come into
contact with a number of other healthcare providers who
may have documented concerns in the medical case
record or in correspondence. It is important to take note
of this information, but the clinician considering a trial
of opioid therapy must place most weight on the results
of his or her own evaluation of the patient as the context
of previous discussions is rarely known. If the relation-
ship between a patient and a previous healthcare
provider has broken down, it may be helpful to explore
this from the patient’s perspective. No long-term pain
management plan will succeed without the support of
the patient’s family members and others currently
involved in their care, particularly the primary care
practitioner. It is useful to solicit opinion from these
individuals.

Clinical examination

There are no characteristics of the patient with a past or
current substance misuse problem that are pathogno-
monic.37 Signs of current intoxication with or withdrawal
from alcohol or opioids may be obvious in the clinic and,
if present, should be discussed with the patient. A more
detailed examination may reveal signs of chronic alcohol
use (hepatomegaly, spider naevi) or signs suggestive of
previous or current intravenous drug use. Features in the
clinical presentation which may suggest a history of
substance misuse are summarized in Box 46.1.

Screening instruments for addiction

If the patient has a current diagnosis of addiction, this
may need to be managed separately (by appropriately
trained professionals) in parallel with ongoing pain
management. Additionally, a past or current history of an
addiction problem is a significant predictor of likelihood
of running into problems when prescribing controlled
substances for pain. A number of tools are available to
screen for the presence of an addictive disorder. The
CAGE questionnaire was developed to screen for alcohol
misuse and has been adapted to screen for other drug
use.38 The questionnaire is simple to administer and has
been demonstrated to be both sensitive and specific as a
screening tool. The Screening Tool for Addiction Risk
(STAR) questionnaire is a validated tool that has been
developed to evaluate addiction problems in chronic pain
patients and includes questions regarding prior treatment
in a drug or alcohol rehabilitation facility, as well as
questions regarding nicotine use and treatment in another
pain clinic.39

Box 46.1 Features in the clinical
presentation that may suggest a history of
substance misuse

� Current intoxication/withdrawal.
� Patient has assertive personality, often

demanding immediate action.
� Patient may show unusual knowledge of

controlled substances.
� Patient gives medical history with textbook

symptoms or gives evasive or vague answers to
questions regarding medical history.

� Patient reluctant or unwilling to provide
reference information. May have no General
Practitioner.

� Patient will often request a specific controlled
drug and is reluctant to try a different drug.

� Patient generally has no interest in diagnosis,
fails to keep appointments for further diagnostic
tests, or refuses to see another practitioner for
consultation.

� Cutaneous signs of drug abuse-skin tracks and
related scars on the neck, axilla, groin, neck,
forearm, wrist, foot and ankle. Such marks are
usually multiple, hyper-pigmented and linear.
New lesions may be inflamed. Shows signs of
‘‘pop’’ scars from subcutaneous injections.

The British Pain Society. Pain and substance
misuse: improving the patient experience. A
consensus document for consultation, 2006, The
British Pain Society.
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Urine toxicology and other laboratory tests

Because the validity of self-reported drug use may be
limited,40 it is helpful to document objective information
regarding drug use. Such information is more likely to
identify the occurrence of problems when combined with
behavioral observations.41

HOW CAN PRESCRIBERS RECOGNIZE WHEN A PROBLEM IS
DEVELOPING?

At the time of initiation of opioid therapy, a plan for
monitoring progress towards agreed outcome goals,
adverse effects of medication, and appropriateness of use
of medication should be agreed with the patient. Patients
should be reminded that tolerance to the analgesic effect
of drugs may be expected.

Savage42 has described behaviors relating to addiction
domains which may be observed during opioid therapy
and distinguishes between behaviors suggestive of addic-
tion and behaviors concordant with therapeutic use of
medications. A single observation of an apparently aber-
rant behavior should not prompt an immediate diagnosis
of an addiction problem: a pattern of aberrant behaviors
over time would give rise to more concern. Clinicians do
not always agree regarding which behaviors are most
worrisome.43 Portenoy44 has grouped behaviors into
those more or less likely to be indicative of aberrancy
(Table 46.2).

A number of screening tools for aberrant drug-related
behavior have been developed. These include the Pre-
scription Opiate Abuse Checklist,45 The Prescription Drug
Use Questionnaire,46 and a more recent multidimensional

tool, the Screener and Opioid Assessment for Patients with
Pain.47, 48 The Pain Medication Questionnaire asks ques-
tions relating to behaviors and attitudes regarding the use
of pain medication.49 This latter is nonopioid-specific so
can be used to evaluate patients taking a range of pain
medications.

An instrument for predicting compliance and efficacy
of opioids and risk/benefit of continuing an opioid trial
was recently developed by Belgrade and colleagues.50

Although this has only been validated retrospectively to
date, it is the only instrument that addresses the three
important clinical dimensions of chronic opioid pre-
scribing. For their own as well as their patients’ safety,
clinicians have to make judgments about:

� likely compliance with the therapeutic regimen and
likelihood of aberrant behaviors;

� likely efficacy of opioid analgesia; and
� the decision to continue or discontinue opioids at

each review.

The DIRE score50 had good sensitivity, specificity, and
inter-rater reliability.

IS THE OPIOID PRESCRIPTION BEING USED BY THE INTENDED
RECIPIENT?

Diversion of prescribed medications may occur by
patients receiving drugs for pain relief and also by indi-
viduals who do not have genuine symptoms, but purport
to do so as a means of obtaining a supply of saleable
drugs.

Table 46.2 Aberrant drug-related behaviors that raise concern about the potential for addiction in medical patients prescribed opioids for

chronic pain.

Probably more predictive of addiction Probably less predictive of addiction

Selling prescription drugs Aggressive complaining about the need for more drug

Prescription forgery Drug hoarding during periods of reduced symptoms

Stealing or ‘‘borrowing’’ drugs from others Requesting specific drugs

Injecting oral formulations Openly acquiring similar drugs from other medical

sources

Obtaining prescription drugs from nonmedical sources Unsanctioned dose escalation

Concurrent abuse of alcohol or illicit drugs Unapproved use of the drug to treat another symptom

Multiple dose escalation or other noncompliance with therapy despite

warnings

Multiple episodes of prescription ‘‘loss’’

Repeatedly seeking prescription from other clinicians or from emergency

rooms without informing prescriber or after warning to desist

Evidence of deterioration in the ability to function at work, in the family, or

socially that appear to be related to the drug use

Repeated resistance to changes in therapy, despite clear evidence of adverse

physical or psychological effects from the drug

Reprinted from Journal of Pain and Symptom Management, 11, Portenoy RK, Opioid therapy for chronic non-malignant pain: a review of the critical issues,
203–217, Copyright Elsevier (1996), with permission.
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Diversion can include:37

� transfer of prescription drugs from intended recipient
to others in pain;

� unlawful transfer of prescription drugs from
legitimate to illegal channels of distribution;

� theft from manufacturers or wholesalers;
� theft from pharmacies, hospitals, surgeries, veterinary

practices, care homes, hospices;
� prescription fraud;
� use of over-the-counter or prescription medicines to

synthesize more potent drugs with a higher street
value;

� use of over-the-counter medicines to augment the
effect of prescribed or street drugs, i.e. the sedating
antihistamines such as cyclizine, promethazine, or
dyphenhydramine to produce a ‘‘buzz’’ with
methadone.

Diversion may be difficult to detect, particularly in those
without symptoms who are attempting to acquire drugs
for subsequent monetary or other gain.42, 51

Management of the patient with a history of
substance misuse

Both persistent pain and problem drug use are common
and are therefore likely to co-occur in patients referred for
chronic pain management. There are, however, reasons
why individuals who use illicit substances may have
greater than expected needs for pain relief:37

� Compared to those who are not dependent, the
presence of a drug misuse syndrome seems
to worsen the experience of pain and
individuals may have previous experiences of self-
medication to remove pain and psychological
distress.

� Drug misusers have a low tolerance of
nonpharmacological interventions to achieve pain
control.

� By nature of their chronically relapsing condition,
drug misusers have frequent episodes of intoxication
and withdrawal, which may alter the intensity of the
pain experience.

� Virtually all forms of addiction are associated with
sleep disturbance and this is a well-established
exacerbating factor in chronic pain.

� Depression and anxiety are common features in
addiction and these have an important influence on
the pain experience.

� Drug users are more likely to suffer from accidental
and nonaccidental injury, and medical complications
related to their drug use. This places them at high
risk from physical problems that may require
analgesia.

� For patients receiving opioid substitution therapy for
addiction, there is evidence that supports increased
sensitivity to experimental pain.52, 53 This
hyperalgesia may recognize a state of central
sensitization to pain involving neurobiological
phenomena similar to those associated with
tolerance.54

A full assessment of both pain and addiction (see above
under Medical history) is mandatory.

The patient should be given a clear explanation of the
nature of their pain complaint and the rationale for the
available therapeutic interventions should be discussed.

PRESCRIBING OPIOIDS FOR THE ADDICTED PATIENT

The mainstay of drug therapy for opioid addiction is
substitution with either methadone or buprenorphine.
Opioid substitution therapy is effective in decreasing
misuse of opioids and other substances, improving
adherence to treatment, reducing criminal activity, and
improving individual function.55

Patients using a long-term illicit opioid or those
receiving a maintenance prescription for addiction man-
agement will not derive analgesic benefit from their reg-
ular dose. For those using unprescribed medications,
prescribed doses must include replacement of the
patient’s usual opioid and other chemical consumption.

There must be a frank discussion between the patient
and team members regarding acceptable and unacceptable
behavior in relation to prescribed drugs and the ther-
apeutic goals. The patient must agree that adherence to
the prescribed regimen will be monitored appropriately,
including by means of random urine toxicology screen-
ing. Consequences of noncompliance with any part of the
program must be explicit at the outset. All such discus-
sions with the patient should be carefully documented
and a copy given to the patient if necessary. This may take
the form of a formal treatment contract, although the
legal status of these documents is variable.56

PATIENTS RECOVERING FROM ADDICTION

A key feature of addiction is the relapsing nature of the
condition. There is, therefore, the potential for reactiva-
tion of a substance misuse problem if scheduled drugs
need to be prescribed for pain and symptom control.
Patients and clinicians need to understand that drug
exposure is only one component of relapse and that a
careful plan for pain management with involvement of
appropriate support should allow safe management of
pain and other symptoms.

SPECIALIST SUPPORT FOR THE PAIN MANAGEMENT TEAM

Direct collaboration between addiction specialists, pain
physicians, and primary care teams is mandatory when
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managing patients with a past or current history of sub-
stance misuse. In this way, the ongoing management of
both pain and addiction can proceed optimally. It is also
helpful for teams involved in the management of pain in
the addicted patient to communicate regarding family
and social issues which may have a bearing on the pain
complaint and its management.

CONCLUSIONS

Opioid drugs have an established role in the management
of persistent pain. Concerns regarding the possibility that
these drugs may cause harm to those for whom they are
prescribed or to others are substantiated by the published
literature. However, the risk of an individual patient
running into problems cannot be quantified. Prescribing
practice can be guided by an understanding of the rele-
vant laws and regulations, role of opioids in a pain
management plan, and an awareness of predisposing
factors for problem drug use. Screening tools are
now available to supplement the clinical impression
and similarly, instruments now exist to identify when
problems are occurring.

If a patient with pain has a past or current history of
substance misuse, he or she should be managed with the
same tools, supported by clinical evidence, as those
without a history of addiction. Management of pain in
the substance-misusing patient poses particular chal-
lenges for the healthcare team, but an open and colla-
borative relationship between the patient, his or her
carers, and all relevant healthcare professionals should
allow pain to be managed safely and effectively.
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mechanism of action 632

pediatric headache 632

dosages 633 T

antidepressant discontinuation

syndrome 247–8

half-life dependence 247–8

symptoms 247, 247 T

antidepressants

burning mouth syndrome 476

chronic pancreatitis pain 554

CRPS 369

depression 616

diabetic neuropathy 329–30

elderly patient pain 647

fibromyalgia see fibromyalgia

management

lower back pain 508

neurologic disease pain 329–30

peripheral neuropathic pain

345–6

persistent somatoform pain

disorder 619

postherpetic neuralgia see

postherpetic neuralgia (PHN)

treatment

rheumatoid arthritis see rheumatoid

arthritis management

spinal cord injury pain see spinal cord

injury (SCI) pain management

see also individual drugs

antidiarrheal drugs

irritable bowel syndrome 559–60

see also individual drugs

antiepileptics 254–63, 256 T

CRPS 369

fibromyalgia 607–8

migraine 461 T

neurologic disease pain 329

neuropathic orofacial pain 472

see also individual drugs

antifungals

vulvodynia 590

see also individual drugs

antihistamines, vulvodynia 590

anti-inflammatory agents

CRPS 369

inflammatory bowel disease 561

osteoarthritis 526

pancreatic cancer pain 551

see also individual drugs

antineuropathic agents, CRPS

management 369

antioxidants, chronic pancreatitis

pain 554

anti-proliferative factor (APF),

interstitial cystitis 557–8

antiretrovirals

carbamazepine interactions 355

HIV-associated pain 354

HIV infection 353, 353 T

peripheral neuropathies 341–2

see also individual drugs

antiretroviral toxic neuropathy

(ATN) 354, 355

new patient assessment 356–7

treatment 355–6, 356–7

drug interactions 355

antivirals

herpes zoster management 432, 433

see also individual drugs

anxiety

functional abdominal pain 634

phantom pain 418

spinal cord injury pain 400

substance misuse 657

anxiety disorders 170, 616–20

see also individual diseases/disorders

apatite-associated destructive

arthritis 526

apical periodontitis 477

aplastic anemia, NSAIDs 198

apoptosis, neuropathic pain 10

dorsal horn 12

appetite loss, depression 615

area demarcation, neuropathic pain

assessment 138

arsenical polyneuropathy 341

arthritis

interleukin-1B 29

interleukin-6 29

NSAIDs see nonsteroidal anti-

inflammatory drugs (NSAIDs)

spinal pain 156

tumor necrosis factor-a 29

see also osteoarthritis; rheumatoid

arthritis

arthroscopic meniscal debridement,

osteoarthritis 528

arthroscopic washouts,

osteoarthritis 528

ascending tract conduction block,

neurostimulation 270

aspirin

adverse effects 195

Reye’s syndrome 631

tension-type headache treatment 458

assessment/measurement (of chronic

pain) 117–9

individuality 118

Joint Commission on Accreditation of

Healthcare Associations 117

Medical Outcomes Study 36-Item

Short Form 118

Million Visual Analog Scale 118

outcome measurement 178–81

Pain Disability Questionnaire 118

self-reported disability 118–9

Spinal Function Sort 119

visual analog scales 118

Work Limitations

Questionnaire 118–9

see also individual diseases/disorders

association studies, cosegregating gene

identification 57

asthma, NSAIDs 196–7

asymmetric diabetic neuropathy

339–40

atlantooccipital blocks, neck pain 152

atlas transverse ligament, neck pain

diagnosis 159

at-level neuropathic pain see spinal

cord injury (SCI) pain

ATP, peripheral nociceptor

sensitization 29

ATP 1A2 gene/protein 630

attention

cognitive therapy 296

phantom pain 418

attitudes to pain, elderly 644

atypical facial pain (AFP) 474–5

definition 474

differential diagnosis 474–5

epidemiology 474

management 475

pathophysiology 474

symptomatology 474

aura, migraine 450–1
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auranofin (oral gold), rheumatoid

arthritis 522–4 T

auscultation, abdominal pain 551

autogenic training 315

autoimmune diseases, peripheral

neuropathies 342

avoidance of pain 174

avoidance of preferred environments,

neuropathic pain models 7

awareness changes, CAM 305

azathioprine, rheumatoid

arthritis 522–4 T

Baastrup’s disease 505–6

back support muscles, exercise

therapy 509

back-to-work programs see lower back

pain treatment

baclofen

central neuropathic pain 380

intrathecal, spasticity pain

management 445–6

neurologic disease pain 330

spinal drug administration 331

pediatric CRPS treatment 627

spasticity pain management 444

spinal administration 285–6, 287,

288

neurologic disease pain 331

spinal cord injury pain 393, 395,

396 T

balloon distension, animal visceral pain

models 41

barriers to pain relief see ethics

B-cell inhibitors, rheumatoid

arthritis 521, 522–4 T, 524

Beck Depression Inventory

(BDI) 125–6

disability daily functioning

assessment 172 T

emotional distress assessment 173

behavior

avoidance, psychological effects (of

chronic pain) 174

CBT see cognitive-behavior therapy

(CBT)

elderly patient pain 646

opioid addiction risk 656, 656 T

opioid tolerance 218

persistent visceral pain models 42–3

substance misuse 657

tests, neuropathic pain models 5, 6–7,

6 F

behavioral therapies

chronic pelvic pain management

587

interstitial cystitis treatment 557

irritable bowel syndrome

treatment 559–60

vulvodynia management 591

see also individual therapies

below-level neuropathic pain see spinal

cord injury (SCI) pain

benzodiazepines

myofascial pain 608

neurologic disease pain 330

spinal cord injury pain 393

temporomandibular disorder

469–70

benztropine, morphine vs. 211

Bertolotti’s syndrome 506–7

beta-2 adrenoceptor(s)

antagonists see beta-blockers

temporomandibular disorders 469

beta-blockers

migraine prophylaxis 459–61, 461 T

pediatric headache 631–2

bicipital tendonitis, diagnosis 529 T

Bier block, CRPS 369

biliary tree, HIV-associated pain 358

biofeedback 295, 315

atypical facial pain 475

chronic pelvic pain 584

pediatric headache 633

vulvodynia 591

biomedical outcomes 181

biopsies, peripheral neuropathies 337

biopsychosocial model (of pain) 115–6,

181

children 624

compensation injuries 116

variable interactions 115–6

low correlation 116–7, 116 F

bleeding, diverticular disease 562

blinding, outcome measurement 184

blood–brain barrier, spinal drug

administration 285, 285 F, 286 F

blood flow, phantom pain 420

blood tests, peripheral neuropathies 337

blunt pressure, neuropathic pain

assessment 138

body area dependence, myofascial

pain 601

bone(s)

infection, radiography 146

innervation 26

metastases, persistent musculoskeletal

pain 26

MRI 148

tumors, radiography 146

bone scans 149

CRPS 149, 367

osteoarthritis 526

rheumatoid arthritis 520

Bonferroni correction 72

border zone spinal pain see spinal cord

injury (SCI) pain, at-level

neuropathic pain

botanical therapies 313–5, 314 T, 315 T

adverse effects 313–5

applications 313–5

historical aspects 313

prevalence 313

‘‘bottom-to-top’’ model, fibromyalgia

neuronal plasticity 604

botulinum toxin

esophageal motor disorder 543

focal spasticity 446–7

myofascial pain 608

neurologic disease pain 332

spinal cord injury pain 393

temporomandibular disorder 469–70

vulvodynia 591

bowel rest, inflammatory bowel disease

treatment 561

brachial plexus neuropathies 343–4

neuralgic amyotrophy 343

post-radiation therapy 343–4

traumatic lesions 343

bradykinins, peripheral nociceptor

sensitization 29

brain-derived neurotrophic factor

(BDNF), neuropathic pain 10, 14

Trk receptors 12

brain multiplicity, pain definition 91

brain processing, neuropathic pain

classification 133

brain tumors, headache 455

breakthrough (flare-up) pain see

opioids, chronic noncancer pain

(CNCP)

breast cancer

acupuncture 316–7

CAM 316–7

prevalence 409

breast feeding, NSAIDs 198

Brief Pain Inventory (BPI) 172 T, 173

Brief Pain Inventory of

Wisconsin 139–40

Brief Symptom Inventory (BSI) 127

British Columbia Major Depression

Inventory 173

brivudin, herpes zoster 432

bupivacaine, spinal drug

administration 287

buprenorphine

chronic noncancer pain 212

dose escalation 212

mechanism of action 212

opioid-induced hyperalgesia 219

opioid tolerance 219
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safety 212

transdermal 212

adverse effects 209

clinical trials 209

bupropion 247

adverse effects 247

mechanism of action 247

neuropathic pain 247

spinal cord injury pain 394–5

burning mouth syndrome 474, 475–6

definition 475

differential diagnosis 476

epidemiology 475–6

management 476

pathophysiology 476

symptomatology 476

burning sensation, neuropathic

orofacial pain 471

C1-2, cervical referred pain 486, 487 F

C2-3, cervical referred pain 486, 487 F

C3-4, cervical referred pain 486, 487 F

C4-5, cervical referred pain 486, 487 F

C5-6, cervical referred pain 486, 487 F

C6-7, cervical referred pain 486, 487 F

CACNA1A gene/protein 630

CAGE-AID 128

CAGE questionnaire, opioid addiction

risk 655

calcitonin, postamputation pain 423

calcitonin gene-related peptide (CGRP)

capsaicin 232

joint innervation 26

migraine 453

muscle innervation 26

peripheral vascular disease 275–6

persistent musculoskeletal pain

31

calcium-activated K channels 9

calcium channel blockers, pediatric

headache 631–2

dosages 632 T

calcium pyrophosphate dihydrate

deposition, osteoarthritis 526

Canadian C-spine rules 491

cancer pain

analgesic spinal drug administration

see spinal drug administration

neuropathic pain 4 T

undertreated pain 102

candesartan, migraine

prophylaxis 459–61, 461 T

candidate genes

cosegregating gene identification

55–6

pain epidemiology see epidemiology

(chronic pain)

cannabinoid(s)

multiple sclerosis treatment 380

neurologic disease pain

management 331

topical, mechanisms of action 232

cannabinoid receptors

CB1 subtype 16

CB2 subtype 14

neuropathic pain 13, 14, 16

cannabis, central neuropathic pain

treatment 381–2 T

capsaicin

adverse effects 231, 233

clinical uses/indications 234

CRPS 369

HIV-associated distal symmetrical

polyneuropathy 234

HIV-associated neuropathic

pain 356

lower back pain 236, 508

neurologic disease pain 329

neuropathic orofacial pain 472

neuropathic pain see below

osteoarthritis 236, 527

peripheral neuropathic pain 347

postherpetic neuralgia 234, 343,

435

doxepin combination 234

mechanisms of action 232, 347

calcitonin gene-related peptide

release 232

substance P release 232

vanilloid receptor 1 232, 347

neuropathic pain 234

assessment 138, 139 T

peripheral nociceptor sensitization 29

topical, CRPS 369

carbamazepine 255, 256 T

adverse effects 256, 257 T

hyponatremia 256

antiretroviral drug interactions 355

clinical trials 255

clinical uses/indications

central neuropathic pain 379,

379–82 T

CRPS 369

diabetic neuropathy 255, 257 T

peripheral neuropathic pain 346

postherpetic neuralgia 255

spinal cord injury pain 394

trigeminal neuralgia 255, 256,

256 T, 257 T, 473

clomipramine combination 255

doses 257 T

efficacy 261 T

pediatric headache 632

dosages 633 T

pharmacology 254–5

voltage-gated sodium channel

blockade 254–5

cardiac failure, abdominal pain 565

cardiac plexus neurons 538–9

refractory angina pectoris 274–5

cardiac rehabilitation and angina plan

see refractory angina pectoris

therapy

cardiovascular risk, NSAIDs 195–8

carpal tunnel syndrome

diagnosis 529 T

nerve conduction studies 149–50

Cartesian definitions 88

cartilage debridement,

osteoarthritis 528

case–control studies see epidemiology

(chronic pain)

catastrophizing, chronic pelvic pain

582

catechol-O-methyl transferase

fibromyalgia 603

pharmacogenetics 62 T

polymorphisms 242–3

temporomandibular disorders 469

cauda equina, surgery 512

cauda equina syndrome

chiropractic therapy 313

lower back pain 505

causalgia

sympathetic blocks 151

see also complex regional pain

syndromes (CRPS)

