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It has been said that a person reaches in three
directions: Inward, to oneself, up to G-d, and
out to others. The miracle of life is that in
truly reaching in any one direction, one
embraces all three. (Rebbe Nachman of
Breslov)

This book is dedicated first and foremost to
G-d, the most high for his love, guidance, and
many blessings. It is also dedicated to the
memory of my father, friend and colleague
R. Calvin Wilson (11/26/1926–06/10/
2006). He was a man that had a profound
and positive impact on my life, my thinking,
and on my desire to embrace this miracle
called life.

I will love andmiss you always. Know you are
never forgotten, and may you rest in peace.



Preface

Who except the Gods can live time through forever without
any pain.

Aeschylus (BC 525–456)

Hunger, love, pain, fear are some of the inner forces which
rule the individual’s instinct for self-preservation.

Albert Einstein (1879–1955)

Two thousand years ago St. Paul called his painful affliction ‘‘the thorn in the

flesh’’ and a ‘‘messenger from Satan’’ which only God could remove. St. Augus-

tine echoed this sentiment stating, ‘‘the greatest evil is physical pain.’’ The

concept of pain as punishment for one’s sins lasted for centuries and evolved

into a ‘‘warning’’ of impending doom. Historically, attempts at defining and

quantifying pain have been akin to trying to control and corral a herd of feral

housecats.
The current definition of pain by the International Association for the Study

of Pain (IASP) as, ‘‘an unpleasant sensory and emotional experience associated

with actual or potential tissue damage, or described in terms of such damage’’ is

certainly inadequate. Advances in neuroscientific and biobehavioral aspects of

pain, as demonstrated in this volume, promise to help clarify the multifaceted

phenomenon of pain as more than simply an unpleasant sensory assault. This

will afford a more comprehensive definition.
We now know that the velocity of neuronal transmission leading to the

perception of nociceptive stimuli through supraspinal brain centers may be

inconstant. Variations in nerve conductivity, that was once thought to be

relatively fixed, along with synaptic neurochemical alterations may lead to a

delayed or altered recognition of pain. Responses to painful stimuli, at times

reflexive though primarily subjective, are the most difficult to predict and

especially to measure. Emblematic of this is The Facial Action Coding System

(FACS), based on pain reactions such as grimacing, nasolabial fold deepening,

and brow furrowing.. FACS is one of several schemes attempting to measure

degrees of pain. Psychometric and psychosocial evaluations are also used, with

varying degrees of success, in identifying the ramifications of an individual’s

unique responses to pain.
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Because of the Gestalt of cultural, behavioral, emotional, and spiritual
components in painful ideation, the best portrayals of pain, for millennia,
have been through poetry, philosophy, art, and music. Individual examination
of each of the integral entities within neuroscience, though exciting and promis-
ing, cannot alone explain the wondrous complexity and plasticity of the human
nervous system and man’s ‘‘experience’’ with pain.

The microanatomy of pain mechanisms, once thought to be fully elucidated,
is in a constant state of flux. The immune–glial cell contribution to neuropathic
pain is one of a constellation of continually evolving discoveries in neu-
roscience. Gene research and therapies have opened a vast frontier for under-
standing how the nervous system works. Consider the discovery of the gene
responsible for the neurochemical defect in patients with Congenital Insensi-
tivity to Pain. Advances in PET and SPECT scanning, fMRI, Electroencepha-
lography, Deep Brain Stimulation, and MR spectroscopy, along with technical
advances in neurochemistry and molecular neurobiology, should expand our
ability to correlate biobehavioral aspects of pain to the hard neurosciences
exponentially.

In this volume, Dr Rhonda Moore has established a holistic template for
understanding the complex nature of pain. The neuroanatomy and neurophy-
siology of nociceptive reception and perception are fundamental and evolving.
Along with this, crucial biobehavioral elements responsible for an individual’s
response to pain must be integrated in any reasonable definition. These include,
but are not limited to, gender, cultural, emotional, genetic, societal and spiritual
factors. To honestly evaluate an individual’s painful experience, inclusive of
neuroscience, one must consider it a ‘‘perfect storm’’ of all that is implicit in
understanding human behavior. In the selection of the contributors’ and subject
matter for this book, Dr. Moore has accomplished this. This multidimensional
approach in defining pain in all of its ramifications will have a profound impact
in clinical medicine and beyond.

Houston, TX Richard M. Hirshberg

viii Preface



Forward

Pain finds its way everywhere, into my vision, my feelings,
my sense of judgment; it’s an infiltration. . .

Alphonse Daudet, In the Land of Pain, 1840–1897

Pain is all encompassing. To the person suffering from it, pain infiltrates all
aspects of the individual’s life. Pain is indiscriminate; it affects everyone at some
time during their life, regardless of age, gender, race, or geography. For those
unfortunate individuals who experience chronic, persistent pain, their lives are
forever changed.

There is much that we can do to address the needs of those in pain. To do so
effectively, scientists, clinicians, and policy experts must be informed regarding
a wide range of topics. In the past decades, this has become incredibly over-
whelming. The scope of our knowledge base in pain has exploded, ranging from
understanding the basic mechanisms of pain at a molecular level to discerning
the larger role of biological, environmental, emotional and psychosocial pro-
cesses that affect the individual, and beyond, to realizing the societal implica-
tions of pain and its treatment. Because the scope is so broad, multidisciplinary
perspectives are critical. This is true in the treatment of pain, as well as in our
understanding of this complex phenomenon.

This comprehensive text addresses the rapidly expanding scope of the field of
pain by providing a forum for experts from many disciplines to share their
wisdom on a variety of topics. From addressing the larger impact of pain, to
describing specific syndromes and special populations, this text takes a multi-
disciplinary and biobehavioral approach throughout each chapter. The authors
are internationally recognized experts representing an authoritative and global
viewpoint. Furthermore, the authors embody many specialties, from the basic
sciences to psychology, medicine, philosophy, ethics and public policy, provid-
ing the reader a deeper understanding of the many facets of pain.

Biobehavioral Approaches to Pain has been expertly edited by Rhonda J.
Moore, PhD, who as a medical anthropologist, is uniquely qualified to explore
this topic from a universal perspective. Specialists in pain will find this rich
perspective refreshing. Those new to the field will discover an extraordinary
synopsis of the complexity of this fascinating syndrome. Ultimately, the field
will benefit from this text as scientists, policy analysts, and clinicians use this
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information to further enrich our understanding as we explore newmechanisms
and treatments. Finally, patients will benefit as this new information is trans-
lated into safe and effective therapies provided by multidisciplinary teams of
informed clinicians.

Chicago, IL Judith A. Paice
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Introduction

‘‘Being ill like this combines shock – this time I will die –
with a pain and agony that are unfamiliar, that wrench me
out of myself. ‘‘
From Harold Brodkey’s This Wild Darkness: The Story of
my Death. Owl Books, 1997

‘‘Nothing begins, and nothing ends, That is not paid
with moan. For we are born in other’s pain, And perish in
our own.’’

From Daisy by Frances Thompson (1859–1907)

‘‘Everyone who is born holds dual citizenship, in the king-
dom of the well and in the kingdom of the sick. Although
we all prefer to use only the good passport, sooner or later
each of us is obliged, at least for a spell, to identify our-
selves as citizens of that other place.’’
From Susan Sontag’s Illness as Metaphor. Farrar Straus

and Giroux, 1988

Pain has long been regarded as an unpleasant sensory consequence of neuronal

activity in specific nociceptive pathways that is triggered by noxious stimuli,

inflammation, or damage to the nervous system activity.1–9 Yet classic models of

disease and pain mechanisms do not adequately explain the commonly observed

discrepancies between the extent of the pathology and levels of reported pain. They

also fail to adequately describe the impact of these factors on the experience of

illness and subsequent disability.3–7 For instance, pain is not only a sensory event.

It is also a significant cause of suffering and even existential questioning, as pain is

also subjective, thus treatment for many chronic pain syndromes is an inexact

science.8–9

Recent studies over the past decade have begun to explore a biobehavioral

approach, one that considers the interactive role of biological, environmental,

cultural, emotional and psychosocial processes that affect the development and

course of illness and disease.6–7 Illness here is defined as the subjective

experience of a disease or disorder. In contrast, disease is defined as an

objective biological event involving the disruption of specific body structures,

or organ systems.6,10–14 Similarly, pain is a subjective experience that results from

the transduction, transmission or modulation of sensory information. This
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physiologic input is filtered via the individual’s socio-cultural framework,
learning and experience, genetic, history, affective or emotional states, as well
as, past and current psychological status.

Giventhese findings, it is increasinglyclear thatpain isabiobehavioral experience.
Pain is multi-factorial and multidimensional, encompassing socio-cultural,
psychologic, spiritual (existential), emotional and physiologic components.
Long term chronic pain also sets the stage for the emergence of a complex set
of physiologic, mental, emotional, and psychosocial changes that are an integral
part of the chronic painproblemandaddgreatly to the burdenof the patientwho
is in pain. Chronic pain is also associated with an increased incidence in
psychiatric disorders, emotional and existential suffering. Yet, despite recent
advances in the assessment andmanagement of chronic pain,many chronic pain
patients still suffer unnecessarily due to inadequate evaluation, assessment,
monitoring and treatment.9 The intactness of the self, the individual’s sense of
coherence and integrity, comes not only from intactness of the body mind but
from the perceived wholeness of the web of relationships with self and others.15

This perception and experience of intactness is compromised by chronic pain.
Thus the challenge lies in understanding how these biologic, environmental,
cultural existential, emotional and psychosocial processes influence and
interact with one another to influence the development and maintenance of
chronic pain states.6,16–18

The broad aim of this edited volume is to take a multidisciplinary as well as a
biobehavioral approach to understanding the effective management, evaluation
and treatment of pain. This book is organized as a set of chapters. The
collaborators for this project are from diverse clinical settings, including the
United States, Brazil, the Netherlands, Denmark, Italy, Vietnam, the United
Kingdom, and Africa. And also includes a number of international experts in
the topics of their chapters. The chapter included in this book spans research
and expertise from the fields of genetics, biology, psychology, anthropology
neuroanatomy, neurology, oncology, clinical medicine, substance abuse and
pharmacology, pharmacoeconomics, gerontology, pediatrics, health services
research, health disparities, pain imaging, transportation and rehabilitation,
narrative approaches, palliative care, as well as insights from philosophy, ethics
and public policy.6

The following topics covered in this edited volume are briefly summarized as
follows:

Acute Versus Chronic Pain: What Are the Differences?

Distinctions between acute and chronic pain are commonly made.Whether this
type of distinction between categories of pain conditions based on chronicity is
entirely useful is perhaps a matter for further consideration. In this chapter
titled, ‘‘The Experience of Pain and Suffering from Acute and Chronic Pain’’ by
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Lance McCracken and Kevin Vowles (The University of Bath, UK) provides a
reviews the clinical, biologic and psychological distinctions and similarities
between acute and chronic pain, examines the transition between the two, and
considers the usefulness of these categories.

The Neuroanatomy of Pain and Pain Pathways

The chapter titled ‘‘The Neuroanatomy of Pain and Pain Pathways’’ by Elie Al-
Chaer, PhD, JD (University of Arkansas, USA) highlights recent advances in
our knowledge of the pain system including our understanding of nociceptors,
the processing of nociceptive information in the spinal cord, brainstem,
thalamus, and cerebral cortex and of descending pathways that modulate
nociceptive activity.

The Genetic Epidemiology of Pain

One of the more fundamental questions concerning pain in populations is the
extent to which its occurrence is determined by constitutional factors as
opposed to potentially modifiable factors in the environment to which an
individual is exposed throughout life. In the chapter titled ‘‘The Genetic
Epidemiology of Pain’’ by Alex MacGregor and Caroline Reavley (University
of East Anglia, Norwich, UK) explores this important question and how it can
be addressed through studies of the genetic epidemiology of pain.19

Pain and the Placebo Effect

Insight regarding the neurobiological basis of the top-downmodulation of pain
represents a challenge in pain research and many efforts are currently devoted
to the development of models illustrating its ‘‘modus operandi’’. One such
model is offered by placebo analgesia, i.e. the lessening of pain experienced in
response to a therapeutic act devoid of intrinsic analgesic activity. The chapter
titled ‘‘Pain and the Placebo Effect’’ by Antonella Pollo and Fabrizio Benedetti
(University of Turin, Italy) will provide the reader with an understanding of
how the pain experience can be directly and indirectly impacted by placebo and
nocebo effects. These include placebo treatment, either in the form of a drug or
a physical manipulation, extending the concept of placebo and nocebo to
include all aspects of the context surrounding the care of the patient.

The Narrative Approach to Pain

Understanding the meaning of pain in the clinical context generally begins with
the patient self-report, or narrative. However, the pain of chronic illness can
contribute to a breakdown in the taken-for-granted experience of reality as
shared.4 Narrative accounts can also be viewed as interpretive edifices designed
to rationalize and come to terms with the disruption in the ordinary flow of life
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caused by pain and chronic and severe illness.20–21 It also provides tellers with
an opportunity to impose order on otherwise disconnected events, and to create
continuity between past, present, and imagined worlds.21 In the chapter titled,
‘‘The Narrative Approach to Pain’’, Howard Spiro (The Yale University of
Medicine) describes the Narrative Approach to Pain. In oncologic practice,
narrative calls the physician back to the story the patient tells, shoves attention
from the cancer/tumor back to the patient, moves the physician focus from the
statistics of the controlled clinical trial to the pains of the subjects/patients, from
considering only their survival to enhancing their comfort and their way of life
and sometimes, death.

Psychosocial and Partner-Assisted Biopsychosocial Interventions

for Disease-Related Pain

Pain is a biopsychosocial experience. In the chapter titled ‘‘Understanding and
Enhancing Patient and Partner Adjustment to Disease-Related Pain: A
Biopsychosocial Perspective’’, Frank Keefe, Tamara Somers and Laura Porter
(Duke University/ Duke University Cancer Center) discuss those factors that
influence patient and partner adjustment to disease-related pain within a
biopsychosocial framework and provide an overview of biopsychosocial
approaches involving partners in pain management. The chapter is divided into
three sections. In the first section, they present a biopsychosocialmodel that can be
used to understand how patients and their partners adjust to disease-related pain.
In the second section, they describe factors that influence patient and partner
adjustment to both arthritis pain and cancer pain and how these factors are
influenced by patient and partner pain management interventions. Finally, they
highlight important future directions for clinical and research efforts in this area.

Sex Differences in Pain Perception

The findings on gender highlight the importance of taking into account
disparities between males and females in their experience of pain. In ‘‘Sex
Differences in Pain’’, Ed. Keogh (The University of Bath, UK) provides a
review of the current evidence for the variability in human pain experiences,
as ascribed to the sex of the individual, as well as considering some of the reason
why such differences exist. As will become apparent, not only are there
important biological differences that help to explain why men and women
may differ, but there are a range of psychological and socio-cultural factors
that need to be considered when attempting to account for sex-specific
variations in pain and analgesia.

Children and Pain

One of the primary duties of medicine is to reduce pain and suffering. This aim
has often been a poorly fulfilled duty especially in the pediatric patient. Indeed,
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the tendency toward under medication for pain is even more pronounced in
children than in adults. In ‘‘Pain in Children’’, Giovanni Cucchiaro (Children’s
Hospital of Philadelphia [CHOP]) discusses the biobehavioral assessment,
management and treatment of pain in children. First, he defines the
neurobiology and behavioral of pain in children. Then he proceeds to
describe the epidemiology of acute and chronic pain in several clinical pain
populations including headache, central regional pain syndrome (CPRS), and
abdominal pain. He then evaluates the different factors that directly impact
acute and chronic pain management in these previously mentioned
populations. Finally, he describes evidence based best practices for the
effective assessment, management and treatment of pain in children, as well
as, future directions for the field.

Pain in the Elderly

In ‘‘Pain in the Older Person’’, Bill McCarberg and Barry Cole (Kaiser
Permanente, CA, and American Society of Pain Educators, Montclair, NJ)
explore the topic of pain in the older person. First they describe the
neurophysiology of aging in the older person. Then they proceed to discuss
the following: the measurement of pain in the cognitively intact and non-
intact patients; psychosocial and behavioral issues associated with pain in
this clinical population, the treatment of pain in the older person based upon
diagnostic and physiology, complementary and alternative methods for pain;
and pain at the end of life. Finally, they conclude this discussion of pain in the
older person, and make some suggestions in terms of where the field might go
from this point forward.

Healthcare Economic Evaluation of Chronic Pain: Measuring the Economic,

Social and Personal Impact of Chronic Pain and its Management

Chronic pain is one of the most costly, disabling, and burdensome conditions
afflicting patients and our society at large. The aim of ‘‘Healthcare Economic
Evaluation of Chronic Pain: Measuring the Economic, Social and Personal
Impact of Chronic Pain and its Management’’ by Rebecca Robinson and
Thomas Vetter (Eli Lilly and Company and the University of Alabama
School of Medicine) is to provide an overview of the social and personal costs
of chronic pain and the role of healthcare economic evaluation methods within
the context of chronic pain management, using a standardized and scientific
approach. The types of healthcare economic evaluations, the categories of cost
incorporated in healthcare economic evaluations, the possible perspectives of a
healthcare economic evaluation, and a framework for assessing healthcare
economic evaluations will first be discussed. The application of such
evaluation methods will then be described for two very common, specific
chronic pain conditions, namely, chronic low back pain and fibromyalgia.
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Lastly, the implications and challenges related to the clinical application of
healthcare economic evaluations of chronic pain treatment will be described.

Chemotherapy Induced Peripheral Neuropathies (CIPNs): A Biobehavioral

Approach

Pain is the most common symptom that brings patients to a clinician’s office,
yet it remains one of the least understood. Chemotherapy-induced peripheral
neuropathies are damage to the peripheral nervous system, the system that
transmits information between the central nervous system (e.g. the brain and
spinal cord) and the rest of the body, caused by some chemotherapy agents. In
this chapter, Rhonda Moore (National Cancer Institute, NIH) offers a
biobehavioral approach to understanding Chemotherapy Induced Peripheral
Neuropathies (CIPNs). CIPNs are defined. This is followed by a description of
the epidemiology, behavioral symptoms, barriers and risk factors associated
with the development of CIPN. She suggests that injury to peripheral nerves
after chemotherapeutic treatments initiates immune to brain communication,
which further modulates the biological mechanisms through which life
experiences and behavior potentially reinforce and likely perpetuate the
experience of chronic long-term neuropathic pain.

Pain and the Use of Health Services among Persons Living with HIV

‘‘Pain and Use of Health Services Among Persons Living with HIV’’ by Aram
Dobalian, Jennie C.I. Tsao, and Lonnie K. Zeltzer (The University of California
Los Angeles) summarize the role of pain in HIV and begin with a synopsis of
epidemiologic studies on the prevalence of pain symptoms with a focus on
chronic pain. This is followed by a synthesis of the existing evidence-base on
pain and the use of health services using Andersen’s Behavioral Model of Health
Services Use and includes discussions of both conventional health services and
complementary and alternative medicine (CAM) approaches where such studies
exist. They then address the role of comorbid psychological disorders and
substance abuse in the use of health services among persons experiencing pain.
Finally, the chapter describes gaps in existing knowledge regarding the role of
pain in the use of health services among persons living with HIV. Future
directions in this field are also described.

Pain Measurement

Chronic pain is under evaluated, under assessed and under treated. In ‘‘Pain
Measurement’’, Sydney Morss Dy, The Johns Hopkins School of Medicine/
The Johns Hopkins School of Public Health (JHUPH) builds on evidence-
based systematic reviews and expert panels aiming to standardize and
improve the quality of care. Dr. Dy describes tools and interventions aimed at
more general populations and for vulnerable populations, where appropriate.
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Finally, where applicable, she also describes differences among populations and
how pain management interacts with other physical, psychiatric symptoms and
psychosocial issues. Future directions are also proposed.

Phantom Pain

Phantom Pain, a neuropathic pain syndrome, which results from functional
changes in the peripheral and central pain pathways is challenging to treat.22

Despite the various explanations, the underlying mechanisms and the etiology
of phantom pain are still not completely understood.22–24 In ‘‘Phantom Pain’’,
Jan Geertzen and Pieter Dijkstra (Department of Rehabilitation, University
Hospital Groningen, Netherland), take a biobehavioral approach to the study
of Phantom Limb Pain which highlights the way biological, neurological,
psychosocial and environmental factors all play a significant role in the
experience of phantom limb pain and phantom limb sensations.

Pain: Substance Abuse Issues in the Treatment of Pain

Pain patients in recovery from the disease of addiction faces multiple barriers to
appropriate pharmacologic pain management. These barriers may be
insurmountable if the addictive disease is both active and dominant. The
healthcare professional must know and understand federal regulations for
prescribing a controlled substance to a pain patient with or without a history
of addiction. In ‘‘Pain: Substance Abuse Issues in the Treatment of Pain’’,
Howard Heit and Arthur Lipman describe substance abuse issues in the
treatment of pain patients. This chapter will also provide healthcare providers
with the information they need to treat pain patients who also have a history of
addiction.

Uses of Complementary and Alternative Medicine for Pain

Individuals who are living with chronic and debilitating conditions, particularly
those that are resistant to conventional treatments, are increasingly turning
toward Complementary and Alternative Medicine (CAM) modalities for
symptomatic relief. In this chapter, Catherine Stoney and Patrick Mansky
(The National Center for Complementary and Alternative Medicine
(NCCAM), The National Institutes of Health, Bethesda, MD) discuss those
CAM modalities for which the most investigations have been employed,
including massage, acupuncture, Reiki, hypnosis, Yoga, and Tai Chi. Future
directions for this field are also discussed.

Imaging Modalities for Pain

Information transfer in the brain takes place by electrical conduction along
axons and chemical interaction between neurons. Functional brain imaging is a
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general term for techniques measuring correlates of neuronal activity. The

techniques used most often are functional magnetic resonance imaging

(fMRI), positron emission tomography (PET), single photon emission
computed tomography (SPECT), electroencephalography (EEG),

magnetoencephalography (MEG) and MR spectroscopy.25 Although there are a
variety of important imaging techniques; in ‘‘Imaging Modalities for Pain’’, Dagfin

Matre (University of Oslo, Norway) and Tuan Diep Tran (University of Medicine

and Pharmacology, Ho Chi Mihn City, Vietnam) discuss MEG, fMRI, and PET
which are three of the main functional imaging methods used to study pain.

Pain, Transportation Issues and Whiplash: A Biobehavioral Approach

The development of pain following a motor vehicle crash (MVC) is a relatively

common occurrence. In ‘‘Pain, Transportation Issues and Whiplash’’, Michele
Sterling (theUniversity of Queensland, Australia) takes a biobehavioral approach

to discuss whiplash associated disorders (WAD), a condition that is more readily

accepted to arise as a consequence of motor vehicle trauma. The symptoms,
possible injury mechanisms and manifestations, both physical and psychological

of the condition are outlined. There are overlapping features between WAD and
conditions with more widespread pain and these are described. Finally evidence

based best practices for the assessment and management of whiplash will be

discussed, and future therapeutic strategies are explored.

Gene Therapies for Chronic Pain

Gene therapy shows great potential to assist numerous patients with inadequate
relief of inflammatory or neuropathic pain, or intractable pain associated with

advanced cancer. In ‘‘Gene Therapy for Chronic Pain’’, Lariviere and Cope
(University of Pittsburgh, USA) provide a brief overview of the methods of

gene therapy and of preclinical findings in animal models of prolonged
inflammatory, neuropathic and cancer pain. Future directions for this field

are also discussed.

Palliative Care and Pain Management in the United States

Palliative care focuses on the whole person: body, mind, and spirit. In ‘‘Palliative

Care and Pain Management in the United States’’, Hallenbeck and McDaniel
(Stanford University Medical School/Veteran’s Administration, Palo Alto, CA)

discuss the cultural evolution of the modern palliative care movement. Then they
provide a more detailed discussion of the relationship between palliative care and

pain management and contrast the clinical worlds of ‘‘palliative care’’ and ‘‘pain

management’’ as practiced in the United States. Finally, they review the impact
palliative care has had on evidence based practice.
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Pain in Society: Ethical Perspectives and Public Policy Concerns

In ‘‘Pain in Society: Ethical Issues and Public Policy Concerns’’, Ben Rich
(University of California Davis) provides an overview of the ambivalence that
Western society has demonstrated toward those who suffer pain and how those
who are in a position to provide relief should respond to it. Despite an incredible
amount and diversity of activity in recent years, this ambivalence persists and
manifests itself in law and public policy that prompts many health care
professionals to decry that they are truly between the proverbial ‘‘rock and
hard place’’ when it comes to caring for patients who report and seek prompt
and effective relief from pain. This chapter provides insight into the ethics of
pain in society and public policy concerns.

In sum, Chronic pain remains a global public health care problem. Indeed,
pain remains the most common symptom that brings patients to a doctor’s
office, yet it remains one of the least understood. While this edited volume is
clearly not wholly representative of every chronic pain condition or issue; it can
and should be read as an attempt to try and understand some of the challenges
underlying how certain biologic, environmental, existential, emotional and
psychosocial processes interact to influence the development and maintenance
of long term chronic pain.

Introduction xxxi



The Experience of Pain and Suffering

from Acute and Chronic Pain

Lance M. McCracken and Kevin E. Vowles

Introduction

Pain can create huge problems, whether this pain is transient ‘‘everyday
pain,’’ acute post surgical pain, recurrent disease-related pain, or long-standing
persistent pain. These problems include disturbed daily functioning, emotional
suffering, poor general health, high healthcare use, and high healthcare costs,
among others (e.g., Breivik, Collett, Ventafridda, Cohen, & Gallacher, 2006).
However, while pain is ubiquitous in human experience, these consequences do
not occur in all cases. For researchers and healthcare providers to better understand
and manage pain, it is important to accurately discriminate differing pain experi-
ences, identify their initiating causes, and identify the influences that both maintain
the pain itself and determine impacts of pain on the daily lives of pain sufferers.

Surely, it is important to pursue a deeper understanding of the processes by
which pain, suffering, and disability develop and persist, and the means to
effectively address these in treatment. Distinctions between acute and chronic
pain are commonly made. Whether this type of distinction, based on the
chronicity of the pain conditions, is entirely useful is perhaps a matter for
further consideration. This chapter will review distinctions and similarities
between the experiences of acute and chronic pain, examine the transition
between the two, and consider the usefulness of these categories.

Acute Pain

Acute pain is pain of a transient or short-lived nature, from seconds to weeks in
duration. Acute pain is a particularly frequent experience, both in the form of
fleeting pain that may have little impact, and short term pain associated with
significant distress and interference with activities. Point prevalence for acute
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pain, based on a large survey in Finland, for example, is 15% for women and
12% for men (Sasstamoinen, Leino-Rjas, Laaksonen, & Lahelma, 2005). Data
from the UK suggest that in older samples these prevalence rates are likely to be
several times higher. Here 71% of survey respondents age 50 and older report
pain for one day or longer in the past four weeks (Thomas, Peat, Harris, Wilkie,
& Croft, 2004). Episodic non-specific low back pain in adults is very common
(Deyo, Rainville, &Kent, 1992;McCormick, 1995), with one estimate suggesting
that up to 44% of individuals are affected by at least transient back pain in any
given year (Picavet & Schouten, 2003).

Most episodes of acute pain resolve quickly with the passage of time and do
not require any medical treatment. This includes, for example, most episodes of
acute back pain that occur without any associated longer-term difficulties in
emotional or physical functioning (Pengel, Herbert,Maher, &Refshauge, 2003;
Thomas et al., 1999). A number of studies suggest that up to 90% of individuals
seeking treatment for low back pain report being pain free within approxi-
mately four weeks of pain onset (e.g., Coste, Delecoeuillerie, Cohen de Lara, Le
Parc, & Paolaggi, 1994; Deyo & Tsui-Wu, 1987). When pain remains for more
than three months, but less than one year, recovery rates are reduced, but still
average approximately 60% across studies (Grotle, Brox, Glomstrød, Lønn, &
Vøllestad, 2007; Jones et al., 2006; Poiraudeau et al., 2006; Schiøttz-Christensen
et al., 1999). Nonetheless, in spite of the generally positive prognosis, one
episode of low back pain increases the risk of future episodes (Von Korff,
Deyo, Cherkin, & Barlow, 1993), and once low back pain has been present, it
may only partially remit, or can reoccur (Elliott, Smith, Hannaford, Smith, &
Chambers, 2002; Gureje, Simon, & Von Korff, 2001).

In the relative minority of cases where treatment is sought, medications such
as non-steroidal anti-inflammatories (NSAIDs) can be helpful, but certainly do
not provide complete relief for all (Van Tulder, Koes, & Bouter, 1997). In fact,
purely medical approaches, and a biomedical model generally, do not appear
wholly adequate for understanding or managing the experience of acute pain
much of the time. For example, a long history of pain studies repeatedly shows
inconsistent relations between tissue damage, diagnostic test results, measures
of physiological mechanisms presumed to underlie pain, and the actual reports
of pain and functioning (e.g., Grotle, Vøllestad, Veierød, & Brox, 2004;
Kroenke & Mangelsdorff, 1989). Even the experience of tightly controlled,
standardized, pain stimuli is often associated with wide variations in pain
ratings across different individuals and even in the same individual across
time (Bonica, 1990).

The experience and outcome of acute pain are associated with a number of
psychological factors. For example, pre-procedure anxiety, distress or expecta-
tions reliably predict pain reports in response to medical or dental procedures, a
phenomenon documented across multiple procedures and across the lifespan
(Bernard & Cohen, 2006; Lang, Sorrell, Rodgers, & Lebeck, 2006; Litt, 1996;
McNeil, Sorrell, & Vowles, 2006). Similarly, variables such as pain expectations
and fear-avoidance beliefs predict general disability in acute back pain (Grotle
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et al., 2004) and work-related disability in a sample of patients with mixed acute
pain conditions (Ciccone & Just, 2001), in each case at levels that appears
similar to samples of patients with chronic pain. Further, psychosocial factors,
and not physical or physiological factors, are almost invariably among the
strongest predictors of longer term prognoses following acute pain (Grotle
et al., 2007; Linton, 2000; Pincus, Burton, Vogel, & Field, 2002). Therefore, it
appears important to consider psychosocial processes to adequately explain how
acute pain has its influence on the behavior of the pain sufferer, particularly
when the experience is associated with significant levels of distress and disability.

Chronic Pain

Chronic pain is longstanding pain, most commonly defined as lasting more than
3 months. It appears that most people with chronic pain in the community have
pain of low intensity and/or low disability (e.g., Elliott et al., 2002), although a
large minority do suffer with significant psychological problems, perhaps 35%
(Von Korff et al., 2005). In contrast, a greater number of those with chronic pain
seen in primary or specialty care settings have both significant psychological
impacts and impaired daily activities (e.g., Blyth, March, Brnabic, & Cousins,
2004; Gureje et al., 2001). As many as 54% of those who seek treatment for
chronic pain suffer with significant depression (Banks & Kerns, 1996), 17–29%
with anxiety disorders, and 15–28% with a substance use disorder (Dersh,
Polatin, & Gatchel, 2002). Other significant problems include anger (Lombardo,
Tan, Jensen, & Anderson, 2005), cognitive issues such as reduced concentration
andmemory (Sjøgren, Christrup, Peterson, &Hojsted, 2005), sexual dysfunction
(Kwan, Roberts, & Swalm, 2005), and sleep disturbance (Smith, Perlis, Smith,
Giles, & Carmody, 2000).

Aswith acute pain, biomedicalmodels of chronic pain and the treatments they
yield, including pharmacological, interventional, and surgical, are not entirely
adequate, particularly in the long term. For example, according to existing
quantitative reviews and meta-analyses, only one in every three to four people
treated with anticonvulsant medications for neuropathic pain achieves a 50%
reduction in pain that would not have been achieved with a placebo, while minor
adverse reactions occur in up to one of every four people treated (Wiffen et al.,
2005). Opioids are only marginally more effective for short term pain relief than
non-opioid medication or placebo.Morerover, their longer term efficacy remains
unclear (Martell et al., 2007). Epidural steroid injections for low back pain
demonstrate no beneficial impacts on function, future needs for surgery, or
long term pain relief, and achieve only minimal reductions in pain over the
short term (i.e., mean reduction of 15%; Armon et al., 2007). Furthermore,
studies of more invasive interventions (i.e., surgery, spinal cord stimulators,
and implantable drug delivery systems) only rarely include measures of function-
ing (Turk & Swanson, 2007), and when they do, functional improvements are
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achieved in only a minority of cases, ranging from 22.8 to 37.5% of patients
treated (e.g., Fritzell et al., 2001; Kumar, Nath, & Wyatt, 1991; Paice, Penn, &
Shott, 1996). See also Turk and Swanson (2007) for a recent review of the efficacy
and cost-effectiveness of treatments for chronic pain.

The basis for the unimpressive results ofmedically focused interventionsmay
lie in the fact that they do not adequately address the biopsychosocial processes
that play a crucial in the suffering and disability of chronic pain. Psychological
models that specify the processes by which chronic pain leads to disability and
suffering have varied over the years. They have, however, tended to evolve in
directions that include both more specific and more integrative processes.
Unidimensional models of personality factors, traditional operant behavioral,
or exclusively cognitive factors, have given way to, as we say, integrative
behavioral, cognitive, and social models such as the fear-avoidance model
(Vlaeyen & Linton, 2000), a socially sensitive model of catastrophizing (e.g.,
Sullivan et al., 2001; Buenaver, Edwards, & Haythornthwaite, 2007), and to
fully functional and contextual models to better understand chronic pain (e.g.,
McCracken, 2005).

One well-known specific process of suffering in the current literature is
catastrophizing. The data regarding catastrophizing and chronic pain show
that this cognitive process of helplessness, magnification, and rumination is
associated with pain severity, depression, disability, and employment status.
Remarkably, these results appear generalizable across a variety of pain groups
including those with musculoskeletal pain (Severeijns, van den Hout, Vlaeyen, &
Picavet, 2002; Sullivan, Stanish, Waite, Sullivan, & Tripp, 1998), neuropathic
pain (Sullivan, Lynch, & Clarke, 2005), temperomandibular disorder (Turner,
Mancl, & Aaron, 2004), and spinal cord injury pain (Turner, Jensen, Warns, &
Cardenas, 2002). Yet, the precise mechanism by which catastrophizing exerts its
impact on emotional, physical, and social functioning, is less clear. We would
argue, however, that these processes, which are sometimes considered a reflection
of communal coping or schema activation (Sullivan et al., 2001), may be alter-
natively considered a result of cognitive fusion, loss of contact with the present
moment, and experiential avoidance (seeHayes, Luoma, Bond,Masuda, &Lillis,
2006).

The data from a pain-specific ‘‘fear-avoidance’’ model are similarly strong
and persuasive. When persons with chronic pain experience fear or anxiety, and
act to avoid their pain, they suffer more emotional impact overall and they
function relatively poorly. This is a reliable finding in low back pain (Crombez,
Vlaeyen, Heuts, & Lysens, 1999), general musculoskeletal pain (McCracken,
Spertus, Janeck, Sinclair, and Wetzel, 1999), rheumatoid arthritis (Strahl,
Kleinknecht, & Dinnel, 2000), and osteoarthritis (Heuts et al., 2004). Other
studies have shown that reduction in fear and avoidance is a critically important
process in successful multidisciplinary treatment for chronic pain (e.g., McCracken,
Gross, & Eccleston, 2002), and that exposure-based treatments specifically
designed to address fear and avoidance appear effective for chronic low back
pain (Vlaeyen, de Jong, Geilen, Heuts, & van Breukelen, 2002), and for
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complex regional pain syndrome (de Jong et al., 2005). The proposed pro-
cesses behind the fear and avoidance model are a blend of respondent and
operant processes in tandem with processes of physical deconditioning or
‘‘disuse,’’ hypervigilance, and possibly muscular reactivity (Vlaeyen & Linton,
2000). These various processes are not yet well integrated into a coherent
psychological model, are not yet supported by empirical evidence in all cases,
and the specific nature of the cognitive processes within the fear-avoidance
model seems especially unclear (i.e., how do thoughts translate into emotional
responses or determine actions?). It appears likely that further development of
this model would yield significant dividends for treatment development.

The Transition from Recent Onset Pain to Long-Term

Distress and Disability

As noted, psychosocial factors seem to be among the strongest available
predictors of short or long term functioning in relation to pain conditions,
while biomedical, physiological, or mechanical factors have not been as con-
sistently predictive. Furthermore, historical factors, such as history of trauma
or abuse, appear to be only marginal predictors of eventual development of a
long-term pain problem (Linton, 2000; Young Casey, Greenberg, Nicassio,
Harpin, & Hubbard, in press).

In a quantitative review of 37 prospective studies of risk factors relating to
back and neck pain, Linton (2000) reported that the vast majority of studies
found that levels of stress, mood difficulties, and anxiety during the acute stages
of pain were reliably predictive of continuing pain-related difficulties over the
longer term. In particular, greater levels of avoidance behavior and beliefs,
passivity, distress, and anxiety were the strongest and most consistent predictors
of poorer long term prognosis (Linton, 2000). This general conclusion is consis-
tent with more recent studies as well (e.g., Grotle et al., 2007; Jones et al., 2006).

Pain-related fear appears to have a strong relation with longer term prog-
nosis, consistent with the well-established links between these types of fears,
distress, and disability in chronic pain (see Leeuw et al., 2007 for a review).
While at least one study has found that the relations among pain-related fear,
distress, and disability are not as strong in acute pain as in chronic pain (Sieben,
Portegijs, Vlaeyen, & Knottnerus, 2005), other data show that they are similar
(Grotle et al., 2004), and available evidence suggests that this relation is none-
theless important. For example, Fritz, George, and Delitto (2001) found that
pain-related fear specific to work predicted disability four weeks later and
Sieben, Vlaeyen, Tuerlinckx and Portegijs (2002) showed that duration and
severity of such fear increased the risk of persistent disability. Interestingly, such
fear also appears to predict the inception of back pain or future difficulties in pain
free individuals (Linton, Buer, Vlaeyen, & Hellsing, 2000; Buer & Linton, 2002).
In an interesting twist in research methods, it has been found that primary care
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physicians who report elevated levels of pain-related fear themselves are less

likely to follow established treatment guidelines for low back pain (Poiraudeau

et al., 2006), which can be another contributory factor to patient suffering.
Two recent studies have tested a classification system to prospectively iden-

tify those at risk of long term disabling low back pain among persons seeking

care for low back pain.. Both studies were performed in primary care settings;

one study was based in the United States (Von Korff & Miglioretti, 2006) and

the other in the United Kingdom (Dunn, Croft, Main, & Von Korff, 2008).

Each attempted to predict the presence of low back pain one year later.

Predictive elements were a mixture of pain specific variables, including pain

severity, duration, and number of sites, as well as measures of pain-related

interference and symptoms of depression. Both studies were able to correctly

identify approximately 90% of those who were deemed most at risk of having

back pain one year later (i.e., ‘‘probable’’ risk), and approximately 50% of those

deemed at a lower risk level (i.e., ‘‘possible’’ risk). The authors of both studies

conclude that defining acute, subacute, or chronic pain based solely on duration

is not likely to be helpful. Rather, they recommend that any risk assessment

should include an assessment of additional elements as well, including pain-

related interference and emotional functioning.
In summary, the literature on the transition from acute to chronic pain as a

whole suggests that the issue cannot be simply reduced to one of duration,

rather, there is a need to look for processes that influence how one reacts to, or

how behavior is influenced by, the experience of acute pain. Themost predictive

elements appear to be based around pain-related fear, general levels of distress

and passivity, and the interference that pain creates in day-to-day functioning.

Preventing the Development of Chronic Pain Following

Episodes of Acute Pain

Consistent with studies of the transition from acute to chronic pain, prevention

efforts have explored the key role of psychosocial factors following acute pain

episodes. Invasive interventions and medicines, while potentially helpful for

shorter-term symptom reduction, may be considerably less useful in preventing

the occurrence of longer-term difficulties (Fordyce, 1995; McCracken & Turk,

2002; Nelemans, deBie, deVet, & Sturman, 2001). Prescribed exercise regimens

also appear effective only over the shorter term, whereas longer-term efficacy

appears negligible in comparison to sham interventions (Pengel et al., 2007).

It seems that the most useful medical approaches include methods to insure

patients spend as little time as possible inactive, such as no more than two days

in bed, and then continue with normal activities in order to speed recovery

(Deyo, Diehl, & Rosenthal, 1986; Deyo et al., 1992; Hagen, Hilde, Jamtvedt, &

Winnem, 2004; McCormick, 1995).
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With regard to prevention of disability, education alone and other minimal

interventions appear insufficient for many patients. A study by Jellema and
colleagues (2005a) indicated that a primary care based treatment for acute low
back pain consisting of approximately 20 minutes of education and limited goal
setting did not reliably decrease future disability or work absence. Following a
secondary analysis, these authors concluded that the treatment was particularly
ineffective when the relevant psychosocial factors were not correctly identified,

or when interventions failed to have a noticeable impact on these factors
(Jellema et al., 2005b). The findings of this randomized controlled trial are
consistent with other analyses that have failed to find a significant preventative
effect of education or information alone (e.g., booklets; Burton, Waddell,
Tillotson, & Summerton, 1999; Cherkin, Deyo, Street, Hunt, & Barlow, 1996;
Frost, Haahr, & Andersen, 2007; Roberts et al., 2002).

Effective treatments, therefore, will almost certainly include more than
education alone, will focus beyond medical or biological factors alone, and

will explicitly target the resumption of ‘‘normal’’ everyday activities. For
instance, treatments incorporating methods from cognitive-behavioral therapy
(CBT) have been tested as preventative interventions, as a focus on daily
functioning and on the psychosocial processes that underpin it is an integral
part of many applications of CBT. Such treatments generally involve some
education, but more importantly, also include exposure-based methods and
skills training. CBT methods directly address emotional functioning, which, as

noted, is so often a core part of the experience of persistent pain. Published trials
of CBT for acute pain, again primarily low back pain, demonstrate reductions
in sick leave, health care use, and disability (Von Korff et al., 1998; Linton &
Andersson, 2000;Moore, vonKorff, Cherkin, Saunders, & Lorig, 2000, Damush
et al., 2003). CBT even appears useful in those reporting acute pain that is not
associated with significant distress or disability. Linton and colleagues, for

example, found that reductions in disability were approximately threefold in
non-clinical patients and ninefold in patients presenting for treatment who
viewed themselves as ‘‘at risk’’ for long-term disability in comparison to indivi-
duals assigned to control conditions receiving education only (Linton&Andersson,
2000; Linton & Ryberg, 2001). Dahl and colleagues report a similar finding in a
group of nurses at risk for prolonged disability (Dahl & Nilsson, 2001) and among
public service employees at risk of long-term disability due to pain or stress (Dahl,

Wilson, & Nilsson, 2004).

Common and Distinct Elements of Suffering in Acute

and Chronic Pain

. . .people in pain often report suffering from pain when they feel out of control, when
the pain is overwhelming, when the source of pain is unknown, when the meaning of
pain is dire, or when the pain is without end (Cassell, 2004, p. 35).
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With this statement Eric Cassell provides a descriptive analysis of pain-
related suffering that is distinctly concordant with the best current technical
analyses. Both those with short term pain and long term pain suffer when they
are not able to do what their normal lives ask them to do, or when this capacity
appears threatened. Again, uncertainty is a direct recipe for anxiety, worry, or
fear. When pain is either known to mean, or merely thought to mean, a loss of
what is valued, suffering occurs as well. And, finally, those with chronic pain
merely have one more realistic reason for distress, but even those who simply
think and believe that their pain will be unending essentially suffer from unend-
ing pain, because believing this is true makes the person feel that it is true.

Statistically speaking, most people with short term pain will continue to
function fairly well or fully recover functioning, even if many will have a recur-
rence of symptoms (e.g., Cassidy, Cote, Carroll, & Kristman, 2005; Von Korff
et al., 1993). Once pain is persistent and to some degree disabling, on the other
hand, half or more of patients do not recover from their symptoms or disability
(e.g., Carey, Garrett, & Jackman, 2000; Elliott et al., 2002; Gureje et al., 2001;
Vingard et al., 2002). Patients with short term pain likely have had short term
pain before and have experienced that they recovered, which may lead them to
feel, and act, as if this will occur. Theymay even notice a process of change in how
they feel as time passes following the onset of their pain, while long term pain
patients do not experience this and may even perceive an increase in pain over
time.Human behavior beingwhat it is, however, those in acute painmay suffer as
if it will not end, and those with chronic pain may take actions each day as if their
pain will end, despite all evidence to the contrary. In some cases these actions and
the moments of ‘‘hope’’ that are associated with them are transient experiences
that eventually, sometimes recurrently, give way to the reality of treatment fail-
ures and the direct experience of unending pain. Both people with short term and
long term pain can get caught up in their own thinking and distress such that they
lose contact with the reality of their circumstances, take actions that both defy
this reality, and, in one way or another, fail to achieve their goals.

Logic says that the passage of time means positive learning and adjustment,
as a result of trial and error, if nothing else, but this is not always the case.
Likewise, it is in some ways reasonable to assume that the longer pain con-
tinues, the worse the consequences and the greater the problems for the pain
sufferer. Interestingly, it is not clear that data bear out either of these scenarios.
For example, in data from patients seeking treatment for pain, we rarely, if ever,
find correlations between the chronicity of pain and measures of pain severity,
anxiety, depression, disability, or healthcare use, either in secondary care (e.g.,
McCracken & Eccleston, 2005) or tertiary care (e.g., McCracken, Vowles, &
Eccleston, 2004) settings. In fact, subgroups of patients empirically classified in
terms of pain intensity, disability, and psychosocial variables are found not to
differ on duration of pain (e.g., Denison, Asenlof, Sanborgh, & Lindberg,
2007), suggesting that this may not be a clinically relevant variable at least
in the ranges of subacute and chronic pain. It has been suggested that, ‘‘it
may be more meaningful to distinguish characteristic levels of pain intensity,
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pain-related disability, and pain persistence than to classify patients as acute or
chronic.’’ (Von Korff et al., 1993, p. 855). We might suggest that it is more
meaningful to understand the current processes of suffering and disability and
the factors that will lead related behavior patterns to persist, or to change.

While it appears true that both those with short term and long term pain will
have occasions of suffering, and behaving as if their pain is either temporary or
unending, there are other real differences between these groups. Patients with
chronic pain will have a longer history of failures to control their pain or to
otherwise find relief. They also will have a history of accumulated social contacts
that either increasingly recognize their pain and disability behavior as aspects of
‘‘who they are,’’ or who, alternatively, present a consistently disbelieving or sceptical
attitude about their pain and behavior that persists without anything apparently
being ‘‘wrong.’’ Ironically, both, collusionwith the disabled role or frank disbelief in
the legitimacy of the problem, canperpetuate a behavior pattern of chronic pain, the
former by reinforcing a stable ‘‘sense of self’’ concordant with chronic pain and
disability (Crombez, Morley, McCracken, Sensky, & Pincus, 2003,) and the latter
by setting up a pattern of resistance to ‘‘beingwrong’’ (McCracken, 2005). Pain for a
short time after an injury is ‘‘normal’’ and meets accepting and supportive social
responses accordingly, however, chronic pain does not appear normal, particularly
due to the unclear associationwith a diagnosable underlying cause, and inconsistent
behavior patterns in different situations, and thus, can meet punishing responses
and can be alienating for the chronic pain sufferer.

There is at least one set of physical factors that have been long thought to be an
etiologically pertinent difference between acute and chronic pain, that is patterns of
low activity, or disuse, and concomitant physical deconditioning (e.g., Bortz, 1984).
These factors in tandem have been regarded as significant perpetuating factors in
models of chronic pain-related disability due to the passage of time. Interestingly,
reviews of the literature regarding disuse, deconditioning, and chronic low back
pain conclude that, ‘‘the presence of deconditioning and disuse in chronic low back
pain as factors contributing to chronicity in chronic pain is not confirmed by
the literature presented in this review.’’ (Verbunt et al., 2003, p. 19), and, ‘‘the
most notable finding of this review is the lack of any strong evidence supporting the
existence of physical deconditioning symptoms regarding cardiovascular capacity
and paraspinal muscles in chronic low back pain patients.’’ (Smeets et al., 2006,
p. 689). So, at least based on these expert reviews on chronic low back pain,
deconditioning appears not to be present in chronic pain and, therefore, cannot
be a distinguishing factor between short term and long term pain.

Developing Approaches to Pain and Suffering

It is an interesting time of new developments in the psychology of pain and
suffering. In psychology more broadly there is an increasing growth of what
are referred to as ‘‘third wave’’ therapies (Hayes, 2004).Within painmanagement
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approaches, this refers to developments that follow the first wave, or operant

approaches, and secondwave, or first generation cognitive-behavioral approaches.

These developments are fully integrative with previous approaches in that

they are environmental, behavioral, and fully cognitive in focus. However,

they differ in some important ways as well, such as in their explicit functional

and contextual focus on acceptance, mindfulness, and values (McCracken,

2005). Data from more than 25 studies in this area support a particular model

of human behavior and suffering, a process-oriented model proposing that

suffering results from unsuccessful attempts to control unwanted psychologi-

cal experiences, loss of contact with the present situation, failures of behavior

to be guided by important purposes, and general entanglement in restrictive

verbal-cognitive influences on behavior patterns (Hayes, Luoma, Bond,

Masuda, & Ellis, 2006). Data from early treatment trials support the effec-

tiveness of this approach to chronic pain (e.g., Dahl et al., 2004; Vowles &

McCracken, in press). Wider success from the same treatment model outside

of chronic pain, for depression, diabetes self-management, psychosis, and

work stress, for example, and suggests that it may be generally applicable,

including for less complex and shorter term pain (see Hayes et al., 2006 for a

review). Future work in this area would benefit from a continued focus on the

processes in successful treatment for pain and on comparisons of these treat-
ment approaches with alternate approaches, including biomedical or other

psychological methods.

Summary

The experience of pain, regardless of whether it is classified as acute or chronic, is

a common and essentially unavoidable part of the human experience. As such it

will continue to create significant short and long term difficulties in a substantial

proportion of the population. If healthcare providers are to be ideally positioned

to address these difficulties, then they will want to understand the key influences

on the experience of pain, particularly those that are therapeuticallymanipulable.
Over time, many of the variables that were once identified as relevant con-

tributors to pain, pain-related suffering, and disability, have failed to demonstrate

sufficient utility. These variables include pain location, results from certain diag-
nostic tests, certain clinical test results, personality classifications, and certain

aspects of psychological history. Even pain duration, the very basis for the

distinction between ‘‘acute’’ and ‘‘chronic’’ pain, within many ranges, fails to

suggest clear clinical action or to discriminate those who will do well from

those who will suffer long term interference with daily functioning. Instead, a

remarkably consistent group of predictors of current and future functioning

include contemporaneous behavior patterns and the cognitive and emotional

influences on those behavioural behavior patterns. These include variables such
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as catastrophizing, fear and avoidance, and the processes that produce both these

responses and their effects.
Treatments for acute and chronic pain that are based on a general cognitive-

behavioral model appear effective for acute pain, for the prevention of chronic

pain, and for the rehabilitation of chronic pain. As the frameworks we apply to

the problem of pain gradually shift and change, we may increasingly understand

such issues as duration of pain in new ways, and we may, as a result, gain an

increasingly practical focus on the problem that yields a more precise analyses

and more effective treatments.
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The Neuroanatomy of Pain and Pain Pathways

Elie D. Al-Chaer

Introduction

Our fascination with pain mechanisms possibly dates back to our awareness of
our existence. Yet our study of pain pathways only gained focus with the reflex
theory advanced by René Descartes in 1664 (Descartes, 1664) and was rejuve-
nated time and again by a number of subsequent theories, such as the specificity
theory (Schiff, 1858) and the sensory interaction theory (Noordenbos, 1959).
On the other hand, pattern and neuromatrix theories have discounted the
specific function assigned to anatomic components of the nervous system (e.g.
Berkley & Hubscher, 1995a; Melzack, 1999; Nafe, 1934), particularly when it
comes to pain processing; but they have been faced with challenges of their own,
not the least of which is translating their theoretical framework into clinical
applications. This chapter highlights recent advances in our knowledge of the
pain system including our understanding of nociceptors, of the processing of
nociceptive information in the spinal cord, brainstem, thalamus, and cerebral
cortex and of descending pathways that modulate nociceptive activity. Some of
this information might potentially lead to improvements in patient care.

Peripheral Pathways

Peripheral sensory nerves are composed of the axons of somatic and visceral
sensory neurons and the connective tissue sheaths that enfold them (epineur-
ium, perineurium, and endoneurioum; Ross, Romrell, & Kaye, 1995). These
axons may be myelinated or unmyelinated. The large myelinated sensory axons
belong to the Ab class and are predominantly somatic, whereas the small
myelinated axons belong to the A� group and along with the unmyelinated
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fibers (often referred to as C fibers), they innervate both somatic and visceral
tissues (Al-Chaer & Willis, 2007). As a general rule, only small myelinated and
umyelinated fibers are involved in pain processing; however, in some cases of
peripheral neuropathy, large myelinated fibers have also been implicated (e.g.
see Kajander & Bennett, 1992).

Nociceptors

Nociceptors are defined as sensory receptors activated by stimuli that threaten
to damage or actually damage a tissue (Sherrington, 1906). They have been
described in most of the structures of the body that give rise to pain sensation,
including the skin, muscle, joints, and viscera (Willis & Coggeshall, 2004). Some
nociceptors are unresponsive to mechanical stimuli unless they are sensitized by
tissue injury or inflammation. These are referred to as ‘‘silent nociceptors’’
(Häbler, Jänig, & Koltzenburg, 1990; Lynn & Carpenter, 1982; Schaible &
Schmidt, 1983) and have been described in joint, cutaneous and visceral nerves.
Human studies involving microneurography and microstimulation in periph-
eral nerves have demonstrated that activation of nociceptors results in pain
(Ochoa & Torebjörk, 1989). The quality of the pain sensation depends on the
tissue innervated; e.g., stimulation of cutaneous A� nociceptors leads to prick-
ing pain (Konietzny, Perl, Trevino, Light, &Hensel, 1981), whereas stimulation
of cutaneous C nociceptors results in burning or dull pain (Ochoa & Torebjörk,
1989). However, it is important to keep in mind that pain does not always result
from activation of nociceptors. Examples include cases of central pain follow-
ing damage to the central nervous system (Boivie, Leijon, & Johansson, 1989),
functional pain residual to neonatal injury (Al-Chaer, Kawasaki, & Pasricha,
2000) or activation of motivational-affective circuits that can also mimic pain
states, particularly in patients with anxiety, neurotic depression, or hysteria
(Chaturvedi, 1987; Merskey, 1989).

Peripheral Sensitization and Primary Hypersensitivity

Sensitization of nociceptors is commonly defined as an increase in the firing rate
and a reduction in threshold of the nociceptor. In silent nociceptors, sensitiza-
tion causes an ‘‘awakening’’ by effecting the development of spontaneous dis-
charges and causing the receptors to become more sensitive to peripheral
stimulation (Schaible & Schmidt, 1985, 1988). Sensitization depends on the
activation of second-messenger systems by the action of inflammatory media-
tors released in the damaged tissue, such as bradykinin, prostaglandins, ser-
otonin, and histamine (Birrell, McQueen, Iggo, & Grubb., 1993; Davis, Meyer,
& Campbell, 1993; Dray, Bettaney, Forster, & Perkins, 1988; Schepelmann,
Messlinger, Schraible, & Schmidt, 1992). A hallmark of the sensitization of
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peripheral nociceptors is sensory hypersensitivity classified as primary hyper-
algesia or allodynia.

Hyperalgesia is defined as an increase in the painfulness of a noxious stimu-
lus and a reduced threshold for pain (LaMotte, Thalhammer, & Robinson,
1983; Meyer & Campbell, 1981; see Bonica, 2001). Primary hyperalgesia is felt
at the site of injury and is believed to be a consequence of the sensitization of
nociceptors during the process of inflammation (LaMotte, Thalhammer,
Torebjörk, & Robinson, 1982; LaMotte et al., 1983; Meyer & Campbell,
1981). Allodynia is a related phenomenon in which non-noxious stimuli pro-
duce painful responses. One of the most common examples of allodynia is pain
produced by lightly touching burned skin.

Primary Afferents: Somatic and Visceral

The nociceptors described above run in peripheral nerves as they extend
towards the skin surface or other target organs in the periphery (muscles or
viscera). They represent peripheral processes of dorsal root ganglion (DRG)
cells, or in the case of the head and neck, trigeminal ganglion cells. These cells
are organized as groups of neurons in the peripheral nervous system and form
two longitudinal chains along either side of the spinal cord (see Willis &
Coggeshall, 2004).

Whereas somatic afferents innervate peripheral tissues following a dermato-
mal distribution, afferents innervating visceral organs are broadly subdivided
into splanchnic and pelvic afferents that follow the path of sympathetic and
parasympathetic efferents that project to the gut wall (see Al-Chaer & Traub,
2002). Somatic afferents that innervate the striated musculature of the pelvic
floor project to the sacral spinal cord via the pudendal nerve (Grundy et al.,
2006). Visceral afferents have multiple receptive fields extending over a rela-
tively wide area. Those in the serosa and mesenteric attachments respond to
distortion of the viscera during distension and contraction. Other endings
detect changes in the submucosal chemical milieu following injury, ischemia
or infection and may play a role in generating hypersensitivity. Intramural
spinal afferent fibers have collateral branches that innervate blood vessels and
enteric ganglia. These contain and release neurotransmitters during local axon
reflexes that influence blood flow, motility and secretory reflexes in the gastro-
intestinal tract (Maggi & Meli, 1988; for a review of the neurochemistry of
visceral afferents, see Al-Chaer & Traub, 2002). Spinal afferents on route to the
spinal cord also give off collaterals that innervate prevertebral sympathetic
ganglia neurons. The same sensory information is thereby transmitted to infor-
mation processing circuits in the spinal cord, enteric nervous system (ENS) and
prevertebral ganglia. The main transmitters are calcitonin gene-related peptide
(CGRP) and substance P, and both peptides are implicated in the induction of
neurogenic inflammation. (Grundy et al. 2006)
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Chemical Mediators

The activity of nociceptors can be affected by adequate stimuli, such as strong
mechanical, thermal, or chemical stimuli (see Willis, 1985; Willis & Coggeshall,
2004), and also by chemical actions on surface membrane receptors of their
axons. A battery of chemical mediators, including biogenic amines (such as
glutamate, [gamma]-aminobutyric acid (GABA), histamine, serotonin, norepi-
nephrine) (Dray, Urban, & Dickenson, 1994; McRoberts et al., 2001), opiates
(Joshi, Su, Porreca, & Gebhart, 2000; Su, Sengupta, & Gebhart, 1997), purines,
prostanoids, proteases cytokines, and other peptides (such as bradykinin, sub-
stance P, and CGRP) act in a promiscuous manner on a range of receptors
expressed upon any one sensory ending (Kirkup, Brunsden, & Grundy, 2001).

Three distinct processes are involved in the actions of these substances on
afferent nerves. First, by direct activation of receptors coupled to the opening
of ion channels present on nerve terminals, the terminals are depolarized and
firing of impulses is initiated. Second, by sensitization that develops in the
absence of direct stimulation and results in hyperexcitability to both chemical
and mechanical modalities. e.g., opiate receptors are ineffective in modulating
the normal activity of joint nociceptors, but they were shown to become
effective after the development of inflammation (Stein, 1994). Sensitization
may also involve post-receptor signal transduction that includes G-protein
coupled alterations in second messenger systems which in turn lead to phos-
phorylation of membrane receptors and ion channels that control excitability
of the afferent endings. Third, by genetic changes in the phenotype of media-
tors, channels and receptors expressed by the afferent nerve, for example after
peripheral nerve injury, many afferent fibers express newly formed adrenor-
eceptors (Bossut & Perl, 1995; Campbell, Meyer, & Raja, 1992; Sato & Perl,
1991; Xie, Yoon, Yom, & Chung, 1995); a change in the ligand-binding
characteristics or coupling efficiency of these newly expressed receptors
could alter the sensitivity of the afferent terminals. Neurotrophins, in parti-
cular nerve growth factor and glial-derived neurotropic factor, influence
different populations of visceral afferents and play an important role in
adaptive responses to nerve injury and inflammation (McMahon, 2004;
Bielefeldt, Lamb, & Gebhart, 2006).

Central Pathways

Peripheral sensory information carried by primary afferents converges onto the
CNS via the dorsal roots. The first synapse in the transmission of noxious
information from the periphery to the brain is in the superficial dorsal horn
of the spinal cord, which is comprised of lamina I and II (the marginal zone and
substantia gelatinosa, respectively) (Sorkin & Carlton, 1997) . Lamina I of the
spinal cord plays a key role in the modulation of pain transmission; its neurons
have distinct response properties compared to neurons deeper in the dorsal
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horn (e.g. lamina V). The majority of these lamina I neurons are nociceptive-
specific in their responses, a smaller number are polymodal nociceptive with an
additional response to noxious cold, and a very few neurons are wide dynamic
range (WDR). In lamina V the large majority are WDR so that information
transmitted from dorsal horn neurons is almost entirely nociceptive in lamina I
but spans the innocuous through the noxious range in lamina V. Lamina I
neurons exhibit higher thresholds for excitation and generally have smaller
mechanical and heat-evoked responses and receptive fields when compared to
deeper dorsal horn neurons. By contrast to lamina II, which is comprised
mainly of small intrinsic neurons terminating locally (Woolf & Fitzgerald,
1983), lamina I neurons typically have long axons thus allowing projection to
higher CNS centers (Todd, 2002). The predominant ascending output from
lamina I neurons appears to be the spino-parabrachial pathway in the rat
(Hylden, Anton, & Nahin, 1989; Light, Sedivec, Casale, & Jones, 1993; Todd,
2002); however, a small proportion of lamina I neurons appears to project
contralaterally via the lateral spinothalamic tract (STT), a key pathway for
pain, itch and temperature (Craig & Dostrovsky, 2001; Marshall, Shehab,
Spike, & Todd, 1996; Wall, Bery, & Saade, 1988). Neurons in the deep dorsal
horn (lamina V–VI), however, have predominant projections in the STT. In
recent years, lamina X neurons located around the central canal, have been
shown to respond to somatic and visceral stimulation in the innocuous and
noxious ranges (Al-Chaer, Lawand, Westlund, & Willis, 1996b). Despite their
morphological diversity, some of these neurons have long axons projecting in
the dorsal column to the caudal medulla, specifically to the dorsal column
nuclei.

Pathways in the Ventral (Anterior) Quadrant

The Spinothalamic Tract

The spinothalamic tract (STT) is a major ascending pathway in primates and
humans. It is classically associated with pain and temperature sensations and
generally believed to mediate the sensations of pain, cold, warmth, and touch
(Gybels & Sweet, 1989; Willis, 1985; Willis & Coggeshall, 2004). This belief is
based largely on the results of anterolateral cordotomies performed to relieve
pain (Foerster & Gagel, 1932; Spiller & Martin, 1912; White & Sweet, 1969) or
deficits due to selective damage to the spinal cord by disease or trauma
(Gowers, 1878; Head & Thompson, 1906; Noordenbos & Wall, 1976; Spiller,
1905). It is further reinforced by results of experimental studies of primates in
which behavioral responses to noxious stimuli measured before and after spinal
lesions were consistent with the clinical evidence (Vierck & Luck, 1979; Vierck,
Greenspan, & Ritz, 1990; Yoss, 1953).

The STT arises largely from neurons in the dorsal horn of the spinal cord and
projects to various areas in the thalamus (see Willis & Coggeshall, 2004). The
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locations of the cells of origin of the STT have been mapped in the rat, cat and
monkey using retrograde tracing (Apkarian&Hodge, 1989a, 1989b; Carstens&
Trevino, 1978; Craig, Linington, & Kniffki, 1989; Giesler, Menétrey, &
Basbaum, 1979; Kevetter & Willis, 1982; Willis, Kenshalo, & Leonard, 1979)
and antidromic activation methods (Albe-Fesssard, Levante, & Lamour,
1974a, 1974b; Giesler, Menétrey, Guilbaud, & Besson, 1976; Trevino, Maunz,
Bryan, & Willis, 1972; Trevino, Coulter, & Willis, 1973). In monkeys, a large
fraction of STT cells is located in the lumbar and sacral enlargements, and these
cells are concentrated in the marginal zone and neck of the dorsal horn in
laminae I and IV–VI (Apkarian & Hodge, 1989a; Willis et al., 1979). However,
some spinothalamic cells are located in other laminae, including lamina X,
which is around the central canal, and in the ventral horn. Tracing studies
demonstrate that the STT distributes projections to several thalamic nuclei and
that each have different anatomical and functional associations and, conver-
sely, that the STT originates in several different cell groups that each have
different anatomical and functional characteristics (Albe-Fessard, Berkley,
Kruger, Ralston, & Willis, 1985; Apkarian & Hodge, 1989a, 1989b, 1989c;
Boivie, 1979; Burton & Craig, 1983; Craig et al., 1989; Le Gros Clark, 1936;
Mantyh, 1983; Mehler, Feferman, & Nauta, 1960; Willis et al., 1979). Compar-
ison of the populations of STT cells projecting to the lateral thalamus, including
the ventral posterior lateral nucleus, and those projecting to the medial thala-
mus, including the central lateral nucleus, show clear differences between the
two (Craig &Zhang, 2006;Willis et al., 1979). Laterally projecting STT neurons
are more likely to be situated in laminae I and V, whereas medially projecting
cells are more likely to be situated in the deep dorsal horn and in the ventral
horn. Most of the cells project to the contralateral thalamus, although a small
fraction project ipsilaterally.

In general, the axons of STT neurons decussate through the ventral white
commissure at a very short distance from the cell body (Willis et al., 1979). They
initially enter the ventral funiculus and then shift into the lateral funiculus as
they ascend. Axons from STT cells of lamina I ascend more dorsally in the
lateral funiculus than do the axons of STT cells in deeper layers of the dorsal
horn (Apkarian & Hodge, 1989b). Clinical evidence from anterolateral cordo-
tomies indicates that spinothalamic axons in the anterolateral quadrant of the
spinal cord are arranged somatotopically. At cervical levels, spinothalamic
axons representing the lower extremity and caudal body are placed more
laterally and those representing the upper extremity and rostral body more
anteromedially (Hyndman & Van Epps, 1939; Walker, 1940). Recordings from
spinothalamic axons in monkeys are consistent with this scheme (Applebaum,
Beall, Foreman, & Willis, 1975).

In primates, STT axon terminals exist in the following nuclei: the caudal and
oral parts of the ventral posterior lateral nucleus (VPLc and VPLo) (Olszewski,
1952), the ventral posterior inferior nucleus (VPI), the medial part of the
posterior complex (POm), the central lateral (CL) nucleus, the ventral medial
nucleus, and other intralaminar and medial thalamic nuclei (Apkarian &
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Hodge, 1989c; Apkarian & Shi, 1994; Berkley, 1980; Boivie, 1979; Craig,
Bushnell, Zhang, & Blomqvist, 1994; Gingold, Greenspan, & Apkarian, 1991;
Kerr, 1975; Mantyh, 1983; Mehler et al., 1960; Mehler, 1962).

Primate STT cells that project to the lateral thalamus generally have receptive
fields on a restricted area of the contralateral skin (Willis, Trevino, Coulter, &
Maunz, 1974). Cells that project to the region of the CL nucleus in the medial
thalamus may also collateralize to the lateral thalamus; these cells have response
properties identical to those of STT cells that project just to the lateral thalamus
(Giesler, Yezierski, Gerhart, & Willis, 1981), except for their larger receptive fields.
Most of the neurons show their best responses when the skin is stimulatedmechani-
cally at a noxious intensity. However, many STT cells also respond to innocuous
mechanical stimuli or noxious heating of the skin (Chung, Kenshalo, Gerhart, &
Willis, 1979; Craig et al., 1994; Ferrington, Sorkin, & Willis, 1987; Kenshalo,
Leonard, Chung, & Willis, 1979; Price & Mayer, 1975; Price, Hayes, Ruda, &
Dubner, 1978; Surmeier, Honda, &Willis, 1986a, 1986b; Willis et al., 1974). Some
spinothalamic neurons respond to stimulation of receptors in muscle (Foreman,
Schmidt, & Willis, 1979), joints (Dougherty, Sluka, Sorkin, Westlund, & Willis,
1992), or viscera (Al-Chaer, Feng, & Willis, 1999; Ammons, 1989a, 1989b; Blair,
Wenster, & Foreman, 1982; Blair, Ammons, & Foreman, 1984; Milne, Foreman,
Giesler, & Willis, 1981).

These observations clearly suggest that the STT comprises several distinct
components that each convey ascending activity selectively associated with
different spinal functions (Craig & Zhang, 2006; Craig et al., 1989; Klop,
Mouton, Kuipers, & Holstege, 2005; Stepniewska, Sakai, Qi, & Kaas, 2003;
Truitt, Shipley, Veening, & Coolen, 2003;). Whether these distinct components
imply segregated functions vis-à-vis the processing of pain information within
the STT remains uncertain.

Several other pathways accompany the spinothalamic tract in the white
matter of the ventrolateral quadrant of the spinal cord. These include the
spinomesencephlic tract, the spinoreticular tracts, and several spino-limbic
tracts. For a detailed review of these pathways, see Willis and Coggeshall
(2004) and Willis and Westlund (1997).

Pathways in the Dorsal (Posterior) Quadrant

A number of pathways believed to be involved in pain processing originate in
the dorsal horn and have axons that project in the dorsolateral and dorsal white
matter of the spinal cord; these include the spinocervical pathway and the
postsynaptic dorsal column.

Spinocervical Pathway

The spinocervical pathway originates from neurons in the spinal cord dorsal
horn and relays in the lateral cervical nucleus in segments C1 and C2 (reviewed
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in Willis, 1985; Willis & Coggeshall, 2004). The axons of neurons of the lateral
cervical nucleus decussate and then ascend with the medial lemniscus to the
thalamus (Ha, 1971). A lateral cervical nucleus has been identified in several
species, including rat, cat, and monkey (see Mizuno, Nakano, Imaizumi, &
Okamoto, 1967). A comparable nucleus has been observed in at least some
human spinal cords (Truex, Taylor, Smythe, & Gildenberg, 1965).

In cats, the cells of origin are situatedmostly in lamina IV, although some are
situated in adjacent laminae of the dorsal horn and in deeper layers (Brown,
Fyffe, Noble, Rose, & Snow, 1980; Craig, 1978). The axons of spinocervical
tract neurons ascend in the dorsal part of the lateral funiculus to the upper
cervical level (Nijensohn & Kerr, 1975) and terminate in the lateral cervical
nucleus. Cervicothalamic neurons project to the contralateral VPL nucleus and
the medial part of the posterior complex (Berkley, 1980; Boivie, 1980; Smith &
Apkarian, 1991). Many of the cells also give off collaterals to the midbrain
(Willis & Coggeshall, 2004). Some spinocervical tract cells respond to noxious
stimuli, both in cats (Brown & Franz, 1969; Cervero, Iggo, & Molony, 1977)
and inmonkeys (Bryan, Coulter, &Willis, 1974; Downie, Ferrington, Sorkin, &
Willis, 1988); therefore, the spinocervical is considered a potential pathway
through which nociceptive signals can reach the lateral thalamus.

The Dorsal Column

The dorsal funiculus, also referred to as the dorsal column (DC) in animals or
the posterior column in man, contains collateral branches of primary afferent
fibers that ascend from the dorsal root entry level all the way to the medulla
(Willis & Coggeshall, 2004). In addition, it contains the ascending axons of tract
cells of the dorsal horn (Angaut-Petit, 1975a, 1975b; Petit, 1972; Rustioni, 1973;
Uddenburg, 1966, 1968). These tract cells form the postsynaptic dorsal column
pathway (PSDC), which along with primary afferent axons, travel in the dorsal
column and synapse in the dorsal column nuclei. The dorsal funiculus is sub-
divided into two components known as the fasciculus gracilis, containing the
ascending afferents from levels caudal to the mid-thoracic region, and the
fasciculus cuneatus, containing the ascending afferents that originate from
mid-thoracic to upper cervical levels. The gracilis and cuneatus fasciculi termi-
nate at the level of the lower medulla in the nucleus gracilis and the nucleus
cuneatus respectively, collectively known as the dorsal column nuclei.

Classical teaching holds that the DC subserves graphesthesia, two-point
discrimination, and kinesthesia. This concept was adopted at the turn of the
20th century (Brown-Sequard, 1868; Head & Thompson, 1906; Stanley, 1840;
see also Davidoff, 1989) and was based on the pathologic alterations observed
in certain disease states associated with DC lesions and on the skimpy knowl-
edge of spinal tracts available at that time. On the other hand, the evidence for
the importance of the DC pathway in the transmission of visceral nociceptive
information is compelling. It rests on studies which highlight the great effec-
tiveness of limitedmidline myelotomy in reducing intractable pelvic cancer pain
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in humans (Gildenberg & Hirshberg, 1984; Hirshberg, Al-Chaer, Lawand,
Westlund, & Willis, 1996; Hitchcock, 1970, 1974; Schwarcz, 1976, 1978) and
on a number of ground-breaking experimental observations (Al-Chaer, Law-
and,Westlund, &Willis, 1996a, 1996b; Al-Chaer, Feng, &Willis, 1998a, 1998b;
Al-Chaer et al., 1999; see also Willis, Al-Chaer, Quast, & Westlund, 1999).

In an early report on visceral nociceptive fibers in the DC, awake human
subjects experienced unbearable, excruciating pain when the DC or medial
aspect of the nucleus gracilis was probed mechanically (Foerster & Gagel,
1932). The pain was referred to the sacral region and perineum. Subsequent
studies observed that the sensation of visceral distension was retained following
extensive anterolateral cordotomy (White, 1943) and that the sensation of
duodenal distension was unaffected by a differential spinal block which abol-
ished the sensation of cutaneous pinprick (Sarnoff, Arrowood, & Chapman,
1948) suggesting that these sensations were mediated by a posterior column
pathway.