CCL2 chemokine (MCP-1)

microglia activation 14

neuropathic pain 10, 14

CCR2, neuropathic pain 10, 14

CD4 T-cells, HIV infection 352–3

celecoxib

cardiovascular risk 195–6

National Cancer Institute Colorectal

Adenoma Prevention with

Celecoxib (APC) trial 195–6

rheumatoid arthritis 198

temporomandibular disorder

469–70

celiac ganglionectomy, chronic

pancreatitis pain 556

celiac plexus blocks, chronic

pancreatitis pain 554–5

cell culture, pain research 61 T

Center for Epidemiological Studies-

Depression (CES-D) scale

depression 241–2

disability daily functioning

assessment 172 T

emotional distress assessment 173
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central dysthesia syndrome see spinal

cord injury (SCI) pain,

below-level neuropathic pain

central neuropathic itch, topical

lidocaine 237

central neuropathic pain 374–87

concomitant non-neuropathic

pain 375

etiology 374

lesions 375

pathophysiology 378–9

cold-signaling pathway 378

lemniscal sensory pathway 378

lesion sites 378

phantom limb pain vs. 378

spinal-thalamic-cortical pathway

dysfunction 378

spinoreticulothalamic

system 378–9

spinothalamic pathway 378

thalamic pain syndromes 379

thermal sensations 378

subtypes 375–8

see also individual types

treatment 379–83

adverse effects 379

dosages 379

drug interactions 379

efficacy of 375

intrathecal therapy 380

parenteral therapy 380

patient expectations 379

pharmacological management 379,

379–82 T

pregabalin 259

surgery 380–3

tricyclic antidepressants 244

central poststroke pain (CPSP)

377–8

development 377

lateral medullary infarctions 377

lesion distribution effects 377

severity 377–8

somatosensory disturbances 378

spontaneous pain 378–9

studies 377

thalamic infarctions 377

right-sided 377–8

thalamic pain syndrome 377

treatment

amitriptyline 329–30

lamotrigine 262, 380

central sensitization, persistent

musculoskeletal pain 26

central spinal pain see spinal cord

injury (SCI) pain, below-level

neuropathic pain

cerebral blood flow, fibromyalgia

neuronal plasticity 604, 604 T

cerebral origin spasticity 441–2

cerebrospinal fluid, peripheral

neuropathies 337

cerebrovascular disorders, neck

pain 490

cervical intervertebral discs, cervical

referred pain 486

cervical medial branch blocks, neck

pain diagnosis 162

cervical radicular pain, cervical referred

pain 485

cervical radiculopathy, myelography 148

cervical referred pain 485–9

C1-2 486, 487 F

C2-3 486, 487 F

C3-4 486, 487 F

C4-5 486, 487 F

C5-6 486, 487 F

C6-7 486, 487 F

cervical intervertebral disks 486

cervical radicular pain 485

convergence 485

definition 485

intraspinous muscles 486

pain maps 485–6, 485 F, 486 F, 487 F

somatic 485

zygapophysial joints 486

cervical spine, rheumatoid arthritis 520

cervical spondylosis

headache 454

neck pain 488

radiography 491–2

cervical zygapophysial joints, neck

pain 152

diagnosis 162

C-fibers

neuropathic pain 13

peripheral neuropathies 336–7

peripheral nociceptors 27

sensitization 29

persistent visceral pain 39

wind up-like pain 136

c-Fos, persistent musculoskeletal

pain 30

chamomile 314 T

chapparal 315 T

Charcot–Marie–Tooth disease,

diagnosis 151 T

chemical hyperalgesia, neuropathic

pain 141 T

chemically induced writhing model

41

chemical stimuli

human visceral pain models 41

persistent visceral pain 38

chemokines

neuropathic pain 10

see also individual chemokines

chest drains, CPSP 406

chest pain 537–48

anatomy 538–9

assessment 538

costs 538

economics 538

epidemiology 537–8

etiology 537–8, 538 T, 544 T

somatic see below

visceral see below

chest pain, somatic

musculoskeletal 544

referred 544

chest pain, visceral

cardiac 539–42

see also refractory angina pectoris

esophageal/stomach 543

angina vs. 543 T

pericardium/great vessels

542

chest wall tenderness, musculoskeletal

chest pain 544

chickenpox see varicella (chickenpox)

children 623–40

archetype disorders 624

see also individual diseases/disorders

CRPS management see complex

regional pain syndromes (CRPS),

management

epidemiology 624

management goals 624

pathophysiology 623–4

postamputation pain 408

psychological assessment 125

chiropractic therapy 311–3

adverse effects 313

case studies, lower back pain

316

clinical uses/indications 312

neurologic disease pain 331

efficacy 312

history 311–2

spine care team 502–3

‘‘subluxation complex’’ 312

value of 312

pain validation 312

chlamydial infections, recurrent

cystitis 579–80

chlorpromazine, pediatric

headache 631 T

cholecystitis, acalculous, HIV-associated

pain 358

cholecystokinin (CCK), neuropathic

pain 12–3, 14 F, 15–6
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chondroprotective agents, osteoarthritis

treatment see osteoarthritis

treatment

chromosomes 49

chronic benign pain, prevalence 87

chronic constriction injury (CCI) of

sciatic nerve 4, 4–5

chronic fatigue syndrome

fibromyalgia 602

persistent visceral pain 42

chronic masticatory neuralgia,

gabapentin 257 T

chronic mesenteric ischemia 561–2

chronic nonmalignant pain, analgesic

spinal drug administration see

spinal drug administration

chronic obstructive pulmonary disease

(COPD), cyclooxygenase-2

inhibitors 196–7

chronic opioid prescribing,

psychological assessment 129

chronic pain

as construct 116, 117

historical aspects 86

see also individual diseases/disorders

Chronic Pain Questionnaire (CPQ),

depression 241–2

chronic pelvic pain (CPP) 570–98

associated diseases 571

dysmenorrhea see dysmenorrhea

clinical evaluation 582–3

clinical history 582–3

definition 571

diagnostic studies 583

epidemiology 571

etiology 571–2, 573 T

peripheral causes 572–8, 573 T

physical abuse 582

sexual abuse 582

see also individual diseases/disorders

gastroenterologic causes 573 T, 579

endometriosis affecting the

bowel 579

hernia 579

irritable bowel syndrome 579

gynecologic cyclic pain 572, 573 T

adenomyosis see adenomyosis

endometriosis see endometriosis

pelvic congestion see pelvic

congestion

residual ovary syndrome 578

gynecologic noncyclic pain 573 T,

578–9

adhesions see adhesions

pelvic inflammatory disease 579

salpingo-oophoritis 579

tumors 578–9

idiopathic 581–2

management see below

musculoskeletal causes 573 T,

580–1

myofascial pain 573 T, 580–1

symptoms and signs 581

treatment 581

neuroanatomy 571–2, 571 T

visceral innervation 571–2

neuropathic pain 573 T, 581

pathophysiology 571–2

physical examination 583

psychological factors 582

depression 582

urologic causes 573 T, 579–80

interstitial cystitis see interstitial

cystitis (IC)

recurrent infectious cystitis 579–80

urethral syndrome see urethral

syndrome

chronic pelvic pain (CPP)

management 583–7

alternative medicine 587

hysterectomy 585–6

adverse effects 585–6

contraindications 585

efficacy 586

indications 585

injection therapy 584

laparoscopy 584–5

adverse effects 585

efficacy 585

indications 585

medication failure 585

pain mapping 585

multidisciplinary pain

management 587

pharmacological 583–4

physical therapy 584

presacral neurectomy/uterosacral

transection 586–7

adverse effects 586

Cochrane meta-analysis 586–7

contraindications 586

efficacy 586–7

indications 586

laparoscopic uterine nerve ablation

vs. 586

psychological therapies 587

surgery 584–5

chronic pelvic pain syndrome

(CPPS) 563

chronic postsurgical pain

(CPSP) 405–13

definition problems 405–6

evolutionary perspective 407

future work 410

hernia surgery 408–9

mastectomy 409

mechanisms 406–7

allodynia 407

‘‘climate of blame’’ 409–10

cognitive perceptions 410

complexity implications 409–10

cortical remapping 407

hyperalgesia 407

nerve injury 407

nervous system changes 407

neuronal plasticity 407

procedures 405

syndromes 406, 407–9

see also individual syndromes

chronic vulvovaginitis, vulvodynia

587

chronological issues, outcome

measurement 181

Churg–Strauss neuropathy 342

diagnosis 151 T

citalopram 244 T

fibromyalgia 246–7

mechanism of action 246

neuropathic pain 246, 346

pediatric headache 632

pharmacology 246

tension-type headache

prophylaxis 461–2

Classification and Regression Tree

(CART) modeling 72

‘‘climate of blame,’’ CPSP 409–10

clinical definitions, suffering 90

clinical history

abdominal pain 551

chest pain 538

clinical practice, clinical trials vs.

180 T

clinical significance, CBT 298

clinical trials

clinical practice vs. 180 T

exclusions, sensitivity 183

intrathecal opioids 184

clomipramine

carbamazepine combination 255

peripheral neuropathic pain

therapy 345

clonazepam

burning mouth syndrome 476

pediatric CRPS 627

peripheral neuropathic pain 345 T,

346

clonidine

central neuropathic pain 379, 380

migraine prophylaxis 459–61, 461 T

neurologic disease pain, spinal drug

administration 331

Index ] 667



clonidine (continued)

peripheral neuropathic pain 345 T

spasticity pain 445

spinal administration 287

spinal cord injury pain 395,

396 T

spinal cord stimulation

combination 269

Clorpactin, interstitial cystitis

treatment 557

closed tidal irrigation, osteoarthritis

treatment 528

cluster headache

clinical features 452

epidemiology 452

pathophysiology 454

prophylaxis 462

treatment 462

coanalgesics, elderly patient pain

management see elderly, pain

management

Cochrane meta-analysis, presacral

neurectomy/uterosacral

transection 586–7

Cochrane review, chiropractic therapy

efficacy 312

codeine

clinical trials, neuropathic pain 209

paracetamol combination 200

pediatric headache 632 T

pulpitis management 477

coding region, genes 49–51

codons 51, 52 F

cognition, chronic pain

presentation 293

cognitive-behavior therapy

(CBT) 292–302

acute medical settings 294

aims 293–4

behavioral changes 296

clinical uses/indications

chronic pelvic pain 587

CRPS 371

depression 616

fibromyalgia 606–7

functional abdominal pain 634

generalized anxiety disorder 616–7

lower back pain 510–1

panic disorder 617

pediatric CRPS 626

pediatric headache 633

peripheral neuropathic pain 346 T

persistent somatoform pain

disorder 619

posttraumatic stress disorder

pain 617

refractory angina pectoris 540

rotator cuff disorders 529

spinal cord injury pain 397 T, 400

syndrome X 542

vulvodynia 591

cognitive therapy 296–7

attention management 296

cognitive restructuring 296–7

problem solving 297

components 295–6

education 295

exercise 295–6

fitness training 295–6

goal setting 295

relaxation 295

written supplements 295

evidence 297–300

future work 300

generalization 297

historical aspects 292–3

maintenance strategies 297

meta-analysis 297–300

absolute efficacy 297

clinical significance 298

data analysis 299, 299 F

effect sizes 298

multiple outcomes 298, 298 T

multiple trial arms 298–9

outcomes 298

quality scales 299–300

relative efficacy 297

treatment controls 298–9

treatment effects 298–9

trial quality issues 299–300

waiting list controls 298–9

Pain Management Programs 292–3

principles 294–7

requirements 294–5

active skill practicing 294–5

collaborative engagement 294

consultative engagement 294

empathic discussion 294

integration 295

limitation recognition 294

qualified staff 294

synergy 295

cognitive defects/dysfunction

elderly patient pain 643

postoperative pain 643

opioids 216

cognitive perceptions, CPSP 410

cognitive restructuring, cognitive

therapy 296–7

cognitive therapy see cognitive-behavior

therapy (CBT)

cohort studies, chronic pain

epidemiology 70

colchicine, pericarditis therapy 542

cold, lower back pain treatment 510

cold hyperalgesia, neuropathic

pain 135, 141 T

cold pressor testing 219

cold response, transient receptor

potential ion channel A1 9

cold sensations, neuropathic pain

assessment 137–8

cold-signaling pathway, central

neuropathic pain 378

colitis, persistent visceral pain 42

collaborative engagement, CBT 294

colon, diverticular disease 562

combined opioid–opioid analgesia

(COOA) 214

comfrey 315 T

Commission on Accreditation of

Rehabilitation Facilities

(CARF) 129

commissurotomy, central neuropathic

pain treatment 380–3

comorbidities

atypical facial pain 474

elderly patient pain 642, 646

compensation injuries, biopsychosocial

model (of pain) 116

complementary and alternative

medicine (CAM) 303–19

case examples 316–7

breast cancer 316–7

lower back pain 316

pregnancy 316

clinical uses/indications

fibromyalgia 607

lower back pain 502–3

neurologic disease pain 332

costs 305

definitions 305–6

energy-based therapies 307, 307 T

mechanical/manipulative

therapies 307, 307 T

mindful therapies 307, 307 T, 315–6

research 315–6

movement-based therapies 307, 307 T

nutriceutical therapies 307, 307 T

patient use of 304–7

physician attitudes 305

prevalence 304–5

scope of 306–7, 306 F

spiritual therapies 307, 307 T

stimulation-based therapies 307, 307 T

see also individual types

complete blood count (CBC)

chronic pelvic pain 583

dysmenorrhea 572

complex multifactorial disorders,

genetics see genetics
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complex regional pain syndromes

(CRPS) 362–73, 343

children see complex regional pain

syndromes (CRPS), children

diagnosis 150–1, 277, 363–7

bone scans 149

criteria 363–7, 364 T

International Association for the

Study of Pain 626

laboratory tests 367–8

quantitative sensory testing 150–1,

365

quantitative sudomotor axon reflex

testing 150–1, 277

see also individual methods

edema 366–7

electrodiagnosis 367

epidemiology 363

historical aspects 362–3

imaging 367–8

bone scan 367

fMRI 367–8

MRI 367

radiography 367

International Association for the

Study of Pain 277, 363

management see complex regional

pain syndromes (CRPS),

management

movement disorders 363–4, 367

neuropathic pain 139

residual limb pain 419–20

sensory changes 363–4, 365, 365 T

sudomotor changes 363–4, 366–7

thermoregulatory sweat test 366,

366 T

sympathetic blocks 151

taxonomy 363

thermography 150

vasomotor changes 363–6

cold vs. warm 365

diagnostic value 365

laser Doppler flowmetry 365

microneurography 365

skin blood flow 365

temperature asymmetry 366

complex regional pain syndromes

(CRPS), children 626–8

age at onset 626

clinical presentation 626

etiology 626

gender differences 626

prognosis 627–8

sympathetic blockade 627

treatment 371, 626–7

CBT 371, 626

desensitization 627

dorsal column stimulators 627

management goals 626

mobilization 626–7

peripheral nerve stimulators 627

pharmacological 627

physical deconditioning 627

physical therapy 371, 626

psychological interventions 371, 627

complex regional pain syndromes

(CRPS), management 368–71

biopsychosocial consequences

370–1

psychological interventions 370–1

children see complex regional pain

syndromes (CRPS), children

pharmacotherapy 368–9

antidepressants 369

antiepileptic drugs 369

anti-inflammatory agents 369

antineuropathic agents 369

inflammation 368

local anesthetics 369

opioids 369

pain 368

placebos 369

topical therapy 368–9

vasoconstriction 368

see also individual drugs

reversal of disuse effects 370, 370 T

traditional intervention

therapies 369–70

epidural blockade 370

intrathecal drug delivery 370

somatic nerve blockade 369

spinal cord stimulation 277, 370

sympathetic nerve block 369

underlying pathology 368

complex regional pain syndrome type I

(CRPS-I) 343

gabapentin 258

topical tricyclic antidepressants 234

complex regional pain syndrome type

II (CRPS-II) 343

compression, neuropathic pain 4 T

computed tomography (CT) 147

atypical facial pain 474

chronic pelvic pain 583

headache 454

lower back pain diagnosis 157

neck pain 492

pancreatic cancer 551

recurrent urolithiasis 564

computer models, neurostimulation see

neurostimulation

COMT gene/protein 62 T

concurrent treatments, outcome

measurement 184, 184 F

congenital abnormalities,

radiography 146

congenital insensitivity to pain 344

congestive heart failure,

etoricoxib 195–6

consent, opioid use see opioids, chronic

noncancer pain (CNCP)

constipation, opioids 216

consultative engagement, CBT 294

contact dermatitis, acupuncture 310

context specificity, number needed to

treat 185

contracture, spasticity pain see

spasticity pain

contralateral alar ligament, neck pain

diagnosis 159

control groups, outcome

measurement 183–4

controlled-release preparations,

morphine 211–2

Controlled Substances Act (USA),

ethics 106

‘‘controlled substances’’ prescription see

legal perspectives

control population selection,

case–control studies 70

convergence, cervical referred pain 485

convergent inputs, persistent

musculoskeletal pain 29–30

Coping Strategies Questionnaire

(CSQ) 127

coping strategy identification 124

coproxamol, adverse effects 201

cordectomy 380–3

cordomyelotomy 397

cordotomy 397, 397 T

cortical hyperexcitability,

migraine 452–3

cortical remapping, CPSP 407

cortical reorganization, postamputation

pain 421

cortical spreading depression,

migraine 453

corticosteroid(s)

forearm soft tissue disorders 530

interstitial cystitis 557

intravesical therapy 557

lower back pain 511

osteoarthritis 527

pericarditis therapy 542

rheumatoid arthritis see rheumatoid

arthritis management

spinal cord injury pain 393

vulvodynia 590

cortisol, fibromyalgia 603

cosegregating gene identification see

genetics
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cost(s)

CAM 305

chest pain 538

outcome measurement 181

cost–benefit analysis, economic

evaluation 79–80

cost–consequence analysis, economic

evaluation 81

cost-effectiveness, outcome

measurement 180

cost–efficiency analysis, economic

evaluation 80

costochondritis, musculoskeletal chest

pain 544

cost of illness studies, economics 77

cost–utility analysis

economic evaluation 81

outcome measurement 180–1

cracked-tooth syndrome 477

cranial neuropathy, diabetic

neuropathy 339

cranial vessels, migraine 453

Crohn’s disease 561

persistent visceral pain 42

presenting symptoms 561

cross-modality matching scales,

neuropathic pain

assessment 139–40

cross-sectional studies see epidemiology

(chronic pain)

cryoglobulinemia, diagnosis 151 T

cryoneurolysis, chronic pelvic pain

therapy 581

cultural factors

ethics 99–100

fibromyalgia 602

pain definition see definition (of pain)

suffering 89–90

see also epidemiology (chronic pain)

curative model

accountability, lack of 108

analgesia prioritization failure 103

physician’s duty to relieve

suffering 101, 101 T

current opioid misuse measure

(COMM) 620

cyclobenzaprine

juvenile fibromyalgia syndrome 625

temporomandibular disorder

469–70

cyclooxygenase (COX),

paracetamol 200

cyclooxygenase 2 (COX-2) selective

inhibitors

cardiovascular risk 195

chronic obstructive pulmonary

disease 196–7

elderly patient pain 647

gastrointestinal complications 196

endoscopic ulcer risk 196

renal complications 197

spinal, persistent musculoskeletal

pain 31

see also individual drugs

cyclophosphamide, rheumatoid

arthritis 522–4 T

cyclosporine

interstitial cystitis 557

rheumatoid arthritis 522–4 T

CYP2D6 gene/protein,

pharmacogenetics 62 T

cyproheptadine, spasticity pain

management 445

Cyr-Wartman Screen 128

cystitis 42

cytochrome P-450

2D6 62 T

paracetamol 201

cytokine(s)

neuropathic pain 10

see also individual cytokines

cytomegalovirus infection,

HIV-associated pain 342, 357, 359

cytosine, DNA structure 49

cytostatic drugs, peripheral

neuropathies 341

daily living effects

adverse impact (chronic pain) 66

elderly pain assessment 642, 644

psychological effects (of chronic

pain) 171

daily pain ratings, chronic pelvic

pain 583

dantrolene 445

data analysis, CBT 299, 299 F

data collection, outcome

measurement 183

data mining, pain research 61 T

deafferentation pain see spinal cord

injury (SCI) pain, below-level

neuropathic pain

death receptors, neuropathic pain 10

deep brain stimulation see intracranial

stimulation

deep joint effusions, ultrasound 148

deep referred pain, persistent

musculoskeletal pain 30

deep tissue, nociceptors 26–9

deficiency states, peripheral

neuropathies 340–1

definition (of chronic pain) 181

International Association for the

Study of Pain 117

definition (of pain) 87–90

brain multiplicity 91

Cartesian definitions 88

cultural effects 91–2

beliefs about 92

emotional effects 92

psychosocial factors 92

ethical concerns 88

gender effects 91

International Association for the

Study of Pain 87

as pleural concept 90

as subjective state 87–8

syndrome-specific 90–1

deformities, radiography 146

degenerative diseases/disorders,

persistent musculoskeletal

pain 24–5

Delphi consensus, shoulder soft-tissue

disorders 528

dementia effects, elderly patient

pain 643

demyelination, neuropathic pain 4 T

Denny–Brown syndrome 344

dental injections, neuropathic orofacial

pain 470–1

dental pain 476–7

apical periodontitis 477

cracked-tooth syndrome 477

dentine hypersensitivity 477

differential diagnosis 477

atypical facial pain vs. 474

sinusitis 477

epidemiology 476

management 477

pathophysiology 477

pulpitis 477

symptomatology 477

dentine hypersensitivity 477

depression 66, 241–53, 615–6

chronic pain presentation 293

chronic pelvic pain 582

diagnosis 616

epidemiology 241–2

experimental pain studies 242

functional abdominal pain 634

functional imaging 242–3

spinal cord injury pain 400

substance misuse 657

suicide risk 616

symptoms 615

appetite loss 615

serotonin-norepinephrine reuptake

inhibitors 246

weight loss 615

tension-type headache 453

treatment 616
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de Quervain’s disease, diagnosis

529 T

dermatitis, allergic, vulvodynia

587–8

descending inhibitory pathway, tricyclic

antidepressants 243

descending modulation

neurostimulation 270

persistent musculoskeletal pain

31–2

desensitization, pediatric CRPS

treatment 627

desipramine 244 T

postherpetic neuralgia treatment

433

developmental changes, persistent

visceral pain 43

dextromethorphan

central neuropathic pain

treatment 381–2 T

pediatric headache 632

peripheral neuropathic pain

therapy 345 T

postamputation pain 423

dextropropoxyphene

osteoarthritis treatment 527

rheumatoid arthritis management

521

diabetic neuropathy 339

acute mononeuropathy 339

acute painful 340

asymmetric 339–40

diagnosis, biochemical tests 151 T

distal symmetric sensorimotor

polyneuropathy 340

lower limb asymmetric motor

neuropathy (diabetic

amyotrophy) 339

management

anticonvulsant drugs 329–30

antidepressants 329–30

carbamazepine 255, 257 T

divalproex 263

gabapentin 257–8, 257 T

lacosamide 257 T, 263

lamotrigine 262

oxcarbazepine 255, 257 T

oxycodone 211

pregabalin 257 T, 258–9

sodium valproate 263

tricyclic antidepressants 244

nerve conduction studies 149

pathogenesis 340

small-fiber neuropathy 340

thoracoabdominal

radiculopathy 339–40

treatment-induced 340

Diagnostic and Statistical Manual for

Mental Disorder, 4th edition

(DSM-IV)

depression 242

irritable bowel syndrome

diagnosis 550

psychiatric diagnosis 615, 615 T

diagnostic blocks 152–3

controls 153

headache 152

lower back pain 152, 158–9

lumbar medial branch blocks 152

lumbar zygapophysial joints 152

sacroiliac joints 152

lower back pain diagnosis 158–9

neck pain 152

neuropathic pain 152

techniques 152

visceral pain 152

see also individual blocks

diagnostic procedures 145–68

biochemical tests 151, 151 T

known pathology 154–6, 154 T

therapeutic utility 163

unknown pathology 155 T, 156–7

utility 162–3

see also individual diseases/disorders;

individual procedures/techniques

diamorphine, spinal administration

287

diaphragmatic breathing, relaxation

techniques 295

diathesis, chronic pain presentation

293

diazepam, spasticity pain

management 444–5

diclofenac

adverse effects 195

topical

osteoarthritis 235–6

soft tissue injuries 235

didanosine, neuropathy 341–2, 355

dietary therapy

fibromyalgia 606, 607

functional abdominal pain 634

inflammatory bowel disease 561

irritable bowel syndrome 559–60

pediatric headache 630

rheumatoid arthritis see rheumatoid

arthritis management

vulvodynia 591

differential sweating, CRPS

management 366

diffuse infiltrative lymphocytosis,

HIV-associated pain 357

diffuse intraductal calcium deposition,

chronic pancreatitis 553

diffuse noxious inhibitory control

system (DNIC)

fibromyalgia neuronal plasticity 605,

605 F

persistent musculoskeletal pain 31–2

dihydrocodeine, rheumatoid

arthritis 521

dihydroergotamine, migraine 455,

459–61, 461 T

dimethyl sulfoxide (DMSO),

intravesical interstitial cystitis

treatment 557

diphenhydramine, pediatric

headache 631 T

direct neuropathic pain, neurologic

disease 323

disability

chronic pain presentation 293

as construct 116

development, psychological

assessment 123

lower back pain 502, 503–4

measurement 119

disability daily functioning

assessment 172–3, 172 T

Beck Depression Inventory 172 T

Brief Pain Inventory 172 T, 173

Center for Epidemiological Studies

Depression Scale 172 T

Medical Outcomes Study 36-Item

Short Form 172 T, 173

Multidimensional Pain

Inventory 172 T, 173

Pain Anxiety Symptoms Scale 172 T

Pain Disability Index 172 T, 173

Roland–Morris Disability

Questionnaire 172 T, 173

Sickness Impact Profile 172 T, 173

Treatment Outcomes in Pain

Survey 173

discogenic pain, spinal pain 157

‘‘discomfort threshold,’’

neurostimulation 270

Disease Assessment Score

(DAS28) 520–1

disease-modifying antirheumatic drugs

see rheumatoid arthritis

management

disease outcomes 69

disk algorithms, lower back pain

diagnosis 157, 158 F

disk displacement with reduction,

temporomandibular disorders 468

disk herniation, chiropractic

therapy 313

disk removal, lower back pain

treatment 512
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disk stimulation 153–4

lower back pain diagnosis 157,

159 T

neck pain see neck pain

disordered regeneration, neuropathic

pain 3–4

distal symmetrical polyneuropathy

(DSP) see HIV-associated pain,

distal symmetrical polyneuropathy

distal symmetric sensorimotor

polyneuropathy, diabetic

neuropathy 340

divalproex 263

adverse effects 263

diabetic neuropathy 263

efficacy 261 T

migraine prophylaxis 459–61

diverticular disease 562

DNA

polymorphisms, genetics 62 T

re-sequencing, genetics 62 T

structure 48–9, 50 F

DNA microarrays

gene expression analysis 58–9

high-density genome-wide

screening 71

DNIC see diffuse noxious inhibitory

control system (DNIC)

‘‘doctrine of similars,’’

homeopathy 310–1

dominant alleles, genetics 53

Dong qai 315 T

dorsal column stimulators, pediatric

CRPS treatment 627

dorsal root entry zone (DREZ) lesioning

central neuropathic pain

treatment 380–3

spinal cord injury pain 397,

397 T

dorsal root ganglion (DRG),

postamputation pain 420

dorsal root ganglionitis 344

dorsal root stimulation,

neurostimulation computer

models 270–1, 273 F

dorsolateral funiculus (DLF), persistent

musculoskeletal pain 31

dose reduction studies, opioid-induced

hyperalgesia 219

dothiepin, rheumatoid arthritis 521

doxepin

capsaicin combination 234

topical 232

doxycycline, urethral syndrome

treatment 580

drainage, chronic pancreatitis pain

therapy 556

driving, opioids 216

dronabinol, central neuropathic pain

treatment 381–2 T

Drosophila melanogaster, research 61 T

drug(s)

abdominal pain 551

combinations, breakthrough

(flare-up) pain 221

induced neuropathies 5–6

interactions, opioids 216

misuse, personality disorders 618

neuropathic pain 4 T

see also individual drugs

Drug Abuse Screening Test

(DAST-20) 128

ductal hypertension/obstruction

surgery, chronic pancreatitis pain

therapy 556

duloxetine 244 T

adverse effects 245

CRPS 369

fibromyalgia 245

neuropathic pain 245

peripheral neuropathic pain 345 T,

346

pharmacology 245

spinal cord injury pain 394–5, 396 T

duodenal ulcers 565

duodenitis 42

dynamic hyperalgesia, neuropathic

pain 135, 141 T

dysesthesiae

neuropathic pain 136

assessment 138

peripheral neuropathies 336

vulvodynia 588

dyskinesia, movement disorders 327

dysmenorrhea 572

definition 572

diagnosis 572

endometriosis 575

pathophysiology 572

primary 572

secondary 572, 574

signs 572

symptoms 572

treatment 572–4

acupuncture 574

NSAIDs 572–4

oral contraceptives 574

prostaglandin synthetase

inhibitors 572–4

TENS 574

echinacea 314 T

economics (chronic pain) 66, 75–85

aging populations 76

analgesia direct costs 77–8

age-relation 78

back pain 77

estimations 78

prescriptions 77–8

self-medication 77–8

chest pain 538

cost of illness studies 77

demand and supply gap 77

economic evaluation 79–81

cost–benefit analysis 79–80

cost–consequence analysis 81

cost–efficiency analysis 80

cost–utility analysis 81

definition 79

new treatment effects 80

quality adjusted life years 80, 81 F

sensitivity analysis 81

techniques of 80–1

see also individual techniques

effectiveness 81–2

efficiency 76–7, 82

definition 76

equity 76–7, 82–3

definition 76

fair distribution 76

indirect costs 78–9

NSAID-induced adverse effects 79

productivity costs 77, 78–9

lost working days 78

resource limitations 76

strategy development 81–3

ectopic discharges

definition 7

peripheral neuropathies 336–7

edema, CRPS see complex regional pain

syndromes (CRPS)

education

atypical facial pain 475

CBT 295

juvenile fibromyalgia syndrome

management 625

myofascial pain management 608

osteoarthritis treatment 527

pediatric headache 630

rheumatoid arthritis 525

urethral syndrome 580

effectiveness

economics 81–2

number needed to treat 185

as outcome measure 180, 180 T

efficiency

economics 76–7, 82

as outcome measure 180–1

elderly

back pain 642

daily life effects 642
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economics 76

herpes zoster 431

impaired cognition 646

increasing population 641–2

nursing home residents 642

outcome measurement 181–2

pain assessment 644–6

attitudes to pain 644

barriers 644–5, 645 T

daily living tasks 644

Faces Pain Scale 644

self-reporting 644

verbal rating scale 644

pain epidemiology 641–2

pain management 641–51

arthritic pain 199

arthritic pain, NSAIDs 199

coanalgesics 647

comorbidities 646

herpes zoster 436

nonpharmacological

interventions 646

NSAIDs 647

opioids 647

paracetamol 646–7

physiotherapy/exercise 648

polypharmacy 646

psychological strategies 647–8

WHO analgesic ladder 646

pain mechanisms 643

physiological changes 642–3

postherpetic neuralgia 431

postoperative pain 643, 645–6

prevalence 642

psychological influences 643–4

visceral pain 642

electrical stimulation

acupuncture 309, 309 F

neuropathic pain assessment 139 T

peripheral nociceptors 27

Electrical Stimulation versus Coronary

Bypass Surgery (ESBY) study 541

electrodes, neurostimulation 270

displacement of 280

electrodiagnosis, CRPS see complex

regional pain syndromes (CRPS)

electromagnetic field therapy, rotator

cuff disorders 529

electromyography

CRPS 367

lumbar disk herniation 150, 150 T

mechanism 149

peripheral neuropathies 337

electrophysiology

myofascial pain 605

neuropathic orofacial pain 471,

472 F

eletriptan

migraine 455–6, 460 T

pediatric headache 631 T

eltenac, topical, osteoarthritis 236

EMLA cream 234

peripheral neuropathic pain

therapy 347

postoperative pain 237

emotional conflict, tension-type

headache 453

emotional distress assessment 173–4

Beck Depression Inventory 173

British Columbia Major Depression

Inventory 173

Center for Epidemiological

Studies-Depression Scale 173

Fear Avoidance Beliefs

Questionnaire 173–4

Pain Anxiety Symptoms Scale

173–4

Spielberger State–Trait Anxiety

Inventory 173–4

Tampa Scale for Kinesiophobia

173–4

emotional experiences

chronic pain presentation 293

chronic pelvic pain 582

phantom pain 418

empathic discussion, CBT 294

endogenous opioids, functional

imaging 242–3

endometriosis 574–7

affecting the bowel 579

diagnosis 575

etiology 575

incidence 574–5

pain outcome 576–7

symptoms and signs 575

treatment 575–6

androgenic hormones 575

gonadotropin-releasing hormone

agonists 575–6

hysterectomy 576

laparoscopy 576

laparotomy 576

levonorgestrol-releasing

intrauterine system 575

NSAIDs 575

oral contraceptives 575

progestins 575

surgery 576

endorphins, acupuncture 310

endoscopic retrograde

cholangiopancreatography

(ERCP) 553

endoscopic thoracic sympathectomies,

refractory angina pectoris 540

endoscopy

chronic pancreatitis pain 554

post cholecystectomy

syndrome 563–4

end points, outcome measurement see

outcome measurement

end zone spinal pain see spinal cord

injury (SCI) pain, at-level

neuropathic pain

energy healing 307, 307 T, 316

adverse effects 316

research 316

enhanced external counter pulsation see

refractory angina pectoris therapy

enhanced pain sensitivity, myofascial

pain 605

enkephalins, joint innervation 26

entrapment neuropathies 134

environmental effects

avoidance, psychological effects (of

chronic pain) 174–5

complex multifactorial disorders 53

psychological assessment 123

spinal cord injury pain 392

Ephedra 315 T

epicondylitis, lateral see lateral

epicondylitis

epidemiology (chronic pain) 65–74,

293

age 66–9

candidate genes 71

case–control studies 70

cohort studies 70

cross-sectional studies 69–70

prevalence measures 67–8 T, 69–70

ethnicity/culture/race 66–9

African Americans 66–9

socioeconomic considerations 69

false discovery rate controls 72

future work 72

gender 66–9

sex hormones 66

high-density genome-wide

screening 71

molecular methods 70–2

see also individual methods

multiple comparisons 72

pathway-based approach 71

population stratification 72

prevalence 66–9, 67–8 T

principles 69

absolute risk 69, 69 T

odds ratio 69, 69 T

relative risk 69, 69 T

statistics 71–2

study design 69–70

see also individual studies
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epidermolysis bullosa, topical

opioids 237

epididymitis 563

epidural analgesia

CRPS management 370

postamputation pain prevention 424

epidural drug administration,

lidocaine 604

epileptiform seizures, multiple

sclerosis 326

episodic pain 221

ergotamine, migraine 455

ERK, microglia activation 14–5

erythema, topical local anesthetics 232

erythrocyte sedimentation rate (ESR)

chronic pelvic pain 583

dysmenorrhea 572

osteoarthritis 526

spinal neoplasia 155

erythromelalgia, hereditary 342

erythromycin, urethral syndrome 580

escitalopram, pediatric headache 632

esophageal chest pain see chest pain,

visceral

esophageal motor disorder 543

esophageal pain, HIV infection see

HIV-associated pain

esophagitis, persistent visceral pain 42

estrogens

fibromyalgia 603

vulvodynia management 590

etanercept, rheumatoid arthritis 521,

522–4 T

ethics 99–114

accountability lack 108–9

curative model problems 108

Joint Commission for the

Accreditation of Health Care

Organizations

recommendations 109

legal redress 109

analgesia knowledge lack 102,

104–5

fear of addiction 104–5

opioid use 104

restrictive prescribing laws 105

analgesia prioritization failure 102,

103–4

curative model 103

disease process focus 103–4

Kleinman, Arthur 103–4

pseudoaddiction 103–4

training lack 103

barriers to pain relief 102–9

see also individual barriers

cultural elements 99–100

diagnostic blocks 153

‘‘first do no harm’’ 100

opioid analgesics 100

pain, identifiable causes of 100

pain definition 88

physician’s duty to relieve

suffering 101–2

curative medicine model 101, 101 T

The Goals of Medicine - Setting

New Priorities 101

palliative medicine model 101 T

Study to Understand Prognosis,

Preferences for Outcomes and

Risks of Treatment 101

psychological assessment 123

regulatory scrutiny fear 102, 105–8

Controlled Substances Act 106

excessive prescribing

practices 105–6

inappropriate treatment

prosecutions 107

‘‘Model Guidelines for the Use of

Controlled Substances for the

Treatment of Pain’’ 106–7

undertreatment prosecutions 107

undertreated pain 102

ethnicity see epidemiology (chronic

pain)

etoricoxib

congestive heart failure 195–6

Multinational Etoricoxib and

Diclofenac Arthritis Long-term

program 195–6

European Society of Cardiology

cardiac rehabilitation and angina

plan 539

refractory angina pectoris 539

evoked pain, neuropathic pain 134

excessive prescribing practices,

ethics 105–6

excitatory mechanisms, neuropathic

pain 11–2

exclusion diagnosis, HIV-associated

pain 356

exercise therapy

acute neck pain 494

CBT 295–6

chronic neck pain 494, 495 T

elderly patient pain see elderly, pain

management

fibromyalgia 606

lower back pain see lower back pain

treatment

myofascial pain 608

osteoarthritis 527

rotator cuff disorders 529

spinal cord injury pain 397 T

exocrine tissue, pancreatic cancer 551

exons, genes 49–51

‘‘experiential avoidance’’ 174

experimental invasive sensory testing 25

experimental pain studies see

depression

exposure, CBT 296

expression analysis 63

extensor spasms 442–3, 442 F

extremely low birth weight (ELBW)

infants, persistent visceral pain 43

eye movement desensitization and

reprocessing (EMDR) 617

Eysenck Personality Questionnaire 486

Fabry’s disease

diagnosis 151 T

peripheral neuropathy 342

Faces Pain Scale 644

facet joint disease 505

facial pain 467–83

persistent idiopathic 474–6

see also individual diseases/disorders

factitious disorder 620

false positives

diagnostic blocks 153

nerve conduction studies 150

famciclovir, herpes zoster 432

familial amyloid neuropathy,

diagnosis 151 T

familial clustering, complex

multifactorial disorders 53, 60–1

familial hemiplegic migraine

(FHM) 630

familial Mediterranean fever (FMF)

562

family factors

barriers to pain relief 103

CBT 297

fibromyalgia 603

opioid addiction risk 654

rheumatoid arthritis 519

famotidine, functional abdominal

pain 634

fear-avoidance beliefs, exercise

therapy 509

Fear Avoidance Beliefs Questionnaire

(FABQ) 173–4

fentanyl

atypical odontalgia 475

chronic noncancer pain 212

clinical trials 209

osteoarthritis 212

feverfew 314 T

fibromyalgia 599–613

associated conditions 602

lower back pain 507

muscle anomalies 603
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persistent musculoskeletal pain 26

persistent visceral pain 42

characteristics 599

allodynia 599–600

hyperalgesia 599–600

definition

American College of Rheumatology

classification 600

tender point location 600, 600 F,

601

diagnosis 600–1

epidemiology 602

genetics 603

management see below

neuroendocrine modifications 603–4

neuronal plasticity 604–5

cerebral blood flow 604, 604 T

diffuse noxious inhibitory control

system 605, 605 F

pathophysiology 603–5

pediatrics see juvenile fibromyalgia

syndrome

prognosis 609

risk factors 602

subtypes 601

see also myofascial pain

fibromyalgia management 605–6

analgesics 607

ketamine 604, 607

analgesics, epidural lidocaine 604

antidepressants 607

amitriptyline 245, 607

duloxetine 245

fluoxetine 246–7, 607

selective serotonin reuptake

inhibitors 246–7, 607

serotonin-norepinephrine reuptake

inhibitors 245–6

tricyclic antidepressants 245, 607

nonpharmacological 606–7

acupuncture 309, 606

CAM 607

CBT 606–7

diet 606, 607

exercise 606

homeopathy 606

laser therapy 606

magnetism 606

physiotherapy 606

personalized therapy 606

pharmacological 607–8

alpha 2 adrenergic agonists 608

analgesics

see above

antidepressants

see above

antiepileptics 607–8

citalopram 246–7

gabapentin 257 T, 258

growth hormone 608

hypnotics 608

NSAIDs 608

pramipexole 608

pregabalin 257 T, 259–60, 607–8

thyroid hormone therapy 608

tizanidine 608

zolpidem 608

‘‘first do no harm,’’ ethics 100

fitness training, CBT 295–6

flexor reflex afferents (FRA),

spasticity 440–1

flexor spasms, spasticity pain 442–3,

443 F

‘‘floor effect,’’ study sensitivity 182–3

flunarizine

migraine prophylaxis 459–61, 461 T

pediatric headache 630

5-fluorouracil, herpes zoster

management 432

fluoxetine 244 T

fibromyalgia 246–7, 607

mechanism of action 246

neuropathic pain 246

peripheral 346

pediatric headache 632

pharmacology 246

flurbiprofen, topical 235

fluvoxamine, peripheral neuropathic

pain 346

focal myofascial pain, lower back

pain 505

focal neuropathic pain, topical

lidocaine 233

focal spasticity see spasticity

follicle-stimulating hormone (FSH),

ovarian remnant syndrome 577

food allergies, rheumatoid arthritis 525

Food and Drug Administration (FDA)

botanical therapies 313

topical analgesics 231

food avoidance, interstitial cystitis 557

food diaries, functional abdominal

pain 634

foot posturing, spasticity pain 442

foot/toe pain, spasticity pain 442

forearm soft tissue disorders 529–30

diagnosis 529–30

epidemiology 529–30

occupation 529

prevalence 529–30

treatment 530

see also individual disorders

formal psychological assessments,

opioid therapy selection 215

formulations, NSAIDs 194

fracktalkine 14

fracture(s)

neck pain 488

radiography see radiography

spinal pain 156

whiplash 489

see also individual fractures

frontal cortex, neuropathic pain

imaging 16

frovatriptan, migraine 460 T

frozen shoulder treatment 529

frustration, chronic pain

presentation 293

functional abdominal pain (FAP) 633–5

diagnosis 633–4

warning signs 633

lactose intolerance 634

prevalence 633

psychological symptoms 634

treatment 634–5

acupuncture 635

CBT 634

dietary changes 634

famotidine 634

food diaries 634

psychological interventions 634

reassurance 635

reflexology 635

TENS 635

Functional Capacity Evaluation

(FCE) 119–20

functional imaging

depression see depression

persistent visceral pain 40–1

functional magnetic resonance imaging

(fMRI)

CRPS diagnosis 367–8

fibromyalgia neuronal plasticity 604

movement disorders 367

neck pain 492

GABA

neuropathic pain 12–3

peripheral nerve injury 12

GABAA receptor agonists, spinal

administration 287–8

GABAB receptor agonists, spinal

administration 287

gabapentin 256 T, 257–8

adverse effects 257 T, 260, 394

central neuropathic pain

treatment 379–82 T

spinal cord injury 380

clinical uses/indications

central neuropathic pain treatment

see above
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gabapentin (continued)

chronic masticatory

neuralgia 257 T

CRPS 258, 369

diabetic neuropathy 257–8, 257 T

elderly pain 647

fibromyalgia 257 T, 258

Guillain–Barré syndrome 258

neurologic disease pain 330

non-neuropathic pain 258

postamputation pain 423

postherpetic neuralgia 257, 257 T,

258, 433, 434 T

spinal cord injury 257 T, 258, 394,

396 T

vulvodynia 590

combination therapies 260

morphine 258

opioids 213

doses 257 T

drug interactions 260

efficacy 261 T

mechanism of action 346

neuropathic pain 257 T

amitriptyline vs. 345

HIV-associated neuropathic

pain 356

neuropathic orofacial pain 472

peripheral 345 T, 346

pediatric headache 632

dosages 633 T

peripheral nociceptor sensitization

29

pharmacology 257

galanin

joint innervation 26

neuropathic pain 10

peripheral nociceptor sensitization 29

garlic 314 T

gastric ulcers 565

gastritis, persistent visceral pain 42

gastroenterological pain

chronic pelvic pain see chronic pelvic

pain (CPP)

HIV-associated pain 358–9

gastroesophageal reflux disease 543

gastrointestinal system, paracetamol

adverse effects 201

gate control theory,

neurostimulation 269

gender

pain definition 91

pediatric CRPS 626

tension-type headache 452

gene expression analysis 57–9

microarrays 57–8, 58–9, 58 F

interpretation 59

quantitative PCR 57–8

RNA expression 59

generalized anxiety disorder 616–7

psychological effects (of chronic

pain) 170

general spasticity see spasticity

genes 49

alleles 49

expression 49–51

heterozygosity 49

homozygosity 49

organization 49, 52 F

coding region 49–51

exons 49–51

promoter region 49

gene therapy, refractory angina pectoris

therapy see refractory angina

pectoris therapy

genetics 48–64

chronic pancreatitis 553

complex multifactorial disorders 53,

60, 61 T

familial clustering 53, 60–1

cosegregating gene identification 55

association studies 57

candidate genes 55–6

linkage studies 55–6

elderly patient pain 642

epidemiology 55

heritability evidence 55

historical aspects 87

human diversity 51–3

dominant alleles 53

pedigree diagrams 53, 55 F

penetrance 53

polymorphisms 52–3

recessive alleles 53

satellite DNA 52–3

sequence variation 51–2

single nucleotide

polymorphisms 52–3

X-linked inheritance 53

Y-linked inheritance 53

inheritance patterns 55

segregation analysis 55

methods/techniques 53–7, 62 T,

63

DNA polymorphisms 62 T

DNA re-sequencing 62 T

expression analysis 63

microarrays 62 T

multiplex protein analysis 62 T

population studies 63

protein levels 62 T

Southern blots 62 T

Western blots 62 T

see also individual techniques

mitochondria genome 49

pain sensitivity 56 T, 60

phantom pain 418

phenotype, definition 53

studies 53–7

experimental 53–5, 56 T

observational 53–5, 56 T

systems biology 60

transcription 49, 50 F

genitofemoral nerve, chronic pelvic

pain 581

genome, definition 48–9

German Commission E, botanical

therapies 313

germander 315 T

ginger 314 T

ginkgo 314 T

girdle zone spinal pain see spinal cord

injury (SCI) pain, at-level

neuropathic pain

glial cells, neuropathic pain 13

glial-derived neurotropic factor

(GDNF), peripheral nerve

injury 9

glucosamine sulfate, osteoarthritis

treatment 527

glutamate, neuropathic pain 12

glutamate receptor antagonists,

topical 232

glycine, neuropathic pain 12–3

NMDA receptors 12

goal setting, CBT 295

The Goals of Medicine - Setting New

Priorities 101

golfer’s elbow see medial epicondylitis

gonadotropin-releasing hormone

(GnRH) agonists

chronic pelvic pain 584

endometriosis 575–6

ovarian remnant syndrome

577–8

grapeseed extract 314 T

groin pain 549–69

etiology 549–51

see also individual diseases/disorders

group data, end points 185

growth factor effects, peripheral nerve

injury 9

growth hormone (GH),

fibromyalgia 603, 608

guanine 49

guided imagery 315

Guidelines for the Assessment of Herbal

Medicine 313

Guillain–Barré syndrome 327

etiology 335, 342

gabapentin 258
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gynecologic pain

cyclic pain see chronic pelvic pain

(CPP)