More direct clinical evidence comes from successful neurosurgical proce-
dures aimed at treating intractable visceral pain. These procedures have often
accidentally severed DC axons in and around the midline. Commissural
myelotomy was introduced as a technique to produce bilateral analgesia by
interrupting the decussating axons of the spinothalamic and spinoreticular
tracts by means of a longitudinal midline incision extending over several
segments (Armour, 1927). The rostro-caudal extent of commissural myelot-
omy was later reduced to a localized lesion made stereotaxically by inserting a
metal electrode into the midline at the C1 level with the patient awake
(Hitchcock, 1970, 1974; Schwarcz, 1976, 1978). The clinical result was an
unexpectedly widespread distribution of pain relief, similar to that found
with open commissural myelotomy, despite the small extent of the lesion
and its location well rostral to the decussation of most of the STT. Similar
successes were reported later using limited midline myelotomy to treat pelvic
visceral cancer pain (Gildenberg & Hirshberg, 1984). This result compelled a
major revision in thinking regarding pain pathways in the spinal cord
(Gybels & Sweet, 1989). Hirshberg et al. reported eight clinical cases where
pelvic visceral cancer pain was successfully treated using a limited posterior
midline myelotomy (1996). The lesion was placed in the midline at the T10
level of the spinal cord and extended a few mm rostrocaudally. Following
surgery the pelvic pain was found to be markedly reduced or eliminated
without any demonstrable postoperative neurological deficit. The extent of
the lesion in one of the patients was examined histologically postmortem and
was found to interrupt axons of the posterior columns at and adjacent to the
midline and anteriorly to the level of the posterior gray commissure. More
recent studies have lent further support for the concept that neurosurgical
interruption of a midline posterior column pathway provides significant pain
relief without causing adverse neurological sequelae in cancer patients with
visceral pain refractory to other therapies (Kim & Kwon, 2000; Nauta,
Hewitt, Westlund, & Willis, 1997; Nauta et al., 2000).
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Early experimental evidence that described the DC as the pathway of
splanchnic afferents was obtained in rabbits, cats and dogs (Amassian, 1951)
and led to the conclusion that the sense of visceral distension may be dependent
on the integrity of this afferent projection system. Responses to splanchnic
nerve stimulation, were recorded ‘‘in logical time relationships’’, in the ipsilat-
eral fasciculus gracilis of the spinal cord, the ipsilateral nucleus gracilis, the
region of decussation of the medial lemniscus, the medial lemniscus at various
levels in the medulla, pons and caudal thalamus and in the ventral posterior
lateral (VPL) nucleus of the thalamus, suggesting a continuous pathway for
splanchnic input that ‘‘parallels that for proprioception from the limbs and
trunk’’ (Aidar, Geohegan, & Ungewitter, 1952). Nociceptive activity, including
responses to uterine and vaginal distension, has also been demonstrated in
neurons of the DC nuclei (Angaut-Petit, 1975a, 1975b; Berkley & Hubscher,
1995a, 1995b; Cliffer, Hasegawa, &Willis, 1992; Ferrington, Downie, &Willis,
1988). These nociceptive responses could be triggered by unmyelinated primary
afferent fibers that have been shown to ascend in the dorsal column directly
to the DC nuclei (Conti, De Biasi, Giuffrida, & Rustioni, 1990; Patterson,
Coggeshall, Lee, &Chung, 1990; Patterson, Head,McNeill, Chung, &Coggeshall,
1989). Alternatively, they could be mediated through the postsynaptic dorsal
column pathway (Bennett, Seltzer, Lu, Nishikawa, & Dubner, 1983; Bennett,
Nishikawa, Hoffert, & Dubner, 1984; Noble & Riddell, 1988; Uddenburg,
1968). More recent studies in primates and rodents have shown that a lesion
of the DC can dramatically reduce the responses of neurons in the VPL nucleus
of the thalamus (Al-Chaer et al., 1996a, 1988; Al-Chaer, Feng, &Willis, 1998a;
Ness, 2000) and in the DC nuclei (Al-Chaer et al., 1996b, 1999; Berkley &
Hubscher, 1995a) to mechanical distension of normal and acutely inflamed
colons. These studies have identified the DC as beingmore important in visceral
nociceptive transmission than the spinothalamic and spinoreticular tracts. In
rats and monkeys, colorectal distension stimulates the firing of viscerosensitive
VPL thalamic neurons. After a DC lesion at T10 level, the responses are
reduced despite ongoing stimulation. A similar lesion of the STT at T10 does
not achieve the same effect (Al-Chaer et al., 1996a, 1998a). The DC also has a
role in signaling epigastric nociception (Feng et al., 1998; seeWillis et al., 1999).

The correspondence between these functional studies in experimental animals
and the findings from human neurosurgical studies is consistent with accumulat-
ing evidence that strongly supports the concept that the DC projection system is
critical for visceral pain sensation.

Postsynaptic Dorsal Column Pathway

The postsynaptic dorsal column (PSDC) pathway arises from cells distributed
medial to laterally in lamina III in the dorsal horn, as well as from a few cells just
lateral to lamina X (Bennett et al., 1983; Giesler, Nahin, & Madsen, 1984;
Rustioni, 1973, 1974; Rustioni et al., 1979). The trajectories of postsynaptic dorsal
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column fibers are somatotopically organized in the dorsal column (Cliffer &
Giesler, 1989; Hirshberg et al., 1996; Wang, Willis, & Westlund, 1999).

Although the PSDCpathwaymay not have a role in cutaneous pain (Al-Chaer
et al., 1996b, 1999; Giesler & Cliffer, 1985), the postsynaptic dorsal column cells
in rats and monkeys were shown to respond to both mechanical and chemical
irritation of viscera (Al-Chaer et al., 1996b, 1999). They receive inputs from the
colon, the ureter, the pancreas and epigastric structures (see Willis et al., 1999).
Presumably, the visceral information is relayed together with cutaneous epicritic
information in the medial lemniscus to the thalamus (Willis & Westlund, 1997).
An illustration of the STT and the PSDC trajectories in the spinal cord to the
thalamus can be seen in Fig. 1.

Representation of Nociceptive Sensation in the Brain

In contrast to most other sensory modalities, the neuroanatomical substrates in
the brain for pain sensation in general and visceral pain in particular, have only
recently begun to be elucidated.Major advances in this field have come through
functional anatomical and physiological studies in non-human primates and

Fig. 1 Illustration of the postsynaptic dorsal column (PSDC) and the spinothalamic tract
(STT) as they arise in the dorsal horn of the spinal cord and ascend towards the brainstem and
eventually the thalamus. The PSDC pathway synapses on neurons in the dorsal column nuclei
(DCN; the nucleus gracilis is labeled); axons of DCN neurons subsequently cross the midline
and ascend in the medial lemniscus to converge onto thalamic neurons. The axons of STT
neurons cross the midline at the dorsal horn level and ascend to the VPL nucleus of the
thalamus in the anterolateral quadrant of the cord. Peripheral input is shown from the colon
mainly onto the PSDC pathway and from the skin mainly onto the STT to illustrate the
relative importance of these pathways in the nociception arising from these tissues respectively
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rats, which have identified substrates that underlie findings from functional
imaging and microelectrode studies in humans.

Thalamic Representation of Pain

Electrophysiological recordings made of nociceptive responses in the VPL and
ventral posteromedial (VPM)nuclei of the thalamus in rats andmonkeys bymany
investigators showed that neurons in these thalamic nuclei can be activated by
nociceptive stimulation of the periphery (Al-Chaer et al. 1996a; Apkarian & Shi,
1994; Brüggemann, Shi, & Apkarian, 1994; Bushnell & Duncan, 1987; Bushnell,
Duncan, & Tremblay, 1993; Casey &Morrow, 1983, 1987; Chandler et al., 1992;
Chung et al., 1986; Duncan, Bushnell, Oliveras, Bastrash, & Tremblay, 1993;
Gaze & Gordon, 1954; Kenshalo, Giesler, Leonard, & Willis, 1980; Pollin &
Albe-Fessard, 1979; Yokota, Nishikawa, & Koyama, 1988).

In general, responses of nociceptive neurons in the VPL nucleus to innoc-
uous cutaneous mechanical stimuli are weak, in contrast to their responses to
noxious mechanical stimuli (Casey & Morrow, 1983, 1987; Chung et al., 1986;
Kenshalo et al., 1980). The location of the neurons in the VPL nucleus is
somatotopic but their receptive fields are relatively small and situated on the
contralateral side. Almost all of the VPL neurons tested were shown by anti-
dromic activation to project to the SI cortex (Kenshalo et al., 1980). Surpris-
ingly, most neurons (85%) in the VPL nucleus respond to both cutaneous and
visceral stimuli (Al-Chaer et al., 1996a, 1998b; Brüggemann et al., 1994; Chand-
ler et al., 1992). Although the cutaneous input is somatotopic, the visceral input
is not viscerotopic (Brüggemann et al., 1994).

Investigations of visceral inputs into the thalamus were made using electrical
stimulation of visceral nerves (Aidar et al., 1952; Dell & Olson, 1951; McLeod,
1958; Patton & Amassian, 1951), or natural stimulation of visceral organs
(Chandler et al., 1992; Davis & Dostrovsky, 1988; Emmers, 1966; Rogers,
Novin, & Butcher, 1979). In monkeys, the medial thalamus receives visceroso-
matic input via thoracic STT neurons (Ammons, Girardot, & Foreman, 1985),
whereas neurons in the lateral thalamus are activated by input through the STT
and theDC (Al-Chaer et al., 1998a). Lateral thalamic neurons can also be excited
by colorectal distension or urinary bladder distension and by convergent input
elicited by noxious stimulation of somatic receptive fields in proximal lower body
regions (Chandler et al., 1992). In fact, the majority of lateral thalamic somato-
sensory neurons in squirrel monkeys receive somatovisceral and viscero-visceral
inputs from naturally-stimulated visceral organs (Brüggemann et al., 1994). In
the rat, neurons in and near the thalamic ventrobasal complex respond to
stimulation of different visceral organs, including the uterus, the cervix, the
vagina and the colon (Al-Chaer et al., 1996a, Berkley, Guilbaud, Benoist, &
Gaultron, 1993). Colorectal distension or colon inflammation excites neurons in
the ventral posterolateral nucleus of thalamus (Al-Chaer et al., 1996a; Berkley
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et al., 1993; Brüggemann et al., 1994) and in the medial thalamus at the level of
the nucleus submedius (Kawakita, Sumiya, Murase, & Okada, 1997).

Microstimulation in the region of the thalamic principal sensory nucleus (the
ventrocaudal nucleus) – a nucleus that corresponds to the ventral posterior
nucleus in the cat and the monkey (Hirai & Jones, 1989; Jones, 1985) – can
evoke a sensation of angina in humans (Lenz et al., 1994) and trigger in some
cases pain ‘‘memories’’ (Davis, Tasker, Kiss, Hutchison, & Dostrovsky, 1995).
Electrical stimulation of the thalamic ventrobasal complex in animals inhibits
viscerosensory processing in normal rats but facilitates visceral hypersensitivity
in rats with neonatal colon pain (Saab, Park, & Al-Chaer, 2004). These obser-
vations coupled with an extensive repertoire of experimental data suggest that
the thalamus, particularly the posterolateral nucleus, is involved in the proces-
sing of visceral information, including both noxious and innocuous visceral
inputs.

Nociceptive neurons also exist in the VPI and POmnuclei (Casey &Morrow,
1987; Apkarian & Shi, 1994; Pollin & Albe-Fessard, 1979). The cutaneous
receptive fields of neurons in the VPI nucleus are somatotopically organized
but tend to be larger than those of the VPL nociceptive neurons and presumably
project to the SII cortex (Friedman, Murray, O’Neill, & Mishkin, 1986). The
cells studied in the monkey POm nucleus had small, contralateral nociceptive
receptive fields. The POmnucleus projects to the retroinsular cortex inmonkeys
(Burton & Jones, 1976).

Cortical Pain Processing

Anatomical, physiological, and lesion data implicate multiple cortical regions
in the complex experience of pain (Head & Holmes, 1911; Kenshalo, Chudler,
Anton, & Dubner, 1988; White & Sweet, 1969). These regions include primary
and secondary somatosensory cortices, anterior cingulate cortex, insular cortex,
and regions of the frontal cortex. Nevertheless, the role of different cortical
areas in pain processing remains controversial. Studies of cortical lesions and
cortical stimulation in humans did not uncover a clear role of various cortical
areas in the pain experience and more recent human brain-imaging studies are
not always consistent in revealing pain-related activation of somatosensory
areas (see Bushnell et al., 1999). Despite this controversy, the application of
functional magnetic resonance imaging (fMRI) and positron emission tomo-
graphy (PET) has identified a network of brain areas that process painful
sensation from a number of somatic regions including chronic pain states (see
Apkarian, Bushnell, Treede, & Zubieta, 2005; Matre and Tuan, this volume;
Peyron et al., 2000; Veldhuijzen et al., 2007) and from a number of visceral
organs such as the esophagus (Aziz et al., 1997), stomach (Ladabaum et al.,
2001) and the anorectum (Hobday et al., 2001). Results of these studies show
activation of the primary somatosensory cortex (S1) by a range of noxious
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stimuli. These studies also confirm the somatotopic organization of S1 pain
responses, thus supporting the role of S1 in pain localization. Other imaging
data that implicate S1 in the sensory aspect of pain perception note that S1
activation is modulated by cognitive manipulations that alter perceived pain
intensity but not by manipulations that alter unpleasantness, independent of
pain intensity (Baliki et al., 2006).

Visceral sensation, on the other hand, is primarily represented in the second-
ary somatosensory cortex (S2). Unlike somatic sensation, which has a strong
homuncular representation in S1, visceral representations in the primary soma-
tosensory cortex are vague and diffuse (Aziz et al., 1997). This might account
for visceral sensation being poorly localized in comparison with somatic sensa-
tion. Nevertheless, visceral sensation is represented in paralimbic and limbic
structures (e.g., anterior insular cortex, amygdala, anterior and posterior cin-
gulate cortex), and prefrontal and orbitofrontal cortices (Mertz et al., 2000;
Silverman et al., 1997), areas that purportedly process the affective and cogni-
tive components of visceral sensation (Derbyshire, 2003).

Differential cortical activation is also seen when comparing sensation from
the visceral and somatic regions of the gastrointestinal tract, for example,
sensations from the esophagus versus the anterior chest wall (Strigo, Duncan,
Boivin, & Bushnell, 2003) or the rectum versus the anal canal (Hobday et al.,
2001). Brain processing for esophageal and anterior chest wall sensations occur
in a common brain network consisting of secondary somatosensory and par-
ietal cortices, thalamus, basal ganglia and cerebellum (Strigo et al., 2003). Yet,
differential processing of sensory information from these two areas occurred
within the insular, primary sensory, motor, anterior cingulate and prefrontal
cortices. These findings are consistent with other studies which highlight simi-
larities in the visceral and somatic pain experience and might also explain the
individual’s ability to distinguish between the two modalities and generate
differential emotional, autonomic and motor responses when each modality is
individually stimulated.

Descending Modulatory Pathways

In addition to the afferent pathways that process nociceptive signals at different
levels of the neuraxis, pain processing involves a number of modulatory controls
that exist throughout the nervous system and function to enhance or dampen the
intensity of the original signal or to modify its quality. At the level of the spinal
cord, input from non-nociceptive and nociceptive afferent pathways can interact
to modulate transmission of nociceptive information to higher brain centers. In
addition, the brain containsmodulatory systems that affect the conscious percep-
tion of sensory stimuli. Spinal nociceptive transmission is subject to descending
modulatory influences from supraspinal structures e.g., periaqueductal gray,
nucleus raphe magnus, locus ceruleus, nuclei reticularis gigantocellularis, and
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the ventrobasal complex of the thalamus (see Besson & Chaouch, 1987; Hodge,
Apkarian, & Stevens, 1986]; Light, 1992; Peng, Lin, & Willis, 1996b; Willis,
1982). Descending modulation can be inhibitory, facilitatory or both depending
on the context of the stimulus or the intensity of the descending signal (Saab et al.,
2004; Zhuo & Gebhart, 2002). The descending influence from the ventromedial
medulla is mediated mainly by pathways traveling in the dorsolateral spinal cord
(Zhuo & Gebhart, 2002) and can be inhibitory or facilitatory based on stimulus
intensity. In contrast, descending control from the thalamus is context-specific in
that it may facilitate or inhibit spinal nociceptive processing depending upon the
presence or absence of central sensitization (Saab et al., 2004). For instance,
serotonergic (Peng, Lin, & Willis, 1995), noradrenergic (Peng, Lin, & Willis,
1996a; Proudfit, 1992), and to a lesser extent dopaminergic projections are
major components of descending modulatory pathways (Dahlström & Fuxe,
1964, 1965), in addition to a major role played by opiates and enkephalins
(Duggan & North, 1984; Duggan, Hall, & Headley, 1977).

Gender Differences in Pain Processing

Gender differences are a hallmark of pain perception particularly visceral pain;
however, little is known about the biological causes of these differences (Fill-
ingim, 2000; Keogh, this volume). Recent studies have shown that estrogen
receptors located on nociceptive neurons in the spinal cord play an important
role in the sexually-differentiated responses of these neurons to nociceptive
visceral stimuli (Al-Chaer, unpublished observations). Similarly gender differ-
ences have been reported in the cortical representation of pain. Activation in the
sensory-motor and parieto-occiptal areas is common in both males and females
following rectal distension; however, greater activation in the anterior cingulate/
prefrontal cortices have been found in women (Kern et al., 2001). These actual
gender differences in the processing of sensory input substantiate reports that
perceptual responses are exaggerated in female patients with chronic pain.

Conclusion

It is important to keep in mind that these pathways, while seemingly anatomi-
cally segregated and traditionally perceived as conveying specific perceptions of
pain, are in fact functionally dynamic, interactive polymodal channels for
visceral, cutaneous, muscular and proprioceptive sensations, in addition to
possible motor, autonomic and not as yet defined functions. As such, the STT
as well as the DC can be regarded as interactive polymodal channels for
visceral, somatic and autonomic events with sorted priorities for the sake of
immediate, reliable and simple readings of acute and transient but complex
situations. These breakthroughs in defining pain mechanisms and pathways
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have advanced the field of pain research and management particularly in the
areas of drug development. However, despite these extraordinarily impressive
scientific advances in our understanding of the mechanisms of pain and describ-
ing some of its pathways, the field is beset by similarly and equally impressive
stalemates and retreats in the actual management and cure of pain. After all,
knowledge about pain and its mechanisms is only useful to the extent it helps the
sufferer.

For pain relief, we naturally use anything that works; historically we used
trephination, opiates and willow bark. Today, regardless of their site of action,
we continue to use some of the same techniques that worked albeit in different
pharmaceutical formulae and more controlled environments. . . but the nervous
system seems to be extremely resistant to switching off pain!

Future Directions

Basic translational research in the immediate and extended future can be
expected to maintain ongoing progress in each of the following areas:

1. Continued mechanistic focus on the basic science of pain that includes the
molecular basis for peripheral sensitization of sensory receptors by inflam-
matory mediators, selectivity of central pain-related transmission pathways,
and higher-order central processing of nociceptive information from the
periphery.

2. Integration of imaging technology and classic neurophysiologic and neuro-
pharmacologic approaches for improved understanding of the neurobiology
of pain.

3. Expanded investigation of the psychoneuroendocrine pathways, which are
not only responsible for alteration of function during psychogenic stress and
the exacerbation of chronic pain states, but which also may be partly
responsible for gender differences in pain.

4. Enhanced focus on the identification of drug targets on neuronal elements of
the nervous system and on nonneuronal cell types, such as glia, which release
substances that alter the activity of neurons (Saab, Wang, Gu, Garner, &
Al-Chaer, 2007).
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The Genetic Epidemiology of Pain

Alex J. MacGregor and Caroline M. Reavley

Chronic pain is common among populations worldwide and presents a signifi-
cant burden both to individuals and to society through its negative impact on
daily activities, social and working lives (Moulin et al. 2002; Cosby et al. 2005;
Breivik et al. 2006; Chung & Wong 2007). One of the most fundamental
questions concerning pain in populations is the extent to which its occurrence
is determined by constitutional factors as opposed to potentially modifiable
factors in the environment to which an individual is exposed throughout life.
This can be addressed through studies of genetic epidemiology and is the focus
of this chapter.

Evidence for a genetic contribution to pain is well established through
animal studies, but the genetic contribution to pain in humans is only now
starting to be fully recognised. The inherently subjective nature of pain and
ethical considerations surrounding studies of pain are important limiting
factors. In this chapter we review the epidemiological evidence that assesses
the influence of genetic and environmental factors on the variation in clinical
pain in human populations. We also examine how the increasingly widespread
data on the contribution of individual genes fits within this framework. Finally,
we propose some future directions for this field.

Genetic Influences on Pain at the Population Level: The Evidence

The multidimensional nature of pain and the consequent difficulties in defini-
tion, assessment and measurement make it a singularly difficult subject for
genetic studies. The concept of pain encompasses a set of biological entities
that range from the pathophysiological basis of pain perception itself to pain in
its wider psychological and social context. Given this broad, heterogeneous and
inherently complex remit, it is manifestly too ambitious at the outset to expect
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to be able to produce a simple satisfactory model that explains the contribution
of genetic factors to all aspects of human pain experience. Nevertheless by
focusing attention on specific aspects of pain, for example by examining
responses to painful stimuli, the clinical pain experienced in disease along
with psychological aspects that might explain and modify pain behaviours, it
is possible to begin to piece together a picture of the genetic contribution to pain
incrementally.

Evidence that points to a genetic influence on pain related traits at the
population level can come from several sources. Ethnic and gender differences
in pain reporting are indicative, as is clustering of pain related traits in families.
The obvious difficulty in interpreting this information is in disentangling
genetic effects from those of the shared cultural and family environment.

Studies of monozygotic (MZ) and dizygotic (DZ) twins provide a well
established approach to separating the genetic factors from those in the shared
family and cultural environment. MZ twins are genetically identical while DZ
twins share on average only half their genetic material. If it is assumed that both
types of twin share their family environment to the same extent, a greater
similarity among traits in MZ when compared with DZ twin pairs can be
attributed directly to genetic factors.

Quantitative analysis of data that compare correlations in traits among MZ
and DZ twins allows phenotypic variation (P) measured in the population to be
divided into a genetic component (G) and into environmental components that
are common to the family environment of the twins (C) and unique to each twin
(E). The proportion of population variation that can be attributed to genetic
variation (the ratio G/P) is termed heritability. Data on heritability of traits
related to pain is becoming increasingly widely available.

Classical evidence supporting a genetic influence on pain from twin studies
provides justification for subsequent more focused genetic enquiry into the
action of individual genes. This is an area that is advancing rapidly. The
increasing availability of genotyping technology has led to a profusion of
information available from association studies of individual genes that relate
to pain phenotypes. This information is adding an important extra dimension
to the task of unravelling the genetic basis of human pain perception.

Cultural, Social and Gender Influences on Pain

An influence of the social, cultural and gender factors in determining differ-
ences in pain reporting between individuals has been suggested in the scientific
literature for over five decades. In their 1990 review, Zatzick and Dimsdale
(1990) identified 13 studies that had examined differences in laboratory-induced
pain using a variety of models among a number of different ethnic groups.
Overall, pain tolerance varied widely: the greatest variation was seen in the
affective rather than neurosensory aspects of pain. However, individuals’ atti-
tudes to pain showed no consistent pattern among the ethnic groups studied
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and there was also no consistent discernable difference between ethnic groups in

their ability to discriminate painful stimuli.
More recently, the topic has been reviewed by Fillingim (2004) who has

conducted an updated review that included several studies that had used more

sophisticated methods of psychophysical pain assessment. Among these, the

strongest comparative data examine the differences in pain responses between

African Americans and Whites where some consistent differences appear to

have emerged. In several reports, African Americans demonstrated a lower

tolerance when compared with Whites for specific painful stimuli including

heat pain, ischemic pain and cold pressor pain (Campbell et al. 2005; Rahim-

Williams et al. 2007). African Americans also demonstrated higher ratings for

pain unpleasantness and intensity, and were shown to use passive pain coping

strategies more commonly than Whites. These reports concur with a range of

studies of clinical pain in which African Americans have been recorded as

reporting greater levels of pain than Whites for a range of conditions including

migraine (Stewart et al. 1996), postoperative pain (Faucett et al. 1994), myo-

fascial pain (Nelson et al. 1996) and chronic noncancer pain (Green et al. 2003).

Taken together they provide evidence to suggest that ethnicity can have a direct

influence on aspects of pain sensitivity and reporting.
Gender differences in pain responses have also been the focus of much

interest (See also Keogh this volume). A number of studies have shown men

to exhibit greater stoicism and a lesser willingness to report pain than women

(Zatzick &Dimsdale 1990; Robinson et al. 2001). Ovarian hormones have been

shown to influence pain sensitivity (Riley III et al. 1999). There are several

studies indicating that men exhibit more robust responses to experimentally

induced pain (Berkley 1997; Wiesenfeld-Hallin 2005). In one study based on

positron emission tomography (PET), women were shown to be more likely

than men to perceive a thermal stimulus as painful (Paulson et al. 1998). The

most striking difference between the two sexes was in the degree of activation of

the prefrontal cortex, a possible reflection of different affective responses. Sex

differences have also been seen in analgesic responsiveness (Fillingim & Gear

2004). � opioid receptor antagonists have been shown to be less effective as

analgesics in men than in women in dental postoperative pain (Gear et al. 1996).

PET scanning studies have indicated gender differences in activation in the �
opioid system after exposure to equivalent levels of pain (Zubieta et al. 2002).

Despite an increasing awareness of ethnic and gender variation in the

response to pain; considerable caution needs to be exercised in interpreting

the results of studies of this type that purport to show differences between ethnic

and gender groups. Experimental studies of pain sensitivity are frequently based

on small sample sizes. The choice and selection of subjects can have an impor-

tant bearing on results of the assessments. The results are also known to be

exquisitely situation dependent: the gender of the operator, the precise language

used in delivering the test and in reporting results all have been demonstrated to

exert subtle influences that render the observations of differences in pain
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reporting between ethnic and gender groups particularly prone to misinterpre-

tation (Zatzick & Dimsdale 1990).
It is also clearly incorrect to directly infer that differences in pain responses

and pain reporting between ethnic and gender reflect the action of genetic

factors since cultural and social influences on pain reporting are profound

and undisputed. Nevertheless, the existence of variation in ethnic and gender

groups means that it is justifiable to consider genetic factors as one of the

possible contributing causes and to focus interest on study designs that can

distinguish between genetic and environmental effects with greater precision.

Twin and Family Studies

Family studies have provided much evidence to support a dominating influence

of the shared family environment on attitudes to pain and on pain behaviour.

Examples include two studies published by Turkat showing that family pain

models can exert an influence on pain behaviour in both healthy and diseased

individuals (Turkat & Guise 1983; Turkat & Noskin 1983). Studies of college

students have shown similar results (Lester et al. 1994). Poor models of pain

tolerance in family members predict an earlier onset and greater severity of

post-operative pain following thoracotomy (Bachiocco et al. 1993). Similarities

have been observed in the way in which children and their mothers describe pain

(Campbell 1975). In the experimental setting, pain tolerance to finger pressure is

influenced by a subject’s prior exposure to other individuals with either a high

or low tolerance to painful stimulation. Other factors shown to influence pain

reporting include family size and socio-economic status, the position in the

sibship, the quality of relationships with parents including early experiences of

abuse, and early loss of family members (Payne & Norfleet 1986).
These studies have provided additional insight into the strength of environ-

mental influences determining the familial clustering of pain and generally

support the view that early family environment shapes future pain behaviour

by vicarious learning through exposure to pain and suffering in a family

member (Turk et al. 1987). However, as with studies of ethnicity and gender,

these data also provide justification to look more closely at the potential

contribution of genetic factors.

Genetic Influences on Diseases Characterised by Pain

Several clinical disease states are characterised by pain and many of these have

been the subject of classical twin studies seeking to determine the relative

influences of genetic and environmental factors (Table 1). The majority have

shown a significant heritable component, although the degree of genetic
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contribution varies considerably and for certain painful diseases, for example
temporomandibular joint disease, a heritable component appears to be absent.

Twin data are frequently criticised for tending to overstate heritability because
of their reliance on the assumption that the degree of environmental sharing in
MZ and DZ twins is similar. However, the majority of studies reporting genetic
influences in painful diseases were conducted in representative adult population
samples among twins living apart. The level of genetic contribution is unlikely to
be solely explained by any differences in the MZ and DZ shared environment
(Khoury et al. 1988). These findings provide robust and persuasive evidence that
genetic factors have a dominating influence on the variation in clinical pain.

What is uncertain in evidence of this type is how the genetic influences are
mediated. In a number of these diseases (lower back and neck pain are two
examples) the degree of pain reported is not tightly coupled to the degree of
observed physical damage favouring the hypothesis that genetic factors directly
influence pain pathways in these conditions. However, it is difficult to exclude
the possibility that the chief genetic influence might be mediated through
determining disease susceptibility or severity. This issue would be better
addressed directly by studying clinical pain in response to a standardised
stimulus, for example a surgical injury, delivered in a uniform setting. This is
a situation that rarely arises in observational studies and is more readily
obtained through laboratory based studies of experimental pain.

Genetic Influences on Experimental Pain

Among rodents, nociceptive and analgesic sensitivity show strain-specific var-
iation that equates to heritability estimates of individual traits that range from
of 28 to 76% (Mogil 1999). Data on the heritability of responses to painful
stimuli in man have been much more limited and it is only relatively recently
that a fuller picture of the heritability of experimental pain has begun to emerge
through classical twin studies (Table 2).

Table 1 Heritability of diseases in which pain is a significant component

Heritability Reference

Chronic widespread pain 48–54% Kato et al. (2006)

Low back pain 52–68% MacGregor et al. (2004)

Neck pain 35–58% MacGregor et al. (2004)

Shoulder and elbow pain 50% Hakim et al. (2003)

Temporomandibular pain Nil Michalowicz et al. (2000)

Migraine 34–58% Mulder et al. (2003)

Tension headache 44–48% Russell et al. (2007)

Gastro-oesophageal reflux pain 43% Mohammed et al. (2003)

Functional bowel disorder 57% Morris-Yates et al. (1998)

Chronic pelvic pain 41% Zondervan et al. (2005)

Menstrual pain 55% Treloar et al. (1998)
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The first study of this type was conducted by ourselves in 1997 among
269 MZ and 340 DZ female-female adult twin volunteers from the UK twin
registry (MacGregor et al. 1997). The study assessed pressure pain thresholds
using a variable pain dolorimeter with measurements taken at the forehead. All
twins were healthy with no intercurrent illness or chronic pain.

The responses among twin pairs were highly correlated, with an intraclass corre-
lation coefficient inMZ twins of 0.57 and in DZ twins of 0.51. Neither estimate was
substantially altered after adjusting for a range of potential confounding variables
including age, current tobacco and alcohol use, current analgesic use, psychological
status assessed by the general health questionnaire, and social class. The pattern of
correlations confirmed that there was familial clustering of this trait, but suggested
that the primary influence was from the shared environment of the twins. The excess
margin of correlation inMZoverDZ twinswas only slight and indicated that genetic
factors contributed at most 10% to the variation that was observed.

The results were consistent with the data that suggest the importance of the
shared environmental and family pain models in shaping pain responses. How-
ever, extrapolating from the results of a single pain modality to pain respon-
siveness in general presents difficulties, especially given the wide variation in
genetic contribution to individual nociceptive responses seen in animal models
(Mogil 1999). Further, there was concern in this particular study that the twin
pairs were assessed together, which might have tended to inflate the influence of
the shared environment and underestimate a potential genetic effect.

We have since extended this work to consider a wider range of painful stimuli
in a rigorously controlled experimental setting in which individual twins were

Table 2 Heritability of responses to experimental pain in man

Heritability

UK Twin Registry Study, 1997 (MacGregor et al. 1997)

Pressure pain
threshold

10%

UK Twin Registry Study, 2007 (Norbury et al. 2007)

Heat pain threshold 53%

Acid iontophoresis 31%

ATP iontophoresis 11%

Pain during burn
induction

34%

Skin flare Nil

Pinprick
hyperalgesia

55%

Thermal
hyperalgesia

Nil

Brush evoked
allodynia

25%

Danish Twin Registry Study, 2007 (Nielsen et al. 2008)

Heat pain 26%

Cold pressor pain 60%
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blinded to their co-twin’s responses (Norbury et al. 2007). The set of stimuli
were chosen to reflect both acute and chronic pain. Baseline heat pain threshold
was measured at the forearm using a 32 mm probe heated from 328C at a rate of
0.58C /second until the subject first perceived a change from a feeling of heat to
a feeling of pain. Visual analogue scale (VAS) ratings of pain induced during the
iontophoresis of adenosine triphosphate (ATP) and hydrochloric acid were also
assessed. The twins were exposed to a 458C thermal burn. Pain during the
induction of the burn was measured by VAS. In the 15 min following the
burn, measurements were also made of the area of skin flare, the area of post-
burn allodynia to brush stroke (brush-evoked allodynia), and the area of
hyperalgesia assessed by application of a von Frey filament (punctate hyper-
algesia) and by repeat measurement of the heat pain threshold at the burn site
(thermal hyperalgesia). The study was conducted in 51 MZ and 47 DZ female-
female twins. As in the earlier study, all were healthy and on no analgesic
medication.

The heritabilities of the responses assessed in the study are shown in Table 2.
The majority of responses showed a genetic contribution, although this varied
widely among the variables and no heritable contribution was found for post
burn hyperalgesia or for skin flare area. The data did not support an important
influence from the shared environment for all variables in which a heritable
component was detected.

Similar findings have also been reported recently by Nielsen et al. (2008) in a
study in which cold-pressor pain and contact heat pain were assessed in 53 MZ
and 39DZ twin pairs from theNorwegian twin registry. Their protocol assessed
supramaximal pain sensitivity with heat pain measured using a thermode start-
ing at 438C increasing by 18C increments until the VAS exceeded 50%. Cold
pressor pain was assessed by immersion in cold water (0–2.58C for 60s). From
their results, they estimated that 60% of the variance in cold-pressor pain and
26% of the variance in heat pain was genetically mediated.

The variation in heritability estimates among measures of pain responsive-
ness in these studies accords with observationsmade in rodents that suggest that
genetic mediation of nociceptive sensitivity is specific to the noxious stimulus
(Mogil 1999). Animal studies have also shown clustering in pain responses
defined by stimulus modality (Mogil et al. 1999). In the UK data, modest
phenotypic correlation was seen for certain variables, including heat pain
threshold, pain during burn induction, ATP and acid iontophoresis. This raises
the possibility that heritability of nociception might be explained by a limited
set of common genetic factors.

The relevance of these findings to clinical pain can be questioned. Although
experimental pain is both distant to and distinct from pain experienced in
disease, certain experimental measurements can be directly related to clinical
pain. In patients undergoing surgery for example, pre-operative pain ratings
assessed following a thermal burn protocol similar to that used in the UK twins
are strongly correlated with postoperative pain (Werner et al. 2004). Preopera-
tive pressure pain assessment has also been shown to predict postoperative pain

The Genetic Epidemiology of Pain 51



and analgesic consumption in women undergoing surgery (Hsu et al. 2005).
Thus it is conceivable that the genetic signals detected in these twins and those
seen in clinical pain states may well relate to similar underlying mechanisms.

Genetic Influences on Affective, Cognitive and Behavioural Aspects
of Pain

The experience of pain is bound tightly to that of emotion as well as to an
individual’s understanding of the nature and significance of the painful stimulus
and to their behavioural response to it (Gatchel et al. 2007). The relationship of
pain to anxiety and depression has received considerable attention. Around
50% of patients with fibromyalgia acknowledge that they are anxious (Wolfe
et al. 1990); depression is equally common among those with chronic pain
(Dersh et al. 2006). Levels of anxiety influence both experimental pain reporting
and clinical pain. In surgical patients, anxiety influences the degree of post-
operative pain and the length of surgical stay (de Groot et al. 1997). The role of
cognition and beliefs about pain is also supported by a number of empirical
observations. Fear and anticipation of pain have an impact of pain tolerance
and level of function (Vlaeyen & Linton 2000). This can in turn be reflected in
maladaptive avoidance pain behaviours and pain avoidance strategies. Anger
and frustration are also critical components of the pain experience. Anger is
frequently reported among those with chronic pain and has been related to the
intensity and unpleasantness of pain (Wade et al. 1990).

In many respects, affect and behaviour are an integral part of an individual’s
experience of pain that cannot be considered in isolation. However, from an
epidemiological perspective it is valid to question whether personality and
behavioural traits might predispose to the onset or modify the expression of
pain. Some of the strongest data on risk factors for the development of chronic
pain come from studies of musculoskeletal pain. Magni et al. (1994) assessed
2,324 participants in the USNational Health and Nutrition Survey both for the
presence of musculoskeletal pain and the presence of depression over a period
of 10 years. Depressive symptoms at year 1 significantly predicted the develop-
ment of chronic musculoskeletal pain at year 8 with an odds ratio of 2.14 for the
depressed subjects compared with the non-depressed subjects. A systematic
review of data from 18 prospective cohort studies of low back pain has empha-
sised the importance of psychological factors in the development of chronic
symptoms (Pincus et al. 2002). The review showed strong evidence to support
increased risk of persisting pain and disability among subjects with pre-existing
psychological distress or depressive mood, and among those reporting multiple
physical symptoms. High scores on tests designed to detect somatisation and
maladaptive illness behaviours have been recently identified as being the most
important predictor of the development of chronic widespread pain in a com-
munity-based cohort (Gupta et al. 2007).
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Many of the affective and behavioural traits that are related to the onset

and persistence and response to pain are now recognised to have a genetic

basis. Twin studies of anxiety and depression show heritabilities of 30–40%

(Leonardo & Hen 2006). Psychological distress as assessed by the general

health questionnaire has been shown to have a heritability of 35% (Rijsdijk

et al. 2003). Coping strategies relevant to pain have also been the subject of

twin studies conducted in a number of groups, with one study suggesting that

a range of coping styles shared a common genetic component (Kendler et al.

1991; Busjahn et al. 1999). Self reported fear and fear conditioning have been

shown to a have heritable basis (Hettema et al. 2008). Anger expression has

been estimated to have a heritability of 30% (Wang et al. 2005). Most of

these measures were assessed in healthy subjects and were not evaluated with

direct reference to clinical or experimental pain experienced by the study

subjects. However, they provide strong evidence that many of the psycholo-

gical factors that are themselves related to pain have a genetic basis and it is

likely that this list will be extended in future studies targeting pain psychol-

ogy in twins.
The extension of twin and family study methodology to the emotions and

behavioural responses in the context of clinical and experimental pain is likely

to further resolve the genetic basis of pain reporting. The use of scanning

techniques including positron emission tomography and functional magnetic

resonance imaging may also have an important contribution in quantitative

assessment (Gatchel et al. 2007; Matre & Tran this volume). However, for the

present, the observations that affective and behavioural aspects of pain are

likely themselves to have significant and distinguishable genetic determinants

has important implications. Studies investigating the genetic basis of pain in

clinical disease states and in experimental settings need to account for affective

and behavioural aspects of the pain phenotype if the precise effects of individual

genes are to be clearly distinguished. The presence of genetic determinants

underlying these phenotypes may limit the effectiveness of pain management

strategies targeted at modifying affective and pain behaviour and may indicate

a need to develop approaches that are targeted to genetically susceptible

individuals.

Genetic Association Studies in Pain

The breadth of the potential mechanisms for genetic action in pain together

with the increasing availability of genotype data provides enormous scope for

identifying the specific action of individual genes. The search has to an extent

been spurred on by the success of genetic studies in rodents that have pinpointed

the action of several genes involved in nociceptive sensitivity in a number of well

defined experimental settings (Mogil & Max 2006).
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Examples of reported associations between individual genes and pain

related phenotypes are shown in Table 3 which considers associations in the

Table 3 Examples of genes implicated in pain in man through genetic association studies

Protein Gene Trait/Stimulus Reference

Painful clinical traits

Catechol-O-methyl
transferase

COMT Fibromyalgia Gursoy et al.
(2003)

Temporomandibular joint
pain

Diatchenko
et al. (2005)

Collagen 9 COL9A3 Sciatica Paassilta et al.
(2001)

GTP cyclohydrolase GHC1 Pain following surgical
discectomy

Tegeder et al.
(2006)

Hypocretin receptor HCRTR2 Migraine Schurks et al.
(2007)

Major histocompatability
complex

HLA-DR Complex regional pain van de Beek
et al. (2003)

HLA-A and
B

Postherpetic neuralgia Sato et al. (2002)

Monoamine oxidise A MAOA Fibromyalgia Gursoy et al.
(2007)

Serotonin receptor 5HTA Fibromyalgia Bondy et al.
(1999)

Serotonin transporter 5-HTT Fibromyalgia Offenbaecher
et al. (1999)

Experimental pain responses

� opioid receptor OPRD1 49 degree thermal stimulus Kim et al. (2004)

Catechol-O-methyl
transferase

COMT Thermal pain Diatchenko
et al. (2006)

Heat and cold sensation Kim et al. (2006)

Hypertonic saline infusion Zubieta et al.
(2003)

Fatty acid amide hydrolase FFAH Heat and cold sensation Kim et al. (2006)

GTP cyclohydrolase GHC1 Heat, ischaemic and pressure
pain sensitivity

Tegeder et al.
(2006)

Melanocortin 1 receptor MC1R Tolerance to electrical pulse
stimulation

Mogil et al.
(2005)

Thermal and ischaemic pain Mogil et al.
(2003)

Sparteine/debrisoquine
oxygenase

CYP2D6 Cold pressor test Sindrup et al.
(1993)

Transient receptor potential TRPA1 Heat and cold sensation Kim et al. (2006)

Vallinoid receptor subtype 1 TPRV1 Cold withdrawal Kim et al. (2006)

Psychological and behavioural traits associated with pain

Catechol- O-methyl
transferase

COMT Anxiety Olsson et al.
(2007)

Pain catastrophising George et al.
(2007)
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framework of clinical pain, experimental pain, and psychological, cognitive
and behavioural phenotypes that have been related to pain. As in the fore-
going discussion of heritability, interpreting whether these genes relate to
clinical disease, pain pathways or ancillary phenotypes that modify pain
experience presents an obvious challenge. In sciatica, for example the associa-
tion with collagen genes is most likely to reflect the disease process of disc
degeneration rather than the pain that is related to it (Paassilta et al. 2001). It
is also necessary to be cautious in interpreting the results of individual asso-
ciation studies in isolation because of the well established risk of type I error
and publication bias (Cardon & Bell 2001). Few of the reported findings have
been replicated (Hirschhorn et al. 2002). However, a number of genetic
associations have emerged through these studies that provide a plausible
explanation of how genetic variation might have a direct influence in estab-
lished pain mechanisms.

Catecholamine-O-methyltransferase (COMT) is an enzyme with a range
of biological features that include the regulation of catecholamine and
enkephalin levels (Mannisto & Kaakkola 1999). A functional polymorphism
of the COMT gene that reduces the enzyme’s thermostability has been
reported to influence pain processing. Zubieta et al. (Zubieta et al. 2003)
performed PET scanning in 29 healthy volunteers who were subjected to
intensity controlled sustained pain induced by the infusion of small amounts
of hypertonic saline into the masseter muscle. Control subjects were injected
with isotonic saline. Polymorphic variation in COMT accounted for down-
stream alteration in the functional responses of � opioid neurotransmitters
by inducing differences in � opioid activation in a number of regions of the

Table 3 (continued)

Protein Gene Trait/Stimulus Reference

Corticotrophin releasing
hormone receptor

CRH-R1 Depression Liu et al. (2006)

Monoamine oxidase-A MAOA- Depression Brummett et al.
(2007)

Serotonin receptor 5-HT1A Depression Albert &
Lemonde
(2004)

Serotonin transporter 5-HTT Depression Caspi et al.
(2003)

Coping strategies Wilhelm et al.
(2007)

Serotonin transporter
regulator

5-HTTLPR Trait anxiety Melke et al.
(2001)

Fear processing Brocke et al.
(2006)

Tryptophan hydroxylase THP2 Depression Zill et al. (2004)

Monoamine oxidase-A MAOA Anger expression Yang et al.
(2007)

The Genetic Epidemiology of Pain 55



brain including the thalamus and amygdala. Polymorphic variation also

influenced the clinical report of pain in study subjects. The volume of iso-

tonic saline needed to reach a similar level of pain intensity was related to the

COMT activity of their genotype.
Variations of the COMT gene have been linked with differing levels of pain

sensitivity and variable propensity for developing temporo-mandibular joint

disorder pain (Diatchenko et al. 2005). Interestingly the gene has also been

associated with a number of clinical pain phenotypes including fibromyalgia

(Gursoy et al. 2003), and with anxiety and depression (Stein et al. 2005; Massat

et al. 2005). A recent study by George et al. (2007) showed an interaction

between COMT genotype and catastrophising to predict postoperative pain

following shoulder surgery.
Other genes that have been identified in pain processing include the

vanilloid receptor subtype 1 gene (TRPV1) and the � opioid receptor subtype

1 gene (OPRD1) which have been associated with hand withdrawal latency to

submersion in cold water and to pain ratings to varying cutaneous thermal

stimuli. (Kim et al. 2004; Kim et al. 2006). The TRPV1 Val585Val allele led to

longer cold withdrawal times in female European Americans. A polymorph-

ism in the OPRD1 gene appeared to be important for pain rating to a 498C
thermal stimulus.

GTP cyclohydrolase (GCH1) is the rate-limiting enzyme for tetrahydro-

biopterin synthesis and is a key modulator of peripheral neuropathic and

inflammatory pain. In an analysis of Caucasians participating in an observa-

tional study of surgical discectomy, Tegeder et al. (2006) demonstrated that a

haplotype of the GCH1 gene was associated with less pain persistence in the

first postoperative year. Healthy individuals with the pain protective haplo-

type showed reduced experimental pain sensitivity to thermal and ischaemic

pain together with reduced levels of lymphocyte GHC1 upregulation.
Polymorphisms in CYP2D6 that encode sparteine/debrisoquine oxidase

involved in activating codeine by o-demethylation to morphine have also

been associated with a number of aspects of the pain response. Poor metabo-

lisers show reduced efficacy for codeine with respect to both clinical and

experimental pain (Sindrup et al. 1990; Poulsen et al. 1996) and also exhibit

a decreased basal pain threshold and tolerance, which might reflect an

impaired ability to synthesise endogenous morphine (Sindrup et al. 1993).

These polymorphisms are common in the population and are found in �10%
of Caucasians, and in 2% of Asian and African Americans.

The melanocortin-1-gene has also been implicated in determining pain

responsiveness (Mogil et al. 2005). Variant melanocortin receptors in women

are associated with enhanced analgesia from the � opioid agonist pentazocine

after thermal and ischaemic pain testing (Mogil et al. 2003). This may provide

one explanation for the differences that have been observed between men and

women for � opioid analgesia that has been reported in the setting of clinical

pain.
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The Multifactorial Model

The question of how genes that have been identified as determining the indivi-
dual aspects of the pain phenotype might act together in combination to explain
pain in an individual remains a considerable challenge. However, some early
attempts have been made to address this issue through multivariate analyses
conducted in twins. The approach involved studying the distribution of corre-
lated traits simultaneously in MZ and DZ twin pairs and allows an assessment
of the extent to which the phenotypic correlation can be explained by genetic
and shared environmental factors that are shared between the traits themselves.

In our own data on back and neck pain reporting in twins we examined the
extent to which the interrelationship with structural changes as assessed on
magnetic resonance image (MRI) scanning and measures of psychological
distress as assessed by the GHQ might be related (MacGregor et al. 2004).
These variables were heritable in their own right and associated with the report
of pain. For both MRI degeneration and GHQ, the relationship with pain
reporting was mediated through shared genetic factors. However these
accounted for only a small part of the heritability of pain reporting overall.
Similar findings have recently been reported by Battié et al. (2007).

In the Swedish Twin Cohort, Kato (2007) has examined the relationship
between chronic widespread pain (CWP) and a set of diseases that are more
commonly reported in subjects with CWP (including irritable bowel syndrome,
chronic fatigue, recurrent headache) together with measures of self reported
anxiety and depression. In a multivariate analysis, two latent factors, both with
a substantial heritable component could be identified as explaining the common
occurrence of these traits. Both latent factors loaded on all traits; however the
first loaded most heavily with depression and anxiety, the second most heavily
on CWP and the diseases associated with it. The interpretation was that the
genetic contribution to CWP could be best explained in terms of distinct
genetically determined affective and physiological components. These findings
are reminiscent of the affective and neurosensory explanations used to describe
the patterns of familial clustering of pain in a range of settings discussed earlier.

These analyses confirm the view that the genetic contribution to pain is
multifactorial in nature. However, they raise the possibility that some of the
complexity of genetic studies of pain might be resolved by identifying clusters of
phenotypes that share a common genetic basis.

Conclusions

Pain is a complex phenotype that presents many challenges to epidemiologists
seeking to identify the causes of variation in populations. There is a clear role
for the environment and the contribution of culture, social factors and learning
to the development and expression of pain. However, data from a number of
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sources also support a genetic contribution not only to pain processing, but also
to the expression of pain in disease, and to the psychological and behavioural
aspects that may modify the expression of pain. The precise contribution of
individual genes is becoming increasingly well characterised, with polymorph-
isms implicated in a few key physiological pain pathways. Evidence also sup-
ports the possibility that common genetic mechanisms underlie pain reporting
across a range of clinical and experimental settings.

The technologies available for quantitative research into the determinants of
pain have undergone a revolution in recent years. Knowledge of genomewide
polymorphisms, together with the ability to identify the expression of genes in
tissues and to detect physiological processes on dynamic images of the nervous
system bring the capacity to develop biologically comprehensive models of
pain. Global efforts to collect high quality clinical data among representative
and informative populations including twins, and advances in design both in
human and animal studies of experimental pain will allow these technologies to
be exploited in full. These new approaches hold the promise of significant
advances in explaining the basis of inter-individual differences in pain. It is
hoped that this will lead to the development of new and better targeted
therapies.

Acknowledgments Thanks to Tim Spector, Steve McMahon, Tim Norbury and the partici-
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Pain and the Placebo Effect

Antonella Pollo and Fabrizio Benedetti

Psychological Modulation of Pain

Since ancient times it has been recognized that many psychological factors can

strongly influence and modulate the multidimensional experience of pain.

Attending a distracting toy can make a distressed child stop crying, and expec-

tation of pain relief can lessen the unpleasantness of stomach-aches. Attention,

emotions, suggestions and expectations, anxiety, fear, mood are among the best

known examples of factors that can shape the processing of nociceptive infor-

mation as it travels from the spinal cord to higher centers in the brain.
The understanding of the neurobiological basis of this top-down modula-

tion of pain represents a challenge in pain research and many efforts are

currently devoted to the development of models illustrating its ‘‘modus oper-

andi’’. One such model is offered by placebo analgesia, i.e. the lessening of

pain experienced in response to a therapeutic act devoid of intrinsic analgesic

activity. As it will be detailed in this chapter, placebo analgesia is mediated by

expectation and/or conditioning, involving the modulation of neural activity

in a number of centers of the so-called ‘‘pain matrix’’. But the comprehension

of what goes on inside our nervous system when we trust the clinician handing

us a sugar pill and boosting our expectation of pain relief goes beyond the

boundaries of pain research, yielding precious information on the links

between mental activity and body functions, and contributing to a unitary

vision of psyche and soma.
The aim of this chapter is to provide the reader with an understanding of how

the pain experience can be affected by a placebo treatment, either in the form of

a drug or a physical manipulation, extending the concept of placebo to include

all aspects of the context surrounding the care of the patient.
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The Placebo Effect and Its Measurement

To evaluate the pharmacological action of a new drug in a clinical trial, it is

crucial to compare the effect following its administration with that elicited in a

control group receiving a sham treatment, similar in all respects to the treatment

under investigation but lacking the drug active principle. This group is known

as the placebo arm of the clinical trial and the overall effect observed in it is

usually, although wrongly, considered as the placebo effect. The symptom

amelioration in the placebo arm can in fact be due to a number of different

factors, only one of which is the placebo effect. All these factors can be

conveniently lumped together as nonspecific when the aim is to conduct a

pharmacological analysis, but must be carefully dissected when investigating

the placebo effect itself. The first and most important source of confusion is the

natural history, that is, the time course of a symptom or disease, in the absence

of any external intervention. For example, pain can undergo spontaneous

fluctuations in time: a remission right after placebo administration could then

be mistakenly interpreted as placebo analgesia, or cause an overestimation of

the placebo effect, while the opposite can occur if a pain exacerbation sets in

(Fields & Levine, 1984). Another aspect to be considered is a statistical phe-

nomenon called regression to the mean, whereby patients in pain seeking

medical advice are likely to obtain pain measurement scores which on a second

evaluation are lower than they were at the first visit. In other words, chances are

that they undergo the first test near the peak of a pain fluctuation, while the pain

may have subsided at the time of the second visit, thus inducing a false impres-

sion of improvement (Davis, 2002). Other possible confounding problems are

biases, errors in the detection of relief (judgment errors), or concurrent actions

of simultaneously intervening agents, for instance the soothing action of the

cold swab onto which a placebo painkiller has been sprayed. Thus, only care-

fully designed experimental studies targeting on the placebo can demonstrate

the real psychobiological placebo response, that is, the effect remaining when all

other possible sources of improvement have been ruled out. Conversely, the

attempt to assess the extent of placebo effects from the analysis of clinical trials

conducted for pharmacological reasons, even when they include a natural

history group, can be misleading, thus conducting to erroneous conclusions

(Hrobjartsson & Gotzsche, 2001; Vase, Riley, & Price, 2002; Wampold,

Minami, Callen Tierney, Baskin, & Bhati, 2005; Thorn, 2007 and the commen-

taries therein).
When referring to the outcome of an inert treatment, the terms placebo effect

and placebo response are often used as synonyms. To be strictly correct,

however, the first refers to the effect observed in the control group of a clinical

trial, thus including any cause of improvement other than the drug being tested,

while the second defines the causal relationship between a placebo and its effect

in a single individual, and is thus more aptly investigated when searching for the

psychobiological process involved. Still, given the difficulties outlined above,
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which make it very hard to identify the placebo response as such in a single
individual, it is usually in a group of subjects that the response is statistically
evidenced.

From the Sugar Pill to Context Effects: Conditioning

and Expectation

For a long time, the word placebo has been equated with ‘‘sugar pill’’. It was
widespread practice to give a carbohydrate tablet as a means of detecting the
mystifying patient (identified through the success of the sham therapy), or as a
compassionate remedy to the terminally ill. However, the aim of ‘‘pleasing the
patient’’, as the latin etymology plac�ere suggests, can clearly be achieved not
only with drugs, but also with any medical treatment ranging from physical
cures to psychotherapy. What matters is not the sugar, of course, but its
symbolic significance, which can be attached to virtually anything (Brody,
2000). Moerman (2002) has proposed to substitute the term placebo response
with meaning response, to underscore the importance of the patient’s beliefs
about the treatment and stress what is present (something inducing the expecta-
tion of a benefit) rather than what is absent (a chemical or manipulation of
proven specific efficacy). The raised expectation then triggers an internal
change which in turn determines a specific experience, e.g. a reduction of pain
(Kirsch, 1985, 1990, 1999).

Thus, the concept of placebo must be extended to embrace all aspects of the
therapeutic act. In this sense, we may affirm that the placebo effect is a context
effect, produced by the global perception of the cure, i.e. the ensemble of all the
features contributing to it, like the physician’s words, the sight and smell of the
environment, the memory of past experiences in similar situations (Di Blasi,
Harkness, Ernst, Georgiou, & Kleijnen, 2001; Benedetti, 2002).

Manipulating the context can then result in the modulation of the placebo
response. A large body of evidence points to the role of expectations in shaping
the response to a sham treatment. For example, grading the degree of expecta-
tion produces graded responses: the same placebo cream applied onto three
contiguous skin areas induces a progressively stronger analgesia, according to
the strength of the accompanying words (‘‘it is a powerful/weak analgesic
cream’’) (Price et al., 1999). Moving from the experimental to the clinical
setting, changing the symbolic meaning of a basal infusion in postoperative
patients impacts on their analgesic request. In spite of all patients receiving a
physiological solution, those who believed that they would receive an analgesic
drug demanded significantly less painkillers than those who believed that they
would receive no pain reliever at all. Interestingly, the belief certainty also
mattered: a group of patients with uncertain expectations, warned that they
could receive either a painkiller or a placebo in a double blind protocol,
requested an intermediate dose of analgesics (Pollo et al., 2001). Non verbal
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clues are equally important. Deceiving clinicians as to the substance (placebo or
drug) being administered to two groups of patients, when in fact both groups
received a placebo, resulted in a bigger effect in the group believed by the
clinicians to receive a drug (Gracely, Dubner, Deeter, & Wolskee, 1985). This
suggests that in the interaction between a patient and his clinician also unin-
tentionally conveyed impressions are important.

It has also been demonstrated that the influence of the context on the out-
come of a therapy is mediated by a conditioning process. In this process, the
repeated co-occurrence of an unconditioned response to an unconditioned
stimulus (e.g. salivation after the sight of food) with a conditioned stimulus
(e.g. a bell ringing) induces a conditioned response (i.e., salivation that is
induced by bell ringing alone). Likewise, aspects of the clinical setting (e.g.
taste, color, shape of a tablet, as well as white coats, or the peculiar hospital
smell) can also act as conditioned stimuli, eliciting a therapeutic response in the
absence of an active principle, just because they have been paired with it in the
past (Wikramasekera, 1985; Siegel, 1985, 2002; Ader, 1997). In a series of
studies, Voudouris and colleagues applied a protocol whereby conditioning
was achieved by pairing a placebo analgesic cream with a painful stimulation,
which was surreptitiously reduced with respect to a baseline condition to mis-
lead the subject regarding the analgesic effect. In this way, a direct comparison
could be made between a conditioned and an unconditioned group. Pain
reduction following conditioning was invariably larger, indicating the effective-
ness of conditioning in mediating a placebo response (Voudouris, Peck, &
Coleman, 1985, 1989, 1990).

The two mechanisms of conditioning and expectation are not mutually
exclusive. It has been argued that in the course of conditioning, by learning
that the unconditioned stimulus (food or pain decrease) will follow the condi-
tioned one (bell or pill), the subject does in fact learn what to expect
(Montgomery & Kirsch, 1997; Reiss, 1980; Rescorla, 1988). Both mechanisms
have been shown to be at work in the same experimental protocol, testing pain
tolerance in arm ischemic pain (Amanzio & Benedetti, 1999). In a group of
subjects a series of pain tolerance measurements were made in control condi-
tions, after conditioning with a potent analgesic (morphine) and after a placebo.
The increase in pain tolerance in this last trial reflects the simultaneous action of
conditioning and expectation, because the subjects were instructed that they
would receive the same potent analgesic drug as during the conditioning trials.
If, on the other hand, the subjects were told that they would be given only an
antibiotic to prevent infection, thus selectively eliminating the contribution of
expectation, a placebo increase was still observed, although smaller. Similarly, a
lower effect was also shown when the placebo was given without prior con-
ditioning with morphine, just with the accompanying instruction inducing
expectation of pain relief. Thus, it appears that the two mechanisms can be
triggered independently and that their outcomes are additive.

A selective role for conditioning, without the contribution of anticipatory
processes, can also be demonstrated for physiological functions controlled by
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the subconscious domain, like those involving the immune system or neuroen-
docrine secretions (Pacheco-López, Engler, Niemi, & Schedlowski, 2006). In
mice, development of autoimmune disease was dramatically modified by clas-
sical conditioning of immunosuppression, pairing placebo saccharin with the
immunosuppressant cyclophosphamide (Ader & Cohen, 1982). In multiple
sclerosis patients, decrements in peripheral leukocyte counts induced by cyclo-
phosphamide could be conditioned by pairing the drug with a strongly fla-
voured beverage (Giang et al., 1996). In healthy subjects, a similar conditioning
with cyclosporine A produced immunosuppression after placebo, as assessed by
depressed mRNA expression of IL-2 and interferon-gamma, and lymphocyte
proliferation (Goebel et al., 2002).

In another experimental protocol, placebo modulation of growth hormone
(GH) and cortisol secretion could be obtained after conditioning with suma-
triptan (a selective 5-HT1B/1D receptor agonist stimulating GH and inhibiting
cortisol secretion). It was not possible to reverse this modulation by inducing
the opposite expectation in the subjects. Also, suggestion alone, in the absence
of conditioning, was unable to induce placebo hormonal modulation. How-
ever, when a similar expectation/conditioning competition protocol was
applied to placebo analgesia, where cognitive conscious processes play an
important role, it was indeed possible to reverse the effect achieved by con-
ditioning by expectations of hyperalgesia (Benedetti et al., 2003; see also
below, placebo and nocebo). Thus, it appears that in unconscious processes
only conditioning is important in mediating the placebo response, with no
effect of expectation, while in conscious processes both expectation and con-
ditioning play a role, with conditioning possibly acting through a learning
process inducing expectation.

The Neurobiology of the Placebo Effect

What exactly happens in the patient’s brain experiencing pain relief after a
trust-inspiring clinician assures him that the sham medicament he has just
delivered will shortly take effect? The same thing that happened over and over
many centuries back, when medicine was still in its infancy and shamans half-
unknowingly exploited the powers of the human mind: endogenous opioids are
released.

The involvement of endogenous opioids in placebo analgesia was first pro-
posed by Levine, Gordon, and Fields (1978) by studying dental postoperative
pain. In their patients, the opiate antagonist naloxone reduced the probability of
a positive placebo response. Following that pioneering study, many accurate and
carefully designed experiments confirmed the efficacy of naloxone in blocking
placebo analgesia (Benedetti, 1996; Fields & Levine, 1984; Grevert, Albert, &
Goldstein, 1983; Levine & Gordon, 1984). Gradually, many lines of evidence
converged to corroborate a model whereby pain can be placebo-modulated
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through the secretion of endogenous opioids in the brain. In the cerebrospinal

fluid of placebo-responders the peak concentration of �-endorphin was more

than twice that of placebo non-responders (Lipman et al., 1990). The naloxone-

sensitive effect showed a strict site specificity, being possible to reverse the

placebo response of a cream applied on different body parts together with local-

ly circumscribed instructions as to where the cream would produce analgesia

(Benedetti, Arduino, & Amanzio, 1999a). Therefore, it seems that the endogen-

ous opioid system is somatotopically organized. Opioids released by the central

nervous system after a placebo procedure also showed the typical side-effects of

exogenously administered narcotics. Measuring minute ventilation during and

after conditioning with buprenorphine in thoracotomized patients resulted in

depression of the respiratory centers with both the drug and the subsequently

administered placebo, an effectwhich could be prevented by naloxone (Benedetti,

Amanzio, Baldi, Casadio, & Maggi, 1999b). The �-adrenergic sympathetic sys-

tem was also inhibited during placebo-induced expectation of analgesia, as

shown by slowed heart rate and reduced �-adrenergic spectral component of

heart rate variability, once again in a naloxone-sensitive way. It is not known

however, whether the effect on the heart is mediated by the pain reduction or

caused by a direct action of endogenous opioids (Pollo, Vighetti, Rainero, &

Benedetti, 2003). Indirect evidence for a role of endogenous opioids is provided

also by the involvement of the opioid antagonist cholecystokinin (CCK). The

CCK antagonist proglumide potentiated the placebo analgesic response in a

model of experimental ischemic pain, suggesting an inhibitory role for CCK in

placebo analgesia (Benedetti, Amanzio, & Maggi, 1995). The overlapping dis-

tribution of opioid and CCK peptides and their receptors, and the proposed

existence of regulatory loops between the two systems (Noble & Roques, 2003)

suggest that placebo responses can be regulated by the opposing actions of

promoting endogenous opioids, and inhibiting endogenous CCK peptides (see

also below, placebo and nocebo).
Notwithstanding this compelling evidence, not all placebo responses seem to

be opioid-dependent. In some situations, an effect can still occur after blockade

of opioid mechanisms by naloxone (Gracely, Dubner,Wolskee, &Deeter, 1983;

Vase, Robinson, Verne, & Price, 2005). In the study by Amanzio and Benedetti

(1999) on experimental ischemic arm pain, a complete blockade could be

observed when the placebo analgesic response was induced by means of cogni-

tive expectation cues and conditioning with morphine, alone or in combination.

In contrast, when the conditioning procedure was carried out with ketorolac, a

non-opioid drug, the effect of naloxone was greatly diminished (but still pre-

sent), if suggestions were associated, but totally abolished if conditioning was

unaccompanied by expectation. These results point to the existence of specific

non-opioid systems which can act independently. Almost nothing is known at

present of these non-opioid mechanisms and additional research is needed to

better clarify their action. The effects of conditioning and expectation are

summarized in Fig. 1.
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How the Brain Produces Placebo Analgesia – The Neuroimaging

Studies

Neurochemical and pharmacological studies are providing satisfying, albeit still

incomplete, answers to the question of what mediates placebo analgesia. In

order to gain information about where and when placebo analgesia is generated

Fig. 1 Cascade of biochemical events after placebo administration. Placebo administration,
along with verbal suggestions of analgesia (psychosocial context) might reduce pain through
opioid and/or non-opioid mechanisms by expectation and/or conditioning mechanisms. The
respiratory centers might also be inhibited by opioid mechanisms. The �-adrenergic sympa-
thetic system of the heart is also inhibited during placebo analgesia, although the mechanism
is not known (either reduction of the pain itself and/or the direct action of endogenous
opioids). Cholecystokinin (CCK) counteracts the effects of the endogenous opioids, thereby
antagonizing placebo analgesia. Placebos can also act on serotonin-dependent growth hor-
mone (GH) and cortisol secretion, in both the pituitary and adrenal glands, thereby mimick-
ing the effect of the analgesic drug sumatriptan. ACTH, adrenocorticotrophic hormone
(From Colloca and Benedetti, 2005)
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in the brain, neuroimaging studies are required. Since the pioneering stimula-
tion of periaqueductal grey (PAG) producing analgesia in the rat (Reynolds,
1969), and the discovery in the central nervous system of stereospecific binding
sites for opioids first (Pert & Snyder, 1973), and then of endogenous enkepha-
lins (Hughes, 1975), high concentrations of opioid receptors have been mapped
with autoradiographic studies throughout the brain, delineating a complex pain
control system, the centers of which are largely coincident with those of noci-
ceptive ascending pathways. Beside the dorsal horn, the best characterized areas
include the PAG, the rostral ventromedial medulla (RVM) and the parabra-
chial nuclei (PBN) at the brainstem level. Rostrally, the anterior cingulate
cortex (ACC), the orbitofrontal cortex (OrbC), the hypothalamus and the
central nucleus of the amygdala represent hierarchically higher levels of this
top-down pain regulatory pathway (Fields, 2004). This network is called into
action in situations inducing fear or if a threat is perceived, as in stress-induced
analgesia, activating a sort of feedback loop depressing incoming nociceptive
signals (Millan, 2002).

Recent evidence from neuroimaging studies supports the involvement of the
endogenous opioid neuronal network in placebo analgesia (Fig. 2). In a posi-
tron emission tomography (PET) study, a comparison was made in healthy
volunteers between the brain areas activated after administration of the opioid
agonist remifentanil and a placebo. The results showed overlapping of opioid-
induced and placebo-induced analgesia, with similar activation of the rostral
ACC (rACC) and the OrbC. Moreover, covariation in activity, significant
between the rACC and the lower pons/medulla and subsignificant between
the rACC and the PAG, was observed (Petrovic, Kalso, Petersson, & Ingvar,
2002). Direct demonstration of endogenous opioid release was obtained in
another PET study, using molecular imaging with a �-opioid receptor-selective
radiotracer, a sensitive technique showed to effectively reveal the activation of
opioid neurotransmission as a reduction of the in vivo availability of �-opioid
receptors to bind the radiolabeled tracer (Bencherif, Fuchs, Sheth, Dannals,
Campbell, & Frost, 2002). After placebo, decreased binding was observed in
pregenual rACC, insula, nucleus accumbens and dorsolateral prefrontal cortex
(DLPFC); in all areas except DLPFC, this decrease was correlated with placebo
reduction of pain intensity reports (Zubieta et al., 2005). A connectivity analysis
recently identified placebo dependent contributions of rACC activity with
bilateral amygdalae and the PAG, confirming the cognitive role of rACC as a
crucial control area for antinociception (Bingel, Lorenz, Schoell, Weiller, &
Büchel, 2006).

Beside supporting the function of endogenous opioids, neuroimaging studies
also provide interesting data to corroborate the role of expectation. In a func-
tional magnetic resonance imaging (fMRI) study, not only did placebo admin-
istration induce a decrease in the activation of pain regions such as thalamus,
ACC and insula (correlated with the decrease in pain intensity report), but also
an increase in DLPFC activity in the anticipatory phase. The latter was nega-
tively correlated with the signal reduction in thalamus, ACC and insula and

72 A. Pollo and F. Benedetti



Fig. 2 Summary of brain imaging studies with the different brain regions that are involved in
placebo analgesia. a | Brain regions activated by both the administration of a placebo and the
administration of an opioid drug, which indicates that mental events (psychosocial effect) and
painkillers (pharmacodynamic effect) might have similar effects on the brain (data from
Petrovic et al., 2002). b | Detailed representation of the brain regions that are activated by
the administration of a placebo. During the anticipatory phase, the activated regions are likely
to represent the activation of a cognitive-evaluative network. c | During placebo analgesia,
there is a decrease in the activity of different brain areas that are involved in pain processing,
thus indicating an effect of the placebo on pain transmission (data from Wager et al., 2004).
aAPC, anterior anterior prefrontal cortex; aINS, anterior insula; DLPFC, dorsolateral pre-
frontal cortex; OrbF, orbitofrontal cortex; PAG, periacqueductal grey; rACC, rostral ante-
rior cingulate cortex; rmAPC, rostral medial anterior prefrontal cortex; SPC, superior parietal
cortex; Th, thalamus (The entire figure is from Colloca and Benedetti, 2005)
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with reported pain intensity, but positively correlated with increase in a mid-
brain region containing the PAG. These data are consistent with the proposed
activation of the inhibitory descending opioid system, and suggest a role for the
prefrontal cortex as an antecedent in the reduction of pain (Wager et al., 2004).
Further support for a crucial role of expectation comes from fMRI sham
acupuncture studies (Kong et al., 2006; Pariente,White, Frackowiak, &Lewith,
2005), and from an elegant attempt at isolating the expectation modulatory
effect without the administration of any dummy treatment. This latter study
analyzed the regional activation produced by a strong painful stimulus follow-
ing two different visual clues, one inducing expectation of strong pain, the other
of mild pain. Areas showing significant differences included those already
implicated in the control of the descending inhibitory pathway (Keltner et al.,
2006). In order to discriminate whether expectancy exerts its psychophysical
effect through changes of the perceptual sensitivity of early cortical processes
(i.e. in the primary (SI) and secondary (SII) somatosensory areas) or on later
cortical elaborations, such as stimulus identification and response selection
(represented in ACC), Lorenz et al. (2005) used a combined application of the
high temporal resolution techniques of electroencephalography (EEG) and
magnetoencephalography (MEG). They found that activity in SII was highly
correlated to the extent of influence of the subjective pain rating by prestimulus
expectancy, while ACC activity seemed to be associated only to stimulus
intensity and related attentional engagement (Lorenz et al., 2005).

It has been argued that the length of the painful stimulation may be critical
for the measurement of placebo effects, as most studies used short heat or
electric shock pain stimuli and recorded activity decreases during periods
extending after stimulus offset, thus possibly including a later cognitive reap-
praisal of the significance of pain, and/or late neural activity influenced by
report bias (i.e. compliance with the investigator’s suggestions). Addressing this
contention, Price et al. (2007) examined whether placebo analgesia was accom-
panied by reductions in neural activity in pain-related areas of the brain during
the time of stimulation, in irritable bowel syndrome patients, by long-duration
rectal distension with a balloon barostat (Price, Craggs, Verne, Perlstein, &
Robinson, 2007). They found that placebo analgesia was accompanied by
reductions in brain activity similar to those resulting from lowering the strength
of stimulation (in the thalamus, somatosensory cortex, insula and ACC), and
that these reductions occurred during the stimulus presentation itself, not just
when subjects reported pain. Notably, this study was conducted on a clinically
relevant model of placebo analgesia and showed large placebo effects, consis-
tent with the described discrepancy in magnitude between placebo responses in
the experimental and clinical settings (Charron, Rainville, & Marchand, 2006).

As pain is a psychologically constructed experience, including not only
sensory, but also affective and cognitive evaluation of the potential for harm,
it is important to discriminate whether a placebo diminishes the pain experience
by acting on one, all or a combination of the pain components. Moreover, a
placebo may act by afferent pain fiber inhibition, but its effect could also be
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mediated centrally, by changes in specific pain regions (Wager et al., 2004). The
high individual variability of the neurochemical response to placebo adminis-
tration observed by Zubieta et al. (2005) was addressed by the same authors in a
subsequent paper, where they tested bymultiple regression models the influence
on the activation of endogenous opioid neurotransmission of both expectation
and experience of pain (i.e. the level of pain inducing ‘‘need’’ or motivation for
pain relief). Their results indicate that the internal emotional state, the pain
affective characteristics and the subject’s pain sensitivity are important deter-
minants of the differences observed (Zubieta, Yau, Scott, & Stohler, 2006).
Thus, it appears that many factors may interact in shaping the placebo
response, not only directly, but also through the modulation of other possible
aspects like anxiety, attention or habituation. Although evidence is building up
that nociceptive processing on one side, and pain affect, evaluation and judge-
ment on the other, both contribute to the overall experience of placebo analge-
sia (Wager, Matre, & Casey, 2006; Matre, Casey, & Knardahl, 2006; Kong
et al., 2006), a thorough grasping of the intricate interactions among the players
of the game still eludes us.

Placebo and Nocebo

When a placebo is given with the explicit intent of improving the patient
symptoms, or when the context surrounding the therapy acts in the same way,
with or without awareness of the actors involved, what follows is a positive
result. But conditioning and expectation can also work in the opposite direc-
tion, tilting the balance toward the negative side. What ensues then is a worsen-
ing of the patient condition, called a nocebo effect, from the latin noc�ere, to
harm (Kissel & Barrucand, 1964; Hahn, 1985). For example, nocebo hyperal-
gesia can be obtained by giving an inert treatment accompanied by verbal
suggestions of worsening and the direction of the response can be directly
influenced by cognitive manipulation (Dworkin, Chen, LeResche, & Clark,
1983).

For ethical reasons, it is difficult to devise studies investigating the nocebo
effect, especially in the clinical setting. Consequently, we know much less about it
than we know about the placebo effect. However, recent experiments in healthy
volunteers and animals are beginning to yield fruitful results (Benedetti, Amanzio,
Vighetti, & Asteggiano, 2006; Benedetti, Lanotte, Lopiano, & Colloca, 2007). A
nocebo pain response could be evoked in post-operative patients by inducing
negative expectations, and the pain increase following a saline infusion could be
prevented by the CCK antagonist proglumide, in a dose-dependent way. The
blockade by proglumide is notmediated by endogenous opioids, as it is unaffected
by naloxone (Benedetti, Amanzio, Casadio, Oliaro, & Maggi, 1997). In search of
an alternativemechanismof action of theCCK system, attention has been focused
on anxiety, known to be enhanced byCCKand attenuated byCCKantagonists in

Pain and the Placebo Effect 75



animal models (Lydiard, 1994) and to be associated with hyperalgesia (Hebb,
Poulin, Roach, Zacharko, & Drolet, 2005; Andre et al., 2005). In fact, the
expectation of pain increase is a highly anxiogenic process, likely to be interfered
with by drugs with anxiolytic activity, dampening CCK-boosted pain perception.
Supporting this hypothesis, in a study on healthy volunteers employing the pro-
tocol of experimental ischemic arm pain, Benedetti et al. (2006) showed that
nocebo hyperalgesia is accompanied by increased levels of adrenocorticotropic
hormone (ACTH) and cortisol, which indicates hyperactivity of the hypothala-
mic-pituitary-adrenal (HPA) axis, consistent with a stress response. Following
administration of a benzodiazepine anxiolytic drug (diazepam), both HPA hyper-
activity and nocebo hyperalgesia were blocked, suggesting a key role for anxiety in
both effects. However, when proglumide was given together with nocebo sugges-
tions only hyperalgesia was completely prevented, with no effect on HPA axis.
This suggests that CCK acts specifically on nocebo/anxiety-induced hyperalgesia,
rather than on the more general process of nocebo-induced anxiety. In other
words, nocebo suggestions induce anxiety, which in turn separately induces both
HPA and pain enhancement. While diazepam acts on anxiety, thus blocking both
effects, proglumide acts only on the pain pathway, downstream of the nocebo-
induced anxiety.

Thus, placebo analgesia and nocebo hyperalgesia appear to be the two
sides of the same coin, with opposing pain modulation mediated by the
antagonist action of the opioid and CCK systems. Different context factors
can act favourably or unfavourably on pain perception, pulling the rope in
opposite directions, with the resulting balance depending on the prevailing
influence. An example of contrasting influence is shown in the study by
Benedetti et al. (2003), where the analgesic response, induced by pharmaco-
logical pre-conditioning with ketorolac together with placebo suggestions,
could be turned into a hyperalgesic one just by reversing the verbal
instructions.

As for placebo analgesia, brain imaging techniques have also helped shed
light on the circuitry underlying nocebo hyperalgesia. In the case of nocebo,
however, most studies have so far centered on negative expectations, without
the concrete administration of any inert substance or sham physical manipula-
tion. Strictly speaking, the effects described should then be defined as ‘‘nocebo-
related’’ effects. Drawing on the notion that perceived unpleasantness of innoc-
uous stimuli can be amplified by negative expectation, as shown by increased
fMRI responses in ACC and insula (Sawamoto et al., 2000), which are regions
whose activation can also be demonstrated during pain anticipation (Koyama,
Tanaka, & Mikami, 1998; Porro et al., 2002; Porro, Cettolo, Francescato, &
Baraldi, 2003), a number of recent studies have provided insight as to how pain
experience can be enhanced by negative expectation. By combining psychophy-
sical and fMRI techniques, a strict correlation was shown between the magni-
tude of expected pain and the level of activation of pain areas such as thalamus,
insula, PFC and ACC (Koyama, McHaffie, Laurienti, & Coghill, 2005). By
using MEG and EEG, it was demonstrated that SII-localized pain-evoked
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potentials were increased, in parallel with pain reporting, by cues announcing
strong pain. This suggests a modulation of sensory gain of nociceptive stimuli
(Lorenz et al., 2005). The effect of high or low expectancy was directly com-
pared in a fMRI study where two different visual clues were employed to
condition the subject to expect a high or low noxious thermal stimulus. When
the high expectancy red light was then paired with the high painful stimulus,
activation in the ipsilateral caudal anterior cingulate cortex, the head of the
caudate, cerebellum, and the contralateral nucleus cuneiformis was signifi-
cantly higher than when the same stimulus was paired with the low expectancy
blue light (Keltner et al., 2006). Some of the brain areas involved overlap with
those implicated in descending modulatory processes, suggesting that nocebo-
related effect might be mediated by descending facilitatory pathways, from
cortical regions activated by expectancy to brainstem nuclei where nociceptive
ascending projections converge. Further data are needed to confirm this
hypothesis, as imaging studies including administration of a nocebo are still
missing.

Clinical Implications of Placebo Analgesia

As an example of how complex endogenous phenomena blend perception,
affect and motivation into the construct of pain, placebo analgesia is of great
interest to scientists enquiring the forming of human experience and the neu-
rophysiological basis of mind-body interaction. But its clinical implications are
of at least equal significance and patients may greatly benefit from the applica-
tion of research findings, on placebo in general and on placebo analgesia in
particular.

The Role of Expectation on the Outcome of a Clinical Trial:
The ‘‘Principle of Uncertainty’’

We have learned that expectation can powerfully influence the perception of
pain. This posits a general caveat on the results of all clinical trials. The placebo
control group should by definition serve the purpose of ruling out all factors
other than the principle under investigation. But expectation of improvement is
not usually among the controlled variables. A study on acupuncture has
showed that results could be drastically reversed by redistributing the subjects
according to what they believed was their group of assignment. In other words,
no differences were found with the standard grouping, but the subjects expect-
ing real acupuncture reported significant less pain than those believing to be in
the sham group, regardless of the real assignment (Bausell, Lao, Bergman, Lee, &
Berman, 2005). Similar results were obtained in another study, extended to a
6-month follow-up in a large sample (Linde et al., 2007). Any drug has the
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potential of interacting with patient expectations, thus the ascription of its
effect to the pharmacodynamic or the psychosocial component can be difficult,
if not impossible. If the very act of administering a therapeutic agent can induce
in the patient’s brain the activation of nonspecific pathways which have nothing
to do with the specific action of the drug, then the clinician faces the same
dilemma confronted by the physicist trying to locate an electron in the atom’s
orbit, but displacing it by the very act of measurement (Heisenberg uncertainty
principle; Colloca & Benedetti, 2005). A possible solution is offered by a
different design of clinical trials, comparing the effects of a drug administered
openly and in a hidden way, i.e. without the patient’s knowledge, thus shutting
down the expectation mechanism. In fact, when the context around the therapy
was eliminated, the placebo component of the drug’s action was abolished,
resulting in significantly lower analgesic efficacy (Amanzio, Pollo, Maggi, &
Benedetti, 2001). Notably, in this way it is possible to analyze the placebo effect
without actually giving a placebo, thus circumventing potential ethical limita-
tions to the use of placebos in clinical practice (Colloca, Lopiano, Lanotte, &
Benedetti, 2004).

The Placebo Therapeutic Potential

An obvious clinical exploitation of the placebo effect is offered by its therapeu-
tic potential. If the psychosocial (context) component of a therapy needs to be
eliminated in order to isolate pharmacological effects tested in clinical trials, it
should on the contrary be enhanced as much as possible in routine clinical
practice, to maximize the benefit of the therapeutic act. In fact, this is just what
medicine took advantage of in its pre-scientific era.

The above mentioned greater effect of analgesics in the open respect to the
hidden administration (Amanzio et al., 2001) was paralleled by a specular
finding whereby the relapse of pain was faster and of larger intensity after
open, rather than hidden, interruption of morphine analgesic therapy (Benedetti
et al., 2003). Thus, a double target may be achieved, maximizing therapy out-
come on one side and minimizing drug intake, along with side effects and
tolerance, on the other.

The optimization of the psychosocial context can be achieved in countless
ways, ranging from changing the symbolic meaning of the cure (as in the study
by Pollo et al., 2001) to the improvement of therapist-patient interaction,
whereby correct attitudes and appropriate words can positively impact on the
patient’s expectation and belief brain circuitry (Benedetti, 2002). Finding the
time to promote trust and establish personal relationships is of special impor-
tance in our epoch of overcrowded hospitals and hastened clinical agendas.
Concurrently, we must also be aware of the harm that can be done by the
opposite approach, whereby negligence and distrust can act as nocebos, lessen-
ing the effectiveness of therapeutic agents.
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Patients Without Expectations

A final word of caution must be spent concerning the approach to cognitively
impaired patients. Pain treatment in the elderly poses special problems due to
chronic pain, frail metabolism and concurrent illnesses, but particularly ham-
pering is the inability to communicate and purposefully interact with the
caregiver (see also McCarberg, this volume). In light of the role played by the
context, it is reasonable to wonder whether in these patients a painkiller has the
same effect as in a cognitively intact person. Following this reasoning, Benedetti
et al. (2006) applied the open-hidden paradigm to Alzheimer’s disease (AD)
patients and found that the effect provoked by the psychosocial context in the
open condition was completely lost, with comparable analgesia produced by
lidocaine on venipuncture pain in the open and in the hidden condition. More-
over, a correlation was found between disruption of placebo effect, cognitive
scores and disconnection of frontal lobes from the rest of the brain (Benedetti
et al., 2006). Thus, analgesic, and possibly also other therapies, in AD and other
neurodegenerative conditions might have to be revised, to make up for the loss
of placebo-related mechanisms and contribute to the best possible quality of life
in these patient populations.

Conclusions

Placebo analgesia should not be considered as the product of a deceptive
therapy given to please the patient. Rather, it is a physiologically sound
phenomenon, rooted in brain circuitry and biochemistry, the mechanisms of
which we are finally beginning to unravel. They are providing us with a vision
of mind-body interactions, enabling us to believe that we can influence our
well being, if not by sheer willpower, at least by employing means known to
act on our central nervous system. Placebo effects are not limited to analgesia,
as described in this chapter, but extend to many conditions other than pain,
with depression, neuroendocrine functions and motor performance being the
most actively investigated. There seem to exist specific neural mechanisms
responsible in each instance, suggesting that expectation and conditioning are
general means of activation of different networks. Future directions for
placebo research can be summarized as: 1- to study the networks operating
in different pathological conditions, emphasising their similarities and differ-
ences and the possible role of common denominators such as the reward
mechanism; 2- to exploit recent technological advances in neuroimaging and
electrophysiology to design new placebo studies to detail the mechanisms of
action of cognitive factors. 3- to elucidate how the psychosocial variables
(patient’s and clinician’s personality, cultural characteristics, affective
states. . .) interact to produce the psychophysiological changes typical of
placebo effects. This can be best accomplished by integrating physiology
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and neurobiology with disciplines as diverse as sociology, anthropology and

psychology. Most importantly, the knowledge gained in the laboratory must

be applied in clinical practice. In this respect, only first tentative steps have

been taken, and much remains to be done to fruitfully exploit and maximize

the placebo effects, while minimizing nocebo effects: among the lines to

follow, context optimization, improvement of the patient-clinician relation-

ship, and development of specifically designed clinical trials, which take

cognitive factors into account.
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The Narrative Approach to Pain

Howard M. Spiro

Introduction: Narrative

Narrative- framing the patient’s story as important- has become attractive to

medical practitioners who worry about the growing dominance of ‘‘images’’ in

medical diagnosis. ‘‘Images’’ has proven to be the right term for the x-ray/

computer generated illustrations which call up the reverence of icons begun in

the Byzantine Empire. What patients have to say—how they feel—gets less

attention from physicians than the images of their organs. Physicians are so

pressed for time that they quickly interrupt their patients, to give the impression

they are not listening. And often, they are not! Aggrieved, many patients have

turned to alternative practitioners who show more interest in people than in

their parts, and who spend more time than mainstream physicians in discussing

how their patients feel, and what they want.
Oncologists are well acquainted with the pathos of patients’ stories, for they

deal with primal issues daily, sharing the suffering of patients fighting cancer.

This brief commentary is intended to be an account of what one old doctor

thinks about it all. Rita Charon, one of narrative’s foremost proponents,

defines narrative competence as ‘‘recognizing the predicament of others.’’ She

is right, of course, but that may reflect no more than empathy, feeling what

another feels. The emotion of stories can recall to physicians hardened by

experience the passion of their earlier ‘‘pre-med’’ years.

History: Changes in the Clinical Focus

Narrative is the trendy word for telling a story. In oncologic practice, narrative

calls the physician back to the story the patient tells, shoves attention from the

cancer/tumor back to the patient, moves the physician focus from the statistics

of the controlled clinical trial to the pains of the subjects/patients, from
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considering only their survival to enhancing their comfort and their way of life
and, sometimes, death.

In the 1940s when I was inmedical school, medical practice was slouching slowly
towards uniformity: doctors had learned to evaluate patients in a formalized pro-
gression through the bodily systems. Patients came to their doctors with a problem,
the doctors listened patiently to what they had to say, asked a lot of questions in the
‘‘system review’’ and then carried out a ritual bodily examination searching for
deviations from the normal. Only after that ‘‘physical’’ did mid -20thCentury
physicians think about a diagnosis. Sometimes treatment without diagnosis seemed
appropriate, but that was usually derided as something that only family docs got
away with. The telephone could elide all steps but therapy, famously ‘‘Take two
aspirin and call me in themorning,’’ or the ubiquitous antibiotic for a common cold.
But patients remained the focus of physicians’ attention.

In growing distrust of the general practitioner, each consultant to whom the
patient came carried out the physical examination very precisely—at least that
was the rule. Academic physicians demonstrated their unique skills by repeating
the ‘‘complete physical,’’ from eye movements to dorsalis pedis pulse, regardless
of how often and how skillfully others had done the same. During their first few
days in a teaching hospital, patients could be thoroughly examined three or four
times. It was a reaffirmation of his prowess (few women then) for an attending
physician to find something that the house staff in training had missed.

That has all changed, as over the past few decades CAT scans and PET scans,
MRIs and ultrasounds which display so much to the physician have put the
physical examination into the shadows, so to speak. Surgeons, who had prided
themselves on nice discrimination about the cause of an ‘‘acute belly,’’ came to
rely more on the ‘‘scans’’ than on their fingers. They trained their medical
students and graduate physicians in this new approach, with the result that
very quickly looking at images supplanted the physical examination. Some
internists admitted that the ‘‘physical’’ gave them a chance to establish the
dominance that might make patients do what they were told, but that was
meager praise for the now archaic skills of middle-aged doctors. Only elderly
cardiologists listen to the sounds of a heart through the stethoscope, still on the
shoulders of younger colleagues, covered in metaphorical dust.

To tell the truth, not much was lost in that exchange, except that going to the
physician came to seem something like taking your car in for repairs. My
worries about the rattles in my Volkswagen, for example, cut very little ice
with a mechanic who has instruments to display their origin. ‘‘Truth’’ became
what the doctor could find, not what the patient said. And doctors could find
more and more by their diagnostic machinery.

Before that, available diagnostic studies had been helpful but not always
persuasive, unless they displayed something as obvious as a broken leg. Sug-
gestive shadows required the radiologist to let the clinicians put everything
together, by taking into account what the patients had told them. But physi-
cians have always felt on stronger ground with some visible abnormality on
which they can blame the complaint.
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Even though the 1940s and 1950s had been the heyday of psychosomatic
medicine, physicians preferred seeing/finding anatomic abnormalities. A gastroen-
terologist toldme that as a youngman he had been asked to see the wife of a doctor
who was a close friend of a senior clinician. He early concluded that her problems
stemmed from a tormented relationship with her physician-husband that she could
never talk about to his colleagues. A diagnostic ‘‘workup’’ finding nothing awry, the
young man hoped that his senior would be relieved to hear that troubles at home
were the problem, but found him quietly skeptical The divorce that followed two
years later may have raised his standing some, but finding something ‘‘physical’’ has
always been rated higher than what remains hidden in mind or spirit.

Curiously, the resurgence of ‘‘psychosomatic’’ medicine in the 21st century as
‘‘mind-body’’ medicine (why not ‘‘brain-body?’’ or even ‘‘brain-gut’’ given the
identity of so many hormones in them both?) reflected in the chiaroscuro of
PET scans and fMRI has done little to change that predilection. Thoughts may
reflect brain-events, but only those deviations that can be displayed on a
computer screen avoid disavowal.

Devotion to the Images

The focus on images has been reflected in the way clinical problems are now
presented in teaching conferences. Previously, a physician would describe the
patient’s complaints and the physical findings. Then the doctors in attendance
would discuss the possibilities in a ‘‘differential diagnosis.’’ Only after that
would participants hear about the laboratory studies and the x-ray findings.
Finally, a senior physician would try to put together what was going on, in a
sequence that tied together the clinical aspects with the radiologic findings.

Visual diagnostics make what the patient has to say seems less important
than what the images have shown. Now most current presentations link the
laboratory and the imaging studies with the history and the physical examina-
tion before any diagnosis is attempted. So persuasive are the images that it is
hard for clinicians to discount what is seen for what is heard. And such
conferences make the ‘‘narrative’’ seem superfluous.

‘‘Images’’ was always the right term. The purpose of the icons that so bedeviled
the iconoclasts of the Byzantine era was to turn the mind of the observers to the
Reality they represented. In our secular era physicians take the images for the
patients’ problem. Vigilance against a malpractice suit enhances this pursuit of
detectable abnormalities. The bell-shaped curve of normal values brings with it 5%
of ‘‘high’’ normal areas and 5% of ones ‘‘too low’’, but ‘‘outliers’’ get further study.

That ‘‘the eye is for accuracy, and the ear for truth’’ is lost in a time of visual
evidence. It is far quicker to glimpse a tumor on a scan than to hear about
troubles, and even harder for physicians in their triumphant thirties to pay
attention to the anxieties of a 70-year-old woman reluctantly moving into a
retirement center. Physicians have less time to talk to patients anyway.
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The revolutions of the 1960s which brought opportunity for all, brought along
derogation of expertise and authority, raising the unexamined predilections of the
patients to the same level as the knowledge of their physicians. That patient
‘‘Autonomy’’ trumped everything but the power of images, and still does.

Narrative Brings Empathy

Attention to the patient’s story, the Narrative, restores some balance to the
science of diagnosing disease, the art of interpretingmaladies even if stories vary
with who tells them, who listens and why, the context of the clinical meeting.
Some patients, of course, are reluctant to talk about anything but their symp-
toms, and then doctors must rely on their intuition and their experience. The
physical examination may prove mainly symbolic in recalling the patient, but
attention to narrative demands it, and the retelling of the story may bring
healing comfort with it.

Narrative helps physicians to understand the stories that their patients can tell,
gives meaning to illness and provides the narrative competence to grasp the needs
of the sick and how they vary with age and culture andmuch else. Understanding
begets creativity, and that in turn aids understanding, as psychoanalysts know.
These stories teach physicians to be human, not just scientific. They help the sick
to come to terms with the betrayal of the body, with the dreadful metamorphosis
that has taken place. Obviously, physicians interpret illness differently from their
patients, but when physicians are patients, their common humanity becomes
evident, however much diluted by knowledge and concentrated by fear.

Narrative in Oncology

Patients with cancer need more than guidance to surgery, radiation, or che-
motherapy. They need help in coming to terms with their disease which, no
matter its cure, will forever change their lives. ‘‘Whyme?’’ is a common question
in that quest for meaning. Anne Hawkins, who terms the narratives of the sick
‘‘pathography,’’ calls attention to how reading stories of illness and disease help
other patients to cope, to express their anger, and to search for alternative
approaches. She relates how some accounts bring ‘‘healing’’, where others are
cathartic.

In extolling what she calls ‘‘narrative oncology,’’ Rita Charon describes how
she gets oncology physicians and nurses to write down what they do and what
they worry about. At Yale some years ago the GI Tumor Study Group physi-
cians and nurses grew depressed at treating so many dying patients little helped
by their studies. A divinity student recruited to let the doctors and nurses talk
together about their frustrations and their real sadness at so much death led
discussions about their travails. Those ‘‘T-sessions’’ worked as well for them as
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writing things down, which suggests that there are many different roads to
catharsis for medical care workers and their patients. One method may be no
better than the other, but what counts is the interest, the empathy, the fellow-
feeling that is revealed. It is very hard, however, not be overcome by numbness
on walking into an infusion- treatment room as large as a waiting room at the
railroad station to see everyone receiving an infusion.

There is, understandably, little humor in most stories of cancer, although I
admire Aldous Huxley’s celebration of his colostomy for rectal cancer, ‘‘Now
I am like the great God Janus, the only God who could see his anus.’’ Empathy,
feeling what the patient feels, develops when physicians sensitive to their
patient’s concerns, take the time to listen. That’s an old saw now, but reliance
on images for diagnosis makes it more fundamental than ever.

Pain and Suffering in Oncology

Regardless of any hiccups in the projected number of physicians needed to care for
the growing population of theUnited States, practicing physicians have grown ever
busier after the mid-century, and they have less ‘‘face time’’ with patients. Pain is
one of the few complaintswhich gets their full attention even now, but all of us need
to remember that acute pain is quite different from that more chronic.

Acute pain triggers an immediate response, where chronic pain calls for more
deliberation. Chronic pain finds many different descriptions, because it is often a
stand-in for something else, and farmore thanwhat comes traveling up theC-fibers .
A complaint yes, but it is also a metaphor and it may be a cry for help, sometimes
withoutwords. Chronic pain ismysterious, sometimes coming fromanguish, sorrow
or tribulation, and sometimes from sadness at the loss of health or fear for life. ‘‘ The
sorrow that has no vent in tears makes other organs weep’’ holds as true for people
with cancer as for those in health. ‘‘Sometimes, chronic pain seems to bringmeaning
to a life that has been without events, a friend come at last, a reason to get out of the
house, to visit the doctor and find a friend.’’ Jeffrey Borkan makes the telling point
that sometimes the only witness of the patient’s life is the hospital record .

For chronic pain, then, physicians should supplement opiates and anodynes by
consolation, rhetoric, comfort, the relief of spiritual faltering by religion and prayer.
The clergy should be involved lest ‘‘spiritual aridity’’, as it is called, bring suffering
when there seems no logic, nor reason to the question, ‘‘Whyme?’’ Narrative brings
religion back into the medical fold, and nowhere more than in oncology, where
death and dying loom so near. Stories of believing Christians show how faith brings
relief, turns suffering into witnessing the sacrifice of the Savior, and so makes pain
more bearable for them. For many, suffering and isolation are relieved by the
doctor’s being there, listening and even keeping silent. Yet, catharsis, the relief
that comes from talk, is crucial. Suffering is so often intertwined with chronic pain.

Sometimes numbness can bemistaken for depression, but it is the opposite of
pain. It comes as withdrawal, giving up, and it is difficult to recognize without
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conversation. Only a little empathy is needed to share the sorrow of young
woman or young man, cut down before accomplishment. Cancer like any other
disease changes the image we have, destroys our possibilities, turns the body
long unheeded into a challenge. Can this be me?

Context Counts in Cancer

Context counts: cancer afflicts the young more intensely than the old, for the
young have not finished living. They can be blamed for getting cancer: before
age 50 cancer is often deemed a fault of the patient, a secular sin by one who has
worried too much, worked too hard, or eaten the wrong foods. ‘‘Why has this
happened to you?’’ finds a secular response as well as one religious. To the 35-
year-old mother with breast cancer, pain comes from radiation, the aftermath
of surgery, the torment of chemotherapy accepted as a duty, but it may stem as
much from sorrow, anguish at not being there for the children and their joy, for
the husband bereft and lost, for hope and dreams unfulfilled.

For the old, cancer is different. We see death on our horizon, come close
without our knowing, near enough to touch. Like The Wonderful ‘‘One- hoss’’
Shay of Holmes, our parts fail in tandem. Livers and kidneys can be replaced,
but who can trace new arteries, and even so, who will save the mind, the spirit
lived so long? We old are encompassed and defined by loss: men and women
loved for years are gone; friends seem players at a masquerade where all are
made up to look like death. Fortitude has replaced duty; more and more, life
reminds us of death. We who survive for a while are lucky to have paid our civic
debts and we hope we have settled all our accounts. Serenity enfolds us like a
shroud, and cancer comes as only one of many ways to die. Who will long weep
for an 80 year old? Pain from cancer is no metaphor, and it should be treated by
narcotics. Our addictions will not endure. Yet, where we may lose ourself in
pain, we may lose our selves even more in opiates.

The elderly tell us they die without regret andmore than rarely with relief, where
the young yearn for the shore but cannot swim. Physicians can help with conversa-
tion and with a rhetoric that does not lie, but in the 21st-century even, faith and
belief in something greater than humanity is essential for most people. Pierced by
arrows, St Sebastian looks towards heaven with serenity that affirms his faith.

When to Emphasize Narrative/Empathy

The relief from placebos reminds physicians who treat patients with cancer
something doctors used to know about pain, that it can bemollified by reassuring
companionship. More than a third of healthy people find relief from a sugar pill,
the placebo given by a doctor trying to help. But anecdotes teach generalities and
possibilities, and they can widen the outlook of physicians who take the time to
listen or to read the stories of great writers and the tales of small people. Empathy

90 H.M. Spiro



is turned off by medical training, but the legends of our childhood, the stories we
have been told, and also important, the stories we read when young remain.

Medical students will learn from talking about matters that lie far from
science but close to their patients. Reading a story takes time, pictures can be
grasped at a glance. To train their pattern recognition I used to run the residents
in gastroenterology by the x-ray view-box to take a quick glance at what they
showed. But to listen to the patient is not so quick, they have to listen, to
concentrate, and they must focus on what they hear. Free-floating attention,
some call it, but receptive in a way that is only possible when the physician is not
in a hurry. The ‘‘listening healer’’ is possible only when a physician is ready to
receive, it is no fax machine and no voice recorder.

All clinicians need more skilled sympathy. When and how should medical stu-
dents who will care for patients get training to expand their horizons beyond science
andmeasuring and seeing?Workingwith college students,manyof thempremedical,
I am sure that the time for expanding their minds is when they are avid for learning.
That time lies in college, before minds are filled up by so much science and knowl-
edge. ‘‘Heaven lies about us in our infancy’’ when students are still open to theworld .
But Wordsworth goes on to warn that ‘‘shades of the prison-house begin to close
upon the growing boy.’’ Medical school may be too late, and there is much to learn.

Practicing physicians need to be like a chameleon, changing attitudes, gestures,
and manner to bring out the story the patients have to tell. Receptivity to the
patient’s narrative may be genetic, but it comes partly from training and culture.
Some doctors are ‘‘people-people,’’ while others are better with distance. Clinicians
have different aptitudes from research people. Not all the reading in the world—
nor all the rhetoric—will change them. If there is any best time to insert the ‘‘milk of
human kindness’’ into the genome of medical students, it is in college. The problem
comes in how students are chosen for medical school, nowadays by criteria for
technical expertise and scientific know how, more than on human understanding.
That goes back a hundred years; Harvard’s Dean in the 1920s wondered whether
the blossoming of science in the 20th Century led medical schools to build their
reputation on science and research too enthusiastically.

How one listens changes what the doctor hears, what the patient says. Physi-
cians really do take the history from a patient, shaping it by what and when they
write, drawing it out by gesture or body language, and by that ineffable commu-
nion thatMartin Buber called I and Thou. ‘‘Being there’’ can be described but it is
so hard to teach. Doctors have to be able to put themselves in the right mood.

Final Remarks

Clinicians know that not all the sick are willing to talk about more than their
complaints, and find it an intrusion to be asked. Indeed, some might wonder
whether emphasis n narrative could overbalance the physician-patient relation-
ship. Uncomfortable physicians will quickly turn to diagnostic studies, or the
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prescription pad. Sensitivity is not encouraged in medical students and yet it is
so important for practicing physicians to understand, and empathize with, the
patient’s concerns. Patients with cancer are often difficult, sometimes very
difficult. And narrative gives the doctor clues about the psychic and social
aspects of what is going on. How else will you know if you do not ask?

While I was writing out these thoughts, I went to hear the research reports of
the Yale gastrointestinal fellows. There was jubilation at a new endoscope
through which doctors can look beyond even the mucosa into the very cells to
evaluate their internalmechanisms! ‘‘Through the gut with gun and camera’’ has
become ‘‘Into the cell with cannula and camera’’ to record broken lysosomes or,
someday, to mend a limping cytokine.

Narrative medicine acts as a supplement, a stimulant one hopes, to these
quantitative technical approaches to frightened human beings. One shares the
joy doctors feel in seeing what has been hidden; but in the last decades under-
standing the biology of disease has moved far ahead of understanding the mind
.For observations from the past help a lot more, for several thousand years has
already plumbed deeply into the human psyche and dilemmas. What our
predecessors have pondered, and recorded, the story of Philoctetes alone with
his stinking leg on a deserted island, for example, helps doctors to understand
the loneliness of the sick, Kafka’s tale of a man turned into a bug helps us to feel
the horror at the betrayal of disease.

Emphasis on narrative writing has proved a wonderful stimulus to empathy
and relief, but not all professionals are good at writing , and many patients
might prove equally inept at being asked to write. But they can feel and they can
suffer just as much.We owemuch to Rita Charon for uncovering what has been
hidden, but each of us must get at it in his or her own way. But for some, it may
be best to remain hidden. Not everyone can read Henry James: I did not read
him until past 70 years of age. Gothic architecture has little to say to someone
growing up in the Bauhaus era, in modernism. You only like details when you
have the time to appreciate them. Roy Schaffer, a psychoanalyst, is certain that
empathy turns into altruism when it is truly felt.

A psychiatrist I know very well, however, has suggested that writing narra-
tive is not for him. ‘‘I prefer talking, and obviously, so do my patients.’’ The
narrative impetus may apply mainly to middle-class students and physicians, as
self-absorbed- as most patients have to be. Narrative as a way of analysis may
parallel the Freudian therapy which worked for middle-class Jews in German-
speaking Europe, but which did not long prevail after the destruction of that
society. It is not easy to imagine an illiterate patient with alcoholism responding
to a request for his written story.

Physicians may remain skeptically cautious about enthusiasm for any single
approach to our patients. Narrative provides a powerful counter-influence to
evidence-based medicine in our medical schools, but it is after all only one new
way of looking at matters. Claims of its effectiveness may not last longer than its
novelty, like so much in teaching methods. After all, most arguments come
down to whether ‘‘truth’’ is an absolute eternal or whether it varies with context,
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with culture and era the times, the old discourse about whether medical practice
is a science or an art. Of course, it is both.

Like Sisyphus, in a sense, practitioners roll the stone up the hill, only to find it,
instead,rolling down the other side, as victory over one problem brings an unex-
pected new one. Who in the 1970s would have foreseen the resurgence of bacterial
diseases in somany new forms? Just as each generationmustwork out its ideals and
its goals, so too each generation finds its own work and in our imperfect world,
work will always be abounding.

One suggestion for the selection of physicians and other care-takers, nurses,
physician-assistants, and all the rest. Practitioners do not need somuch science to
care for the sick, as much as they need character, compassion, and empathy.
Medical school admission committees might reconsider how they select students
for clinical medicine.
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Understanding and Enhancing Patient and Partner

Adjustment to Disease-Related Pain:

A Biopsychosocial Perspective

Tamara J. Somers, Francis J. Keefe, and Laura Porter

Persistent, disease-related pain is a challenge not only for patients who experi-

ence it, but also for their loved ones. There is growing interest in involving

partners and caregivers in pain management efforts. The purpose of this chap-

ter is to discuss factors that influence patient and partner adjustment to disease-

related pain within a biopsychosocial framework and provide an overview of

biopsychosocial approaches involving partners in pain management. The chap-

ter is divided into three sections. In the first section, we present a biopsychoso-

cial model that can be used to understand how patients and their partners adjust

to disease-related pain. In the second section, we discuss factors that influence

patient and partner adjustment to both arthritis pain and cancer pain and how

these factors are influenced by patient and partner pain management interven-

tions. Finally, we highlight important future directions for clinical and research

efforts in this area.

A Biopsychosocial Model of Adjustment to Pain

Over the past decade, the biopsychosocial model has emerged as one of themost

useful models in understanding how individuals adjust to disease-related pain.

A major tenet of this chapter is that this model can also be applied to under-

standing the adjustment of partners to the challenges of living with someone

with persistent pain. In this section, we briefly consider the history of the

biospsychosocial model and its applications to pain. We then describe how

this model can be applied to understand the patient’s adjustment and the

partner’s adjustment to pain. We also discuss how the biopsychosocial model

can be used to guide interventions for enhancing patient and partner adjust-

ment to persistent pain.
George Engel, a pioneer in psychosomatic medicine, developed the biopsy-

choscial model in the 1960s to assist clinicians in understanding the complex
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problems experienced by patients with chronic diseases. The hallmark of
Engel’s model was its insistence that biological factors, psychological factors,
and social factors almost always had direct and interacting influences on how
persons adjusted to chronic diseases such as asthma, hypertension, back pain,
and heart disease. Although this model was used by psychosomatic medicine
practitioners and researchers, it was not widely adopted by pain clinicians until
the 1980s. Prior to that time, the practice of pain management was dominated
by the biomedical model of pain. The biomedical model maintains that pain is
due to underlying tissue damage or injury. The model also assumes that pain
is proportional to the extent of underlying tissue damage/injury. According to
this model, pain is best managed by first identifying through careful history
taking and diagnostic evaluation the underlying cause of pain and then elim-
inating that cause through medical or surgical intervention.

With the emergence of specialized pain clinics and pain management pro-
grams came increasing dissatisfication with the biomedical model. This model
was not very useful in understanding the pain experience of many patients with
chronic pain treated in these settings. The model had some major limitations.
First, many patients who report chronic pain do not show evidence of under-
lying tissue damage/injury that might explain the persistence of their pain.
Second, in persons with chronic pain, pain severity often fails to match under-
lying tissue damage/injury with some patients reporting much more than would
be expected. Third, the majority of patients with persistent pain are not success-
fully treated with conventional medical and surgical interventions. Finally, the
biomedical model ignores important factors other than biology, such as psy-
chological, existential or social factors that might influence the experience and
meaning of pain. By the mid 1980s, an increasing body of clinical observations
as well as psychosocial research provided strong evidence for the role that
psychological factors and social factors can play in the pain experience.

Figure 1 illustrates how a biopsychosocial model can be applied to under-
stand patient adjustment to pain. As can be seen in the left hand side of this
figure, this model maintains that patient adjustment to pain is determined by
the separate and combined effects of biological, psychological, and social
factors. In persons with disease-related pain, biological factors that influence
adjustment to pain often include the disease process itself, side effects of treat-
ment, or biological changes related to the stress of living with a chronic disease
(e.g. sleep disturbance, fatigue). Psychological factors influencing adjustment
often include general psychological distress (e.g. depression, anxiety), pain or
disease-related distress (e.g. fear of pain, uncertainty, loss of control), beha-
vioral and cognitive pain coping strategies (both adaptive and maladaptive),
and pain beliefs and attitudes. Social factors influencing adjustment often
include perceptions of support from one’s partner or family members, the
quality of pain-related interactions with others, changes in social roles or
functioning (e.g. inability to fulfill responsibilities as a parent or spouse,
work-related problems), and cultural and economic factors (e.g. socioeconomic
status, race, or ethnicity).
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A key tenet of the biopsychosocial model of patient adjustment to pain is that

biological, psychological, and social factors interact in an ongoing fashion. This

is illustrated by the double arrows between the three sets of factors. Interaction

may take several forms. Thus, a patient whose pain interferes with sleep

(a biological factor) may be more psychologically distressed (a psychological

factor) and less able to fulfill social responsibilities (a social factor.) A patient

who is unable to continue working (a social factor) may become depressed (a

psychological factor) and adopt an overly sedentary lifestyle that contributes to

physical deconditioning (a biological factor). A patient who anxiously ruminates

about an uncertain future with persistent pain (a psychological factor) may

discount others attempts to support them or place excessive demands on family

members (a social factor) and may rely excessively on pain medications and/or

anxiolytic medications (a biological factor).
As depicted in Fig. 1, the biopsychosocial model can also be applied to

understanding how partners adjust to living with someone with persistent

pain. Biological factors that could influence a partner’s adjustment include

effects of stress associated with caregiving (e.g. fatigue, decreases in immune

functioning, or worsening of their own pre-existing health problems). Interest-

ingly, the psychological factors that might influence partner adjustment are

often quite similar to those influencing patient adjustment. These psychological

factors include the partner’s own general psychological distress, distress related

to the patient’s pain or disease-related symptoms, their own strategies for

coping with the patient’s pain, and their own beliefs and attitudes about pain

and illness. The social factors influencing partner adjustment often include

disruption in roles (e.g. disruptions in work or leisure activities), inadequate

social support, and the quality of interactions with the patient around both

pain/disease, and the resultant decrease in mutually enjoyable activities and

interests. As with patient’s adjustment, the biological, psychological, and social

Patient
Adjustment

Partner
Adjustment

Psychological

• Psychological distress 
• Pain Distress 
• Pain coping strategies 
• Beliefs and attitudes 

Social
• Perceptions of support 
• Interactions with others 
• Social role changes 
• Cultural factors 

Biological
• Effects of stress on 

partner’s health 
   -fatigue 
   -immune function 
   -own health problems 

Psychological
• Psychological distress 
• Pain distress 
• Pain coping strategies 
• Beliefs and attitudes 

Social
• Disruption of roles 
• Inadequate social 
support 

• Quality of interactions 
• Decrease in activities 

Partner-Assisted
Interventions 

Biological
• Disease Process 
• Treatment side 

effects 
• Biological changes 

Fig. 1 Patient and partner adjustment to pain
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factors affecting partner’s adjustment interact in an ongoing fashion (see double
arrows between the three sets of factors). For example, a partner who has their
own health problems (e.g. recovering from anMI, a biological factor) might feel
overwhelmed and be more easily distressed by the patients condition (a psy-
chological factor) and thus become more withdrawn and isolated.

A key tenet of the model illustrated in Fig. 1 is there are reciprocal relation-
ships between patient adjustment and partner adjustment. There is evidence, for
example, that patient and partner adjustment to disease-related pain is corre-
lated. Thus, when patients are adjusting well, their partners are also more likely
to be well adjusted and vice versa. Clinical observations suggest that, even when
one person in a dyad is not doing well, the other individual may have the
resources that would enable them to adapt more successfully to persistent
pain. For example, a patient who is confident in their own abilities to cope
with and control pain may reassure their partner in ways that reduce the
partner’s distress and enable the partner to more effectively cope with their
own concerns about the patient’s pain. Researchers working from the biopsy-
chosocial perspective are just beginning to explore the specific ways in which
patient adjustment and partner adjustment influence each other.

The model depicted in Fig. 1 not only can be used to understand patient and
partner adjustment to disease-related pain, it can also be used to inform various
treatment interventions. For instance, over the past 20 years, a number of effica-
cious biopsychosocial interventions for helping patients manage pain have been
identified (e.g. cognitive behavioral treatments, imagery/hypnosis-based interven-
tions, biofeedback). The growing recognition of the role that partners play has led
to increased interest in involving partners in pain management efforts. There are
two major approaches that can be used to integrate partners into psychosocial
interventions for controlling pain or other symptoms (Epstein & Baucom, 2002).
First, in a partner-assisted approach, the focus is clearly the patient; the partner’s
role is an ancillary one, i.e. to serve as a coach who assists the patient in learning
symptom management skills. There have been several studies testing partner-
assisted interventions for pain which are described below. A second approach to
involving partners in psychosocial interventions is a couples-based disorder spe-
cific approach (Epstein & Baucom, 2002). In this couple-based approach, the
focus is on the couple and the role of the partner is that of an equal participant
with the patient. The target of such a couples-based approach is improving
couples’ interactions around a specific problem or disorder, e.g. pain. Couple-
based interventions have been shown to be effective for treating a number of
individual disorders including agoraphobia, depression, alcohol abuse and depen-
dence (Baucom et al., 1998), but have received limited attention in regard to pain.

The following sections first present unique factors that influence patient and
partner adjustment to arthritis pain and arthritis pain interventions that
address some of these factors. Next, unique factors that influence patient and
partner adjustment to cancer pain and cancer pain interventions that address
some of these factors are summarized. Finally, future directions in this field are
described.
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Arthritis

Unique Demands of Patient Adjustment to Arthritis

Biological. Studies of patient adjustment to arthritis have focused on two of the

most common forms of arthritis: rheumatoid arthritis (RA) and osteoarthritis

(OA). Although rheumatoid arthritis (RA) is a systemic inflammatory disease

that can affect many organ systems, its major symptom is pain and inflamma-

tion in the joints. One of the challenges of RA pain is that it can vary substan-

tially both within and across patients. Many RA patients report unpredictable

flares in RA pain. Another challenge of RA pain is that it is usually more severe

than OA pain. In a daily diary study conducted in our lab (Affleck et al., 1999)

we found that RA patients report over 40%higher levels of daily joint pain than

patients having osteoarthritis. A third challenge for RA patients is that, in light

of recent evidence of the benefits of early medical intervention, the medical

treatment for RA has become much more aggressive. Patients are now treated

much earlier in the disease course with disease modifying drugs that were once

reserved as a last resort. Although this approach is effective in preventing joint

damage, the drugs used may also have major side effects. Use of these drugs

presents several challenges. First, RA patients are often asked to go on the

drugs before they develop full blown symptoms of RA. Second, some patients

find adherence with long-term use of these medications to be difficult, particu-

larly when patient’s symptoms are minimal. Even with optimal treatment some

RA patients experience significant joint damage and are then candidates for

surgical interventions such as joint replacement. The timing for joint replace-

ment is based in large part on the patient reaching the point where they can no

longer tolerate pain in that joint. Thus, another challenge for RA patients is

communicating to physicians when they have reached the point of pain toler-

ance and are ready to undergo joint replacement surgery.
OA, a progressive disease, is a much more common source of arthritis pain

than RA. It is estimated that over 80% of adults over the age of 65 experience

pain due to OA. OA affects joint cartilage causing it to breakdown and pro-

duces pain and inflammation. OA typically affects the major weight bearing

joints (e.g. knees and hips) and produces pain that is increased with weight

bearing activities (e.g. walking, standing, transferring from sitting to standing).

Because of its relationship to activity, the pain of OA is more predictable than

that of RA. However, because their pain increases with activity many OA

patients learn to reduce activity to minimize their pain. The sedentary lifestyle

that results is problematic since it leads to weight gain (a factor known to

increase OA pain) and reduces the strength of muscles around joints (another

factor that can increase OA pain). Medical treatments for OA pain also present

challenges. Because OA pain is chronic, many patients must take analgesics or

nonsteroidal anti-inflammatory drugs (NSAIDS) for months or years. Unfor-

tunately, older adults (many of whom have OA) have difficulty tolerating
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prolonged use of these medications and may develop ulcers or other gastro-

intestinal problems. Exercise is often recommended for patients having OA

pain, yet patients often report increased pain when starting an exercise program

causing them to discontinue an intervention that might have long-term benefits.

Like RA, surgical joint replacement is another treatment option, but is usually

reserved as a last resort. Many OA patients experience significant weight gain

over the course of their disease and obesity may make them poor candidates for

surgery.
Psychological. There is a growing body of literature on the relationship of

patient psychological adjustment to arthritis pain (Keefe, Abernethy, &

Campbell, 2005; Keefe et al., 2002). Many studies have examined pain coping

strategies in patients with RA and OA. These studies have shown that both

behavioral and cognitive pain coping strategies can be measured in a sensitive

and reliable fashion in arthritis patients. However, in general, these studies have

not found consistent relationships between specific coping strategies and pain-

related outcomes. Research assessing patient’s appraisals of their pain coping

efforts, in contrast, have shown more consistent results. Several types of

appraisals have been studied. First, studies of RA patients, for example, have

shown that those who report a sense of helplessness in dealing with their disease

are much more likely to report higher levels of pain (Smith & Wallston, 1992;

Nicassio et al. 1993). It is interesting that findings regarding helplessness have

been reported primarily in RA patients, rather than OA patients given that RA

is more unpredictable and more likely to foster a sense of helplessness. Second,

studies of both RA and OA have underscored the importance of self-efficacy

appraisals about pain control in understanding arthritis pain. Self-efficacy

refers to the belief that one has in their ability to successfully execute behavior

to control pain. Research has shown that RA patients who report high self-

efficacy report much lower levels of pain, physical disability, and psychological

distress (Lorig et al., 1989). In a laboratory study of OA patients we found that

those who reported high self-efficacy judged laboratory pain stimuli (thermal

pain stimuli) as much less unpleasant and showed a higher pain tolerance for

these stimuli. Changes in self-efficacy that occur over the course of educational

or psychosocial protocols for OA and RA pain management also have been

found to relate to long-term improvements in pain and other important out-

comes (Lorig et al., 1993; Smarr et al, 1997).
Social. Arthritis pain occurs in a social context and patient’s adjustment is

often influenced by social factors. A number of studies have examined the

influence of social support on adjustment. Arthritis patients who have larger

social networks show a significantly higher level of mobility than those with

small social networks (Evers et al., 1998). Research also has shown that RA

patients who report receiving higher levels of daily emotional support are much

less likely to be depressed and more likely to report high levels of psychological

well being (Doeglas et al., 1994). Social support seems to have particularly

beneficial effects in individuals with more severe disease. Penninx et al.
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(1997), for example, found that high levels of social support served as a buffer
against depression in persons with severe arthritis.

There is also growing recognition that socioeconomic status is related to poor
adjustment and related morbidity in patients with arthritis. RA patients with low
levels of formal education are not only at increased risk for higher levels of RA
morbidity, but also for earlymortality (Pincus &Callahan, 1985). Persons having
RA living in less affluent areas also have been found to report significantly lower
health status and self-efficacy than those living in affluent areas, even though
their levels of joint damage are similar (Brekke et al., 1999). There are a variety of
reasons that low socioeconomic status might be associated with poor RA out-
comes. These include social factors (low literacy, minority status, environmental
stress), economic factors (unemployment / underemployment, reliance on inex-
perienced, or poorly trained health care providers), cultural factors (cultural
beliefs about illness, cultural mores regarding symptom expression such as stoi-
cism), care seeking factors (a preference for natural remedies), behavioral factors
(lower rates of care seeking), poor health behaviors (poor nutrition and exercise
habits, increased smoking/drinking) and psychological factors (helplessness, dis-
trust of the healthcare system) (e.g., Anderson et al., 2000, 2002; Brekke et al.,
1999; Pincus & Callahan, 1985; Ward et al., 1993).

Unique Demands of Partner Adjustment to Arthritis

Biological. Pain due to arthritis not only can affect the patient but also the
patient’s partner. The stress of caring for a person having RA can be consider-
able, particularly given the uncertain course of this disease and the need to
adjust one’s caregiving efforts in response to ongoing changes in medication
regimens and side effects. Partners of arthritis patients often report that they
must take on physical tasks, chores, and responsibilities that the patient can no
longer do. The physical strain of caring for a partner having arthritis can be
significant. This is especially true for partners of OA patients who may suffer
from OA themselves or may have other co-morbid medical conditions (e.g.
heart disease, chronic obstructive pulmonary disease, cancer) that limit their
ability to assist with the physical aspects of caregiving.

Psychological. The psychological impact of providing care to an arthritis
patient can be profound. Walsh, Blanchard, Kremer, & Blanchard (1999)
examined depression in couples in which one member suffered from RA and
found that 35.7% of persons with RA and 23.3% of their partners would be
classified as depressed. The actual levels of depression reported in patients and
partners did not differ significantly suggesting the psychological impact of RA
is experienced not only by the patient, but also by the partner. Partners of
patients who report low self-efficacy might be at risk for negative psychological
outcomes. Beckham, Burker, Rice, & Talton (1995) reported that RA patients’
reports of self-efficacy were one of the strongest predictors of their partners’
reports of caregiver burden.
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When arthritis patients express pain, partners may experience an increase in
their own negative emotions such as depression, anxiety, or guilt. Partners of
arthritis patients report that seeing their loved one suffering from pain is one of
the most stressful aspects of the partner’s illness (Revenson, 1994). One of the
fundamental challenges for partners is differentiating his/her sense of the patient’s
pain from their own personal affective response to their partner’s distress (Cano
et al., 2005; Goubert et al., 2005). Onemight expect partners who are successful in
this task of experiencingmore other-oriented emotions (e.g. increases in intimacy,
closeness), whereas those who are not may experience even more psychological
distress and helplessness (Goubert et al., 2005).

Social. There is growing evidence that partner’s own negative thoughts and
beliefs about the patient’s pain, such as partner’s level of pain catastrophizing
can influence how they evaluate and respond to pain (Cano et al., 2005).
Partners of arthritis patients who catastrophize about the patient’s pain, may
tend to view the patient as having much more pain and are more hypervigilant
to pain displays (Cano et al., 2005; Leonard&Cano, 2006; Sullivan et al., 2006).
Partners often have difficulty estimating pain in the patient and may over-
estimate or underestimate it. For example, underestimations and overestima-
tions of patient’s pain have been described in spouses of OA patients (Beaupre
et al., 1997; Creamins-Smith et al., 2003) and both have been associated with
poor outcomes. When the partner underestimates pain their experience of pain,
the patient may feel misunderstood and devalued (Creamins-Smith et al., 2003;
Miaskowski et al., 1997). Indeed, overestimations of pain may also lead to
overly solicitous and protective partner responses that foster a sedentary and
dependent lifestyle (Martire et al., 2005). Finally, despite their best intentions,
spouses may respond to patients in ways that the patient perceives as unhelpful.
In a study of women with RA and their husbands, Manne and Zautra (1990)
showed that in couples where husbands were more likely to make critical
remarks about the patient the patient experienced higher levels of pain and
disability, whereas in couples where husbands were more likely to be supportive
the patient exhibited better psychological adjustment. These findings, along
with those of other studies, suggest that when partners are overprotective,
overly solicitous, critical or punishing, that arthritis patients experience
increased pain, distress, and higher levels of physical disability which may
develop into a lower sense of confidence in their own abilities to manage their
problems (Beaupre et al., 1997; Creamins-Smith et al., 2003).

Intervention Studies

There is growing interest in involving partners and caregivers in psychosocial
interventions for managing arthritis pain. One of the earliest studies to explore
this approach was a study of 65 RA patients conducted by Radojevic, Nicassio,
and Weisman (1992). In this study patients were randomly assigned to one of
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four conditions: behavior therapy with a family support component, behavior
therapy alone, arthritis education with a family support component, or a no
treatment control condition. This study showed that behavior therapy either
with a family component or alone produced significant improvements in joint
swelling and pain as compared to the arthritis education and no treatment
control conditions. This was one of the first studies to support the utility of
involving family members in psychosocial pain management efforts.

In our lab at Duke University, we have conducted several studies of spouse-
assisted pain coping skills training (CST) in patients with OA of the knee(s). In
our first study, 88 patients were randomly assigned pain coping skills training,
conventional coping skills training without spouse involvement, or an arthritis
education-spousal support control condition (Keefe et al., 1996). Individuals
assigned to the conventional coping skills training received a 10 week protocol
that provided a rationale for coping skills training along with training in how to
use attention diversion, activity pacing, and cognitive coping strategies to
control pain. Individuals assigned to the spouse-assisted coping skills training
condition received training in pain coping skills with their spouses and also
received training in couples skills (i.e. communication, behavioral rehearsal,
mutual goal setting, joint home and in vivo practice sessions) to enhance the
acquisition and maintenance of pain coping skills. Data analyses revealed a
consistent pattern in which patients in the spouse-assisted CST condition
showed the best outcome, those in the conventional CST condition the next
best outcomes, and those in the arthritis education with spousal support control
condition showed the worst outcomes.

We subsequently reported on 6- and 12-months follow-up data on these
study participants (Keefe et al., 1999). Interestingly, patients in the spouse-
assisted CST condition showed the best maintenance of therapeutic improve-
ments in coping and self-efficacy. Those patients who showed the largest pre- to
post-treatment increases in marital adjustment over the course of spouse-
assisted CST showed the best long-term outcomes. Taken together, these find-
ings underscore the importance of increases in self-efficacy and marital adjust-
ment in understanding long-term outcomes in OA patients undergoing spouse-
assisted CST.

In our most recent study, we conducted a randomized clinical trial testing
separate and combined effects of spouse-assisted pain coping skills training and
exercise training (ET). In this study, we randomly assigned OA patients having
knee pain to one of four conditions: spouse-assisted coping skills training alone,
spouse-assisted coping skills training plus exercise, exercise alone, or standard
care. Several major findings were obtained. First, significant improvements in
physical fitness were obtained in patients who received the exercise intervention
(either alone or combined with spouse-assisted coping skills training). Second,
patients who received coping skills training either by itself or in combination
with exercise showed significant improvements in the frequency of pain coping
attempts. Third, patients who received the combination of spouse-assisted
coping skills training and exercise training showed the largest improvements
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in self-efficacy. These findings suggest that, in OA patients, the combination of
spouse-assisted coping skills training and exercise may lead to a broader range
of outcome improvements than either treatment alone (Keefe et al., 2004).

Patients who have OA or RA experience significant pain that influences their
life as well as the lives of those around them. Several studies have demonstrated
the efficacy of patient and partner interventions that target improving biologi-
cal, psychological, and social aspects of pain. Current evidence provides us with
a solid base for applying patient and partner interventions and suggests several
areas where we could improve our understanding to provide maximum benefit
to arthritis patients and their partners.

First, although OA and RA are quite different diseases, clinical research
studies have not systematically examined what psychosocial treatment compo-
nents might be most beneficial for patients and their partners with these two
different disease types. To date, most of studies of partner-based approaches
have focused on patients with OA. Interestingly, there is evidence that RA
patients are more reactive to interpersonal stress than OA patients (Zautra &
Smith, 2001). This suggests partner-assisted protocols that teach couples how to
better deal with interpersonal stress potentially could be more useful for RA
patients than OA. RA patients report higher levels of daily joint pain than OA
patients (Affleck et al., 1999), are more likely to have organ systems other than
their joints affected by disease than OA patients, and take medications that
have more potential side effects than OA patients. As a result, RA patients and
their partners are usually coping with higher demands in terms of pain and
other symptoms. Partner-based interventions for RA thus may need to be more
intensive than those used in managing OA.

Second, pain communication with physicians is very important if arthritis
patients are to receive appropriate medical management. Partner-based proto-
cols provide an opportunity for patients to learn to effectively communicate
about pain and pain-related concerns to another person (i.e., the partner).
Future studies need to examine whether training in pain communication skills
offered in the context of partner-based protocols can enhance arthritis patients
abilities to communication with members of their health care team. Future
studies should also examine how to best coach patients and their partners in
communication skills specific for interacting with physicians and other health-
care professionals. Work from other areas has shown that coaching patients
about communicating with their physicians has increased their communication
and improved health outcomes (Ashton et al., 2003).

In addition, one of the most important directions for future development is
the dissemination of partner-based protocols for managing arthritis pain. The
studies we have reviewed demonstrate that, particularly in OA patients, part-
ner-assisted approaches to pain management can be effective when applied in
state-of-the art research settings. Yet these studies focus on carefully screened
patients, highly trained and supervised therapists, and intensive monitoring of
treatment effects. Moreover, research needs to examine whether the protocols
used in these studies can be effective when applied to patients who are more
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typical of primary care settings (i.e. not as highly screened and having multiple
comorbidities) and when delivered by therapists who are not as highly trained
and supervised. This approach is particularly important in OA pain because
such a large portion (approximately 80%) of individuals over 65 experiences
OA related pain and are treated in primary care settings.

Finally, as patient and partner arthritis pain interventions are more widely
applied, it will be important to investigate the ‘‘dosage’’ of the intervention
required to obtain clinical or therapeutic benefit. Howmany treatment sessions
are needed to obtain improvement in pain and other outcomes? To date, no
studies have investigated this question. Such studies are essential, though, if
partner-assisted pain management protocols are to be considered a cost-effec-
tive adjunct to medical treatments for arthritis.

Cancer Pain

Unique Demands of Patient Adjustment to Cancer Pain

Biological. Pain due to cancer is major source of suffering and disability for
patients. Cancer pain comes from a variety of cancer-related sources including
tumor site, progression, and invasion, cancer treatments including surgery and
therapies (e.g., antineoplastic chemotherapy, hormone therapy, or radiother-
apy), cancer related infections, and musculoskeletal complaints related to inac-
tivity and fatigue. For example, patients with head and neck, gynecological, and
prostate cancer tend to report more cancer related pain than patients with
cancer at other primary sites (Vainio & Auvinen, 1996). Patients with advanced
disease experience increased pain. Other biological factors such as comorbid
illnesses, age, and cognitive functioning and dementia can also influence cancer
pain (i.e., Sutton, Porter, & Keefe, 2002). Not surprisingly, a higher number of
medical comorbidities are related to increased cancer pain (Meuser et al., 2001).
Partially due to increased comorbidities, older cancer patients tend to experi-
ence more pain than their younger counterparts (Crook et al., 1984). Poor
cognitive functioning and dementia, particularly in older populations, can
also adversely impact pain communication which can then affect pain manage-
ment decisions (Landi et al., 2001). Last, medical management of cancer pain
impacts the degree of cancer pain that the patient experiences. Physicians and
patients are often reluctant to use effective analgesics due to fear of undesirable
side-effects, addictions, or stigmatizations (Meuser et al., 2001; Anderson et al.,
2002; See also Heit and Lipman, this volume). Meuser et al. (2001) demon-
strated that if established guidelines (e.g., WHO-recommendations) for medical
management of cancer pain are followed, patient pain and subsequent distress
can be decreased.

Psychological. A recent review of the literature on cancer pain and psycho-
logical factors (Zaza&Baine, 2002) identified 19 studies examining associations

A Biopsychosocial Perspective 105



between cancer pain and psychological distress, including mood disturbance,
emotional distress, psychological well being, depression, anxiety, and worry.
Fourteen of the 19 studies found a significant association with cancer pain and
psychological distress, with correlations ranging from r=.019 to r=0.51 and
OR ranging from 1.2 to 6.0. The authors conclude that these studies provide
strong evidence for an association between cancer pain and psychological
distress due to the high quality of the studies, the consistency across studies,
and the number of studies available.

More recent studies also support this association. Keefe et al. (2005) showed
that cancer patients with pain report higher levels of depression, fatigue, anxi-
ety, fear and worry, and mood disturbance than patients without pain. Some
preliminary data from our lab also suggest that that there may be links between
emotional regulation and cancer pain. One way of characterizing emotional
regulation style is ambivalence over emotional expression, defined by conflict
between wanting to express one’s feelings yet fearing the consequences of such
expression (King & Emmons, 1990). In a study of Gastrointestinal (GI) cancer
patients and their caregivers, we showed that patients who were ambivalent
about expressing their emotions reported higher levels of pain, pain catastro-
phizing, and pain behaviors (Porter et al., 2005). Another study found that
cancer patients who have pain experience greater difficulty identifying their
feelings than those who do not have pain (Porcelli et al., 2007). Due to the
common co-occurrence of cancer pain and distress (e.g., depression), investi-
gators have suggested that to optimize patient care providers consider using
treatments that simultaneously address both pain and distress.

Cancer patients and their family members often view a cancer diagnosis and
accompanying symptoms as indicative of disease progression, uncertainty, and
loss of control (Turk, 2002). Pain related to cancer is unique because of beliefs
that cancer patients and their family members often hold. Although many
cancer patients experience pain even after successful treatment of disease, any
new pain is often interpreted as disease recurrence or progression. In addition,
patients often have concerns and misconceptions about pain and pain medica-
tions that serve as barriers to effective treatment. For instance, many patients
report fears of addiction, concerns about side effects, the idea that ‘‘good’’
patients do not complain about pain, and fears that discussion of pain distracts
the physician from focusing on curing the cancer (Sutton et al., 2002; Ward
et al., 2000).

Self-efficacy, or the confidence in one’s ability to perform a specific behavior
or task (Bandura, 1997), is another psychological factor that has been asso-
ciated with adjustment to pain in a variety of patient populations (Bandura,
1997; Keefe et al., 1997; Lorig et al., 1989). With regard to cancer pain, there is
some preliminary evidence that self-efficacy for managing pain is associated
with patient adjustment. In a recent study, we found that, among patients with
lung cancer those who reported low self-efficacy for managing pain reported
significantly higher levels of pain, fatigue, lung cancer symptoms, depression,
and anxiety, and significantly worse physical and functional well being. In
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addition, the caregivers’ ratings of their own self-efficacy for helping the patient
manage symptoms were significantly related to patients’ ratings of symptoms
and distress (Porter et al., in press). Similar findings were obtained in a study of
African American prostate cancer survivors: Survivors who reported higher
self-efficacy for symptom control also reported better quality of life related to
urinary, bowel, and hormonal symptoms as well as better physical functioning
and better mental health. Higher self-efficacy in partners was also associated
with better adjustment to bowel and hormonal symptoms and better mental
health in patients (Campbell et al., 2004). Finally, in a study examining self-
efficacy in caregivers (90% spouses or intimate partners) of patients with cancer
pain at the end of life, caregivers with higher self-efficacy reported lower levels
of caregiver strain, decreased negative mood, and increased positive mood.
Interestingly, caregiver self-efficacy was not related to patient pain, but was
positively associated with patient’s physical well-being. In dyads where the
caregiver reported high self-efficacy the patient reported having more energy,
feeling less ill, and spending less time in bed (Keefe et al., 2003).

A number of recent studies suggest that pain catastrophizing may play an
important role in the experience of cancer pain. Among breast cancer patients
with chronic pain due to either cancer or cancer-related treatment, catastrophiz-
ing was associated with higher levels of anxiety and depression (Bishop &Warr,
2003). In two preliminary studies of GI cancer patients, we have found that
patients who catastrophize report higher levels of pain and psychological distress
(Keefe et al., 2002; Porter et al., 2005). Interestingly, patient catastrophizing was
also associated with caregiver adjustment. Caregivers of patients who catastro-
phized also reported increased levels of caregiver stress and critical behaviors
towards the patient (Keefe et al., 2002). Catastrophizing has also been associated
with greater postoperative pain and more analgesic use following breast cancer
surgery (Jacobsen & Butler, 1996).

Social. Social support provided by partners of cancer patients is one of the
strongest predictors of psychological adaptation to the diagnosis and treatment
of cancer (e.g., Helgeson & Cohen, 1996; Manne, 1998). Support from loved
ones can predict physical well-being for cancer patients (Ell et al., 1992). An
unsupportive social environment can be detrimental to patients’ adjustment to
disease and illness (Lepore, Ragan, & Jones, 2000).

Theremay be particular aspects of social support that are relevant to the pain
experience. For instance, Miaskowski and colleagues (1997) investigated the
possible implications of differing perceptions of patient pain by patients and
caregivers. They found that, when caregivers overestimated or underestimated
the patient’s pain, patients reported significantly higher levels of anger and
fatigue, poorer psychological and interpersonal well being, and lower overall
quality of life. When the partner underestimates pain the patient may feel
misunderstood and devalued, while overestimations of pain may lead to overly
solicitous or protective behavior. Similarly, caregivers may be inaccurate in
their perceptions about the patient’s self-efficacy for managing pain. Caregivers
who overestimate the patient’s ability to manage his/her symptoms and
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continue daily activities may not recognize the extent of the patient’s needs,
while those who underestimate the patient’s ability to manage his/her disease
may unwittingly foster sick-role behavior and over-dependency. In a recent
study, we examined the degree of correspondence between lung cancer patients
and their family caregivers in their perceptions of the patient’s self-efficacy for
managing pain and other symptoms of lung cancer and found that patients in
non-congruent dyads tended to report more pain and more psychological
distress (Porter et al., 2002).

The broader social context may also influence the way cancer pain is treated.
Cancer pain is often under managed in minority populations and in female
patient populations (Cleeland et al., 1997). Physician and patient variables
impact cancer pain mismanagement. One study found that physicians of His-
panic and African-American patients underestimated their patient’s pain sever-
ity and may have prescribed inadequate analgesic dosages (Anderson et al.,
2000). It is also possible that when appropriate dosages are prescribed, patients
may not adhere to the suggested medication regimen. Patients who are less
educated or who have lower incomes are more likely to be non-adherent to their
medication because of have concerns about the potential side-effects of pain
medication regimens (Ward et al., 1993). Health literacy, which is defined as
‘‘the capacity of an individual to obtain, interpret, and understand basic health
information and services and the competence to use such information and
services in ways which are health enhancing’’ (Joint Committee on National
Health Education Standards, 1995) can impact adherence to medication regi-
mens. Adherence may also be influenced by a lack of appropriate education
about side-effects from healthcare providers. Anderson et al. (2002) found that
among a group of Hispanic and African-American cancer patients, no patient
reported receiving dietary recommendations on how to decrease constipation
which is the most common side effect of analgesics. Minority patients with
cancer also face barriers to appropriate pain control including limited financial
resources, lack of health insurance, pharmacies with inadequate analgesic
supplies, transportation issues, and childcare issues (i.e., Anderson et al., 2002).

Unique Demands of Partner Adjustment to Cancer Pain

Biological. Pain due to cancer has a profound effect on both the patient and the
patient’s partner. Partners of cancer patients often take on the roles of attending
to changes in patient’s pain status, delivering medication, and organizing
rehabilitation and prevention efforts (e.g., exercise, regular movement, activ-
ities of daily living, diet changes). These new responsibilities can often lead to
fatigue for the caregiver which has been linked to several negative health
consequences (Alattar et al., 2007). There is evidence that caregivers of patients
with chronic illnesses are also at risk of suffering from poorer immune
responses, slower wound healing, greater risk of hypertension, and premature
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aging of the immune system (Kiecolt-Glaser et al., 2003). Partners of cancer
patients worry not only about the biological processes involved in the patients’
disease, but they also often have significant concerns about their own biological
vulnerability to a cancer diagnosis. Caregivers who appraise their role as
caregiver as highly stressful have a higher risk of mortality than noncaregivers
and caregivers who do not report burden in caregiving (Schultz & Beach, 1999).

Psychological. Cancer and cancer pain have an adverse psychological impact
on patients and their caregivers. Caregivers of patients with cancer pain experience
higher levels of tension, depression, and overall mood disturbance than caregivers
of pain-free patients (Miaskowski et al., 1997). Partners of patients with cancer
often worry about their ability to help patients manage their pain (Keefe, Ahles,
et al., 2003). Partners of cancer patients must adjust to changes and disruptions of
their daily life brought on by the patient’s disease as well as cope with increases in
their own emotional strain, fatigue, depression, and stress (Haley et al., 2001,
Nijboer et al., 1998, Raveis et al., 1998). Partners of chronically ill patients can
experience high levels of stress, loneliness and isolation (Blanchard, Albrecht, &
Ruckdeschel, 1997; Blanchard et al., 1997; Walsh, Estrada, et al., 2004), and
report as much distress, if not more, than patients (Baider & Kaplan De-Nour,
1988). Partners of patients with cancer often live with a sense of uncertainty and
fear the death of their partner (Toseland et al., 1995).

The partner’s thoughts and beliefs about the patient’s pain, including mis-
conceptions about pain medications and pain catastrophizing, can also influ-
ence how the partner responds to the patient’s pain (Cano et al., 2005). For
example, many partners have misconceptions regarding pain medications,
which can serve as barriers to the patient receiving adequate treatment. To
date, there has been little empirical research on partner catastrophizing in
response to cancer pain, however it seems likely that partners who believe
that the pain in unmanageable, or that it is a sign of cancer progression, will
be more hyper vigilant to pain displays and more personally distressed in
response to pain (Cano et al., 2005). Similarly, partners who lack confidence
in their ability to help the patient manage pain are likely to be more negatively
affected by the patient’s pain. For instance in a recent study, we found that
partner self-efficacy for helping the patient manage pain was negatively corre-
lated with caregiver strain and mood disturbance (Porter et al., in press).

Social. The social impact of a cancer diagnosis and cancer pain is felt by
parents, partners, children, and other loved ones of cancer patients. The partner
of the cancer patient is often the patient’s key source of social support. Partners
take on new social roles such as facilitating activities of daily living for the
cancer patient , often serving as a liaison between the patient and their medical
team of professionals. This is particularly true when the patient is experiencing
chronic pain. For the partner, the demands associated with caregiving often
result in the elimination or minimization of former social roles or activities
which can then lead to increased stress and decreased social interactions and
social support. Studies have shown that spouses of cancer patients report lower
levels of perceived social support than both cancer patients and community
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dwelling adults (Baron et al., 1990; Northouse et al., 2007). Low perceived
social support in spouses of cancer patients has also been associated with
markers of poor immune function (Baron et al., 1990).

Intervention Studies

Psychosocial interventions that include the cancer patient’s partner may pro-
vide benefits to the patient and partner through biological pathways (e.g.,
reduction in pain and physiological arousal, stress hormones, muscle tension),
through psychological pathways (e.g., changes in thoughts, attitudes, or
beliefs), or social changes (e.g., alterations in the way the partner interacts
with the patient and others) (Keefe et al., 2005). In addition, there is a growing
interest in the benefits of partner-assisted cancer pain interventions and a
limited number of studies have shown initial support for these interventions.

Keefe and colleagues (2005) tested a feasibility study of a partner-assisted
pain management protocol in terminally ill cancer patients that integrated
information about cancer pain with systematic training of patients and partners
(N= 78) in cognitive and behavioral pain coping skills. Couples received three
sessions over two weeks that lasted approximately an hour each or usual care.
There were no reported differences in the patient’s pain as a result of the
intervention. However, partners receiving the intervention reported higher
self efficacy in helping the patient control their pain and other symptoms and
lower levels of caregiver strain. Caregiving can lead to negative physiological
and psychological outcomes and these results suggest that partner-assisted pain
management training may buffer the stressful impact of caregiving at the end of
life (Keefe et al., 2005).

Another study investigated the effects of partner-assisted reflexology for
cancer pain and anxiety in patients with metastatic cancer (N= 86; Stephenson
et al., 2007). Reflexology is a manual technique based that involves massaging
specific areas in the hands and feet to provide pain relief. In this study partners
were taught to massage the outer edges of the patient’s metatarsals. Partners of
cancer patients were taught the reflexology techniques, practiced the techni-
ques, and were provided with feedback at a hospital based teaching session.
When compared with a control group, patients who received partner-delivered
reflexology reported decreases in pain levels and anxiety levels. Partners of
patients who delivered reflexology also reported feeling increased closeness
with their partners and increased self-efficacy for helping their partner control
their pain.

Campbell et al. (2007) explored the feasibility and efficacy of coping skills
training (CST) in a sample of African American prostate cancer survivors and
their intimate partners. This study addressed issues in a group of individuals
(i.e., African-American men) who have been significantly underrepresented in
the cancer literature. CST included six sessions and was designed to train
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prostate survivors and their partners in skills for managing symptoms experi-
enced after cancer treatment. Study results suggested that telephone based CST
can successfully enhance coping in African-American prostate cancer survivors
and their partners. Cancer survivors who received CST reported significant
improvements in quality of life related to bowel, urinary, sexual, and hormonal
symptoms compared to the control group. The effects for partners approached
conventional levels of statistical significance with partners who received CST
reporting less caregiver strain, depression, and fatigue, and more vigor than
partners who did not receive CST.

We are currently conducting a study examining the efficacy of a partner-
assisted coping skills training protocol for patients with early stage lung cancer.
In this study, lung cancer patients and their family caregivers are randomly
assigned to coping skills training, which systematically trains caregivers in
methods for guiding the patient in the use of coping skills for managing
symptoms such as pain and fatigue (i.e. relaxation training, imagery, activity
pacing, and communication skills), or to an education/support condition. All
intervention sessions will be conducted over the telephone. Primary outcome
measures include pain, fatigue, self-efficacy, depression, and anxiety. With
approximately 300 dyads, this will be one of the largest partner-assisted inter-
ventions conducted to date, and the results will add to the literature regarding
the efficacy of these partner-assisted interventions for decreasing pain and other
cancer-related symptoms as well as psychological distress among both patients
and their partners.

Cancer pain is one of the most feared and burdensome symptoms of the
disease. The majority of individuals who have cancer will experience moderate
to severe cancer pain during the course of their disease and into survivorship
(Mantyh, 2006). Partners and caregivers of patient with cancer pain often worry
about and lack confidence in their ability to help the patient manage cancer pain
(Keefe, Ahles, et al., 2003). Further, partners of cancer patients are at risk of
increased physical illness and psychological distress. Caregiving for cancer
patients can be extremely stressful and interventions that help partners with
caregiving skills (e.g., pain management) may decrease the stressful impact of
caregiving while simultaneously providing positive benefits for the cancer
patient (Keefe et al., 2005).

In sum, there have been a limited number of studies that have examined the
impact of partner-assisted interventions for cancer pain. Available studies
suggest that partner-assisted interventions have beneficial effects for both
cancer patients and their partners. There are several ways that we can increase
our understanding about the benefits of partner-assisted pain management for
cancer pain. First, future design of intervention protocols should consider the
biopsychosocial model of cancer pain and begin testing the efficacy of strategies
that will address components of this model. For example, incorporating pro-
gressive muscle relaxation into treatments cancer have positive biological
effects by decreasing muscle tension, positive psychological effects by decreas-
ing stress, and positive social effects by providing a coping strategy that can
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have positive effects on patients and their partners. Likewise, incorporating
communication training into intervention protocols can have positive biologi-
cal (e.g., better medical management of pain), psychological (e.g., decreased
distress), and social (e.g., increased feelings of patient/partner closeness)
benefits.

Next, intervention strategies that decrease patient and partner burden
should also be explored. Partners of cancer patients may feel overwhelmed by
their daily caregiving responsibilities and be resistant to participating in a
psychosocial intervention that might be perceived as additional responsibility
(Keefe et al., 2005). It is important that interventions are not so brief that they
are not beneficial, nor any longer than necessary to present skills for pain
reduction. Work in our lab has suggested that interventions protocols that
include 4 to 6 sessions are sufficient to present pain coping skills and allow
the participants to practice and incorporate these skills into their daily life.
Another way to decease patient/partner burden is to examine the efficacy of
alternative delivery methods for intervention. For example, work in other pain
management areas has tested the use of audiotape, telephone, printed material,
internet, or some combination of these methods with face-to-face interventions.

Last, it will be important to develop and test partner-assisted cancer pain
interventions with large, randomized controlled clinical trials. To date, few
studies have tested the efficacy of partner-assisted interventions for cancer
pain in randomized controlled trials. A randomized trial would allow for the
implementation of appropriate control groups and sample sizes, standardized
intervention protocols and assessment measures, and other research quality
control issues (e.g., appropriate training of interventionist).

Future Directions for Clinical and Research Efforts
in Disease Related Pain

It is clear that having pain influences not only the individual with pain, but also
those who are close to the person experiencing pain. Partners of individuals with
pain can influence the individual’s responses to pain and are themselves
impacted by their loved ones pain. As research and clinical application related
to addressing patient and partner adjustment to disease related pain advances,
there are several important areas to be considered. We comment on several of
these areas below.

Focus on Partner’s Experience

Understandably, the focus of pain research has traditionally been on the
individual experiencing pain, and there has been relatively little attention to
the partner’s experience. For instance, while the importance of patient pain
catastrophizing is well-established, research on partner pain catastrophizing is
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in its infancy with less than a handful of published studies. Clearly, more
research is needed to better understand the partner’s experience of pain, in
terms of how this is affected by and influences the patient’s experience, and how
partners can be supportive to the patient while also maintaining their own
quality of life. In addition to longitudinal studies mentioned above, qualitative
studies may be particularly useful to identify distinct constructs that are central
to the partner’s experience, as well as to identify partner’s needs and how they
might best bemet. It is also likely that newmeasures, such as the partner version
of the pain catastrophizing scale (Cano et al., 2005), will also need to be
developed in order to move this area of research forward.

Individual Differences in Response to Couples Interventions

In addition to developing and testing partner-assisted and couple-based inter-
ventions, it is also important to determine when and with whom it is most
beneficial as the focus of these intervention efforts. For instance, it may be
possible to identify circumstances (e.g. at the end-of-life), or patient character-
istics (e.g. extremely high levels of psychological distress) that make it more
effective to intervene with a caregiver as opposed to a patient. Alternatively, it
may be possible to identify high-risk dyads (e.g. those in which both individuals
are low in self-efficacy or high in catastrophizing) that are most likely to benefit
from a joint intervention.

Disease-Specific Couples Interventions

While there are some potential targets for interventions that are likely to be
relevant regardless of disease (e.g. self-efficacy, social support), there are also
pain-related challenges that may be unique to specific diseases such as arthritis
or cancer. For instance, the meaning of pain may be quite different to couples
dealing with osteoarthritis, a chronic but non-life threatening condition, than to
couples facing advanced cancer, where chronic unremitting pain may signal
disease progression and impending death. Thus, the goals of treatment may
ultimately differ not only based on the disease; but also on the stage of the
disease . For arthritis patients and their partners, the goal may be to minimize
the impact that pain has on their everyday lives and to increase or maintain
levels of activity, while for cancer patients and their partners, the goal may be to
prevent pain from escalating and to help the couple find meaning in the shared
activities that are realistic for them as the patient’s health potentially declines.
Researchers designing couples interventions for pain management should pay
particular attention to specific disease-related challenges, modify their inter-
vention protocols accordingly, and measure whether these modifications have
their desired effect. Future research could also examine whether different
intervention components are more or less useful for couples with different
diseases. Measuring the frequency of use and perceived helpfulness of various
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coping skills would enable researchers to evaluate which strategies are most
effective for couples dealing with specific diseases.

Couple Based Interventions

To date, interventions for pain that include partners have almost exclusively
been partner-assisted, that is, focusing primarily on the patient with the partner
serving as a coach who assists the patient in learning painmanagement skills. As
noted in the beginning of this chapter, an alternative method of involving a
partner is through couple-based interventions in which the focus is on the
couple and the target is improving couples’ interactions around pain. To date,
this approach has received very little attention as a treatment strategy for pain
management. There have been applications of couple-based interventions to
cancer (e.g. Manne et al., 2005), with primary outcomes focused on psycholo-
gical distress and relationship functioning. However, the effects of such inter-
ventions on pain have not been examined. We recently conducted a small pilot
study focused on couples’ communication regarding osteoarthritis pain (Keefe,
2007). Findings suggested that patients and partners who were low in self-
efficacy for communicating with each other regarding pain, and who reported
that they held back from discussing pain-related issues, also reported higher
levels of pain and psychological distress. Based on these findings, we are
currently in the process of developing a couple-based intervention focused on
pain communication which is designed to educate couples about pain and pain
communication and train them in specific couples communication skills (skills
for sharing thoughts and feelings and problem solving skills) to increase the
effectiveness of their pain communication.