HIV infection see HIV-associated pain

noncyclic pain see chronic pelvic pain

(CPP)

physical examination 583

Hahnemann, Samuel,

homeopathy 310–1

hazard rate ratio, depression 241–2

H channel (HCN gene) 9

HCN gene (H channel) 9

headache 450–66

children see below

classification 450–1

clinical features 452

cluster see cluster headache

diagnosis 156, 454–5

brain tumors 455

cervical spondylosis 454

CT 454

diagnostic blocks 152

intracranial pressure 455

medication overuse headache

455

MRI 454

oromandibular dysfunction 454

sinusitis 454

differential diagnosis 454, 454 T

epidemiology 451–2

HIV-associated pain 357–8, 358 T

orthostatic 455

pathophysiology 452–4

prophylaxis 459–62

tension-type see tension-type

headache (TTH)

treatment 455

acute episodes 455–7

nonpharmacological 462

paracetamol 202

see also migraine

headache, children 628–33

assessment 628–9

diagnosis 628

International Association for the

Study of Pain 628, 629 T

differential diagnosis 629–30

examination 628

genetics 630

prevalence 628

secondary 628

treatment 628, 630

activity schedules 630

adult guidelines 630

analgesia overuse 630

diet 630

education 630

hydration 630

nonpharmacological therapy 633

pharmacological 630

sleep 630

trigger avoidance 630

treatment, acute 630–2

NSAIDs 631

opioids 631–2, 632 T

paracetamol 631

healing touch see energy healing

healthcare costs, substance misuse 653

healthcare records, opioid addiction

risk 655

heart, nervous system 538–9

heat

lower back pain treatment 509–10

transient receptor potential ion

channel V1 9

see also entries beginning thermal

heat hyperalgesia, neuropathic

pain 135, 141 T

heavy metal neuropathy,

diagnosis 151 T

hematuria syndrome 564–5

heparin, interstitial cystitis

treatment 557

hepatic adverse effects, paracetamol

201

hepatitis C, HIV-associated

musculoskeletal pain 357

hereditary coproporphyria 562–3

hereditary erythromelalgia 342

hereditary neuropathies 342

hereditary sensory and autonomic

neuropathy (HSAN) type I 342

hereditary sensory and autonomic

neuropathy (HSAN) type IV

344

pain insensitivity 342

hereditary sensory and autonomic

neuropathy (HSAN) type V 342

hernia, chronic pelvic pain 579

hernia surgery, postsurgical pain see

chronic postsurgical pain (CPSP)

herpes simplex virus infection,

HIV-associated anorectal pain 359

herpes zoster 429–39

acute, management 433

complications 430

costs 431

diagnosis 431

disease course 430 F

elderly patients 436

epidemiology 430–1

HIV infection see HIV-associated pain

latency 429–30

management

antiviral drugs 432, 433

brivudin 432

clear diagnosis importance 433

famciclovir 432

5-fluorouracil 432

guidelines 436 T

local anesthetic blocks 432

NSAIDs 433

opioids 433

valaciclovir 432

pain phases 431

chronic see postherpetic neuralgia

(PHN)

prevention 431–2

prodrome management 432

heterozygosity, genes 49

high-density genome-wide screening see

epidemiology (chronic pain)

highly active antiretroviral treatment

(HAART) 352

high thoracic epidural anesthesia

(HTEA), refractory angina pectoris

therapy 540

hip, osteoarthritis 526

hip adductor spasticity 443

hip arthroplasty, NSAIDs 199

hip joint disease, lower back pain

505

hip replacement, CPSP 406–7

histones, chromosomes 49

HIV-associated pain 352–61

abdominal pain 358

anorectal pain 359

causes 354

antiretroviral toxic neuropathy see

antiretroviral toxic neuropathy

(ATN)

cytomegalovirus infections 357

diffuse infiltrative

lymphocytosis 357

mononeuritis multiplex 357

see also individual causes

classification 354

distal symmetrical

polyneuropathy 354, 355

patient assessment 356–7

treatment 355–6

esophageal pain 358, 359 T

gastroenterological pain

358–9

see also individual sites

gynecological pain 359

headaches 357–8, 358 T

herpes zoster infection 357

locality 353–4

musculoskeletal pain 357
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HIV-associated pain (continued)

neuropathic pain 342, 354–6

amitriptyline 355–6

capsaicin 356

gabapentin 356

lamotrigine 262, 356

lidocaine 356

mexiletine 355–6

models 5–6

opioids 356

pregabalin 356

recombinant human growth

factor 356

tricyclic antidepressants 244

oral pain 358, 359 T

patient assessment 356–7

poor recognition of 354

postherpetic neuralgia 357

treatment 357

prevalence 353–4

radiculopathy 357

treatment 353–4, 356–7

barriers to 354

HIV gp120, distal symmetrical

polyneuropathy 355

HIV infection

antiretroviral treatment 353, 353 T

CD4 T-cells 352–3

characteristics 352

immunosuppression 352–3

mortality 352

pain in see HIV-associated pain

see also AIDS

HMG CoA reductase inhibitors

(statins), rheumatoid arthritis 524

holistic medicine see complementary

and alternative medicine (CAM)

homeopathy 310–1

adverse effects 311

fibromyalgia management 606

history 310–1

research 311

homozygosity 49

hormone therapy, ovarian remnant

syndrome treatment 577–8

Hospital Anxiety and Depression Scale

chest pain 538

quality of life effects 79

Human Genome Project 49

chronic pain epidemiology 70

human immunodeficiency virus (HIV)

see HIV infection

human studies

persistent visceral pain 41

spinal cord stimulation 276

Hunner’s ulcers 556

Hurwitz, William 111

hyaluronan, osteoarthritis 527

hydration, pediatric headache 630

hydrocele 563

hydrocortisone, osteoarthritis 527

hydrodistension, interstitial cystitis

557

hydromorphone

pediatric headache 631

dosages 632 T

spinal administration 286–7

hydrophilic opioids 286

hydroxychloroquine, rheumatoid

arthritis 522–4 T

hydroxyzine, pediatric headache 631 T

hygiene, spasticity pain see spasticity

pain

hyperalgesia

CPSP 407

fibromyalgia 599–600, 604

neuropathic pain see neuropathic pain

peripheral neuropathies 336

residual limb pain 419

secondary

persistent musculoskeletal pain 30

persistent visceral pain 37–8

hyperexcitability, spasticity 441

hyperkinetic movement disorders 327,

328–9

classification 328

hypermobility, juvenile fibromyalgia

syndrome 625

hyperoxaluria, vulvodynia 591

hyperpathia see neuropathic pain

hypersensitivity, NSAIDs 198

hypnosis, postamputation pain

423–4

hypnotic drugs, fibromyalgia 608

hypochondrial disorder 619

hypoesthesia, residual limb pain

419

hypogastric nerve, inferior 572

hypokinetic movement disorders 327

hyponatremia 256

hypothalamic–pituitary–adrenal (HPA)

axis, fibromyalgia 603–4

hypothalamic–pituitary axis

suppression, opioids 216

hypothalamus, persistent visceral

pain 40

hypothyroid neuropathy 340

hysterectomy

with bilateral salpingo-

oophorectomy 577

chronic pelvic pain management see

chronic pelvic pain (CPP)

management

endometriosis treatment 576

ibuprofen

pediatric headache 630

tension-type headache 458

topical, soft tissue injuries 235

idiopathic peripheral neuropathies

344

idiopathic trigeminal neuralgia, topical

lidocaine 9

ignition hypothesis, trigeminal

neuralgia 473

ileitis, persistent visceral pain 42

iliohypogastric nerve, chronic pelvic

pain 581

ilioinguinal nerve, chronic pelvic

pain 581

Illumina, high-density genome-wide

screening 71

imaging 16

CRPS see complex regional pain

syndromes (CRPS)

neuropathic pain 16

second somatosensory cortex (S2) 16

spinal cord injury

musculoskeletal pain 391

neuropathic pain 392

visceral pain 391

visceral hypersensitivity disorders 38

see also individual methods

imipramine 244 T

peripheral neuropathic pain 345,

345 T

immune reconstitution inflammatory

syndrome, HIV-associated

pain 354

immunoglobulin A nephritis 564–5

immunological status, HIV-associated

pain 356

immunosuppression

HIV-associated pain 352–3

associated damage 354

inflammatory bowel disease

treatment 561

interstitial cystitis treatment 557

opioids 216

impact of chronic pain 66

impairment

as construct 116

definition 119

measurement 119–20

inactivity, chronic pain

presentation 293

inappropriate treatment prosecutions,

ethics 107

incident pain (IP), breakthrough

(flare-up) pain 220–1

indirect costs see economics (chronic

pain)
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indirect neuropathic pain, neurologic

disease 323

individuality

measurement (of chronic pain) 118

suffering 89–90

infection(s)

musculoskeletal chest pain 544

neck pain 488, 490

neuropathic pain 4 T

spinal pain 155, 156 T

inferior hypogastric nerve 572

inflammation

CRPS management 368

mediators

neuropathic pain 10

peripheral nociceptor

sensitization 28–9

musculoskeletal spinal cord injury

pain 393

neuropathic pain 4 T, 133

orofacial pain 471

peripheral nociceptors 27, 28

persistent musculoskeletal pain 24–5,

26, 30

persistent visceral pain 42

rheumatoid arthritis 519–20

visceral hypersensitivity disorders 38

inflammatory bowel disease (IBD) 561

infliximab, rheumatoid arthritis 521,

522–4 T

inheritance patterns see genetics

inhibitory systems, neuropathic

pain 12–3

Initiative on Methods, Measurement

and Pain Assessment in Clinical

Trials (IMMPACT) 182, 182 T

injection therapy

chronic pelvic pain management see

chronic pelvic pain (CPP)

management

lower back pain treatment see lower

back pain treatment

injury see trauma

insensitivity to pain

hereditary sensory and autonomic

neuropathy type IV 342

hereditary sensory and autonomic

neuropathy type V 342

insoles, osteoarthritis treatment 528

insula, imaging of

functional 242–3

neuropathic pain 16

insulin-like growth factor-1,

fibromyalgia 603

Integrated Formulary and Drug Use

Committee, botanical

therapies 313–5

integration, CBT 295

integrative therapies see complementary

and alternative medicine (CAM)

intensity of pain

generalized anxiety disorder 616

outcome measurement 184

intercostobrachial neuralgia (ICN)

409

interleukin-1B (IL-1B)

arthritis 29

neuropathic pain 10, 11 F

interleukin 1 inhibitors, rheumatoid

arthritis 521, 522–4 T

interleukin-6 (IL-6)

arthritis 29

microglia activation 14

neuropathic pain 10, 11 F, 14

intermediolateral cell column,

persistent visceral pain 40

intermittent acute porphyria

(IAP) 562–3

intermittent urokinase, refractory

angina pectoris 541

internal carotid artery dissection, neck

pain 488

International Association for the Study

of Pain (IASP)

CRPS 277, 363, 626

lower back pain 503

neuropathic pain 374

pain definition 87, 117

pediatric headache 628, 629 T

psychiatric diagnosis 614, 615,

615 T

trigeminal neuralgia 472

International Classification of Diseases,

10th edition (ICD-10) 615, 615 T

International HapMap Project 71

International Narcotics Control Board

(INCB)

drug control vs. pain relief 112

undertreated pain 102

International Society for the Study of

Vulvovaginal Disease,

vulvodynia 587

interstitial cystitis (IC) 556–8, 580

diagnostic criteria 557 T

hydrodistension 557

disease association 556

evaluation 556–7

Hunner’s ulcers 556

pathology 556

prevalence 556

symptoms 556, 580

treatment 556–7, 558, 560

amitriptyline 557

anti-proliferative factor 557–8

behavioral therapies 557

Clorpactin 557

cyclosporine 557

food avoidance 557

immunosuppression 557

intravesical therapy 557

lumbar epidural local

anesthetics 557

neurolysis 557–8

opioids 557

pentosanpolysulfate 557

visceral hypersensitivity disorders

38

interstitial fibrositis see fibromyalgia

intervertebral disks, whiplash 489–90

intestinal cystitis 42

intracranial pressure, headache 455

intracranial stimulation 279–80

deep brain stimulation 279–80

central neuropathic pain 383

spinal cord injury pain 397 T

motor cortex 279

central neuropathic pain 383

definition 279

localization 279

prophylactic antiseizure drugs 279

intractable pain, definition 100–1

intraspinal element conductivity,

neurostimulation 270, 270 T

intraspinous muscles, cervical referred

pain 486

intrathecal drug delivery

central neuropathic pain 380

CRPS management 370

intravenous opioid testing (IVOT),

opioid therapy selection 214–5

intravesical therapy, interstitial cystitis

treatment 557

irritable bowel syndrome (IBS) 558–60

chronic pelvic pain 579

clinical presentation 558–9

diagnosis 559

exacerbation 559

fibromyalgia 602

persistent visceral pain 42

prevalence 558

spontaneous resolution 559

treatment 559, 560

visceral hypersensitivity disorders

38

ischemia

human visceral pain models 41

persistent visceral pain 38

spinal cord stimulation 273

temporomandibular disorders 469

ischemic colitis 561–2

ischemic injury, neuropathic pain 4 T
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jaw muscles, temporomandibular

disorders 468–9

joint(s)

immobilization, rheumatoid

arthritis 524–5

innervation 26

Joint Commission on Accreditation of

Healthcare Associations (JCAHO)

accountability, lack of 109

measurement (of chronic pain)

117

joint pain 518–36

assessment 518–9

classification 519 T

osteoarthritis see osteoarthritis

regional soft-tissue disorders 528–31

definition 528

rheumatoid arthritis see rheumatoid

arthritis

see also individual joints

joint replacement, osteoarthritis 528

juvenile fibromyalgia syndrome

624–6

clinical presentation 625

etiology 625

management 625–6

prevalence 624–5

prognosis 625

juxta-articular hyperemia, bone

scans 149

kainate receptors

neuropathic pain 12

persistent musculoskeletal pain 31

Kaposi’s sarcoma 358

karyotypes 49, 51 F

KCNQ gene/protein (M channel),

neuropathic pain 9

ketamine

atypical odontalgia 475

breakthrough (flare-up) pain 221

central neuropathic pain 379, 380

fibromyalgia 604, 607

opioid combination 213–4

postamputation pain 423

spinal administration 287

spinal cord injury pain 395, 396 T

topical

CRPS 369

mucositis-associated pain 237

neuropathic pain 234

ketoprofen

soft tissue injuries 235

tension-type headache treatment

458

topical 235

ketorolac, pediatric headache 631

kidney stone formation,

topiramate 260–2

kinesophobia, CRPS

management 370–1

Kleinman, Arthur 103–4

knee pain 530

osteoarthritis 526, 530

spasticity pain 442

kyphosis 580

laboratory tests

CRPS 367–8

neuropathic pain 138–9

opioid addiction risk 656

lacosamide 263

adverse effects 257 T

diabetic neuropathy 257 T, 263

doses 257 T

efficacy 261 T

lactic acidosis, HIV-associated

abdominal pain 358

lactose intolerance, functional

abdominal pain 634

lamotrigine 256 T, 262

adverse effects 257 T, 262

central neuropathic pain

treatment 379–82 T

central poststroke pain 262,

380

clinical uses/indications

central neuropathic pain treatment

see above

diabetic neuropathy 262

HIV-associated neuropathic

pain 262, 356

peripheral neuropathic pain

346

spasticity pain 445

spinal cord injury pain 262, 394,

396 T

trigeminal neuralgia 262

doses 257 T

efficacy 261 T

pediatric headache 632

dosages 633 T

LANNS pain scale 140

laparoscopic uterine nerve ablation

(LUNA), presacral neurectomy/

uterosacral transection vs. 586

laparoscopy

adhesions 578

chronic pelvic pain management see

chronic pelvic pain (CPP)

management

endometriosis

diagnosis 575

treatment 576

laparotomy

adhesions 578

endometriosis

diagnosis 575

treatment 576

laser Doppler flowmetry, CRPS

vasomotor changes 365

laser therapy

fibromyalgia management 606

refractory angina pectoris therapy

541

rotator cuff disorders treatment 529

lateral atlantoaxial joints, neck pain

152

lateral epicondylitis

diagnosis 529 T, 530

epidemiology 529

lateral medullary infarctions

(Wallenberg’s syndrome) 377

lead configuration, neurostimulation

computer models 270–1

Leeds Assessment of Neuropathic

Symptoms and Signs

(LANSS) 137, 374–5

leflunomide, rheumatoid

arthritis 522–4 T

legal perspectives 99–114

accountability, lack of 109

‘‘controlled substances’’

prescription 111

American Academy of Pain

medicine 111

Hurwitz, William 111

drug control vs. pain relief 111–2

pain and suffering 89

physician-assisted suicide 110

quality of palliative care 110–1

suffering relief 110

undertreatment cases 110

leg pain, lumbar radiculopathy 505

leiomyomata, uterine 578–9

lemniscal sensory pathway, central

neuropathic pain 378

leprosy 344–5

lesions

central neuropathic pain 375, 378

central poststroke pain 377

leucopenia, paracetamol 200–1

leukemia inhibitory factor (LIF) 10

levetiracetem

central neuropathic pain 379–80

pediatric headache 632

dosages 633 T

levonorgestrol-releasing intrauterine

system (Lng-IUS) 575

levorphanol, central neuropathic

pain 381–2 T
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Lhermitte’s phenomenon 326

lichen planus 588

lichen sclerosus 588

lichen simplex chronicus 588

licorice extract 315 T

lidocaine 263

clinical uses/indications

central neuropathic pain 379, 380

fibromyalgia 607

HIV-associated neuropathic

pain 356

peripheral neuropathic pain 346 T

postamputation pain 423

postherpetic neuralgia 435

spinal cord injury pain 395,

396 T

vulvodynia management 590

intrathecal 435

mechanism of action, voltage-gated

sodium channels 9, 263

topical 233

central neuropathic itch 237

CRPS 368–9

FDA approval 231

focal neuropathic pain 233

idiopathic trigeminal neuralgia 9

lower back pain 236–7, 508

myofascial pain 236–7

peripheral neuropathic pain 347

postherpetic neuralgia 9, 233–4,

434 T, 435

soft tissue injuries 236

life root 315 T

limb manipulation, phantom

sensation 420

limb salvage, peripheral vascular

disease 275

linkage studies, cosegregating gene

identification 55–6

lipophilic opioids 286

listening skills, narrative analysis 93–4

literature, lower back pain 507–8

liver, NSAIDs effect 197

local anesthetic(s)

CRPS 368–9

myofascial pain 608

neurologic disease pain 329

rotator cuff disorders 529

spinal cord injury pain see spinal cord

injury (SCI) pain management

topical 329

vulvodynia 590

local anesthetic blocks

clinical uses/indications

chronic pelvic pain 584

herpes zoster 432

neurologic disease pain 331

postherpetic neuralgia

prevention 432

refractory angina pectoris 540

opioid sensitivity screening 215

patient selection, opioid therapy 215

spinal cord injury pain spinal

generator 390

stellate ganglion blocks, refractory

angina pectoris therapy 540

supraspinal spinal cord injury pain

generator 390–1

locus coeruleus, persistent visceral

pain 40

loperamide, topical, burns 237

lordosis 580

neck pain radiography 492

lost working days 78

lower back pain 501–17

analgesia direct costs 77

chronic pain syndrome vs. 503

diagnosis 157–9

CT 157

diagnostic blocks see diagnostic

blocks

disk algorithms 157, 158 F

disk stimulation 157, 159 T

lumbar zygapophysial joint

pain 157, 158–9

medial branch blocks 159

MRI 148, 157

physical examination see below

sacroiliac joint pain 159

synovial joint algorithm 158–9,

160 F

differential diagnosis 503

International Association for the

Study of Pain 503

elderly patient pain 642

etiology 507–8

Baastrup’s disease 505–6

Bertolotti’s syndrome 506–7

cauda equina syndrome 505

discogenic origin 505

examination 507

facet joint disease 505

fibromyalgia 507

focal myofascial pain 505

hip joint disease 505

literature 507–8

lumbar radiculopathy see below

multiple sclerosis 326

osteopathic view 508

patient history 507

patient mindset 507, 507 T

sacral insufficiency fractures 505

sacroiliac joint disease 505

spinal instability 507

symptomatic facet joint disease 505

synovial joints 157, 158 F

see also individual diseases/disorders

history taking 504

initial assessment 503–7

disability 502, 503–4

goals 503

history taking 504

pain severity 502, 504

red flag screening 504, 504 T

yellow flag screening 504, 504 T

lumbar radiculopathy 505

analgesia 511

natural history of 511

physical therapy 511

radicular leg pain 511

patient presentation 502

source of pain 502

physical examination 504–7, 506 T

lower back pain treatment 502, 508–11

aim 508

back-to-work programs 510

clinical studies 184

exercise therapy 509

fear-avoidance beliefs 509

goals 502

injection therapy 511

massage therapy 509

nonpharmacological

CAM 316, 502–3

CBT 510–1

chiropractic therapy 316

exercise therapy

see above

flexion-based stabilization

programs 511–2

massage therapy

see above

physical treatment see below

spinal cord stimulation 272, 273 F

spinal manipulation 509

pain rehabilitation programs 503

pharmacological 508

capsaicin 236

injection therapy

see above

NSAIDs 198, 199 T

paracetamol 202

selective serotonin reuptake

inhibitors 247

topical analgesics 236–7

topical lidocaine 236–7

topiramate 260

tricyclic antidepressants 244–5

physical treatment 509–10

cold 510

heat 509–10
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lower back pain treatment (continued)

percutaneous electrical nerve

stimulation 510

TENS 510

traction 510

realistic pain reduction 508

spine care team 502–3

surgery 512

disk removal 512

lower gastrointestinal tract,

NSAIDs 196

lower limb asymmetric motor

neuropathy (diabetic

amyotrophy) 339

lower limb soft-tissue disorders 530–1

diagnosis 530

epidemiology 530

treatment 530–1

loxiglumide, chronic pancreatitis

pain 554

luetic disease 134

lumbar disk herniation,

electromyography 150, 150 T

lumbar epidural local anesthetics,

interstitial cystitis 557

lumbar medial branch blocks, lower

back pain 152

lumbar radiculopathy 511–2

lumbar radiculopathy, radicular leg

pain 511

lumbar zygapophysial joints, lower

back pain diagnosis 152, 157,

158–9

lupus erythematosus, peripheral

neuropathy 342

macrophage colony-stimulating factor

(MCSF) 14

magnetic resonance imaging

(MRI) 147–8

adenomyosis 574

atypical facial pain 474–5

CRPS diagnosis 367

headache 454

historical aspects 86–7

lower back pain 148, 157

neck pain 159, 492

osteoarthritis 25, 526

pelvic congestion 577

pelvic pain 583

rheumatoid arthritis 520

syringomyelia 154–5

temporomandibular disorders 469

Tolosa–Hunt syndrome 154–5

trigeminal neuralgia 473

magnetism, fibromyalgia

management 606

Ma huang 315 T

maintenance strategies, CBT see

cognitive-behavior therapy (CBT)

major depression, chest pain 538

maladaptive behaviors, opioids 217

malingering 620

mandibular movement changes,

temporomandibular disorders

468

manual therapy see mechanical/

manipulative therapies

markers

chronic pain epidemiology 70–1

visceral hypersensitivity disorders 38

massage therapy, lower back pain

treatment see lower back pain

treatment

mass spectrometry, proteomics 59–60

mast cells 42

mastectomy, postsurgical pain see

chronic postsurgical pain (CPSP)

masticatory muscle pain,

temporomandibular disorders 468

Materia Medica 310–1

maxillary sinusitis, diagnosis 155

MC1R gene/protein 62 T

McGill Pain Questionnaire (MPQ) 125

confirmatory analyses 125

neuropathic pain assessment 139–40

phantom pain 417

visceral hypersensitivity

disorders 38–9

M channel (KCNQ gene), neuropathic

pain 9

measurement, chronic pain see

assessment/measurement (of

chronic pain)