Depression in Chronic Pain

Rates of diagnosable clinical depression in chronic pain patients range from 30
to 54% (Banks & Kerns, 1996). Partners of individuals with chronic pain are
also susceptible to high levels of depression. Walsh et al. (1999) reported that
among individuals with chronic RA pain, 38% of individuals with RAmet were
depressed and 23% of their partners were depressed. It is important that
depression be addressed within the context of psychosocial pain interventions
as it is likely to be a barrier to treatment benefit if not adequately addressed.
There are two ways that depression could be addressed within psychosocial
interventions for pain. First, the interventionist should be aware of the high
levels of clinical depression in chronic pain patients and their partner. If a
clinician suspects that the patient or partner is depressed, appropriate referrals
for treatment of depression should be made. Alternatively, given the high rates
of clinical depression in patients with chronic pain and their partners, future
work should also investigate the benefits of specifically addressing depression
within psychosocial interventions for pain. Several components that are already
included in psychosocial pain interventions could be dually applied to address
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issues of depression in both patients and partners. For example, cognitive

restructuring is often used to reorganize patient’s negative thoughts about

their pain and limitation and could also be employed to address depressive

thought patterns. Relaxation techniques, such as hypnosis and guided imagery,

can also be used as part of pain interventions to decrease tension related pain

and could also be used as a coping technique to interrupt depressive thoughts

(e.g., Murphy et al., 1995).

Family Intervention

The approaches outlined in this chapter have focused on the patient-partner

dyad. An important future direction for research is to explore these effects,

involving a broader range of significant others in psychosocial interventions for

pain management. For example, a patient who has pain in the context of

advanced cancer may rely on support not only from their partner but also

from their children, friends, and co-workers. Training these individuals in

methods for assisting and guiding the patient in pain management techniques

could potentially be quite beneficial. Such training could help these individuals

better understand the goals of pain management and prevent them from unwit-

tingly interfering with the patients efforts to remain active or take their pain

medications on a time contingent schedule. Once trained these individuals could

provide a skilled support team that could provide more consistent prompting

and reinforcement of pain coping skills.

Pain Patients Without an Intimate Partner

To date, most research examining the use of partner-based interventions for

chronic pain have included the patient and their intimate partner. However,

approximately half of the US population is unmarried and single (US Census,

2004) which suggest that many individuals who suffer from chronic pain do

not have an intimate partner and may have to cope with their pain alone. The

benefits of social support for patients with pain have been well demonstrated.

Future research should examine the feasibility and benefits of designing

psychosocial pain interventions that include a support person other than an

intimate partner. Patients with pain may elect to have a non-intimate family

member (e.g., parent, child, aunt, uncle, cousin, friend, church member, or

other support person) participate with them in a partner-based pain interven-

tion. It is possible that interventions could also be designed to include a more

formal patient partner such as a hospital volunteer or patient advocate that

could attend session with the pain patient and provide social support. One

model that might prove useful for designing this type of intervention is birth-

ing classes that incorporate a patient coach when a partner is not available

(Oster, 1994).

A Biopsychosocial Perspective 115



More Behavioral Intervention

Partner-assisted and couples-based interventions for pain management need to
place greater emphasis on the importance of behavioral interventions. Descrip-
tions of these interventions often tend to highlight the utility of cognitive inter-
ventions designed to alter thoughts, beliefs, expectations, and feelings in patients
and partners. However, couples who live together have many opportunities to do
activities together. By exercising together, taking regular rest breaks, and setting
aside time to talk together and set reasonable goals, couples may be able to
prevent the patient from developing pain flares and setbacks in their coping
efforts. Practicing with learned pain control skills such as imagery can be espe-
cially helpful at times of severe pain when patientsmay become overwhelmed and
benefit from active guidance and support in their pain management efforts.

Positive Emotions

All too often, patients and partners who are faced with the task of managing
pain in the context of life limiting illness report their emotional lives dominated
by negative emotions (Glover et al., 1995; Miaskowski et al., 1997).Training in
coping skills (e.g. hypnosis, guided imagery, relaxation, pleasant activity sche-
duling) is important because it can provide patients and partners with oppor-
tunities to experience a decrease in negative emotions along with an increase in
positive emotions during a stressful and demanding time. The broaden and
build theory developed by Barbara Fredrickson (2001) recognizes that stressful
life events (such as dealing with a life limiting illness) can increase negative and
decrease positive emotions. Yet individuals who are able to nurture and sustain
positive emotion in the face of these stressful circumstances can show much
better outcomes. There is evidence that positive emotions can quell or undo the
lingering physiological effects of negative emotion (e.g. by reducing autonomic
arousal) and thereby potentially provide a psychological break or respite to
restore and replenish resources that have been depleted by pain or stress. Such a
respite might be particularly beneficial for patients and partners who are coping
with pain in the context of life limiting illness. Fredrickson has argued that, over
time, the broadening triggered by positive emotions can build a range of social
resources (e.g. social closeness), psychological resources (e.g. resilience, opti-
mism) and physical resources (e.g. improved sleep quality) that can have
enduring effects on patients’ and partners’ psychological and physical out-
comes. Future studies need to explore how the increases in positive emotion
that often occur over the course of partner-assisted and couples-based inter-
ventions relate to patient and partner outcomes.

Physiological Mechanisms

Interactions that occur over the course of partner-assisted and couples-based
interventions could alter physiological responses in patients and their partners
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in ways that are beneficial. Previous studies have found evidence that, among
women with metastatic breast cancer, social support and emotional expression
are associated with diurnal cortisol slopes (Giese-Davis et al., 2004; Turner-
Cobb et al.,2000), which in turn are associated with mortality (Sephton et al.,
2000; Antoni et al., 2006).

To our knowledge, however, no studies have examined physiological
mechanisms in the context of partner-assisted interventions. Patients who
experience a sense of support and understanding from their partner may show
reductions in physiological arousal and muscle tension. Increased physical
intimacy and physical contact may lead to release of oxytocin in patients and
partners that may promote a greater sense of calm and relaxation in the face of
pain. Finally, it is possible that the increased sense of self-efficacy patients
report following partner-assisted interventions (Keefe et al., 2005) may be
linked to the enhancement of endogenous pain regulatory systems (e.g. release
of endorphins).

Acceptability of Psychosocial Pain Treatment

Although the benefits of treating chronic pain within the context of the biop-
sychosocial model have been well documented, many providers, patients, and
family members continue to approach the problem of chronic pain using the
biomedical model (e.g., pain is proportionate to physical damage or injury and
should be treated with pharmacology and procedures). Patients who can benefit
from psychosocial pain interventions are rarely offered these treatments (Keefe,
Abernethy, & Campbell, 2005). It continues to be imperative that physicians
and other healthcare providers be made aware of empirical work that suggests
the benefits of psychosocial treatments for pain. Patients and partners will be
influenced by the suggestions and opinions of their physicians. It is also neces-
sary that behavioral health professionals continue to work toward increasing
the availability of psychosocial pain interventions for patients and partners.
Further, when employing partner-based treatment for pain, it is important that
both the patient and partner are concordant in their beliefs about the benefits of
psychosocial interventions. If either the patient or the partner holds attitudes or
beliefs that a psychosocial treatment for pain will not be beneficial, the treat-
ment is likely to be undermined and not as useful as possible for the couple. In
addition, educational and informational programs targeted at healthcare pro-
fessionals and patient populations should address the unique benefits of psy-
chosocial interventions for disease-related pain.

Delivery Methods of Partner-Based Interventions

Psychosocial interventions have traditionally been delivered in a face-to-face
format at the workplace of the intervention provider. There are several barriers
to traditional face-to-face patient-partner psychosocial interventions for dis-
ease-related pain. First, patients who are in considerable or unpredictable pain
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may be physically unable to keep scheduled intervention appointments. Inter-
ventions that are not delivered in a timely manner or where session aremissed or
delayed are also not as effective asmore consistent interventions. Next, partners
of patients with pain may feel overwhelmed by their daily caregiving activities
and may be resistant to scheduling a traditional face-to-face sessions. There are
also several logistical barriers that arise when scheduling face-to-face medical
setting based session. These include availability of provider, patient, and part-
ner to meet at the same time, physical disability (e.g., patient or partner), travel
distance, time, or cost, and the availability of transportation and childcare.
Several options exist as alternative methods of delivery including telephone,
audiotape, internet, printed materials, in-home sessions, and combinations of
these methods with face-to-face sessions. Studies have started to examine the
utility of some alternative delivery methods (e.g., telephone, printed materials,
internet) and the results are promising (Donnelly, Kornblith, Fleischman, et al.,
2000; Sandgren & McCaul, 2007). Partner-assisted psychosocial interventions
for disease related pain should also be designed using the results of rigorous
clinical trials to best understand their benefit.

Longitudinal Studies

To date, the vast majority of research on couples’ adaptation to arthritis and
cancer pain has been cross-sectional, limiting our ability to identify causal
effects and understand how patient and partner experiences unfold and influ-
ence each other over time. Longitudinal studies based on the biopsychosocial
model of pain and involving multiple assessments from both patients and
partners would be particularly valuable in identifying key variables influencing
each person’s adjustment. For instance, longitudinal studies of patient and
partner self-efficacy could examine whether each partner’s level of self-efficacy
tends to remain stable over time, or if having a partner who is high in self-
efficacy can lead to increases in the other partner’s self-efficacy over time.
Studies could also examine congruence between patients and partners in their
perceptions of the patient’s pain and self-efficacy for managing pain, how this
may change over time, and what impact congruence has on outcome variables
such as the patient’s symptom distress and medical management, the patient’s
psychological distress, the caregiver’s level of psychological distress and care-
giver strain, and the quality of the relationship between the patient and care-
giver. Data from such longitudinal studies could provide valuable insight for
couple-based and partner-assisted interventions.

Increasing Diversity

As in many areas of research, examining patient and partner adjustment to pain
would benefit from inclusion of more culturally and ethnically diverse partici-
pants. Specifically, research in this area has tended to include a predominance
of white, well educated participants, limiting the generalizability of the findings

118 T.J. Somers et al.



to ethnic minorities and to individuals/couples of lower socioeconomic status.
As noted earlier, there has been some research demonstrating that patients who
are ethnic minorities or of low SES face additional barriers to adequate medical
treatment of pain. However, there has been less attention to the ways in which
social context factors such as minority status or SES influence other aspects of
the pain experience. Moreover, despite the strain that persistent pain can put on
relationships, research that is focused on partners or couples tends to attract
participants with high levels of marital satisfaction. Thus relatively little is
known about adjustment to pain in couples who are maritally distressed.
Future research should specifically target maritally distressed couples as parti-
cipants to provide a more comprehensive portrait of the ways couples interact
around pain, and to develop interventions which may potentially be helpful to a
broad range of couples.

Conclusions

As discussed in this chapter, there is growing evidence that a biopsychosocial
approach can be helpful in understanding and enhancing the adjustment of
patient-partner dyads to disease-related pain. Although the findings already
obtained in this area are promising, research and clinical efforts are still in the
early stages. Additional research studies must be completed before the promise
of this field can be fully realized. Such work is extremely important because it
has the potential of reducing the suffering experienced by many patients and
their caregivers.
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Sex Differences in Pain

Edmund Keogh

Introduction

It is now generally acknowledged that sex and gender are important factors in
the perception and experience of pain (Berkley, 1997; Berkley, Hoffman,
Murphy, & Holdcroft, 2002; Bernardes, Keogh, & Lima, 2008; Dao &
LeResche, 2000; Fillingim, 2000; Holdcroft & Berkley, 2005; Keogh, 2006;
LeResche, 1999; Rollman & Lautenbacher, 2001; Wiesenfeld-Hallin, 2005).
The focus of this chapter will be to review the evidence for variability in
human pain experiences, as ascribed to the sex of the individual, as well as
considering some of the reasons why such differences exist. As will become
apparent, not only are there important biological differences that help to
explain why men and women may differ, but there are a range of psychological
and socio-cultural factors that need to be considered when attempting to
account for sex-specific variation in pain and analgesia.

Evidence for Sex Differences in Pain and Analgesia

Sex Differences in Prevalence of Pain Experience

Evidence for sex differences in pain can be found in surveys of pain experiences
(e.g., Bingefors & Isacson, 2004; Gran, 2003; Isacson & Bingefors, 2002;
Robinson, Wise, Riley, & Atchison, 1998; Schneider, Randoll, & Buchner,
2006; Von Korff, Dworkin, Le Resche, & Kruger, 1988). Such studies suggest
greater pain prevalence in women when compared to men. For example, in a
review of a wide range of different studies Unruh (1996) concluded that, when
compared to men, women are more likely to experience recurrent pain, more
severe and frequent pain, and pain which last for longer duration. Similarly,
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Robinson et al. (1998) found that in five different chronic pain samples, women

generally report higher levels of pain than men. Such studies also suggest that

there are sex differences in the type and location of pain experienced. For

example, in a study of 1500 adults in a health maintenance organization, Von

Korff et al. (1988) not only confirmed that women reported more pain than

men, but that such differences were more likely to be found in head, facial and

abdominal locations. The general conclusion, therefore, is that women seem to

suffer from more pain when compared to men.
Alongside investigating the general prevalence of pain, there have also been

investigations into disorders that may have a sex-specific bias. Greater female

pain prevalence has been found for musculoskeletal pain (Rollman &

Lautenbacher, 2001; Wijnhoven, de Vet, & Picavet, 2006), rheumatoid arthritis

(Theis, Helmick, & Hootman, 2007), gastrointestinal pain (Mayer, Berman,

Lin, & Naliboff, 2004), facial pain and headache (Cairns, 2007; Shinal &

Fillingim, 2007). However, there are also painful conditions where men seem

to dominate. For example, cluster headache shows a male prevalence, although

it has been noted that the differences between the sexes has been reducing

(Dodick, Rozen, Goadsby, & Silberstein, 2000; Manzoni, 1998). When these

sex differences in the prevalence of painful conditions are examined, it seems

that there are more where females dominate, than where males dominate

(Berkley, 1997; Holdcroft & Berkley, 2005). Thus one reason why women

report more pain overall could be due to the fact that there are more painful

conditions that they suffer from.
Although women generally seem to report more pain than men, there is

still some degree of variability within the sexes that needs to be explained.

For example, LeResche (1999) notes that although both migraine headache

and temporomandibular disorder exhibit higher female prevalence, this

difference is most pronounced during the reproductive years e.g., from

puberty to menopause. She also notes that female prevalence of abdominal

pain declines with age. It also seems that race and cultural differences may

moderate some of the sex differences in pain (Weisse, Foster, & Fisher,

2005; Weisse, Sorum, & Dominguez, 2003; Weisse, Sorum, Sanders, & Syat,

2001). Contextual factors also produce variability in male and female pain

reports. For example, in a systematic review into occupational risk factors

involved in musculoskeletal complaints, men were found to be more vulner-

able to back problems due to lifting, and neck-shoulder related complaints

due to hand-arm vibration, whereas women were more vulnerable to neck-

shoulder complaints, related to arm posture (Hooftman, van Poppel, van

der Beek, Bongers, & van Mechelen, 2004). The authors suggests that

although sex differences exist in work-related complaints, the direction of

the effect depends on the type of occupation involved, which in turn is

likely to reflect different types of risk exposure.
Thus it seems that while there is good evidence for general sex differences in

pain, there is variability that needs to be considered.
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Sex Differences in Health Care Utilization, Analgesic Use
and Analgesic Effectiveness

If women experience more pain than men, then we might also expect to see sex

differences in pain-related behaviors, such as health care utilization and

medication use. Since women are generally more likely to make use of health

care services than men (Green & Pope, 1999; Koopmans & Lamers, 2007;

Redondo-Sendino, Guallar-Castillon, Banegas, & Rodriguez-Artalejo, 2006),

it perhaps comes as no surprise to see a similar pattern in the use of pain

services (Eriksen, Sjogren, Ekholm, & Rasmussen, 2004; Kaur, Stechuchak,

Coffman, Allen, & Bastian, 2007; Weir, Browne, Tunks, Gafni, & Roberts,

1996). For example, in a large scale Danish sample, women were found to

have more contact with primary health care than men (Eriksen et al., 2004),

and in a recent study on veterans with pain, Kaur et al. (2007) found that

women had a 27% higher rate of healthcare visits. In a study on patients

referred to a chronic pain clinic, Weir et al. (1996) not only found that women

used more health care services than men who were judged to have similar

needs, but that psychological factors played a role in this increased use.
Sex differences have also been reported in the use of pain medications, with

women tending to report greater use of prescription and non-prescription based

analgesics (Antonov& Isacson, 1996, 1998; Isacson&Bingefors, 2002; Paulose-

Ram et al., 2003; Porteous, Bond, Hannaford, & Sinclair, 2005; Redondo-

Sendino et al., 2006; Sihvo, Klaukka, Martikainen, & Hemminki, 2000;

Turunen, Mantyselka, Kumpusalo, & Ahonen, 2005). For example, Antonov

and Isacson report responses from 12,781 Swedish adults who were asked about

drug usage over two weeks prior to interview. They found sex differences in

analgesic use, in that 42.4% of women reported using analgesics at least once in

comparison to 26.8% of men. In a second Swedish study, Antonov and Isacson

found a similar sex bias for both prescription (females¼ 12.2%; males¼ 7.2%)

and non-prescription analgesics (females¼ 30.4%; males¼ 20.0%), with the

sex difference in non-prescription analgesic use being particularly pronounced

for musculoskeletal pain. In a US sample of just over 20,000 US adults,

Paulose-Ram et al. (2003) not only found that females were more likely to use

prescription (females¼ 11%; males¼ 7%) and non-prescription analgesics

(females¼ 81%; males¼ 71%), but that women were more likely to use multi-

ple analgesics over a one-month period (females¼ 35%; males¼ 25%). There

are examples, however, where such sex differences have not been found (e.g.,

Turunen et al., 2005).
Alongside analgesic use, some have examined whether there are sex differ-

ences in the effectiveness that these analgesics have in clinical settings (Craft,

2003; Craft, Mogil, & Aloisi, 2004; Fillingim & Gear, 2004; Giles & Walker,

2000; Holdcroft, 2002; Holdcroft & Berkley, 2005; Kest, Sarton, & Dahan,

2000; Miaskowski, Gear, & Levine, 2000; Miaskowski & Levine, 1999; Pleym,

Spigset, Kharasch, & Dale, 2003). Although findings are mixed, a number of

Sex Differences in Pain 127



studies conclude that women receive greater opioid analgesia when compared
to men (Aubrun, Salvi, Coriat, & Riou, 2005; Cepeda & Carr, 2003; Gear et al.,
1999, 2006; Logan & Rose, 2004; Miaskowski et al., 2000; Ochroch,
Gottschalk, Troxel, & Farrar, 2006; Rosseland & Stubhaug, 2004). For
example, in a sample of patients undergoing dental surgery, Gear et al. (1996)
found that women experienced greater analgesia when compared to men. In
their review of analgesic responses to kappa-like opioids,Miaskowski et al. also
concluded that such studies tend to show that women exhibit greater analgesia
to post-operative pain, but also noted that were some exceptions to this general
pattern. More recent studies also report discrepancies. For example, Cepeda
and Carr report a prospective study in which 700 patients (38.6% male) were
examined in terms of their pain report and morphine consumption following
surgery requiring general anaesthetic. Even when controlling for the type of
operation and age, women reported more pain and required more morphine
than men. Similarly, Aubrun et al. (2005) report a large study in which post-
operative pain andmorphine consumption was examined in 4317 patients (54%
male) from a post-anaesthesia care unit. Females had higher initial pain, and
required a higher dose of morphine than men. Interestingly, this sex difference
was not found in older patients (75 years and older), suggesting that age may
moderate such effects.

Reasons for such discrepancies might be partially due to sex differences in
side effects (Ciccone &Holdcroft, 1999; Pleym et al., 2003; Wu et al., 2006). For
example, in a review of drug effects, Pleym et al. found that women were more
sensitive to some drugs, especially some muscle relaxants and opioids, whereas
for other drugs, males showed greater sensitivity. Furthermore, a meta-analysis
into sex differences in post-dural puncture headache, which examined 18 clin-
ical trials, incorporating 2163 males and 1917 females, concluded that women
were more susceptible thanmen (Wu et al.). It therefore seems that while there is
evidence for sex differences in analgesia, the general pattern is not clear at the
present time.

Sex Difference in Pain Sensitivity to Experimental Stimuli

Experimental approaches have also been used to examine sex differences in pain
(Fillingim, 2002; Rollman, Lautenbacher, & Jones, 2000). The advantage of this
approach is the controlled use of standardizedmethods and stimulus intensities,
which can not easily be achieved in the clinical setting. There are a range of
different methods used to induce pain, which include thermal stimuli (heat and
cold), pressure pain, ischemic pain and electrical stimulation. These techniques
generally require participants to indicate the point at which the pain is first
detected (pain threshold), and the point at which the sensation becomes unbear-
able (pain tolerance). When the sexes are compared, the typical finding is that
women exhibit lower pain threshold and tolerance when compared to men
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(Fillingim &Maixner, 1995; Riley, Robinson, Wise, Myers, & Fillingim, 1998).
In a meta-analysis of 22 studies of sex differences in experimental pain, Riley
et al. (1998) found effect sizes were of moderate to large in magnitude.

As with the epidemiological studies reported above, although general sex
differences in experimental pain are found, there is variability that needs to be
accounted for. The type of stimulus is also considered to be an important factor,
in that some types of pain induction produce stronger effects that others.
Indeed, in the Riley et al. (1998) meta-analysis, the strongest sex differences
were found for pressure pain and electrical stimulation. Fillingim (2002) also
reports variability in sex difference effects based on stimulus type, even within
the same laboratory. He found that effect sizes associated with sex differences in
pain threshold and tolerance were of moderate to large magnitude, with the
smallest effects being found for ischemic pain. There are also a range of
psychosocial factors that moderate sex differences in experimental pain, some
of which will be considered later in this chapter (Rollman et al., 2000).

Pain induction methods have also been used in combination with drugs to
examine sex differences in pain and analgesia (Fillingim, 2002; Fillingim &
Gear, 2004). Unfortunately, results are mixed, in that some studies report
finding sex differences in analgesia, whereas others have not (Fillingim et al.,
2005a, 2005c, 2004; Olofsen et al., 2005; Sarton et al., 2000). For example, when
Fillingim et al. (2005c) exposed a group of men and women in terms of
morphine analgesia to a range of different experimental pain stimuli, no differ-
ences were found between the sexes in terms of pain. Others showed that sex
differences in analgesia may depend on the type of pain induction method used
(e.g., Fillingim, 2002). Therefore, it seems that although there is good evidence
that there are sex differences in experimental pain sensitivity, at present, there
are too few studies to draw any firm conclusions about sex differences in
analgesia using such methods.

Sex Differences in Non-pharmacological Treatment

The possibility that there are differences in how men and women respond to
pharmacological treatments for pain has also led some to ask whether there are
sex differences non-pharmacological interventions (Burns, Johnson, Devine,
Mahoney, & Pawl, 1998; Edwards, Augustson, & Fillingim, 2003a; Edwards,
Doleys, Lowery, & Fillingim, 2003b; Hansen et al. 1993; Jensen, Bergstrom,
Ljungquist, Bodin, & Nygren, 2001; Keogh, McCracken, & Eccleston, 2005b;
Krogstad, Jokstad, Dahl, & Vassend, 1996; Lund, Lundeberg, Kowalski, &
Svensson, 2005; McGeary, Mayer, Gatchel, Anagnostis, & Proctor, 2003).
There are a few studies conducted on healthy individuals, which show that
pain sensitivity can be moderated by interventions in a sex-specific manner,
although such effects are mixed (Keogh, Bond, Hanmer, & Tilston, 2005a;
Keogh, Hatton, & Ellery, 2000; Keogh & Herdenfeldt, 2002; Lund et al.,
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2005). For example, Keogh et al. (2000) found that a psychological manipula-
tion of attentional instructions revealed that men benefited from focusing on
experimental pain when compared to women. However, others find greater
benefits in women (Keogh et al., 2005a; Lund et al., 2005). For example, in a
study using transcutaneous electrical nerve stimulation (TENS), Lund et al.
found that although both men and women demonstrated increases in sensory
thresholds, only women displayed increases in pain thresholds. Differences
between the interventions may help explain the variability in study findings,
and it is certainly possible that men and women may benefit in different ways.

Investigations into non-pharmacological pain interventions within a clinical
treatment context have also been conducted. For example, Burns et al. (1998)
report a study in which 101 chronic pain patients were followed through a
multidisciplinary pain management programme. They found that anger expres-
sion and suppression were negatively related, respectively, to effective lifting
capacity improvements and improvements in depression. However, these rela-
tionships were only found in men. In a second study, McGeary et al. (2003)
examined a group of patients with chronic musculoskeletal disorder before and
following a functional restoration programme, which consisted of guided
exercises and multimodal disability management (counselling, stress manage-
ment etc.). At 1-year follow-up, men were more likely than women to return to
work (men¼ 87%, women¼ 81%), and less likely to seek help from new health
providers (men¼ 25%, women¼ 31%). Keogh et al. (2005b) examined sex
differences in a range of outcomes related to pain and disability following
multidisciplinary chronic pain management. They compared pain reports at
the start of the intervention, at the end, and then at 3-months follow-up. Both
men and women were found to show an initial improvement immediately
following the intervention, with reductions reported in pain, disability and
negative mood. However, between the end of the intervention and 3-months
follow-up men maintained this improvement, whereas in women there were
significant increases in self-report pain, pain-related catastrophizing and dis-
tress. Interestingly, both sexes maintained improvements in disability, suggest-
ing that careful attention to the outcome measures used is important when
considering sex-specific effects.

Unfortunately, there are also examples of clinical interventions that find
different patterns to those just reported (Jensen et al., 2001; Krogstad et al.,
1996). For example, Jensen et al. assessed the impact of four different treat-
ment conditions – a treatment as usual control, physical therapy, cognitive-
behavioral therapy, and a combination of the two – on a group of patients with
chronic non-specific spinal pain. Although improvements in outcome where
generally found for those in the treatment groups (e.g., lower risk of early
retirement, better health-related quality of life), these benefits were limited to
females, and were not found for all treatment conditions. As with the healthy
volunteer studies, male and female patients may benefit in different ways from
pain interventions. One study found that the degree of treatment success
depends on both the type of intervention and sex of the patient (Hansen et al.,
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1993), whereas another reported sex-related differences in how patients bene-
fited from a treatment intervention (Edwards et al., 2003b).

Taken together, these studies suggest that while sex differences may exist in
the effects of some non-pharmacological treatment interventions, the paucity of
studies, and variability in treatment approaches and findings in those that have
been conducted, mean that no definite conclusions can be made at present.
However, this is an exciting area for development, and the emergence of more
studies should hopefully help address the interesting possibility that the type of
treatment approach adopted may need to depend on the sex of the individual.

Explanations for Sex Differences in Pain

The evidence presented in the first section of this chapter indicates that men and
women differ with respect to pain and analgesia. The second half of this chapter
will outline some of the explanations that have been proposed to account for
why sex differences in pain exist. Although these explanations are presented
separately, it is assumed that there are important interactions between them,
and that no one explanation totally accounts for the differences between men
and women in pain.

Emotions and Pain: The Role of Depression, Anxiety and Anger

Emotions have been proposed as a possible explanation as to why there is a
sex difference in pain. The rationale for this is based partly on the fact that
pain is both a sensory and an emotional experience, and partly because sex
differences exist in the expression and experience of both emotions and pain
(Jones & Zachariae, 2002; Rhudy & Williams, 2005). Indeed, sex differences
in pain and emotions manifest at an early age, in that they are more readily
expressed by females when compared to males (Hamann & Canli, 2004;
McClure, 2000; Wager & Ochsner, 2005). As adults, there is also evidence
that women may be more vulnerable to emotional disorders such as anxiety
and depression, both of which are known to be important in clinical pain
(Kessler et al., 1994; Linzer et al., 1996; Weissman et al. 1996). There is also a
suggestion that the co-morbidity between pain and emotional disorders may
be stronger in women than men (Bingefors & Isacson, 2004; Meana, 1998;
Rethelyi, Berghammer, & Kopp, 2001). In terms of research, a few studies
have examined sex differences in the relationship between general negative
affect and pain (Hirsh, Waxenberg, Atchison, Gremillion, & Robinson,
2006; Riley, Robinson, Wade, Myers, & Price, 2001). For example, Hirsh
et al. (2006) examined a group of chronic pain patients and found a direct
relationship between disability and pain in men, whereas in women this
relationship was mediated by negative mood. However, since most studies
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tend to examine specific states, such as depression, anxiety and anger, the
remainder of this section will focus on these.

A number of studies have examined whether depression impacts on pain in a
sex-specific manner. The general finding is that a stronger relationship tends to
be found between pain and depression in women (Haley, Turner, & Romano,
1985; Keogh,McCracken, & Eccleston, 2006b; Novy, Nelson, Averill, & Berry,
1996; Tsai, 2005). For example, within a group of chronic pain patients, Keogh
et al. (2006b) found a stronger relationship between depression and pain-related
disability in females, when compared to males. However, there are examples
where a stronger relationship is found in men. Indeed, even within the Keogh
et al. study just mentioned, a stronger relationship was found in men between
the number of pain medications used and depression. This is interesting, not
only in light of the potential sex differences reported earlier relating to analgesic
effectiveness, but in that it also highlights that careful consideration of the
measurement tools is required. This latter point is further underlined by a
study by Haley et al. (1985) who found that whereas depression was related to
pain reports in women, it was related to physical impairment in men. Together
these studies suggest that there is a sex-specific relationship between pain and
depression.While women tend to show a stronger relationship, this may depend
on the pain measures taken.

Given that depression is closely related to anxiety, it is perhaps not surpris-
ingly to also find that anxiety is related to pain, and possibly in a sex-specific
manner (Keogh & Asmundson, 2004). A number of studies have found that
anxiety is more strongly related to pain in men, when compared to women
(Edwards et al., 2003a; Edwards, Augustson, & Fillingim, 2000; Elklit & Jones,
2006; Frot, Feine, & Bushnell, 2004; Jones, Zachariae, & Arendt-Nielsen, 2003;
McCracken & Houle, 2000; Morin, Lund, Villarroel, Clokie, & Feine, 2000).
For example, Frot et al. (2004) report an experimental study on healthy volun-
teers, who were exposed to pain using a capsaicin model. They found that
anxiety was positively related to pain reports in men, but not women. Further-
more, this sex-specific relationship remained when the capsaicin was removed,
and residual sensation assessed. Within a clinical context, McCracken and
Houle found that within a group of chronic pain patients, males showed
stronger relationships between anxiety and pain-related sensations than
females. However, there are inconsistencies in the literature, in that others
have failed to find sex differences in the relationship between anxiety and pain
(Keogh et al., 2006b; Lautenbacher & Rollman, 1993). There are also examples
where anxiety is more strongly related to pain in women than men (Keogh &
Birkby, 1999; Keogh, Hamid, Hamid, & Ellery, 2004; Thompson, Keogh,
French, & Davis, 2008). A number of possible reasons may account for these
differences, including how anxiety is measured (Keogh, 2006; Rhudy &
Williams, 2005). For example, in the studies that show stronger relationships
between pain and anxiety in women, the type of anxiety under investigation is
anxiety sensitivity, which is conceptualized as general fear of bodily sensations
that includes, but is not limited to, pain. Thus like depression, anxiety does seem

132 E. Keogh



to be related to pain in a sex-specific manner, although the specific direction
may depend on the measure used.

Anger and aggression are another set of emotional experiences that are
related to pain (Bruehl, Chung, & Burns, 2006). It is important to differentiate
anger from aggression, especially when considering sex differences, since it has
been found that although aggression is higher in males than females, anger
frequency occurs to a similar degree in both sexes (Campbell, 2006). However,
there maybe sex differences in how anger is expressed, with men being more
likely to make direct confrontations. Unfortunately, only a few studies have
examined whether anger impacts on pain and disability in a sex-specific way
(Bruehl et al., 2007; Burns et al., 1998; Burns, Johnson, Mahoney, Devine, &
Pawl, 1996). For example, Bruehl et al. examined the role of anger management
style on experimental pain responses following either a placebo or opioid drug.
They found that in women, the tendency to manage anger through direct
expression was associated with a relative reduction in opioid analgesia, whereas
in men such overt anger expression was related to a relative increase in analge-
sia. Sex differences in the effect of anger on pain have also been examined in the
context of patient-spouse interactions. Burns et al. (1996) examined whether
spouse support would impact on the expression of anger in 54 female and
73 male chronic pain patients. They found that negative spouse behaviors
(punishing responses) accounted for the relationship between high anger/hosti-
lity expression and poor adjustment to pain. However, this was only found for
male patients, and no such relationship was found in females. Thus, although
research into sex-specific differences in the relationship between anger and pain
is still in its infancy, it certainly seems as if further research is warranted.

Health Cognitions, Beliefs and Expectations

Given that there are important links between what we think and feel, explana-
tions for sex differences have also focused on cognitive factors. For example, it
has been suggested that one reason why men do not seek out health care
resources as frequently as women, which may include pain services, is less to
do with better health, and more to do with health beliefs (Galdas, Cheater, &
Marshall, 2005; Moller-Leimkuhler, 2002). Indeed, it is possible that men and
women may differ in their pain and healthcare beliefs, which may in turn affect
pain behaviors. This section will explore the evidence for sex differences in
health cognitions, beliefs and expectations.

One line of research has examined the concept of self efficacy, which is the
belief that one has in being able to successfully perform behaviors. Self-efficacy
can be seen as a secondary, higher-order, appraisal process, and there is good
evidence to suggest that it is related to the experience of pain (Bandura,
O’Leary, Taylor, Gauthier, & Gossard, 1987; Jackson, Iezzi, Gunderson,
Nagasaka, & Fritch, 2002). In terms of sex differences it has been suggested

Sex Differences in Pain 133



that men and women might differ in such self-efficacy beliefs, which in turn
accounts for differences in pain (Miller &Newton, 2006). For example, Jackson
et al. (2002) report an experimental study in which they found that self-efficacy
beliefs mediated the relationship between gender and cold pressor pain reports.
This suggests that the reason why women might be more sensitive to pain is due
to lower self-efficacy beliefs in their ability to deal with pain.

Another health belief that is used to explain sex differences in pain is pain-
related catastrophizing, which is defined as tendency to negatively ruminate,
worry over pain and exaggerate the possible negative outcomes from a given
situation. It is closely related to anxiety, and occurs to a greater degree in
women when compared to men (Osman et al., 2000, 1997; Sullivan, Bishop, &
Pivik, 1995). Most importantly, however, is that catastrophizing has also been
found to play a role in explaining some of the sex differences in pain experi-
ences, in both the laboratory and the clinic (Dixon, Thorn, & Ward, 2004;
Edwards, Haythornthwaite, Sullivan, & Fillingim, 2004; Keefe et al., 2000;
Keogh & Eccleston, 2006; Keogh et al., 2005b; Sullivan, Tripp, & Santor,
2000). For example, Sullivan et al. (2000) found that pain catastrophizing
accounted for women’s pain, but not men’s. Keefe et al. also found that pain
catastrophizingmediated sex differences in pain within a group of osteoarthritis
patients. Keogh and Eccleston found that pain catastrophizing mediated sex
differences in adolescents with chronic pain, whereas Keogh et al. found cata-
strophizingmediated sex differences in the pain reports of adult patients follow-
ing a multidisciplinary pain management intervention. Taken together it
certainly seems as if catastrophizing about painful events is an important belief
mechanism that helps to explain sex differences in pain.

Another factor that has been strongly correlated with belief, attitudes and
behaviors, and which has been proposed as a possible explanation for sex
differences in pain is that of gender roles. Here it is assumed that gender is
socially constructed, and we learn stereotypical gender-roles that influence our
beliefs and expectations about how the typical man andwomen should act when
in pain, which in turn, influences how we behave, as well as how we perceive
pain in others. Evidence for the significance of gender-roles on a range of pain-
related behaviors is accumulating (Myers et al., 2006; Pool, Schwegler, Theo-
dore, & Fuchs, 2007; Robinson, Gagnon, Riley, & Price, 2003b; Robinson et
al., 2003a, 2004a, 2001; Robinson & Wise, 2003, 2004; Robinson, Wise, Gag-
non, Fillingim, & Price, 2004b; Sanford, Kersh, Thorn, Rich, & Ward, 2002;
Wise, Price, Myers, Heft, & Robinson, 2002). For example, Robinson et al.
found that while bothmales and females believed that women aremore sensitive
to pain, men are less willing to report pain. A study by Pool et al. (2007) found
that both men and women possessed the view that ideal man should tolerate
more pain than the ideal woman. Gender-roles have also been found to account
for sex differences in experimental pain reports (Robinson et al., 2004b; Sanford
et al., 2002). For example, Robinson et al. found that stereotypical willingness
to report pain mediated sex differences in pain. Interestingly it also seems that
gender-role expectations can be experimentally manipulated to vary pain
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reports (Robinson et al., 2003a), and such expectations can also impact on how
men and women perceived pain in others (Robinson & Wise, 2003). Such
studies highlight the need to consider how beliefs about men and women’s
pain behaviors contribute to how pain is both expressed and perceived by
others.

Together health cognitions are important in helping to account for sex
differences in pain. However, there are few studies that have directly compared
these different beliefs to see which provides the strongest explanation for such
differences.

Coping Behaviors

As outlined above, it is assumed that emotions, beliefs and expectations have an
impact on pain behaviors. It may come as no surprise to discover, therefore,
that another possible reason why there are differences betweenmen and women
in terms of pain is due to differences in the coping behaviors used to deal with
pain. Coping is usually defined as a set of strategies and behaviors that are used
following the initial appraisal of a challenging event or situation. Coping
strategies are wide ranging, and can include specific behaviors (distraction,
praying, use of social support), through to more general behavior patterns
(approach vs. avoidance, illness vs. wellness focused, passive vs. active). There
are general differences between the sexes in type of coping strategy used when in
challenging situations (Nolen-Hoeksema, 2001; Nolen-Hoeksema, Larson, &
Grayson, 1999; Tamres, Janicki, &Helgeson, 2002). For example, Tamres et al.
(2002) found that women reported engaging in support seeking, especially
emotional support, whereas men reported using problem focused coping stra-
tegies. If there are differences the effectiveness of some strategies over others,
then it possible that coping may partly account for why there are differences
between the sexes in pain and pain-related behaviors.

Sex differences have been found in the reported use of pain coping strategies
(Smith, Lumley, & Longo, 2002; Unruh, 1996; Unruh, Ritchie, & Merskey,
1999). In her review, Unruh concluded that that women not only reported
making use of more coping strategies, but that there were differences in the
type of strategies typically used, with women making greater use of social
support networks than men. In two separate studies on adolescent pain,
Keogh and Eccleston (2006) found that females reported making greater use
of social support than males, and Lynch, Kashikar-Zuck, Goldschneider, and
Jones (2007) found that boys engaged in more behavioral distraction and girls
in social support strategies.

It has also emerged that the same coping strategy might have different
benefits for men and women. Smith et al. (2002) found that emotional-focused
coping was related to lower pain reports in men, whereas it was related to lower
depression in women. However, the differential effectiveness of coping strate-
gies in men and women has been most directly examined in studies that
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experimentally manipulate coping instruction, and measure the effect this has
on pain (Keogh, Barlow, Mounce, & Bond, 2006a; Keogh et al., 2005a; 2000;
Keogh & Herdenfeldt, 2002). For example, Keogh et al. (2000) asked healthy
men and women to use either avoidance or focused instruction whilst complet-
ing a cold pressor pain task. They found that within men focusing on the pain
resulted in lower sensory pain ratings than when asked to avoid it. No such
benefit was found within women. In a follow-up study Keogh and Herdenfeldt
compared emotion-focused and sensory-focused coping instructions. They also
found that focusing on the sensory qualities of pain was of benefit for men. For
women, however, focusing on the emotional side of pain seemed to increase
affective pain responses, suggesting that this type of focusing is not beneficial.
This is interesting in light of the results reported above by Smith et al., who
found a benefit with emotion-focused coping in pain patients. More recently,
Keogh et al. (2005a) compared acceptance and cognitive control performance
on cold pressor pain. They found that the acceptance approach was more
beneficial for women, in that they reported lower affective pain.

It therefore seems that men and women adopt different strategies, and that
there may be differences in how effective they are. However, more research is
required to see whether different coping strategies have a differential effect on
pain, and if this works in a sex-specific manner.

Interpersonal Interactions

The above section on gender-roles, beliefs and attitudes draws attention to the
fact that pain and pain-behaviors can be shaped and influenced by others. This
section will focus on interpersonal interactions and social context as potential
factors in explaining sex differences in pain (Robinson, Riley, & Myers, 2000).
Indirect evidence for the role of social interaction includes experimental
research that demonstrates that the sex of an observer can influence pain
experiences and reporting behaviors of men and women (Kallai, Barke, &
Voss, 2004; Levine &Desimone, 1991;Weisse et al., 2005). For example, Levine
and Desimone report an experimental pain study in which both the sex of the
experimenter and the participant was examined to see whether differences
would be found in pain. The general finding was that for men pain reports
were lower if the experimenter was female. Others have found a similar pattern
in women i.e., that when the experimenter is male, females exhibited greater
pain tolerance (Kallai et al., 2004).

More direct evidence for the role of social interactions on sex differences in
pain also exists. For example, Jackson et al. (2005) allowed some participants
to engage in spoken interactions during an experimental pain task. When
allowed to engage in transactions with an experimenter, women exhibited
lower pain tolerance levels when compared to men. The authors note that
their findings are similar to those found in a previous study on children
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(Chambers, Craig, & Bennett, 2002) that examined the role of maternal
behavior on children’s responses to experimental pain, and showed that type
of social interaction had an effect on girl’s pain responses, but not boys.
Others examples where interpersonal interactions have been examined are in
studies that examine spousal support on patient’s pain. For example, Smith
et al. (2004) examined the role of spouse behaviors on male and female pain
patients with osteoarthritis, by videoing couple’s behaviors when patients
were asked to engaging in a series of everyday household tasks. In terms of
spouse effects, there were differences between husbands and wives in facil-
itative, rather than solicitous behaviors. Wives were found to engage in more
facilitative behaviors before and after the task when compared to husbands
(see also Keefe, This Volume).

Together this work suggests that social interactions and context may be
important in helping to understanding some of the differences in the pain
behaviors of men and women.

Biological Factors

Alongside psychosocial factors there are also a range of biological mechanisms
that may potentially account for some of the sex differences in pain (Berkley
et al., 2002; Holdcroft & Berkley, 2005). Such factors include cardiovascular
and immunological functions (Fillingim &Maixner, 1996; Keogh &Witt, 2001;
Levine, Khasar, & Green, 2006). There also seem to be genetic factors that
account for some of the variation in pain within human males and females
(Fillingim et al., 2005b; Kim et al., 2004; Mogil et al., 2003; Wellcome Trust
Case Control Consortium, 2007; Devor et al., 2007; See also MacGregor, this
volume), and imaging studies suggest that there may be sex differences in the
regions of the brain associated with pain (Berman et al., 2006; Derbyshire,
Nichols, Firestone, Townsend, & Jones, 2002; Paulson,Minoshima,Morrow,&
Casey, 1998; See also Matre and Tuan, This Volume). However, the area that
seems to have been most extensively developed in terms of biological mechan-
isms for sex differences in pain is that of sex hormones (Aloisi, 2003; Aloisi &
Bonifazi, 2006; Cairns, 2007; Craft et al., 2004; Fillingim & Ness, 2000b). The
reasoning for this stems partly from the finding that a number of sex differences
in pain occur during the reproductive years, and partly from differences that
stem from circulating levels of sex hormones such as estrogen, progesterone and
testosterone.

If sex hormones do mediate sex differences in pain then variation in such
hormones might be related to changes in pain sensitivity (Fillingim & Ness,
2000a, 2000b). One method employed to examine this has been to use a
menstrual cycle paradigm, to see whether cycle-related changes in pain occur
in clinical groups (LeResche, Mancl, Sherman, Gandara, & Dworkin, 2003;
LeResche et al., 2005; Sherman et al., 2004, 2005). When LeResche et al. (2003)
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examined temporomandibular disorder-related pain across the menstrual cycle,
they found that pain reports were highest when estrogen levels were low, and
when there were sudden changes in estrogen concentration i.e., around ovula-
tion and menstruation. There have also been studies, mostly conducted on
healthy adults, which examine whether there is greater sensitivity to experi-
mental pain at different phases of the menstrual cycle (Bajaj, Arendt-Nielsen,
Bajaj, & Madsen, 2001; Fillingim et al., 1997; Giamberardino, Berkley, Iezzi,
deBigontina, & Vecchiet, 1997; Pfleeger, Straneva, Fillingim, Maixner, &
Girdler, 1997). For example, Fillingim et al. (1997) tested 11 healthy women
on days corresponding to the follicular, ovulatory and luteal phases of the cycle
using an ischemic pain task. They found greater pain sensitivity during the
luteal phase compared to follicular phase. However, since inconsistent findings
have also been reported (Giamberardino et al., 1997), Riley at al. (1999) con-
ducted a review and meta-analysis of the evidence for menstrual cycle-related
changes in sensitivity to experimental pain in healthy women. They concluded
that whereas pain sensitivity does vary across the menstrual cycle, effect sizes
range from low tomoderate magnitude depending on the type of pain induction
method used. Greater sensitivity was found within the luteal phase when
compared to follicular phase for most forms of pain induction method, with
the exception of electrical stimulation, which showed the opposite pattern.
Clinical studies that employ experimental pain induction methods have also
found that phase effects may depend on the type of pain induction method used
(Sherman et al., 2005). Alongside type of stimulus, other methodological differ-
ences between studies include stimulation site, definition of menstrual cycle
phase, inclusion of males as controls, and inclusion of women taking oral
contraceptives (Fillingim & Ness, 2000a; Sherman & LeResche, 2006).

A second method that has been used to examine hormonal factors in pain
sensitivity has been to consider other periods of hormonal change, such as
pregnancy and the menopause (LeResche et al., 2005). Not only does pain
sensitivity change during pregnancy, but some painful conditions, such as
rheumatoid arthritis and temporomandibular disorder, are temporarily alle-
viated during this period (Drossaers-Bakker, Zwinderman, van Zeben,
Breedveld, & Hazes, 2002; Hazes, 1991; Hazes, Dijkmans, Vandenbroucke, de
Vries, & Cats, 1990; LeResche et al., 2005). Pharmacological manipulation of
sex hormones can affect pain, in that oral contraceptive use mediates pain, as
does hormone-replacement therapy (LeResche, Saunders, Von Korff, Barlow,
& Dworkin, 1997). One study found that headaches are more likely to occur in
post-menopausal women taking hormone-replacement therapy than those who
are not (Aegidius, Zwart, Hagen, Schei, & Stovner, 2007).

Most pain-related studies have focused on females and/or sex hormones that
occur to a greater extent within females e.g., estrogen. Only a few have exam-
ined testosterone within the context of pain. For example, a study on a group of
male patients with Irritable Bowel Syndrome found that testosterone levels
were negatively related to sensory thresholds during a rectal sensitivity test
(Houghton, Jackson, Whorwell, & Morris, 2000). It has also been noted that
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long term use of opioids for chronic pain can result in opioid-induced androgen
deficiency syndrome (Daniell, 2002), which can in turn be reduced through
testosterone therapy (Daniell, Lentz, & Mazer, 2006; Malkin et al., 2004).
Testosterone therapy has also found to reduce exercise-induced ischemia in a
group of men with angina (English, Steeds, Jones, Diver, & Channer, 2000).
Finally, there is also a suggestion that sex hormones affect pain reports in
transsexuals (Aloisi et al., 2007). More research is clearly required examining
the effects of androgens on pain.

Summary and Conclusions

The above review suggests that being male or female can impact on how pain is
perceived and experienced. Although it seems women report more pain across a
range of different situations and conditions, other factors affect this relation-
ship e.g., age, type of condition etc. It also seems as if differences exist in
responses to pharmacological and non-pharmacological pain management.
This is important in that it may mean that different treatment approaches, or
at least a different emphasis in treatment, may be required when dealing with
male and female pain. However, such a proposal is only speculative at present
since there are few treatment-outcome studies that explicitly consider sex. That
said, progress is being made in terms of understanding why sex differences in
pain occur. Although still far from completely understanding these various
mechanisms, it seems likely that a multidisciplinary approach is required in
order to fully understand the similarities and differences in the pain experiences
of men and women.

In terms of future directions, it would be helpful if treatment-outcome
studies examine and report on sex-specific effects, rather than simply statisti-
cally controlling for them. Given the wide range of treatment approaches, we
need to know whether different approaches produce similar responses in men
and women, or whether the sexes benefit in different ways. At present, there has
been good progress into the biological, and to some extent the psychosocial
factors, in explaining this phenomenon. However, there is still room for devel-
opment. For example, within the psychological arena, there is still relatively
little known about possible differences in health beliefs. Social and contextual
factors have also received relatively little attention, although we are beginning
to see an emergence of research in this area (see, Bernardes et al., 2008). This
work is important, as it is only when these separate biological, psychological
and social factors have been identified as possible explanations for sex differ-
ences in pain will it be possible to consider interactions between these variables.
Although it is generally assumed that sex and gender interact (Holdcroft &
Berkley, 2005), to date very few studies consider these potential interactive
effects. In time, we should have a much better understanding as to how and
why differences between the sexes in pain experiences occur, and in doing so be
in a better position to treat people more effectively.
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Pain in Children

Giovanni Cucchiaro

The systematic approach to management of acute and chronic pain in children
is a relatively new concept [1]. One reason for the neglect of pain management in
children in general, and in neonates in particular is that pain is quite difficult to
assess, and even more challenging when its victims are very young or preverbal.
Another reason is historical, as old anatomy studies proposed that the brain’s
key development finished within the first few years of life. At the time, this view
led the medical community to believe that since the central nervous system of
the neonate and child was not fully developed, and that neonates were not
capable of perceiving pain. This often resulted in conducting invasive proce-
dures without analgesic or anesthesia [1–4].

Anatomical studies and experimental evidence published in the seventies and
eighties confirmed that the neuronal pathways responsible for pain transmis-
sion are already present in neonates [5, 6], and that the cerebral cortex is also
functional at that age in terms of pain perception [7, 8]. Current understandings
of the neurobiology of brain development support these points and further
suggest that the mechanisms by which infants and children process pain should
be viewed within the context of a developing sensory nervous system [9]. After
birth, many regions of the somatosensory nervous system continue to undergo
changes in connectivity, leading to transient functional stages before the adult
pattern is finally achieved. Such changes are also likely to determine perceptions
and responses to pain and sensory processing at each developmental stage, as
well as, later in life. Additional studies also suggest that tissue injury at a young
age may contribute long-lasting somatosensory sequelae including central sen-
sitization [10].

Similar to the history of pain management in infants, pain management in
older children has suffered a similar neglect that has also afflicted early studies on
adult pain management. Themost obvious causes include: low priority, failure to
routinely assess and document pain, lack of protocols and accountability for
poor pain management, and a lack of pain education programs for health care
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professionals. In an attempt to remedy this problem, The Joint Commission on
Accreditation of Healthcare Organizations (JCAHO) approved new pain assess-
ment and management standards in 1999, which include recognition of patients’
right to pain control, barriers to the effective evaluation and treatment of pain,
the need for screening and assessing patients for pain, set standard formonitoring
and intervention, and education of health care providers, patients and families
[11]. Moreover, despite reports of a considerable variability in the application of
JCAHO standards amongst different hospital, these standards have still had a
significant impact on clinician behaviors, and encouraged evidence based best
pain practice and appropriate use of analgesics, particularly in children.

The goals of this chapter are to discuss the assessment, management and
treatment of pain in children. First, we define the neurobiology of pain in chi-
ldren. Then we proceed to describe the epidemiology of acute and chronic pain in
several clinical pain populations including headache, central regional pain syn-
drome (CPRS), and abdominal pain. We then evaluate the different factors that
directly impact acute and chronic pain management in these previously men-
tioned populations. Finally, we describe evidence based best practices for the
effective assessment, management and treatment of pain in children.

Neurobiology of Pain Pathways in Children

Current understandings of the neurobiology of brain development suggest that
the mechanisms by which infants and children process pain should be viewed
within the context of a developing sensory nervous system [9]. Free nerve end-
ings, responsible for sensing pain stimuli begin to develop at about seven weeks’
gestation [12, 13] and projections from the spinal cord to the brain, can reach the
thalamus at seven weeks’ gestation [14]. Although present, these spinothalamic
projections, which are the minimal necessary anatomical structures to initiate
pain transmission, are in reality ineffective because the central nervous system
has yet to fully mature. No laminar structure is evident in the thalamus or cortex,
which is a defining feature of maturity [15, 16].Without thalamic projections, the
cortical outer layer neurons cannot process noxious information from the per-
iphery [17]. At the 12th–16th week of gestation, it is possible to begin to identify
thalamic projections into the cortex [18]. By this stage the brain’s outer layer has
split into an outer cortical rim, with a subplate developing below. Pain transmit-
ting fibers (thalamocortical, basal forebrain, and corticocortical) can wait in the
subplate for several weeks, before they penetrate and form synapses within the
cortical plate from 23 to 25 weeks’ gestation. Again, although these spinothala-
mic projections into the subplate may provide the minimal anatomy necessary
for pain perception and experience, the subplate is still developing and its func-
tional capabilities, as we intend in an adult, are questionable. For instance, a lack
of functional neuronal activity within the subplate calls into question the pain
experience of a fetus before the penetration of spinothalamic fibers into the
cortical plate.
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It is finally by the 26th gestational week that the characteristic layers of the
thalamus and cortex become visible, with obvious similarities to the adult brain
[18, 19]. Physiologic data confirm that the anatomic structures necessary for pain
are intact and functional from around 26 weeks’ gestation. Noxious stimulation
can evoke hemodynamic changes in the somatosensory cortex of premature
babies from a gestational age of 25 weeks [9] and the hormonal stress response
of adults or older infants, required for pain reporting is present in fetuses at
18 weeks’ gestation [20]. Although the anatomic basis for pain transmission
and perception are present at birth, they are by no means mature and over the
postnatal period and the life course undergo substantial alterations at the spinal
and cerebral level. For instance, the descending pathway with which the brain
inhibits pain transmission at the level of the dorsal horn, although anatomically
intact, is still not functional at birth and descending stimulation begins to
resemble that of adult animals only by the 19th day of life in rats [21], which
corresponds to the developmental age of a 3–4 years old child. It is important at
this point to remember that many aspects of pain pathways that develop are
activity dependent, which implies that excessive sensory or pain activity early in
development as may occur in infant surgery and intensive care may alter their
maturation. Examples of these postnatal changes are those that occur in the
dorsal horn of the spinal cord, where sensory inputs are topographically orga-
nized. These are initially diffuse projections that are fine-tuned postnatally, when
[22, 23] layer/laminar specific changes occur. In other work, experimental evi-
dence from animal and human studies also indicates that acute stress and anxiety
alter GI function and animal studies show that stress such asmaternal separation
in childhood can lead to visceral hypersensitivity in adult life [24, 25]

The development in later phases of life of the central nervous system involved
in pain transmission and processing remains unclear. However, it is reasona-
ble to assume that, given the tremendous neuroplasticity in brain function, the
areas of the brain involved with pain processing continue to evolve through life
and change through life experience similar to other brain regions [26],

What Is a Child: Towards a Definition

In this text, the term ‘‘neonate’’ is applied to infants in the first 28 days (month)
of life [27] and the term ‘‘infant’’ includes the neonatal period and extends to
the age of 1 year (12 months). Children between 1 and 3 years of age are called
toddler, while children ages 12 through 18 are called adolescents.

Epidemiology

Despite an extensive literature focused on pain in children, there is still limited
data regarding the prevalence of pain in this population.
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Neonates

There is no valid data on the epidemiology of acute pain in the newborn. The
major difficulty in collecting this data is that newborn infants depend on
caregivers for the interpretation of their feelings and needs. It is now accepted
that all newborn babies experience pain immediately after birth, if not before or
during delivery [28]. Intramuscular vitamin K and the Guthrie test are almost
invariable painful stimuli during the 1st week of life and immunizations are
given over the first few months at regular intervals. Some newborns, such as
those requiring intensive caremay receive a multitude of such small yet obviously
painful stimuli and a further subgroup may need operative procedures compli-
cated by painful postoperative courses. More distressing is that in the treatment
of neonates, the clinician still does not have reliable methods to identify or
quantify chronic pain in this age group.

Acute Pain in Children

A recent study that targeted Dutch children between the age of 1 and 18 showed
that 15.6% of children and adolescents had experienced episodes of acute pain
(pain lasting less than 3months) within 3months from the initial interview, with
no significant difference between boys and girls. Acute pain was more common
in children aged 8–11 (27%), and less common in neonates and toddlers (7.5%)
[29]. Similar data were obtained in a Canadian study that reported a prevalence
of acute pain of 96% in a group of children 9–13 years of age. However, when
analyzing the severity of their symptoms, pain was secondary to a severe trauma
or disease in only 35% of the cases, and the majority of the pain episodes were
secondary to minor events. Headache was by far the most commonly reported
type of pain in this population [30, 31].

The prevalence of acute episodes of pain seems to increase slightly with age,
being more common in adolescents (17% in the 14–16 years of age range)
compared to younger children (11% in the 5–7 years of age range) [31]

Chronic Pain in Children

A review of the published data on the prevalence of pain in children and
adolescents in different countries showed that despite significant differences
in the socio-economic development, including cultural and religious back-
ground there are surprising similarities with respect to the prevalence of chronic
pain in children, the type of symptoms reported and the gender distribution [30,
32–35]. A recent study on US patients reported a prevalence of chronic pain
(pain lasting more than 3 months)[36] in approximately 25% in children, with a
significantly higher presence of pain in girls (30%) compared to boys
(19%)(p<0.001), and in teenagers compared to younger children (35% versus
19%). Another study conducted in Germany [37] showed that 38.9% of the
children reported at least one episode of acute pain in the previous three months,
while 40.4% of the children had experienced episodes of chronic pain lasting
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more than one year. The most commonly reported type of pain was headache
(60.5%) followed by abdominal pain (43.3%) and sore throat (35%). Approxi-
mately 50% of these children sought medical care (occasional or repeated) to
manage their symptoms. A study on the prevalence of headache, stomach ache
and back pain conducted in a group of children age 6–13 in Sweden showed that
2/3 of the children had experienced at least one of these types of pain in the
previous 6 months [38]. More significant was the fact that 29% of these children
experienced pain monthly and 35% experienced pain at least once a week. Co-
occurring pain symptomswere present in at least 50%of the children and 9%had
pain related to all three body locations. In a study limited to adolescents in the
US, headache was the most commonly reported chronic symptom (29%), closely
followed bymusculoskeletal pain (27%), fatigue (21%), and stomach ache (18%)
[39]. Approximately one third of the adolescents reported multiple symptoms. In
another study on chronic pain in Canadian children age 5–16, arthritis was the
most common cause of chronic pain, followed by cancer related pain and head-
ache [31] Similar to previously published studies on sex differences in pain, the
prevalence based on self-report was higher in girls for the majority of symptoms,
except for musculoskeletal pain [39]. What these data underscore is the impor-
tance of pain in children and the need to adequately assess andmanage children’s
acute and chronic pain. Health care professionals, parents and teachers should be
trained to recognize pain in children and direct those patients in need to proper
facilities that specialize in the management of acute and chronic pain in young
patients.

Headache

Recurrent headache is the most common type of chronic pain found in children
and adolescents. These include migraine, tension-type, cervicogenic, a mix of
migraine and tension-type, and post-traumatic headache. The exact prevalence
of these different types of headache is actually difficult to discern from the
literature because of the differences, study design, inclusion criteria in the studied
populations and the non-uniform use of the International Headache Society
(IHS.) criteria to classify headache [40].

Migraine is the most common type of headache, with a prevalence of 2–3%
in young children (3–7 years old) and 10–23% in older children [41–43]. In
younger children, boys seem to be more affected than girls. However, this
observed trend is reversed by the age of 11, when girls are almost three times
more likely to develop migraine and to report symptoms than boys.

Chronic Tension-Type Headache

Chronic tension-type headache is characterized by spells of almost daily attacks
of headache and is the most common cause of chronic daily headache. It is
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described as mild to moderate in severity, pressing or tightening in nature,
bilateral and does not worsen on physical activities. Symptoms include nausea,
photophobia or phonophobia. Tension-type headache is as prevalent asmigraine
in children, ranging between 10 and 73% [44, 45] and approximately 30%of these
children suffer also from migraine, which may be a predisposing factor towards
the development of chronic headache [46]. The relatively recent recognition that
chronic tension-type headache affects also children and adolescents and the
consequent lack of definitions applicable to children, can explain the significant
differences in the reported prevalence. Cultural factors and differences in adher-
ence to the HIS criteria may also explain apparently contradictory data. There is
also a significant difference between migraine and tension-type headache: chil-
dren rarely complain of excruciating pain, and more often they describe their
headache as mild. The pain usually does not affect their daily activities. It is also
possible to identify predisposing risk factors in the majority of cases. Over half of
the children in a recent study reported that they were exposed to stressful events
around the time of onset of headache [46].

Chronic Post-Traumatic Headache

Chronic Post-Traumatic headache has now been described in full detail and is
recognized as a disease entity [47] rather than merely a psychological disorder
of non-organic origin affecting only the adult population [48]. Post-traumatic
headache is defined by the IHS as recurrent headaches occurring within 14 days
after an injury to the head and lasting for at least 8 weeks. The number of people
who develop chronic post-traumatic headache after mild or severe head injury
ranges between 30 and 90%. If organic factors were the predominant mechan-
ism of post-traumatic neck and head pain, one would expect that the degree of
trauma would commensurate with the incidence and prevalence of the pain
syndromes. Yet there is no consistent pattern and the incidence of headache and
other features of the post-concussion syndrome have been shown to be unre-
lated to the severity of the head injury [49–51].

Complex Regional Pain Syndrome

CRPS is a relatively new diagnostic entity in pediatrics. Complex regional pain
syndrome (CRPS) is clinically characterized by pain, abnormal regulation of
blood flow and sweating, edema of skin and subcutaneous tissues, trophic
changes of skin, appendages of skin and subcutaneous tissues, and active and
passive movement disorders. Historically, CRPS has been classified into type
I (previously reflex sympathetic dystrophy) and type II (previously causalgia).
Central mechanisms are almost always involved but peripheral pain mechan-
isms may also be secondarily involved in the etiology of CRPS. There is debate
as to what constitutes the most effective treatment for pediatric CRPS since it is
quite rare in children and more common in adolescents [52]. Pediatric CRPS
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tends to be under-recognized by clinicians. However it should be suspected in
the presence of the following:

� an injury or trauma
� continuing pain where normal light touch or temperature change leads to

pain (allodynia), or an increased response to pain after the event (hyperalgesia)
� abnormal sweating at some point in the painful region
� no other coexisting conditions or diseases that could explain the cause of the

pain.

CRPS-I consists of post-traumatic limb pain and autonomic abnormalities
that continue despite apparent healing of the inciting injuries. The cause of
symptoms is unknown and objective findings are few, making diagnosis and
treatment controversial, and research difficult. CRPS type I (children experi-
ence spontaneous pain, increased response to pain after the initial event (hyper-
algesia), pain following temperature changes (allodynia) plus at least two of the
above elements) is more common in girls with incidence raising at the time of
puberty [53, 54]. It also appears to be more common in non-Hispanic white
children than in children of other ethnicities [55].

CRPS II is diagnosed when pain can be traced to an identifiable nerve injury.
The incidence of CRPS type II (children experience an injury or trauma,
abnormal sweating, and there are not other diseases or conditions that could
explain the pain) is similar in both girls and boys and can be found in children as
young as 3 years of age [56]. One frustrating issue is the relatively high incidence
of recurrence. Despite a high immediate success rate after 1–2 weeks of intensive
physical and occupational therapy (92%), 12% of children experienced recur-
rent, persistent pain, occasionally with functional limitations, within 6 months
after treatment [53]. The reasons for the relatively high incidence of recurr-
ence are unclear, although it is often possible to identify significant emotional
stressors in these children’s history. The most common psychosocial event
identified in children with CRPS is the high prevalence of relatives in the
same family with chronic pain conditions or psychiatric conditions, approxi-
mately 70% in a recent study [57]. This high incidence of chronic illness within
the family is likely to have influences on children understanding of pain and
have a significant impact upon the pain experiences of the young person and
their uptake of the ‘‘sick-role.’’ Many of these children have also previous
history of sleep disorders, anxiety or other pain, such as headaches [58].

Abdominal Pain

Chronic abdominal pain is another common complaint in children and adoles-
cents. Pain can be secondary to functional or organic diseases. The prevalence
of chronic abdominal pain in community based studies ranges between 0.5 and
19% [59, 60],and it varies according to age and definitions used (Table 1).There

Pain in Children 155



are two age peaks; the first at 4–6 years of age and the second at 7–12 years of

age. The predominance of girls is controversial.
The classification of chronic abdominal pain has evolved since the original

classification by Apley and Naish in 1958 [61]. The most recent classification

(the Rome III criteria) describes five different functional gastrointestinal dis-

orders related to abdominal pain [62]: functional dyspepsia, irritable bowel

syndrome, functional abdominal pain, functional abdominal pain syndrome

and abdominal migraine. The usefulness of this classification in the daily practice

is however unclear, mostly because it does not clearly demarcate abdominal pain

secondary to an organic cause from everything else, which is, according to a few

gastroenterological studies, simply functional in origin.
Recent advances have helped to identify organic causes for what was once

considered functional abdominal pain [63]. Abnormal small-bowel transit,

constipation and food allergies have been recently identified as possible sources

of abdominal pain in children [64, 65]. Hence, transit studies and dietary restric-

tions have been recommended in case of chronic abdominal pain. Abdominal

migraine has also been recognized as a potential cause of recurrent pain in

approximately 2% of children [66], a finding confirmed by the good response

to anti-migraine treatments. Helicobacter pylori (Hpylori) infection is commonly

found in children with abdominal pain [67, 68]. This pathogen infects at least

50% of the world’s population and causes gastritis and peptic ulcer disease in

children. The prevalence ofH pylori in children ranges between 15 and 48%with

higher prevalence in those living in low socioeconomic status and poor hygie-

nic conditions [69–72]. The prevalence in subpopulations of Native Americans

or select ethnic populations within the United States (African-Americans and

Hispanics) approaches that seen in developing nations [73]. Untreated, H pylori

infection may result in gastric adenocarcinoma and lymphoma in adults [74, 75].
It is commonly held in pediatric gastroenterologist practice that the majority

of chronic abdominal cases that come to their attention are functional in origin,

and studies have consistently shown that only 5–10% of children with recurrent

Table 1 Dose conversion guidelines

Current analgesic daily dosage (mg/day)

Oral morphine 60–134 135–224 225–314 315–404

IM/IV morphine 10–22 23–37 38–52 53–67

Oral oxycodone 30–67 67.5–112 112.5–157 157.5–202

IM/IV oxycodone 15–33 33.1–56 56.1–78 78.1–101

Oral codeine 150–447 448–747 748–1047 1048–1347

Oral hydromorphone 8–17 17.1–28 28.1–39 39.1–51

IV hydromorphone 1.5–3.4 3.5–5.6 5.7–7.9 8–10

IM meperidine 75–165 166–278 279–390 391–503

Oral methadone 20–44 45–74 75–104 105–134

IM methadone 10–22 23–37 38–52 53–67

DURAGESIC1Dose 25 mcg/h 50 mcg/h 75 mcg/h 100 mcg/h
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abdominal pain have an underlying organic process that contributes to chronic
pain [76]. However, the diagnosis is often complicated by the fact that symp-
toms reported by children are not useful to discriminate between these two
conditions. The history and physical examination are inconclusive because the
frequency and severity of pain is similar in both clinical scenarios as well as the
reported incidence of anorexia, nausea, and vomiting. Only the presence of severe
symptoms such as prolonged vomiting and diarrhea, gastrointestinal bleeding,
persistent fever, weight loss and family history of inflammatory bowel disease
increase the probability of an organic disease and warrant additional laboratory
and radiologic testing [77]. Detecting recent stressful events in patients’ lives does
not help either in differentiating between the two types of pain. Moreover, it is
often unclear whether children are anxious because of pain or developed pain
because of psychological disorders [77]. As a consequence, in chronic or recurrent
pain patients, a psychological assessment of pain might also be warranted as it
may provide additional information regarding the origin of the pain.

Diagnosing and Measuring Pain in Children

Apain history is essential for the timely identification of the primary, secondary
and tertiary sources of pain. This also includes the appropriate documentation
of the physical examination as well as documenting physical, psychosocial,
biologic and emotional variables associated with the onset, course, status and
duration of pain.

Taking a Pain History

The assessment of acute and chronic pain and the determination of its severity
in children can be a challenge. Effective pain management is based on proper
evaluation of patients and requires assessment of pain intensity and treatment
efficacy using reliable and valid clinical tools. However, in addition to the usual
difficulties encountered in the adult population, children, and neonates in
particular, present specific difficulties due to their inability to properly express
the severity of their symptoms. As a consequence, establishing trust during the
first medical encounter with a child who is experiencing pain and his/her
family is essential because it is at this time that the foundations for a trust-
worthy relationship are created. Effective communication has been recently
identified as the key element for a successful relationship between clinicians
and patients [78]. There is clear documentation that parents expectations do
not match physicians approach to effective communication [79]; also, chil-
dren, who are the main target of any intervention, are usually not actively
involved in the encounter [80] and are rarely asked to describe their experience
with pain [81, 82].
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Acute Pain

The diagnosis of acute pain in children is relatively straightforward in the great
majority of cases. The medical history obtained from the child and/or the
parents will assist in the identification of the source of an acute episode of
pain, which is commonly trauma, surgery or associated with an acute inflam-
matory process. The severity of pain can be determined by the use of different
pain scales (see below). Most of them are age specific and have been designed to
evaluate acute pain. The use of these pain scales will also help clinician’s
determine the effectiveness of the treatment during their medical follow up.

Chronic Pain

The assessment of recurrent or chronic pain in children is more complex. Com-
plicating these treatment scenarios is the fact that clinicians can face several
scenarios that range from pain due to chronic disease such as cystic fibrosis and
juvenile arthritis to terminal cancer, migraine, or inflammatory bowel disease.
The diagnosis and treatment of these patients can be relatively straightforward
most of the time. However, the clinician may face more challenging scenar-
ios, including those where children and adolescents complain of ‘‘functional’’
chronic pain, like chronic headache, chronic abdominal pain, or other scenarios
(total body pain) where it is impossible to recognize an obvious triggering event.
The apparent lack of objective findings in this group of patients can lead
clinicians to dismiss these patients as ‘‘fakers’’, ‘‘crazy’’ or depending on the
context or the patient’s clinical history, as ‘‘drug seekers’’ (See also, Heit and
Lipman, This Volume). In addition, it may also be challenging to obtain an
appropriate medical history from individuals in this patient population because
of the known problems that children have in reporting their symptoms. More-
over despite efforts to establish a supportive clinician-patient relationship based
on trust, the fact remains that parents may still be an unreliable source of
information in terms of reporting their children’s symptoms. Several studies
have shown significant discrepancies between parents and children when parents
are asked to report their children level of pain and the severity of their functional
disability [83–85]. In addition, it is not unusual to find parents who show signs of
anger and hostility towards themedical profession [86]. This behavior should not
be surprising because these patients have often visited a great number of specia-
lists before arriving in the pediatric pain specialist’s office, after an unsuccessful
quest for a diagnosis and effective treatment. This lengthy and frustrating
process can contribute to anxiety, anger and distrust of the medical profession.

An accurate medical history is essential to better understand and appropri-
ately assess the type of pain that children experience. This should not only focus
on physical signs and symptoms and history of previous medical treatments,
but should also look at the social and emotional impact that pain has on these
children and their families [87]. Changes are more obvious in children with
chronic pain. Their behavior may be inappropriate, like showing a flat affect in
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response to pain or an exaggerated response to light touch often signs of learned
behavior, which is related to emotional factors or anxiety [88]. Children may
have sleep problems and changes in their appetite and mood, which may be
indicative of depression. Their school attendance and/or performance may be
compromised as well as their involvement in social activities, including sports.
Families’ dynamics should be investigated along with the child’s medical his-
tory. For instance, it is also not unusual to find dysfunctions in families of
children with chronic pain (recent divorces, the arrival of a new child, abuse,
a move to a different town, financial difficulties). Also, family members
may provide inadequate or inappropriate models for coping with pain [89]. In
other instances, one of the parents might suffer from chronic pain and share his/
her medications with the child, or may, for complex psychological reasons,
exaggerate the child’s symptoms and reports of pain [90].

Acute Pain Assessment

Three methods to evaluate pain have been identified in the literature: self-
report, behavioral observation and physiological changes [91]. The correlation
between these approaches is quite low, indicating that they probably measures
different aspects of pain experience.

Self Report

Theoretically self-report scales are the best method to adequately assess pain.
However, children’s self reports of pain intensity might be misleading and
ratings need to be interpreted in light of information from other sources such
as direct observation of behavior, knowledge of the circumstances of the pain
and parents’ reports [92]. Visual analogue scales (VAS) and numeric scales have
also been used to assess pain in adults and children of school age, who have
limited verbal and cognitive skills. When using a visual analogue scale, children
are shown a scale graduated from 0 (no pain) to 100 mm (worst possible pain)
and are then asked to indicate on this scale where they rate their pain (Fig. 1).

Several modifications of the visual analogue scale have been proposed (i.e.
vertical or horizontal; feeling thermometer tool) [93, 94], with good correlation
between the different techniques. When using the numeric scale a respondent is
asked to estimate the severity of his/her pain and rate it verbally on a scale from 0
to 10. The major limitation of both these techniques is that they are based on the
assumption that a pain coded as 7 has the same intensity for all the respondents.

Physiologic

There is limited data on the physiologic measure of pain in children. The use of
physiological changes such as respiratory and heart rate are only loosely corre-
lated with the intensity of pain experienced by children and may be secondary to
other clinical conditions such as fever, hypovolemia, and hypoxemia [95].
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Behavioral Observation

Observational assessment of pain is also needed for children who are too young

to understand and use self-report scales [95]. For example, pain evaluation in

preschool children or in children who are cognitive impaired because of illness

or medications is based on behavioral scales. Although not suitable for use in

older children (i.e., children older than 3 years of age) due to a lack of correla-

tion between self-report and behavioral pain measures [96, 97], non-verbal

behavioral information is required in this population. Several behavioral scales

have been described in the literature. Some of them are lengthy and difficult to

use. The CHEOPS scale (Children’s Hospital of Eastern Ontario Pain Scale) is

one of the first and widely used scales (Table 2) [98]. However, it requires a fairly

complex scoring of six different variables. Other commonly used scales are

the OPS (Objective Pain Scale) [99] and the TPPPS (Toddler Preschool

Fig. 1 VAS tool for self report of pain severity
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Postoperative Pain Scale) [100]. The FLACC scale (Face, Legs, Activity, Cry,

Consolability) [101] has been shown to provide a simple framework to assess

pain in children 2 months to 7 years of age (Table 3). The FLACC offers two

Table 2 CHEOPS pain scale: a score greater than 4 indicates pain. Recommended for
children 1–7 years of age

Item Behavioral Definition Score

Cry No cry 1 Child is not crying.