‘‘mechanical failure,’’ disability

measurement 119

mechanical/manipulative therapies 307,

307 T

acute neck pain treatment 494

chronic neck pain treatment 494

mechanical neuropathic pain, multiple

sclerosis 326–7

mechanical stimuli

human visceral pain models 41

neuropathic pain assessment see

neuropathic pain assessment

mechanical/stretch distension,

persistent visceral pain 38

mechanical-type neuropathic pain

135

Meckel’s diverticulum 562

medial branch blocks

lower back pain diagnosis 159

neck pain see neck pain

medial epicondylitis

diagnosis 529 T

epidemiology 529

median nerve compression 342

medical history

opioid addiction risk 655

pediatric musculoskeletal pain

624

Medical Outcomes Study 36-Item Short

Form (SF-36) 118

disability daily functioning

assessment 172 T, 173

neuropathic pain assessment 140

quality of life effects 79, 79 T

medical undertreatment of pain 94

medication overuse headache

(MOH) 455

meditation 315

medroxyprogesterone acetate

(MPA) 577

medulla, persistent visceral pain 40

melanocortin-1 receptor 62 T

memantine

pediatric headache 632

postamputation pain 423

membrane stabilizers, spinal

administration see spinal drug

administration

meralgia paresthetica 342–3

mercury poisoning 341

mesencephalon 40

messenger RNA (mRNA) 49

meta-analysis

CAM 305

CBT see cognitive-behavior therapy

(CBT)

chiropractic therapy efficacy 312

topical NSAIDs 235–6

metabolic bone disease, spinal pain

156

metabolic disorders, neck pain 488

metabolic peripheral neuropathies see

peripheral neuropathies; see specific

diseases/disorders

metabotropic glutamate receptors

(mGluRs), neuropathic pain 12

orofacial 471

metaclopromide, pediatric

headache 631 T

methadone

adverse effects

torsade de pointes 216

toxicity 211

clinical trials

nociceptive pain vs. neuropathic

pain 208

single-dose studies 210
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clinical uses/indications

chronic noncancer pain 210–1

pediatric headache 632 T

spinal cord injury pain 394

dose changes 210–1

mechanism of action 210

mu opioid receptor

endocytosis 214

NMDA receptors 210

morphine vs. 210

pharmacokinetics 210

methotrexate, rheumatoid arthritis 521,

522–4 T

methylprednisolone, osteoarthritis 527

methysergide, migraine 459–61,

461 T

metoclopramide, migraine 455

mexiletine 263

central neuropathic pain 379–80

HIV-associated neuropathic

pain 355–6

spinal cord injury pain 395,

396 T

voltage-gated sodium channel

blocking 263

microarrays 62 T

gene expression analysis see gene

expression analysis

microglia

ERK 14–5

neuropathic pain 11 F, 13

activation 14

p38 MAP kinase 14–5

microneurography, CRPS vasomotor

changes 365

microvascular decompression,

trigeminal neuralgia 473

migraine

abdominal 565

children

diagnosis 629 T

differential diagnosis 629–30

prevalence 628

classification 450–1, 451 T

aura 450–1

clinical features 452

diagnosis 454

epidemiology 451–2

age-relation 452

pathophysiology 452–3

calcitonin gene-related peptide

453

cortical hyperexcitability 452–3

cortical spreading depression 453

cranial vessels 453

nitric oxide 453

nitroglycerin model 453

positron emission tomography 453

P/Q calcium channel complex

452

precipitating factors 452

trigeminal ganglion 453

trigeminal nucleus 453

visual stimuli 452–3

prophylaxis 459–61, 461 T

amitriptyline 459–61, 461 T

antiepileptics 461 T

beta-blockers 459–61, 461 T

candesartan 459–61, 461 T

clonidine 459–61, 461 T

dihydroergotamine 459–61,

461 T

divalproex 459–61

flunarizine 459–61, 461 T

methysergide 459–61, 461 T

naproxen 461 T

NSAIDs 459–61, 461 T

pizotifen 459–61, 461 T

sodium valproate 461 T

tolfenamic acid 461 T

topiramate 459–61, 461 T

verapamil 461 T

treatment 455–7

clinical trials 455, 456 T

triptans 455–7

almotriptan 455–6, 460 T

contraindications 460 T

cost 457

doses 460 T

eletriptan 455–6, 460 T

frovatriptan 460 T

limited use 457

meta-analysis 455–6, 458 F

naratriptan 455–6, 460 T

nontriptans vs. 456–7, 456 T

randomized clinical trials 455–7,

457 T

rizatriptan 455–6, 460 T

sumatriptan 455–6, 460 T

variation in type 457

zolmitriptan 460 T

milk thistle 314 T

Million Visual Analog Scale

(MVAS) 118

milnacipran 244 T

peripheral neuropathic pain

therapy 346

pharmacology 245

mindfulness-based stress reduction

(MBSR) 315

mindful therapies see complementary

and alternative medicine (CAM)

minimum clinically important change

(MCIC) 185

Minnesota Multiphasic Personality

Inventory (MMPI) 125

English as first language 125

personality disorders 618

psychological assessment 126, 126 F,

128

mirror image areas, neuropathic

pain 137–8

mistletoe 315 T

mitochondria-dependent apoptosis 10

mitochondria genome 49

mutations 60

mobilization, pediatric CRPS

treatment 626–7

‘‘Model Guidelines for the Use of

Controlled Substances for the

Treatment of Pain’’ (USA) 106–7

mono-amine oxidase inhibitors,

fibromyalgia 607

mononeuritis multiplex, HIV-associated

pain 357

mononeuropathies 335

morphine

clinical trials

benztropine vs. 211

controlled-release

preparations 211–2

fentanyl vs. 209

neuropathic pain 209

nociceptive pain vs. neuropathic

pain 208

osteoarthritis 209

transdermal 209

clinical uses/indications

central neuropathic pain 380

chronic noncancer pain 211–2

pediatric headache see below

postherpetic neuralgia

treatment 434–5

spinal cord injury pain 394, 395,

396 T

combinations

gabapentin 258

oxycodone 214

tramadol 214

methadone vs. 210

pediatric headache 631

dosages 632 T

spinal administration 286, 288

topical application 237

Morton metatarsalgia 342–3

motivational system changes, substance

misuse 654

motor cortex stimulation (MCS) see

intracranial stimulation

motor function, polyneuropathies 336

motor nerve damage, herpes zoster 430
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movement-based therapies, CAM 307,

307 T

movement disorders 327

CRPS see complex regional pain

syndromes (CRPS)

mucositis-associated pain therapy 237

Multidimensional Pain Inventory (MPI)

disability daily functioning

assessment 172 T, 173

psychological assessment 127

multidisciplinary teams

chronic pelvic pain management 587

refractory angina pectoris 539

Multinational Etoricoxib and

Diclofenac Arthritis Long-term

(MEDAL) program 195–6

multiple electrodes,

neurostimulation 271, 274 F

multiple outcomes, CBT 298, 298 T

multiple sclerosis 324–7

central neuropathic pain 375–6

cannabinoid treatment 380

nociceptive pain vs. 376

as presenting feature 376

prevalence 376

severity 376

spasticity vs. 376

characteristics 325

central neuropathic pain

see above

epileptiform seizures 326

Lhermitte’s phenomenon 326

mechanical neuropathic pain

326–7

musculoskeletal pain 376

myelopathic pain 325

nociceptive musculoskeletal pain

see below

clinical course 325

definition 375–6

epidemiology 325

etiology 325

lesion distribution 376

nociceptive musculoskeletal pain

326

central neuropathic pain vs. 376

pain presentation patterns 325–7

iatrogenic 327

incidence 325

nonspecific exacerbation 327

see also individual types

prevalence 375–6

primary neurogenic pain 326–7

nonparoxysmal 326

paroxysmal 326

spasticity, central neuropathic pain

vs. 376

treatment

acupuncture 332

anticonvulsant drugs 330

optic neuritis 325

peripheral paresthesiae 325

trigeminal neuralgia 325, 326

multiple trial arms, CBT 298–9

multiplex protein analysis,

genetics 62 T

muscle(s)

fibromyalgia 603

innervation 26

neck pain diagnosis 159

residual limb pain 419

spasms

musculoskeletal spinal cord injury

pain 389, 393

spinal pain 157

spasticity 441, 442

multiple sclerosis 326

ultrasound 148

muscle relaxants, lower back pain

treatment 508

muscular rheumatism see fibromyalgia

musculoskeletal chest pain see chest

pain, somatic

musculoskeletal pain

children 624–8

diagnosis 624

etiology 624

juvenile fibromyalgia syndrome see

juvenile fibromyalgia

syndrome

chronic pelvic pain 573 T, 580–1

HIV infection see HIV-associated pain

multiple sclerosis 376

NSAIDs see nonsteroidal anti-

inflammatory drugs (NSAIDs)

persistent see below

spasticity pain see spasticity pain

spinal cord injury see spinal cord

injury (SCI) pain

musculoskeletal pain, persistent 24–36

etiology 25–6

degenerative disease 24–5

inflammation 24–5, 26

nociceptive system activation 26,

27 F

sensations 25

site of injury 24–5

spinal cord nociceptors 29–30

descending influences 31–2

spinal processing 29–31

c-Fos 30

deep referred pain 30

inflammation 30

receptive fields 30

secondary hyperalgesia 30

sensitized nociceptor afferents 30–1

spinal hyperexcitability 27 F, 30–1

spinal sensitization, molecular

mechanisms 31

supraspinal neurons 32

MUST-EECP study, enhanced external

counter pulsation 541

myalgia see fibromyalgia

myelography 148

myelopathic pain

multiple sclerosis 325

neuropathic pain 136

myofascial pain (MFP) 599–613

associated conditions 602

characteristics 600

chronic pelvic pain see chronic pelvic

pain (CPP)

diagnosis 601

body area dependence 601

modified criteria 601, 602

trigger points 601

epidemiology 602

management 608

pathophysiology 605, 606 F

prognosis 609

temporomandibular disorders 469

topical analgesics 236–7

topical lidocaine 236–7

see also fibromyalgia; individual

diseases/disorders

myofascial pain syndrome, persistent

musculoskeletal pain 26

myofascitis see fibromyalgia

myositis, persistent musculoskeletal

pain 26, 30

naproxen

migraine prophylaxis 461 T

rheumatoid arthritis 198

temporomandibular disorder 469–70

tension-type headache 458

naratriptan, migraine 455–6,

460 T

narrative analysis 93–5

definition 93

listening skills 93–4

meaning of pain 93

National Cancer Institute Colorectal

Adenoma Prevention with

Celecoxib (APC) trial 195–6

National Institutes of Health Consensus

Criteria, interstitial cystitis 580

natural medicine see complementary

and alternative medicine (CAM)

naturopathy see complementary and

alternative medicine (CAM)
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neck pain 484–500

cervical referred pain see cervical

referred pain

clinical assessment 490

associated features 490, 491 T

history 490, 490 T

definition 484–5

diagnosis 159–62

algorithm 161–2, 161 F

atlas transverse ligament 159

cervical medial branch blocks 162

cervical zygapophysial joint pain

162

contralateral alar ligament 159

CT 492

diagnostic blocks see diagnostic

blocks

disk stimulation 160

fMRI 492

invasive techniques 492–3

investigations 491–3

see also individual investigations

MRI 159, 492

muscles 159

pain maps 162, 162 F

physical examination see below

plain radiography see below

synovial joints 161

upper vs. lower cervical pain 162

disk stimulation 492–3

epidemiology 486

etiology 488–9, 488 T

ankylosing spondylitis 488

cervical spondylosis 488

fractures 488

infections 488

internal carotid artery

dissection 488

metabolic disorders 488

osteoarthroses 488

psoriatic arthritis 488

Reiter’s syndrome 488

rheumatoid arthritis 488

trigger points 488–9

tumors 488

medial branch blocks 493, 493 F

natural history 486

patterns 485–6

physical examination 490–1

plain radiography 491–2

prognostic factors 488

risk factors 486, 488 T

SPECT 492

neck pain treatment 493–5

acute 494, 495

chronic 494, 495

exercises 494, 495 T

radiofrequency neurotomy 495

recommendations 495

surgical therapy 494

needles, acupuncture 309

negative components, spasticity 440–1,

441 T

negative reinforcement, CBT 296

neonates, persistent visceral pain 43

nephrotoxicity, NSAIDs 197

nerve compression, peripheral

neuropathies 342–3

nerve conduction studies 149–50

carpal tunnel syndrome 149–50

diabetic neuropathy 149

false positives 150

large fiber neuropathy 149

peripheral neuropathies 337

tarsal tunnel syndrome 149–50

techniques 149

ulnar nerve entrapment 149–50

nerve conduction velocity, CRPS

management 367

nerve growth factor (NGF), peripheral

nerve injury 9

nerve injury

abdominal pain 565

CPSP 407

transient receptor potential ion

channels 9–10

nerve transection

chronic pelvic pain therapy 581

postamputation pain 420

nerve trauma, neuropathic pain 4

nervous system 549–51

CPSP 407

neuralgic amyotrophy 343

neuroendocrine modifications,

fibromyalgia see fibromyalgia

neurokinin A 31

neurokinin A, joint innervation 26

neuroleptic drugs 330

neurological examination

abdominal pain 551

chronic pelvic pain 583

neck pain 491

neurological symptoms, neck pain 490

neurologic disease 323–34

classification 324, 324 T, 325 T

direct neuropathic pain 323

indirect neuropathic pain 323

nociceptive pain 323

pain management 323–4, 329–32

anticonvulsants 330

antidepressants 329–30

benzodiazepines 330

botulinum toxin 332

CAM 332

cannabinoids 331

invasive treatments 331–2

local anesthetic block 331

neuroleptics 330

neurolytic procedures 332

NMDA receptor antagonists 330

opioids 329

pharmacologic 329–31

physical treatments 331

psychological treatment 332

spinal drug administration

331–2

surgical treatment 332

systemic sodium channel

blockers 330

topical treatments 329

pain prevalence 324

see also individual diseases/disorders

neurolysis

interstitial cystitis 557–8

neurologic disease pain 332

neurolytic celiac plexus block,

pancreatic cancer pain 552

neuromas, phantom pain 420

neuromodulation 346 T

central neuropathic pain

treatment 383

neuronal plasticity

CPSP 407

fibromyalgia see fibromyalgia

neuropathic pain 133

persistent musculoskeletal pain 31

neuropathic changes, persistent visceral

pain 43

neuropathic inhibition loss, persistent

musculoskeletal pain 31

neuropathic orofacial pain 470–2

differential diagnosis 471–2

epidemiology 470–1

dental injections 470–1

orthognathic-based surgery 470

root canal treatment 470

third molar surgery 470

tooth extraction 470

zygomatico-orbital fractures

471

management 472

pathophysiology 471

trauma 470

symptoms 471

electrophysiology 471, 472 F

neuropathic pain 3–23

abnormal pain radiation 136

aftersensations 136, 141 T

allodynia 3–4, 135

assessment 138

definition 135, 375
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neuropathic pain (continued)

anesthesia dolorosa 375

animal models 4–7

active escape 7

avoidance of preferred

environments 7

behavioral tests 5, 6–7, 6 F

see also individual types

chronic constriction injury of

sciatic nerve 4–5

disadvantages 5

drug-induced neuropathies 5–6

HIV-associated pain 5–6

open-field paradigm 6

partial sciatic nerve ligation

model 4–5

peripheral diabetic neuropathy

5–6

place preferment paradigms 7

recent developments 5–6

rodent models 4–5

spared nerve injury model 4–5

spinal nerve ligation transection

model 4, 5 F, 7–8

trigeminal neuralgia 5–6

assessment see neuropathic pain

assessment

biological changes 133

central see central neuropathic pain

chronic pelvic pain see chronic pelvic

pain (CPP)

classification 133–4, 133 T

brain processing 133

etiology 133

inflammation 133

input loss 133

mechanism-based 134

pharmacological classification 134

sensitized nociceptors 133

sympathetic activity 133

definition 3, 132

International Association for the

Study of Pain 374

descriptors 374–5

diagnostic blocks 152

dysesthesiae 136

definition 375

evoked pain 134

findings 134–6

glial cells 13

glutamate 12

heterogenous conditions 132–3

hyperalgesia 135, 138

chemical 141 T

cold 135, 141 T

definition 135, 375

dynamic 135, 141 T

heat 135, 141 T

punctate 135, 141 T

static 135, 141 T

hyperesthesia 375

hyperpathia 135, 375

imaging 16

mechanisms see below

microglia 11 F, 13

myelopathic disorders 136

ongoing pain 134

paresthesiae 136

definition 375

patterns 3, 4 F

periaqueductal gray 15

plasticity 133

referred pain 136

rostral ventromedial medulla 15, 15 F

sensory deficit 134–5

stimulus-dependent pain 134, 134 T

stimulus-independent pain 134, 134 T

substance P 10, 14

sympathetically maintained 141 T

trauma 4 T

treatment

alfentanil 209

bupropion 247

capsaicin 234

citalopram 246

codeine 209

duloxetine 245

elderly patients 647

fentanyl 209

fluoxetine 246

fracktalkine 14

gabapentin 257 T

galanin 10

morphine 208, 209

NSAIDs 199, 199 T

oxycodone 211

pethidine 209

protein kinase C inhibitors 12

selective serotonin reuptake

inhibitors 246

serotonin-norepinephrine reuptake

inhibitors 245

topical amitriptyline 234

topical analgesics 233–5

topical ketamine 234

topical local anesthetics 233–4

topiramate 260

tricyclic antidepressants see tricyclic

antidepressants

venlafaxine 245

wind up-like pain 136, 141 T

neuropathic pain assessment 132–44

chemical stimuli 138–9

capsaicin 138, 139 T

clinical examination 137–8, 137 F

clinical pain measures 139–40

Brief Pain Inventory of

Wisconsin 139–40

components 140

cross-modality matching

scales 139–40

LANNS pain scale 140

Leeds Assessment of Neuropathic

Symptoms and Signs 374–5

McGill Pain Questionnaire 139–40

Neuropathic Pain

Questionnaire 374–5

Neuropathic Pain Scale 374–5

neuropathic pain scale 140

Neuropathic Pain Symptom

Inventory 374–5

numerical rating scales 139–40

pain relief scores 140

verbal category scales 139–40

visual analog scales 139–40

distribution 137

electrical stimuli 139 T

history 136–7

laboratory examination 138–9

mechanical stimuli 138, 139 T

von Frey hairs 138, 139 T

outcome measures 139–40

see also individual types

quality of life 140

sympathetic activity 139

symptoms and findings 140–1,

141 T

thermal stimuli 138, 139 T

treatment as tool 140

NMDA receptor antagonists 140

number needed to harm 140

number needed to treat 140

neuropathic pain mechanisms 4, 4 T,

7–16, 215

allodynia 3–4

AMPA receptors 12

brain mechanisms 133 T

calcium-activated K channels 9

cancer 4 T

cannabinoid receptors 14, 16

CCL2 chemokine 10, 14

CCR2 10, 14

C-fibers 13

chemokines 10

cholecystokinin 12–3, 14 F, 15–6

compression 4 T

CRPS 139

cytokines 10

death receptors 10

deep brain stimulation 279–80

demyelination 4 T

686 ] Index



disease states 3, 4 T

disordered regeneration 3–4

drugs 4 T

H channel (HCN gene) 9

HIV infection see HIV-associated pain

infection 4 T

inflammation 4 T

interleukin-1B 10, 11 F

interleukin-6 10, 11 F, 14

ischemic injury 4 T

kainate receptors 12

leukemia inhibitory factor 10

macrophage colony-stimulating

factor 14

M channel (KCNQ gene) 9

metabotropic glutamate receptors 12

mitochondria-dependent

apoptosis 10

NMDA receptors 12

Parkinson’s disease 328

paroxysms 135–6

peripheral mechanisms 7–10, 7 T,

133 T

inflammatory mediators 10

nerve trauma 4

peripheral cell death 10

primary afferent excitability 7–9

sensitivity alteration 9–10

transient receptor ion

channels 9–10

voltage-gated calcium channels 6 F,

9, 12

voltage-gated potassium channels

9

voltage-gated sodium channels 6 F,

7–9

see also individual types

spinal cord mechanisms 7 T, 10–5,

133 T

anatomical reorganization 13

cannabinoid system 13

excitatory mechanisms 11–2

GABA 12–3

glycine 12–3

inhibitory systems 12–3

injury see spinal cord injury (SCI)

pain

nonneuronal cells 13–5

opioid system 13, 14 F

supraspinal mechanisms see below

Neuropathic Pain Questionnaire 374–5

Neuropathic Pain Scale (NPS) 137, 140,

374–5

postherpetic neuralgia 233–4

Neuropathic Pain Symptom

Inventory 374–5

neuropathies, diagnosis 151

neuropeptide Y

joint innervation 26

peripheral nociceptor sensitization 29

neurostimulation 268–83

complications 280

computer models 270–1, 271 F, 272 F

dorsal root stimulation 270–1, 273 F

mechanism of action 269–70, 269 F

animal studies 269

ascending tract conduction

block 270

descending modulation 270

gate control theory 269

neurotransmitter effects 269

periaqueductal gray 270

supraspinal mechanisms 270

programming 271–9

multiple electrodes 271, 274 F

technical considerations 270–1

intraspinal element

conductivity 270, 270 T

see also intracranial stimulation;

peripheral nerve stimulation;

spinal cord stimulation (SCS)

neurotoxicity, GABA A agonists 288

neurotransmitters

neurostimulation 269

persistent musculoskeletal pain 31

see also individual neurotransmitters

neurotrophins, persistent visceral

pain 43

neutropenia, paracetamol 200–1

niacin deficiency 341

nitric oxide

migraine 453

peripheral vascular disease 275–6

nitroglycerin model, migraine 453

NMDA receptor(s)

antagonists see below; see individual

drugs

central sensitization 12

fibromyalgia neuronal plasticity 604

methadone 210

neuropathic orofacial pain 471

neuropathic pain 12

persistent musculoskeletal pain 31

postamputation pain 420

NMDA receptor antagonists

neurologic disease pain

management 330

neuropathic pain assessment 140

pediatric headache 632

dosages 632

postamputation pain 415, 423

postherpetic neuralgia treatment 435

spinal administration 287

ketamine 287

spinal cord injury pain see spinal cord

injury (SCI) pain management

spinal drug administration see spinal

drug administration

see also individual drugs

nociceptive pain

deep brain stimulation 279–80

morphine 208

musculoskeletal spinal cord injury

pain 389

neurologic disease 323

nociceptive processing, persistent

visceral pain 43

nociceptive withdrawal reflexes,

persistent musculoskeletal pain 30

nociceptor(s)

deep tissue 26–9

peripheral see peripheral nociceptors

spinal cord neurons 29–30

temporomandibular disorders 468–9

‘‘N of 1’’ studies, outcome

measurement 183

noncardiac chest pain, visceral

hypersensitivity disorders 38

non-Hodgkin’s lymphoma, HIV-

associated abdominal pain 358

non-intended recipient use,

opioids 656–7

nonneuronal cells, neuropathic

pain 13–5

non-neuropathic pain

concomitant central neuropathic

pain 375

gabapentin 258

nonsteroidal anti-inflammatory drugs

(NSAIDs) 193–5

administration 194–5

topical see topical nonsteroidal

anti-inflammatory drugs

adverse effects 194, 195

agranulocytosis 198

aplastic anemia 198

arthritic pain

see above

breast feeding 198

cardiovascular risk 195–8

economic effects 79

gastrointestinal complications see

below

hypersensitivity 198

liver, effects on 197

platelets, effects on 197–8

in pregnancy 198

renal complications see below

respiratory complications see below

surveys 194

see also individual adverse effects
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nonsteroidal anti-inflammatory drugs

(NSAIDs) (continued)

arthritic pain 198–9

elderly 199

global preferences 198–9

hip arthroplasty 199

neuropathic pain 199, 199 T

osteoarthritis 199, 199 T

rheumatoid arthritis 198, 199 T

clinical uses/indications 194

chronic pelvic pain 583–4

dysmenorrhea 572–4

elderly patients see elderly, pain

management

endometriosis 575

fibromyalgia 608

forearm soft tissue disorders 530

herpes zoster 433

lower back pain 508

migraine prophylaxis 459–61,

461 T

migraine treatment 455

musculoskeletal pain see below

pediatric CRPS 627

pediatric headache 630–1

pericarditis 542

pulpitis 477

recurrent urolithiasis 564

rheumatoid arthritis see

rheumatoid arthritis

management

rotator cuff disorders 529

spinal cord injury pain 393

temporomandibular

disorder 469–70

tension-type headache 458

contraindications 194

dosage 194–5

effectiveness, evidence for 199 T

gastrointestinal complications 196

mechanism of action 193–4

prostaglandin synthesis

blocking 29, 631

musculoskeletal pain 198

chronic lower back pain 198, 199 T

opioid combination 213

pharmaceutical issues 198

pharmacological issues 198

prevalence of use 194

renal complications 197

respiratory complications 196–7

topical see topical nonsteroidal

anti-inflammatory drugs

see also individual drugs

nortriptyline 244 T

central neuropathic pain 379–80

elderly patient pain 647

pediatric headache 632

postherpetic neuralgia 433

Nottingham Health Profile 140

noxious stimuli, peripheral

nociceptors 27

nucleoside reverse transcriptase

inhibitors, antiretroviral toxic

neuropathy 355

number needed to harm (NNH)

neuropathic pain assessment 140

opioids 216

number needed to treat (NNT)

neuropathic pain assessment 140

NSAIDs 194–5

opioids 347

outcome measurement see outcome

measurement

numerical rating scales

neuropathic pain assessment 139–40

psychological assessment 124, 125

see also individual scales

nursing homes, elderly pain 642

assessment 645

nutriceutical therapies 307, 307 T

obsessive-compulsive disorder (OCD),

chest pain 538

occipital neuralgia, peripheral nerve

stimulation 278

occupational therapy, osteoarthritis 528

occupations

forearm soft tissue disorders 529

phantom pain 418

odds ratio 69, 69 T

odontalgia, atypical 474, 475

definition 475

epidemiology 475

management 475, 476 F

pathophysiology 475

symptomatology 475

OFF cells, rostral ventromedial

medulla 15

Office of Alternative Medicine

(OAM) 305

omega-3 fatty acids, rheumatoid

arthritis 525

ON cells, rostral ventromedial

medulla 15

ondansetron, fibromyalgia 607

ongoing neuropathic pain 134

open-field paradigm, neuropathic pain

models 6

operant principles, CBT 296

opioid(s)

addiction risk see opioid addiction risk

addict pain therapy 657

recovering 657

administration routes

intrathecal 184

spinal administration see below

systemic 13, 14 F

topical see below

adverse effects 216–21

addiction risk see below

cognitive dysfunction 216

constipation 216

driving 216

drug interactions 216

hypothalamic–pituitary axis

suppression 216

immunosuppression 216

incidence 216

numbers needed to harm 216

opioid-induced hyperalgesia see

below

spinal cord injury pain see spinal

cord injury (SCI) pain

management

symptoms 216

tolerance see below

see also individual effects

availability regulation 102

clinical uses/indications

cancer pain 288

chronic non cancer pain see

opioids, chronic noncancer

pain (CNCP)

dose escalation 217–9

decreased analgesia 217

maladaptive behaviors 217

opioid ceiling 217–8

opioid dose escalation rate

217

opioid escalation index 217

prevalence 217

ethics 100

hyperalgesia 218–9

animal models 219

causes 210, 218 T

cold pressor testing 219

definition 218

dose reduction studies 219

neuropsychological

mechanisms 218

timing 218–9

illicit use 207

nociceptive pain vs. neuropathic

pain 208–9

meta-analysis 209

non-intended recipient use

656–7

peripheral neuropathic pain

therapy 347

numbers-needed to treat 347
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physical dependence 222

spinal administration 286–7, 286 F,

288

cancer pain 288

diamorphine 287

hydromorphone 286–7

hydrophilic drugs 286

lipophilic drugs 286

mechanism of action 286

monitoring 286

morphine 286, 288

pharmacokinetics 286–7

spinal cord injury pain see spinal

cord injury (SCI) pain

management

substitution therapy, substance

misuse 657

tolerance 218–9

behavioral conditioning 218

causes 218, 218 T

cold pressor testing 219

definition 218, 222

neuropsychological

mechanisms 218

timing 218–9

topical

epidermolysis bullosa 237

mechanisms of action 232

see also individual drugs

opioid addiction risk 654–7

clinical examination 655

definition 222

fear of 104, 347

identification tools 653 T, 654,

655–6

behavioral changes 656, 656 T

healthcare records 655

other substance abuse 655

Pain Medication Questionnaire 656

Prescription Drug Use

Questionnaire 656

Prescription Opiate Abuse

Checklist 656

Screener and Opioid Assessment

for Patients with Pain 656

laboratory tests 656

medical history 655

prevalence 654

recognition of 656

risk factors 654–5

screening for 655

opioid ceiling 217–8

opioid dose escalation rate

(ODER) 217

opioid escalation index (OEI) 217

opioid-induced hyperalgesia see

opioid(s)

opioid receptor(s)

acupuncture 310

kappa receptors, agonists 554

mu receptors

endocytosis 214

methadone 214

pharmacogenetics 62 T

opioid rotation see opioids, chronic

noncancer pain (CNCP)

opioids, chronic noncancer pain

(CNCP) 207–29, 223 T

as-needed vs. by-the-clock 212–3

breakthrough (flare-up) pain

220–1

clinical uses/indications

central neuropathic pain 380

chronic pancreatitis pain 554

chronic pelvic pain 584

CRPS 369

elderly patient pain see elderly, pain

management

herpes zoster 433

HIV-associated neuropathic

pain 356

inflammatory bowel disease 561

interstitial cystitis 557

lower back pain 508

neurologic disease pain 329

neuropathic pain 13, 14 F

pancreatic cancer pain 551

pediatric CRPS 627

pediatric headache 631–2, 632 T

peripheral neuropathic pain

therapy see below

postamputation pain 423

postherpetic neuralgia see

postherpetic neuralgia (PHN)

treatment

refractory angina pectoris 541

combinations 213–4

combined opioid–opioid

analgesia 214

gabapentin 213

ketamine 213–4

long-acting opioids vs. 213–4

NSAIDs 213

paracetamol 213

consent 221–2

evidence for efficacy 208–14

individual drugs 210–2

long-acting 209–10

meta-analyses 208

reviews 208

short-acting 210

monitoring 222–3

aberrant behavior 222, 223 T

analgesic effect review 222

dose reviews 222

starting dose 222

timing 222

tolerance 222

opioid rotation 219–20

administration routes 220

adverse effects reduction 220

analgesia improvement 220

definition 219

equipotent doses 220

metabolites 219

pharmacodynamics 219

pharmacokinetics 219

patient selection 207, 214–6, 224 T

biophysical approach 215–6

formal psychological

assessments 215

intravenous opioid testing 214–5

local anesthetic blocks 215

presentation 208

previous conservative therapy 215

psychological stability 215

opioid tolerance see opioid(s)

OPRM1 gene/protein 62 T

optic neuritis, multiple sclerosis 325

oral contraceptives

chronic pelvic pain 584

dysmenorrhea 574

endometriosis 575

oral pain

HIV infection see HIV-associated

pain; neuropathic orofacial pain

orchialgia 563

orofacial pain see neuropathic orofacial

pain

oromandibular dysfunction,

headache 454

orthognathic-based surgery,

neuropathic orofacial pain 470

orthostatic headache 455

osteoarthritis 525–8

clinical features 526, 526 T

presenting symptoms 519

definition 525

epidemiology 526

prevalence 518

fractures 146

investigations 526

MRI 25

knee pains 530

persistent musculoskeletal pain 25

site 25

osteoarthritis treatment 526–8

anti-inflammatory therapy 526

capsaicin 236

chondroprotective agents 527

intra-articular injections 527
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osteoarthritis treatment (continued)

nonpharmacological therapies

527–8

exercise therapy 527

occupational therapy 528

patient education/self

management 527

physical therapy 527–8

soles 528

splints 528

TENS 528

pharmacological therapies

526–7

see also individual therapies

surgery 528

systemic therapies 527

fentanyl 212

morphine 209

NSAIDs 199, 199 T

paracetamol 201–2

topical therapies 526–7

analgesics 235–6

capsaicin 527

diclofenac 235–6

eltenac 236

NSAIDs 235–6, 526–7

salicylates 235–6

osteoarthroses, neck pain 488

osteonecrosis, MRI 148

osteopathic view, lower back pain 508

osteopathy, neurologic disease pain 331

osteoporosis, persistent musculoskeletal

pain 26

Ottawa Ankle Rule 146 T

Ottawa Knee Rule 146 T

outcome measurement 178–89

biomedical outcomes 181

blinding 184

CBT 298

concurrent treatments 184, 184 F

consensus measures 182

Initiative on Methods,

Measurement and Pain

Assessment in Clinical

Trials 182, 182 T

control groups 183–4

data analysis/presentation 184–6

graphical representation 186

difficulties 181–4

chronological issues 181

pain complexity 181

population problems 181–2

end points 185

future work 186

measurement necessity 178–81

neuropathic pain assessment 139–40

‘‘N of 1’’ studies 183

number needed to treat 185–6, 185 F

pain measurement 184–5

pain intensity difference 184

pain relief 184

sum of difference in pain

intensity 184

practical considerations 182–3

abbreviated measures 183

data collection 183

published guidelines 183

sensitivity 182–3

psychological outcomes 123, 181

social outcomes 181

specific treatment determination 179

stakeholders 179, 179 T

treatment benefit

determination 179–81

effectiveness measure 180, 180 T

efficacy measure 180

efficiency measure 180–1

utility measure 180

treatment guide 179

treatment safety 179

ovarian remnant syndrome 577–8

diagnosis 577

pathophysiology 577

symptoms and signs 577

treatment 577–8

overload, persistent musculoskeletal

pain 26

oxcarbazepine 255–6, 256 T

adverse effects 256, 257 T

hyponatremia 256

clinical trials 255

clinical uses/indications

central neuropathic pain 379–80

diabetic neuropathy 255, 257 T

pediatric headache 633 T

trigeminal neuralgia 256, 256 T,

257 T, 473

doses 257 T

efficacy 261 T

metabolism 255

pharmacokinetics 255

pharmacology 254–5

voltage-gated sodium channel

blockade 254–5

oxidative stress, chronic

pancreatitis 553

oxycodone

clinical trials, nociceptive pain vs.

neuropathic pain 208

clinical uses/indications

chronic noncancer pain 211

diabetic neuropathy 211

neuropathic pain 211

pediatric headache 632 T

postherpetic neuralgia 211, 434–5

spinal cord injury pain 394

morphine combination 214

paracetamol combination 213

oxygen, cluster headache treatment 462

p38 MAP kinase, microglia

activation 14–5

PADT (Pain Assessment and

Documentation Tool) 128

Pain and Policy Studies Group 112

Pain Anxiety Symptoms Scale (PASS)

disability daily functioning

assessment 172 T

emotional distress assessment 173–4

Pain Assessment and Documentation

Tool (PADT) 128

pain center questionnaire 123, 124 T

pain complexity, outcome

measurement 181

Pain Disability Index (PDI) 172 T, 173

Pain Disability Questionnaire

(PDQ) 118

painless peripheral neuropathies see

peripheral neuropathies

Pain Management Programs,

CBT 292–3

pain maps

cervical referred pain 485–6, 485 F,

486 F, 487 F

neck pain diagnosis 162, 162 F

Pain Medication Questionnaire 656

pain rehabilitation programs, lower

back pain treatment 503

pain relief scores 140

palliative medicine model, physician’s

duty to relieve suffering 101 T

palliative therapy, pancreatic cancer 551

Palmer, D D, chiropractic

therapy 311–2

palpation, abdominal pain 551

pancreatic cancer 551–2

characteristics 551

computed tomography 551

exocrine tissue 551

pain 551, 552

anti-inflammatories 551

neurolytic celiac plexus block 552

opioids 551

treatments 552, 560

videothoracoscopic

splanchnicetomies 552

palliative therapy 551

presentation 551

risk factors 551

pancreatic enzymes, chronic

pancreatitis pain therapy 554

690 ] Index



pancreatic intraparenchymal pressure,

chronic pancreatitis 553

pancreatic pseudocysts, chronic

pancreatitis pain therapy 556

pancreatitis, chronic 38, 553–6

acute vs. 553

classification 553

diffuse intraductal calcium

deposition 553

endoscopic retrograde

cholangiopancreatography 553

etiology

alcohol consumption 553

animal models 553

genetics 553

HIV-associated abdominal

pain 358

idiopathic types 553

oxidative stress 553

pancreatic intraparenchymal

pressure 553

histopathology 553

pain therapy 553–4, 555 F

alcohol abstinence 554

antidepressants 554

antioxidants 554

celiac ganglionectomy 556

celiac plexus blocks 554–5

drainage 556

ductal hypertension/obstruction

surgery 556

endoscopic surgery 554

kappa opioid receptor agonists 554

loxiglumide 554

opioids 554

pancreatic enzymes 554

pancreatic pseudocysts 556

secretin 554

spinal cord stimulation 276

splanchnicectomy 556

surgery 556

presenting complaints 553

steatorrhea 553

treatment 560

pancytopenia, paracetamol 200–1

panic disorder 617

chest pain 538

psychological effects (of chronic

pain) 170

parabrachial nucleus, persistent visceral

pain 40

paracetamol (acetaminophen) 199–200

administration 200

adverse effects 200–1

gastric 201

hepatic 201

renal 201

clinical uses/indications

elderly patient pain

management 646–7

headache 202

lower back pain 202

osteoarthritis 201–2, 527

pediatric headache 630–1

pulpitis 477

rheumatoid arthritis 521

spinal cord injury pain 393

tension-type headache 458

dosage 200

effectiveness, evidence for 201–2

mechanism of action 200

metabolism 200

opioid combinations 200–1, 213

oxycodone 213

tramadol 213

pharmaceutical issues 201

pharmacological issues 201

paraneoplastic peripheral

neuropathies 344

parasympathetic (sacral) innervation,

chronic pelvic pain 571–2

parasympathetic nervous system,

heart 538–9

parenteral gold, rheumatoid arthritis

management 522–4 T

parenteral therapy, central neuropathic

pain 380

paresthesiae

neuropathic pain 136

peripheral neuropathies 336

paresthesias, topiramate 260–2

parkinsonism 327, 328

causes 327, 328

prevalence 328

Parkinson’s disease 328

paroxetine 244 T

mechanism of action 246

neuropathic pain 246

pharmacology 246

paroxysms, neuropathic pain 135–6

partial sciatic nerve ligation (PNL)

model, neuropathic pain

models 4–5

PASS see Pain Anxiety Symptoms Scale

(PASS)

patch clamp recordings, peripheral

nociceptor sensitization 28–9

pathway-based approach, chronic pain

epidemiology 71

pathway-based association test, chronic

pain epidemiology 72

patient(s)

barriers to pain relief 103

emotional state 170–1

expectations, central neuropathic

pain 379

history

lower back pain 507

trigeminal neuralgia 473

mindset, lower back pain 507,

507 T

physician relationship, irritable bowel

syndrome treatment 559–60

selection, opioids see opioids, chronic

noncancer pain (CNCP)

payments, medical undertreatment of

pain 94

PDI (Pain Disability Index) 172 T, 173

PDQ (Pain Disability

Questionnaire) 118

pediatric patients see children

pedigree diagrams 53, 55 F

pellagra 341

pelvic congestion 577

pelvic inflammatory disease (PID)

579

HIV-associated gynecological

pain 359

penetrance, genetics 53

penicillamine, rheumatoid arthritis

management 522–4 T

pentosanpolysulfate, interstitial cystitis

treatment 557

peppermint oil 314 T

percentage pain reduction, end

points 185

perception, neck pain 484–5

‘‘perception threshold,’’

neurostimulation 270

percutaneous electrical nerve

stimulation (PENS) 278

lower back pain treatment 510

periaqueductal gray (PAG)

deep brain stimulation 279–80

neuropathic pain 15

neurostimulation 270

persistent musculoskeletal pain 31

pericarditis

restrictive 542

therapy 542

pericardium, chest pain see chest pain,

visceral; pericarditis

pericranial myofascial tissues,

tension-type headache 454

peridiverticular abscesses, diverticular

disease 562

perineal pain 549–69

etiology 549–51

see also individual diseases/disorders

perineoplasty/vestibulectomy,

vulvodynia management 591
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periodontitis, apical see dental pain

peripheral cell death, neuropathic

pain 10

peripheral diabetic neuropathy

5–6

peripheral mechanisms

neuropathic pain see neuropathic

pain

postamputation pain 420

spinal cord injury pain 390

peripheral nerve blocks, chronic pelvic

pain therapy 581

peripheral nerves

diabetic neuropathy 339

injury

GABA 12

Nav1.3 voltage-gated sodium

channels 9

Nav1.9 voltage-gated sodium

channels 9

voltage-gated sodium channels see

voltage-gated sodium

channel(s)

peripheral nerve stimulation 268–9,

278–9

indications 278–9

postherpetic neuralgia 278, 278 F

pediatric CRPS treatment 627

see also individual techniques

peripheral nervous system (PNS)

335

peripheral neuropathies 335–51

allodynia 336

autoimmune diseases 342

brachial plexus neuropathies see

brachial plexus neuropathies

classification 335

clinical description 336

CRPSs see complex regional pain

syndromes (CRPS)

deficiency states 340–1

diagnostic points 336

dysesthesiae 336

etiological classification 337–9,

338–9 T

hereditary neuropathies 342

HIV infection see HIV-associated pain

hyperalgesia 336

idiopathic 344

investigations 337–9

biopsies 337

blood tests 337

cerebrospinal fluid 337

electromyography 337

nerve conduction studies 337

quantitative sensory and autonomic

testing 337

metabolic 339–40

diabetic neuropathy see diabetic

neuropathy

hypothyroid neuropathy 340

mononeuropathies 335

nerve compression 342–3

painless 344–5

congenital insensitivity to pain 344

leprosy 344–5

Tangier disease 344

pain mechanisms 336–7

paraneoplastic 344

paresthesiae 336

polyneuropathies 335, 336

motor function 336

sensory loss 336

tendon reflexes 336

positive symptoms 336

postherpetic neuralgia see

postherpetic neuralgia (PHN)

spontaneous pain 336

stimulus-evoked pain 336

stimulus-independent pain 336

therapy

diagnosis 345

principles 345

specific 345

symptomatic 345–8, 345 T, 346 T

see also individual drugs

toxic neuropathies 341–2

alcohol neuropathy 341

antiretrovirals drugs 341–2

arsenical polyneuropathy 341

cytostatic drugs 341

mercury poisoning 341

thallium poisoning 341

see also individual diseases/disorders

peripheral nociceptors

mechanosensitivity 26–8

Ab-fibers 27, 28
Ad-fibers 27, 28
C-fibers 27, 28

electrical stimulation 27

inflammation 27, 28

noxious stimuli 27

silent nociceptors 28

thresholds 27

sensitization 28–9

adenosine 29

anandamide 29

ATP 29

bradykinin 29

capsaicin 29

Ad-fibers 29
C-fibers 29

gabapentin effects 29

galanin 29

inflammatory mediators 28–9

neuropeptide Y 29

patch clamp recordings 28–9

prostaglandins 29

serotonin 29

substance P 29

transduction 28

vasoactive intestinal peptide 29

voltage-gated potassium

channels 28–9

peripheral paresthesiae, multiple

sclerosis 325

peripheral sensitization, persistent

musculoskeletal pain 26

periventricular gray, deep brain

stimulation 279–80

persistent idiopathic facial pain 474–6

persistent somatoform pain

disorder 619

personality disorders 618

types 618, 618 T

personality profiles, tension-type

headache 453

pethidine

elderly patient postoperative pain

643

neuropathic pain 209

phantom limb pain 415–8

anxiety 418

attention 418

blood flow 420

central neuropathic pain vs. 378

characteristics 416–7

CPSP 406

emotional stress 418

episodic nature 416

frequency 416–7

genetic predisposition 418

impact of 417–8

incidence 414–5

intensity 416–7

visual analog scales 416

neuromas 420

phantom sensation vs. 419

position of 416–7

preamputation pain effects 417

prevalence 415, 416 T

psychological factors 417–8

residual limb pain vs. 419

time course 415–6

phantom sensation 415, 418–9

limb manipulation 420

telescoping 418–9, 419 F

phantom spinal pain see spinal cord

injury (SCI) pain,

below-level neuropathic pain

pharmacogenetics 61, 62 T
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pharmacological classification,

neuropathic pain 134

pharmacology

historical aspects 87

see also individual drugs

phenol injections, focal spasticity

management 445 F, 447

phenotype, definition 53

phenytoin

central neuropathic pain

treatment 379–80

pediatric headache 632, 633 T

peripheral neuropathic pain

therapy 345 T, 346

phobias 617

physical abuse, chronic pelvic pain

582

physical deconditioning, pediatric

CRPS treatment 627

physical dependence, definition 627

physical examination

lower back pain 507

pediatric musculoskeletal pain 624

visceral spinal cord injury pain 391

physical strategies, temporomandibular

disorder management 469

physician-assisted suicide, legal

perspectives 110

physician’s duty to relieve suffering see

ethics

physiological measurements, pain

research 61 T

physiotherapy

chronic pelvic pain see chronic pelvic

pain (CPP) management

CRPS 371

pediatric 626

elderly patient pain see elderly, pain

management

fibromyalgia 606

lumbar radiculopathy 511

myofascial pain 608

neurologic disease pain 331

osteoarthritis 527–8

postamputation pain 423–4

spasticity 444

spine care team 502–3

piracetam, spasticity pain 445

Pittsburgh Knee Rule 146 T

pizotifen, migraine prophylaxis 459–61,

461 T

placebos, CRPS management 369

place preferment paradigms,

neuropathic pain models 7

plain radiography, neck pain see neck

pain

plasticity see neuronal plasticity

platelets, NSAIDs effects 197–8

Poker Chip Tool 125

polyarteritis nodosa 342

polycystic kidney disease 564

polymorphisms

candidate genes 71

genetics 52–3

polyneuropathies 335

polypharmacy, elderly patient pain 642,

646

pons, persistent visceral pain 40

population(s)

outcome measurement 181–2

stratification, chronic pain

epidemiology 72

population studies, genetics 63

porphyria 562–3

porphyric neuropathy, diagnosis 151 T

positive components, spasticity 440–1,

441 T

positive reinforcement, CBT 296

positron emission tomography (PET)

historical aspects 86–7

migraine 453

refractory angina pectoris 275

postamputation pain 414–28, 408

clinical characteristics 415–20

diminution 414–5

historical aspects 408, 414

mechanisms 415, 420–1, 421 F

animal studies 421

Ab fibers 420

cortical reorganization 421

dorsal root ganglion cell

changes 420

nerve section 420

NMDA receptors 420

peripheral factors 420

spinal factors 420–1

substance P 420

supraspinal factors 421

sympathetic nervous system 420

thalamus 421

medical treatment 422–3

amitriptyline 422–3

anticonvulsants 415

calcitonin 423

dextromethorphan 423

gabapentin 423

ketamine 423

lidocaine 423

memantine 423

NMDA receptor antagonists 415,

423

opioids 423

sodium channel blockers 422

tricyclic antidepressants 415, 422

neuropathic pain 134

nonmedical treatment 415, 423–4

prevention 424

residual limb pain 415, 419–20

allodynia 419

CRPS 419–20

description of 419

hyperalgesia 419

hypoesthesia 419

muscle activity 419

phantom pain vs. 419

prevalence 416 T, 419

severity 419–20

temperature 419

surgical treatment 424

treatment 421–4, 422 T

acute pain 421

analgesics 421

regional blockade 421

see also individual treatment types

tricyclic antidepressants 244

see also phantom limb pain; phantom

sensation

postcholecystectomy syndrome 563–4

visceral hypersensitivity disorders 38

postherpetic neuralgia (PHN) 429–39,

343

assessment, chemical stimuli 138

characteristics 277

costs 431

definition 430

disease course 430 F

epidemiology 431

aging populations 431

HIV infection see HIV-associated pain

pathophysiology 431

prevention 431–2

acute pain prevention 432

age 432

local anesthetic blocks 432

varicella vaccine 431–2

time course 431

treatment see below

postherpetic neuralgia (PHN)

treatment 433–5, 434 T

anticonvulsant drugs 330, 433–4,

434 T, 435

carbamazepine 255

gabapentin 257, 257 T, 258, 433,

434 T

pregabalin 257 T, 258–9, 433, 434 T

antidepressants 244, 433, 434 T

topical 234

guidelines 435–6, 436 T

latency 429–30

lidocaine, intrathecal 435

NMDA receptor antagonists 435
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postherpetic neuralgia (PHN) treatment

(continued)

opioids 434–5, 434 T

oxycodone 211

tramadol 434–5, 434 T

peripheral nerve stimulation 278,

278 F

spinal cord stimulation see spinal cord

stimulation (SCS)