Moaning 2 Child is moaning or quietly vocalizing silent
cry.

Crying 2 Child is crying, but the cry is gentle or
whimpering.

Scream 3 Child is in a full-lunged cry; sobbing; may be
scored with complaint or without
complaint.

Facial Composed 1 Neutral facial expression.

Grimace 2 Score only if definite negative facial
expression.

Smiling 0 Score only if definite positive facial expression.

Child Verbal None 1 Child not talking.

Other
complaints

1 Child complains, but not about pain, e.g.,
‘‘I want to see mommy’’ of ‘‘I am thirsty’’.

Pain
complaints

2 Child complains about pain.

Both
complaints

2 Child complains about pain and about other
things, e.g., ‘‘It hurts; I want my mommy’’.

Positive 0 Child makes any positive statement or talks
about others things without complaint.

Torso Neutral 1 Body (not limbs) is at rest; torso is inactive.

Shifting 2 Body is in motion in a shifting or serpentine
fashion.

Tense 2 Body is arched or rigid.

Shivering 2 Body is shuddering or shaking involuntarily.

Upright 2 Child is in a vertical or upright position.

Restrained 2 Body is restrained.

Touch Not touching 1 Child is not touching or grabbing at wound.

Reach 2 Child is reaching for but not touching wound.

Touch 2 Child is gently touching wound or wound area.

Grab 2 Child is grabbing vigorously at wound.

Restrained 2 Child’s arms are restrained.

Legs Neutral 1 Legs may be in any position but are relaxed;
includes gentle swimming or separate-like
movements.

Squirm/
kicking

2 Definitive uneasy or restless movements in the
legs and/or striking out with foot or feet.

Drawn up/
tensed

2 Legs tensed and/or pulled up tightly to body
and kept there.

Standing 2 Standing, crouching or kneeling.

Restrained 2 Child’s legs are being held down.
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main advantages compared to other scales. It is easier to use and the final score
ranges between 0 and 10, making comparisons between the FLACC and the
VAS and numeric scales easier [102, 103]. Yet, researchers have cautioned
against correlating FLACC and VAS scores since it cannot be assumed that
the 0–10 scale of the FLACC is psychometrically equivalent to an ideal or self-
report 0–10 scale [95]. The CRIES (Crying, Requires oxygen, Increased vital
signs, Expression, Sleeplessness) scale is a common used scale for neonates, in
their first month of life [104]. CRIES is an acronym of five physiological
and behavioral variables shown to be associated with neonatal pain (Table 4).
The most obvious limitations of this scale is the dependence on vital signs for
interpretation of pain, because elevated blood pressure and heart rate could be
caused by other factors besides pain. Because of this limitation, the Neonatal
Infant Pain Scale (NIPS) scale (Table 5), which is purely based on infants
behaviors, is preferred at some institutions [105]

Chronic Pain Assessment

The measurement of chronic pain adds additional complexity to the task of
identifying the ideal tools for the measurement of pain intensity in children.
While self-report methods may be still representing the individual perception of
pain intensity, scales based on behavioral measurements tend to lose their validity
because behavioral signs and symptoms of pain tend to dissipate or habituate
with time [95]. In younger patients with chronic pain, the usual signs obser-
ved during the acute phase or re-exacerbation episodes (grimacing, crying) are

Table 3 FLACC pain scale: a score greater than 3 indicates pain. Recommended for children
2 months to 7 years of age

Scoring

Categories 0 1 2

FACE No particular
expression or
smile

Occasional grimace or
frown, withdrawn,
disinterested.

Frequent to
constant
quivering chin,
clenched jaw.

LEGS Normal position
or relaxed.

Uneasy, restless, tense. Kicking, or legs
drawn up.

ACTIVITY Lying quietly,
normal position
moves easily.

Squirming, shifting back
and forth, tense.

Arched, rigid or
jerking.

CRY No cry, (awake or
asleep)

Moans or whimpers;
occasional complaint

Crying steadily,
screams or
sobs, frequent
complaints.

CONSOLABILITY Content, relaxed. Reassured by occasional
touching hugging or
being talked to,
distractable.

Difficulty to
console or
comfort
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lost and the observer should look for other signs like rigidity, guarding and

silence. When examining older children, a more complex examination is

required and other signs besides the common indicators of pain. Changes in

sleep pattern as well as mood changes, irritability, changes is eating habits and

school performance may all be indicators of chronic pain. The Douleur Enfant

Gustave Roussy (DEGR) is a scale validated for evaluation of chronic pain in

children [106]. The main characteristic of this scale is that it incorporates items

that evaluate depression-like symptoms and anxiety in addition to behavior

typical of pain. Although there has been important discussions about what we

really measure in patients with chronic pain [107], anxiety and depression can

be two common and important indicators of pain in both children and adults

[108, 109].
Disability is a common finding in children who present to hospital outpatient

pain clinics or to tertiary pain clinics [110, 111]. Intuitively, it might seem that

worse disability might stem from greater pain, and that poorer social/adaptive

functioning might be a function of greater pain and disability [112]. While this

paradigm might hold true in adults, other factors such as depression [113],

anxiety or parental behavior [114] should also be considered besides pain as

the cause of functional disability. A recent study cautioned against attributing

functional disability exclusively to pain, and highlighted depression and par-

ental stress as other independent factors [112]. Other studies have shown that

direct treatment of depression and disability in addition to pain relief can be

Table 4 CRIES pain scale: a score greater than 3 indicates pain. Recommended for neonates
in their first month of life

Crying –

0 – No cry or cry that is not high-pitched

1 – Cry high pitched but baby is easily consolable

2 – Cry high pitched but baby is inconsolable

Requires O2 for SaO2 < 95% -

0 – No oxygen required

1 – < 30% oxygen required

2 – > 30% oxygen required

Increased vital signs (BP and HR) -

0 – Both HR and BP unchanged or less than baseline

1 – HR or BP increased but increase in< 20% of baseline

2 – HR or BP is increased > 20% over baseline.

Expression -

0 – No grimace present

1 – Grimace alone is present

2 – Grimace and non-cry vocalization grunt is present

Sleepless -

0 – Child has been continuously asleep

1 – Child has awakened at frequent intervals

2 – Child has been awake constantly

Pain in Children 163



effective [115]. Other important studies strongly support the use of a multi-

disciplinary approach to the management of chronic pain in children.
Several scales have been proposed to assess emotional functioning in the

adult population; however, none have been validated in children. The Beck
Depression Inventory(BPI) [116] and the Profile of Mood States (POMS) [117]

have been used in the assessment and management of patients with chronic

pain. They provide a well accepted measure of the level of depressed mood and
response to treatment. Themost updated version of the BPI is a self-administered

21 item self-report scale measuring supposed manifestations of depression,

including sadness, insomnia, guilt, loss of appetite, weight, suicidal ideation,

irritability, fatigability [118]. The POMS assesses six mood states—tension–
anxiety, depression–dejection, anger–hostility, vigor–activity, fatigue–inertia,

and confusion–bewilderment—and also provides a summary measure of total

mood disturbance. It also has the three most important dimensions of emotional

functioning in chronic pain patients (depression, anxiety, anger) and also assesses
three other dimensions that are very relevant to chronic pain and its treatment,

including a positive mood scale of vigor–activity [119].

Table 5 NIPS pain scale: a score greater than 3 indicates pain. Recommended for neonates
and infants in their first year of life

Pain assessment Score

Facial expression

0 – Relaxed muscles Restful face, neutral expression

1 – Grimace Tight facial muscles; furrowed brow, chin, jaw, (negative
facial expression – nose, mouth and brow)

Cry

0 – No Cry Quiet, not crying

1 – Whimper Mild moaning, intermittent

2 – Vigorous Cry Loud scream; rising, shrill, continuous (Note: Silent cry
may be scored if baby is intubated as evidenced by
obvious mouth and facial movement.)

Breathing patterns

0 – Relaxed Usual pattern for this infant

1 – Change in Breathing Indrawing, irregular, faster than usual; gagging; breath
holding

Arms

0 – Relaxed/Restrained No muscular rigidity; occasional random movements of
arms

1 – Flexed/Extended Tense, straight legs; rigid and/or rapid extension, flexion

Legs

0 – Relaxed/Restrained No muscular rigidity; occasional random leg movement

1 – Flexed/Extended Tense, straight legs; rigid and/or rapid extension, flexion

State of arousal

0 – Sleeping/Awake Quiet, peaceful sleeping or alert random leg movement

1 – Fussy Alert, restless, and thrashing
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Medications: Evidence-Based Best Practices

Before describing the different options available to manage acute and chronic
pain, it is important to realize that historically pain has been under treated in
children as compared to adults [120, 121]. The most common explanations for
this kind of approach to pain in children is fear of adverse reactions, side-effects
like over sedation or drug dependency. Another possible reason why infants are
usually under treated is that they can not verbalize pain. Use of single words
does not start until children are at least 12–18 months old and we have to wait
until the age of 2 years for the child to verbalize two-word sentences [122].
Previous clinical studies support this trend and have shown that children
younger than 2 years of age were less likely to receive pain medications com-
pared to older children (17 vs 38%) [120, 123]. More recent studies have shown
an improvement in this trend, with no significant differences between infants
and older children [124, 125]. These changes are due to increased education and
awareness amongst clinicians, pointing out that type of practice (academic
versus general practice), education and training of the care providers [124] are
now a major determinant of the type of management offered to children.

The ‘‘science’’ on which acute pain management in children is based is
empirical. Classical methodologies (type of intravenous medications; techni-
ques, including PCA or continuous intravenous infusions; regional anesthesia)
are derived from the adult practice. For instance, there is no firm data on which
opioid to choose in order to prevent opioid-induced side-effects and there is no
clear data on whether regional anesthesia offers better outcomes compared to
intravenous analgesia in children.

Acute Pain

Intravenous Medications: The management of acute pain, independent of the
nature of the acute injury, relies on two main lines of treatment: intravenous
medication or regional anesthesia. Intravenous medications include opioids
and non-steroidal anti-inflammatory drugs (NSAIDS).

Opioids

An opioid is a chemical substance that has a morphine-like action in the body.
Themain use is for pain relief. These agents work by binding to opioid receptors,
which are found principally in the central nervous system and the gastrointestinal
tract. The receptors in these two organ systems mediate both the beneficial
effects, and the undesirable side effects. There are five broad classes of narcotics:
endogenous opioid peptides (opioids produced naturally in the body); opiates,
such as naturally occurring morphine and codeine, and heroin (processed
morphine); semi-synthetic opioids, created from the natural opioids, such as
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hydromorphone and oxycodone; fully synthetic opioids, such as fentanyl, pethi-

dine, methadone, and tramadol.
Opioids are the most commonly used medications in acute settings when

managing pain secondary to surgery and trauma. They include fentanyl, mor-

phine and hydromorphone. The use of fentanyl, a highly liphophilic drug, is

limited by its pharmacodynicamics. Its onset of action after intravenous admin-

istration (1–2 mcg/kg) is almost immediate, and the usual duration of action is

of approximately 30 min [126]. This makes it suitable for rapid control of acute

pain in emergency room situations (i.e. contusions, bone fractures), for pain

after short operations (dental extraction, closed reduction of bone fractures) or

for sedation to facilitate endoscopic and radiologic procedures (CT scan,MRI).

Repeated doses of fentanylmay lead to accumulation because of its lipophilicity

and delayed respiratory depression. Morphine and hydromorphone are two

hydrophilic drugs with longer onset and duration of action and do not carry the

risk of accumulation. They are better suited for repeated administration and

management of patients who may experience prolonged pain.
These drugs can be administered intermittently, or, depending on the child’s

age, using a continuous infusion or a PCA (Patient Controlled Analgesia) device.

It has been shown in multiple studies that when using a PCA to administer

morphine and provide analgesia patients require significant lower amounts of

opioids and are less sedated compared to those patients who receive preset

amounts of morphine via a continuous intravenous infusion [127]. The use of a

PCA is limited by the mental and health status of the child and on his/her level

of comprehension of the proper use of the device. Children as young as 6 years

have been shown to safely and effectively use a PCA [128, 129]. The parameters

used to program amorphine PCA are usually 20–30 mcg/kg as a bolus, 7–8 min

as interval between boluses, 0–10 mcg/kg as continuous infusion, 150–200 mcg/

kg as a maximum hourly dose. When PCA devices were first used in children,

physicians discussed the safety of adding a continuous infusion. Multiple

studies have shown that it is safe to add a small continuous infusion to the

demand doses [130, 131] in children. The most common side effects of intrave-

nous morphine are (1) itching, which can be controlled with intravenous nal-

buphine (50mcg/kg IV), (2) vomiting, which can be controlled with intravenous

ondansetron (50 mcg/kg, max 4 mg IV) and metoclopramide (200 mcg/kg, max

12 mg IV), and, (3) respiratory depression with hypoxemia, which rarely requires

reversal with naloxone (1–5 mcg/kg IV). Hydromorphone, a semi synthetic

derivative of morphine, is 3–4 times more potent than morphine [132]. Although

it was initially thought to have a better side-effect profile than morphine, with a

lower incidence of itching and nausea and vomiting [133], subsequent studies

have failed to confirm these earlier findings [134, 135]. That said, despite the lack

of firm evidence, the current practice is to switch children to hydromorphone

when they experience significant side-effects frommorphine. The same drug used

in the PCA can be used for break-thru pain control. The recommended dose

of morphine for break-thru pain control is approximately 100 mcg/kg (max
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4–5 mg), for fentanyl it is of 0.5–1 mcg/kg (max 50 mcg) and hydromorphone is
10 mcg/kg (max 1 mg).

Non-steroidal Anti-inflammatory Drugs (NSAIDS)

Acetylsalicylic acid (Aspirin) is the most commonly used NSAID in the adult
population. However, because of its association with Reye’s syndrome, a severe
acute form of encephalopathy, current recommendations are to avoid aspirin in
children and adolescents less than 18 years old [136]. Acetaminophen and
ibuprofen are the most commonly prescribed over-the-counter analgesic and
antipyretic in children [137]. The intravenous preparation of acetaminophen is
only available in a few countries. Although some studies have concluded that
ibuprofen is a better analgesic and antipyretic drug [138, 139] a recent meta-
analysis of the evidence published in the pediatric literature comparing these
two drugs came to the conclusion that oral ibuprofen (4–10 mg/kg) is as
effective as acetaminophen (7–15 mg/kg) [140]. There is no evidence that the
safety profile of these two drugs is different. However, ibuprofen is a non-
selective inhibitor of both constitutive and inducible cyclooxygenase (COX-1
and COX-2), which results in a diminished synthesis of prostacyclin [141].
Endothelial prostacyclin has antithrombogenic properties [142], while gastric
mucosal prostacyclin is cytoprotective [143]. Renal prostacyclin reduce renal
vascular resistance and consequently increase the renal blood flow and glomer-
ular filtration rate [144]. Long-term use of ibuprofen may also have adverse
effects on bone healing [145]. Henceforth, ibuprofen should be used with cau-
tion in children who are at risk for bleeding (spontaneous or post-surgical), with
acute or chronic gastritis, borderline renal function and bone fractures. Ketor-
olac is the only parenteral NSAID available in the Unites States. Although
probably less effective than intravenous opioids, it may offer some advantages
compared to intravenous opioids, particularly when trying to avoid respira-
tory depression in specific groups of patients like neonates [146] and obese
patients [147]. Ketorolac may also offer the advantage of reducing the mor-
phine requirements when used in combination with opioids, hence lowering the
incidence of opioid-related side-effects [148].

Acute Pain: Regional Anesthesia

The benefit of using regional anesthesia as an alternative to intravenous med-
ications for the treatment of acute pain has not been demonstrated [149, 150].
Recent reports in the adult literature have suggested that regional anesthesia
may offer great advantages compared to intravenous opioids in term of patients
comfort [151], duration of hospital stay [152] and improved functional outcome
[153]. More recent evidence from studies conducted in the pediatric popula-
tion suggest that regional anesthesia can provide advantages compared to
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intravenous medications because it prevents opioid induced side-effects [154],
or can facilitate the resolution of acute sickle cell crisis [155, 156].

Epidural catheters can also be useful in managing acute pain secondary to
trauma. Although epidural catheters appear to offer advantages compared to
intravenous opioids in any type of trauma, they have been shown to be parti-
cularly useful in patients with chest trauma complicated by multiple ribs frac-
tures, where they seem to help in decreasing the rate of nosocomial pneumonia,
shorten the duration of mechanical ventilation [157] and overall reduction in
mortality [158]. Since epidurals, spinals and peripheral nerve blocks are usually
performed in anesthetized children, one common myth in pediatric regional
anesthesia is that there is a potential high risk for nerve injuries. However,
multiple studies have failed to confirm this hypothesis [159–161]. In addition, in
many instances, children do not cooperate with physicians and this makes it
impossible to perform regional anesthesia in an awake or only mildly seda-
ted child. In those cases where it is possible to obtain the child and parents’
cooperation it is possible to perform these blocks under sedation. Midazolam
and morphine are the two drugs most commonly used for sedation. Unfortu-
nately, Midazolam (starting with 0.5 mg/kg orally or 50 mcg/kg intravenously)
often produces the opposite effect because of disinhibition, which will make the
child agitated and restless making the placement of the block impossible.
Morphine (100 mcg/kg) may have better sedative effects and may deliver in a
more cooperative child. The risks involved with performing regional anesthesia
in an anesthetized child are twofold: (1) the potential risk of missing an intravas-
cular injection of local anesthetic with catastrophic cardiovascular consequences,
(2) the inability of anesthetized children to report pain in case of intraneural
injection, which may result in a long-lasting nerve injury. The use of a test dose,
which combines a local anesthetic with an appropriate dose of epinephrine
(0.25–0.5 mcg/kg) [162], will allow for a prompt detection of accidental intravas-
cular injections because of significant electrocardiographic changes (tachycardia,
peeked T-waves) [163, 164]. With respect to the potential increased risk of nerve
injury because of the general anesthesia, as mentioned before, multiple studies
have failed to confirm this hypothesis [159–161]. Major progress has been made
in the last few years with the use of peripheral nerve blocks in the management
of acute postoperative pain and post-trauma pain. The introduction of stimulat-
ing nerve catheters and elastomeric pumps for continuous delivery of local
anesthetics has allowed anesthesiologists to replace epidural catheters with per-
ipheral nerve catheters. The management of epidural catheters is more complex
than that of peripheral nerve catheters from a clinical perspective.

Chronic Pain

The management of chronic pain in children and adolescents is an extremely
difficult task. The importance of a proper management of chronic or recurrent
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pain in this group of patients has been highlighted by experimental data, which
indicate that prolonged exposure to pain can have significant effects on
patients’ psychological, physiological, and emotional development. However,
there is a lack in the literature of uniform benchmark criteria that the clinic-
ians should adopt when treating children with chronic pain. The Initiative on
Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT)
issued six recommendations on core outcome measures to be followed in chronic
pain clinical trials. These criteria should be incorporated into our daily clinical
practice: (1) level of pain; (2) physical functioning; (3) emotional functioning; (4)
children ratings of improvement and satisfaction with the treatment; (5) adverse
events; and (6) participant disposition [165].

Other additional factors should be considered in themanagement of children
with chronic pain. The clinician should also take in consideration the age,
language, education and cultural background of patients and their families.
Hence, treatment options should be tailored in terms of the individual patients,
since they have to be accepted in order to achieve good adherence and com-
pliance. The clinician should also evaluate the availability of specific treat-
ments, and the equivalence of alternative managements. There are very few
clinical reports or trial examining the efficacy of complementary and alterna-
tive medicine for chronic pain in children. Acupuncture for instance is a well
accepted technique in the management of chronic pain in adults. However, the
few trials describing the use of acupuncture, hypnosis and biofeedback in
children are inconclusive, mainly because of methodology problems and small
number of children recruited in each study [166, 167]. It is also difficult to
convince parents of children with chronic pain to accept alternative treatments
such hands-on or distance healing, meditation, yoga, Traditional Chinese
Medicine, and Ayurveda, let alone to participate in clinical trials.

Chronic Pain and Development

Pain is a complex phenomenon that requires two different processes: the ability
to sense and transmit painful stimuli at the peripheral level (nociception), and
the ability of central pain processing of these stimuli, which is a cortical event
[168] There is clear clinical and experimental evidence to support the fact that
early pain experiences have long-term sequelae: as shown by the long-term
perseverance of central nervous system changes following painful insults in
the very young organism and, similarly, long-term changes in responsiveness
of the neuroendocrine and immune systems to stress at maturity [169, 170].

Once we accept the idea that neonates and infant, independent of their
gestational age can not only sense pain but can also emotionally process these
stimuli, it is logical to take into consideration the consequences that the experi-
ence of chronic pain has on child development.

For instance, injury in the rat pup has been shown to have profound effects
on both peripheral and central neuronal circuits. Full-thickness skin wounding
of the hind paw during the first 21 postnatal days was shown to result in local
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hyperinnervation associated with healing of the wound. This translates clini-
cally in prolonged local hypersensitivity as demonstrated by the fact that the
mechanical flexion reflex threshold remained markedly lower in these com-
pared to non-wounded animals [169]. Similarly, plantar skin wounding on the
day of birth has been recently shown to modify the organization of receptive
fields in the dorsal horn later in life, finding that is consistent with hypersensi-
tivity to pain [170].

There is also clear evidence from human studies that the adverse effects of the
early pain experience may extend into infancy and perhaps beyond. Studies on
the effects of early pain exposure in newborn infants, have shown a sensitization
to repeated noxious stimuli (heelstick-induced pain) [171]. In an often cited
study on the effects of circumcision pain in term-born infants, it has been shown
that infants circumcised without anesthesia had a greater pain response to
subsequent immunizations than uncircumcised infants [172]. Also, the pain
response was attenuated in infants pretreated with eutectic mixture of local
anesthetics. Repeated exposure to pain in premature babies has also been
associated with down-regulation of the hypothalamic-pituitary-adrenal axis
(HPAA) [173]. Reduced HPAA activity is characteristic of a number of stress-
related disorders later in life, including posttraumatic stress disorder; chronic
pain; fatigue; and atypical, melancholic depression [174].

There is also indirect evidence which indicates that the effects of early pain
extend beyond infancy into childhood in former extremely low birth weight
(ELBW) infants. Parent ratings of child sensitivity to everyday pain at 18months
of age showed they regarded their ELBW premature toddlers (birth weight
<1000 g) as significantly less sensitive than heavier preterm (1500–2499 g) and
full birth weight (FBW) toddlers [175]. However, when these children were
examined later in life, 25% at age 4.5 years showed clinically higher ratings of
physical complaints of no known medical cause when compared to full term
children [176]. At 8–10 years of age, former ELBW children rated the pictures of
painful events in recreational settings higher than FBW children and the emo-
tional responses ascribed to the children in the pictures was correlated with time
spent in the NICU [177].

Chronic Pain Management

When managing chronic pain in children, the clinician must not only focus on
the sensory aspects of the pain experience, but also on the affective components
of pain. Whereas pain intensity may provide some indication about the overall
severity of pain, management of pain per-se often fails to take into considera-
tion the effects of pain on the child’s affective status. Physical functioning is
almost invariably compromised in the presence of chronic pain and one of
the goals of chronic pain management is to restore normal activity. However,
in many chronic pain conditions, increased activity is also accompanied by
increased pain. Some children, particularly in the youngest age groups, will tend
to limit their physical functioning until a proper control of their symptoms is

170 G. Cucchiaro



obtained. Others will tolerate increased pain to maintain a desired level of
function if proper supportive treatments are provided. With respect to emo-
tional functioning, chronic pain is often accompanied by symptoms such as
psychological distress and other psychiatric disorders, including depression,
anxiety, and anger [178]. Disturbed sleep is a major disruption of children
physical functioning, and a major objective of chronic pain management
should be to improve the child’s sleep pattern [179]. Thus, psychosocial,
emotional, pharmacologic assessment, management and treatment of these
issues are also essential for the successful management of chronic pain in
children.

The Process

Before taking charge of a child with chronic pain, the clinician must understand
the potential source of pain. The most common scenarios include: (1) cancer
pain, (2) headache, (3) neuropathic pain, (4) recurrent abdominal pain (5) post-
traumatic chronic pain, and (6) pain secondary to other chronic diseases.

Managing chronic pain is based on three major modes of treatment
[180, 181]:

1) Pharmacological. The pharmacological treatment should then be focused on
at least three different targets: pain, sleep and mood disorders.

2) Psychological. Psychological pain management methods should be directed
towards increasing the child’s and family’s understanding of the child’s pain
and its treatment, and enhancing their cognitive and behavioral coping
skills.

3) Rehabilitation. Rehabilitation, including occupational and physical ther-
apy, are essential components of the child’s recovery towards a normal life.

Cancer Pain

Pharmacological

Opioids

Opioids are probably the more effective medication for treatment of children
with cancer pain. Opioids can be delivered orally, intravenously, transdermally
or intrathecally. While the intravenous route is the most commonly used method
of giving opioids in hospitalized patients, the oral and transdermal route are
the easiest and most commonly used ways of giving opioids when patients are
discharged home.

When transitioning patients from intravenous to oral opioids the clinician
might consider that oral opioids will have different pharmacokinetics compared
to intravenous opioids, mainly because of the intestinal absorption factor. It is
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difficult to exactly calculate the conversion factor from parenteral into oral

morphine. The daily oral dose of morphine in children is usually three times less

than (or 1/3 less than) the total dose of parenteral daily dose of morphine.

Patients should be started on immediate-release oral morphine every 4 h.

Patients are then transitioned to longer acting morphine (MS CONTIN1) in

either of two ways: (1) by administering one-half of the patient’s 24-hour

requirement as MS CONTIN on an every 12-hour schedule; or, (2) by admin-

istering one-third of the patient’s daily requirement as MS CONTIN on an

every eight hour schedule. Usually, in case of severe or breakthrough pain,

patients can still receive immediate-release morphine as a rescue, in between

the doses of MS CONTIN. Occasionally, clinicians use Oxycodone, a drug in a

similar class, for rescue purposes.

Methadone

Methadone is another option when considering oral opioids for treatment of

cancer patients. Methadone’s properties of high oral bioavailability, rapid

onset of analgesic effect, long half-life (resulting in infrequent dosing sche-

dules), lack of active metabolites, low rate of induction of tolerance and low

cost are characteristics that result in its use in the management of profoundly ill

patients [182]. The clinical scenarios where methadone has been used include:

morphine allergy, during rotation of opioids because of side-effects, renal fail-

ure, situations in health economics where there is a demand for cheap, safe and

effective analgesics, in pain with a neuropathic component and pain that is non

responsive to opioids.
Although effective in controlling pain, there is no obvious advantage in using

methadone over morphine in this patient population [183, 184] from efficacy

and side-effects point of view.

Fentanyl

Fentanyl is the only opioid that can be administered transdermally. It comes in

a patch (Duragesic1) delivering 12.5-25-50-75-100 mcg per hour. It takes any-

where between 12 and 24 h to reach a peak and 72 h to have a steady plasma

concentration of fentanyl. The patch has to be usually replaced every 72 h.

Transdermal fentanyl is indicated in children who are already receiving opioid

medications, most often given intravenously, as the sole drug or in combination

with oral opioids. It also represents an easy way to transition patients from

intravenous opioids when they are discharged home. Transdermal fentanyl

ideally replaces the continuous intravenous administration or high intermittent

doses of opioids by providing a constant plasma concentration of drug over-

time. Table 1 shows the recommended conversion doses when going from

intravenous or oral opioids to transdermal Fentanyl.
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Implanted Infusion Pumps

A potential and still underutilized route for administration of opioids in chil-
dren with advanced, metastatic cancer is their delivery into the subarachnoid
space via implanted infusion pumps. While the intrathecal drug delivery via
external catheters in children with cancer is well established [185], and implanted
intrathecal pumps are used to infuse baclofen in children with intractable spas-
ticity [186], there are very few reports on children with cancer pain treated with
intrathecal infusions via an implanted pump [187]. This technique offers a few
advantages compared with the intravenous, oral or transdermal administration
of opioids. In particular, the quality of the pain control is superior, as pain
coming from multiple processes almost anywhere in the body below the cervical
dermatomes can be controlled simultaneously, and the doses needed areminimal
compared to what would be needed in a systemic administration. This signifi-
cantly reduces the incidence of opioid-related side-effects, and allows children to
have an acceptable social life until the end of life. The most common indications
for intrathecal administration of opioids include refractory pain, diminished
performance status, poor tolerability of oral-intravenous medications, polyanal-
gesia for complex pain, and inadequate dosing due to addiction concerns.
Intrathecal catheters can be connected to an external pump in patients with
short life expectancy or to an implantable pump, which is placed subfascially
with a simple operation [188]. There are potential mechanical complications
(catheter dislodgement or disconnection), and side-effects which include infec-
tion (from meningitis to subcutaneous abscesses), and granulomas, which can
cause spinal cord compression with new neurological deficits, myelopathy, or
radiculopathy [189]. These types of complications are seen mostly in patients
receiving opioid infusions over long period of time (years), and are unlikely to
happen in this type of short duration palliative care.

Headache

There are a various types of headache that typically affect children. In this
section we will briefly discuss migraine, tension-type headache, post-traumatic
headache, and cervicogenic headache. There is no clear data on the typical
management of chronic headache in children. There are several headache
treatment approaches. Often, headaches are treated pharmacologically in addi-
tion to various forms of physical treatment. A review of the pharmacological
management of children with chronic headache shows that analgesic overuse
is a common pattern in the management of these patients. In a recent study
conducted in a tertiary care center, frequent analgesic use occurred in 38.5% of
the children with chronic headache, with 61.0% using analgesics daily and
71.4% using analgesics five or more times per week [190]. Data from the adult
literature show that overuse of acute headache medication is the most frequ-
ent cause of recurrent chronic headache in adults. Headache frequency may
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increase in headache-prone patients with intake of ergotamine or triptans
�10 days/month, or analgesics, opioids or combination medication �15 days/
month [191]. However, it has been shown that when patients with chronic
headache and analgesic overuse successfully discontinue their analgesics, the
mean headache frequency is reduced from 27.5 to 5.4 episodes days/month
(a reduction of 80%) [192]

Migraine

Pharmacologic interventions include the use of symptomatic medication such
as analgesics (acetaminophen, ibuprofen, ketorolac), and non-analgesic such as
nasal-spray sumatriptan, oral sumatriptan, oral rizatriptan, oral dihydroergo-
tamine, intravenous prochlorperazine, antiemetics (prochlorperazine) and the
use of prophylactic medications.

Several randomized clinical trials comparing acetaminophen, ibuprofen and
placebo have shown that analgesic drugs are more effective in reduction of
symptoms 1 and 2 h after intake than placebo, with minor adverse effects [193,
194]. No clear differences in effect were found between acetaminophen and
ibuprofen or nimesulide [195]. Oral triptans do not appear to offer any benefit
compared to placebo [196], and only nasal triptan offers significantly better
pain relief [197, 198]. However, the number of adverse effects was significantly
higher after sumatriptan, and these include nausea and vomiting, dizziness and
photophobia. Oral rizatriptan and dihydroergotamine failed to offer any ben-
efit compared to placebo [199, 200]. The reasons for the poor results offered by
triptan in children and adolescents may be due to the fact thatmigraine episodes
are usually shorter in children compared to adults and generally resolve spon-
taneously within 2 h [201]. Nasal administration of triptans could also be more
effective due to the lower incidence of nausea and vomiting. Also, pharmaco-
kinetic data after oral administration in patients suffering from migraine has
shown that the absorption from an oral tablet is often delayed during amigraine
attack because of gastric stasis, nausea, and vomiting [202].

Given the natural history of migraine and the social and medical costs of
recurrent migraine, it seems appropriate to consider prophylactic management
of migraine in children with recurrent episodes. The goals of prophylactic
therapy should include reducing attack frequency, severity, and duration;
improving responsiveness to treatment of acute attacks; improving function
and quality of life; and reducing disability [203]. A multitude of drugs and
combination of drugs have been tested. However, none are FDA approved for
the prophylaxis of migraine in children.

a. Antihistamines: Cyproheptadine, which possesses antiserotonergic and
calcium-channel blocking properties, has been shown to be effective in
more than 80% of children and reduce the incidence of monthly episodes
of headache by approximately 55% [204, 205]. The reported side-effects
include drowsiness, sleep disturbance, weight gain and fatigue.
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b. Antidepressants: Amitriptyline, a tricyclic antidepressant, is one of the most
widely used prophylactic agents for migraines in children, despite the lack of
proper randomized trial data supporting its use. The specific mechanism for
prophylaxis is unknown; however, the drug does inhibit reuptake of seroto-
nin and norepinephrine in the central nervous system. Amitriptyline has
been shown to be effective in more than 80% of the treated patients, with
significant reduction in the recurrence and severity of headache episodes
[204, 206].

c. Antihypertensive: Amongst the different classes of antihypertensive medica-
tions tested, only the calcium channel blocker flunarizine, which is not
available in the US, significantly improved children symptoms [207, 208].
Surprisingly, other calcium channel blockers like nimodipine had no effect
[209] compared to placebo. Multiple studies on the b-blocker propranolol
and the �2-agonist clonidine have also failed to show any advantage com-
pared to placebo [210]. The results of recent studies are reassuring in terms of
relative safety of different antidepressant medications, in particular with
respect to their association to an increased risk of suicide [211, 212]. An
electrocardiogram to verify the QT interval is recommended before starting
children on psychotropic medications. Secondary (nortriptyline) and tertiary
tryciclic antidepressants (amitriptyline) have been shown to prolong the QT
interval, which is a risk factor for developing Torsades des points and sudden
death.

d. Antiepileptic: Antiepileptic drugs, as a group, have been shown to be the
most effective medication in decreasing the frequency, duration and severity
of migraine episodes. Divalproex sodium, gabapentin, topiramate, zonisa-
mide and levetiracetam have been shown in multiple studies to be effective
[210].

e. Non-pharmacological interventions: Non-pharmacologic preventive mea-
sures such as sleep hygiene, psychosocial interventions, diet, and exercise
may reduce headache frequency; however, these measures have not been
studied in children. Lack of sleep can be a significant trigger for many
children. An alteration of sleep behavior such as going to bed late or sleeping
late can precipitate headaches [213]. Keeping a regular and balanced diet it is
also beneficial. Also, although rare, identification of potential food triggers
like cheese and chocolate could help reducing the number of migraine
episodes [213]. While relaxation techniques (including progressive muscle
relaxation, autogenic training and self hypnosis), biofeedback (EMG feed-
back, hand temperature feedback, vasomotor feedback, neuro-feedback)
and cognitive behavioral interventions have been show to be effective in
adults, there is no clear evidence regarding the efficacy of these psychological
techniques in children. Recent meta-analysis have shown that psychological
treatments, principally relaxation and cognitive behavioral therapy, can
significantly lower the number migraine episodes in children compared to
control groups [214, 215]. The analysis showed a significant improve-
ment also for intensity and duration of headache. However it is still unclear
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whether these improvements in symptoms parallel a decrease in medication
consumption.

Tension-Type Headache

Initial pharmacological treatment is, for the most part, based on the appro-
priate use of acetaminophen and ibuprofen. A neurological examination and
occasionally neuroimaging studies are warranted to exclude anatomic basis for
the tension-type headache (i.e. increased intracranial pressure, chronic sinusi-
tis), which may require surgical intervention [216]. Meningismus (presence of
meningeal signs on physical examination) must also be ruled out. Other studies
highlight the possible role of chronic inflammatory diseases, especially in the
otolaryngologic region, in the etiology of meningismus [217]. The finding of a
high frequency of positive Epstein-Barr virus serology in children with chronic
headache [218, 219] confirms this assumption. In addition, insignificant trau-
mas of the head or back and perhaps severe coughing or lifting a heavy weight
might also play a role. Thus, it is important to exclude from the potential causes
of headache the so-called analgesia- induced headaches, which can be treated
with a slow withdrawal of analgesics [220]. A multidisciplinary approach is
often helpful. For example, a psychologist should focus on biofeedback, mental
and physical relaxation. This multidisciplinary approach should also involve
the patients’ family because this type of headache is often an index of family
related problems, particularly in younger patients [221].

Post-Traumatic Headache

Independent from the cause of the trauma, minor fall at the playground, or a
concussion following a car accident, once major cranial injuries are rule out, the
outcome of post-traumatic headache is benign. Observation or routinemanage-
ment with analgesic results in resolution of the symptoms within a few weeks
from the trauma [222].

Cervicogenic Headache

Cervicogenic headache is a chronic headache where the source of pain is located
in the cervical spine or soft tissues of the neck but the sensation of pain is
referred to the head. Neural networks between upper cervical nuclei (i.e. tri-
geminal nucleus) and sensory fibers from the upper cervical roots allows the
referral of pain signals from the neck to the trigeminal sensory receptive fields
of the face and head. This may be the basis for the well- recognized patterns of
referred pain from the trapezius and sternocleidomastoid muscles to the face
and head [223].Congenital or traumatic laxness of the transverse ligament of
atlas is a common cause of headache in children [224]. The dens-atlas distance is
greater than 5 mm, while the dens-clivus angle is decreased on a lateral x-ray
involving flexion of the cervical spine. Pain occurs typically following the second
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or third hour of school, as the head is bent forward for ever longer periods.
Mechanical stretching of the transverse ligament could be pain-generating
mechanism [225]. Sometimes compression of the diencephalons by the dens can
result in headache. A comprehensive program including pharmacologic, non-
pharmacologic, anesthetic, and rehabilitative interventions are recommended
when treating individuals from these patient populations.

Neuropathic Pain

Neuropathic pain is chronic pain that results from injury to the nervous system.
The injury can be to the central nervous system (brain and spinal cord) or the
peripheral nervous system (nerves outside the brain and spinal cord). Neuro-
pathic pain can occur after trauma and many diseases such as multiple sclerosis
and stroke. It is common and affects more than 2 million people in the US
alone. This type of pain is often difficult to treat. The approach to the treatment
of neuropathic pain in children is often quite different from that of adult
patients, mainly because the causes of neuropathic pain are different in these
two populations. With the term neuropathic pain we actually include diff-
erent groups of diseases: (1) peripheral neuropathy (2) trigeminal neuralgia,
(3) central pain (4) complex regional pain syndrome (type I and II).

Peripheral neuropathy is rare in children. Post-herpetic and trigeminal neur-
algia, diabetic neuropathy and phantom-limb pain are more common in adults.
In those exceptional cases involving children and adolescents, the current
recommendations include three categories of drugs: (1) tricyclic antidepressants
(2) anticonvulsant medications (3) opioids.

Peripheral and Trigeminal Neuropathy

Based on the location (proximal or distal to the central neuraxis) and the
structure (axon or myelin) it is possible to identify different types of peripheral
neuropathies. Distal lesions of the axon (distal axonopathies) can be caused by
diabetes, alcoholism, malnutrition and renal insufficiency. Myelinopathies
result in the damage of the myelin and disruption of the nerve conductivity.
The most common causes are acute inflammatory demyelinating polyneuro-
pathy (Guillain-Barré syndrome), chronic inflammatory demyelinating poly-
neuropathy, or genetic metabolic disorders (e.g., leukodystrophy), or toxins.
Neuronopathies are the result of destruction of peripheral nervous system
neurons. They may be caused by motor neuron diseases, sensory neuronopa-
thies (Herpes zoster), autonomic dysfunction or neurotoxins such as vincris-
tine or genetic (Charcot-Marie-Tooth disease) [226]. Trigeminal neuralgia, also
called tic douloureux, is a chronic pain condition that causes extreme, sporadic,
sudden burning or shock-like face pain that lasts anywhere from a few seconds
to as long as 2 min per episode. The causes of trigeminal neuralgia are unclear,
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and can sometimes be attributed to loss of myelin such as in multiple sclerosis,

neuronal compression by vessels, tumors, or aging [227].

Tricyclic Antidepressants

The rationale for using tricyclic antidepressants, the most commonly used being

amitriptyline, is that these medications inhibit the re-uptake of biogenic amines

and are also strong sodium-channel modulators [228, 229]. These act by enhan-

cing dorsal horn inhibition and diminishing peripheral sensitisation. Data from

meta-analysis studies conducted in adults show clear benefits from treating

patients with peripheral neuropathic pain with tricyclic antidepressants [230,

231]. The initial low dose (at bedtime) of 10–25 mg, can be gradually increased

on a weekly schedule to a maximum of 150 mg.

Anticonvulsants

Anticonvulsants act on neuropathic pain, probably by reducing central sensi-

tization [232]. Gabapentin is an anticonvulsant that has antinociceptive and

anti-hyperalgesic properties [233]. It has a well-established role in the treatment

of chronic pain with particular efficacy in the treatment of neuropathic pain

syndromes including [234] diabetic neuropathy [235], peripheral and trigeminal

neuropathies, postherpetic neuralgia [119] and complex regional pain syndrome

[236] It works by binding the �-2-� subunits of voltage-dependent calcium ion

channels and blocks the development of hyperalgesia and central sensitization

[237]. Gabapentin, for which there is the most convincing evidence of efficacy in

managing peripheral neuropathy, binds to the alpha2-delta sub-unit of a vol-

tage-dependent calcium channel in laminae I and II, the termination sites of

the nociceptors [238]. Multiple randomized trials conducted in adults have

demonstrated the efficacy of gabapentin in managing neuropathic pain [119,

239–241]. The initial dosage should be 100 mg three times a day, or even lower

in case of side-effects (dizziness and somnolence), which are quite common in

children. Doses are then gradually increased every two to three days to a max

of 3600 mg in three divided doses a day [242]. Carbamazepine is the only

anticonvulsant drug that has been repeatedly shown in multiple randomized

studies to be effective in treating symptomatic trigeminal neuralgia. The initial

response is quite fast with significant reduction in the spontaneous high-

frequency firing only after a few days of treatment [243, 244]. The doses

need to be gradually increased up to 500 mg twice a day with time, because

of the side-effects, which include sedation, blurred vision, diplopia, dizziness,

ataxia, gait disturbance, nausea and vomiting. Also, hematological and hepa-

tic functions should be monitored during carbamazepine administration.

Oxcarbazepine, although as effective as carbamazepine, also has a better

side-effect profile [228].
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Opioids

Opioids, including oxycodone, morphine and methadone, have been shown to
be more effective than placebo in managing neuropathic and phantom-limb

pain [245].
Central neuropathic pain: Patients who suffer from spinal cord injury or

stroke can experience severe neuropathic pain. There is no data in the literature

reporting the treatment experience in children. There is some evidence from
small trials conducted in adults that the usual pharmacological treatments
(antidepressants and anticonvulsants) are more effective than placebo [246,

247] and can significantly improve patients quality of life.

Complex Regional Pain Syndrome

Pharmacological management of complex regional pain syndrome in children is
generally considered ineffective. Although a few sporadic studies have reported

success with the use of opioids, steroids, anticonvulsants and antidepressants,
there is no convincing data in the literature supporting the pharmacological

approach to CPRS in children. The role of regional anesthesia is also unclear.
Although peripheral nerve blocks seem to be the logical treatment of CRPS
symptoms, there is no data on their long-term effects in children. Repeated

peripheral nerve blocks have been shown to be effective in adults; however,
regional anesthesia can only be performed in heavily sedated children most of

the times, causing significant organizational and psychological issues. Selected
groups of patients may rather benefit from placing indwelling catheters, which

can allow for a prolonged nerve block [54, 248]. Because of the current trends,
which mainly focus on physical therapy and rehabilitation, few clinicians

recommend the use of peripheral nerve catheters to provide continuous pain
control and facilitate more intensive physical therapy [54, 249]. Recent reports

have emphasized the success of the physical therapy approach in managing
children with CPRS [53, 248, 250, 251]. Most of these practitioners have

eliminated every pharmacological intervention and completely rely on daily,
intense physical therapy, to achieve a functional recovery within 2–3 weeks
from the beginning of the therapy. Some authors recommend against the use of

treatments that could facilitate the therapy (i.e. peripheral nerve blocks),
emphasizing the importance of patients’ motivation as a tool towards improve-

ments [53, 252, 253]. The literature is not clear on the importance of psycholo-
gical dysfunctions in originating or maintaining CRPS symptoms. Emotional

dysfunction, including unsolved fears of early childhood [254], conflict between
parents, sexual abuse and school problems [255] have been described in children

with CPRS, to such an extent that there are suggestions that a psychological
treatment should be taken in consideration every time we take care of these

patients. Cognitive and behavioral therapies are now part of the armamentar-
ium utilized in the management of children with CPRS [55].
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Abdominal Pain

Management of chronic abdominal pain in children and adolescents can be an
extremely frustrating. In the presence of an organic cause, i.e. inflammatory
bowel disease, H. Pylori, the management of the underlying disease offers the
best chance of resolving the pain issues. Data from a few randomized trials
support the bio-psycho-social approach to recurrent abdominal pain in children
and adolescents with significant improvements in the duration of symptoms,
incidence of relapses, number of children responding to treatment and long-
term results [76, 256, 257]. Behavioral changes may therefore be as effective
as pharmacological interventions. Moreover, the pharmacological treatment of
pain is not only ineffective but opioids and NSAIDS are often contraindicated.

Early studies have described episodes of relapsing colitis in patients taking
non-steroidal anti-inflammatory drugs [258–260]. Recent studies confirmed
these findings and extended the warning to patients diagnosed with Crohn’s
disease [261]. The management of functional abdominal pain relies on both
pharmacological and psychological approach. The only pharmaceutical options
found to be effective are pizotifen for abdominal migraine [262] and famotidine
for children with dyspepsia [263]. The use of opioids can greatly magnify beha-
vioral issues that often are associated with recurrent abdominal pain. Several
psychological studies have shown that pain behaviors produce secondary gain
(i.e. school avoidance, special attention) which reinforce pain behaviors [257,
264]. In addition, clinical studies conducted in adults have consistently shown
that considerable number of adults with irritable bowel syndrome report his-
tories of physical, emotional, and sexual abuse [265]. The relatively few studies
conducted in children seem to indicate a higher incidence and longer lasting
symptoms in children with history of sexual and physical abuse [266, 267]. As a
consequence and given this environmental influence the role of the parents and
family background should also be evaluated. Parental anxiety and approach
towards their children’s symptoms has a significant impact on the child’s beha-
vior and may increase the risks of developing and prolonging episodes of
abdominal pain, particularly in young children [268, 269]. Similarly, the presence
of abdominal symptoms in one of the parents increases the risk of the child’s
development of chronic abdominal pain [270]. Cognitive behavioral therapy
directed towards children includes relaxation training, self-management techni-
ques, and coping skills. Parents should also be included in the intervention plan
and offered enhanced support, as well as training in distraction techniques and
care-giving strategies [76].

Conclusion

A great deal of progress has beenmade in the last 20 years in the management of
acute and chronic pain in children. The most significant advancement has been
the recognition from the medical community of the fact that neonates and
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children feel pain and the government mandate to consider pain as the ‘‘fifth
vital sign’’, with the implication that clinicians and nurses should be trained to
recognize and treat pain [271]. Several major obstacles have also been overcome
during this period of time. In particular, technological progress has provided
clinicians with new tools to address pain in a safer and more effective way.
Regional anesthesia and implantable devices have changed the way acute,
chronic, and cancer pain are managed in many centers around the US and
globally. New radiologic and endoscopic techniques have made it possible to
identify the organic cause of several types of chronic pain, once considered
merely as functional. Unfortunately these advancements have not been fol-
lowed by a similar progress in the pharmacology field. We are still essentially
dealing with a limited choice of medications, with all of their limitations.

Similarly, there are clear deficiencies in the psychological and psychiatric
support of children with chronic pain. Many children are still treated with high
doses narcotics rather than being evaluated for social and psychological issues
which also contribute to the experience and perpetuation of pain states. The
alleged undertreatment of pain as a major health problem in the United States
has led to the development of initiatives to begin to address the multiple barriers
responsible for the undertreatment of pain. Patient advocacy groups and pro-
fessional organizations have been formed with a focus on improving the man-
agement of pain [272]. Consequently, numerous clinical guidelines, mainly
based on prescription drugs, have been developed, even though very few have
been developed using evidence-based medicine for the treatment of pain in
children [273]. That said, the effectiveness of prescription opioids for chronic
non-malignant pain is limited and the value of supportive treatments such as
acupuncture, rehabilitation and psychologic interventions are still often
ignored by clinicians. Recognition of psycho-social problems and prescription
pain medication abuse is an additional, essential component of the assessment,
management and treatment of pain in children and adolescents. A closer
relationship between general practitioners and pain specialists is important
because an early and accurate diagnosis of the cause of pain is essential to
prevent long-term physical, emotional, and psychological consequences in
children. Moreover, while the approach to acute pain management is estab-
lished by well codified protocols, the management of chronic pain is often quite
complex and requires a multifaceted and multidisciplinary approach.

Future Perspectives

Despite the significant progress made in the last few years, we are still far from
offering an ideal treatment for the child who suffers from chronic pain. The
limited choice of medications available constitutes probably the major obstacle.
Although effective, they are often not specific for types and mechanism of pain
and do not provide continuous coverage because their effects fluctuate with the
plasma concentrations. Their side-effects profile is problematic and patients

Pain in Children 181



often refuse analgesic treatment out of fear of these side-effects. Pharmaceutical
companies should encourage research on new categories of drugs, although
the recent problems with COX-2 inhibitors (e.g., VIOXX) have caused severe
set backs in this field. Efforts should also be directed towards filling the gap
between basic and clinical research because animal models of pain can not
completely represent the complex reality of human pain.

The future, particularly of chronic pain management, should also emphasize
the design and development of new methods of delivering drugs. Traditionally,
analgesics are mainly introduced by enteral, parenteral, intrathecal, peridural,
or transdermal routes. These routes are known to have significant limitations
due to the intermittent drug administration that leads to a fluctuation in plasma
concentration. This fluctuation often results in either high or low drug blood
levels and thus in toxicity or sub-therapeutic levels. Technology development
should focus on controlled drug delivery systems where a carrier is combined
with a selected drug in such a way that the selected drug is released from the
carrier material in a pre-designed manner. Nanotechnology may offer even
more sophisticated solutions, with targeted delivery of medications to selected
areas of the body.

In addition to these much needed progress in type of drugs and delivery
systems, the political and administrative ends of the medical care should focus
not only on the standardization of clinical protocols that take a multidisciplin-
ary approach to the assessment, management and treatment of pain in children;
but also emphasize the creation of an organizational support structure for
children with chronic pain. Pediatric pain clinics are rare in the United States,
and often lack of the necessary structure required to offer a comprehensive
approach to the problem of pain in children. An ideal team should include pain
specialist, health educators, general practitioners [internists], social workers,
psychologists, psychiatrists, neurologists, physical and occupational therapists.
This approach will offer the possibility of treating not only pain symptoms but
also the behavioral and psychological consequences of chronic pain and offer
complementary treatments. In many cases, it should be possible to extend
psychological and psychiatric support also to the families. Another major
problem clinician’s face when managing chronic pain in children is the total
lack of structure to facilitate the effective management of opioid dependence.
There is also an additional need for adequate, qualified environments where
children can be helped to exit the tunnel of drug dependence.

Finally, the financial aspects of pain management in children must also
be addressed. There is a significant divide between the political pressures to
address pain in children and the financial support that pain services receive
from the government, insurance companies and hospitals. None of the pediatric
pain services in the Unites States is financially self-supported because of the
poor reimbursement rate. In addition to the limited quality of the available
infrastructure, the financial limitations greatly affect the number of physicians
and amount of time available to provide adequate care to children with acute
and chronic pain.
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Pain in the Older Person

Bill McCarberg and B. Eliot Cole

Introduction

TheUSpopulation is aging with those 65 years or older reaching 70million (20%

of the population) by the year 2030 [1]. Chronic conditions such as osteoarthritis,

atherosclerosis, cancer, and diabetes prevalent in older Americans, will contri-

bute to the increasing costs of health care. Today, $300 billion is spent annually

for the healthcare needs of older patients, representing one third of total US

health care costs. Among older patients, pain is the most common symptom

noted when consulting a physician [2]. Common sources of pain in one study of

97 long-term care residents include lower back pain (40%), arthritis (24%),

previous fractures (14%), and neuropathies (11%)[3].
Despite the frequency of pain and the suffering that occurs, it is often

underreported and undertreated in older people. The incidence of undertreated

pain ranges from 25 to 50% in adult communities [4, 5], from 45 to 80% in

nursing homes [3, 4, 5, 6], and as high as 85% in long-term care facilities [7].

Patients often believe that pain is inevitable and that treatment is worse than

the symptom. They fear underlying cancer and addiction to the analgesics.

Health professionals lacking adequate pain management education may mis-

takenly believe that older patients have a higher pain tolerance [8]. Since cures

for many of the chronic conditions manifesting in older patients are not always

readily available, there must be a focus on the management of the pain asso-

ciated with these conditions.
Several treatment guidelines for the assessment, treatment, and monitoring of

chronic pain in older patients have been published, including recent guidelines

from the American Geriatrics Society (AGS) and American Medical Directors

Association (AMDA) [9,10]. These guidelines advocate individualized pain
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management, vital to patients with multiple underlying chronic diseases. The

AMDA guidelines state:

In the long-term care setting, the comfort and well being of the individual patient must
be paramount. This principal is the foundation for effective management of chronic
pain. Neither resource constraints nor the perception of social disapproval . . . must
ever be an excuse for inadequate pain control [10].

There are multiple treatment modalities which have been shown to be effective

for older people. Opioids are particularly useful in certain disease processes.

Because the prevalence of abuse among older patients is low, treating chronic

pain for these people should not be constrained by fears of, or misconceptions

about drug dependency [11]. The choice of pharmacologic treatment for an

individual patient will depend upon multiple factors, including the source and

pathophysiology of the pain, and the presence of comorbid conditions. Older

patients are more likely to have physiological or psychological factors that

influence chronic pain treatment, but there are strategies available to address

these factors. For example, combining pharmacologic and nonpharmacologic

options help keep drug effects lower [12,13]. The growing number and types of

analgesics available permit an individualized pharmacologic regimen that targets

chronic pain while addressing the issues associated with treating older patients.
The goal of this chapter is to explore the topic of pain in the older person.

First we cover the neurophysiology of aging in the older person. Then we

proceed to discuss the following: the measurement of pain in the cognitively

intact and non-intact patients; psychosocial issues associated with pain in this

clinical population, including fatigue, the treatment of pain in the older person

based upon diagnosis and physiology Complementary and alternative methods

for treating pain; and pain at the end of life. Finally, we conclude this discussion

of pain in the older person, and make some suggestions in terms of where the

field might go from this point forward.

Neurophysiology of Aging

Functional, structural, and biochemical changes have been reported in aged

subjects [14]. The experience of pain is dependent on a complex neural system

incorporating excitatory and inhibitory mechanisms. Aging is associated with

widespread changes in the cellular and neurochemical substrates of the noci-

ceptive system. The functional consequences of structural age-related changes

are difficult to extrapolate given the highly integrated nature of pain processing,

but some definite patterns have emerged from the literature. Inferring from

equivocal data of increased pain threshold that older people are marginally

insensitive to pain is no longer sustainable. Under circumstances where pain is

likely to persist, older people are especially vulnerable to the negative effect of

chronic pain.
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Peripheral nerves, both unmyelinated and myelinated, decrease with age. The
magnitude of reduction is thought to be greater for unmyelinated fibers with an
apparent loss of about 50% compared to a 35% loss in myelinated afferent fibers
in people 65–75 years [14]. The number of sensory fibers with signs of damage or
degeneration also shows a marked increase with advancing age [14, 15]. Neuro-
transmitters of primary sensory nerves, substance P and calcitonin gene related
protein (CGRP), are found at lower levels with increasing age, reflecting a
reduction in the density or functional integrity of nociceptive nerves.

The age-related nerve and neurotransmitter reduction described above also
occurs in other nerves including sudomotor and sympathetic. The extent of age-
related change in the human brain is known to be both sizable and ubiquitous,
involving changes in structure, neurochemistry, and function.Widespread degen-
erative changes have been found in spinal dorsal horn sensory neurons of healthy
older adults [16]. Decreased CGRP, substance P, and somatostatin levels in the
cervical, thoracic, and lumbar dorsal horn of aged rats have been demonstrated
[17, 18]. Strong evidence for progressive age-related loss of serotonergic and
noradrenergic neurons in the dorsal horn [19, 20] indicating an impaired pain
inhibitory system is known.

The pain threshold represents the acuity of pain as a warning system–the
minimal stimulus that is sensed as noxious [21, 22]. The pain threshold is a
convenient point to investigate aging effects upon pain function. Increased pain
threshold to noxious thermal, mechanical, and electrical stimuli with age has
been shown in over 40 studies, yet there was no unanimity among studies. Since
pain threshold is the initiating event of the alerting system, an increased thresh-
old results in less difference between the point of initial identification of pain
and the onset of tissue injury. Thus, there are circumstances where decreased
awareness for pain places older people at significant risk of sustaining tissue
damage. However, aging does not appear to be associated with substantive
functional change over much of the pain stimulus-response curve. Hyperalgesia
results from damage or dysfunction of the peripheral or central nervous system,
whereby nonpainful stimuli are perceived as painful. Hyperalgesia is maladap-
tive if the pain does not resolve in concert with tissue healing. Along with their
prolonged time to heal, older people are more likely to demonstrate slower
resolution of hyperalgesia [23, 24].

Assessing and Measuring Pain in Older People

Assessing and measuring the pain for the majority of older people is performed
the same as it is for other patients–by having them provide self-reports [25]. The
most direct method of pain assessment is to ask patients about pain’s presence,
and when pain is present to then ask about its precise location, intensity, dura-
tion, exacerbating and relieving factors, and associated interferences with their
daily activities [26]. Since patients typically report pain with many common

Pain in the Older Person 197



medical procedures (i.e., use of mechanical restraints, line placements, movement
from bed to chair, transfers from stretchers or wheelchairs, being mechanically
ventilated, having urinary catheters placed, having blood draws or IM/SC injec-
tions) [27], astute clinicians anticipate pain with these typical interventions,
procedures, and situations, so intervene before, during, and after such events.

Assessing and Measuring Pain in Cognitively Intact Patients

Pain assessment for cognitively intact patients is relatively straightforward, with
healthcare providers needing to address painful conditions more commonly seen
with advancing age: post-herpetic neuralgia, diabetic peripheral neuropathies,
temporal arteritis, osteoarthritis, angina, claudication and other ischemic pain
due to occlusive vascular disease, and cancer. Beyond the obvious biomedical
assessment, however, a more thorough and focused assessment is often needed to
identify important pain-related issues: depression, functional impairment, social
isolation and suffering [27].

Cognitively intact older patients should be able to report pain using a
numerical scale, although a 5-point Likert scale likely will producemore reliable
responses than a 10-point scale [28]. Asking older people to what degree their
pain limits activities may be a more reliable guide for titration of medication
than is pain severity level [29]. Age differences in pain intensity scores may be
dependent upon the pain scale used: older men having significantly lower scores
than younger men on the McGill Pain Questionnaire (MPQ) and Prospec-
tive Pain Inventory (PPI), while having no differences on the Visual Analog Scale
(VAS) [30]. Other psychometric studies suggest that the Numeric Rating Scale
(NRS) is the preferred pain intensity scale for older people because its proper-
ties are not age related; however, due to difficulties encountered when older
patients use the VAS they should not be postoperatively assessed with it [31, 32].

Assessing and Measuring Pain in Cognitively Impaired Patients

It is relatively common for providers of care for older people to inaccurately
assume that those who are cognitively impaired cannot be assessed for pain, or
much worse, cannot have their pain meaningfully measured or managed. While
some cognitively impaired patients may pose assessment challenges, it is reason-
able to expect all but themost disabled to grimace, moan, wince, and demonstrate
other automatic forms of pain expression [33]. This has led to the need to perform
behavioral assessments instead of relying upon the typical self-report measures
such as the numeric, descriptive, and visual analog scales. Instead, noting protec-
tive behaviors, posturing, unwillingness to engage in usually pleasurable activities,
and impaired sleep may better signal the presence and severity of pain in cogni-
tively impaired patients [33].
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Pain is infrequently appreciated as an independent source of agitation in
people with dementia; when pain is the source of agitation, treatment will be
different [34]. Vexingly, pain is more poorly treated in patients with dementia
[35]. Assuming that non-communicative patients do not have pain present when
they are being quiet or are at rest does them equally a great disservice.

Psychosocial Issues Associated with Pain in the Older Person

Pain occurs for older people within the context of their advancing age –itself
associated with social support system losses through death, illness, retirement,
and relocation [36, 37].

Most Americans successfully age despite their underlying health issues; [38]
contrary to popular misconceptions, older Americans are not commonly aban-
doned by their families, and they do serve as significant resources for their
families, providing meaningful economic and social support [36, 39]. Their well
being is ultimately derived from the constellation of good health, adequate social
support systems, and economic resources [40]. The implication for healthcare
providers and concerned family members regarding psychosocial considerations
for painmanagement is how to simultaneously respect autonomywhile providing
needed care [36, 41].

Older people may use less cognitive pain-coping strategies than younger
people [42]; with coping efforts that appear maladaptive [43]. For those with
osteoarthritis, their pain is linked to the activity limitations it produces [44].
However, the patient must be independently evaluated rather than being
expected to display certain behaviors solely on the basis of their age.

Depression

Individuals who develop pain or depression are at risk for developing the other,
with a spiraling risk of pain and depression. Because pain and depression share
predictors, individuals who are at high risk of developing these two outcomes
[45, 46].

Depression is a major comorbidity and significant risk factor for those with
terminal illness, interfering with their end-of-life care. While diagnosing depres-
sion remains clinical [47], interfering with its diagnostic determination is the fact
that patients themselves often underestimate their own level of distress [48].
Trivializing or failing to recognize depression produces additional potentially
lethal consequences other than just suicide.Medical inpatientswithmajor depres-
sive disorders and serious medical conditions are more likely to die while hospi-
talized independent of the severity of their nonpsychiatric medical illnesses;
having a past history of major depressive disorder or dysthymia increases the
odds ratio of dying to 7.8 after controlling for illness severity [49].
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Anxiety and alcoholism are other comorbidities for older people dealing with
chronic pain, disease burden, and overall health decline [50]. Pain related
anxiety is itself associated with depression, poorer coping, catastrophizing,
and worsening health perception [51]. That said, older people do not routinely
develop depressive disorders as part of their aging, even though disabled and
medically ill people are at greater risk for depressive symptoms [52], as well as
for those with persistent pain [53]. In general, late-life depression produces
significant emotional distress and poorer quality of life [54] and is tragically
associated with suicide completion [55] (suicide rates are 3 times greater than the
general US population average for those 63–69 years of age and 5 times greater
for men over the age of 85 years) [55].

Symptoms Associated with Depression

Clinicians should be suspicious about the possibility of depression when
patients complain of fatigue, pain, sleep disturbances, anxiety, and irritability.
Overlapping features of depression, pain, and the natural events associated with
serious medical illness do make early depression recognition more difficult. To
better identify depression in medically ill patients, nonsomatic symptoms may
be substituted for the somatic symptoms associated with depression; tearful-
ness, appearing sad or depressed, social withdrawal, and pessimism may be
more reliable markers of depression instead of anorexia, fatigue, insomnia, and
impaired concentration. Excluding somatic symptoms and only considering
psychological features (pervasive feelings of worthlessness, hopelessness, and
helplessness) or including all somatic and psychological symptoms together,
regardless of their source, may help clinicians recognize depression in the
medically ill [56].

Fatigue

Over the past several years many authors have examined the relationship
between pain, mood and fatigue. In the condition of fibromyalgia some studies
have noted that between 78 and 94% of patients describe fatgiue, yet it was
found in a survey of 105 adults with the condition that greater depression and
lower sleep quality were associated with higher fatigue, but pain itself did not
independently contribute to fatigue [57]. Another group using a structured,
evidence-based review of 17 studies related to the coexistence of fatigue and
pain found that 94.1% indicated that there was an association between fatigue
and pain; a subgroup of 13 reports indicated there may be a cause and effect
relationship between pain and fatigue [58]. The links between pain and fatigue
included development of fatigue after the development of pain, and improve-
ment in fatigue with lessening of pain; the longer pain was present the greater
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the likelihood of fatigue; the greater the pain experienced themore certain it was
that fatigue occurred.

Confounding the relationship between pain and fatigue, mood was found to
be a significant contributor in a study of 274 community-dwelling adults. Pain,
mood, and sleep all were associated with fatigue. While pain accounted for the
largest contribution to fatigue, mood modified the relationship between pain
and fatigue [59]. The role of mood was further explored in a study of 175 people
with chronic lower back pain and 33 with chronic neck pain. This study found
fatigue was a significant problem for those with chronic lower back pain and
chronic neck pain, noting that predictors for fatigue included the presence of
neuropathic pain, female gender, presence of depression, and the total number
of DSM-IV diagnoses [60]. Finally, the same authors of the previous study
examined the role of multidisciplinary pain facility treatment on pain-associated
fatigue and found that multidisciplinary multimodal treatment significantly
improved fatigue for those with chronic lower back pain and chronic neck pain [61].

Treating Older People with Pain Based Upon Pathophysiology

There is no single guideline for the treatment of all types of painin all older
people. Comprehensive recommendations are available from the American
Geriatric Society (AGS) [26], as well as guidelines for neuropathic pain in
general [62] and for diabetic peripheral neuropathic pain (DPNP) in particular
[63]. The AGS recommendations progress pharmacologically from nonopioid
medications to neurotransmitter-modulating and membranes-stabilizing
agents to opioid analgesics with the goal of balancing medical risks while
addressing more severe pain. The AGS guidelines are a reworking of the cancer
pain guidelines originally proposed by the World Health Organization, with a
strong position taken that the use of placebos in the treatment of pain is
unethical, and there is no role for them in the management of persistent pain.
Nonpharmacological strategies include physical and psychological treatments
that require varying degrees of active and passive participation, patient educa-
tion programs perhaps being the most important aspect. Additionally, the AGS
guidelines challenge practitioners to consider the possibility of coincident
depression and anxiety that may modulate diagnosis andmanagement, perhaps
necessitating referral to a comprehensive, multidisciplinary pain program [26].

The American Society of Pain Educators (DPNP) guidelines developed by a
consensus panel at the request of theAmerican Society of Pain Educators (ASPE)
looked at the strength of published articles and determined that based upon
randomized controlled trials (RCTs) pharmacotherapeutic approaches could be
classified as first-tier, second-tier, topical, and other. First-tier medications had
two ormoreRCTs specifically inDPNP; second-tier agents had oneRandomised
Controlled Trial (RCT) in DPNP and one or more RCTs in other painful
neuropathies (need citations) ; topicals were thosemedications whosemechanism
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of action would be beneficial when applied directly to the painful location (e.g.
lidocaine); and other medications were those with one or more RCTs in other
painful neuropathies or having evidence suggesting potential benefit (need cita-
tions). First-line therapies include duloxetine, oxycodone controlled-release (CR),
pregabalin, and tricyclic antidepressants (TCAs) as a class; second-tier includecar-
bamazepine, gabapentin, lamotrigine, tramadol, and venlafaxine extended-release
(ER); topicals included capsaicin and lidocaine; and others included bupropion,
citalopram,methadone, paroxetine, phenytoin, and topiramate.Of note, the group
had concerns about the use of tricyclics in older people, especially those with
cardiovascular disease. Additionally, the use of selective serotonin reuptake inhi-
bitors has not been shown to be particularly efficacious in older people unless
clinical depression was also present [63].

Evidence Based Interventions

While not representing an evidence-based standard of care, the American
Society of Interventional Pain Physicians (ASIPP) has recently developed inter-
ventional technique guidelines for chronic spinal pain [64]. Their 2007 version
reports the diagnostic accuracy of facet joint nerve blocks is strong in the
diagnosis of lumbar and cervical facet joint disease, but moderate in the
diagnosis of thoracic facet joint disease. There is strong evidence for the use
lumbar discography, but limited evidence for the use of cervical and thoracic
discography. Evidence for diagnostic sacroiliac joint injections is moderate.
Therapeutically, the ASIPP guidelines provides strong evidence for the use of
caudal epidural steroid injections for chronic lower back pain and radicular
pain, interlaminar epidural steroid injections for lumbar radiculopathy, trans-
foraminal epidural steroid injections for lumbar nerve root pain, percutaneous
epidural adhesiolysis, spinal endoscopic adhesiolysis, spinal cord stimulation
for failed back surgery syndrome and complex region pain syndrome, and the
use of implantable intrathecal infusions systems for chronic pain. Moderate
evidence for the use of lumbar facet injections, lumbar and cervical medial
branch blocks, medial branch neurotomy, interlaminar epidural steroid injec-
tions for cervical radiculopathy, transforaminal epidural steroid injections for
cervical root pain, sacroiliac intraarticular injections, intradiscal electrothermal
therapy for chronic discogenic low back pain, automated percutaneous lumbar
discectomy and percutaneous laser discectomy, vertebroplasty, and kypho-
plasty. Limited evidence for the use of cervical facet injections, caudal epidural
steroid injections for post-lumbar laminectomy syndrome, transforaminal
epidural steroid injections for pain secondary to lumbar post-laminectomy
syndrome or spinal stenosis, radiofrequency neurotomy for sacroiliac joint
pain, annuloplasty for chronic discogenic low back pain, nucleoplasty, and
DeKompressor technology [65]. Taken as a whole, guidelines offer strategies
for the management of pain.

202 B. McCarberg and B.E. Cole



Medications

Axiomatically, starting any new medication slowly, increasing dosages slowly,
considering implications of cytochrome P-450 mediated oxidative metabolism
when new medications are given to older people already taking a number of
agents for their underlying medical conditions, and dealing with lower rates of
elimination due to renal changes will make pain treatment more challenging
and potentially less forgiving for older people [66, 67, 68, 69]. This is not to say
that pain cannot be effectively managed, or that practitioners should be so
conservative that undertreatment is acceptable, but to suggest that the manage-
ment of pain in older people is not the same as it is for younger people, requiring
more consideration, and more use of rational polypharmacy.

Complementary and Alternative Medicine (CAM)

Complementary and alternative (also described as integrative medicine)
approaches to pain management play an especially important role in aging
individuals worldwide. In theUnited States, the use of thesemodalities by patients
of all age groups has significantly escalated over the past decade [70, 71, 72]. For
instance, despite the fact that musculoskeletal disorders are commonplace and
potentially disabling in older adults, safe, effective treatment may be elusive.
Nonsteroidal antiinflammatory drugs (NSAIDs), the most common medications
used to treat pain associated with arthritis, often lead to serious morbidity and
mortality in older adults [73, 74]. Opioids, while effective analgesics, may also have
hazardous side effects, including obstipation, delirium, impaired mobility, and
falls [75, 76, 77, 78]..

Even when medications are tolerated, pain associated with fibromyalgia and
myofascial pathology may be particularly recalcitrant to opioids [79]. When
pharmacological options are not available or tolerated, the older adult often
believes that suffering is inevitable. Recently, it has been estimated that two
thirds of individuals suffering from pain associated with arthritis and other
musculoskeletal disorders have used complementary and alternative treatments
to control their symptoms [80]. Most third-party payers do not reimburse
patients for the cost of many of these approaches [81, 82, 83, 84, 85].

Herbal medicines are among the most popular forms of complementary
treatments. In the US, the herbal market’s annual turnover exceeds $1.5 billion
and grows each year by approximately 25% [86]. Between 1990 and 1997, the use
of herbal remedies in the US increased by 380%with a large proportion used for
musculoskeletal pain [87]. Many consumers believe that herbal medicines are
natural and therefore safe. The truth is that all such treatments have been
associated with numerous, diverse adverse effects. This is hardly surprising
considering the fact that medicinal herbs contain pharmacologically active ingre-
dients [88]. Since herbals are considered food additives, and thereby unregulated,
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suboptimal product quality may present a serious safety issue. For mild to

moderate pain, herbals have shown benefit. Discussing the risks and knowing

the herb-drug interactions will help patients decide about this therapy [89].
Acupuncture is one of the most enduring of all complementary medicine

modalities. The precise mechanism of action of acupuncture is unknown.

Human and animal studies utilizing functional imaging of the central nervous
system indicate that acupuncture engages the descending inhibitory system

affecting afferent pathways [90, 91]. Insufficient experimental evidence exists to

definitively recommend the use of acupuncture over traditional treatment of

persistent musculoskeletal pain. Many studies are difficult to control, and acu-
puncture remains a safe and very popular alternative for the older pain patient.

Judicious support for a pain patient seeking advice on acupuncture is warranted,

bearing in mind the burden of cost [92, 93].
Spinal manipulation is a popular form of treatment used by chiropractors,

osteopathic physicians, allopathic physicians, physiotherapists, and other

healthcare professionals to treat musculoskeletal problems [94, 95, 96, 97].
The Cochrane Review recommended manipulation for acute and chronic

back pain in 2005 [98]. A review of manipulation for chronic neck pain failed to

demonstrate efficacy to recommend this technique [99]. There are many treat-

ment options for older adults with persistent pain, but often these therapies are

poorly tolerated or not beneficial. Given the enduring nature of complementary
forms of analgesia and their popularity with patients, the potential for efficacy

seems considerable. Until more research is available, providers can help

patients decide whether to invest the money and time in CAM therapy and

discuss safety issues [100, 101, 102, 103, 104, 105].

Pain Management in Long-Term Care Facilities

The goals of nursing home care vary widely from short-term rehabilitation, to

short-term hospice care, to long-term custodial care with an average length of
stay of 2 years. This number is deceiving since large number of patients stay 6

months, approximately 20% stay longer than 5 years, and about 20% of

discharges are ultimately secondary to death. Nursing homes account for

more than twice as many beds as acute care hospitals, and there are more

than 3 times as many facilities in the US [106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118].

Residents of nursing homes are typically poor, very disabled, and funded

withMedicaid providingmore than 50%of the reimbursement and 45%of care

is paid for out of the pockets of these residents. It has also been estimated that

for every resident in nursing homes, there are 3 disabled persons living at home,
or in other long-term care facilities, relying on family caregivers and community

resources for their dependency needs [119].
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Barriers

While the effective assessment and management of pain should be a clinical
priority; the improvement of pain management in long-term care facilities pre-
sents unique barriers. Most of the care is delivered by nurses’ aides with little or
no formal medical education and no formal training in pain management. Staff-
ing turnover can be more than 150% per year. Physicians play a minor role in
directing resources and quality improvement in many facilities since they see
patients only every 30 days and with no organized medical staff [120].

Unique challenges for optimal pain management are present for providers of
older long term care residents. The spectrum of complaints, manifestations of
disease and distress, and determination of differential diagnoses are often diffi-
cult. Older persons present with multiple medical problems, many of which are
irreversible, and expectations for cure or recovery are disappointing. Unlike a
younger population, aggressive testing for a definitive diagnosis or implementa-
tion of complicated treatment protocols is less important than providing comfort
and effective symptom management, especially near the end of life [121].

The initial assessment may also be difficult since medical records may be
incomplete, and consultants are not accessible; diagnostic laboratories, radio-
graphs, or other resources are commonly not available. Transportation to
needed services results in missed meals, missed medications, and diagnostic
records that are misplaced [120].

Assessing pain can also be a problemwith a high incidence of vision and hearing
impairments and more than 50% of people having significant cognitive impair-
ment or psychological illness [124]. However, even moderate cognitively impaired
residents can provide meaningful and reliable information if given the time and
consideration of a sensitive clinician. If questions are concrete with yes or no
answers, even the severe impaired can make their needs known. Pain experiences
often wax and wane requiring frequent assessments instead of relying on memory
[122]. Sometimes observation of behavior, information from caregivers, and other
signs of distress may be needed when communication skills are lacking.