TENS 435

therapeutic indices 434 T

topical medication 435

capsaicin 234, 343, 435

lidocaine 9, 233–4, 434 T, 435

valproate 435

varicella-zoster vaccine 343

postoperative pain

elderly patient pain see elderly

EMLA cream 237

topical analgesics 237

post-radiation therapy, brachial plexus

neuropathies 343–4

Posttraumatic Chronic Pain Test

(PCPT) 124

posttraumatic stress disorder

(PTSD) 617

posture

musculoskeletal spinal cord injury

pain 393

spasticity pain 444

‘‘potentiation by dilution,’’

homeopathy 310–1

P/Q calcium channel complex,

migraine 452

pramipexole, fibromyalgia

management 608

precipitating factors, migraine 452

prednisolone, rheumatoid arthritis

management 524

prefrontal cortex, functional

imaging 242–3

pregabalin 256 T, 258–60

adverse effects 257 T, 260, 394

central neuropathic pain

treatment 259, 381–2 T

spinal cord injury 380

clinical uses/indications

central neuropathic pain treatment

see above

CRPS 369

diabetic neuropathy 257 T, 259

fibromyalgia 257 T, 259–60, 607–8

HIV-associated neuropathic

pain 356

neurologic disease pain 330

neuropathic orofacial pain 472

pediatric headache 632

peripheral neuropathic pain 345 T

postherpetic neuralgia 257 T,

258–9, 433, 434 T

spinal cord injury 257 T, 394,

396 T

combination therapies 260

doses 257 T

drug interactions 260

efficacy 261 T

mechanism of action 346

pharmacology 257

pregnancy

CAM 316

NSAIDs 198

premorbid state, psychological

assessment 123

prepatellar bursitis 530

presacral neurectomy/uterosacral

transection see chronic pelvic pain

(CPP) management

Prescription Drug Use

Questionnaire 656

Prescription Opiate Abuse

Checklist 656

prescriptions, analgesia direct

costs 77–8

pressure ulcers, topical analgesics 237

presurgical analgesia, postamputation

pain prevention 424

presurgical scoring cards, psychological

assessment 128

prevalence 66–9, 67–8 T

cross-sectional studies 67–8 T,

69–70

prilocaine, topical, CRPS 368–9

primary afferent excitability,

neuropathic pain 7–9

primary amyloid neuropathy 342

diagnosis 151 T

primary dysmenorrhea 572

primary headache 450

primary somatosensory cortex 242–3

problem solving, cognitive therapy 297

proctalgia fugax 564

proctitis, persistent visceral pain 42

productivity costs see economics

(chronic pain)

progabide, spasticity 445

progestins

chronic pelvic pain 584

endometriosis 575

pelvic congestion 577

progressive muscular relaxation

(PMR) 315

relaxation techniques 295

proinflammatory cytokines,

fibromyalgia 604

promoter region, genes 49

propanolol, pediatric headache 632 T

propofol

central neuropathic pain 380

spinal cord injury pain 395, 396 T

prostaglandins

NSAID mechanism of action 631

peripheral nociceptor sensitization 29

prostaglandin synthetase inhibitors,

dysmenorrhea 572–4

prostatitis 563

protein kinase C inhibitors,

neuropathic pain 12

protein levels 62 T

protein synthesis (translation) 48–9,

49–51

codons 51, 52 F

ribosomes 51

proteomics 59–60, 63

definition 59

mass spectrometry 59–60

two-dimensional gel

electrophoresis 59

proton-pump inhibitors (PPIs),

gastroesophageal reflux disease

543

pruritus, topical local anesthetics 232

pseudoaddiction, analgesia

prioritization failure 103–4

psoriasis, persistent visceral pain 42

psoriatic arthritis, neck pain 488

psychiatric diagnosis 614–22

schedules 615, 615 T

Diagnostic and Statistical Manual

for Mental Disorder, 4th

edition 615, 615 T

International Association for the

Study of Pain 614, 615,

615 T

International Classification of

Diseases, 10th edition 615,

615 T

see also individual diseases/disorders

psychiatric disorders, International

Association for the Study of Pain

classification 614

psychoactive substances,

legislation 652–3

psychological adaptations, psychological

assessment 123

psychological assessment 122–31

applicability 129

ethics 123

inadequate, effects of 122–3

measures of 125–7

Beck Depression Inventory 125–6

Brief Symptom Inventory 127
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Coping Strategies

Questionnaire 127

Minnesota Multiphasic Personality

Inventory 126, 126 F

Multidimensional Pain

Inventory 127

Spielberger State–Trait Anxiety

Inventory 126

Symptom Checklist 90-

Revised 126–7

objectives 123

treatment plan 123

outcome predictors 127–8

liabilities and claims 128

Minnesota Multiphasic Personality

Inventory 128

presurgical scoring cards 128

pain assessment measures 124–5

McGill Pain Questionnaire 125

Minnesota Multiphasic Personality

Inventory 125

numerical rating scales 124, 125

pediatrics 125

Poker Chip Tool 125

verbal analog scales 124

visual analog scales 124, 125

pain center questionnaire 123, 124 T

standard pain center evaluation 123–5

structured clinical interview 123–4

substance abuse 128–9

psychological comorbidities, atypical

odontalgia 475

psychological disorders 66

abdominal pain 549–51

groin pain 549–51

perineal pain 549–51

psychological effects (of chronic

pain) 169–77

assessment effects 170

historical aspects 170

processes in 174–5

behavioral avoidance 174

environmental avoidance 174–5

‘‘experiential avoidance’’ 174

pain avoidance 174

seeking treatment 170–1

surveys 171, 171 F

psychological factor(s)

burning mouth syndrome 476

chest pain 538

CPSP 407

elderly patient pain see elderly

fibromyalgia 602

functional abdominal pain see

functional abdominal pain (FAP)

neck pain 486

outcome measurement 181

pediatric CRPS 626

spinal cord injury pain 392

syndrome X 542

visceral hypersensitivity

disorders 38–9

psychological history, chronic pelvic

pain 583

psychological stability, opioid therapy

selection 215

psychological therapies

chronic pelvic pain management see

chronic pelvic pain (CPP)

management

CRPS management 370–1

functional abdominal pain

treatment 634

juvenile fibromyalgia syndrome

management 626

neurologic disease pain

management 332

pediatric CRPS treatment 627

vulvodynia management 591

Psychological Well-being Scale 79

psychophysical studies, visceral

hypersensitivity disorders 38

psychosocial factors

adhesions 578

spinal cord injury pain 391

stress, tension-type headache 453

published guidelines, outcome

measurement 183

pudendal nerve, chronic pelvic

pain 581

pulpitis 477

punctate hyperalgesia, neuropathic

pain 135, 141 T

pyelograms, recurrent urolithiasis 564

pygeum 314 T

Qi Gong see energy healing

qualified staff, CBT 294

Quality Adjusted Life Year (QALY)

economic evaluation 80, 81 F

outcome measure 180–1

quality of life 75–6, 79

Hospital Anxiety and Depression

Scale 79

neuropathic pain assessment see

neuropathic pain assessment

Psychological Well-being Scale 79

refractory angina pectoris 539

SF-36 scores 79, 79 T

quality of palliative care, legal

perspectives 110–1

quality scales, CBT 299–300

quantitative polymerase chain reaction,

gene expression analysis 57–8

quantitative sensory testing (QST)

atypical facial pain 474–5

CRPS 150–1, 365

distal symmetrical

polyneuropathy 355

HIV-associated pain 356

neuropathic orofacial pain 471

peripheral neuropathies 337

trigeminal neuralgia 473

quantitative sudomotor axon reflex

testing (QSART), CRPS diagnosis/

management 150–1, 277, 366

race see epidemiology (chronic pain)

radicular leg pain, lumbar

radiculopathy 511

radiculopathy

HIV-associated pain 357

lower back pain treatment 512

lumbar, radicular leg pain 511

MRI 148

thermography 150

radiofrequency neurotomy, neck pain

treatment 495

radiography 145–6

atypical facial pain 474

bone infection 146

bone tumors 146

congenital abnormalities 146

CRPS diagnosis 367

deformities 146

fractures 146

osteoarthritis 146

pain vs. 146

rules/guidelines 146, 146 T, 147 F

vertebral degeneration 146

mechanism of action 145–6

osteoarthritis 526

rheumatoid arthritis 520

radionuclide scans see bone scans

range of movement patterns,

shoulder soft-tissue

disorders 528–9

rare injuries, whiplash 489

rash(es)

lamotrigine 262

topical analgesics 231

reassurance, functional abdominal pain

treatment 635

receptive fields, persistent

musculoskeletal pain 29–30

recessive alleles, genetics 53

recombinant human growth factor,

HIV-associated neuropathic

pain 356

rectal distension studies, persistent

visceral pain 40–1
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recurrent abdominal pain see functional

abdominal pain (FAP)

recurrent infectious cystitis, chronic

pelvic pain 579–80

red flag screening, lower back pain 504,

504 T

referred pain

cervical see cervical referred pain

chest see chest pain, somatic

neuropathic 136

reflexology, functional abdominal pain

treatment 635

reflex sympathetic dystrophy (RSD) see

complex regional pain syndromes

(CRPS)

refractory angina pectoris 539–42

assessment 539

definition 539

incidence 539

prevalence 539

spinal cord stimulation see spinal cord

stimulation (SCS)

treatment see below

refractory angina pectoris

therapy 539–42, 539 T

cardiac rehabilitation and angina

plan 539–40

enhanced external counter

pulsation 541

gene therapy 541–2

Angiogenic Gene Therapy

trial 541–2

intermittent urokinase 541

laser revascularization 541

pharmacological 541

spinal cord stimulation 540–1

sympathetic blockade 540

TENS 540

transmyocardial revascularization

541

regional analgesia, postamputation pain

prevention 424

regional anesthesia, inflammatory

bowel disease treatment 561

regional block(s)

postamputation pain 421

prevention 424

see also individual blocks

Reiki see energy healing

Reiter’s syndrome 488

relative efficacy, CBT 297

relative risk 69, 69 T

relaxation

CBT 295

chronic pelvic pain 587

relaxation breathing 315

renal adverse effects, paracetamol 201

renal colic, HIV-associated abdominal

pain 358

repetitive colorectal distension

(CRD) 43

repetitive muscle nociceptor activation,

fibromyalgia 604

repetitive stimulation, wind up-like

pain 136

residual limb pain see postamputation

pain

residual limb trauma, phantom

pain 415

resource limitations, economics 76

respiratory complications, NSAIDs see

nonsteroidal anti-inflammatory

drugs (NSAIDs)

response prevention, CBT 296

resting membrane potential,

neuropathic hypersensitivity

mechanisms 7

resting sweat output (RSO),

CRPS 150–1

Reston, James 308

restrictive pericarditis 542

retrograde menses, endometriosis

575

reward system changes, substance

misuse 654

Reye’s syndrome, aspirin 631

rheumatoid arthritis 519–25

clinical features 519–20

neck pain 488

peripheral neuropathy 342

persistent visceral pain 42

temporomandibular disorders 469

definition 519

classification criteria 520

epidemiology 519

investigations 520

prognosis 525

rheumatoid arthritis

management 520–5

analgesics 521

antidepressants 521

corticosteroids 524

diet 525

disease activity/severity

monitoring 520–1

American College of Rheumatology

Scores 520–1

Disease Assessment Score 520–1

disease-modifying antirheumatic

drugs 521–4, 522–4 T

abatacept 522–4 T

adalimumab 521, 522–4 T

anakinra 521, 522–4 T

auranofin 522–4 T

azathioprine 522–4 T

B-cell inhibitors 521, 522–4 T,

524

celecoxib 198

cyclophosphamide 522–4 T

cyclosporine 522–4 T

definition 521

etanercept 521, 522–4 T

hydroxychloroquine 522–4 T

infliximab 521, 522–4 T

interleukin 1 inhibitors 521,

522–4 T

leflunomide 522–4 T

methotrexate 521, 522–4 T

parenteral gold 522–4 T

penicillamine 522–4 T

rituximab 522–4 T, 524

sulfasalazine 522–4 T

T-cell costimulation inhibitors 521,

522–4 T, 524

timing of 521

tumor necrosis factor-a
inhibitors 521, 522–4 T

education 525

HMG CoA reductase inhibitors

524

naproxen 198

nonpharmacological therapy 524–5

see also individual types

NSAIDs 198, 199 T, 521

pharmacological therapy 521–4

see also individual types

physical therapy 524–5

symptom relief 520

ribosomal RNA (rRNA) 49

ribosomes 51

rigidity, movement disorders 327

risk factors 69

atypical facial pain 474

rituximab, rheumatoid

arthritis 522–4 T, 524

rizatriptan, migraine 455–6,

460 T

RNA expression, gene expression

analysis 59

rofecoxib

Adenomatous Polyp Prevention on

Vioxx trial 195–6

cardiovascular risk 195–6

withdrawal of 195

Roland–Morris Disability

Questionnaire 172 T, 173

root canal treatment, neuropathic

orofacial pain 470

root entry zone, trigeminal

neuralgia 473

ropivaciane, spinal administration 287
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rostral ventromedial medulla (RVM)

ON cells 15

neuropathic pain 15, 15 F

OFF cells 15

persistent musculoskeletal pain

31

rotator cuff disorders

diagnosis 528–9

treatment 529

rotator cuff tears, ultrasound 148

rotator cuff tendonitis, diagnosis 528–9,

529 T

sacral insufficiency fractures, lower

back pain 505

sacral parasympathetic nucleus,

persistent visceral pain 40

sacroiliac joint disease, lower back

pain 505

sacroiliac joint pain

lower back pain diagnosis 152, 159

spinal pain 157

therapy 163

salicylates, osteoarthritis 235–6

salpingo-oophoritis 579

sample sizes, candidate genes 71

satellite DNA, genetics 52–3

saw palmetto 314 T

sclerosing cholangitis, HIV-associated

abdominal pain 358

SCN9A gene, hereditary

erythromelalgia 342

scoliosis, spasticity pain 444

Screener and Opioid Assessment for

Patients with Pain 656

Screening Tool for Addiction Risk

(STAR) 655

secondary associated stimuli, substance

misuse 654

secondary dysmenorrhea 572,

574

secondary headache 450

secondary somatosensory cortex (S2),

imaging 16, 242–3

secretin, chronic pancreatitis pain

therapy 554

segmental spinal cord pain see

spinal cord injury (SCI)

pain, at-level neuropathic

pain

segregation analysis, inheritance

patterns 55

selective cyclooxygenase 2 inhibitors,

rheumatoid arthritis

management 521

selective dorsal rhizotomy (SDR),

spasticity pain 446

selective serotonin reuptake

inhibitors (SSRIs) 244 T, 246,

329–30

adverse effects 246

suicide risk 246

clinical uses/indications

chronic pelvic pain 584

fibromyalgia 246–7, 607

juvenile fibromyalgia syndrome 625

lower back pain 247

neuropathic pain 246

panic disorder 617

peripheral neuropathic pain 346

spinal cord injury pain 394–5

tension-type headache

prophylaxis 461–2

evidence-based outcomes 246–7

see also individual diseases/disorders

mechanism of action 246, 346

pharmacology 246

structure 246

see also individual drugs

self-assessment tools, elderly patient

pain 646

self-care instructions,

temporomandibular disorder

management 469–70

self hypnosis 315

self management, osteoarthritis

treatment 527

self-medication, analgesia direct

costs 77–8

self-reporting

disability measurement 118–9

elderly pain assessment 644

pain research 61 T

pediatric musculoskeletal pain 624

sensitivity

clinical trial exclusions 183

economic evaluation 81

outcome measurement 182–3

sensitivity to pain

genetics see genetics

panic disorder 617

sensitization

C-fibers, neuropathic pain 134

nociceptors

neuropathic pain classification 133

persistent musculoskeletal

pain 30–1

visceral hypersensitivity

disorders 38–9

sensory abnormalities, neuropathic pain

assessment 138

sensory changes, CRPS 363–4, 365,

365 T

sensory deficit, neuropathic pain 134–5

sensory homunculus, spinal pain

syndromes 272, 274 F

sequence variation, genetics 51–2

serotonin

acupuncture 310

peripheral nociceptor sensitization

29

serotonin-norepinephrine reuptake

inhibitors (SNRIs) 244 T, 245

adverse effects 245

clinical uses/indications

chronic pelvic pain 584

depression pain symptoms 246

fibromyalgia 245–6

neuropathic pain 245

peripheral neuropathic pain 346

spinal cord injury pain 394–5,

396 T

evidence-based-outcomes 245–6

see also individual diseases/disorders

mechanism of action 245

pharmacology 245

structure 245

see also individual drugs

serotonin receptor antagonists, irritable

bowel syndrome 559–60

serotonin receptors, neuropathic

pain 15–6

serotonin syndrome 248

diagnostic algorithm 248 F

sertraline, pediatric headache 632

sex hormones, epidemiology 66

sexual abuse, chronic pelvic pain 582

sexually transmitted infections,

HIV-associated gynecological

pain 359

SF-36 see Medical Outcomes Study

36-Item Short Form (SF-36)

shamanic healing see energy healing

shingles see herpes zoster

Shingles Prevention Study (SPS)

431–2

short-acting opioids, breakthrough

pain 221

shoulder capsulitis, diagnosis 529 T

shoulder soft-tissue disorders 528–9

diagnosis 528–9

differential diagnosis 528–9

epidemiology 528–9

treatment 529

see also individual disorders

Sickness Impact Profile (SIP)

disability daily functioning

assessment 172 T, 173

neuropathic pain assessment 140

silent nociceptors, peripheral

nociceptors 28
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single-nucleotide polymorphisms (SNPs)

epidemiology 71

genetics 52–3

high-density genome-wide

screening 71

single photon emission computed

tomography (SPECT) 149

neck pain 492

sinusitis

dental pain vs. 477

headache 454

SIP see Sickness Impact Profile (SIP)

Sjögren’s syndrome, diagnosis 151 T

skeletal trauma, CPSP 406

skin

blood flow, CRPS vasomotor

changes 365

topical analgesic sensations 231

topical NSAID reactions 232–3

sleep, pediatric headache therapy

630

sleep disturbances

chronic pain presentation 293

juvenile fibromyalgia syndrome 625

substance misuse 657

slippery elm 314 T

small-fiber neuropathy, diabetic

neuropathy 340

smooth muscle relaxants, esophageal

motor disorder 543

social circumstances, elderly patient

pain 643–4

social factors, fibromyalgia 602

social outcomes, outcome

measurement 181

socioeconomics

case–control studies 70

epidemiology (of pain) 69

sodium valproate see valproate

soft tissue injuries, topical

analgesics 235–6

soft tissue remodeling, spasticity

pain 443

somatic nerve blockade, CRPS

management 369

somatization disorder 619

somatoform disorders 618–9

see also individual diseases/disorders

somatosensory cortex, persistent

musculoskeletal pain 32

somatosensory disturbances, central

poststroke pain 378

somatostatin 26

Southern blots 62 T

spared nerve injury (SNI) model,

neuropathic pain models 4–5

spasmodic torticollis 328–9

spasticity

focal 441–2

cerebral origin 441–2

general 441–2

spinal origin 442

management 444

analgesia spinal drug

administration see spinal drug

administration

pathophysiology 440–1

cerebral origin spasticity 441–2,

441 T

flexor reflex afferents 440–1

hyperexcitability 441

movement disorders 327

muscle changes 441

negative components 440–1, 441 T

positive components 440–1, 441 T

spinal cord lesions 441

spinal origin spasticity 441, 441 T,

442

upper motor neuron

syndrome 440–1

spasticity pain 440–9

abnormal posture 442

contracture 443, 443 F

hygiene 443

access difficulty 443, 443 F

management see below

muscle spasms 442–3

extensor spasms 442–3, 442 F

flexor spasms 442–3, 443 F

musculoskeletal pain 444

neuropathic pain 444

spasticity pain management 444

focal spasticity 446–7

botulinum toxin 446–7

phenol injections 445 F, 447

surgery 447

intrathecal baclofen 445–6

oral medications 444–5

alpha-2 agonists 445

baclofen 444

clonidine 445

cyproheptadine 445

dantrolene 445

diazepam 444–5

lamotrigine 445

piracetam 445

progabide 445

tizanidine 445

see also individual drugs

surgery 446

spatial characteristics, neuropathic pain

assessment 139

specific treatment determination,

outcome measurement 179

spermatocele 563

Spielberger State–Trait Anxiety

Inventory (STAI)

emotional distress assessment

173–4

psychological assessment 126

Spigelian hernias 579

spinal afferents, persistent visceral

pain 39

spinal cord

lesions, spasticity 441

neuropathic pain see neuropathic pain

nociceptors 29–30

persistent musculoskeletal pain see

musculoskeletal pain,

persistent

supraspinal mechanisms 15–6

descending modulation 15–6

tumor necrosis factor a 10

spinal cord injury (SCI) pain 388–404

above-level neuropathic pain 389

management 393

patient assessment 391–2

at-level neuropathic pain 389, 392 F

imaging 392

management 393–7

patient assessment 392

below-level neuropathic pain 390,

392 F

imaging 392

management 393–7

patient assessment 392

spinal generator 390

central neuropathic pain 375

environmental aspects 400

management see below

mechanisms 390–1

see also individual mechanisms

musculoskeletal pain 389

imaging 391

inflammation 393

muscle spasms 389, 393

patient assessment 391

posture 393

trauma 392–3

neuropathic 389 T

nociceptive 389 T

pain taxonomy 388–90, 389 T

pain types 388–90

patient assessment 391–2

environmental contribution 392

psychological contribution 392

visceral pain 391

peripheral generator 390

psychological aspects 390, 400

spinal generator 390

supraspinal generator 390–1
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visceral pain 389

imaging 391

location 391

management 393

patient assessment 391

physical examination 391

spinal cord injury (SCI) pain

management 392–400

above-level neuropathic pain 393

anticonvulsant drugs 394, 396 T

gabapentin 257 T, 258, 380, 394,

396 T

lamotrigine 262, 394, 396 T

pregabalin 257 T, 380, 394,

396 T

topiramate 394, 396 T

valproic acid 394, 396 T

antidepressants 394–5, 396 T

amitriptyline 394, 396 T

duloxetine 394–5, 396 T

serotonin-norepinephrine reuptake

inhibitors 394–5, 396 T

trazodone 396 T

venlafaxine 394–5, 396 T

at-level neuropathic pain 393–7

see also complex regional pain

syndromes (CRPS)

below-level neuropathic pain 393–7

drug combinations 395

exercise 397 T

local anesthetics 395, 396 T

lidocaine 395, 396 T

mexiletine 395, 396 T

propofol 395, 396 T

musculoskeletal pain 392–3

neuropathic pain 399 F

NMDA antagonists 395

ketamine 395, 396 T

nociceptive pain 398 F

opioids 393, 394, 396 T

physical approaches 397

psychological approaches 397 T

CBT 397 T

spinal drug administration 395, 396 T

baclofen 395, 396 T

clonidine 395, 396 T

lidocaine 395, 396 T

morphine 395, 396 T

stimulation techniques 395–7,

397 T

acupuncture 395–7, 397 T

deep brain stimulation 397 T

spinal cord stimulation 395–7,

397 T

TENS 395–7, 397 T

transcranial direct current

stimulation 395–7, 397 T

surgical approaches 397, 397 T

cordotomy 397, 397 T

dorsal entry root zone

lesioning 397, 397 T

visceral pain 393

Spinal Cord Injury Pain Task

Force 388–9

spinal cord stimulation (SCS)

clinical uses/indications

central neuropathic pain 383

CRPS 277, 370

ischemic syndromes 273

peripheral neuropathic pain 347–8

peripheral vascular disease see below

postherpetic neuralgia see below

refractory angina pectoris see

refractory angina pectoris

therapy; below

spinal cord injury pain 395–7,

397 T

spinal pain syndromes see below

syndrome X 542

visceral pain syndromes see below

clonidine combination 269

conditions 268–9

see also individual diseases/disorders

historical aspects 268–9

peripheral vascular disease 275–6,

276 F

postherpetic neuralgia 277

clinical trials 277–8

refractory angina pectoris 274–5

cardiac plexus neurons 274–5

clinical effects 275

electrode placement 275, 275 F

mechanism of action 274–5

patient selection 274

positron emission tomography 275

technical considerations 275

spinal pain syndromes 271–2

lower back pain 272, 273 F

other therapy failure 271–2

sensory homunculus 272, 274 F

visceral pain syndromes

animal models 276

human studies 276

pancreatitis 276

spinal dorsal horn neurons, persistent

visceral pain 40

spinal drug administration 284–91

blood–brain barrier 285, 285 F, 286 F

cancer pain 288, 288–9

cost-effectiveness 288

chronic nonmalignant pain 288, 289

clinical uses/indications 288–9

cancer pain

see above

chronic nonmalignant pain

see above

neurologic disease pain 331–2

spasticity see below

spinal cord injury pain see spinal

cord injury (SCI) pain

management

CNS blood flow 285, 286 F

cost-effectiveness 288

drugs 285

baclofen 285–6, 288

bupivacaine 287

membrane stabilizers see below

morphine 288

opioids 288

ropivaciane 287

voltage-gated calcium channel

blockers see below

ziconotide 287, 288

effectiveness 284, 285 F

historical aspects 284–5

membrane stabilizers 287

pharmacology 286–8

see also individual drugs

physiology 284–6

spasticity 285–6, 288, 289

baclofen 285–6, 288

cost-effectiveness 288

voltage-gated calcium channel

blockers 287

spinal factors, postamputation

pain 420–1

Spinal Function Sort (SFS) 119

spinal fusion surgery 163

lower back pain treatment 512

spinal generator see spinal cord injury

(SCI) pain

spinal hyperexcitability, persistent

musculoskeletal pain 27 F, 30–1

spinal instability, lower back pain 507

spinal manipulation, lower back pain

treatment 509

spinal neoplasia, diagnosis, erythrocyte

sedimentation rate 155

spinal neoplasia diagnosis 155, 156 T

spinal nerve ligation (SNL) transection

model 4–5, 5 F, 7–8

spinal neurons, persistent visceral

pain 42

spinal origin spasticity 441, 441 T, 442

spinal pain diagnosis 155, 156 T

aneurysms 155–6, 156 T

arthritis 156

discogenic pain 157

fractures 156

infections 155, 156 T

metabolic bone disease 156

Index ] 699



spinal pain diagnosis (continued)