For example, cancer is a source of severe pain and distress among patients and
staff, yet it is not nearly as prevalent an etiology of pain as arthritis. Pain is common
among nursing home residents. Up to 80% of residents have substantial pain that
may affect their functional status and quality of life [123].] Despite the prevalence,
pain often is undertreated:Medicare andMedicaid data indicated thatmore than a
quarter of nursing home residents with severe cancer pain did not receive any
analgesic medication [124]. Pain for older people often leads to depression,
decreased ability to socialize, sleep disturbance, decreases in ambulation, slow
rehabilitation, and adverse effects from multiple drug prescriptions [125].

Medications for Pain

All long-term care residents with pain that compromises function or quality of
life are candidates for analgesic medications, keeping in mind the inherent
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added risks in this population [126]. Non-opioid analgesics have high rates of
side effects for frail long-term care residents. These patients have multiple risk
factors and are sensitive to gastrointestinal bleeding from long-term use of
nonsteroidal antiinflammatories. These agents should not be used in this popu-
lation, especially in high doses for long periods [26, 127, 128, 129, 130].

Adjuvant analgesic medications such as tricyclic antidepressants, anticonvul-
sants, and other agents, also have an increased rate of side effects.More is known
about tricyclic antidepressants for chronic pain than other adjuvants, yet most
frail older patients exhibit substantial anticholinergic side effects from these
medications, so should not take them. Newer antidepressants and anticonvul-
sants medications (eg, duloxetine, pregabalin) may be as effective for neuropathic
pain problems with fewer overall side effects [9, 131]. Most nursing homes
provide substantial exercise, recreation, and rehabilitation resources for their
residents and should be part of the treatment plan [132]. Physical activities are
vital to deconditioned older people with mobility deficits [133, 134, 135].

Providers of long-term care services must help establish a treatment plan that
is reasonable given the limited resources and skills available. Medication regi-
mens should be simplified when possible using long-acting medications whenever
possible for better comfort and fewer doses for nurses to administer. Contingency
plans for pain management are needed, taking into account delays in pain care
during medication changes or dosage adjustments. Long-term care facilities also
need substantial support from physicians and other pain experts for education to
continuously update their skills and knowledge [136, 137].

Pain at the End of Life

Preparing for death is very important work for those providing care to dying
people. Focus group participants noting preferences about their end-of-life care
agree on the importance of naming someone to make medical decisions for
them if they are not capable of making their own decisions, knowing what to
expect about their physical condition, having their financial affairs in order,
having their treatment preferences in writing, and knowing that their physicians
are comfortable talking about death and dying [138, 139, 140, 141, 142, 143].

Patients, more so than their physicians, are interested in funeral planning
and knowing the timing of their deaths, but are less likely than family members
or physicians in wanting to discuss personal fears about dying [144, 145, 146,
147, 148, 149, 150].

This is mainly because death in America has mostly occurred within insti-
tutional settings, generally without the benefit of meaningful psychiatric,
psychological, and social services [151, 152, 153, 154, 155].

The Study to Understand Prognoses and Preferences for Outcomes and Risks
of Treatments (SUPPORT) found that more than half of American patients
suffered from inadequate pain control, a quarter from emotional distress, and
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almost a quarter from social isolation and feelings of abandonment. Their family
members perceived that health care providers did not seem to listen to them or to
relieve the suffering of their loved ones. Patients and loved ones alike wanted
enhanced quality of life, not extended quantity, as death approached [156]. Chart
reviews in 1 study noted that only 46%had comfort care plans (when present they
were initiated 15 days after admission on average); those having such comfort
care plans in place were often still receiving antibiotics (41%) and blood draws
(30%) [157]. Many things done for hospitalized patients, especially those who
were terminally ill, were very painful; why such things were done to these people
was not clear or perhaps not even warranted.

Evaluating the quality of dying and death relative to what experience is desired
leads to an appreciation of certain key domains: symptom management and
personal care, preparation for death, moment of death, family involvement,
treatment preferences, and other ‘‘whole person’’ concerns [158]. Other factors
defining quality end-of-life care include providing desired physical comfort, help-
ing patients control decisions about medical care and daily routines, relieving
family members of the burden of being present at all times, educating family
members so they feel confident to care for their loved ones, and providing emo-
tional support for family members before and after the patient’s death [159].
Addressing these patient and family expectations necessitates a team approach
more than a single well-intentioned practitioner, no matter how well-trained the
practitioner might be. Psychological support along with top notch medical and
nursing care, pharmacological consultation, and spiritual service truly make for
successful outcome in the care of patients facing the end of their lives.

A 5-step adaptational process has been described for patients learning they are
terminally ill: shock and denial, anger, bargaining, depression, and acceptance.
This formulation assumes that patients work through the steps without necessa-
rily moving through them in a linear sequence. The goals of treatment for these
people include addressing their unfinished life’s business while simultaneously
helping them maintaining hope [160].

Seven themes characteristics about dying come from interviews with termin-
ally ill people: struggle (living and dying are difficult), dissonance (dying is not
living), endurance (triumph of inner strength), coping (finding a new balance),
incorporation (belief system accommodates death), quest (seeking meaning in
death), and volatile (unresolved and unresigned) [161]. Exploring these perspec-
tives gives powerful evidence that dying itself must be integrated into the lives of
the terminally ill, along with all of their other experiences, suggesting that more
effective interventions are possible with these people.

Considerations for patients with potentially terminally diagnoses usually
center on telling them exactly what is happening to them (delivering the ‘‘bad
news’’), maintaining the truth about the situation despite the discomfort it often
produces for everyone involved, not being pushed off of truth by patients
demanding other explanations and prognoses, and preserving hope while helping
families prepare for the worst [162]. These challenges require effective commu-
nication between caregivers, patients and family members. With bothersome
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symptoms occurring during dying process, preserving emotional well being may
be one of the most critical tasks for the caregivers providing end-of-life care.

Consideration may be given for a variety of therapeutic interventions early
on in a patient’s end-of-life care; many things may be tried, often rather quickly,
to improve the overall quality of life. The treatment goal is to provide care
consistent with the overall care plan established with the patient, family and
professional caregivers. Patients may need to undergo medical and behavioral
assessments, with these assessments leading to patient categorizations such as
having no contraindications to the therapy proposed, having contraindications
due to behavioral issues, having relative contraindications but still being con-
sidered for having a trial, or being completely unsuitable [163].

The experience of pain in older dying patients is multifactorial. Factors con-
tributing to the pain experienced by older dying people include the nature of their
underlying medical conditions, the adverse pathophysiology of their terminal
disease, causes for breakthrough pain, impact of care procedures, numerous
emotional and cognitive states, and the response of others to their pain. To
alleviate pain the caregivers must provide optimal analgesic management using
around-the-clock dosing for constant pain, backed up by breakthrough medica-
tions, while providing much needed comfort measures, attempting treatment for
underlying causes, anticipating future pain occurrences and preemptively addres-
sing them, using nonpharmacological interventions along with medications,
correcting depression and anxiety, maintaining hope, and giving compassionate
and respectful care [164].

Hospice Versus Palliative Care

With the majority of US hospice care provided in patients’ own homes [165],
and with other forms of end-of-life care (palliative care) provided in long-term
care facilities and specialized inpatient acute care hospitals, access to specialized
routes of administration and technology for the safest delivery of analgesics and
anesthetics may not be available (see also Hallenbeck and McDaniel, this
volume). These circumstances lead to the belief that oral or transdermal routes
of administration are more desirable for most terminally patients. Once we
understand what patients are telling us about their pain, moving through some
process leads to better overall pain management. The schema of the former
Agency for Health Care Policy and Research (AHCPR), incorporates recom-
mendations of the World Health Organization, and advocates for a step-by-step
approach to pain relief beginning with antiinflammatory and mild analgesics
(aspirin, acetaminophen and non-steroidal agents), progressing to combinations
involving opioids and the previously tried medications, moving on to single-
entity opioids, employing selective neurodestructive or neurostimulatory proce-
dures, novel routes of administration, and the considerable use of many adjuvant
medications [166, 167]. Other key aspects of controlling pain in end-of-life care
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include using oral medications whenever possible, giving these medications
around the clock and from the appropriate step of the so called ‘‘WHO analgesic
ladder,’’ providing adequate ‘‘rescue doses’’ for breakthrough pain, effectively
converting medications and routes of administration using equianalgesic dosing,
anticipating and treating side effects early, continuing to modify the disease
process, and offering simple-to-follow instructions [168].

Adjuvant medications (anticonvulsants, antidepressants, antipsychotics,
anxiolytics, and stimulants) are remarkable agents modulating the release and
presence of neurotransmitters and influencing binding at their receptor sites
[169]. Of the adjuvants, anticonvulsants, older tricyclic antidepressants, and
newer serotonin and norepinephrine reuptake inhibitors (more than the pure
selective serotonin reuptake inhibitors) have been quite effective in the manage-
ment of cancer pain whether patients are depressed or not [170].

Providing the Best Care at the End of Life

Dying in pain is not a natural consequence of the dying process, but it is
common for older people with advanced diseases to experience moderate to
severe levels of pain. Not relieving pain is recognized as more than just medical
failure; it is now viewed as an ethical and legal failure [171]. (see also Rich, This
volume) The belief that physicians are obligated to relieve human suffering
[172], coupled with decisions in Oregon and California (medical board disci-
plinary action in California and a monetary judgment by an Oregon jury
against physicians undertreating pain associated with terminal illness), makes
it very clear that Americans are no longer tolerant of practitioners who under
treat pain, especially when it is part of the suffering of dying family members.

To better care for older people in pain near the end of their lives practi-
tioners must think beyond the use of the 3 well-described analgesic steps (anti-
inflammatory analgesics for mild pain, lower potency combinations with
acetaminophen or ibuprofen plus opioid analgesics for moderate pain, and
high-potency, single-entity opioid analgesics backed up with adjuvants for severe
pain). Physicians caring for these people must receive proper clinically oriented
education to enable them to accurately determine the causes for pain, improve
their evaluation strategies to identify pain syndromes, and make the adequate
amount of time available to conduct the evaluations properly [173]. Education,
evaluation, and taking sufficient timemake the accuracy of the diagnosis and the
effectiveness of pain treatments using the analgesic steps more likely.

Conclusions

Pain in older patients is often underreported, underdiagnosed, under evaluated
and consequently, undertreated. While significant barriers exist, clinicians have
a duty to relieve pain and suffering even when unable to cure the underlying
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pathology. Pain and suffering are feared most at the end of life [156]. Dying in

pain, filled with depression, being afraid of abandonment, and wishing death

would come sooner, should be understood to reflect unrecognized and

untreated pain and/or psychiatric co-morbidities. The majority do not chose

to become palliative care experts, yet elements of palliative care must be

provided by nearly all clinicians for their patients.
An enhanced understanding of the experience of pain in older persons,

strategies for assessment and appropriate use of pharmacologic and non-

pharmacologic approaches (including complementary and alternative thera-

pies as an adjuvant to conventional treatments) are necessary to improve

management of pain in this population. More valid and reliable pain

measures are necessary as are new drugs with milder side effects. Nondrug

strategies require further investigation for this highly disabled population.

These regimens should also be simplified as much as possible. Long-acting

medications are often best to provide longer durations of comfort and

fewer doses for nurses or other caregivers to administer. As the need for

health systems for frail older persons continues to grow, it is our most

important obligation to provide comfort and effective pain control appro-

priate for these new settings.

Future Directions

Nowhere in pain management is there such an acute need as in the care of the

older person. Myths and biases, from providers and patients, persist and the

consequence is needless suffering that occurs daily under the label of ‘‘nothing

can be done’’, or ‘‘I am old and should feel this pain’’. The aging baby boomers

will force a change in this attitude resulting in needed research and more

clinical studies. For example, the 85 year and older population has very few

pharmacologic trials yet is one of the fasting growing populations sectors in

society. As a consequence, there is limited data to provide answers to the

following questions if an elderly patient responds the same to combination

drug therapy; are complimentary and alternative therapies effective; does side

effects outweigh benefits for treatment; and, are behavioral and lifestyle

interventions as effective as in a younger population? These are just a few of

the questions which desperately need outcomes research in order to provide

the required therapy for our geriatric patients. Since the majority will be

spending some time in a nursing home, how will pain care improve since it is

poorly managed now?
The future always holds uncertainty except that pain will be undertreated

and that quality of life will be impacted unless there is more research and

aggressive management strategies. We should all be lobbying for this informa-

tion for your patients, our families and ourselves.
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Healthcare Economic Evaluation of Chronic Pain:

Measuring the Economic, Social and Personal

Impact of Chronic Pain and its Management

Rebecca L. Robinson and Thomas R. Vetter

Introduction

The aim of this chapter is to provide an overview of the social and personal costs
of chronic pain and the role of healthcare economic evaluation methods within
the context of chronic pain management, using a standardized and scientific
approach. An economic evaluation is essentially the comparative analysis of
alternative courses of action in terms of both their costs and consequences
(Drummond, Sculpher, Torrance, O’Brien, & Stoddart, 2005). Thus the funda-
mental tasks of any economic evaluation—including those concerned with
heath services—are to identify, measure, value, and compare the costs and
consequences of the alternatives being considered (Drummond, Sculpher
et al., 2005). The types of healthcare economic evaluations, the categories of
cost incorporated in healthcare economic evaluations, the possible perspectives
of a healthcare economic evaluation, and a framework for assessing healthcare
economic evaluations will first be discussed. The application of such evaluation
methods will then be described for two very common, specific chronic pain
conditions, namely, chronic low back pain and fibromyalgia. Lastly, the impli-
cations and challenges related to the clinical application of healthcare economic
evaluations of chronic pain treatment will be discussed.

The Definition and Prevalence of Chronic Pain

Pain is a complex and highly subjective experience (Turk & Okifuji, 2004).
Chronic non-cancer pain has been defined by the American Pain Society
(2007) as pain that lasts more than 6 months, is ongoing, is due to non-life-
threatening causes, has not responded to currently available treatment meth-
ods, and may continue for the remainder of the person’s life. Chronic pain
accompanies a variety of diseases, occurs across the entire life span, and is
associated with a number of socioeconomic factors.
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Pain represents a major clinical, social and economic problem, with estimates
of its prevalence ranging from 8% to more than 60%, depending on the patient
population (Phillips, 2003). An extensive cross-sectional survey of randomly
selected Australian adults revealed a 20% overall prevalence of chronic pain
(Blyth et al., 2001). This chronic pain was most often the result of an injury or a
co-existing health problem and was frequently associated with substantial dis-
ability due to its protracted nature (Blyth,March, Brnabic, & Cousins, 2004). An
age-stratified survey of a cohort of Finnish 15–74 year olds revealed an age-
standardized 14% prevalence of daily chronic pain (Mäntyselkä et al., 2001).
Furthermore, this Finnish study identified the relative frequency and severity of
chronic pain to be an independent determinant of the odds ratio of poor self-
rated health (Mäntyselkä, Turunen,Ahonen,&Kumpusalo, 2003). Chronic pain
is unfortunately also a common pediatric condition, affecting at least one third of
adolescents between 12 and 18 years of age (Perquin et al., 2000) (see also
Cucchiaro in this Volume).

The Implications of Chronic Pain

Chronic pain is one of the most disabling, burdensome, and costly conditions
afflicting patients and thus society. Pain is a leading cause for patients to seek
and receive medical care, (Zagari, Mazonson, & Longton, 1996), with pain
resulting in an estimated $100 billion in direct medical costs per year in the
United States alone (McCarberg & Billington, 2006). Common pain conditions
result in an additional estimated $61 billion annual loss in productivity among
active US workers (Stewart, Ricci, Chee, Morganstein, & Lipton, 2003). The
healthcare costs of patients with chronic diseases, many of which are associated
with disabling pain, account for more than 75% of the nation’s $1.4 trillion
annual healthcare costs (Centers for Disease Control and Prevention, 2005).
Given the aging US population and unsustainably increasing percentage of the
US gross domestic product (GDP) devoted to healthcare, there is a clear and
imminent need for valid healthcare economic evaluation data to establish
healthcare funding priorities (Brown, Brown, & Sharma, 2005), including for
chronic pain treatment modalities.

The Potential Role of Economic Evaluation in Chronic Pain

Healthcare economic evaluation has matured considerably in the last two
decades. However, despite its widespread promotion to this audience, many
physicians and researchers remain reluctant to apply economic evaluation
methods in their clinical decision-making and clinical trials (Neumann, 2005).
Much of this lack of understanding has been attributed to physicians and their
innate propensity to think more in terms of clinical effectiveness and advocacy
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at the individual patient level rather than about cost-effectiveness at the popu-
lation or policy level (Neumann). This resistance to collecting, analyzing, and
incorporating health economic data in the present, well-established era of
evidence-based medicine is particularly notable (Neumann).

Numerous conventional biomedical as well as complementary and alterna-
tive medicine (CAM) treatment options are available for chronic pain, includ-
ing a wide range of pharmaceuticals, nutriceuticals, and non-pharmacologic
therapies. These various therapies are used singly or in combination. Successful
chronic pain treatment requires individualization of therapy based upon not
only the etiology and characteristics but also the subjective patient self-reported
assessment of pain. However, avoidable costs may be incurred at all stages of
care due to inefficiencies in the diagnosis and treatment of patients with chronic
pain. Economic evaluations, which balance the expected gain of a specific
intervention against its expected cost, can reduce in part such avoidable costs
by providing useful information about the relative value of an intervention. The
often high cumulative cost and large variability in the management and out-
comes of chronic pain naturally lend themselves to health economic evaluation,
with the intention that cost savings may eventually be realized.

An Overview of Healthcare Economic Evaluation

The appraisal of a new or existing treatmentmodality involves three steps (Fig. 1)
(Bombardier & Maetzel, 1999; Detsky, 1995; Detsky & Naglie, 1990; Grimes &
Schulz, 2002; Kocher & Henley, 2003). Initially, efficacy or the treatment achiev-
ing its stated clinical goal is demonstrated under ‘‘optimal’’ circumstances in a
randomized controlled trial. Subsequently, effectiveness or producing greater
benefit than harm is assessed under more ordinary or ‘‘naturalistic’’ circum-
stances, often by way of an analytic cohort study. The efficiency or the health
status improvement realized for a given amount of resources expended is lastly
determined via an economic evaluation. Alternatively, an economic evaluation
can provide essential insight into the resources required to deliver the healthcare
intervention to a specific population (Kocher & Henley).

Pharmacoeconomics is a sub-discipline of health economics that assess
pharmaceutical products specifically. Pharmacoeconomic evaluations are
applicable throughout the lifecycle of a pharmaceutical agent (Strom, 1994).
Specifically, pharmacoeconomics can be applied by industry to understand the
impact of pursuing a new drug for a disease, by national or third-party health-
care payers to maximize the value of their pharmaceutical expenditures, and by
healthcare providers and their patients to comprehend the relative benefits of
drug therapy choices. New treatments that provide only modest pharmacoeco-
nomic improvements over a less expensive, standard of care may be denied
availability by governments or other organizations responsible for maintaining
healthcare budgets.
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A fundamental characteristic of any economic evaluation is the determina-
tion of inputs (costs) versus outputs (consequences or outcomes). A full health-
care economic evaluation thus entails identifying, measuring, valuing, and
comparing the costs and the consequences (both the beneficial and the adverse
clinical outcomes) of the alternatives being considered (Drummond, Sculpher
et al., 2005). One of these alternative or competing healthcare interventions can
legitimately be either the status quo or doing nothing.

The Dimensions of a Healthcare Economic Evaluation

Assessing the relative value of any clinical intervention (e.g., a pharmaceutical)
is predicated on three aspects or dimensions of the healthcare economic evalua-
tion (Fig. 2) (Bombardier & Eisenberg, 1985). These three dimensions of a
healthcare economic evaluation include: (1) the applied type of analysis,
(2) the categories of included costs and consequences (benefits), and (3) the
point of view or perspective of the evaluation.

Efficacy

Achieving its stated clinical goal

Demonstrated under optimal circumstances in a prospective randomized controlled

trial (RCT) – but the results are limited to the study subjects

Effectiveness 

Producing greater benefit than harm

Assessed under ordinary circumstances in the more general population often by way 

of an observational yet analytic longitudinal cohort study 

Efficiency 

Health status improvement for a given amount of resources expended 

Determined via a cost-effectiveness analysis or cost-utility analysis 

Fig. 1 The three sequential steps involved in the appraisal of a new or existing healthcare
intervention (Bombardier & Eisenberg, 1985; Detsky, 1995; Detsky &Naglie, 1990; Grimes &
Schulz, 2002; Kocher & Henley, 2003)
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The Types of Analysis in a Healthcare Economic Evaluation

Full healthcare economic evaluation techniques conventionally include cost-
minimization analysis, cost-benefit analysis, cost-effectiveness analysis, and
cost-utility analysis (Table 1) (Drummond, Sculpher et al., 2005; Jefferson,
Demicheli, &Mugford, 2000; Vetter, 2007a). Of note, the number of healthcare
economic evaluations, especially those involving more rigorous analytic meth-
ods, is increasing in the chronic pain medicine literature (Fig. 3) (Vetter).

In a cost-minimization analysis (CMA), the consequences (clinical outcomes)
of the healthcare interventions being evaluated are with statistical rigor assu-
redly equal. Therefore, the economic analysis can focus exclusively on costs,
with the goal of identifying the pain-related intervention or treatment with the
lowest possible costs (Jefferson et al., 2000; Robinson, 1993d).

In a cost-benefit analysis (CBA) both the costs and the consequences (clinical
outcomes) are expressed strictly inmonetary terms. This approach proves advan-
tageouswhen the competing healthcare interventions result inmultiple or distinct
clinical outcomes that are not readily comparable (Drummond, Sculpher et al.,
2005). Cost-benefit analysis, however, requires that a monetary value somehow
be placed on health and in some cases a human life (Robinson, 1993a). This
monetary value of health can be determined in some settings using a willingness-
to-pay approach, in which patients or parents are directly asked how much they
would be willing to pay for a specific health outcome (Olsen & Smith, 2001).

In a cost-effectiveness analysis (CEA), a single clinical outcome measure is
applicable and appropriate. Therefore, the costs of the competing healthcare

33)) TTyyppee ooff CCoossttss

1) TTyyppee ooff EEvvaalluuaattiioonn CMA, CBA, CEA, CUA

y

Direct, Indirect, Intangible 

Society, Payer, 
Provider, Patient 

22)) PPooiinntt ooff VViieeww
oorr PPeerrssppeeccttiivvee 

z 

x 

Fig. 2 The three dimensions of healthcare economic evaluations (Bombardier & Eisenberg,
1985). Cost minimization analysis (CMA); cost-benefit analysis (CBA); cost-effectiveness
analysis (CEA); cost-utility analysis (CUA)
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Fig. 3 The chronological distribution of the number and type of chronic-pain related partial
and full economic evaluations (y-axis) published between 1988 and 2005. Cost analysis (CA);
cost-benefit analysis (CBA); cost-description (CD); cost-effectiveness analysis (CEA); cost-
minimization analysis (CMA); cost-outcome description (COD); and cost-utility analysis
(CUA) (Vetter, 2007a) (Reprinted with permission from Lippincott Williams & Wilkins)

Table 1 The characteristics of a partial versus a full chronic pain-related healthcare economic
evaluation (Taylor et al., 2004; Vetter, 2007a) (Reprinted with permission from Lippincott
Williams & Wilkins)

Type of Economic Evaluation
Costs
Measured?

Consequences
Measured?

Comparison of
Interventions?

Partial economic evaluation

Cost description Yes No No

Cost-outcome description Yes Yes – in natural unitsa No

Cost analysis Yes No Yes

Full economic evaluation

Cost-minimization analysis Yes No – but assumed to be
equal

Yes

Cost-benefit analysis Yes Yes – in monetary units Yes

Cost-effectiveness analysis Yes Yes – in natural unitsa Yes

Cost-utility analysis Yes Yes – with a utility
measureb

Yes

a Examples: point score improvement on a generic or pain-condition specific health status
measure; pain-free day; headache aborted
b Most commonly in the number of quality adjusted life years (QALYs) gained
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interventions are compared using this single, common clinical outcomemeasure
(Drummond, Sculpher et al., 2005). The marginal (incremental) cost effective-
ness is the gain in effectiveness realized for the additional cost between the
competing treatments. The result is expressed as the incremental cost effective-
ness ratio (ICER). The ICER equals the average difference in costs divided by
the average difference in clinical effect for two competing healthcare interven-
tions (Muennig, 2002). The ICER is expressed in natural units of effect, such as
cost per life-year gained, cost per migraine headache aborted, or cost per unit
reduction in a pain rating scale (e.g., the reduction in visual analogue scale pain
score in patients with diabetic neuropathy) (Brown et al., 2005; Robinson,
1993b).

The goal of a CEA is to identify the therapy that has the lowest cost per unit
of outcome gained. If drug A is more effective and less costly than drug B, then
drug A is an easy choice to make. The more common scenario, especially in the
case of new therapies, is that drug A is more effective but also more costly than
drug B, making the decision less obvious and requiring a judgment or trade-off
be made (O’Brien, Drummond, Labelle, &Willan, 1994). In this latter scenario,
more complex inferential statistics and sensitivity analyses, which are beyond
the scope of the present discussion, are needed tomake a valid cost-effectiveness
conclusion (Briggs, 2000, 2001; Briggs & Gray, 1999; Briggs, O’Brien, & Black-
house, 2002; Briggs, Sculpher, & Buxton, 1994; O’Brien & Briggs, 2002;
Obenchain, Robinson, & Swindle, 2005).

As with a cost-effectiveness analysis, in a cost-utility analysis (CUA), the
costs of competing healthcare interventions are compared using a single, com-
mon clinical outcome measure–specifically, the quality-adjusted life year
(Robinson, 1993c). In a CUA, the consequences of a healthcare intervention
are reflected in its resulting health-related quality of life (HRQOL) (Drummond,
Sculpher et al., 2005). HRQOL in a CUA, including one that is chronic pain-
related, is most commonly measured using an indirect preference-based health
status questionnaire, such as the Quality of Well-Being Scale (QWB), the
EuroQol-5D (EQ-5D), the Health Utilities Index (HUI2, HUI3), or the
Short-Form-6D (SF-6D) (Feeny, 2005; Glick, Doshi, Sonnad, & Polsky,
2007; Tosteson, 2000; Vetter, 2007b).

These patient-elicited health utility scores are in turn used to generate the
weighted measure of clinical outcome known as the quality-adjusted life year
(QALY) (Glick et al., 2007; Jefferson et al., 2000). Quality-adjusted life years
(QALYs) are calculated by multiplying the perceived utility or value score for a
specific health state (conventionally on a scale from 0.0 equal to death to 1.0
equal to perfect health) by the length of time (in years) spent in that health state
(Jefferson et al.). This simple formula converts health-related quality of life, with
its various dimensions, into a standard health outcome measure (Nord, 1999).
The distinct advantage of the QALY as ameasure of healthcare outcome is that it
incorporates gains realized from reduced morbidity (health-related quality of life
gains) as well as reduced mortality (quantity of life gains), and integrates the two
into a single value (Drummond, Sculpher et al., 2005; Jefferson et al., 2000).
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Reading the economic evaluation literature can be confusing given that some
authors use the term cost-effectiveness analysis as a general synonym for any
full economic evaluation, while others use cost-effectiveness analysis and cost-
utility analysis interchangeably (Jefferson et al., 2000; Muennig, 2002). Many
authors have historically also used the term cost-benefit analysis when in fact
they have only actually performed a simple cost comparison (Zarnke, Levine, &
O’Brien, 1997). A distinct nomenclature will be maintained in this review.
However, a healthcare intervention shown to be advantageous by way of a
cost-utility analysis is referred to as cost-effective rather than cost-utilitarian
(Brown et al., 2005).

The Categories of Costs in a Healthcare Economic Evaluations

The identification and computation of all pertinent, healthcare-related costs is a
crucial, yet challenging requirement for an economic evaluation (Drummond,
Sculpher et al., 2005). The internal and external validity of a CEA or CUA are
predicated upon the quality of the collected cost data (Stone, Chapman, Sand-
berg, Liljas, & Neumann, 2000). There remains a sharp dichotomy, however,
between the theory and the practice of cost accounting in healthcare economic
evaluation (Brouwer, Rutten, & Koopmanschap, 2001; Brown et al., 2005;
Glick et al., 2007; Muennig, 2002). Despite the development of a number of
national and international methodological guidelines (Oostenbrink, Koop-
manschap, & Rutten, 2002), there continues to be significant variability in the
costing methods applied in healthcare cost-effectiveness and cost-utility ana-
lyses (Table 2) (Adam, Koopmanschap, & Evans, 2003) including those dealing
with chronic pain (Korthals-de Bos, van Tulder, van Dieten, & Bouter, 2004;
van der Roer, Boos, & van Tulder, 2006).

Delineating Healthcare Costs

The incremental costs included in a CEA or CUA are commonly divided into
direct costs and indirect costs (Brown et al., 2005; Luce, Manning, Siegel, &
Lipscomb, 1996; Oostenbrink et al., 2002; Smith & Brown, 2000). Direct
healthcare costs include those resulting from laboratory tests and diagnostic
studies, medications, supplies, healthcare personnel, and the patient use of
inpatient and outpatient healthcare facilities (Brown et al.; Luce et al.). Direct
healthcare costs included in economic analyses are more self evident than the
other types of cost. Direct non-healthcare costs, which are often overlooked,
include for instance the cost of transportation to and from a medical facility,
the time spent by a family member or volunteer in providing healthcare, and the
cost of childcare resulting from treatment (Brown et al.; Luce et al.). The
identification and computation of such direct non-healthcare costs is a complex
and widely variable process, leading some healthcare economists to conclude

226 R.L. Robinson and T.R. Vetter



that including direct non-healthcare costs may simply increase methodological

disparity and further delay the development of a diverse cost-effectiveness

database (Brown et al.).
Indirect productivity costs include those costs resulting from morbidity and

mortality and the attendant lost or impaired ability to work (absenteeism or
presenteeism, respectively) or to engage in leisure activities as well as the lost

economic productivity due to death (Luce et al., 1996). Indirect productivity

costing has also been marked by longstanding controversy and methodological

uncertainty (Adam et al., 2003). Given a societal perspective (see below), indirect
productivity costs can be explicitly measured using either the Human Capital

Method (Drummond, Sculpher et al., 2005) or the Friction CostMethod (Koop-

manschap, Rutten, van Ineveld, & van Roijen, 1995). If however, the analysis is

undertaken from a third-party insurer perspective, indirect productivity costs are

presumably accounted for within the QALY (Brown et al., 2005; Luce et al.).
Lastly, intangible costs include pain, suffering, and grief. These costs are rarely

included in healthcare economic analyses, with the exception ofwillingness to pay

analyses, where such intangible costs are more quantifiable.
Additional controversy exists as to whether or not future costs incurred due to

the increased longevity conferred by the healthcare intervention (e.g., treatment
costs for other eventual acute or chronic illnesses, and the cost of food and

shelter) should be included in the economic evaluation (Brouwer et al., 2001;

Table 2 Sources of variability in cost-effectiveness analysis costing methods (Adam et al., 2003)

Framework of the analysis

Perspective: societal versus provider or payer

Choice of comparative intervention: new versus current or new versus doing nothing

Types of costs included

Overhead costs

Shared costs

Indirect costs (including productivity)

Healthcare costs associated with unrelated illness during prolonged survival

Data collection methods

Sources of cost data

Valuation Process

Bottom-up versus top-down

Price adjustments, including price distortions and exchange rates

Valuation of time costs

Capital costs

Prices versus charges

Methods of data analysis

Discounting methods

Capacity utilization

Sensitivity analysis of variations in unit costs

Reporting of results

Ingredient approach and transparency of methods and results
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Drummond, Sculpher et al., 2005). If a third-party insurer perspective is applied,

these future costs incurred due to the increased longevity conferred by the
healthcare intervention do not need to be included in a CEA or CUA (Brown

et al., 2005).

The Point of View or Perspective of a Healthcare Economic
Evaluation

A healthcare economic evaluation can be undertaken from the point of view or
perspective of the patient, the healthcare provider, the third-party payer

(employer or insurer), the government, or society at large (Torrance, Siegel, &
Luce, 1996). The perspective of the economic evaluation largely determines

what costs are included in the analysis. Applying a societal perspective requires
micro-costing, with its attendant comprehensive yet exhaustively detailed iden-

tification and measurements of all the direct, indirect, and intangible resources
consumed by a healthcare intervention as well as its sequelae (Luce et al., 1996).

On the other hand, patients and their families are innately concerned only with
those direct, indirect, and intangible costs not assumed by others such as

insurance companies or employers. In the United States, employees are assum-
ing more healthcare costs and decision making responsibility through employer

initiatives such as tiered health insurance premium copayments (i.e., health
maintenance organization versus preferred or participating physician organiza-
tion coverage), tiered prescription medication copayments (i.e., generic versus

name brand), and healthcare savings accounts. Third-party payers such as
health insurance companies, pharmacy benefit managers, and governmental

agencies (e.g., U.S. Centers for Medicaid and Medicare Services and National
Health Service in the U.K.) are interested primarily in direct healthcare costs for

which they provide reimbursement. Employers focus on not only direct health-
care costs but also direct non-healthcare costs, such as lost worker productivity

and disability payments. Lastly, healthcare providers ideally serve as the patient
advocate and strive to practice evidence-based medicine yet are facing increas-

ing economic scrutiny through external pay-for-performance initiatives.
In general terms, the all-encompassing societal perspective on costing is not

always indicated, especially if some of the costs are not of interest to the primary
decision maker or researcher (Russell et al., 1996). The third-party payer

perspective is by and large a more practical approach to healthcare costing
(Brown et al., 2005), including in chronic pain-related studies. Nevertheless,

chronic pain-related societal costs remain noteworthy. For example, in a study
of chronic non-malignant pain patients referred to a multidisciplinary pain

center in Denmark, healthcare costs were not significantly reduced over nine
months, but significant reductions in social transfer payments of sickness

benefits, welfare benefits, disability pensions, and retirement pensions were
identified (Thomsen, Sorensen, Sjogren, & Eriksen, 2002).

228 R.L. Robinson and T.R. Vetter



A Framework for Assessing Healthcare Economic Analyses

Seven fundamental questions have been identified that should be answered
when assessing a healthcare-related economic analysis (Bombardier & Eisen-
berg, 1985):

1. What type of analysis was performed?
2. Was the point of view or perspective of the study clearly stated?
3. Were all the important costs and benefits identified?
4. How were the costs measured?
5. Were costs adjusted for differential timings?
6. Were sensitivity analyses performed to determine whether the conclusions

change as the assumptions or data are varied?
7. Were the comparisons adequately described?

The dimensions of healthcare economic evaluation as they relate to the seven
fundamental questions identified by Bombardier and Eisenberg (1985) are sum-
marized for each of four representative chronic pain studies (Tables 3 and 4).

In the next two sections, chronic low back pain and fibromyalgia will be
reviewed with these seven questions in mind. In doing so, each section will
discuss the respective pain condition in terms of: (a) its definition and estimated
prevalence; (b) the current clinical management of the condition; and
(c) examples of economic analyses published on this chronic pain condition.

Chronic Low Back Pain

The Definition and Prevalence of Chronic Low Back Pain

Chronic low back pain (CLBP) is considered to be pain persisting longer than
12 weeks that is located primarily in the lumbosacral region of the spine
(Carragee, 2005). While the pathophysiology of CLBP remains somewhat
enigmatic, inflammatory mediators as well as mechanical factors appear to
play a major role (Biyani & Andersson, 2004). CLBP is most often associated
with overuse and muscle strain or repetitive injury sustained over a lengthy
period of time, although its often progressive clinical course makes a specific
etiology difficult to determine (Hazard, 2007; Rubin, 2007). Pain may also be
caused by degenerative conditions such as arthritis or vertebral disc disease,
osteoporosis or other bone diseases, infection, irritation of the nerve roots, or
congenital abnormalities of the spine (National Institute of Neurological Dis-
orders and Stroke, 2007). Individuals with CLBP frequently experience other
comorbid conditions that worsen the clinical prognosis and complicate the
economics of their CLBP. These conditions include tension or migraine head-
aches (Duckro, Schultz, & Chibnall, 1994), cardiovascular disease (Vogt, Nevitt,
& Cauley, 1997), psychiatric illness (Atkinson, Slater, Patterson, Grant, &
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Garfin, 1991; Polatin, Kinney, Gatchel, Lillo, & Mayer, 1993), and chronic
fatigue (Fishbain et al., 2004).

CLBP is the most common and costly of all pain conditions (de Girolamo,
1991; Frymoyer & Cats-Baril, 1991). Summarizing CLBP is mired by metho-
dological inconsistencies across studies, including varying definitions of acute
versus chronic back pain (Chou, 2005). For instance, while several studies have
documented the high prevalence of generalized back pain (Behrens, Seligman,
Cameron, Mathias, & Fine, 1994; Guo et al., 1995; Loney & Stratford, 1999;
Patrick et al., 1995); fewer have reported on the prevalence of chronic low back
pain (Carey et al., 1995;Newton, Curtis,Witt, &Hobler, 1997; Patrick et al., 1995).

The episodic occurrence of low back pain has been reported to be as high as
70 to 80% in adults during their lifetime (Patrick et al., 1995; Rubin, 2007). The
prevalence of CLBP was observed to be 4% in a self-reported telephone survey
(Carey et al., 1995), 14% of members in a Health Maintenance Organization
where CLBP diagnosis was made by physicians (Newton et al., 1997), and 18%
of a national survey of U.S. workers (Guo et al., 1995). In a cohort of chronic
pain patients, the prevalence of chronic low back pain was 43% to 48% (Hoff-
man, Meier, & Council, 2002). Identified risk factors for back pain include
increased age, low level of education, job dissatisfaction, poor working condi-
tions, disputed compensation issues, pending litigation, psychological distress,
other types of chronic pain, and fear (Carragee, 2005; Phillips, Ch’ien,
Norwood, & Smith, 2003).

The Treatment of Chronic Low Back Pain

The clinical management of chronic low back pain varies widely across and
within countries (Koes, van Tulder, Ostelo, Burton, & Waddell, 2001). The
treatment of CLBP is dependent on its diagnostic classification. For instance, it
is recommended that once the pain becomes chronic, both physical and psy-
chological elements be incorporated into the management of CLBP (Grabois,
2005). Treatment options include the use of cold or hot compresses, short term
bed rest, exercises both to strengthen back and abdominal muscles and to
improve vertebral range of motion, medications, and surgery–and whenever
possible, noninvasive or minimally invasive outpatient treatment (National
Institute of Neurological Disorders and Stroke, 2007). Frequently, comprehen-
sive management strategies are employed, including multiple, simultaneous
therapies and an overall multidisciplinary approach (van Geen, Edelaar,
Janssen, & van Eijk, 2007).

However, despite the more recent clinical emphasis on a multidisciplinary
approach, CLBP remains a global pain problem. A recent European study of
patients presenting with non-specific back pain, showed that approximately
37% still had significant pain and 10% had not improved or worsened after at
least two months of treatment (Kovacs et al., 2006). Treatment in this cohort of
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patients in Spain consisted of medications in 92% of patients and physical
therapy or rehabilitation in only 19%, while 10% were referred for surgery
(Kovacs et al.). Medications were also found to be prescribed to 80% of back
pain patients in the United States (Cherkin, Wheeler, Barlow, & Deyo, 1998),
with the most commonly prescribed types of medication being analgesics, non-
steroidal anti-inflammatory drugs (NSAIDs), muscle-relaxants, and antide-
pressants (Cherkin et al., 1998). This observed frequent use of NSAIDs and
antidepressants was consistent with a more recent survey of the management of
CLBP (Grabois, 2005), which also noted the use of opioids, non-opioid analge-
sics, corticosteroids, antiepileptic, muscle relaxants, sympathetic nerve blocks,
trigger-point injections, epidural steroid injections, and vertebral facet joint
injections (Grabois).

Recommended treatments for CLBP include over-the-counter analgesics
(aspirin, naproxen, and ibuprofen); other non-narcotic analgesics (tramadol,
Cox-2 inhibitors); opioids (codeine, hydrocodone, oxycodone, and morphine);
anticonvulsants; antidepressants; muscle relaxants, sleep aids; and injections of
local anesthetics, steroids, or narcotics (National Institute of Neurological
Disorders and Stroke, 2007). Other non-surgical therapies for CLBP include
patient education, physical therapy, exercise, stretching, spinal manipulation,
hot/cold packs, ultrasound, massage, transcutaneous electrical nerve stimula-
tion, magnet therapy, acupuncture, biofeedback, traction, relaxation, hypnosis,
cognitive behavioral therapy, direct spinal cord neurostimulation, vertebro-
plasty, and kyphoplasty (Grabois, 2005; National Institute of Neurological
Disorders and Stroke).

More invasive treatments, including surgical procedures, are generally pur-
sued when more conservative measures fail or when focal neurological symp-
toms such as sensory loss and motor weakness are present. Such invasive
interventions include discectomy, foraminotomy, intradiscal electrothermal
therapy, nucleoplasty, radiofrequency ablation, spinal fusion, spinal laminect-
omy, and other less common surgical procedures (rhizotomy, cordotomy,
dorsal root entry zone operation) (National Institute of Neurological Disorders
and Stroke, 2007).

The Burden of Chronic Low Back Pain

The high economic burden of CLBP reported in the literature from 1996 to 2001
was systematically reviewed by Maetzel and Li (2002). Several subsequent
publications (Boonen et al., 2005; Ekman, Jonhagen, Hunsche, & Jonsson,
2005; Goetzel, Hawkins, Ozminkowski, &Wang, 2003; Hadler, Tait, &Chibnall,
2007; Kovacs et al., 2006; Luo, Pietrobon, Sun, Liu, & Hey, 2004) support the
findings of this earlier review. Collectively, these reports support six conclusions.
(1) The cost of CLBP is high and comparable to that from headache, heart
disease, and depression. (2) Conclusive cost estimates for CLBP are difficult to
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obtain given the inconsistencies in the definitions of chronic low back pain versus
acute low back pain and in how costs are measured. (3) A small percentage of
patients account for a large proportion of CLBP costs. An earlier study found
that at least 75% of CLBP costs were attributed to the 5% of patients who
become temporarily or permanently disabled (Frymoyer & Cats-Baril, 1991).
Another cohort study observed that the top 10% most costly back pain
patients were responsible for approximately 100% of the expenditures for
inpatient care, 87% for outpatient services, and 90% of the emergency room
visits (Luo et al., 2004). (4) The majority of CLBP costs are associated with
indirect costs from lost productivity and disability. (5) Some variability in
provided services and excessive or inappropriate costs can be documented by
country or region. (6) Invasive interventions generally failed to show eco-
nomic benefit and only provided modest clinical benefit, indicating that more
effective or possibly more selective use of such invasive treatments appears
needed.

Total annual healthcare costs for back pain in the United States range
between $50 billion to $100 billion in 1990 US dollars (Frymoyer & Cats-
Baril, 1991) and $91 billion in 1998 US dollars (Luo et al., 2004). The average
annual healthcare expenditure for back pain patients is roughly 60% higher
than of individuals without back pain ($3,498 vs. $2,178) (Luo et al.). In a
Swedish survey of CLBP, 15%of costs were from direct medical care while 85%
were indirect costs (Ekman et al., 2005). Higher total healthcare costs have been
associated with patients with more severe back pain, more persistent days in
pain, a disc disorder/sciatica, and female gender (Ekman et al.; Engel, von
Korff, & Katon, 1996). In 1999, low back pain was noted to be the fourth
most costly physical health condition among employees in the United States
(Goetzel et al., 2003). Payments for mechanical low back disorder were only
lower than the chronic maintenance of angina pectoris, essential hypertension,
and diabetes mellitus. Total payments (in 1999 U.S. dollars) per eligible
employee for mechanical low back disorder were $90.25 for healthcare and
productivity management payments (Goetzel et al.).

Direct healthcare costs for back pain are driven primarily by associated
inpatient care ($27.9 billion), followed by office-based visits ($23.6 billion) (Luo
et al., 2004). Back pain is the third most common reason for surgery, the fifth
most common reason for hospitalization, and the fifth most common reason for
all physician office visits (Hart, Deyo, & Cherkin, 1995; Turk & Okifuji, 1998).
Patients with CLBP average 11 annual medical care visits to a variety of provi-
ders, including primary care physicians, orthopedic surgeons, chiropractors, and
physical therapists (Carey et al., 1995).While individuals between 25 and 44 years
of age, women, African-Americans and Hispanics are more likely to seek back
pain-related medical care (Hart et al., 1995), as many as half of those with CLBP
do not seek medical care (James Cook University, 2004).

The indirect costs of CLBP, including work disability and absenteeism, are a
significant occupational and public health problem. Back pain is a major cause
of lost worker productivity (Guo et al., 1995).Workers compensation insurance
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currently costs employers in the US 2% to 4% of gross earnings (Hadler et al.,
2007). Approximately 10% to 15% of individuals with CLBP will become
disabled (Indahl, 2004). The total annual compensable cost for all low back
pain in the United States has been estimated to be $11.1 billion (Webster &
Snook, 1990) The total indirect costs from back pain were $28 billion in 1996
US dollars, with missed work days totaling $18 billion or $4,586 on average per
afflicted worker (Rizzo, Abbott, & Berger, 1998).

Economic Evaluation of the Treatment of Chronic
Lower Back Pain

An extensive yet diverse array of healthcare economic evaluations of the inter-
ventional and the non-interventional treatment of chronic low back pain has been
undertaken in the last decade. In a recent review of the economic literature on
back pain, van der Roer, Goossens, Evers, & van Tulder (2005) found 17 studies,
including five studies of CLBP and four additional studies that combined acute
and chronic lower back pain. Most of the studies performed strictly a CEA;
however, one study added a CBA, while another study a CUA. Four studies
conducted strictly a CUA. One study performed a CMA. A variety of non-
interventional therapies were compared, for instance, McKenzie exercises, chir-
opractic treatment, exercise therapy, multidisciplinary rehabilitation, ergonomic
modification, neuroreflexotherapy, bed rest, and worksite visit (van der Roer
et al., 2005). The authors concluded that the findings of the published studies
could not be synthesized to determine which single therapy was the most cost
effective and that more studies were needed in this area (van der Roer et al.).

Another review of healthcare economic evaluations in rheumatology for a
single year (2001–2002) identified back pain as the subject of higher quality
healthcare economic studies than other areas within rheumatology (Tella, Fein-
glass, & Chang, 2003). The review included four studies (two CEA; two CBA)
that found a dominance of evidence-basedmedicine over usual care; a dominance
of periradicular infiltration with steroids over saline in subgroups with contained
herniated vertebral discs but not in subgroups with disc extrusions. However, no
conclusions could be drawn regardingmultidisciplinary programs as incremental
cost-effectiveness ratios were not calculated (Tella et al., 2003).

Included here are specific healthcare economic evaluations in the area of back
pain. A CEA has been undertaken of ambulatory care provided by specialists
versus general internists to patients with chronic low back pain (Anderson et al.,
2002); lumbar spine radiography in primary care patients with low back pain
(Miller, Kendrick, Bentley, & Fielding, 2002); long-term intrathecal morphine
therapy for failed back surgery syndrome (de Lissovoy, Brown, Halpern, Has-
senbusch, & Ross, 1997); lumbar fusion versus nonsurgical treatment for chronic
low back pain (Fritzell, Hagg, Jonsson, & Nordwall, 2004); microendoscopic
discectomy versus conventional open discectomy in the treatment of lumbar disc
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Table 3 The seven fundamental dimensions of a healthcare economic evaluation applied
to published studies on chronic low back pain (Bombardier & Eisenberg, 1985)

Manipulation, exercises,
and physician
consultation compared to
physician consultation
alone (Niemisto et al.,
2005).

Surgical stabilization of the
spine versus intensive
rehabilitation (Rivero-
Arias et al., 2005).

What type of analysis was
performed?

Cost-effectiveness analysis. Cost-utility analysis.

Was the point of view
(perspective) of the study
clearly stated?

Yes: Societal perspective. Yes: Societal perspective.

Were all the important costs
and benefits identified?

Yes: Both direct and
indirect costs; pain
intensity on visual
analogue scale, back
specific disability on
Oswestry Disability
Index, HRQOL (15D
Quality of Life
Instrument).

Yes: Both direct and indirect
costs; health utility
measured at baseline, six,
12, and 24 months, using
patient-completed the
EuroQol (EQ-5D)
questionnaire.

How were the costs
measured?

Patient report of direct
healthcare costs, direct
non-healthcare costs, and
indirect costs.

National average unit
approach; patient report
of direct (healthcare costs,
direct non-healthcare) and
indirect costs.

Were costs adjusted for
differential timings?

The costs (and effects) were
not discounted despite the
2-year timeframe of the
study.

Costs (and effects) were
effects were discounted at
an annual rate of 3.5%.

Was sensitivity analysis
performed to check
whether the conclusions
change as assumptions or
data are changed?

Yes: Conclusions remained
consistent across the
sensitivity analysis of
average wage level.

Yes: Uncertainty as to the
use of different surgical
techniques for spinal
stabilization and impact of
patients receiving other
treatments subsequent to
their allocated therapy.

Were the comparison
adequately described?

Yes: Combined
manipulation/ exercises/
information versus
physician consultation
alone.

Yes: Full details of the
randomized controlled
trial were published in
parallel with this paper.

Conclusions: Physician consultation
alone was more cost-
effective for both
healthcare use and work
absenteeism, and led to
equal improvement in
disability and HRQOL.

Spinal fusion surgery as first
line therapy for chronic
low back pain seems not to
be a cost effective use of
healthcare resources at
two year follow-up.
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herniation (Arts, Peul, Brand, Koes, & Thomeer, 2006); neuroreflexotherapy for
chronic low back pain in routine general practice (Kovacs et al., 2002); a dis-
ability prevention model for back pain management (Loisel et al., 2002); com-
bined manipulation, stabilizing exercises, and physician consultation compared
to physician consultation alone for chronic low back pain (Niemisto et al., 2005);
intensive group training protocol compared to physiotherapy guideline care for
sub-acute and chronic low back pain (van der Roer et al., 2004); self-care
interventions to reduce disability associated with back pain (Strong, Von Korff,
Saunders,&Moore, 2006); and amulti-stage return towork program forworkers
on sick-leave due to low back pain (Steenstra et al., 2006).

By the same token, a CUA has been undertaken of early imaging in patients
with low back pain (Gilbert et al., 2004); lumbar disectomy for herniated inter-
vertebral disc disease (Malter, Larson, Urban, & Deyo, 1996); epidural steroids
for sciatica (Price, Arden, Coglan, & Rogers, 2005); surgical stabilization of the
spine versus intensive rehabilitation for chronic low back pain (Rivero-Arias
et al., 2005); physiotherapy treatment versus advice in low back pain (Rivero-
Arias, Gray, Frost, Lamb, & Stewart-Brown, 2006); spinal cord stimulation for
failed back surgery syndrome (Taylor & Taylor, 2005); spinal cord stimulation
versus reoperation for failed back surgery syndrome (North, Kidd, Shipley, &
Taylor, 2007); acupuncture for chronic low back pain (Ratcliffe, Thomas, Mac-
Pherson, & Brazier, 2006; Witt et al., 2006); a brief pain management program
compared with physical therapy for low back pain (Whitehurst et al., 2007);
physiotherapist-led pain management classes and exercise (Critchley, Ratcliffe,
Noonan, Jones, & Hurley, 2007); a brief physiotherapy pain management
approach using cognitive-behavioural principles (Solution-Finding Approach)
when compared with a commonly used traditional method of physical therapy
(McKenzie Approach (Manca et al., 2007)); and manipulation physical treat-
ments for back pain (UK BEAM Trial Team, 2004).

The seven fundamental questions for healthcare economic evaluations iden-
tified by Bombardier and Eisenberg (1985) are illustrated here for one CEA and
one CUA in chronic lower back pain (Table 3). These two studies were chosen
as they were not included in previous reviews (van der Roer et al., 2005; Tella
et al., 2003) and they highlight these two diverse treatment options.

Fibromyalgia

The Definition and Prevalence of Fibromyalgia

The1990 American College of Rheumatology (ACR) standardized criteria for
the clinical diagnosis of fibromyalgia include a history of chronic pain and
significant tenderness to manual palpation at least 11 of 18 specific tendomus-
cular points (or trigger points) (Wolfe et al., 1990). The condition affects 2% to
4% of the general population, more often females than males (9:1 ratio), and is
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most commonly diagnosed between the ages of 20–50 years (Raphael, Janal,
Nayak, Schwartz, & Gallagher, 2006; Wolfe, Ross, Anderson, Russell, &
Hebert, 1995). Fibromyalgia patients experience a wide range of comorbid
symptoms, including moderate to severe fatigue, which can wax and wane
over time and vary in maximum intensity (Abeles, Pillinger, Solitar, & Abeles,
2007; Chakrabarty & Zoorob, 2007; Staud, 2006; Wolfe et al., 1990).

While there is agreement that there is heightened pain perception in
fibromyalgia, the precise underlying mechanisms for this phenomenon are
still not clear. The current understanding of fibromyalgia includes several
contributing factors, including stress, previous and coexisting medical illness,
and a variety of neurotransmitter and neuroendocrine disturbances (Mease,
2005). These disturbances include reduced levels of inhibitory biogenic
amines, increased concentrations of excitatory neurotransmitters (including
substance P), and dysfunction of the hypothalamic-pituitary-adrenal axis
(HPA). One common hypothesis is that fibromyalgia results from global
sensitization of the central nervous system (Mease). Other studies note that
fibromyalgia arises from peripheral sensitization. And still others analyses
indicate that fibromyalgia arises from both peripheral and central sensitiza-
tion. While various theories exist, one current unifying premise is that there
may be multiple factors that contribute to and perpetuate sensitization of the
central nervous system and or the peripheral nervous system; therefore, multi-
ple treatment approaches that provide benefit to the fibromyalgia patient may
be indicated (Mease).

The Treatment of Fibromyalgia

The goals in the treatment of fibromyalgia are to reduce pain, improve sleep,
restore physical function, maintain social interaction, reestablish emotional
balance, and reduce the need for expensive healthcare resources (Russell,
2006). The management of fibromyalgia includes non-specific, multimodal,
expectant, and symptomatic treatment strategies that incorporate a variety of
conventional medical modalities as well as complementary and alternative
medical therapies (Bennett, Jones, Turk, Russell, & Matallana, 2007; Gold-
enberg, 2007; Morris, Bowen, & Morris, 2005; Rooks, 2007; Russell). Medica-
tions targeting two or more symptomatic domains, each focusing on unique
biochemical, neurophysiologic, and psychological abnormalities, may allow for
more successful individualization of treatment (Arnold, 2006; Russell).

Treatment recommendations for fibromyalgia were promulgated by the
American Pain Society (APS) in 2004 (Burckhardt, 2006). Goldenberg (2007)
has recently updated the initial APS recommendations, incorporating pub-
lished results with newer medications, including pregabalin, duloxetine hydro-
chloride, andmilnacipran. Other promising new therapies for fibromyalgiamay
include pramixpexole, ropinirole, dextromethorphan, ketamine, and sodium
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oxybate (Staud, 2007). The APS currently recommends a multi-tiered approach

to the management and treatment of fibromyalgia (Goldenberg). The first step

is to confirm the diagnosis, to provide patient education about the condition,

and to evaluate and treat any comorbid conditions, particularly mood and sleep

disturbances. The second step involves appropriate pharmacological treatment

(e.g., a trial of a low-dose of a tricyclic antidepressant) and psychological

intervention (Goldenberg). Cognitive behavioral therapy is specifically applic-

able (Bennett & Nelson, 2006; Garcia, Simon, Duran, Canceller, & Aneiros,

2006; Thieme, Flor, & Turk, 2006; van Koulil et al., 2007). The third step is a

subspecialty referral to a rheumatologist, physiatrist, psychiatrist, and/or pain

medicine specialist, along with a trial of a selective serotonin reuptake inhibitor

(SSRI), a serotonin and norepinephrine reuptake inhibitor (SNRI), tramadol,

or an anticonvulsant (Goldenberg). The APS guidelines also include moderate

aerobic and muscle strengthening exercises, with consideration given to com-

plementary therapies such as hypnosis and acupuncture (Jones, Adams,

Winters-Stone, & Burckhardt, 2006). Multidisciplinary strategies are prefer-

able, particularly in patients who have not responded adequately to previous

treatments (Burckhardt). Aside from the weak mu-receptor agonist, tramadol,

opioid analgesics should be prescribed with caution and only after all other

therapies have been exhausted (Goldenberg; Goldenberg, Burckhardt, &

Crofford, 2004). Patients with fibromyalgia may be especially prone to

opioid-related side effects and psychological dependency (Furlan, Sandoval,

Mailis-Gagnon, & Tunks, 2006).
In 1998, the most widely prescribed types of medications in patients with

fibromyalgia have included nonsteroidal anti-inflammatory drugs (NSAIDs)

(60%), narcotic analgesics (44%), anti-allergy agents (31%), skeletal muscle

relaxants (29%), non-narcotic analgesics (14%), SSRIs (18%), tricyclic anti-

depressants (12%), and other antidepressants (16%) (Robinson et al., 2003).

Based upon two recent retrospective insurance claims studies (Berger, Dukes,

Martin, Edelsberg, & Oster, 2007; White et al., 2008), the actual annual rates of

use of the current APS recommended medications (Goldenberg, 2007) included

tricyclic antidepressants (6% and 11%); SSRIs (19% and 22%), SNRIs (8%),

tramadol (8%), and anticonvulsants (10% and 12%). Despite potential depen-

dency issues and an attendant increased risk of depression, the annual rate of

opioid use approaches 40% in patients with fibromyalgia (Berger et al., 2007).

Concomitant medication use occurs in approximately one-third of fibromyal-

gia patients, with the most frequent combinations being antidepressants with

opioids (23%), antidepressants with anticonvulsants (10%), and opioids with

sedative/hypnotic medications (9%) (Berger et al.).
The most effective treatments reported by self-selected respondents to an

internet survey were rest, heat, pain medications, antidepressants, and hypnotics

(Bennett et al., 2007). The medications perceived by these surveyed patients to be

the most effective were hydrocodone preparations, aprazaolam, oxycodone pre-

parations, zolpidem, cyclobenzaprine, and clonazepam (Bennett et al.).
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The Burden of Fibromyalgia

The direct and indirect costs of fibromyalgia to both the individual and to

society are high. Researchers estimate that fibromyalgia costs in the U.S. range

between $12 billion to $14 billion each year and account for a loss of 1% to 2%

of the nation’s overall productivity (Brandenburg, Mucha, & Silverman, 2007).

Numerous studies have addressed the spectrum of costs associated with fibro-

myalgia, including total healthcare costs, direct healthcare costs, indirect costs,

and intangible costs associated with fibromyalgia patients’ reduced health-

related quality of life and functioning (Berger et al., 2007; Hughes, Martinez,

Myon, Taeb, & Wessely, 2006; Martinez, Ferraz, Sato, & Atra, 1995; Penrod

et al., 2004; Robinson et al., 2003; Robinson & Jones, 2006).
Total healthcare costs were most recently reported among employees with

fibromyalgia, osteoarthritis, and controlswithout fibromyalgia, whowere similar

in age, gender, and employment status. Using 2005 US dollars, employees with

fibromyalgia generated total healthcare costs of $10,199, which is approximately

two times that of matched controls (White et al., 2008). These costs were essen-

tially identical to a 1998 estimate, when adjusted for inflation (Robinson et al.,

2003). Both studies found that employee disability, absenteeism, and medical

comorbidity associated with fibromyalgia greatly increase its economic burden.

The majority of payments were for direct healthcare costs (56% in 1998 and

2005), work loss (26% in 1998 and 29% in 2005), and prescriptionmedication use

(18% in 1998 and 16% in 2005) (Robinson et al., 2003; White et al., 2008). Only

6%of the total healthcare costs were attributable to fibromyalgia-specific claims;

this equated to one dollar spent on fibromyalgia-specific claims for every

$57–$143 spent for additional direct and indirect costs (Robinson et al.).
Although total healthcare costs were similar between fibromyalgia and

osteoarthritis patients, some variations were found in the cost components.

The fibromyalgia patients had lower direct healthcare costs, including lower

inpatient and outpatient costs but greater emergency room visits and no differ-

ence in prescription medication use. Fibromyalgia patients also had higher

indirect costs and a higher frequency of treatments for conditions commonly

coexisting with fibromyalgia, including sleep disturbances, depression, anxiety,

and chronic fatigue syndrome (White et al., 2008).
The high cost associated with fibromyalgia has been reported to be even

greater when other comorbid conditions are present. For example, in a follow-

up study by Robinson et al. (2004), which examined comorbid depression, total

healthcare costs for those with fibromyalgia and depressive disorders was

$11,899 versus $5,163 (in 1998 U.S. dollars) for fibromyalgia patients without

depression. In Wolfe and Michaud’s similar study (2004), the medical care of

fibromyalgia patients with rheumatoid arthritis was more costly than patients

with rheumatoid arthritis alone ($6,447 versus $4,687). Walen and colleagues

(2001) similarly found that such fibromyalgia comorbidities were predictive of

increased costs among female HMO members.
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Other studies have examined just the direct healthcare costs associated with

fibromyalgia. A recent report by Berger and colleagues (2007) estimated direct

healthcare costs with fibromyalgia to be approximately three times that of

patients without fibromyalgia.While Berger’s cost estimate differential is some-

what higher than that of White and colleagues (2008), much of this difference is

likely due to the lower average age and active employment status in the White

et al. sample. In Ontario, Canada, the 1993 direct costs for medical services were

$1028 for a representative community sample of patients with fibromyalgia

diagnosed by a rheumatologist (White, Speechley, Harth, & Ostbye, 1999c)

versus $2274 in 1996 U.S. dollars for medical services and medications (Wolfe

et al., 1997a). The major contributors to annual direct healthcare costs in this

U.S. study were hospitalization ($882), followed by medications ($731), out-

patient visits ($340), and other costs ($320) (Wolfe et al., 1997a). Patients used

an average of 2.7 fibromyalgia-related drugs in a six-month study period (Wolfe

et al.). Patients averaged almost 10 outpatient medical visits per year, with

laboratory and radiology studies being as frequent as medical visits (Wolfe

et al.). More recent reports also noted a high use of medications and office visits

(Berger et al.; White et al.).
Indirect costs account for about half of the total healthcare costs generated

by patient with fibromyalgia (Robinson et al., 2003; White et al., 2008).

Indirect costs among employees with fibromyalgia were more than twice

those of controls and exceeded such costs among employees with osteoarthritis

(White et al.). This equated to approximately 18.1 annual days on disability and

an additional 11.6 annual days off work due to medically related absences

(White et al.). Although 45% of fibromyalgia patients had filed a disability

claim, the majority of the disability claims were not directly related to fibro-

myalgia but instead to comorbid diseases or other unrelated conditions (Robin-

son et al.).
Another recent study found that nearly 70% of the costs associated with

fibromyalgia were indirect costs (Penrod et al., 2004). Disability is typically

measured in terms of disability assistance claims, absenteeism, and productivity

loss while at work. Penrod and colleagues extended the scope of indirect costs to

include the costs of complementary and alternative medicine services, lost time

in the market place and non-market place, and replacement costs for house-

work and childcare. They estimated the desired labor force participation ratio

among female rheumatology patients with fibromyalgia to be 67% (Penrod

et al.). This was inferred from 42%of subjects working in the previous 6months

and 25% who were receiving disability assistance or retired because of fibro-

myalgia. Over half of the women missed some work because of fibromyalgia

with an average of four weeks annually (Penrod et al.). Added to this was the

loss of work time resulting from women who exited the work force altogether

due to fibromyalgia, which increased the average 6-month work losses for the

total sample to 12.5 weeks. An additional 80 h of household work were lost over

the 6 months because of fibromyalgia-related limitations (Penrod et al.).
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Societal costs for individuals with fibromyalgia existing outside of the work-
force have not been fully addressed. Estimates of the frequency of patients with
fibromyalgia who are not working due to temporary or permanent disability
range from 9% to 26% (de Girolamo, 1991; Penrod et al., 2004; Wolfe et al.,
1997b) versus only 2% in the general population (Tait, Margolis, Krause, &
Liebowitz, 1988) and compared to an approximately 10% disability claim
frequency among patients with other chronic pain disorders (White, Speechley,
Harth, & Ostbye, 1999b). In Scotland, Al-Allaf (2007) found that 47% of
patients with fibromyalgia reported losing their job because of their disease
compared to 14% of controls. Additionally, work or school hours were found
to be reduced because of health problem in 65% of fibromyalgia patients versus
29% of patients with other chronic, similarly generalized pain syndromes, and
9% of controls, respectively (White et al., 1999b).

Problems that interfere with the employment of patients with fibromyalgia
include difficulty in performing repetitive motor tasks, prolonged sitting or
standing, loss of mental acuity, performance anxiety, and workplace stressors
(Waylonis, Ronan, & Gordon, 1994). One study used computerized worksta-
tions to simulate work environments that physically stress the shoulders, spine,
wrists, and elbows of fibromyalgia patients, rheumatoid arthritis patients,
and healthy controls. Patients with fibromyalgia could only perform 59% of
the workload performed by their healthy counterpart, whereas patients with
rheumatoid arthritis could perform 62% of the controls’ workload (Cathey,
Wolfe, & Kleinheksel, 1988). The majority of patients with fibromyalgia have
been found to reduce their activities of daily living and spend at least one day
in bed during a two-week period because of symptoms (White, Speechley,
Harth, & Ostbye, 1999a; White et al., 1999b; Wolfe et al., 1997b).

Other previous research has examined the direct healthcare costs of spouses
of patients with fibromyalgia, which were virtually equivalent to controls, as
well as the intangible costs stemming from the significant deficits in fibro-
myalgia patients’ health-related quality of life, loss of social support net-
works, and functioning (Affleck, Urrows, Tennen, Higgins, & Abeles, 1996;
Bernard, Prince, & Edsall, 2000; Martinez et al., 1995; Reisine, Fifield, Walsh,
& Feinn, 2003). Patients with fibromyalgia have also been observed to suffer
from medical and social isolation and frank stigma due to its poor prognosis,
unclear pathology, and the lack of acceptance of fibromyalgia by the medical
community (Asbring &Narvanen, 2002; Cudney, Butler, Weinert, & Sullivan,
2002).

Costs appear be driven by the uncertainties of the etiology and relative lack
of objective, more verifiable diagnostic criteria in fibromyalgia. Approximately
one-quarter of respondents to an internet survey reported seeing six or more
healthcare providers about their symptoms of fibromyalgia before a diagno-
sis was made (Bennett et al., 2007). One longitudinal study showed a slight
reduction in healthcare resource use at 36 months after diagnosis, although
there was a large drop out rate in the study (White et al., 2002). For example,
in the U.K., primary care patients with fibromyalgia reported higher rates of
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illness and healthcare resource use for at least 10 years prior to their diagno-

sis (Hughes et al., 2006). Some decrease in visits for other comorbidities

occurred following diagnosis, with a concomitant decrease in referrals and

diagnostic tests (Hughes et al.). However, prescription medication rates

initially stabilized after an initial diagnosis but subsequently rose (Hughes

et al.).
Costs may be further exacerbated in fibromyalgia patients due to the chronic

nature of their pain, the predilection towards polypharmacy, the multidisciplin-

ary treatment strategies commonly employed tomanage the complex symptoms

and comorbid conditions with this ill-defined syndrome, and the varying stan-

dards of care. In this context, economic analyses are more complicated and

challenging, albeit ostensibly more necessary. Therefore, interventions asso-

ciated with changes in concomitant medications, psychosocial issues associated

with the clinical course of fibromyalgia, lost work time, disability, and out of

pocket costs from complementary and alternative therapies would be especially

pertinent for healthcare providers and medical decision makers as they manage

patients with fibromyalgia.

Economic Analyses of the Treatment of Fibromyalgia

An extensive review of the literature identified only two published articles that

compared the cost effectiveness of interventions for fibromyalgia. Neither

study was actually pharmacoeconomic. Instead these analyses focused on

non-pharmacological interventions (Goossens et al., 1996; Zijlstra, Braakman-

Jansen, Taal, Rasker, & van de Laar, 2007). Multidisciplinary pain management

interventions were assessed in the Netherlands to determine if educational pro-

grams plus cognitive therapy or educational programs alone (plus group discus-

sion as a placebo) were more clinically efficacious and cost effective (Goossens

et al.; Vlaeyen et al., 1996). More recently, the cost-effectiveness of spa treatment

for fibromyalgia was examined (Zijlstra et al., 2007). These two studies are

summarized using the seven fundamental questions identified by Bombardier

and Eisenberg (1985) (Table 4).
This paucity of fibromyalgia economic studies is problematic given the

significant economic, social, and personal burdens resulting from the condi-

tion. That said, in the absence of pharmacoeconomic evaluations of interven-

tions for fibromyalgia, a number of studies, however, that have addressed

the efficacy of interventions for fibromyalgia have also included measures of

both cost and patient-reported outcomes (i.e., measures of functioning and

HRQOL) (Robinson & Jones, 2006). The most widely applied economic mea-

sures were the two work items from the Fibromyalgia Impact Questionnaire. Of

the economic outcomes, interference with work was the one measure most likely

to improve with treatment (Robinson & Jones).
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Table 4 The seven fundamental dimensions of a healthcare economic evaluation applied
to published studies on fibromyalgia (Bombardier & Eisenberg, 1985)

Cognitive educational
treatment (Goossens et al.,
1996).

Spa treatment (Zijlstra et al.,
2007).

What type of analysis was
performed?

Cost-utility analysis. Cost-utility analysis.

Was the point of view
(perspective) of the study
clearly stated?

Yes: Societal perspective. Yes: Societal perspective.

Were all the important costs
and benefits identified?

Yes: Maastrict Utility
Measurement
Questionnaire, change in
health state using a visual
analogue rating scale and
standard gamble
techniques.

Yes: Total costs and utility
measures using the SF-6D
(validated utility
conversion of the Dutch
version of the SF-36 generic
HRQOL survey) and a
visual analogue scale of
general health.

How were the costs
measured?

Patient report of direct health
care costs, direct non-
healthcare costs, and
indirect costs.

Patient report of direct
healthcare costs, direct
non-healthcare costs and
indirect costs.

Were costs adjusted for
differential timings?

Timings not mentioned, but
purchasing power parities
were applied between
countries.

Costs (and effects) were not
discounted as the time
horizon of this study was
less than 1 year.

Was sensitivity analysis
performed to check
whether the conclusions
change as assumptions or
data are changed?

Yes: Conclusions remained
consistent across the
sensitivity analysis.

Not performed.

Were the comparison
adequately described?

Yes: Combined educational/
cognitive therapy versus
educational therapy alone
versus a control group
(waiting list).

Yes: Spa treatment (including
thalassotherapy, group
exercise, patient education,
recreational activities, and
relaxation) versus usual
care.

Conclusions: Addition of a group
discussion component to
an educational program
was more cost effective
than addition of a cognitive
component. Neither
intervention improved
HRQOL.

Spa treatment for
fibromyalgia temporarily
improves fibromyalgia
symptoms and HRQOL.
Spa therapy is associated
with limited incremental
costs per patient.
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Implications for the Clinical Application of Healthcare Economic

Evaluations of Chronic Pain Management

Can Cost-Effectiveness Analysis Be Performed Simultaneously
With an Efficacy Study of Chronic Pain Treatment?

In order to have credibility and hence more likely application among clinicians,
healthcare economic evaluations must be focused on practical questions that
generate understandable and persuasive findings. To this end, there are two
basic approaches to conducting a CEA or CUA (O’Brien, 1996; O’Brien et al.,
1994). In deterministic decision analytic modeling, the required cost and clinical
outcome data are retrospectively obtained from existing sources and coalesced.
Alternatively, in the stochastic ‘‘piggy-backed’’ or trial-based approach, the
economic data are prospectively collected alongside a ‘‘pragmatic’’ randomized
controlled trial that seeks to mimic real life (Drummond, 2001; O’Brien). It is
posited here that the latter approach is innately more credible and hence
persuasive to the practicing clinician.

In a general sense, cost-effectiveness analysis seeks to identify the most cost-
efficient clinical intervention required to achieve a natural unit of output or
clinical outcome. Because of the similarity of questions typically addressed, a
CEA and CUA are the healthcare economic evaluation designs most frequently
conducted alongside or nested within a randomized clinical trial (RCT).
Notionally, an RCT and a CEA/CUA can benefit greatly by their concurrent
execution (Jefferson et al., 2000).

However, in addition to being logistically burdensome and more costly to
perform, combined clinical and economic trials pose two other overall design
concerns (Table 5) (Ramsey, McIntosh, & Sullivan, 2001). The health care

Table 5 Trial design issues when performing a cost-effectiveness analysis or a cost-utility
analysis alongside or within a randomized controlled trial (Ramsey et al., 2001)

Clinical care in a randomized controlled trial is not representative of that in routine practice:

Placebo control group is atypical of standard practice

Additional protocol-related procedures artificially raise the cost of care

Screening and selection criteria make clinical trial subjects more homogeneous and more
likely compliant

Sub-specialty care provided by study investigators does not reflect typical practice setting

Close follow-up increases the probability of diagnosing additional diseases

Clinical trials assess efficacy whereas cost-utility analyses evaluate efficiency and resource
allocation:

Clinical trials focus on benefits/harms in targeted patients; cost-utility analyses take a
societal perspective

Surrogate endpoints are common in clinical trials; cost-utility analyses focus directly on
health-related quality of life

Sample size needed for clinical endpoints may not be sufficient for economic analysis

Time horizon for a clinical trial is usually shorter than that of a cost-utility analysis
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provided in an RCT is very often not representative of that delivered in routine
clinical practice. Secondly, as noted above, clinical trial assesses efficacy
whereas a CEA or CUA evaluates efficiency and guides resource allocation
(Ramsey et al., 2001).

In an effort to address these issues, the International Society for Pharma-
coeconomics and Outcomes Research (ISPOR) has developed guidelines for
designing, conducting, and reporting cost-effectiveness analyses conducted as a
part of a clinical trial (Ramsey et al., 2005), as well as, guidelines for decision
analytic modeling in healthcare economic evaluations (Weinstein et al., 2003).

When Designing an Economic Evaluation to Be Conducted
Alongside a Clinical Trial, Upon Which Endpoint Should
the Overall Study Sample Size Be Based?

The cost, utility and clinical outcome data collected in a concurrently per-
formed economic evaluation and clinical trial can readily be separately
described using generally understood measures of central tendency, dispersion,
and correlation, while the observed difference in cost or effect can be subjected
to hypothesis testing using conventional confidence intervals and/or an appro-
priate inferential test statistic (Mullahy & Manning, 1994). Challenges arise,
however, when such statistics are performed on the ratio of cost and effect
(O’Brien & Briggs, 2002).

An incremental cost-effectiveness ratio (ICER) based upon a single sample is
a point estimate and thus innately characterized by uncertainty (Briggs &Gray,
1999; Briggs et al., 1994). The optimal method for addressing the uncertainty of
an ICER generated using cost and utility data obtained alongside a prospective
clinical trial has been an evolutionary yet mathematically rigorous process
(Briggs, 2001; O’Brien & Briggs, 2002; Polsky, Glick, Willke, & Schulman,
1997).

Fundamentally, given the characteristics of a ratio, as the random sample
point estimate of the difference in clinical effect in the denominator decreases
and the difference in costs in the numerator increases, the ICER becomes very
wide and is not clinically useful (Briggs & Gray, 1999). Furthermore, a simple
calculation of the confidence interval for an ICER can be quite problematic,
given the non-negligible probability of obtaining a very low value in the
denominator (the clinical effect) (Briggs, Mooney, & Wonderling, 1999). This
is particularly the case when a CEA or CUA is performed using clinical out-
come data from a clinical trial designed and powered to detect very small yet
clinically meaningful differences in patient outcome (Mullahy & Manning,
1994).

Healthcare costs generally have greater variance (i.e., standard deviation)
than clinical outcomes (Briggs & Gray, 1998). Thus, in the majority of studies,
the economic analysis component will require greater patient numbers than the
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clinical trial to demonstrate a statistical significant difference (Briggs & Gray).
Furthermore, when an economic evaluation is conducted alongside a rando-
mized controlled trial, the cost data collected are often positively skewed due to
outliers, namely, sample subjects (patients) who utilized a disproportionate
amount of healthcare resources (Barber & Thompson, 1998; Thompson &
Barber, 2000). This lack of a normal distribution violates one of the basic
assumptions for parametric inferential statistical analysis.

Consequently, jointly obtained cost and effect data are more appropriately
analyzed using non-parametric methods, including a bootstrapping technique
for estimating the ICER and its confidence interval (Briggs et al., 2002; Briggs,
Wonderling, & Mooney, 1997; Polsky et al., 1997). Well-described techniques,
such as bootstrapping remain challenging for the average clinician. As a con-
sequence, there can be some difficulty in terms of interpreting and applying the
published results in his or her practice.

Costs per Country Be Pooled or Remain Separate
in Multinational Studies of Chronic Pain?

As the number of multinational clinical trials has increased, so too has the
interest among healthcare researchers and policymakers in obtaining concur-
rent multinational economic data (Pang, 2002; Reed et al., 2005). A primary
motivation for conducting an economic evaluation alongside a multinational
clinical trial is to further enhance the generalizability (i.e., the external validity)
of the results of the study (Drummond&Pang, 2001). To this end, the collection
of patient-level data on the quantity of resource use, costs per unit of resource,
and where applicable, preference-based health state utility are incorporated
into the study protocol (Drummond, Manca, & Sculpher, 2005).

However, in a multinational scenario, confounding study subject variability
may not be as adequately controlled for by study group randomization. Geo-
graphic and temporal differences in healthcare availability and reimbursement,
clinical practice and referral patterns, and relative prices are likewise more
problematic and can adversely affect the generalizability or transferability of
the aggregate cost-effectiveness or cost-utility results (Drummond, Manca
et al., 2005; O’Brien, 1997; Reed et al., 2005; Sculpher et al., 2004). Six basic
threats to the transferability of healthcare cost-effectiveness data from one
country to another have been elucidated: the demography and epidemiology
of disease; clinical practice and conventions; incentives and regulations for
healthcare providers; relative price levels; consumer preferences; and opportu-
nity cost of resources (O’Brien).

Once again, an accurate healthcare economic evaluation is predicated upon
the soundness of the collected cost data (Halliday & Darba, 2003). Whereas
relative differences in patient outcomes can suffice in anRCT that focuses solely
on clinical efficacy, estimating a transferable incremental cost-effectiveness

Healthcare Economic Evaluation of Chronic Pain 245



ratio (ICER) requires the use of absolute differences in costs and effects (Reed
et al., 2005). Not surprisingly, considerable attention has thus been devoted
to costing in clinical trial-based multinational economic evaluations (Cook,
Drummond, Glick, & Heyse, 2003; Drummond et al., 1992; Koopmanschap,
Touw, &Rutten, 2001;Willke, Glick, Polsky, & Schulman, 1998). Nevertheless,
definitive guidelines for multinational healthcare economic evaluations have
yet to be developed (Pang, 2002), and applied costing methodology has hence
varied widely (Halliday & Darba).

Given that pain is a complex and highly subjective experience (Turk &
Okifuji, 2004), individual patient and physician preference play an equal and
major role in clinical decision making in the treatment of chronic pain (Owens,
1998). Considerable country-level heterogeneity has likewise been observed in
the prevalence and symptoms of chronic-pain (Verhaak, Kerssens, Dekker,
Sorbi, & Bensing, 1998). In the final analysis, as with other diverse chronic
clinical conditions (Drummond et al., 1992), both the collection and transfer-
ability of concurrent multinational chronic pain trial clinical and economic data
may be simply impractical.

Conclusions

The economic, social and personal impact of chronic pain, its management
and treatment are substantial. Just like the healthcare decisionmaking process
itself, a legitimate economic evaluation need not be performed only at the
macro (societal) level or meta (governmental) level. An economic evaluation
can also be performed at the meso level, comparing for instance the costs and
consequences of specific treatment guidelines for groups of patients with
fibromyalgia or chronic low back pain. The principles can equally be per-
formed at the micro level, involving individual providers and their patients,
often as part of a shared decision-making model (Sutherland & Till, 1993;
Torrance, 1987, 1997). No matter what the applied perspective of the evalua-
tion, indirect productivity costs and intangible costs, although often less
emphasized in the literature, are sizeable in chronic pain conditions like
fibromyalgia and chronic low back pain.

While healthcare economic evaluation of chronic pain conditions has
matured considerably in the last two decades, it nonetheless remains a work
in progress, as health services and clinical researchers strive to refine applicable
decision analysis models and the means by which to validly measure costs and
outcomes of chronic pain treatments (Goossens, Evers, Vlaeyen, Rutten-van
Molken, & van der Linden, 1999; Myriam Hunink et al., 2001). This methodo-
logical evolution is exemplified in the body of existing chronic pain-related cost-
effectiveness and cost-utility analyses (Vetter, 2007a). The majority of the
previous conjoint economic and clinical studies have involved a limited time
horizon, which while admittedly a matter of practicality, resulted in a failure to
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address the protracted costs versus benefits of treating long-term and often
episodic or recurrent chronic pain conditions (Vetter).

In their recent review of the literature on fibromyalgia treatment efficacy,
Robinson and Jones (2006) found twice as many non-pharmacologic (48) as
pharmacologic (23) studies, this despite the widespread use of prescription
medications for fibromyalgia. These authors also observed that cost mea-
sures were included in less than half of the pharmacologic fibromyalgia
treatment studies (10 of 23) versus in a majority of the non-pharmacologic
fibromyalgia treatment studies (33 of 48). Less than half of the studies that
included cost measures noted significant clinical differences across inter-
ventions or in pre- versus post- patient assessments. None of the outcome
measures provided consistent results across or within therapies. Inclusion of
such patient-reported outcome measures has been a more recent practice,
with an emphasis more so on specific functional measures than on general
HRQOL. Overall, inconsistent results have been observed regarding the
efficacy of many pharmacologic and non-pharmacologic interventions as
compared to specific cost reduction (Goldenberg et al., 2004; Robinson &
Jones).

Similarly, based upon a review of the published literature, definite conclu-
sions could not be made about the most cost-effective intervention for chronic
low back pain due to the heterogeneity of interventions, controls and study
populations, as well as a frequently incomplete economic analysis (van der Roer
et al., 2005). Thus, it would appear that more studies are needed that conjointly
assess the clinical efficacy, pertinent costs, and cost-effectiveness (utility) of
interventions for both fibromyalgia and chronic low back pain.

The number and quality of published chronic pain-related, full economic
analyses nonetheless appear to be increasing (Fig. 3) (Vetter, 2007a). The trend
in pharmacoeconomic evaluations may particularly increase as regulatory
agencies approve medications for use in specific chronic pain conditions. Cur-
rently only 2 drugs, pregabalin and duloxetine, are approved for fibromyalgia
and nomedication is approved for chronic lower back pain in the United States.
As of 2008 and worldwide, no medication is specifically indicated for chronic
lower back pain.

Given the insidious and often refractory nature of both conditions, comple-
mentary and alternative medicine (CAM) therapies are widely applied for fibro-
myalgia and chronic low back pain (Lind, Lafferty, Tyree, Diehr, & Grembowski,
2007; Sherman et al., 2004). At least in theUnited States, much of the cost for such
CAM therapies is borne by patients, many of whom clandestinely seek such care
when more conventional medical and surgical interventions prove inadequate
(Fleming,Rabago,Mundt,&Fleming, 2007).While capturing these out-of-pocket
direct healthcare cost data for CAM therapies is innately more challenging (i.e.,
requires that patients complete a detailed cost diary rather than simply abstracting
an insurance claims database), doing so would appear to be a requisite in order to
make future representative and thus valid conclusions about treatment incremen-
tal cost-effectiveness.
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Despite the attendant methodological challenges, given the present state of

affairs, it would appear worthwhile for researchers and clinicians to incorporate
healthcare economic evaluations into their treatment and analyses of the costs
associated with long term chronic pain (Neumann, 2005; Vetter, 2007a). To do

otherwise will likely disenfranchise such strongly invested individuals from the
decision-making process already underway in government and among third-
party payers, aimed at identifying how to optimally allocate finite resources in
the face of a virtually ever increasing demand for health care, including for the

now more longitudinal treatment of chronic pain conditions (Neumann, 2005;
Vetter, 2007a). Moreover, the seemingly next logical step in the advancement of
healthcare policy and point-of-service delivery appears to be the melding of the
admittedly presently more well-established principles of evidence-based medi-

cine with both patient-centered outcomes and cost-effectiveness data so as to
create the paradigm of value-based medicine (Brown et al., 2005).
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Mäntyselkä, P., Kumpusalo, E., Ahonen, R., Kumpusalo, A., Kauhanen, J., & Viinamaki, H.
, et al. (2001). Pain as a reason to visit the doctor: A study in Finnish primary health care.
Pain, 89(2–3), 175–180.
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Chemotherapy Induced Peripheral Neuropathies

(CIPNs): A Biobehavioral Approach

Rhonda J. Moore

‘‘I moan, I try to speak and my soul feels suffocated. . .’’

The 77th Psalm

‘‘The worse pain a person can suffer: to have insight into
much and power over nothing.’’

Herodotus

‘‘Give me life, Give me pain, Give me myself again.’’

Tori Amos

Abstract Pain is a prevalent symptom in patients with cancer. Chemotherapy
Induced Peripheral Neuropathies (CIPNs), as a type of cancer related pain, are
an increasingly common neuropathic pain syndrome. In this paper, we offer a
biobehavioral approach to understanding the development and perhaps the
maintenance of CIPNs. First, CIPNs are defined. This is followed by a descrip-
tion of the epidemiology, symptoms, and barriers associated with CIPNs.
Following important research from the fields of pain, behavior and psycho-
neuroimmunology (PNI), we suggest that injury to peripheral nerves after
chemotherapeutic treatments initiates immune to brain communication,
which further modulates the biological mechanisms through which life experi-
ences and behavior reinforce and likely perpetuate the experience of CIPN.

Introduction

Pain is a prevalent symptom in patients with cancer [1–28]. Chemotherapy-
induced peripheral neuropathies (CIPNs), as a type of cancer pain, are an
increasingly common neuropathic pain syndrome in cancer survivors [1–162].
They have been described as the ‘end result,’ the ‘dose limiting’ side effect, or as
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the de facto toxic effect which limits the administration of many commonly
used anti-neoplastic agents [8–162]. In other words, this specific neuropathic
pain syndrome in patients with cancer is caused (at least in part) by injury to
nerve structures [8–21]. This damage caused by chemotherapeutic agents can
also cause subsequent and long-term functional abnormalities of structural
lesions in the peripheral and central nervous system [8–21, 110, 151]. The
chemotherapeutic agents most often associated with CIPNs are the platinum-
based compounds, taxanes, vinca alkaloids, thalidomide, and bortezomib
[8–16, 24–144].

In this paper, we offer a biobehavioral approach to understanding the
development and maintenance of CIPNs. CIPNs are defined. This is followed
by a description of the epidemiology, symptoms, and barriers associated with
CIPNs. Following important research from the fields of pain, neuroscience,
behavior and psychoneuroimmunology (PNI), we suggest that injury to per-
ipheral nerves after chemotherapeutic treatments initiates immune to brain
communication, which further modulates the biological mechanisms through
which life experiences and behavior reinforce and likely perpetuate the experi-
ence of CIPN.

Epidemiology

Cancer Pain is a prevalent symptom in cancer patients. It may be present at any
time during the course of the illness [8–22, 24–98, 118–136, 148, 152–162].
About 30% to 50% of cancer survivors experience pain while undergoing
treatment [118–129, 153–155]. The frequency and intensity of cancer pain also
tends to increase with advanced staged disease. Between 75 and 90% of patients
with metastatic or advanced stage cancer experience significant cancer-induced
pain [1–8, 118–129]. Uncontrolled, under assessed and often under treated, it
can also cause significant physical, emotional, and psychological distress and
suffering [1–23, 118–129].

CIPNs are as a type of neuropathic pain that develops post-chemotherapeutic
treatment in cancer survivors. They are a serious yet understudied consequence of
cancer treatment [1–98, 134–136, 152–224]. The sensory and motor symptoms
and signs of CIPNs can be disabling, and can have a significant impact on the
quality of life (QOL) of cancer patients [8–16]. Even when CIPN is not a dose-
limiting side effect, its onset may severely affect QOL and cause chronic discom-
fort [8–16, 24–98].

The prevalence of CIPNs are not actually known due a lack of adequate
standardized assessment, measurement and reporting mechanisms [9, 10]. Inci-
dence may vary and depend on the drugs and schedules used [8–16]. The incidence
of severe CIPN has been estimated at 3%–7% in individuals treated with single
agents. Risk factors and comorbid conditions have also been associatedwithworse
symptomology. The risk factors include: prior uses of chemotherapies (particularly
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prior treatments with platinum based therapies), age (older), gender differences
(female). There is also recent evidence that the incidence of CIPN is upwards of
38% in those individuals treated with multiple chemotherapeutic agents [8–22,
24–98]. Comorbid conditions that appear to place patients at greater risk for CIPN
include diabetes, HIV, alcoholism, pre-existing neuropathies (i.e., diabetic neuro-
pathy), and vitamin B deficiencies [8–15]. Great variability exists in the symptoms
associated with CIPNs, and little is known about other risk factors [8–15]. More-
over, evenwhen neurophysiologicmethods are used tomake a diagnosis, which are
associated with an higher incidence, there is still a wide variation in the resultant
symptoms [8–16].

In what follows, we briefly describe the symptoms, barriers and risk factors
associated with CIPN. This will be followed by a discussion of the etiology of
CIPNs.

Symptoms Associated with CIPNs

For an excellent discussion of the symptoms associated with CIPNs, the reader
is referred to Paice [13, 15] Wickham [9] Stillman [10] and Manyth [8]. Briefly,
the symptoms are described as follows:

� The majority of patients report a gradual onset, although some develop the
sensation rapidly [8–15].

� The primary effects are sensory, occurring in a ‘stocking-glove distribution’
in the toes and fingers [8–15, 17].

� Terms such as ‘‘burning,’’ ‘‘tingling,’’ ‘‘electrical sensation, ‘‘painful numb-
ness’’ have all been used to describe the symptoms associated with CIPNs
[13, 15].

� Patients may also report increased pain during walking, with descriptions of
sensations such as ‘‘walking on shards of glass’’ or ‘‘stepping on razorblades.’’
[13, 15]

� Physical examination may reveal tactile allodynia, cold allodynia, hypersen-
sitivity and loss of deep tendon reflexes [13, 15].

� Patients may also experience a loss of Proprioception. Proprioception is
defined as the unconscious perception of movement and spatial orientation
arising from stimuli within the body itself. Under normal circumstances,
large diameter myelinated A fibers innervating skin, joints and muscles
normally conduct non-noxious stimuli including fine touch and vibration
as well as proprioceptive information. And under these normal conditions,
large sensory neurons do not conduct noxious stimuli. These large myeli-
nated sensory fibers are preferentially injured by chemotherapeutic agents
such as the vinca alkaloids, taxanes and platinum-based compounds [13, 15,
17]. Injury or damage to large sensory fibres by chemothereuoutic treatments
can also result in the paresthesias, dysesthesias and decreased proprioceptive
abilities [8–21]. These stimuli can be detected by nerves within the body itself,
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as well as by the semicircular canals of the inner ear. The evaluation for loss
of Proprioception includes having the patient close their eyes, move a toe or
finger up or down, and state whether the digit is facing upward or downward
[8, 13, 15].

� Thes experience can vary and its length cannot be predicted. In other words,
it can last from days to a lifetime [8–17].

� Loss of proprioception can also lead to significant safety issues [8, 13, 15].
Patients without proprioceptive sense are at great risk for falls as they also
tend to lose all sense of the position of their feet. This raises other concerns
regarding their ability to safely drive, particularly when proprioception and
sensation are impaired [13, 15]. If patients are unable to feel the brakes or lack
the strength to adequately press a pedal, they should not drive [13, 15, 22].

Barriers

Multiple barriers limit optimal pain management in patients with cancer pain
and CIPN [8–23, 118–136]. These include Patient, Clinician, Health System and
Treatment related factors, racial and ethnic disparities, as well as, wide varia-
tion in the phenotypic expression of CIPN symptomology [8–23, 118–136,
152–162].

� Patient related Factors:
Patient related factors include opioid-phobia, under-reporting of cancer
related pain due to fears of addiction, fears that the cancer has returned,
and beliefs about suffering and poor-clinician patient communication [23,
118–136].

� Clinician related Factors:
Clinician related factors include a lack of knowledge of effective cancer
pain management. This also involves a lack adequate knowledge regard-
ing the proper evaluation, assessment, and diagnostic techniques as well
as attitudinal barriers by healthcare providers, and poor-clinician patient
communication [23, 118–136].

� Treatment and Health Care System related Factors:
Treatments for pain can include physical modalities, exercise, opioids,
alternative and complementary medicine, adjuvant medications, and
interventional techniques [152–225]. Yet there are also significant barriers
to treatments [118–136]. Barriers to treatment may also include side
effects, finances, access issues, and attitudes [23, 118–136, 152–224]. In
addition, well-intentioned governmental regulations to battle the war on
drug abuse often catch pain patients in the crossfire (see also Rich, This
Volume). These financial barriers to effective cancer pain management
are created by the health care system, and exist in both in the private and
public sectors [24, 101–112]. (See also Robinson and Vettner, this
Volume)
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� Racial and Ethnic Disparities in Pain:
Beyond the previously described barriers in cancer pain management,
racial and ethnicminorities and other vulnerable populations (e.g. children,
women and the elderly) are also at a great risk for inadequate pain manage-
ment [23, 120–129, 101–112] (See also Cucchiaro, McCarberg and Cole,
andDy, all in this Volume). Individuals from these populations also tend to
be under evaluated and treated for pain and related symptoms when
compared with non-Hispanic Whites [23, 120–129] Disparities in pain
perception, assessment, and treatment have been noted across clinical
settings (i.e., postoperative, emergency room) and across all types of pain
(i.e., acute, cancer, chronic nonmalignant, and experimental) [23, 120–129].
The sources of pain disparities among racial and ethnic minorities are
complex, involving patient (e.g., patient/health care provider communica-
tion, attitudes), health care provider (e.g., decision making), and health
care system (e.g., access to pain medication) factors [23, 120–129, 24,
101–112].

� Variation in Symptoms:
The clinician cannot simply turn off peripheral nervous system damage
post-chemotherapeutic treatments, and the phenomenon of ‘coasting,’
which is the appearance of neurotoxicity after the discontinuation of
chemotherapeutic agents frequently occurs [10]. In addition, it is still
quite difficult to predict whether otherwise neurologically normal
patients will exhibit susceptibility to the neurotoxic effects of chemother-
apy [8–15]. The diagnosis, assessment and management of CIPNs are
complicated by therefore existing wide variation in symptoms as well as
the lack of a reliable and standardized means to diagnose and monitor
patients who are at risk for, or who are symptomatic from, this complica-
tion of treatment [8–21, 24–28, 30–98, 130, 148, 152, 155–162]. There are
also no well established criteria or guidelines for dose reduction [10].

Heterogeneity in symptoms can range from an almost exclusively sensory or

sensory-motor neuropathies, with or without clinical evidence of autonomic

impairment [8–22]. For instance, recent, insight from animal and human studies

support these findings suggesting that the great heterogeneity in the underlying

mechanism(s) of nerve injury caused by individual agents, may partly explain

the wide variation in the resultant symptoms [8–22, 137, 149–150].
Chemotherapeutic toxicity is also influenced by multiple genetic factors and

nongenetic factors including age, sex and drug-drug interactions [8, 118–137,

154–163]. The manifestations of adverse drug reactions also differ between men

and women. For instance, women tend to experience greater toxicity from

chemotherapeutic drugs than men [133]. These issues further contribute to the

difficulties in predicting which patients from which populations will exhibit

long term damage from chemotherapeutic treatments [8–23, 118–37]. Treat-

ments have historically been supportive [8–22, 91, 163–215]. At this time, no

medications currently exist that can fully relieve the sensory and motor loss
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associated with advanced CIPNs. For instance, neuropathic pain management
is generally aimed at reducing symptoms, generally by suppressing neuronal
activity, and not glial cell activation, which has also been recently associated
with the development and maintenance of long-term chronic pain states [8, 29,
99–117].

As a consequence, CIPNs represent a large unmet need for patients due to
the absence of adequate assessment and evidence based treatments that could
be widely applied across clinical CIPN patient populations and which could
potentially prevent or mitigate this increasingly common clinical problem
[8–15, 187–224]. Thus, this wide variation in biobehavioral symptomology
remains a significant barrier which further contributes to the inadequate pain
assessment and management of CIPNs.

A Biobehavioral Approach to Understanding CIPNs

Recent studies over the past decade have begun to explore a biobehavioral
approach, one that considers the interactive role of biological, environmental,
cultural, emotional and psychosocial processes that directly and indirectly
impact the development and course of human illness and disease [31–32]. Pain
is also a subjective experience that results from the transduction, transmission
or modulation of sensory information. This physiologic input is filtered via an
individual’s socio-cultural framework, learning and experience, genetic, his-
tory, affective or emotional states, as well as, past and current psychological
status [8, 31–32].

Biobehavioral research can make an important contribution towards a
greater understanding of chronic pain and disability since it focuses on the
study of the interactions between biologic factors, behavioral factors and
clinical outcomes including disease progression, symptom management and
quality of life (QOL) [31–32]. In the context of an evolving understanding of
these issues in terms of the development of long term chronic pain states, this
shift in emphasis also highlights a growing body of evidence including clinical,
animal and experimental data which now clearly shows that immunologic as
well as chronic inflammatory factors also significantly contribute to the devel-
opment and maintenance of long term chronic pain states [8, 31–32, 99–117,
137–147].

Following this important research, in this paper, we suggest that injury to
peripheral nerves by cancer and chemotherapeutic treatment activates immune-
to-brain communication which also plays a role in the biobehavioral processes
underlying the development and perhaps the maintenance of CIPNs [8, 31–32,
99–117, 137–147].

In what follows, we offer some insight as to how these biobehavioral pro-
cesses and long terms changes in pain states after chemotherapeutic treatment
might potentially happen. To begin, we offer a brief overview of healthy
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peripheral nerves. Then, usingMatzinger’s Danger theory [149–150]. we briefly
explore the environmental context in which peripheral nerve injury post che-
motherapeutic treatment(s), as well as, the subsequent biobehavioral processes
including activation of the peripheral innate immune system, glial cell activa-
tion, immune to brain communication and long term central sensitization
occur. We suggest that these biobehavioral processes contribute to the devel-
opment and maintenance of long term chronic pain states including advanced
CIPNs [8, 31–32, 99–117, 137–147].

Healthy Peripheral Nerves

In this paper, we highlight some of the biobehavioral factors and processes
associated with the development and perhaps maintenance of CIPNs. As a
starting point, we begin with a brief discussion of healthy peripheral nerves.
Under normal circumstances, pain serves a highly adaptive normal survival
function. In states of health, the majority of ongoing immune surveillance is
accomplished by immune cells that reside in the peripheral nerve itself [8, 99,
116]. These cells are ‘‘resting’’ as they provide active surveillance of the nerve’s
microenvironment. Moreover, they also do not release the proinflammatory
mediators as they do upon activation [8, 99, 116].

The Danger Model

The Danger model is a theory proposed by Polly Matzinger at the National
Institutes of Health, and it provides an interesting theoretical basis for not only
understanding the damage to peripheral nerves post chemotherapeutic treat-
ments [149–150]. It is also an elegant way of explaining the dynamic and
constantly-updated response to danger as defined by cellular damage
[149–150]. The model suggests that the immune system is more concerned
with damage than with foreignness. Immune responses are not initiated by
the mere ’foreign-ness’ of an antigen but rather by its capacity to create damage
[149–150]. Here, the immune response is called into action by ‘danger signals’
from injured tissues, rather than by the recognition of non-self [149–150]. Thus
antigen-presenting cells respond to the ‘danger signals’ (e.g, from cells under-
going injury, or stress or ‘bad cell death’, as opposed to apoptosis, controlled
cell death). The alarm signals released by these cells let the immune system know
that there is a problem requiring an immune response [149–150].

This elegant model is both broad and specific since it readily accounts for
both the complexity of the environmental context in terms of the immune
response, as in many instances normal as well as pathologic immune responses
exist on a continuum [149–150]. Yet, it fails to fully explain why the immune
system responds in different ways to different situations [149–150]. Recent
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evidence supports the possibility that the activation of the peripheral innate
immune system, glial cell activations and the brain cytokine system can also be
triggered by these ‘danger signals,’ [8, 31–32, 99–117, 137–147] which include
among others heat shock proteins (Hsp) and endogenous nucleic acids that are
genomic or mitochondrial in their origin [149–150].

Cancer as a Context

In patients with cancer, the immune response to tumor cells contributes to an
already adverse proinflammatory state [8, 19, 146]. Tumoral invasion at central
and/or peripheral sites can lead to mechanical damage, proteolysis, and the
release of inflammatory pain mediators (including proinflammatory cytokines
(i.e. Interleukin 1 (IL-1), Interleukin 6 (Il-6) and Tumor necrosis factor-alpha
(TNF-�))which may result in damage to the surrounding tissues [8, 17, 19,
101–105, 146, 149–150]. Cytokines actually function as a motivational signal
that tells the brain to change the organism priorities in face of the threat
represented by pathogens or ‘danger signals.’ [138, 141, 149–150] Damaged
cells put out ’danger’ signals that activate local antigen presenting cells and
initiate an immune response [149–150].

Other clinical studies suggest that cytokines, such as tumor necrosis factor
(TNF), play a prominent role in the initiation, development and maintenance
chronic pain states including neuropathic pain. Members of the TNF super-
family also mediate a wide variety of diseases, including cancer, arthritis, bone
resorption, and tumor metastases. After injury, TNF- is detected in macro-
phages, fibroblasts, neutrophils, and Schwann cells. IL-6, serum levels of IL-6
are increased in patients with neuropathy and other painful conditions. IL-6 is
also thought to play an important role in the initiation of painful neuropathies.
In neuropathic mice, nerve injury correlates with IL-6 levels and with pain-
associated behavior [8, 17, 101–105].

Though the underlyingmechanism have yet to be fully elucidated, cancer can
be seen as contributing the ‘priming of an environmental, psychologic, beha-
vioral and physiologic context where peripheral nerve damage could occur, and
can accordingly enhance peripheral nerve excitability, exaggerated pain state as
well as axonal hyperexcitability, Wallerian degeneration and resultant pain
behaviors post chemotherapeutic treatments [8, 17, 19, 101–105, 146, 149–150].

Peripheral Nerve Injury and Peripheral Sensitization

Given the variation in symptoms occurs across various patient populations, it is
clear that not all ‘damage’ is created equal. For example, the ‘damage’ caused to
peripheral nerves by chemotherapeutic treatments depends not only on the
anticancer agent(s) used, co-morbidities (i.e. preexisting neuropathies), demographics
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(age-older; gender-female), the cumulative doses and the delivery method, but also on
the capacity of the nerve to cope with the following: the extent of the damage and
immune response to these ‘danger signals [8, 17, 19, 101–105, 146, 149–150].

Following nerve injury induced by a tumor, tumor-associated cells, or che-
motherapeutic agents, many nociceptors alter their response properties and
expression of neurotransmitters, receptors and growth factors [8, 17, 19,
101–105, 146]. The injury or functional alterations in nociceptive sensory
neurons induced by chemotherapeutic agents may contribute to myalgia, as
well as the cold and mechanical allodynia observed in patients receiving che-
motherapy [8, 13, 15]. The peripheral, motor, sensory, and autonomic neuronal
damage secondary to neurotoxic chemotherapy agents that inactivate the com-
ponents required to maintain the metabolic needs of the axon [8–21]. In addi-
tion, a number of immune cells also release chemokines [101–105, 115]. These
proinflammatory chemokines and cytokines, nitric oxide (NO) and reactive
oxygen species (ROS) also directly increase nerve excitability, damage myelin,
and disrupt the blood–nerve barrier, thus further facilitating the movement of
immune products into the damaged nerve [101-103] (ROS) also plays an impor-
tant pro-inflammatory role, including endothelial cell damage and increased
microvascular permeability, release of cytokines, and recruitment of neutro-
phils at sites of inflammation [101–103, 117].

In addition and, as Watkins (2007) has shown in her important research:

. . ..some activated resident immune cells release degradative enzymes and acids in
response to nerve trauma that exposes peripheral nerve proteins (e.g., P0, P2)
[01–103]. Nerve proteins such as P0 and P2 are responded to as ‘‘non-self’’ as they are
normally buried within the myelin sheath and not detected by immune cells [101–103,
149–150]. Once released, these immune-derived enzymes and acids attack myelin and
disrupt the blood–nerve barrier, again allowing increased access of the nerve to blood-
borne immune cells. . . [101–104] . . .

These activated immune cells and immune-like glial cells can dramatically
alter neuronal function and pain states [101–105]. Indeed, the pro-inflammatory
cytokines produced by the activation of peripheral innate immune cells and up
regulated by glial cell activation are already potentially activated in patients with
cancer, andmay also play an important role in the peripheral immune response to
nerve injury or damage post chemotherapy [8].

Peripheral Nerve Injury and Glial Activation of the Spinal Cord

As we have stated, the recent evidence supports the possibility that the activation of
the peripheral innate immune system, glial cell activation and the brain cytokine
system can also be triggered by these ‘danger’ signals [8, 99–117, 138–147, 149–150].
As a consequence of chemotherapy induced damage to sensory neurons, areas of the
spinal cord and CNS involved in the processing of somatosensory information also
undergo various neurochemical and cellular changes, including glial cell activation
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[8, 99–117, 138–147], which facilitate the transmission and conscious awareness of
both noxious and non-noxious sensory information [8, 151].

Spinal glia and more recently spinal meninges [120] have also been shown to
be activated after injury in response to peripheral immune challenges that
activate immune-to-brain communication [8, 99–117, 138–147]. After activa-
tion they release chemical modulators that modulate neuronal activity and
synaptic strength [102]. Glia (both astrocytes and microglial) in the spinal
cord are activated (as inferred from glial activation markers) in response to
inflammation, or damage to peripheral tissues, peripheral nerves, spinal nerves,
or spinal cord [8, 99–117, 138–147] Activated glia upregulate the release of
substance P and other excitatory amino acids from primary afferent neurons in
the spinal cord and enhance the excitability of pain transmission neurons. In
addition, microglia and astrocytes also release proinflammatory cytokines,
such as IL-1, IL-6 and TNF-�. [8, 99–117, 138–147]

Inflammatory cytokines are also induced in the CNS, independent of release
of cytokines from the peripheral site of injury. [8, 19, 117] In the CNS, nerve
injury also induces structural changes in the dorsal horn, and neuroplasticity.
Injured C fiber terminals from the damaged nerve may atrophy and withdraw
from lamina I/II and in their place, A-B fibers sprout into the superficial layers
of the dorsal horn. In terms of neuroplasticity, the simplest form is that repeated
noxious stimulation which may lead to habituation or sensitization [8, 216–218,
223–224]. Prolonged or strong activity of dorsal horn neurons caused by
repeated or sustained noxious stimulation may also lead to increased neuronal
responsiveness, or central sensitization [8, 216–218, 223–224].

Central sensitization, an activity-dependent increase in the excitability of
spinal neurons, is a result of persistent exposure to nociceptive afferent input
from the peripheral neurons [8, 216–218, 223–224]. Taken together, these pro-
cesses (habituation or sensitization contribute to a hypersensitivity state (e.g.,
spinal wind-up) that is responsible for primary and secondary hyperalgesia and
increased pain [8, 216–218, 223–224]. Prolonged central sensitization has the
capacity to lead to permanent alterations in the central nervous system, including
the death of inhibitory neurons, replacement with new afferent excitatory neu-
rons, axonal sprouting, the establishment of aberrant excitatory synaptic con-
nections and chronic long-term neuropathic pain [8, 216–218, 223–224].

Immune to Brain Communication

Peripheral immune and glial cell activation and signaling to the CNS via proinflam-
matory cytokine production induces sickness behaviors and sickness responses
[8, 99–117, 138–147]. Inflammatory cytokines released during peripheral innate
immune response have been implicated in the communication of peripheral inflam-
matory signals to the brain [8, 99–117, 138–147]. These peripheral cytokines have
been shown to communicate with the brain via a fast neural pathway and a slower
humoral pathway [117, 142]. The fast neural pathwayhas been attributed to cytokine
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activation of vagal afferent nerves, leading to a production of cytokines in the brain
[8, 99–117, 138–147]. The importance of the neural pathway in the transmission of
the immune message from the periphery to the brain is not the same for all
components of sickness behavior [142]. The slower humoral transmission of the
cytokine message is represented by the production of molecular intermediates at the
level of the blood–brain interface in response to circulating cytokines or micro-
organism fragments (e.g., prostaglandins of the E2 series) that propagate into the
brain, or by diffusion of cytokines through the blood–brain-barrier. The fast neural
pathway and the slow humoral pathway converge in a manner, which remains
unknown, to promote the brain expression of IL-1, a predominant mediator of
sickness behavior in the brain, because electrical stimulation of the vagus nerve
induces the expression of brain IL-1. And it is also possible that the neural
immune-to-brain communicationpathway recruits various brain areas and sensitizes
them to the action of the slowly propagating cytokine message [142].

Sickness Responses and Sickness Behaviors

Animal and human studies highlight the fact that inflammatory cytokines play a
central role inmediating sickness-related behaviors by communicating peripheral
inflammation to the brain [138–147]. Drawing from animal studies, Dantzer has
shown that the expression of sickness behavior is not simply the result of the
changes in internal state experienced by sick subjects but the joint function of the
changes in their internal state and the environmental constraints or context to
which they are exposed [142]. Cytokines actually function as a motivational
signal that tells the brain to change the organism priorities in face of the threat
represented by pathogens or danger signals. This reorganization of priorities
results in changes at the subjective, behavioral and physiological levels [142].

As this Fig. 1 shows, sickness behaviors then may be conceptualized as a normal
adaptive reorganization given a threat of the host’s homoeostatic and behavioral
priorities to facilitate an immune response, rather than simply a detrimental conse-
quence of infection [138–147]. The peripheral immune system also communicates
with the central nervous system (CNS) during systemic inflammation, resulting
in CNS-mediated effects collectively referred to as sickness responses (e.g., fever,
cognitive impairment, reduced social interaction, and pain enhancement) [8, 99–117,
138– 143] This was explained by Watkins (2005) in the following way:

Fig. 1 Motivational Model
of Sickness. From Dantzer,
R. Cytokine, Sickness
Behavior, and Depression.
(Neurol Clin.
2006;24(3):441–60)
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When you hurt yourself, you become consciously aware of the pain because a chain of
neurons carries the pain message from the injury to the spinal cord, and then from the
spinal cord up to consciousness in the brain. However, it has been known formore than
two decades that neural circuits within the spinal cord (in pathologic pain states) can
cause your conscious experience of pain to be amplified-that is, the pain you perceive is
out of proportion to the injury that caused it. [104–107]

Put differently, sickness behaviors can become abnormal or pathologic when

they occur out of context (ie, in the absence of any inflammatory stimulus), or

when over time they are exaggerated in intensity or duration [142].
Dantzer (2005) has also described several conditions which are responsible

for these pathologic conditions:

1. Proinflammatory cytokines are produced in higher quantities and for a
longer duration than normal.

2. The regulatory molecules that normally down-regulate activation of the
molecular and cellular components of the sickness response are faulty or
dysregulated. Or,

3. the neuronal circuits that are the targets of inflammatory mediators and
organize sickness behavior become sensitized [142].

In pathologic pain states such as CIPNs, sickness behaviors and the sickness

responses become abnormal to include exaggerated pain as well as an entire

constellation of genetic (e.g.c hanges in gene transcription due to neuroplasti-

city), biobehavioral, as well as, hormonal changes, which can, over time

adversely impact the patient’s experience of chronic pain post chemotherapeu-

tic treatment (s) and long term-QOL after cancer [8, 99–117, 138–147].

Conclusions

In this paper, we have described a biobehavioral approach to understanding the

development and perhaps the maintenance of Chemotherapy Induced Periph-

eral Neuropathies (CIPNs). CIPNs are as a type of neuropathic pain that

develops post-chemotherapeutic treatment in cancer survivors. They have

been described as the ‘end result,’ ‘dose limiting’ side effect, or the ‘de facto’

toxic effect which limits the administration of many commonly used anti-

neoplastic agents [8–162]. The chemotherapeutic agents most often associated

with CIPNs are the platinum-based compounds, taxanes, vinca alkaloids,

thalidomide, and bortezomib.
This brief discussion was followed by a description of the epidemiology,

symptoms, and barriers associated with CIPNs. As we have stated, the pre-

valence of CIPNs is still not actually known due a lack of adequate and widely

utilized standardized assessment, measurement and reporting mechanisms [9,

10]. Incidence may vary and depend on the drugs and schedules used, and
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incidence has been at between 3%–7% in individuals treated with single agents,

and upwards of 38% in those individuals treated with multiple chemothera-

peutic agents.
Risk factors and comorbid conditions have also been associated with a

adverse phenotype and these include the prior uses of chemotherapies, older

age, and being female. Certain comorbid conditions are also risk factors. These

include diabetes, HIV, alcoholism, pre-existing neuropathies (i.e., diabetic

neuropathy), and vitamin B deficiencies [8–15]. Great variability also exists in

the symptoms associated with CIPNs, and little is known about other risk

factors [8–15]. Even though there is wide variation in symptoms, the primary

effects are sensory, occurring in a ‘stocking-glove distribution’ in the toes and

fingers. These experiences can vary and their length cannot be predicted. In

other words, symptoms can last from days to a lifetime. As with other cancer

pain syndromes and chronic pain management in general, multiple barriers

such as Patient, Clinician, Health System and Treatment related factors, racial

and ethnic disparities, as well as wide variation in CIPN symptomology also

limit optimal pain management in patients with CIPNs.
Then following important research in the field of pain, behavior, neu-

roscience and psychoneuroimmunology, we suggest that injury to peripheral

nerves after chemotherapeutic treatments initiates immune to brain commu-

nication, which furthermodulates the biological mechanisms through which life

experiences and behavior reinforce and likely perpetuate the experience of

CIPN. While the underlying biobehavioral processes have not yet been ade-

quately described; we offered some steps in understanding these processes.
First, we briefly described peripheral nerves in states of health, and then used

Matzinger’s Danger model we emphasized the significance of the proinflamma-

tory environmental context (i.e. cancer) where CIPNs can potentially and

perhaps initially develop. Then we proceeded to describe how peripheral

nerve injury, peripheral innate immune activation, and proinflammatory cyto-

kines impacts peripheral sensitization. Then we explored how peripheral nerve

injury, peripheral innate immune activation, production and circulation of

proinflammatory cytokines, and glial (microglial and astrocyte) activation of

the spinal cord. Inflammatory cytokines are also induced in the CNS, indepen-

dent of release of cytokines from the peripheral site of injury. And in the CNS,

nerve injury also induces structural changes in the dorsal horn, neuroplasticity,

and central sensitization. Then we briefly discussed how peripheral immune and

glial cell activation and signaling to the CNS via proinflammatory cytokine

production induces sickness behaviors and sickness responses. In pathologic

pain states such as CIPNs, sickness behaviors and the sickness responses

become abnormal to include exaggerated pain as well as an entire constellation

of genetic (e.g. changes in gene transcription due to neuroplasticity), biobeha-

vioral as well as, hormonal changes, which can, over time adversely affect the

patient’s experience of chronic pain post chemotherapeutic treatment (s) and

long term-QOL.
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As studies of brain neuroplasticity increasingly show, which can also be
applied to our understanding of the development of CIPNs, there is probably a
slow but progressive neurochemical and cellular remodelling of both the periph-
eral and central nervous systems that alters the transmission of somatosensory
information fromdamaged peripheral sensory fibres to the cerebral cortex, which
results in a long-term altered, unwanted and perception of noxious and/or
non-noxious sensory information [8–15, 17–19, 99–117, 137–146, 216–224].
Prolonged central sensitization has the capacity to lead to permanent alterations
in the central nervous system, including the death of inhibitory neurons, replace-
ment with new afferent excitatory neurons, axonal sprouting, the establishment
of aberrant excitatory synaptic connections and chronic long-term neuropathic
pain [8–15, 99–117, 137–146, 216–224]. Immune and non-immune stressors (e.g.
inflammatory) contribute to this scenario and are also involved in the activation
of the central sickness-behavioural-system leading to long terms complaints
including chronic neuropathic pain syndromes such as CIPNs [8–15, 99–117,
137–146, 216–224].
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Abstract Pain is a significant factor in a person’s decision to use health services.

Moreover, pain is a particularly important factor in the use of health services

among persons living with chronic conditions such as human immunodefi-

ciency virus (HIV)/acquired immunodeficiency syndrome (AIDS). In addition,

pain has a far-reaching impact on the health-related quality of life (HRQOL) of

persons living with HIV. Nevertheless, the manner in which pain influences an

individual to seek out health care remains poorly understood despite the fact

that pain is a common experience for both adults and children. This chapter

summarizes the role of pain in HIV and begins with a synopsis of epidemiologic

studies on the prevalence of pain symptoms with a focus on chronic pain. This is

followed by a synthesis of the existing evidence-base of studies of pain and the

use of health services using Andersen’s Behavioral Model of Health Services

Use and includes discussions of both conventional health services and comple-

mentary and alternative medicine (CAM) approaches where such studies exist.

In this conceptual framework, pain should be considered a perceived need

characteristic since a person assesses his or her own pain. Pain is also currently

conceptualized as a multidimensional construct that includes social, psycholo-

gical, and physiological components. Thus, it is not surprising that pain often

co-occurs with other health conditions. This chapter also addresses the role of

comorbid psychological disorders and substance abuse in the use of health

services among persons experiencing pain. Finally, the chapter describes gaps

in existing knowledge regarding the role of pain in the use of health services

among persons living with HIV, and makes suggestions regarding future direc-

tions for this field.
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Introduction

Research conducted during the past two decades suggests that pain is a sig-
nificant factor in a person’s decision to use health services. Moreover, pain may
play a particularly important role in the use of health services among persons
living with chronic conditions such as human immunodeficiency virus (HIV)/
acquired immunodeficiency syndrome (AIDS). Furthermore, pain has a far-
reaching impact on the health-related quality of life (HRQOL) of populations
with chronic diseases. Nevertheless, the manner in which pain influences an
individual to seek out health care remains poorly understood despite the fact
that pain is a common experience for both adults and children.

This chapter summarizes the role of pain in HIV and begins with a synopsis
of epidemiologic studies on the prevalence of pain symptoms with a focus on
chronic pain. This is followed by a synthesis of the existing evidence-base on pain
and the use of health services using Andersen’s Behavioral Model of Health
ServicesUse and includes discussions of complementary and alternativemedicine
(CAM) approaches where such studies exist. The Behavioral Model of Health
Services Use posits that both contextual and individual predisposing, enabling,
and need characteristics determine whether an individual ultimately uses health
services. In this conceptual framework, an individual’s propensity to use different
types of health services is influenced by his or her predisposing characteristics,
including, for example, age, gender, health status, and race. However, these
characteristics are not directly responsible for use. Enabling characteristics such
as economic and social resources serve to facilitate or impede the receipt of health
care. Finally, need characteristics refer to the presence or severity of illness, as
assessed by both a clinician (evaluated need) and by an individual (perceived
need). Therefore, pain should be considered a perceived need characteristic since
a person assesses his or her own pain (i.e. pain is self-reported).

Pain may also be conceptualized as a multidimensional construct that
includes social, behavioral, and physiological components. Thus, it is not
surprising that pain often co-occurs with other conditions, and accordingly
any consideration of the role of pain in the use of health services should also
examine the role of other commonly comorbid need characteristics in the use of
health services. Consequently, this chapter also addresses the role of comorbid
psychological disorders and substance abuse in the use of health services among
persons experiencing pain. Finally, the chapter describes gaps in existing knowl-
edge regarding the role of pain in the use of health services among persons living
with HIV. Future directions for research are also proposed.

Prevalence of Pain in the General Population of Adults

To provide a comparison for the importance of pain among persons living with
HIV, this section begins with a brief focus on pain in the general population of
adults. Estimates of the prevalence of pain vary widely even in the general adult
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population. Frolund and Frolund (Frolund & Frolund, 1986) reported that the
proportion of medical visits for acute and chronic pain was 61% and 39%,
respectively. Verhaak, Kerssens, Dekker, Sorbi, & Bensing (1998) reviewed
15 studies on the prevalence of ‘‘benign chronic pain’’ at either the population
or primary care level among persons 18 to 75 years old. The authors selected
epidemiological studies that examined pain, but which did not exclusively focus
on acute pain or on pain as a consequence of a clearly defined disease such as
cancer or rheumatoid arthritis. The studies spanned several countries including
the United States (U.S.) (4 studies), the United Kingdom (U.K.) (3 studies),
Denmark (2 studies), Sweden (2 studies), Canada, Finland, Germany, and New
Zealand (1 study each).

Verhaak et al. (Verhaak et al., 1998) reported that the median estimate of
the prevalence of chronic pain was 15%, but estimates ranged between 2%
(Kohlmann, 1991) and 40%. (Brattberg, Thorslund, & Wikman, 1989) The
15 studies used similar definitions of chronicity (i.e. ranging from less than
1month to greater than 6months). The estimates of prevalence were not greatly
affected by variations in the time period used to define chronic pain. In some of
the studies, chronic pain was assessed using a graded approach that included
measures of severity and persistence. Other studies used more basic measures of
chronic pain such as whether pain was present or absent. However, both
approaches yielded similarly varying estimates. The studies that employed the
more complex, graded definition of chronic pain found a median prevalence
rate of 13.5%, compared to those that employed simpler definitions, which
found a median prevalence rate of 16%. Similarly, the methods used to assess
pain varied across each of these studies and included telephone surveys, mailed
questionnaires, interviews, and general practitioner assessments. However,
Verhaak et al. (Verhaak et al., 1998) found that the differences in prevalence
could not be explained by variations in the studies methods. The authors
concluded that a conservative estimate for the prevalence of chronic pain in
the general population was 10%. Seven of the 15 studies reported that chronic
pain was more prevalent among women than men, although two studies found
similar prevalence rates between the two genders. Prevalence of pain generally
increased with age, although some of the studies reported that prevalence
peaked between the ages of 45 and 65 years. In general, lower income groups
reported higher prevalence rates. Musculoskeletal pain (back pain, neck pain,
shoulder pain) was the most common pain complaint, although headaches and
abdominal pain were also frequently mentioned.

Following the review by Verhaak et al. (Verhaak et al., 1998), four additional
studies have been published that examined the prevalence of chronic pain in the
general adult population. Chrubasik, Junck, Zappe, & Stutzke (1998) mailed a
survey to a sample in Germany, and found that 40% reported prolonged pain.
These findings are consistent with two prior studies in Sweden (Brattberg et al.,
1989) and the U.S. (VonKorff, Dworkin, Le Resche, &Kruger, 1988) that were
included in the Verhaak et al. review. Chrubasik et al. (Chrubasik et al., 1998)
also found that older respondents and women were more likely to report
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experiencing pain. A telephone survey conducted by Blyth et al. (Blyth et al.,
2001) in Australia reported that the prevalence of chronic pain was 17% in men
and 20% in women. The researchers also found that older age, less education,
and a lack of private health insurance were significantly associated with having
chronic pain. Furthermore, the presence of chronic pain was associated with
receiving disability or unemployment benefits, being unemployed for health
reasons, having poor self-rated health, and high levels of psychological distress.
More recently, Haetzman et al. (Haetzman, Elliott, Smith, Hannaford, &
Chambers, 2003) reported that 54% of respondents endorsed having chronic
pain in a study that employed mailed surveys in the U.K.

Breivik, Collett, Ventafridda, Cohen, &Gallacher (2006) recently conducted
a computer-assisted telephone survey to examine the prevalence, severity, treat-
ment and impact of chronic pain in Israel and 15 countries in Europe. The
researchers used screening interviews among 46,394 respondents aged 18 years
or older. Pain was assessed using the 10-point Numeric Rating Scale (NRS; 1¼
no pain, 10 ¼ worst pain imaginable). About 19% reported chronic pain, with
an average pain intensity of 5 during the last episode of pain. The researchers
also conducted in-depth interviews with 4,839 respondents who reported
chronic pain. Among this sub-sample, 66% reported moderate pain (NRS ¼
5–7), 34% endorsed severe pain (NRS¼ 8–10), and 59% reported that they had
suffered with pain for two to 15 years. The researchers found that the observed
prevalence of chronic pain varied from 12% in Spain and 13% in the UK and
Ireland to 26% and 27% in Italy and Poland and 30% in Norway. Breivik et al.
(2006) hypothesized that the observed variations may relate to random varia-
tion among the samples in each country (about 300 pain sufferers were inter-
viewed in each nation), differences in the ages of the populations, lifestyle
differences, and perhaps variations in pain perception and treatment. It should
also be noted that telephone surveys tend to exclude the oldest, the sickest, and
those with a lower socio-economic status.

Prevalence of Pain Among the General Population of Children

There are few published studies that have examined the epidemiology of pain
among children that did not focus on a particular condition. Perquin et al.
(Perquin et al., 2000) examined pain among children in the Netherlands. The
study included a random sample of 1,300 children aged 0–3 years old and a
representative sample of 5,336 children aged 4–18 years. Parents completed the
survey for children under 8 years old, while children age 8 and older completed
the surveys themselves. About 54% of respondents reported experiencing pain
during the prior three months, although only 25% reported chronic pain.
Chronic pain, defined as existing recurrently or continuously for more than
three months, was most frequently reported by children aged 12–15 years.
Chronic pain was reported more often by girls than boys, except among children
under age 4.
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Campo, Comer, Jansen-Mcwilliams, Gardner, & Kelleher (2002) studied the
predictors of recurrent pain in children aged 4 to 15 years using data derived
from the Child Behavior Study (CBS). The CBS included 395 clinicians from
204 practices in 44 States, Puerto Rico and 4 Canadian provinces (Campo,
Jansen-McWilliams, Comer, & Kelleher, 1999; Kelleher et al., 1997). Parents
reported on their children’s pain, school attendance/performance, psychologi-
cal distress, and family functioning. Children were then categorized as com-
plaining ‘‘often’’ or ‘‘sometimes/never’’ about aches and pain. Female gender,
age, health status, symptoms of anxiety and/or depression, high rates of health
service use, lower levels of parent education, and family support more often
predicted membership in the frequent pain group (Campo et al., 2002).

Roth-Isigkeit, Thyen, Raspe, Stoven, & Schmucker (2004) used the survey
developed by Perquin and colleagues (Perquin et al., 2000) to examine the
prevalence of pain in 715 German children aged 10 to 18 years. Children
completed the surveys themselves. Respondents reported that the most com-
mon pains were headache, abdominal pain, limb pain and back pain. About
46% reported pain lasting longer than three months, including 35% who
reported pain lasting longer than six months. Older children were more likely
to report pain, a finding that is consistent with Perquin et al. (Perquin et al.,
2000). In addition, girls aged 13 and up were more likely to report pain and this
sex difference increased with age.

Prevalence of Pain in Adults and Children Living with HIV

Pain is a common experience for persons with HIV. Pain is the leading source
of disability among persons living with HIV. (Gonzalez-Duarte, Cikurel, &
Simpson, 2007; Lebovits, Lefkowitz, & McCarthy, 1989; Norval, 2004) HIV-
related pain is a source of psychological distress, leads to lower HRQOL, and
produces greater functional impairment among persons living with HIV
(Douaihy, Stowell, Kohnen, Stoklosa, & Breitbart, 2007a,b).

A nationally representative survey of 2,267 persons livingwithHIV found that
67% of respondents reported experiencing pain in the prior four-week period.
(Dobalian, Tsao, &Duncan, 2004) One earlier study of 438HIV-positive persons
in New York found that more than 60% experienced some pain in the two week
period prior to the survey. (Breitbart, McDonald et al., 1996) Estimates of the
prevalence of pain among persons living with HIV vary from 25% to 80%
depending on the characteristics of the sample, how the respondents were
recruited, and the methodology used by the researchers. (McCormack, Li,
Zarowny, & Singer, 1993; Schofferman & Brody, 1990; Simmonds, Novy, &
Sandoval, 2005; Singer et al., 1993) Thus, the prevalence of chronic pain among
persons with HIV is likely significantly greater than in the general adult popula-
tion. Nevertheless, pain is often underrecognized and undertreated by clinicians
providing care to persons with HIV. (Larue, Fontaine, & Colleau, 1997)
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One study of pain among persons living with HIV found that women
reported more pain than men, and that racial and ethnic minorities reported
more pain than whites. (Breitbart, McDonald et al., 1996) No differences in
pain between African Americans and Hispanics were reported in the study. In
contrast, a more recent nationally representative study reported that African
Americans reported less pain than whites. (Dobalian et al., 2004) Differences in
the sample characteristics, the measures of pain, and the stage of HIV illness
may have led to the disparate findings. Indeed, other socioeconomically dis-
advantaged populations, including injection drug-using women, the less edu-
cated, and the unemployed, reported a higher prevalence of pain in the more
recent study. (Dobalian et al., 2004) The researchers speculated that the
increased severity of pain in these populations may relate to a greater degree
of economic and social stressors in these vulnerable populations, as well as
greater barriers to accessing health services.

Few studies have examined the prevalence of pain among children living with
HIV. (Gaughan et al., 2002; Lavy, 2007; Lolekha et al., 2004) Gaughan et al.
(2002) conducted a prospective cohort study using theGeneralHealthAssessment
for Children as part of the Pediatric Late Outcomes Study. Pain was assessed for
the prior month using 7 questions administered to 985 children living with HIV.
The study found that the prevalence of pain in the population remained relatively
constant at around 20% over the course of a one-year period. Risk factors for
experiencing pain included lower CD4 levels, female gender, and a diagnosis with
HIV/AIDS. Pain was associated with an increased risk of mortality.

Lolekha and colleagues (Lolekha et al., 2004) sought to determine the prevalence
of pain among children living with HIV in Thailand. The researchers conducted
a cross-sectional study in an outpatient facility in Bangkok, and age-matched
61 children aged 4 to 15 years old with HIV to children without chronic illness.
They found that 44% of the children living with HIV reported pain compared to
13%of the children in the control group. The prevalence of chronic pain among the
children living with HIV was 7%. Children living with HIV most commonly
reported that pain occurred in the abdomen, lower limbs or head. The study also
found that only 44% of children who experienced pain received analgesia.

Lavy (Lavy, 2007) studied 95 children referred for palliative care in a hospital
in Malawi. Seventy-seven percent of the children had HIV and 17% had cancer.
The study found that pain was themost common symptom (27%) and that it was
significantly more common among children with cancer than those with HIV.

Pain and Health Status

Types of Pain

The majority of studies summarized in this chapter examine the role of chronic
pain, rather than acute pain, on the use of health services. Definitions of chronic
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pain vary. Chronic pain is defined by the International Association for the
Study of Pain (IASP) as continuous or recurrent pain that persists for longer
than the normal time for healing, generally considered to be approximately
three months. (Merskey, Bogduk, & editors., 1994) However, pain that persists
for as short a duration as one month may be considered to be chronic pain
depending on the health condition underlying the source of that pain. In
addition, some pain specialists prefer to classify chronic pain using a prior
definition which required pain to persist for longer than six months in order
to be considered chronic rather than acute. In contrast to chronic pain, acute
pain is usually of brief duration. The intensity of acute pain also tends to
decrease after the healing process begins. The causes of pain vary. For example,
acute pain may result from disease or injury. Failure to properly treat pain
during the acute phase may lead to delayed recovery, and in this manner, acute
pain may develop into chronic pain.

Persons living with HIV who endorse pain typically describe two or three
simultaneous sources of that pain. (Breitbart & McDonald, 1996) A number of
studies note that stage ofHIV infection is related to severity of pain. (McCormack
et al., 1993; Schofferman & Brody, 1990; Simmonds et al., 2005; Singer et al.,
1993)Nevertheless, painmay be significant regardless of disease stage. In addition,
pain is associated with current HIV symptoms and the presence of infections
related to HIV. (Breitbart, McDonald et al., 1996; Singer et al., 1993) There is
also additional evidence to suggest that pain may increase as HIV progresses.

The development and spread of effective antiretroviral therapies beginning in
the 1990s has increased the life expectancy of persons living with HIV. These
therapies have also led to a need for better understanding and recognition of pain
syndromes among this population. (Vogl et al., 1999) Typically pain is divided
into two broad categories, nociceptive (caused by tissue damage in the skin, bone,
connective tissue, muscle or viscera) and neuropathic (caused by injury or disease
in the nerve tissue). (Emanuel & Emmanuel, 2004; Gonzalez-Duarte et al., 2007)
This distinction is often important in determining the etiology of pain and
directing its effective management. Although pain management has improved
in recent years, pain continues to be a significant concern for persons with HIV
due in part to the recognition that pain in persons living with HIV may become
chronic and multifactorial. (Hewitt et al., 1997; Vogl et al., 1999)

Undertreatment of Pain

A number of studies suggest that pain is undertreated among persons living
with HIV. (Breitbart, McDonald et al., 1996; Breitbart, Rosenfeld et al., 1996;
Frich & Borgbjerg, 2000) As more fully detailed in section III of this chapter,
persons living with HIV who report more pain use more health services than
those who do not report pain. In addition, pain appears to be a more important
determinant of health services utilization than other symptoms associated with
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HIV such as low energy. (Dobalian et al., 2004; Tsao, Dobalian, & Naliboff,
2004) Undertreatment of pain leads to unnecessary suffering and may promote
harmful health behaviors such as self-medicating with illicit drugs. (Tsao,
Dobalian, Myers, & Zeltzer, 2005a) Self-medication may in turn lead to poorer
health status and subsequent worsening of pain.

Barriers to accessing health services may be greater for certain racial and
ethnic minority populations such as Native Americans and Asian/Pacific Islan-
ders. These barriers to care may relate to language and culture, resulting in less
use of health services relative to non-Hispanic whites. (Dobalian et al., 2004)
Women who are HIV-positive and have a history of injection drug-use report
more intense pain and are less likely to receive analgesia than are men with a
similar history. (Breitbart, McDonald et al., 1996; Breitbart, Rosenfeld et al.,
1996; Dobalian et al., 2004) In addition, injection drug-users living with HIV
are less likely to receive adequate analgesia than men who have sex with men
and other persons living with HIV, even after controlling for age, socioeco-
nomic status, and health insurance. (Dobalian et al., 2004)

Other studies suggest that the undertreatment of pain among injection drug-
users may relate to physicians’ concerns regarding drug-seeking behavior and
fears of criminal prosecution. (Dobalian et al., 2004) Moreover, despite the
severity and frequency of pain among hospitalized persons living with HIV, pain
reported by these patients may still be underestimated by healthcare providers.
This underestimationmay also lead to undertreatment. (Aires & Bammann, 2005)

Healthcare providers may create additional barriers to effective pain man-
agement among persons living with HIV.Many providers believe that they lack
knowledge regarding pain management or have little access to experts who may
provide consultations. (Breitbart, Kaim, & Rosenfeld, 1999) Facilities and
communities may also lack adequate psychological support and drug treatment
services. Furthermore, providers may be concerned about the potential for
addiction and substance abuse.

Persons living with HIV may also engage in behaviors that also lead to
undertreatment of pain. For example, many individuals report concerns regard-
ing the potential for addiction to pain medications and adverse effects asso-
ciated with opioid treatment. (Breitbart et al., 1998)

Taken together, the findings from these studies highlight the importance of
early detection of patients with risk factors for developing pain. Healthcare
providers need additional training in order to recognize the behaviors that may
indicate the potential for addiction or misuse of prescription medications. This
training should also address providers’ own concerns about treatment of pain,
particularly in patients with substance abuse histories.

Pain and Functional Impairment

Pain impacts HRQOL indirectly through physical and psychological symptoms
that are associated with pain among persons living with HIV. (Lorenz, Shapiro,
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Asch, Bozzette, & Hays, 2001) Severity of pain is associated with impaired
functional ability. Persons living with HIV who experience pain report signifi-
cantly decreased HRQOL and declines in functioning. Initial studies of persons
living with HIV found that 60% of patients with moderate to severe pain
reported impairment in functional ability. (Breitbart, McDonald et al., 1996;
Rosenfeld et al., 1996) One survey found that pain typically impaired activities
of daily living (a measure of physical functioning) and quality of life, including
ability to walk, work, sleep, interact with others, and overall enjoyment.
(Breitbart, McDonald et al., 1996) One more recent study that evaluated both
pain and fatigue found that pain had a significant impact on both physical
functioning and quality of life, while fatigue impacted only physical function-
ing. (Simmonds et al., 2005) The development of more effective interventions
for treating pain in turn may lead to improvements in overall HRQOL.

Psychological Distress and Pain

A number of studies have demonstrated a correlation between psychological
distress and chronic pain. For example, in a review of epidemiologic studies on
chronic pain, Verhaak et al. (Verhaak et al., 1998) asserted that the presence of
chronic pain was associated with a higher prevalence of psychological symp-
toms (e.g., anxiety, depression) in the studies that investigated such relation-
ships. (Croft, Rigby, Boswell, Schollum, & Silman, 1993; Potter & Jones, 1992;
Von Korff et al., 1988) Breivik et al. (2006) conducted in-depth interviews with
4,839 respondents who endorsed chronic pain. Among this group, the research-
ers found that 21% reported that they had been diagnosed with depression
because of their pain. Many of the respondents also indicated that their pain
had a significant impact on their employment status: 61% were unable or less
able to work outside the home, 19% had lost their job, and 13% had changed
jobs because of their pain.

The prevalence of psychological disorders is higher among persons living
with HIV than in the general population. For example, the lifetime prevalence
of major depressive disorder among persons living with HIV is estimated to be
5% to 45%. (Basu, Chwastiak, & Bruce, 2005) Anxiety disorders, including
generalized anxiety disorder, panic disorder, and posttraumatic stress disorder
(PTSD) are also prevalent among persons living with HIV with estimated
prevalence rates as high as 20%. (Vitiello, Burnam, Bing, Beckman, & Shapiro,
2003)

Tsao et al. (2004) examined the relationship between panic disorder and
pain among persons living with HIV. Using data from the HIV Cost and
Services Utilization Study (HCSUS), a nationally representative sample of
persons receiving medical care for HIV, the researchers found that panic
disorder was a stronger predictor of pain than either depression or PTSD.
The researchers suggested that the relationship between panic disorder and
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pain may be related to a tendency of persons with panic disorder to catastro-
phize physical symptoms and bodily sensations, leading to increased panic
and more intense pain.

Smith, Egert, Winkel, & Jacobson (2002) investigated the interaction
between PTSD and pain, and found that PTSD predicted increased pain
intensity and greater functional interference in both mood and daily activities.
These findings are similar to relationships that have been found in other victims
of trauma such as veterans. The researchers suggested that many persons living
with HIV encounter traumatic stressors that may lead to PTSD. Typical stres-
sors include the initial diagnosis with HIV, sudden declines in CD4 counts, and
loss of friends and family to HIV. Many persons living with HIV also have a
history of trauma related to physical or sexual abuse, homelessness, and sub-
stance abuse. (Liebschutz, Feinman, Sullivan, Stein, & Samet, 2000)

Leserman and colleagues (Leserman et al., 2005) investigated how trauma,
severe stressful events, PTSD, and depressive symptoms are related to physical
functioning and health utilization in 611HIV-infected men and women living in
rural areas of five Southern states. The researchers found that patients with
more lifetime trauma, stressful events, and PTSD symptoms reported more
bodily pain, and poorer physical, role, and cognitive functioning than those
without such trauma. Both this study and the study by Tsao et al. (2004) found
that PTSD and depression were both associated with reports of greater pain
even after controlling for HIV disease stage.

Many persons living with HIV also have a history of substance abuse. More
than one-third of HIV infections in the U.S. are due to injection drug use, and
the rate is higher among women and adolescents. (Centers for Disease Control
and Prevention, 2005) Persons living with HIV who use illicit substances report
more pain and have a greater burden of illness. (Tsao et al., 2004) Current drug
use is more strongly related to experiencing pain than is a history of past
substance use. (Tsao, Dobalian, & Stein, 2005b)

Some research indicates that healthcare providers may find it more difficult
to manage patients with chronic pain who have a history of substance use.
(Rosenblatt & Mekhail, 2005) These persons may be more prone to aberrant
drug-taking behaviors. This risk factor may lead some healthcare providers to
be more reticent to provide adequate pain management and may make this
population more prone to undertreatment. (See also Heit and Lipman, This
Volume)

Extant research on the relationship between pain and aberrant use of
prescription analgesics in persons living with HIV is more limited than the
aforementioned research on illict drug abuse. In a recent study, Tsao, Stein,
& Dobalian (2007) investigated the associations among pain, aberrant use of
opioids, and problem drug use history in a sample of 2,267 persons from the
HCSUS. Using structural equation modeling, the researchers tested a con-
ceptual model wherein persons living with HIV who had a history of proble-
matic drug use were compared to those without such history. The study
found that persons with a history of problematic drug use reported more
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pain, and were more likely to report aberrant use of prescription analgesics,

even after controlling for key demographic and socioeconomic characteris-

tics. In addition, those with a history of problematic drug use reported more

use of such medications specifically for pain, compared to patients without

such history.
The study also found a trend toward greater stability of aberrant opioid use

over time in problem drug users compared with non-problem users. (Tsao et al.,

2007) The researchers suggested that these finding indicate a persistent pattern

of inappropriate medication use in the former group. Although persons with a

history of problematic drug use reported on-going patterns of using prescrip-

tion analgesics specifically for pain, these patients continued to experience

persistently higher levels of pain during the two follow-up surveys, relative to

non-problem users.
Various studies have posited many possible causes that may underlie the

increased prevalence of psychological disorders among persons living with

HIV. (Atkinson et al., 1988; Pugh et al., 1994; Sambamoorthi, Walkup, Olfson,

& Crystal, 2000) For example, it has been suggested that stigma plays a role in

creating psychological distress among persons living with HIV. (Foster, 2007)

Other factors include limited social support, and the overall health burden of

being HIV-positive and dealing with its associated health complications. In

particular, pain related to HIV has been shown to be associated with a number

of symptoms associated with depression, including hopelessness, negativism,

anhedonia, difficulty sleeping, and loss of appetite. Pain may also exacerbate

existing psychological disorders or other health conditions, or may lead directly

to the development of depression and anxiety. For example, increasing severity

of pain may worsen the symptoms of depression and lead to declines in

HRQOL. (Rosenfeld et al., 1996) Furthermore, pain, stress, and lack of ade-

quate social support are factors that may lead to poor quality sleep among

persons living with HIV. (Vosvick et al., 2004) In turn, poor sleep quality

among persons living with HIV is associated with a greater likelihood of

depression and anxiety. (Robbins, Phillips, Dudgeon, & Hand, 2004)
Consequently, it is important for health care providers to recognize and treat

psychological disorders among persons living with HIV, and this may be

particularly true for patients with chronic pain. Detection of depression may

be challenging among persons living with HIV as there is substantial overlap in

symptoms among depression, HIV, and chronic pain. Each may be associated

with poor sleep quality and fatigue.
Additional research is needed on the relationship between health beliefs

about pain, psychological distress, and the use of health services. In light

of the strong evidence-base concerning the correlation between chronic

pain and psychological factors, future studies on the role of pain in the

decision to seek health care should include validated measures of a range

of psychological symptoms, including particularly anxiety, depression, and

somatization.
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Pain and Access to Health Services

Access to Health Services

Numerous factors influence whether a person chooses to access health care.

Various conceptual models have been proposed by researchers seeking to

understand why a person uses health care. Most of these models are based on

either a psychological (Rosenstock, 1974) or sociological framework. For

example, the Health Beliefs Model (Harrison, Mullen, & Green, 1992), a

psychologically-based model, hypothesizes that the use of health services is

determined by a person’s beliefs about disease and the effectiveness of the health

care system in preventing or treating disease. In this model, a person’s beliefs

include perceptions of susceptibility to a disease and its seriousness. Demo-

graphic characteristics such as gender, psychological characteristics such as

personality, and structural characteristics such as knowledge of the disease

and prior experience with it are factors that modify the likelihood of seeking

care. Furthermore, a person may experience cues to action such as mass media

campaigns that are designed to heighten awareness of a particular disease, and

which in turn influence the perceived seriousness of the threat of a particular

disease. In this framework, pain may influence the perceived seriousness of a

disease. Painmay also impede action if, for example, the treatment is likely to be

painful. Criticisms of the Health Beliefs Model have tended to focus on the

relative lack of emphasis placed on cultural factors and socioeconomic status.
One commonly used sociological model for understanding utilization of

health services is Andersen’s BehavioralModel of Health Services Use. (Andersen,

1968, 1995) This conceptual framework is based on a systems perspective, and

incorporates both individual and contextual (environmental) characteristics

as important factors that influence whether an individual accesses health care.

(Phillips, Morrison, Andersen, & Aday, 1998) Within this model, individual

characteristics are specific to a particular person, such as, for example, the

person’s age and the health insurance plan in which the person is enrolled. In

contrast, contextual factors include, for example, aspects of the community, its

healthcare organizations and healthcare providers, and the environment in

which the person resides.
According to the Behavioral Model of Health Services Use, both individual

and contextual characteristics are divided into three groups: predisposing,

enabling, and need. (Andersen, 1968, 1995) Predisposing characteristics are

based on the hypothesis that factors such as age, gender, and race influence

an individual’s propensity to use different types of health services. Nevertheless,

these predisposing characteristics are not directly responsible for a person’s use

of health care. Contextual predisposing characteristics include, for example, the

age and gender makeup of a community since the availability of different types

of healthcare organizations and healthcare providers is dependent on the

demographic composition of the community. For example, communities with
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more elderly residents would be more likely to have a greater number of nursing
homes and geriatricians. Enabling characteristics include the economic and
social resources at both the individual and contextual levels that serve to either
facilitate or impede care. These enabling characteristics include, for example,
whether an individual has health insurance coverage, and whether an individual
has a usual source of health care. Finally, need characteristics refer to the
presence or severity of disease or illness, as assessed by both laypersons (per-
ceived need) and healthcare providers (evaluated need). Contextual need char-
acteristics include health-related measures of the environment such as air
quality. Under the Behavioral Model of Health Services Use, pain is an indivi-
dual perceived need characteristic because pain is an aspect of how people think
about their health and functional status. It is the perceived need characteristics
that are ultimately responsible for whether an individual seeks health care. Prior
studies that use this conceptual framework have generally found that the need
characteristics have the greatest influence on the use of health services. (Korten
et al., 1998; McCallum et al., 1996) This chapter uses the Behavioral Model of
Health Services Use to provide the context for a discussion of the role of pain in
accessing health care.

HIV and the Healthcare System

HIV is a chronic infection that progressively weakens the body’s immune
system and leads to opportunistic infections and other diseases. The successful
treatment of HIV requires the use of highly active antiretroviral therapy
(HAART). The use of HAART has greatly extended the life expectancy of
persons living with HIV. (Detels et al., 1998; Palella et al., 1998) However, such
treatments are not curative.

The management of HIV requires access to a broad range of health services,
including both generalist and specialist medical care, HAART, treatments for
HIV-related diseases, social services, mental health services, and treatment for
substance abuse. Dental care also plays an important role for persons living with
HIV because HIV has a significant impact on oral health. (Parveen et al., 2007;
Ramirez-Amador, Ponce-de-Leon, Anaya-Saavedra, Crabtree Ramirez, &
Sierra-Madero, 2007) More than one-third of persons living with HIV develop
oral lesions (Silverman, Migliorati, Lozada-Nur, Greenspan, & Conant, 1986),
and some estimates indicate that more than 90% of persons living with HIV will
have at least one oral manifestation. (McCarthy, 1992; Weinert, Grimes, &
Lynch, 1996) The consequences of untreated oral disease are significant, includ-
ing interference with talking, chewing, and swallowing, which may lead to weight
loss and malnutrition. (Weinert et al., 1996) Dobalian et al. (2003) conducted a
longitudinal study using structural equationmodeling and data from theHCSUS
to examine use of dental services among persons living with HIV. The authors
used the Behavioral Model of Health Services Use and controlled for key
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predisposing (e.g., gender, drug use, race, education), enabling (e.g., income,
insurance, regular source of care), and need characteristics (e.g., mental, physical,
and oral health). They found that more education, dental insurance, having a
usual source of dental care, and poor oral health predicted a higher probability of
having a dental visit. However, African Americans, Hispanics, those exposed to
HIV through drug use or heterosexual contact, and those in poor physical health
were less likely to have a visited a dentist. In addition, African Americans and
persons with poor mental health also had fewer visits. These studies suggest that
persons with more HIV-related symptoms and a diagnosis of AIDS have a
greater need for dental care than those with fewer symptoms and without
AIDS, but that more pressing needs for physical and mental health services
may further limit their access to dental services. (Dobalian et al., 2003)

Funding for HIV-Related Services

Persons living with HIV who have health insurance are mostly covered through
public insurance programs including Medicaid, Medicare, the Ryan White
CARE Act, and state AIDS Drug Assistance Programs (ADAPs). The total
costs of care for HIV according to the HCSUS were estimated at $6.7 to $7.8
billion in 1996. (Bozzette et al., 1998; Hellinger & Fleishman, 2000) The current
total costs of care for HIV are unknown, but the fiscal year 2007 estimate for
federal spending is $23.4 billion.

Despite improvements in care for persons living with HIV, the disease can be
disabling and may require individuals to leave the workforce. Individuals with-
out income and access to employer-based health insurance may be eligible for
Medicaid, the major financing mechanism in the U.S. for low-income citizens.
Medicaid is the largest funding source for HIV care in the U.S. Persons living
with HIV may have difficulty meeting eligibility requirements for Medicaid
because having HIV does not automatically qualify as a disability even if an
individual has low income. (Keefe, 2003) Many low-income people with HIV
are ineligible for Medicaid until they become disabled, despite available thera-
pies for HIV that may prevent disability. The HCSUS found that Medicaid
covered 44% of persons living with HIV (including 12–13% covered by Med-
icare). (Bozzette et al., 1998) The HCSUS also found that among persons living
with HIV, African Americans and Latinos were more likely to be covered by
Medicaid than whites, and women were more likely to be covered by Medicaid
than men.

Most persons living withHIV qualify forMedicare because of their disability
status rather than because they are age 65 or older. Individuals under age 65
with permanent disability who have adequate work credits and have received
Social Security Disability Insurance (SSDI) payments for two years or longer
may be eligible for Medicare. The HCSUS found that more than 80% of those
covered by Medicare were under the age of 50. (Bozzette et al., 1998) Medicare
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provides health insurance coverage for 19% of persons living with HIV accord-
ing to the HCSUS.