muscle spasm 157

sacroiliac joint pain 157

trigger point 157

zygapophysial joint pain 157

spinal pain syndromes, spinal cord

stimulation see spinal cord

stimulation (SCS)

spinal processing, persistent

musculoskeletal pain see

musculoskeletal pain, persistent

spinal stenosis 511–2

spinal-thalamic-cortical pathway

dysfunction 378

spinoreticulothalamic system, central

neuropathic pain 378–9

spinothalamic pathway, central

neuropathic pain 378

spiritual therapies, CAM 307, 307 T

splanchnicectomy, chronic pancreatitis

pain therapy 556

splints, osteoarthritis treatment 528

spontaneous pain

central poststroke pain 378–9

peripheral neuropathies 336

squamous cell carcinoma, HIV-

associated anorectal pain 359

STAI see Spielberger State–Trait Anxiety

Inventory (STAI)

stakeholders, outcome

measurement 179, 179 T

standard pain center evaluation,

psychological assessment 123–5

static hyperalgesia, neuropathic

pain 134 T, 135

statins (HMG CoA reductase

inhibitors), rheumatoid arthritis

management 524

stavudine, toxic neuropathy 341–2, 355

steatorrhea, chronic pancreatitis 553

stellate ganglion blocks see sympathetic

nerve blocks

sternotomy, CPSP 406–7

steroids see corticosteroid(s)

stimulation, acupuncture 309

stimulation-based therapies

CAM 307, 307 T

spinal cord injury pain see spinal cord

injury (SCI) pain management

stimulus-dependent pain

neuropathic pain 134, 134 T

peripheral neuropathies 336

stimulus-independent pain

neuropathic pain see neuropathic pain

peripheral neuropathies 336

St John’s Wort 314 T

stoicism, elderly patient pain 643–4

stomach chest pain see chest pain,

visceral

stool samples, irritable bowel syndrome

diagnosis 558–9

stranguria, urethral syndrome 580

strategy development, economics 81–3

stress

chronic pain presentation 293

persistent visceral pain 42–3

persistent visceral pain models 42–3

reduction, chronic pelvic pain 587

stress disorders 617–8

see also posttraumatic stress disorder

(PTSD); individual diseases/

disorders

stress fractures 149

stroke

central neuropathic pain see central

poststroke pain (CPSP)

incidence 377

structured clinical interview,

psychological assessment see

psychological assessment

Study to Understand Prognosis,

Preferences for Outcomes and

Risks of Treatment

(SUPPORT) 101

subjectivity, impairment

measurement 119–20

‘‘subluxation complex,’’ chiropractic

therapy 312

substance misuse 652–9

current opioid misuse measure 620

definitions 653–4

epidemiology 653

neurobiology 654

pain management 657–8

anxiety 657

behavior 657

depression 657

injury risk 657

nonpharmacological

interventions 657

opioid substitution therapy 657

pain intensity increase 657

sleep disturbances 657

team support 657–8

prevalence 619–20

prior use effects 620

pseudoaddiction 653–4

psychoactive substances 619–20

psychological assessment see

psychological assessment

substance P

fibromyalgia neuronal plasticity 604,

604–5

joint innervation 26

microglia activation 14

muscle innervation 26

neuropathic pain 10, 14

peripheral nociceptor sensitization 29

persistent musculoskeletal pain 31

postamputation pain 420

release, capsaicin 232

sudomotor changes, CRPS see complex

regional pain syndromes (CRPS)

suffering 86–98

cultural effects 89–90

definition 87–90, 100

clinical definitions 90

controversy 88–9

individual experience 89–90

as pain synonym 89

as pleural concept 90

relief, legal perspectives 110

suicide risk

depression 616

selective serotonin reuptake

inhibitors 246

sulfasalazine

inflammatory bowel disease 561

rheumatoid arthritis 522–4 T

sulfasalazine, musculoskeletal chest

pain 544

sumatriptan

cluster headache 462

migraine 455–6, 460 T

pediatric headache 630–1

dosages 631 T

sum of difference in pain intensity

(SPID) 184

superior hypogastric plexus, chronic

pelvic pain 572

supraspinal factors, postamputation

pain 421

supraspinal mechanisms

neuropathic pain see neuropathic pain

neurostimulation 270

spinal cord injury see spinal cord

injury (SCI) pain

supraspinal neurons, persistent

musculoskeletal pain 32

supraspinal sites, persistent

musculoskeletal pain 30

supraspinal terminations, persistent

visceral pain see visceral pain,

persistent

suprathreshold pain sensitivity, tension-

type headache 454

surgery

central neuropathic pain 380–3

chronic pancreatitis pain therapy 556

chronic pelvic pain

management 584–5
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endometriosis treatment 576

focal spasticity management 447

lower back pain treatment see lower

back pain treatment

neck pain treatment 494

neurologic disease pain

management 332

peripheral neuropathic pain

therapy 346 T

postamputation pain 424

severity independence, CPSP 406–7

spinal cord injury pain see spinal cord

injury (SCI) pain management

trigeminal neuralgia management

473

vulvodynia management 591

Survey of Chronic Pain in Europe 171

susceptibility genes, complex

multifactorial disorders 53

sympathetic activity

neuropathic pain assessment 139

neuropathic pain classification 133

sympathetic afferents, peripheral

vascular disease 275–6

sympathetic (thoracolumbar)

innervation, chronic pelvic

pain 571–2

sympathetic nerve blocks 151–2

causalgia 151

CRPS management 369

pediatric 627

peripheral neuropathic pain

therapy 346 T

reflex sympathetic dystrophy 151

refractory angina pectoris therapy see

refractory angina pectoris

therapy

stellate ganglion blocks 152

technique 151

sympathetic nervous system

heart 538–9

postamputation pain 420

sympathetic skin responses,

CRPS 150–1, 366

symptomatic facet joint disease, lower

back pain 505

Symptom Checklist 90-Revised (SCL-

90R) 126–7

symptom remission, functional

abdominal pain 633

syncope, acupuncture 310

syndrome X 542

synergy, CBT 295

synovial joints

lower back pain diagnosis 157, 158–9,

158 F, 160 F

neck pain diagnosis 161

syringomyelia

at-level neuropathic spinal cord injury

pain 389

MRI 154–5

systemic analgesics, topical analgesics

vs. 230

systemic sclerosis, peripheral

neuropathy 342

systemic sodium channel blockers,

neurologic disease pain

management 330

systems biology, genetics 60

T1 constant, MRI 147–8

T2 constant, MRI 147–8

tactile allodynia 7

Tampa Scale for Kinesiophobia

(TSK) 173–4

Tangier disease

diagnosis 151 T

painless peripheral neuropathies 344

Taoist philosophy 308

TARGET trial, NSAIDs 196

tarsal tunnel syndrome 149–50

T-cell costimulation inhibitors,

rheumatoid arthritis 521, 522–4 T,

524

tegaserod, irritable bowel syndrome

treatment 559–60

telescoping, phantom sensation 418–9,

419 F

temperature, residual limb pain 419

temperature asymmetry, CRPS

vasomotor changes 366

temporal arteritis, diagnosis 154–5

temporal characteristics, neuropathic

pain assessment 139

temporomandibular disorders

(TMD) 467–70

definition 467, 468 T

diagnosis 156, 467–8

joint problems 467–8

differential diagnosis 469

epidemiology 468

management 469–70

pathophysiology 468–9

symptomatology 468

temporomandibular joint

clicks 468

problems 467–8

tender point location, fibromyalgia 600,

600 F, 601

tender points, juvenile fibromyalgia

syndrome 625

tendonopathy, ultrasound 148

tendon reflexes, polyneuropathies 336

tendons, ultrasound 148

tennis elbow see lateral epicondylitis

tenosynovitis, wrist 529 T

tension-type headache (TTH)

classification 450–1, 451 T

chronic-type 450–1

episodic-type 450–1

clinical features 452

diagnosis 454

epidemiology 452

pathophysiology 453–4

pediatrics 629 T

prophylaxis 461–2

temporomandibular disorders

469

treatment 458–9

acute 458–9

testicular torsion 563

tetracyclines, osteoarthritis 527

thalamic infarctions, central poststroke

pain see central poststroke pain

(CPSP)

thalamic pain syndromes

central neuropathic pain 379

central poststroke pain 377

thalamocortex, persistent

musculoskeletal pain 32

thalamus

functional imaging 242–3

persistent musculoskeletal pain 32

persistent visceral pain 40

postamputation pain 421

supraspinal spinal cord injury pain

generator 391

thalidomide, HIV-associated pain 358

thallium poisoning, peripheral

neuropathies 341

therapeutic touch see energy healing

thermal stimuli

central neuropathic pain 378

human visceral pain models 41

neuropathic pain assessment 138,

139 T

thermography 150

thermoregulatory sweat test (TST),

CRPS 150–1, 366, 366 T

third molar surgery, neuropathic

orofacial pain 470

thoracic paravertebral blocks, refractory

angina pectoris 540

thoracic spine, referred chest pain 544

thoracoabdominal radiculopathy,

diabetic neuropathy 339–40

thymidine, DNA structure 49

thyroid hormones, fibromyalgia 603,

608

tic douloureux, neuropathic pain 134

Tietze’s syndrome 544
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tissue damage, visceral hypersensitivity

disorders 38

tizanidine

fibromyalgia management 608

neurologic disease pain 330

spasticity pain management 445

tolerance 445

tolfenamic acid, migraine

prophylaxis 461 T

Tolosa–Hunt syndrome, MRI 154–5

tooth extraction, neuropathic orofacial

pain 470

topical analgesics 230–40

adverse effects 231, 232–3

rash 231

skin sensations 231

toxicity 231

clinical uses/indications 230–1, 233–7

HIV-associated oral pain 358

lower back pain 236–7

myofascial pain 236–7

neuropathic pain 233–5

osteoarthritis 235–6

peripheral neuropathic pain 346 T,

347

postoperative pain 237

pressure ulcers 237

soft tissue injuries 235–6

definition 230

drug interactions 231

effectiveness 231

FDA approval 231

individualized prescribing 231–2

mechanisms of action 230–1, 232

systemic analgesics vs. 230

tissue concentration 230

see also individual analgesics

topical drug applications

CRPS management 368–9

neurologic disease pain

management 329

postherpetic neuralgia treatment see

postherpetic neuralgia (PHN)

treatment

topical local anesthetics

adverse effects 232

mechanisms of action 232

neuropathic pain 233–4

topical nonsteroidal anti-inflammatory

drugs

adverse effects 232–3

clinical uses/indications 235–6

meta-analysis 235–6

neurologic disease pain 329

osteoarthritis 235–6, 526–7

soft tissue injuries 235

mechanisms of action 232

topiramate 256 T, 260–2

adverse effects 260–2

clinical uses/indications

central neuropathic pain 379–80

lower back pain 260

migraine prophylaxis 459–61, 461 T

neuropathic pain 260

pediatric headache 632, 633 T

spinal cord injury pain 394, 396 T

mechanism of action 260

‘‘top-to-bottom’’ model, fibromyalgia

neuronal plasticity 604–5

torsade de pointes, methadone

216

touch, neuropathic pain

assessment 137–8

toxic neuropathies see peripheral

neuropathies

traction, lower back pain treatment

510

traditional Chinese medicine 307–10

Taoist philosophy 308

traditional medicine see complementary

and alternative medicine (CAM)

training changes, CAM 305

training lack, analgesia prioritization

failure 103

tramadol

chronic noncancer pain 212

paracetamol combination 213

clinical uses/indications

chronic noncancer pain

see above

fibromyalgia 607

lower back pain 508

pediatric headache 631

peripheral neuropathic pain 345 T,

347

postherpetic neuralgia 434–5,

434 T

rheumatoid arthritis 521

morphine combination 214

opioid-induced hyperalgesia 219

opioid tolerance 219

transcranial direct current stimulation

(tDCS), spinal cord injury

pain 395–7, 397 T

transcription 49, 50 F

transcutaneous electrical nerve

stimulation (TENS) 268–9, 278

atypical facial pain 475

chronic pelvic pain 584

dysmenorrhea 574

functional abdominal pain 635

lower back pain 510

neurologic disease pain 331

osteoarthritis 528

peripheral neuropathic pain 347

postamputation pain 423–4

postherpetic neuralgia 435

refractory angina pectoris 540

spinal cord injury pain 395–7, 397 T

transduction, peripheral nociceptor

sensitization 28

transfer RNA (tRNA) 49

transient receptor potential ion channel

A1 (TRPA1)

cold response 9

nerve injury response 9–10

transient receptor potential ion channel

V1 (TRPV1)

heat response 9

nerve injury response 9–10

transitional zone spinal pain see spinal

cord injury (SCI) pain, at-level

neuropathic pain

transmyocardial revascularization

(TMR), refractory angina

pectoris 541

transvaginal ultrasound, pelvic

congestion 577

trauma

brachial plexus neuropathies 343

musculoskeletal spinal cord

injury 392–3

neuropathic orofacial pain 470

neuropathic pain 4 T

pediatric CRPS 626

persistent musculoskeletal pain 26

persistent visceral pain 38

substance misuse 657

trazodone

central neuropathic pain 381–2 T

pediatric headache 632

spinal cord injury pain 396 T

treatment benefit determination see

outcome measurement

treatment controls (TC), CBT 298–9

treatment guide, outcome

measurement 179

treatment-induced diabetic

neuropathy 340

Treatment Outcomes in Pain

Survey 173

treatment plan, psychological

assessment 123

treatment safety, outcome

measurement 179

trial quality issues, CBT 299–300

tricyclic antidepressants 243–4, 244 T

adverse effects 243–4, 244 T, 345

clinical uses/indications

atypical facial pain 475

chronic pelvic pain 584
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fibromyalgia 245, 607

juvenile fibromyalgia syndrome 625

lower back pain 244–5

neurologic disease pain 329

neuropathic pain see below

pediatric 632

pediatric CRPS 627

postamputation pain 415, 422

temporomandibular

disorders 469–70

tension-type headache

prophylaxis 461–2

vulvodynia 590

evidence-based outcomes 244–5

see also individual diseases/disorders

mechanism of action 243, 345, 394

neuropathic pain therapy 244

mechanisms of action 232

orofacial pain 472

peripheral 345

pharmacology 243–4

structure 243

topical application 234

case example 234–5

CRPS type 1 234

postherpetic neuralgia 234

see also individual drugs

trigeminal ganglion, migraine 453

trigeminal neuralgia 472–3

differential diagnosis 473

epidemiology 472–3

International Association for the

Study of Pain definition 472

management 473

carbamazepine 255, 256, 256 T,

257 T

lamotrigine 262

oxcarbazepine 256, 256 T, 257 T

multiple sclerosis 325, 326

neuropathic pain models 5–6

pathophysiology 473

symptomatology 473

trigeminal nucleus, migraine 453

trigger avoidance, pediatric headache

therapy 630

trigger point(s)

myofascial pain 601

neck pain 488–9

spinal pain 157

trigger point injection

chronic pelvic pain management 584

myofascial pain management 608

triiodothyronine, fibromyalgia 603

triptan(s)

contraindications 460 T

cost 457

mechanism of action 455

migraine treatment see migraine

pediatric headache 630–1

see also individual drugs

Trk receptors, brain-derived

neurotrophic factor 12

trochanteric bursitis, epidemiology 530

tropisetron, fibromyalgia

management 607

tumor(s)

chronic pelvic pain 578–9

HIV-associated abdominal pain 358

neck pain 488, 490

see also cancer pain

tumor necrosis factor a (TNF-a)
arthritis 29

neuropathic pain 10

tumor necrosis factor-a inhibitors,

rheumatoid arthritis

management 521, 522–4 T

twin studies

fibromyalgia 603

genetics 55

two-dimensional gel electrophoresis,

proteomics 59

ulcerative colitis (UC) 561

ulcers, NSAIDs 196

ulnar nerve entrapment

nerve conduction studies 149–50

neuropathic pain 342–3

ultrasound 148–9

chronic pelvic pain 583

postamputation pain 423–4

rheumatoid arthritis 520

unique spinal pathway, persistent

visceral pain 40

upper limbs, spasticity pain 442

upper motor neuron syndrome

(UMNS) 440–1

uremic neuropathy, diagnosis 151 T

urethral syndrome 580

urinary bladder distension studies 40–1

urinary tract infections 393

urolithiasis, recurrent 564

USA, CAM 305

uterine leiomyomata 578–9

utility measure, outcome

measurement 180

valaciclovir, herpes zoster 432

valdecoxib, withdrawal of 195–6

valerian 314 T

valproate 256 T, 263

adverse effects 263

clinical uses/indications

central neuropathic pain 379–82 T

diabetic neuropathy 263

migraine prophylaxis 461 T

pediatric headache see below

peripheral neuropathic pain 346

postherpetic neuralgia 435

spinal cord injury pain 394,

396 T

tension-type headache

prophylaxis 461–2

efficacy 261 T

pediatric headache 631

dosages 633 T

vanilloid receptor 1 (TRPV1),

capsaicin 232, 347

varicella (chickenpox) 429–30

disease course 430 F

varicella-zoster vaccine

herpes zoster prevention 431–2

postherpetic neuralgia 343,

431–2

varicella zoster virus (VZV) see herpes

zoster; postherpetic neuralgia

(PHN); varicella (chickenpox)

varicocele 563

variegate porphyria 562–3

vascular amputees, phantom pain 417

vascular disorder diagnosis 154, 154 T

vasculitic neuropathy 342

vasculitis, diagnosis 151 T

vasectomy, CPSP 406–7

vasoactive intestinal peptide (VIP) 29

vasoconstriction, CRPS

management 368

vasomotor changes, CRPS see complex

regional pain syndromes (CRPS)

venlafaxine 244 T

adverse effects 245

clinical uses/indications

neuropathic pain 245

pediatric headache 632

peripheral neuropathic pain 346

spinal cord injury pain 394–5,

396 T

pharmacology 245

venous congestion, human visceral pain

models 41

ventrobasal complex, persistent

musculoskeletal pain 32

ventrolateral medulla, persistent visceral

pain 40

ventroposteriomedial nucleus, deep

brain stimulation 279–80

verapamil

cluster headache prophylaxis 462

migraine prophylaxis 461 T

pediatric headache 632 T

verbal analog scales 124

verbal category scales 139–40
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verbal rating scale, elderly pain

assessment 644, 646

vertebral degeneration

fractures 146

radiography 146

vertebrobasilar artery ischemia,

chiropractic therapy 313

vestibulodynia see vulvodynia

videothoracoscopic splanchnicetomies,

pancreatic cancer pain 552

visceral cancer 560–1

see also individual diseases/disorders

visceral chest pain see chest pain,

visceral

visceral disorders, diagnosis 154, 154 T

visceral hypersensitivity disorders 38–9

chronic pancreatitis 38

imaging 38

inflammation 38

interstitial cystitis 38

irritable bowel syndrome 38

markers 38

McGill Pain Questionnaire 38–9

noncardiac chest pain 38

postcholecystectomy syndrome 38

psychological modifiers 38–9

psychophysical studies 38

sensitization process 38–9

tissue damage 38

visceral innervation, chronic pelvic

pain 571–2

visceral pain

CPSP 406

diagnostic blocks 152

elderly patient pain 642, 643

persistent see below

spinal cord injury see spinal cord

injury (SCI) pain

spinal cord stimulation see spinal cord

stimulation (SCS)

visceral pain, persistent 37–47

definition 37

experience of 37–8

chemical stimuli 38

functional alterations 38

ischemia 38

localization 37–8

mechanical/stretch distension 38

secondary hyperalgesia 37–8

trauma 38

mechanisms 42–3

developmental changes 43

inflammation 42

neuropathic changes 43

peripheral pathways 39, 39 F

stress 42–3

unique spinal pathway 40

models 41

animal models 41, 42–3

human models 41

spinal dorsal horn neurons 40

supraspinal terminations 40–1

Visual Analog Scale (VAS) 118

neuropathic pain 139–40

phantom pain 416

psychological assessment 124,

125

visual stimuli, migraine 452–3

vitamin B6 deficiency 340–1

vitamin B12 deficiency 340

diagnosis 151 T

voltage-gated calcium channel(s)

a2d-1 subunit 6 F, 9

blockers, spinal administration see

spinal drug administration

neuropathic pain 6 F, 9, 12

N-type 9

voltage-gated potassium channel(s)

Kv1.1 9

Kv1.2 9

Kv1.4 9

Kv1.8 9

neuropathic pain 9

peripheral neuropathies 336–7

peripheral nociceptor

sensitization 28–9

voltage-gated sodium channel(s)

blockade

carbamazepine 254–5

lidocaine 263

mexiletine 263

oxcarbazepine 254–5

Nav1.3 7–8

peripheral nerve injury 9

Nav1.7 7–8

hereditary erythromelalgia 342

neuropathic pain 9

pain sensitivity 60

Nav1.8 7–8

neuropathic pain 7–8

peripheral neuropathies 336–7

Nav1.9 7–8

neuropathic pain 7–8

peripheral nerve injury 9

peripheral neuropathies 336–7

neuropathic pain 6 F, 7–9

peripheral 336–7

peripheral nerve injury 9

tetrodotoxin sensitivity

classification 7–8

voltage-gated sodium channel blockers,

postamputation pain 422

von Frey hairs, neuropathic pain

assessment 138, 139 T

VPL nucleus, deep brain

stimulation 279–80

vulvar dermatoses 588

vulvar vestibulitis see vulvodynia

vulvodynia 587–9

clinical evaluation 588–9

examination 589

history 588–9

definition 587–8

dysesthetic 588

epidemiology 588

etiology 588, 588 T

allergic dermatitis 587–8

chronic vulvovaginitis 587

vulvar dermatoses 588

vulvar vestibulitis/vestibulodynia

see below

management 589–91

anticonvulsants 590

antifungals 590

antihistamines 590

behavioral therapies 591

biofeedback 591

botulinum toxin 591

corticosteroids 590

diet 591

estrogens 590

local anesthetics 590

perineoplasty/vestibulectomy 591

pharmacological 590–1

psychological therapies 591

surgery 591

tricyclic antidepressants 590

prognosis 591

vulvar vestibulitis/vestibulodynia 589

models 589, 589 F

symptoms 589

vulvovaginitis, chronic 587

waiting list controls (WLC),

CBT 298–9

Wallenberg’s syndrome (lateral

medullary infarctions) 377

Wallerian degeneration, neuropathic

hypersensitivity 7

warm sensations, neuropathic pain

assessment 137–8

Wegener’s granulomatosis 342

weight distribution, spasticity pain

442

weight loss, depression 615

western blots 62 T

Western Ontario and McMaster

University Osteoarthritis Index

(WOMAC) 212

West Haven–Yale Multidimensional

Pain Inventory 140
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whiplash 489–91

diagnosis 156

epidemiology 489

etiology 489–90

zygapophysial joints 489–90, 490 F

natural history 489

prognostic factors 489

recovery rates 489

risk factors 489

white willow 315 T

wide dynamic range (WDR)

neurons 136

wind-up

myofascial pain 605

neuropathic pain 11–2

Woodruff procedure, vulvodynia 591

work effects, disability

measurement 119

Work Limitations Questionnaire

(WLQ), measurement 118–9

World Health organization (WHO),

analgesic ladder 646

world medicine see complementary and

alternative medicine (CAM)

wrist, tenosynovitis 529 T

written supplements, CBT 295

xerostomia, HIV-associated oral

pain 358

X-linked inheritance 53

X-rays see radiography

yellow flag screening, lower back

pain 504, 504 T

Y-linked inheritance 53

yohimbe 315 T

zalcitabine, toxic neuropathy 341–2, 355

ziconotide

cancer pain 288

spinal drug administration 287, 288

zolmitriptan

migraine treatment 460 T

pediatric headache 631 T

zolpidem, fibromyalgia 608

zonisamide, pediatric headache 632,

633 T

zoster sine herpete 431

zygapophysial joint pain

cervical referred pain 486

referred chest pain 544

spinal pain 157

therapy 163

whiplash 489–90, 490 F

zygomatico-orbital fractures 471
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