The Ryan White CARE Act provides medical care, HIV testing, counseling,
and community and psychosocial support services for individuals and families
affected by HIV. Funds are provided directly to states, cities, and providers.
More than half a million people receive at least one medical, health, or related
support service through Ryan White each year, although many individuals
receive services from multiple parts of Ryan White. Most Ryan White clients
are low-income, male, ages 25 to 44, members of racial and ethnic minority
groups, and either uninsured or publicly insured. (Health Resources and Ser-
vices Administration, 2006)

ADAPs provide FDA-approved HIV-related medications to low-income
persons living with HIV who have limited or no health insurance for prescrip-
tion drugs. Eligibility requirements for ADAPs vary from state to state. ADAPs
provide assistance to about one-fourth of all persons living withHIV in theU.S.
(Kates, Penner, Crutsinger-Perry, Carbaugh, & Singleton, 2006) Individuals
receiving assistance through ADAPs are mostly low-income, uninsured, male,
ages 25 to 44, members of racial and ethnic minority groups, and have more
advanced HIV disease.

Barriers to Accessing Health Care Among Persons
Living with HIV

Approximately one-third to one-half of the HIV infected population is either
not diagnosed or not receiving care. (Bozzette et al., 1998) There are multiple
barriers to accessing healthcare, including lack of health insurance and under-
insurance, the high costs of health care, competing subsistence needs, lack of
available transportation, healthcare provider attitudes, lack of continuity of
health care, language barriers, and cultural differences. It is important to
recognize and reduce these barriers to care because a lack of access or delayed
access to needed health care may result in clinical presentation at more
advanced stages of HIV disease.

Racial and ethnic minorities with HIV generally have poorer access to health
services even after controlling for health insurance status. (Smedley, Stith, &
Nelson, 2002) Indeed, despite the widespread availability of effective HIV
treatments, disparities in survival persist among persons living with HIV.
Some studies in persons living with HIV have found that survival rates are
lower among African Americans and persons living in lower socioeconomic
status communities. (Blair, Fleming, & Karon, 2002; Cunningham et al., 2005;
Jain, Schwarcz, Katz, Gulati, & McFarland, 2006; McFarland, Chen, Hsu,
Schwarcz, & Katz, 2003; Morin et al., 2002) Researchers have also found that
African Americans, as well as Native Americans and Asian/Pacific Islanders,
are less likely to have an infectious disease specialist as a regular source of care
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than are whites. (Heslin, Andersen, Ettner, & Cunningham, 2005) Heslin et al.

also found that physicians of Latino patients living with HIV had higher HIV

caseloads than the physicians of white patients. Infectious disease specialists are

more likely to properly answer questions concerning the appropriate use of

HAART. (Landon et al., 2002)
The HCSUS found that African Americans andHispanics had poorer access

to care than whites based on several measures of access. (Shapiro et al., 1999)

This is of particular concern given that the HCSUS sampled persons living with

HIV who were receiving medical care, and thus may have underrepresented

socio-economically disadvantaged groups who confront even greater barriers

to accessing health care. African Americans and Hispanics also received poorer

quality of care than whites. These disparities diminished over time, but persisted

throughout the duration of the study. The HCSUS further found that African

Americans and Hispanics were more likely to postpone needed medical care

because they lacked transportation, were too sick to visit a physician, or had

other competing needs. (Cunningham et al., 1999) Another study used data

from the HCSUS and found that Hispanics were more likely than whites to

delay care after receiving a diagnosis of HIV. (Turner et al., 2000) Amore recent

study by Fleishman and colleagues (Fleishman et al., 2005) using data collected

from 11 HIV primary and specialty care sites during 2000–2002 found higher

rates of hospitalization among African Americans living with HIV, but no

statistically significant differences in outpatient utilization.
Research also suggests that women living with HIV may encounter more

barriers to accessing health care and receive poorer quality of care than men.

The HCSUS found that women living with HIV were less likely to receive

HAART and had poorer access to many other measures of access compared

tomen. (Shapiro et al., 1999)Women living withHIVweremore likely to report

that they postponed needed care because they either lacked transportation

(26%) or were too sick to go to the doctor (23%) than men (12% and 14%,

respectively). (Cunningham et al., 1999) The study by Fleishman and colleagues

found that women living with HIV had higher rates of hospitalization and used

more outpatient visits compared to men. (Fleishman et al., 2005)
One recent study by Tobias et al. (Tobias et al., 2007) sought to examine

differences between those persons who received some care and those who had

received no care in the six months prior to the start of the study. Persons

receiving ‘‘no care’’ had significantly poorer mental health status, were more

likely to be actively using drugs or binge drinking, and had more unmet support

service needs compared to those receiving ‘‘some care.’’ The ‘‘no care’’ group

was also more likely to endorse the health belief of ‘‘fatalism’’ when they

reported that they did not seek medical care for HIV because they did not

think there was a cure for HIV.Mistrust of the health care systemwas also more

prevalent among the ‘‘no care’’ group. The authors suggested that ensuring case

management services to link support services andmedical care may improve the

likelihood that the ‘‘no care’’ group would seek care.
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Within the U.S., the HIV epidemic first emerged among gay men and
injection drug users, groups that are socially marginalized. Consequently,
negative societal responses to these groups influenced the experiences of per-
sons living with HIV. Many persons living with HIV thus felt stigmatized. Such
HIV-related stigma is thought to be one of the major barriers to efforts to
address the HIV epidemic both within and outside the U.S. (Sayles, Ryan,
Silver, Sarkisian, & Cunningham, 2007; Valdiserri, 2002)

Kinsler, Wong, Sayles, Davis, & Cunningham (2007) recently conducted a
study to evaluate the relationship between perceived stigma from a health care
provider and access to health care among 223 low income, HIV-infected indi-
viduals in Los Angeles County. The researchers found that one-fourth of the
sample reported perceived stigma from a health care provider at baseline, and
one-fifth continued to report healthcare provider stigma at follow up. In addi-
tion, the study found that more than half of the respondents reported difficulty
accessing health care at both time-points. The researchers further found that
perceived stigma was associated with low access to care, even after controlling
for sociodemographic characteristics. The authors suggested that interventions
such as educational programs and modeling of non-stigmatizing behavior are
needed to reduce perceived stigma.

Pain and the Healthcare System

The role of pain in the use of health services is understudied. Nonetheless,
researchers have noted the importance of pain in care-seeking behavior for
some time. For example, Von Korff, Wagner, Dworkin, & Saunders (1991)
reported that conditions associated with chronic pain are among the most
common motives for accessing health care, particularly ambulatory (outpati-
ent) care. (Koch, 1986) Of note, Von Korff et al. (1991) recognized that it does
not necessarily follow that persons with chronic pain consume more health
services than those without chronic pain. Instead, the higher frequency of health
care visits for chronic pain may merely be the result of a higher prevalence of
such pain conditions in the general population rather than above average rates
of health services utilization by persons with chronic pain. Therefore, research-
ers subsequently sought to better understand the prevalence and importance of
pain in access to health care by conducting epidemiologic studies of pain in the
general population.

Chronic Pain and the Use of Conventional Health Services

Despite the recognition that chronic pain is a significant problem in the general
adult population, few studies have examined the role of chronic pain and the use
of health services and even fewer have focused on persons living with HIV.

Pain and Use of Health Services Among Persons Living with HIV 301



Therefore, it is necessary to briefly summarize some of the existing research on

the use of health services among the general adult population. Most extant

studies have focused on use of conventional medical care including visits to a

general practitioner or physical therapist, inpatient hospital stays lasting one or

more nights, and visits to the emergency department. A limited number of

studies have examined self-care practices and the use of complementary or

alternative medicine (CAM) approaches. It should be noted that many of

these studies have been conducted in other nations, each with its own healthcare

system. Nonetheless, there are some commonalities that cut across national

boundaries.
The first study that examined the association between chronic pain and

health services utilization was conducted by Von Korff et al. (1991) in a

probability sample of 1,016 adult enrollees in a Health Maintenance Organiza-

tion (HMO) in the U.S. This study sought to determine whether pain and

psychological distress predicted the likelihood of care-seeking behavior for a

painful symptom, and examined the impact of chronic pain on the use of

ambulatory care. The authors assessed pain using a questionnaire which

asked about pain problems of the back, head, abdomen, chest and temporo-

mandibular region. Temporomandibular pain was included to allow compar-

ison with 242 patients with temporomandibular disorder (TMJ). The

researchers assessed the persistence of the pain over the previous six months,

daily duration of pain, typical intensity of pain, pain-related interference with

daily activities, and the number of days in the prior six months when the

respondent was unable to conduct usual activities due to pain. In addition,

the authors asked respondents to indicate whether they had sought care from a

doctor, physical therapist, chiropractor, or other health care professional in the

previous six months for each reported pain problem. For respondents with

temporomandibular disorder pain and headaches, the questionnaire substi-

tuted dentists for physical therapists.
The study found that pain severity and pain persistence were the strongest

and most consistent predictors of contact with a healthcare provider after

controlling for age, sex, recency of pain onset, self-rated health, and psycholo-

gical distress. (Von Korff et al., 1991) The authors also found that poorer self-

reported health status was associated with increased care-seeking for headache

and abdominal pain, but that psychological distress was not associated with

increased use of health services. Age and gender were not significant predictors

of contact with a healthcare provider.
The researchers also showed that a small proportion of respondents with

severe persistent pain and disability of 7 or more days in the past six months

used more health services relative to the average rates of utilization. (Von Korff

et al., 1991) Those with recurrent and non-disabling severe-persistent pain did

not differ in their use of health services compared to the general population. In

effect, this study suggests that chronic pain is not uniformly associated with

higher rates of health services utilization.
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Chrubasik et al. (1998) conducted a mailed survey of 1,304 adults in Ger-
many and asked respondents whether they experienced prolonged pain in the
previous six months. The survey asked respondents to identify the location,
duration, severity and persistence of pain, and requested that they state the
number and types of healthcare providers that had been consulted, the extent of
self-care, and satisfaction with each treatment. About 47% of the respondents
reported prolonged pain, and of those, about 87% indicated that the duration
of pain was more than one year. The most common complaint was musculos-
keletal pain. Approximately one-third of the respondents with prolonged pain
indicated that they sought care from a healthcare provider, most often a general
practitioner or specialist in physical medicine. Among those who reported pain,
12% used self-care or consulted non-healthcare providers, 49% consulted one
healthcare provider, 24% consulted two healthcare providers, 4% consulted
three healthcare providers and 0.7% consulted four or more healthcare
providers.

Increased use of health services was also positively associated with age,
increased pain intensity, number of pain sites, and pain duration. (Chrubasik
et al., 1998) Overall, satisfaction with treatment was rated 75% among those
with pain, but only 30% in those with persistent and intolerable pain. Satisfac-
tion was also lower among respondents who were older, and those who had
consulted more healthcare providers or who had indicated more pain sites or
more intense pain.

Andersson, Ejlertsson, Leden, & Schersten (1999) also used a mailed survey
to assess chronic pain and use of health care in the general adult population,
although their study was conducted in Sweden. The researchers defined chronic
pain as recurrent or persistent pain lasting for more than three months. Use of
health services was determined by a count of the number of visits to physicians,
physical therapists and CAM practitioners during the past three months. In
contrast to the earlier studies by Von Korff et al. (1991) and Chrubasik et al.
(Chrubasik et al., 1998), Andersson et al. (1999) did not ask respondents to
specify whether they sought care specifically for pain. Respondents with pain
most often consulted with their primary care providers. About 40% of the
respondents who reported chronic pain visited a primary care provider com-
pared to 26% of those without pain. However, the study found no differences in
rates of hospitalization between respondents with and without chronic pain.
The authors reported that respondents with shorter pain duration had more
visits (59%) than those with pain lasting more than six months (34%).

In addition, the authors separately examined respondents who reported high
intensity pain and found that those with depression, insomnia, nervousness,
and widespread pain were more likely to visit a primary care provider than
those without these characteristics. Andersson et al. (1999) concluded that use
of health services among individuals with chronic pain depends primarily on
perceptions of pain intensity independent of the location of pain, but that use is
also influenced by ethnicity (including immigration status), age, socioeconomic
status, and depression.
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Haetzman et al. (Haetzman et al., 2003) conducted a mailed survey in the
U.K. to assess use of both conventional and alternative therapies by respon-
dents who reported chronic pain. Use of health services was evaluated only
among individuals with chronic pain lasting three months or longer. The
authors examined how often these respondents visited a general practitioner,
a hospital specialist, a physical therapist, or an alternative practitioner in the
prior year. Approximately 67% of respondents reported having visited their
general practitioner, while 34% visited a hospital specialist, and 26% visited a
physical therapist. The likelihood of utilization for each type of healthcare
provider was greater among respondents with increased pain severity.

Blyth, March, Brnabic, & Cousins (2004) conducted a telephone survey to
examine chronic pain and the use of health services in Australia. The authors
used the Behavioral Model of Health Services Use as the conceptual basis to
examine chronic pain and the use of three types of health services during the
prior year: general practitioner consultations, emergency department visits, and
inpatient hospitalizations. In this study, use of health services was not necessa-
rily confined to pain-specific use. Chronic pain was defined as pain that per-
sisted for three months or longer during the six months preceding the survey.
The study also assessed pain-related interference in daily activities and found
that the mean number of health care visits was higher in respondents with pain,
and increased with rising levels of pain-related interference. The authors con-
cluded that there is a need for better interventions to manage pain in order to
prevent the development of disability.

Breivik et al. (2006) conducted in-depth interviews with 4,839 individuals
from 15 European countries and Israel. They reported that 60% of respondents
with chronic pain visited their doctor for their pain two to nine times during the
last six months, and 11% had visited a physician 10 or more times during that
period. Only 2% of those with chronic pain were currently being treated by an
expert in pain management, and 31% were currently not being treated.

Chronic Pain and the Use of Complementary and Alternative
Therapies

A high proportion of persons who visit a CAM provider have chronic pain.
(Astin, 1998; Stoney andMansky, This Volume) However, a limited number of
studies have investigated the use of CAM in adults with chronic pain. Eisenberg
et al. (Eisenberg et al., 1993) interviewed a national sample of U.S. residents and
found that the use of CAM therapies was highest for back problems (36%),
anxiety (28%), headaches (27%), chronic pain (26%), and cancer (24%). In a
follow-up survey conducted six years later, Eisenberg et al. (Eisenberg et al.,
1998) reported that the highest condition-specific rates of CAM use were for
neck (57%) and back (47.6%) problems. Pain is likely a significant problem for
both conditions. Astin (1998) reported that chronic pain was the most
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frequently cited health problem for which CAM was used in a national sample
of U.S. residents (37%). Each of these studies defined CAM use as including
both self-care (e.g., high-dose megavitamins) and visits to CAM practitioners.

The aforementioned study on the use of health services by Andersson et al.
(1999) also examined visits to acupuncturists, chiropractors, homeopaths, and
naturopaths. During the three months prior to the survey, about 6% of respon-
dents with chronic pain visited a CAM provider, most often a chiropractor or
acupuncturist. The corresponding rate of CAM use among respondents with-
out chronic pain was 1.2%. By contrast, access to general practitioners in the
surveyed areas was good and consultation rates were comparable to other
similar studies. Greater intensity of pain was associated with more use of
CAM providers, after controlling for age, socioeconomic status, ethnicity,
depression, and diagnosis of chronic disease.

Of note, the authors found that use of self-care and CAMwas not associated
with lower utilization of conventional health services. In particular, respon-
dents who used self-care reported higher use of each type of health services,
including CAM. Thus, this study suggests that persons experiencing chronic
pain are high-utilizers of self-care, conventional medicine, and CAM and they
do not substitute self-care or CAM for conventional health care.

Haetzman et al. also examined the relationship between chronic pain and use
of CAM in the general population. (Haetzman et al., 2003) However, the
authors did not compare use of CAM by respondents with and without chronic
pain. This study found that 18% of respondents with chronic pain consulted
alternative therapists and 16% used alternative medicine. These rates of CAM
use were much higher than those reported by Anderson et al. (1999), but this
earlier study assessed utilization over a three month period rather than during a
one-year period.

Haetzman et al. (Haetzman et al., 2003) also found that 67% of respondents
who visited an alternative therapist also visited conventional healthcare provi-
ders. Similarly, a majority of respondents who reported taking alternative
medicines (85.9%) also used conventional medicine. Men and older respon-
dents were less likely to use CAM than women and younger respondents. The
authors found that the percentage of those with chronic pain who used both
conventional and alternative therapists also increased with increasing severity
of pain. Higher socioeconomic status predicted increased use of CAM thera-
pists and greater use of alternative meds but less reliance on prescription
medications. Higher socioeconomic status and more education have been
shown to be associated with increased use of CAM in other studies. (Astin,
1998; Bausell, Lee, & Berman, 2001; Ni, Simile, & Hardy, 2002)

Breivik et al. (2006) also examined use of some CAM therapies among the
4,839 respondents with whom they conducted in-depth interviews. The most
common non-drug treatments for chronic pain included massage (30%),
physical therapy (21%), and acupuncture (13%). In comparison, 55%
reported taking over-the-counter NSAIDs and 44% were using prescription
NSAIDs.
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Psychological Distress, Pain, and Use of Health Services

There is little extant research on the role of psychological symptoms on the use

of health services related to pain. Few studies have incorporated measures of

psychological distress when investigating the relationship between pain and

utilization. In their review, Von Korff et al. (1991) suggested that illness

behavior theory posits three psychosocial processes that influence the likeli-

hood of care-seeking for pain: (1) symptom perception, (2) symptom appraisal,

and (3) situational adaptation to illness. According to illness behavior theory,

symptoms perceived to be more persistent and severe should be more likely to

prompt a person to seek health care than would transient, more mild symptoms.

(Prohaska, Keller, Leventhal, & Leventhal, 1987) It has been suggested that

psychological distress may alter an individual’s perceptions of a symptom and

in turn increase the likelihood of seeking health care. (Barsky, 1986; Bridges &

Goldberg, 1985; Katon, Kleinman, & Rosen, 1982a,b)
The second process, symptom appraisal, refers to the meaning a person

associates with particular bodily sensations. Mechanic (Mechanic, 1972) theo-

rized that a psychologically distressed person is more likely to attribute such

sensations to a disease. It has also been suggested that symptoms are part of an

individual’s cognitive schema concerning the causes, identity (symptom pattern

and diagnostic label), duration and consequences of a bodily sensation such as

pain, and that these schemata influence how a persons responds including

seeking health services. (Leventhal, 1986)
Finally, the process of situational adaptation indicates that a person seeks

health care when he or she is no longer able to suppress, ignore, or otherwise

conceal symptoms in a way that allows the person to continue with daily

activities and obligations. (Alonzo, 1984, 1985) If pain impairs an individual’s

adaptive capacity, psychological distress may therefore increase the likelihood

that an individual will use health services.
In sum, illness behavior theory asserts that persons who seek health care for a

painful symptom should display more distress than those who do not seek

health care for such symptoms. Nevertheless, the evidence base supporting

this theory in adults is somewhat mixed. Illness behavior theory has primarily

been tested in patients with irritable bowel syndrome (IBS). IBS is a syndrome

that is characterized by abdominal pain and disrupted defecation. Some of these

studies have found greater psychological distress among patients with IBS in

comparison to untreated persons with IBS. (Drossman et al., 1988; Whitehead,

Bosmajian, Zonderman, Costa, & Schuster, 1988) However, other studies

indicate no differences in psychological distress between IBS patients, untreated

persons with IBS, and healthy controls. (Welch, Hillman, & Pomare, 1985)

Nonetheless, the lack of support for the theory in this latter study should be

interpreted with some caution, since somatization (diffuse physical symptoms

without medical cause) has been shown to be elevated in IBS patients and

nonpatients relative to controls.
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A study by Andersson et al. (1999) lent support to illness behavior theory
when it found that persons with depression, insomnia, and general nervousness
were more likely to use primary health care for pain compared to those that did
not endorse these symptoms. In contrast, Von Korff et al. (1991) found that
symptoms of depression and anxiety did not increase the likelihood of use of
health services, although distressed respondents were more likely to report pain
in multiple locations. The divergent findings in these two studies may relate to
differences in their measures of psychological distress although both studies
used symptom lists to assess psychological distress. In particular, it should be
noted that there is substantial empirical support for the psychometric properties
of the Symptom Checklist Revised (SCL-90R), the measure used in the Von
Korff study. (Derogatis, 1994)

A population-based survey conducted in Belgium (Szpalski, Nordin,
Skovron, Melot, & Cukier, 1995) found that health beliefs significantly pre-
dicted the likelihood of visiting a health care provider for low-back pain.
Persons who believed that low-back pain would be a lifelong problem were
more likely to visit a provider. However, this study did not assess psychological
distress.

Chronic Pain and the Use of Conventional Health Services
and Complementary and Alternative Therapies Among Persons
Living with HIV

A limited number of studies have focused on the role of pain in health services
utilization among persons living with HIV and AIDS. Based on the studies
described above that established the negative impact of pain on HRQOL for
persons living with HIV and on the hypothesis that pain may be an important
factor in seeking medical care, Dobalian et al. (2004) examined the effect of pain
on the use of health services among a nationally representative sample of adults
receiving medical care for HIV in the contiguous U.S. This study included 2,267
respondents from the HCSUS, and used Poisson regression to analyze the use
of outpatient health services based on respondents’ reports of the number of
times they visited an outpatient healthcare provider (including an HMO, pri-
vate physician, community clinic, hospital clinic, other medical clinic, or usual
provider) during a six-month period. The conceptual framework for the study
was Andersen’s Behavioral Model of Health Services Use. Key predisposing
characteristics included in the study were gender, race, and ethnicity. Enabling
characteristics included income and insurance, and need characteristics
included pain, CD4 count, and diagnosis with AIDS (a measure of disease
stage).

Pain itself was assessed using the bodily pain subscale of the Short Form-36
Health Survey (SF-36), a widely used and psychometrically validated instru-
ment for measuring the health status of respondents. (Hays & Morales, 2001;
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Stewart & Ware, 1992) The pain scale was derived from the following two
questions: (1) ‘‘During the past four weeks, how much did pain interfere with
your normal work (including work outside the house and housework)? Would
you say: not at all (1), a little bit (2), moderately (3), quite a bit (4), or extremely
(5)?’’ and 2) ‘‘How much bodily pain have you had during the past four weeks?
Would you say: none (1), verymild (2), mild (3), moderate (4), severe (5), or very
severe (6)?’’

The researchers noted that 67% of respondents endorsed experiencing pain
during the previous four week period. Self-reported pain was higher among
persons with an AIDS diagnosis, women who were exposed to HIV via intra-
venous (IV) drug use, those without a baccalaureate degree, and the unem-
ployed, but lower among African Americans. The study also found that
patients who reported more pain and those developed more pain between the
baseline survey and six month follow-up survey used more outpatient health
services. In addition, poorer health as assessed by CD4 count (specifically, CD4
counts below 50 cells/mm3), and less energy (as assessed by the vitality subscale
of the SF-36) were also associated with more use of health services.

In addition, Dobalian et al. (2004) also modeled predicted values for the
number of annual outpatient visits based on varying levels of pain to demon-
strate the size of the effect of pain on outpatient health services use. The authors
found that based on their findings, the predicted difference in the number of
visits between those without pain and those with the maximum amount of pain
at follow-up was approximately 4.1 visits annually. The researchers concluded
that pain is an important need characteristic by itself, even when adjusting for
objective clinical indicators of health status (i.e. CD4 count and diagnosis with
AIDS), and noted that increasing pain over time had a substantial impact on
health services utilization even after controlling for health status. Accordingly,
the authors suggested that improved pain management for persons with pain
and better detection of persons at risk for developing pain might reduce the use
of outpatient health services and decrease health-related expenditures.

A few studies have examined the use of CAMamong persons living withHIV
without examining pain (Josephs, Fleishman, Gaist, & Gebo, 2007; London,
Foote-Ardah, Fleishman, & Shapiro, 2003) or examined pain among persons
living with HIV without examining use of health services. (Abrams et al., 2007)
A more limited number of studies have examined the role of pain in the use of
alternative therapies by persons living with HIV and AIDS. However, the
generalizability of these studies is limited since they used relatively small con-
venience samples. For example, Fairfield et al. (Fairfield, Eisenbeg, Davis,
Libman, & Phillips, 1988) found that pain or neuropathy was themost common
reason for visiting a CAM provider among a convenience sample of 180 HIV
patients, representing about one-third of respondents. A second study of 256
HIV-positive persons reported that pain was associated with the use of CAM.
(Ostrow et al., 1997) In contrast, a third study sampled 70 HIV-positive gay
men and found that respondents with little or no pain were more likely to use
CAM. (Knippels & Weiss, 2000) The size of the samples in these studies
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particularly limits the generalizability of the findings with respect to racial and
ethnic minority groups.

Tsao et al. (2005a) investigated the relationship of bodily pain to the use of
CAM using data from a different wave of the HCUS. In this nationally
representative study that included 2,466 adults living with HIV, the researchers
also conceptualized pain as a need characteristic using Andersen’s Behavioral
Model of Health Services Use. This study used the same bodily pain subscale
from the SF-36 used in Dobalian et al. (2004) The study used multivariate
analyses to examine the association of baseline predisposing, enabling, and
need characteristics with the use of CAM about six months later. The research-
ers included the use of five CAM-specific domains based on groupings outlined
by the National Center for Complementary and Alternative Medicine
(NCCAM; http://nccam.nih.gov/health/whatiscam/ website viewed 4/9/05)
(See also Stoney and Manksy, This Volume). The five domains were: mind-
body interventions (i.e., relaxation, spiritual healing, self-help groups, imagery,
biofeedback, and hypnosis), biologically-based therapies (i.e., herbal medicine,
megavitamin therapy, underground/unlicensed drugs, and lifestyle diets),
manipulative/body-based methods (i.e., massage and chiropractic care), alter-
native medical systems (i.e., homeopathy, acupuncture, and folk remedies), and
energy therapies (i.e., energy healing). The study also examined the role that
changes in pain had in the use of CAM. The researchers found that pain at
baseline predicted subsequent CAM use across four of the five domains, and
noted that the lack of an association between pain and the fifth domain, energy
healing, may have been due to the small number of patients who used that
particular therapy.

In contrast to most prior studies of health services utilization, the Tsao et al.
(2005a) study included psychological symptoms (e.g., anxiety, depression) and
substance abuse (i.e., drug dependence, heavy alcohol drinker) as additional
need characteristics. Anxiety and depressive disorder during the past year were
classified based on the short form of the World Health Organization’s Compo-
site International Diagnostic Interview (CIDI-SF). Drug dependence was
defined by the researchers as use of any of eight classifications of drugs
(analgesics, amphetamines, cocaine, hallucinogens, heroin, inhalants, mari-
juana, sedatives) during the past 12 months, either without a doctor’s prescrip-
tion, in larger amounts than prescribed, or for a longer period than prescribed.
The respondent must also have reported using more than intended or having
emotional/psychiatric problems related to the use. Heavy alcohol drinkers were
classified as persons who drank on at least half of the days in the four weeks
prior to the baseline interview and who typically had had three or more drinks
on those days. The study found that depression was independently associated
with use of CAM, even after controlling for pain. Respondents who screened
positive for depression were more likely to report having used at least one CAM
therapy and were more likely to use mind-body and biologically-based thera-
pies. In addition, respondents who screened positive for depression were more
likely to use a greater number of CAM therapies.
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The Tsao et al. (2005a) study demonstrated that pain is an important pre-
dictor of use of CAM among persons living with HIV, including both self-care
and visits to CAM providers. Furthermore, respondents whose pain declined
over the course of the study were less likely to have used biologically-based
therapies, specifically underground/unlicensed drugs that have the potential to
harm the user (e.g., oral interferon-�, disulfiram, and dinitrochlorobenzene).
The authors commented that the study’s findings are consistent with the
hypothesis that pain that is poorly controlled may lead persons living with
HIV to seek out untested drug treatments with the potential for adverse health
effects. Accordingly, they suggest that greater efforts at alleviating pain be
directed at HIV populations in order to reduce the use of underground or
unproven drug therapies.

In sum, there is evidence to suggest that pain predicts use of both conven-
tional health services and CAM, including both self-care and visits to CAM
providers, among persons living with HIV. Furthermore, these associations
between pain and utilization hold even after controlling for clinical indicators of
health status including CD4 count and diagnosis with AIDS. One nationally
representative study found that HIV-positive women with a history of IV-drug
use may be at heightened risk for pain. (Dobalian et al., 2004) This finding
suggests that undertreatment of pain may be of particular concern among
persons with a history of substance abuse. (See also Heit and Lipman, This
Volume)Nevertheless, additional research is necessary to determine the validity
of the self-medication hypothesis, which in this context, proposes that persons
in pain may abuse substances in an attempt to mitigate their pain. For example,
one study found that symptoms of depression were independently correlated
with use of CAM, even after controlling for pain. (Tsao et al., 2005a)

Conclusion

Pain is a common experience for the general adult population, andmay bemore
prevalent among chronically-ill populations such as persons living with HIV.
Furthermore, there is ample evidence indicating that pain, particularly chronic
pain, has an adverse impact on health-related quality of life (HRQOL) in these
populations. HIV-related pain leads to significant psychological distress, wor-
sens HRQOL, and produces considerable functional impairment among per-
sons living with HIV. This chapter has summarized the existing research
suggesting that pain may be an important factor in seeking health care among
persons living with HIV.

There is a significant need for additional research aimed at improving our
understanding of the relationship between pain among persons living with HIV
and the use of health services. One significant limitation of the literature on pain
and use of health services is the lack of prospective studies. In addition, many
studies have failed to include a broad range of factors that may facilitate or
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impede care-seeking. These factors, including measures of pain-related disabil-
ity, psychological distress, and substance use, may be of particular importance
for persons living with HIV.

To date, healthcare providers have a poor record of recognizing and treating
pain caused by a variety of illnesses despite the relatively recent recognition of
pain as the ‘‘fifth vital sign’’ and the existence of effective pain therapies for
many years. (Marcus, Kerns, Rosenfeld, & Breitbart, 2000) In light of the high
prevalence of pain among persons living with HIV and the potentially disabling
impact of untreated or undertreated chronic pain, it may be advisable for
healthcare providers to assess pain at every visit.

Existing research on the relationship between pain and the use of health
services has sought to improve our understanding of the factors associated with
pain in the general population as well as persons living with HIV and other sub-
populations. Improving our understanding of the risk factors that predict
increased use of health services among persons experiencing chronic pain,
may allow healthcare providers, policy-makers, patients, and other key stake-
holders researchers to develop better systems and processes of care that lead to
lower use of health care, lower health care costs, and improved HRQOL for
persons experiencing pain.

Future Directions

The current conceptualization of pain is as a multidimensional construct that
incorporates social, psychological/behavioral, and physiological aspects. Addi-
tional research is needed to better understand how each of these distinct
dimensions of pain interacts with other predisposing, enabling, and need char-
acteristics within Andersen’s Behavioral Model of Health Services.

In particular, more research is needed that evaluates the relationship
between health beliefs about pain, psychological distress, and the use of health
services. In light of the strong evidence-base concerning the correlation
between chronic pain and psychological factors, future studies on the role of
pain in the decision to seek health care should include validated measures of a
range of psychological symptoms, including particularly anxiety, depression,
and somatization.

There is also a need for research which examines whether alleviating pain
symptoms actually leads to reductions in the use of health services. As Kerns
et al. (Kerns, Otis, Rosenberg, & Reid, 2003) noted, studies on the efficacy of
behavioral rehabilitation programs among persons with chronic pain have
demonstrated significant reductions in the use of health services. (Caudill,
Schnable, Zuttermeister, Benson, & Friedman, 1991; Simmons, Avant,
Demski, & Parisher, 1988) Improved palliative care may lead to decreased
health services utilization, reductions in health-related expenditures, and
improved HRQOL for persons experiencing pain. Future studies should

Pain and Use of Health Services Among Persons Living with HIV 311



examine whether effective pain management leads to decreased use of health

services and improvements in HRQOL.
A number of studies have identified that pain may be greater among certain

vulnerable populations, including women (Blyth et al., 2001; Campo et al., 2002;

Chrubasik et al., 1998; Dobalian et al., 2004; Perquin et al., 2000; Verhaak et al.,

1998) and persons who abuse substances. (Dobalian et al., 2004; Tsao et al.,

2005a) There are many possible causes of these variations in self-reported pain,

but undertreatment of pain likely plays an important role for these groups. In

turn, undertreatment of pain in these populationsmay be related to other barriers

to accessing health care. In most of the studies summarized in this chapter, these

groups did not report higher levels of health services use. There is a need for

additional research examining the causes of these disparities. Nevertheless, the

causes of many barriers to accessing health care are known. Yet there remains a

need for more effective interventions that can decrease this treatment gap and

thus improve quality of care for these vulnerable populations.
There are few studies that have examined the prevalence of pain among

children living with HIV (Gaughan et al., 2002; Lavy, 2007; Lolekha et al.,

2004) and consequently there is a significant need for epidemiologic studies on

this vulnerable population. In addition, no studies have examined the role of

pain in the use of health services among children living with HIV.
The research linking chronic pain and psychosocial problems with use of

health services is somewhat mixed among adults, although the larger popu-

lation-based studies such as hcsus do provide support for such a link among

adults living with hiv. When drawing conclusions from these studies, it is

important to recognize that unlike the Von korff et al. (1991) and Chrubasik

et al. (chrubasik et al., 1998) studies, the Blyth et al. (2004) and andersson

et al. (1999) studies were general studies of the use of health services and were

not specifically designed to examine the role of pain. Accordingly, these

latter studies should be interpreted with some caution with respect to pain

and the use of health services. Thus additional work in this area is also

warranted.
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Pain Measurement

Sydney Dy

Introduction

Pain is one of the most common symptoms in clinical medicine. Many types of

medications and other interventions to treat pain are supported by strong evidence

(Carr et al., 2004) and guideline-based pain treatments can lead to significant

reductions in pain severity and pain-related outcomes such as quality of life

(Chang, Hwang, & Kasimis 2002). However, the fundamental biobehavioral

issues which underlie the development of chronic or intractable pain are not well

understood. Painmanagement is often suboptimal in situations where it is critical,

such as in patients with cancer or other advanced disease (Cleeland et al., 1994).

Deficits in pain evaluation, management and treatment have been described

across clinical settings, including hospitals, outpatient clinics, emergency rooms

and nursing homes, and are often more severe in vulnerable populations, such

as the elderly, those with dementia, children, and minorities. (Johnson, Teno,

Bourbonniere, & Mor, 2005; Mercadante, 2004; Cleeland et al., 1994; Herr,

Bjoro, & Decker, 2006; Todd et al., PEMI Study Group, 2007).
In this chapter, we describe methods of pain measurement, including both

measurement tools and quality measures.We also discussmethods for improving

themanagement of pain, including population and system-based interventions as

well as interventions oriented at health care professionals and at patients.

Although pain assessment, measurement and evaluation are central to under-

standing the impact of pain in a variety of disease states, in this chapter, we will

primarily focus on the assessment and evaluation of pain in the context of

palliative care, including management of patients with serious or advanced

disease. The chapter also builds on evidence-based systematic reviews and expert

panels aiming to standardize and improve the quality of care. We describe tools

and interventions aimed at more general populations and for vulnerable popula-

tions, where appropriate. Finally, where applicable, we describe differences
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among populations and how pain management interacts with other physical and
psychiatric symptoms and psychosocial issues.

Measuring Pain

Pain can be a difficult symptom tomeasure. There are many barriers to effective
assessment, such as underestimating the impact of pain, fear of consequences of
pain management such as addiction, and a lack of knowledge on the part of
patients and clinicians. That said, screening to determine who may have pain is
a necessary first step both in the effective management and treatment of pain
and in the proper conduct of research and quality improvement. (National
Comprehensive Cancer Center Network, 2006; Lorenz et al., 2006) Without
regular screening, many patients with significant pain do not have pain docu-
mented in the medical record and do not receive adequate analgesia. (Rhodes,
Koshy, Waterfield,Wu, &Grossman, 2001) Effective measurement begins with
patient self-report: without asking the patient, the clinicians’ assessments of
pain are usually inaccurate. One study found little correlation between physi-
cians’ and nurses’ assessments of cancer patients’ pain and the patients’ reports
of pain, and correlation was lowest for patients with severe pain. (Grossman,
Sheidler, Sweden, Mucenski, & Piantadosi, 1991) Discrepancies between
patients and physicians in their perceptions of pain severity are also predictive
of inadequate pain management. (Cleeland et al., 1994)

The need for routine assessment of pain is well-accepted and supported by
pain clinical practice guidelines. (National Comprehensive Cancer Center Net-
work, 2006) However, quantitative pain measurement alone is insufficient to
improve pain outcomes, (Mularski et al., 2006), as more detailed quantitative
and qualitative assessment is necessary to determine how best to treat patients.
(Lorenz et al., 2006) Assessmentmay also need to be tailored to the setting, or to
the patients’ characteristics, including cultural or cognitive factors, which may
impact if and how patients report the symptom, the meaning of the pain, and
the patient’s response. Assessment should also include physical and psychiatric
symptoms as well as spiritual, psychosocial, and environmental distress, as
these can adversely interact with physical pain or impact the effectiveness of
pain treatments. (National Comprehensive Cancer Center Network, 2006)

While the use of standard, well-developed and evaluated assessment tools is
key to high-quality pain research and advancing knowledge in the field, they are
often not used in clinical care, and are inconsistently used in research. A recent
review of tools used in end-of-life interventions found that studies used a wide
variety of instruments, with little overlap. (Mularski et al., 2007) In another
review of pain measurement methods in clinical trials, 69% of 68 trials used
only unidimensional pain rating tools, such as visual analog scales (VAS) which
are not adequate for the assessment of pain, rather than questionnaires. While
VAS can access the severity of pain at a particular point in time, more detailed
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questionnaires are also needed to provide an in-depth portrait of the patient’s

pain experience. This includes the impact of pain on social or physical function-

ing, psychosocial facets of the pain experience, other distress and related suffer-
ing. (Wilson et al., 2007; Graves et al., 2007; Mako, Galek, & Poppito, 2006;

Shaiova, 2006).

Assessment Instruments

Pain assessment instruments are tools designed tomeasure the characteristics of
pain in an individual patient. In this section, we describe several systematic

reviews that have addressed the variety of tools that have been developed for

pain assessment, how they have been used, and recommendations for their use.
The focus here is on palliative care and two populations where assessment is

often difficult, patients with dementia and children. Recently, a comprehensive,
systematic review of instruments potentially applicable to end-of-life care, the

Toolkit (Toolkit of Instruments toMeasure End-of-Life Care) (Teno 2000) was
updated as part of a more recent systematic review of end-of-life care and

outcomes. (Mularski et al., 2007) Other recent reviews have addressed the

applicability of available pain measurement instruments to palliative care
(Hølen et al., 2006) and tools for assessment of pain in nonverbal adults with

dementia. (Herr et al., 2006)
Pain assessment tools recommended by the reviews are shown in Table 1. As

previously described, although visual analog scales are useful for screening and

monitoring the outcomes of pain treatments, they are insufficient for clinical
pain assessment or studies requiring information on causality or multidimen-

sionality of pain. Scales that also address other symptoms often closely related
to pain, such as fatigue or depression, or that address different measures and

qualities of the pain experience are generally preferable for full assessment.
However, many of the longer versions may suffer from relatively high rates of

incompletion, particularly in ill populations. (Hølen et al., 2006).
The Toolkit (Teno 2000) identified sixty-four pain and physical symptom

management instruments that could potentially be useful in end-of-life care;

Mularski et al. (2007) identified 10 additional instruments for use in this domain.

Hølen et al. (2006) conducted an extensive literature and book search, and
described 80 assessment tools including at least one item for pain, forty-eight of

which were pain-specific instruments. Thirty-three percent were unidimensional,
usually for pain intensity, and an additional 38%addressed only two dimensions.

They identified 48 studies of pain assessment in advanced cancer, which included
16 instruments. Sixty-one percent used a visual analog or numerical rating scale,

13% used the Brief Pain Inventory (BPI), and 13% used the McGill Pain

Questionnaire (MPQ). Using different pain tools across studies often made
comparisons difficult or impossible. (Hølen et al., 2006,Mularski et al., 2007)
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Since pain tools are often developed for specific syndromes (e.g., low back

pain) or populations (chronic pain), they may not adequately assess other types

of pain (e.g., neuropathic pain syndromes) or illnesses associated with significant

pain (e.g., diabetes, rheumatoid arthritis). Moreover, few have been developed

for or tested in palliative care or advanced cancer populations. Hølen et al. (2006)

used an expert panel to rate the relative importance of each of 10 dimensions of

pain assessment for palliative care. The highest-ranked dimensions, in order of

importance, were as follows: intensity, temporal pattern (fluctuation, variations

in intensity and occurrence), treatment and exacerbating/relieving factors, loca-

tion, interference with quality of life, quality, affect (emotional component of

pain), duration, beliefs (attitudes and coping strategies), and pain history (includ-

ing prior pain experiences). They then compared these dimensions to the contents

of pain tools. They found that, although themajority of pain tools included in the

analysis addressed pain intensity, only 16% addressed the second-most

highly-ranked dimension, temporal issues. Another recent review showed that

only 2% of cancer pain tools actually addressed this dimension.

(Jensen, 2003) Finally, none of the tools which actually addressed all five of the

Table 1 Recommended pain assessment tools

Tool Pain assessment tools Description
Recommended
by*

Memorial Pain
Assessment Card, Visual
Analog Scales

Assessment of pain intensity EAPC, Toolkit

Brief Pain Inventory (BPI) Measures pain intensity, functionality and
impact on life

Long and short versions available

EAPC

McGill Pain Questionnaire Focus on pain quality, especially particular
pain syndromes

Long and short versions available

EAPC, Toolkit

Wisconsin Brief Pain
Questionnaire

Measures pain history, intensity at its
worst, usual, and now, relief from
medication, and interference.

Toolkit

Multisymptom tools

ESAS (Edmonton
Symptom Assessment
System)

Visual analog scales for 9 symptoms Toolkit

MSAS (Memorial
Symptom Assessment
Scale)

Prevalence, characteristics, and distress of
32 common symptoms

Toolkit

*EAPC – European Association for Palliative Care Expert Working Group (Caraceni,
Brunelli, Martini, Zecca, & De Conno, 2005); Toolkit – Toolkit of Instruments to Measure
End-of-Life Care (Teno, 2000)

Extensive descriptions and assessments of these tools are available in these references;
most tools are available through the City of Hope Pain & Palliative Care Resource Center
Website, www.cityofhope.org/prc.
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most highly-rated pain dimensions for palliative care were appropriate for pal-

liative care research assessment. (Hølen et al., 2006)
Additional drawbacks of pain assessment instruments include a lack of

conceptual research to determine the best timeframe for evaluating pain. (Hølen
et al., 2006) Important issues also include how to incorporate different measures,

such as worst compared to average pain, and how to incorporate patients’ or

significant others’ goals for pain control. As described by clinical practice guide-
lines (National Comprehensive Cancer Network, 2006) in clinical care, these

instruments are currently best used for initial screening. Clinical assessment of

pain requires qualitative assessment of many of the domains described above,

which are not adequately addressed by these structured instruments. Since pain is
a subjective experience, individual patients experience and rate pain differently,

and better tools for adjusting individual ratings are needed before intensity can be

used as an comparative measure of pain across individuals or groups. That said,
more detailed questionnaires customized to specific illnesses, or changes in pain

intensity across time, are currently the best research outcome measures for pain

control. (Dionne, Bartoshuk, Mogil, &Witter, 2005)

Assessing Pain in Non-Verbal Populations

Assessing pain in patients with cognitive or communication difficulties can be

even more challenging than the assessment of pain in verbal patients. Herr et al.

(2006) identified ten behavioral assessment tools for nonverbal dementia
patients. These tools are based on indicators of potential pain, including the

six types in the American Geriatrics Society (AGS) framework: facial expres-

sions such as grimacing, verbalizations or vocalizations such as moaning, body
movements such as rocking, changes in interpersonal interactions such as

resisting care, or changes in activity patterns or routines such as refusing

food. (AGS Panel on Persistent Pain in Older Persons, 2002) This comprehen-
sive evaluation concluded that all tools were in the early stages of development,

and there was no standardized tool to broadly recommend for patient assess-

ment. The only tool with strong evidence for reliability was the Discomfort in
Dementia of the Alzheimer’s Type scale (DS-DAT), and only two had under-

gone evaluation in a setting outside the original study. The problems associated

with these tools included variability among patients in behaviors potentially
related to pain; comprehensiveness in meeting the criteria of the AGS frame-

work; difficulty with demonstrating validity, given the lack of a gold standard;

and concerns about the validity of combining ratings of behaviors into a

quantitative scale. The review and the AGS guidelines therefore recommend a
clinical approach to pain assessment, including observation for potential pain

behaviors and a trial of analgesics if pain is suspected, particularly in situations

Pain Measurement 325



where there are pathological reasons for the patient to have pain. (AGS Panel
on Persistent Pain in Older Persons, 2002)

A broader review of instruments for assessment of pain in older persons with
cognitive impairment (Stolee et al., 2005) identified 30 instruments, including
the behavioral tools described above as well as self-report scales using faces or
other graphical representations for pain. This review concluded that none of
these instruments had sufficient psychometric testing. Similar issues apply to
other types of patients unable to report pain, such as patients in the intensive
care unit or with hypoactive delirium at the end of life. (Mularski et al., 2007).
None of these reviews identified studies addressing measurement issues in
vulnerable populations of underserved ethnic minorities or in those with low
health literacy.

Measuring Pain in Children

Some instruments developed for adults may also be appropriate for the mea-
surement of pain in children. For instance, theMemorial SymptomAssessment
Scale has undergone validity testing for children between the ages of 7 through
12 years old. (Collins et al., 2002) However, these scales cannot be used for
smaller children, except with parental reporting of pain, and developmental
factors and differential experience of pain often make specially designed assess-
ment tools preferable (see also Cucchiaro, This Volume). A systematic review
of observational (behavioral) measures for children between the ages of 3 and
18 years of age identified 20 behavioral checklists and rating scales. Scales were
recommended for acute pain only and for specific settings, and varied in terms
of inclusion criteria for physiological or other distress items and reporter status
(parent or health care professional for very young children or those with severe
cognitive disability, vs the child). Scales judged to have good psychometric
properties and clinical applicability included two for procedural pain, two for
postoperative pain, one for critical care, and two for pain-related distress.
(Baeyer & Spagrud, 2007) A systematic review of single-item self-report inten-
sity measures in children (Stinson, Kavanagh, Yamada, Gill, & Stevens, 2006)
identified 34 measures. This review identified six scales, including the Faces
Pain Scale-Revised, Wong-Baker FACES Pain Scale, and Oucher numerical
rating and VAS scales, with high-quality psychometric evaluation and utility
for measuring research outcomes, although there was variation in feasibility
and applicability to specific populations. (Stinson et al., 2006).

Other measures include quality of life instruments such as the Child Health
and Illness Profile (CHIP), which has undergone reliability and validity testing
in child and adolescent editions and has a parental report version as well. (Riley
et al., 2004) Finally, a recent systematic review of neonatal pain assessment
instruments identified 35 tools, 17 of which were multidimensional. Although
no instrument was considered ideal, and many require further psychometric
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testing, tools are available with a variety of characteristics that may be appro-
priate for specific populations and research needs. (Duhn & Medves, 2004, See
also Cucchiaro, This Volume)

Other Instruments

Other instruments for assessing related constructs may be useful when research-
ing chronic pain. Two recent end-of-life systematic reviews (Teno, 2000)
(Mularski et al., 2007) described additional instruments, including questionnaires
addressing knowledge about pain (e.g., Patient Pain Questionnaire) and barriers
to taking pain medications (Barriers Questionnaire, BQ-II). In chronic pain
populations, opioid misuse may be a concern, and instruments such as the Pain
Medication Questionnaire can help to assess risk. (Holmes et al., 2006) Many
other types of instruments also include measures for the assessment of pain,
including many quality of life and needs assessment instruments. Other domains
to assess may include those related to pain, such as psychological symptoms or
spiritual well-being (including existential issues associated with the experience,
management and treatment of pain), particularly since pain is often multidimen-
sional and may not be limited to physical issues, or those that may be affected by
pain, such as functional status. (Mularski et al., 2007)

Quality Measures

A quality or performance measure is a descriptive statement related to the
quality of medical care and expressed as a measurable standard of care. Two
recent reviews have summarized in detail pain quality measures available in
measurement sets or used in quality improvement projects for end-of-life care
and cancer. (Dy & Lynn 2006, Lorenz et al., 2006) Pain quality measures are
critical for overall good-quality medical practice, and have been included in
large general measurement sets, such as the RAND Quality Assessment (QA)
tools and Assessing Care of Vulnerable Elders (ACOVE). (Dy & Lynn 2006,
Lorenz 2006) Categories of quality measures, and some examples, are shown in
Table 2. For assessment, these include screening and regular and appropriate
measurement; for treatment, addressing high pain scores and appropriate
changes in treatment; and for follow-up, whether pain was controlled and
satisfaction. (Dy & Lynn 2006, Lorenz 2006)

The quality measures developed to date target only a few areas in the
spectrum of quality pain management, have generally not been rigorously
developed or evaluated, and are not in wide or regular use. For example,
there are no evidence-based best standards for the use of these measures in
many settings where pain is common, such as hospitals or outpatient cancer
care. Indeed, the measures are often so specific that they cannot be applied
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across clinical settings to evaluate a patients’ overall pain care, and they fail to

adequately address continuity across sites of care. These qualitymeasures also do
not generally address the interaction between symptoms, such as the need for
assessment of anxiety or depression in patients newly reporting pain symptoms.

Additional validity and reliability testing is also needed, as the few measures that
are currently being used, such as the Minimum Data Set (MDS, for nursing
homes) and National Hospice and Palliative Care Organization (NHPCO) mea-

sures, have undergone little rigorous evaluation. (Lorenz et al., 2006) These
measures are also often not used as part of quality improvement projects,

which complicates the ability to compare results across studies or follow whether
improvements in the assessment of pain are actually sustained over time.

Other studies have identified problematic exclusions from pain quality mea-
sures. Pain quality measures generally do not address specific treatments or

pain syndromes and do not address followup. They also generally exclude those
who cannot report their pain, which is problematic in vulnerable populations
with a high percentage of nonverbal patients, such as the seriously or terminally

ill or nursing home populations. In addition, patients with some degree of
cognitive impairment or sedation may also be excluded from pain measures,
even though many of these patients are actually able to report their pain.

(Ferrell, Ferrell, & Rivera, 1995) Variable exclusion of these patients limits
the utility of pain assessment measures for comparisons across populations,
between facilities, or over time. There has also been limited measure develop-

ment in children, although some guidelines are available, such as a position
paper on end-of-life pain management for the child with cancer. (Hooke,

Table 2 Potential pain quality measures (Lorenz et al., 2006, Dy & Lynn, 2006)

Domain
Domain Example

Measurement
sets*

Screening All cancer patients should be screened for pain on
every outpatient visit

QA Tools, UHC

Assessment All hospitalized patients should be assessed using a
numeric pain scale within 48 hours

UHC, VHA,
ACOVE

Treatment All cancer patients with uncontrolled pain should
be offered a change in treatment within 24 hours

QA tools, Cancer
Care Ontario

Management of
pain side
effects

All patients prescribed opioids should also be
prescribed a bowel regimen if not
contraindicated

UHC

Outcome Proportion of patients whose pain was brought
down to a comfortable level within 48 hours

NHPCO, VHA

Satisfaction Patients who responded ‘‘yes, completely’’ when
asked if everything was done to control their
pain

Cancer Care
Ontario

*QA Tools: Quality Assessment Tools; UHC: University Health Consortium; VHA: VHA,
Inc; NHPCO: National Hospice and Palliative Care Organization; ACOVE: Assessing Care
of Vulnerable Elders
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Hellsten, Stutzer, & Forte, 2002; See also Cucchiaro, This Volume) Other
studies indicate that the measurement of pain outcomes is even more important
in vulnerable populations, since cognitively impaired adults receive less pain
medication than those who are cognitively intact. Untreated pain may also lead
to higher rates of adverse outcomes, such as delirium. (Morrison et al., 2003)
The use of surrogates for pain measurement, retrospective pain measurement
by patients or family members, and accounting for missing data or different
methods of assessment are all important issues in vulnerable populations where
pain assessment may be challenging, may vary across patients, or may not be
possible for everyone.

Improving Pain Management

Quality Improvement

Quality improvement involves the development and use of interventions to
improve the management of pain by addressing barriers to effective care at
the health care professional (such as knowledge deficits), individual patient
(such as inadequate assessment), or health system level (such as changing or
measuring processes of care). Several multicenter pain quality improvement
projects based on the use of performance measures have shown significant
effects on outcomes. The Veterans Health Administration – Institute for
Healthcare Improvement (VHA-IHI) initiative used the IHI rapid change
‘‘Breakthrough Series Model’’. (Cleeland et al., 2003) Seventy-three teams
addressed pain management in settings including ambulatory care, rehabilita-
tion, oncology, and long-term care. Measures included screening (pain as the
5th vital sign), care plans for patients with moderate to severe pain, and the
provision of educational materials. Improvements were noted in all measures,
and the percentage of patients with moderate or severe pain on intervention
units decreased from 24% to 17%. In another study, a collaborative with a state
Quality Improvement Organization achieved improvements in several pain
management process and outcome measures in 21 nursing homes in the US,
(Baier et al., 2004) although the project was limited by structural factors,
including staff turnover.

A review of comprehensive interventions targeting processes of care within
institutions found four interventions that improved processes of pain manage-
ment; only one evaluated outcomes, and did not show a significant impact.
(Allard, Maunsell, Labbe, & Dorval, 2001) A rapid-cycle quality improvement
intervention in two surgical intensive care units, targeting pain assessment and
treatment and incorporating staff education, improved pain assessment (pro-
portion of nursing of intervals where VAS was used increased from 42 to 94%),
treatment, and outcome (percentage of 4-hour intervals with pain>3 decreased
from 41 to 6%), without an increase in adverse events (as measured by naloxone
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administration). (Erdek & Pronovost, 2004) A multimodal pain intervention
study, including standardized assessment, education, feedback of pain scores,
and decision support, resulted in increased pain assessment and use of opioids,
but had no significant effect on pain outcomes. (Morrison et al., 2006) In
summary, although pain quality improvement interventions can successfully
improve processes of care for pain management, such as increased measure-
ment, the results on patient pain outcomes aremoremixed, andmore research is
needed to better assess and effect systems change.

Interventions Targeting Health Care Professionals

Interventions targeting health care professionals include educational interven-
tions to improve knowledge and attitudes and the implementation of protocols
or standard care processes to more closely align clinical care with recommenda-
tions from clinical practice guidelines and evidence. Two systematic reviews
addressed educational interventions, one on improving knowledge about pain
control (Allard et al., 2001) and one on improving knowledge about palliative
care and cancer pain (Alvarez & Agra, 2006). Studies used a variety of different
educational experiences, including didactics, case discussion, distribution of
guidelines, clinical experience, and an internet–based study. The systematic
review of educational interventions to improve pain control (Allard et al.,
2001) found that the 25 interventions they identified (only 4 of which were
RCTs) generally had a significant impact on health care professionals’ knowl-
edge, attitudes, and satisfaction, but the evidence for impact on patient out-
comes was limited. Seven studies of role model training helped health care
professionals become active in cancer pain improvement projects, but the
only study that evaluated the impact on patients’ pain showed no effect. Five
studies for nurses all showed improvement in this group’s knowledge and
attitudes. (Allard et al., 2001)

In a recent review of educational interventions for cancer pain or palliative
care for primary care physicians (which included 5 of the studies described in the
above review), (Alvarez & Agra, 2006) fourteen of the 17 studies evaluating
palliative care or cancer pain knowledge showed an improvement in this out-
come. However, the impact of this intervention on pain assessment and opioid
prescribing was mixed in the two studies evaluating these outcomes, and of two
studies evaluating pain management as an outcome, neither showed an
improvement with the intervention. Six studies described in the above review
(Allard et al., 2001) investigated interventions which provided pain assessment
and management tools, with mixed results. Two RCTs evaluated the use of
cancer pain protocols or guideline implementation. A multicenter RCT of an
analgesic protocol for patients with moderate to severe cancer pain showed a
significant increase in responders (48% had no or mild pain compared to 15%
with usual care, p=0.008). (Cleeland et al., 2005) Another RCT investigating
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the use of a pain algorithm showed a significantly greater reduction in pain in

the intervention as compared to the control group (p<0.02). (Du Pen et al.,

1999)
The internet and computerized order entry systems have greatly increased the

possibilities for implementing protocols, educational interventions and practice

guidelines for pain assessment and management. Indeed, more recent interven-

tions are increasingly using web-based educational materials. One study whose

aim was to evaluate teaching of clinical diagnosis skills related to pain found

similar examination performance with a web-based compared to a standardized

patient educational program. (Turner, Simon, Facemyer, Newhall, & Veach,

2006) Other resources are also now available on the web, such as opioid conver-

sion programs to help with equivalency tables (e.g., Hopkins Opioid Program,

www.hopweb.org). Decision support tools that are web-based can also assist in

the implementation of evidence-based practice guidelines. Several of these tools

have undergone preliminary testing, although more development is needed.

(Huang et al., 2003; Im & Chee, 2006) A study of medication prescribing errors

in hospitals (Bobb et al., 2004) found that pain medications had the highest

percentage of errors that could potentially be prevented with computerized

order entry, although no studies have yet addressed whether computerized

entry actually does reduce these errors. Electronic toolkits and pain websites

may also aid in the dissemination of successful interventions and tools to facilitate

quality improvement and educational interventions.

Assessment, Educational, and Psychosocial Interventions

Targeting Patients

There is clinical and research evidence to support the use of multidisciplinary

interventions to improve painmanagement in patients. These include interventions

to improve assessment, educational interventions about pain to improve patients’

adherence to pain regimens, and interventions to address the psychosocial aspects

of pain and its management. Two systematic reviews have summarized the evi-

dence on cancer pain interventions including education and/or supportive care

directed at psychosocial issues. Allard et al. (2001) included 8 studies of cancer pain

educational interventions for patients and caregivers; two were RCTs. These

interventions varied from a 15-minute nurse counseling intervention to multivisit

and multimodal interventions, which often included educational materials. All six

studies evaluating cancer pain knowledge or attitudes noted statistically significant

improvement, and three of the four studies included in this analysis of pain out-

comes also showed significant improvement. Devine (2003) included 25 controlled

studies in meta-analyses of psycho-educational interventions for cancer pain,

including interventions such as education, supportive counseling, and cognitive-

behavioral therapy, alone or in combination. Overall, the d+ (average, unbiased,
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weighted effect size) was 0.41 (95% CI, 0.29, 0.52) (a d+ of 0 is no effect), with
similar results when limiting to the 9 highest-quality randomized trials.

Evidence-based guidelines also support other types of interventions for
the management of pain. These include complementary and alternative
medical approaches such as relaxation and meditation, as well as other
cognitive-behavioral interventions and supportive counseling. Another
type of intervention which demonstrates potential is narration in the
form of expressive writing. A study of breast cancer patients completing
treatment randomized patients to expressive writing interventions oriented
towards emotional expression or benefit-finding. Patients randomized to
expressive writing had fewer physical symptoms at follow-up than those
randomized to a fact-writing arm. (Creswell et al., 2007)

Other recent pain interventions for patients have also been translated into
e-health methods, particularly electronic versions of the pain diary, a critical
component for the careful monitoring of pain. These diaries have been evalu-
ated in various cancer and noncancer populations, including RCTs in children
and patients unfamiliar with the use of computers, and have frequently
improved compliance and satisfaction, with increased accuracy in some studies.
(Palermo, Valenzuela, & Stork, 2004; Gaertner, Elsner, Pollmann-Dahman,
Radbruch, & Sabatowski, 2004) Electronic versions have the additional advan-
tage of streamlining data collection, as well as the possibility of real-time
monitoring of patients and the response by clinical staff. E-health interventions
also afford the assessment of different elements of pain from narrative speech
through natural-language processing. (Levin & Levin, 2006) Finally, there are
additional e-health interventions undergoing evaluation, including web-based
pain educational programs and electronic coaching tools to help patients evaluate
their pain management, improve communication skills, to improve their interac-
tions with their physicians and the clinical tream. (www.ehealthinnovation.org)

Conclusion

Appropriate pain assessment and measurement is a necessary prerequisite for
adequate pain management and control. Screening is a prerequisite to good
clinical pain management and treatment, and standard screening tools are
available. Measurement tools useful in clinical practice and research, and
applicable to different illnesses and settings, are necessary for adequate identi-
fication of pain, assessment of pain characteristics and etiology, andmonitoring
the effectiveness of interventions. Although a number of tools are available,
testing is generally limited and there is little standardization across studies.
More development is particularly needed for vulnerable populations, including
those patients who are unable to verbally report their pain. Future research
which takes a multidisciplinary approach to measure both the physiologic as
well as the behavioral manifestations of pain is also needed to further enhance
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the adequate assessment, measurement and treatment of pain in clinically
diverse pain patients.

Quality measures are an important method for monitoring and improving
processes of care for pain; although some are currently available, none are in
wide use, and further development is ongoing. Finally, there is evidence that
population-based pain outcomes can be improved by health care quality
improvement interventions. These include interventions targeting patients,
including education, assessment methods, and psychosocial interventions; and
interventions which target health care professionals, including education and
implementation of guidelines through protocols or decision support. E-health
as a specific intervention also shows promise for improving the measurement
and management of pain through interventions such as web-based education,
natural language processing of patients’ pain narratives, and decision support.
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Phantom Pain

Jan H.B. Geertzen and Pieter U. Dijkstra

Introduction

Amputation of a limb may be required in the case of critical ischemia, a

life-threatening condition of a limb (cancer or diabetes), severe tissue damage

due to a trauma, or severe untreatable longstanding infection. Although ampu-

tationmay be beneficial from amedical point of view, the loss of a limb can have

a considerable psychological affect on the patient (e.g. grieving, stress, coping

problems) (Geertzen & Rietman, 2008). The process of grief post-amputation

is similar to the grieving process after the loss of a spouse, or significant other.

Emotions such as shock, fear, depression, denial, guilt, shame and anger may

also develop after the amputation (Geertzen & Rietman, 2008). Amputees may

also go through a coping process where denial can modulate this process. An

amputation may have also an adverse impact on the patient’s health related

quality of life (Schans van der, Geertzen, Schoppen & Dijkstra, 2002). Other

negative sequelae include limitations in walking ability,or walking distance

Activities of Daily Living (ADL) problems (e.g., clothing, bathing, house

keeping, etc.,), loss of employment, and pain (Geertzen, Bosmans, Schans van

der & Dijkstra, 2005).
Phantom Pain, a neuropathic pain syndrome, resulting from functional

changes in the peripheral and central pain pathways is challenging to treat.

Pain and other sensations felt in the amputated (or absent) limb, so called

‘‘phantom pain’’ and ‘‘phantom sensations,’’ are also a frequently described

phenomena (Flor, Nikolajsen, & Jensen, 2006). Other recurrent post-amputa-

tion pain complaints arise from the stump itself in the form of stump pain

(residual limb pain) (Jensen, Krebs, Nielsen & Rasmussen, 1983). Phantom

pain must be clinically differentiated from non-painful phantom phenomenon,
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residual limb pain, as well as, non-painful residual limb pain (Schmidt, Taka-
hashi, & Posso, 2005).

One of the first authors to describe sensations in the absent limb was van de
Meij (1995). However, the term ‘‘phantom’’ was actually used for the first time
by Silas Weir Mitchell (1871). In this seminal paper ‘‘Phantom limbs,’’ Mitchell
described the experiences of war victims of the American Civil War. He dis-
cussed these symptoms as sensory hallucinations and related them to an inferior
intellect. Mitchell also accurately described symptoms such as chorea of the
phantom, the strange position of the phantom, its relation to cold, heat and
other provoking factors. He wrote:

‘‘The limb is rarely felt as a whole; nearly always the foot or the hand is the part more
distinctly recognized, and, on careful questioning, we learn that the fingers and toes are
readily perceived; next to these the thumb; then more rarely the ankle or wrist; and, still
less frequently, the elbow and knee.’’ (Mitchell, 1871).

Since these early papers, there has been significant research on the phenom-
enon of phantom pain and phantom sensations. Yet, despite the various expla-
nations that have been proposed, the underlying mechanisms and the etiology
of phantom pain are still not completely understood (Hanley, Jensen, Smith,
Ehde, Edwards &Robinson, 2006b; Nikolajsen, Ilkjaer, Kroner, Christensen &
Jensen, 1997; Flor et al., 2006).

In this chapter, we take a biopsychosocial approach to understanding
phantom limb pain since biological, neurological, psychosocial and envir-
onmental factors all play a significant role in the experience of phantom limb
pain and phantom limb sensations. First, we define and describe phantom
limb pain and phantom sensations: Phantom limb pain is defined as any
phantom sensation so intense that it is experienced as painful. Stump pain is
defined as any painful sensation localized in the stump post-amputation
(Merskey & Bogduk, 1994). Indeed, after an amputation, the amputee may
continue to have an awareness of the limb and to experience sensations
from it. Phantom sensations are defined as all non-painful sensations in
the amputated part of the extremity. While phantom pain has also been
described in a variety of other clinical conditions including: breast amputa-
tion, tooth extraction, tongue amputation, penis amputation, amputation of
the ear or nose, and after resection of an organ (e.g. rectum, uterus, bladder,
stomach); in this chapter, we will primarily focus on phantom limb pain and
phantom sensations in upper and lower extremity amputees (Dijkstra,
Rietman & Geertzen, 2007; Sherman, Devor, Jones, Katz & Marbach,
1997). Then, we evaluate the epidemiology and risk factors associated with
the development of chronic phantom limb pain and phantom sensations. In
the next section, we proceed to discuss the etiology and the theories which
have generally been used to try and explain the causes of chronic phantom
limb pain. Then, we describe a variety of evidence-based treatments (psy-
chologic, surgical, pharmacologic and supportive) that have been used in the
attempt to manage and treat chronic phantom limb pain.
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Describing Phantom Limb Pain and Phantom Sensations

One of the most striking features of phantoms is their reality and their vividness
to the amputee, particularly directly after post-amputation (Jensen, Krebs,
Nielsen & Rasmussen, 1983; Melzack, 1992; Omer, 1981; Flor et al., 2006).
There are a wide range of phantom sensations. Frequently described sensations
include tingling, coldness, burning, cramping, as‘‘pins and needles,’ stabbing,
squeezing, shooting, shocking, crushing and heaviness. In certain instances, the
absent limb is perceived to be in an unnatural position. The amputee may also
experience the amputated limb to still be in the position it was in prior to the
amputation (i.e., in a contracted position). Other patients report: that the
phantom tends to‘move spontaneously,’ or ‘if to still keep balance.’ These
words articulate certain aspects of the phantom pain experience. The experience
of phantom pain is perhaps best described by Alfred van Loen, a sculptor,
painter, illustrator, poet and full-knee amputee in his narrative text titled,
Phantom Pain (1993). He eloquently states:

‘‘Phantom, now that I am walking well, you are redoubling your efforts to floor me. The
pain you bring my right foot I now also feel in my left foot. You are a very convincing
player, and you make me sit down in my wheelchair to catch my breath. Even my bottom
hearts

In the majority of amputees, phantom sensations and phantom limb pain tend
to appear immediately post-amputation. The pain may be continuous, or occa-
sionally present, as it is also usually felt in the distal portions of the limbs (Davis,
1993; Melzack, 1971; Montoya et al., 1997; Omer, 1981; Hunter, Katz, & Davis,
2005). Another remarkable feature of phantom limb pain and phantom sensa-
tions is that even some subjects with a congenital limb defects also report having
them (Davis, 1993; Fisher & Hanspal, 1998; Kooijman, Dijkstra, Geertzen,
Elzinga & van der Schans, 2000; Saadah & Melzack, 1994). For a long time,
this phenomenon was not thought to exist since it was assumed that if no
amputation was performed, then the nerves could not have been damaged, and
no pain could be experienced. More recent evidence suggests that the quality, as
well as, the intensity of phantom pain and phantom sensations, are not nearly as
strong in subjects with congenital limb defect, as in those following an acquired
amputation (Davis, 1993; Fisher & Hanspal, 1998; Kooijman, Dijkstra, Geert-
zen, Elzinga & van der Schans, 2000; Saadah &Melzack, 1994; Flor et al., 2006).

Another symptom commonly described by the phantom limb amputee is
the ‘telescoping effect or fade away phenomenon’. Approximately two-thirds
of all amputees experience the presence of telescoping (Shukla, Suha,
Tripathi, & Gupta, 1982a,b).The effect is best described as occurring when
the proximal part of the phantom limb is experienced as fading away (or
withdrawing) both in terms of size as well as length of the phantom (over
time). These are also typical characteristics of phantom sensations even when
the amputee remains aware of the distal parts of the phantom limb. In other
instances, amputees state that this experience ’’feels as if the distal part of the
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phantom is still directly attached to the stump’’ (Acker van, 1985; Davis, 1993;
Doetsch, 1997; Jensen et al., 1983; Melzack, 1971, 1992; Saadah & Melzack,
1994). While many amputees report experiencing these particular symptoms,
there is still no consensus regarding the treatment of the ‘telescoping effect or
‘the fade away phenomenon’ (Krane &Heller, 1995). Moreover, the quality of
phantom sensations, frequency, intensity, relation to pre-amputation pain has
not been adequately described in a variety of clinical amputee populations
such as children (Krane & Heller, 1995; Ingelmo, 2004; Rusy, Troshynski,
Weisman, 2001).

Apart from spontaneous phantom sensations, sensations on the missing limb
can sometimes be evoked by touching ‘trigger zones’ on other parts of the body.
Indeed,many amputees report having one or several trigger zones. Stimulation of
these zones, usually located on the stump, another limb, or on the head (face),
may trigger phantom sensations or even phantom limb pain. While the
underlying mechanisms have not been fully elucidated, these trigger zones are
predominantly ipsilateral to the amputation (Doetsch, 1997; Ramachandran,
Rogers-Ramachandran, & Stewart, 1992; Yang, Gallen, Schwartz, Bloom,
Ramachandran & Cobb, 1994). Other triggers include defecation, urination, or
ejaculation (Melzack, 1971; Sherman, Devor, Jones, Katz & Marbach, 1997).

Epidemiology

Chronic phantom limb pain after surgical amputation affects between 50–80%
of patients, and is difficult to treat (Bone, Critchley et al., 2002).The estimated
prevalence of phantom pain (for the whole group of amputees: upper and lower
limbs) varies between 41% to 83%. (Dijkstra, Geertzen, Stewart & Schans
van der, 2002; Jones &Davidson, 1995; Kalauokalani & Loeser, 1999; Kooijman
et al., 2000; Montoya et al., 1997; Sherman, Sherman & Parker, 1984; Wilkins,
McGrath, Finley &Katz 1998). This wide range in estimated prevalence may be
attributed to differences in research techniques such as study design, assessment
methodologies, and a failure to adequately distinguish between phantom limb
pain, stump pain and phantom sensations. Other factors which could poten-
tially impact reporting include those issues related to selection bias in terms of
the specific population included in the study (Kalauokalani & Loeser, 1999).
Moreover, the prevalence of phantom pain can also change considerably
(7–22%) when different cut off points for phantom pain symptomology are
applied (Borsje, Bosmans, Schans van der, Geertzen & Dijkstra, 2004). For
instance, the prevalence of phantom pain in lower limb amputees in a total
group of 536 amputees (19% upper limb amputee and 81% lower limb ampu-
tees) documented that the prevalence of pain in lower limb amputees was
approximately 80% (95% CI: 76–83%), and for upper limb amputees it
was about 41% (95% CI: 31–51%). In the total group, the overall prevalence
was approximately 72% (95% CI: 68–76%) (Dijkstra et al., 2002).
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Risk Factors

Potential risk factors for developing phantom sensations and phantom pain

include early onset stump pain and phantom pain sensation, pre-existing pain

prior to amputation, sex, the reason or cause of the amputation (e.g., a blood

clot), prosthetic use, and the time elapsed since the amputation (Kooijman et al,

2000; Jensen et al, 1985; Weich, Preibl, & Birbaumer, 2000; Nikolajsen, Ilkjaer,

Kroner, Christensen & Jensen 1997; Lotze, Grodd, Birbaumer, Erb, Huse &

Flor, 1999; Sherman et al, 1984; Wartan, Hamann, Wedley & McColl, 1997).

Stump pain and phantom sensations have also been shown to be significant risk

factors for chronic phantom pain. Different risk factors exist for phantom pain

and impediment of phantom pain. However, these risk factors change when

different cut off points are applied for phantom pain or impediment (Borsje

et al., 2004). There are also a limited number of studies which have evaluated the

relationship of blood clot to incident phantom limb pain. There is also some

evidence that sudden blood clot as the primary reason for amputation is

associated with higher levels of phantom pain as compared to other reasons

for amputation (Weiss & Lindell, 1996). The influence of sex differences have

not been evaluated in these particular analyses.
There is some evidence that pain prior to an amputation is a risk factor for

chronic phantom limb pain or phantom sensations. Yet, the association

between phantom sensations,phantom limb pain and pain prior to amputation

remains quite controversial. For example, a positive correlation between the

existence of pain prior to the amputation and the development of phantom

pain, or phantom sensations afterwards has also been shown in certain studies

(Hanley et al., 2006b; Jensen et al, 1985;Melzack, 1971; Nikolajsen et al., 1997).

This association has not generally been accepted (Flor et al., 1995).In prospec-

tive studies, while pre-amputation pain was associated with phantom pain

immediately after the amputation, phantom pain persisting for two years

after the amputation was less influenced by the existence of the pre-amputation

pain (Jensen, Krebs, Nielsen & Rasmussen, 1985; Nikolajsen et al, 1997). One

potential reason for this controversy stems from the retrospective character of

the majority of these studies and recall bias of the amputees concerning the

existence of pre-operative pain which may influence the outcome of these

studies. Our clinical experience suggests that there is no relationship between

the (severity of ) pre-operative pain and the potential (severity) of post-opera-

tive phantom pain.
Significant sexual dimorphism in chronic pain has also been observed across

a variety of chronic pain conditions (Butkevich, Barr, & Vershinina, 2007;

O’Connor, Bragdon, & Baumhauer, 2006; Giles & Walker, 1999). Yet these

findings remain controversial since the underlying mechanisms are still not well

understood. Moreover, there are significant cultural, linguistic, ethnic and

gender differences in activities, awareness, attribution, and willingness to report

pain that may modulate the experience of pain, including pain perception and
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expression (Mailis-Gagnon et al., 2007; Pool, Schwegler, Theodore, & Fuchs,
2007; Garofalo, Lawler, Robinson, Morgan, & Kenworthy-Heinige, 2006).
These issues could also potentially influence the interpretation of the outcomes
of certain studies (Wilkins, McGrath, Finley, & Katz, 2004). It is therefore not
suprising given the observed sexual dimorphism in pain that clinical findings
also indicates that while the majority of phantom limb patients are males,
women tend to report a higher intensity of phantom pain experienced when
compared with men and that a greater percentage of women tend to report their
experiencing phantom pain (Gallagher, Allen & McLachlan, 2001; Weiss &
Lindell, 1996). Other clinical studies, however, fail to support these previously
observed sex differences in the experience and reporting of of phantom limb
pain (Jensen et al., 1983, 1985; Sherman et al., 1984).

A lack of prosthetic use has also been associated with an increased risk of
chronic phantom pain. Prosthetic use (myoelectrical prostheses) has also been
shown to be a potential protective factor against the development of chronic
phantom pain in a small group of upper limb amputees (Lotze et al, 1999). Still
other studies note that with an increase in time elapsed since the amputation,
there is a corresponding decrease in the intensity of the phantom pain, which
occurs in approximately half of amputees (Sherman et al, 1984). Yet, there is
still some debate regarding the extent to which time is also a ‘‘healing’’ factor.
One important study partially supports this finding,since the prevalence of
phantom pain did not decline with time, however the duration of the pain
attacks diminished significantly over time (Nikolajsen et al., 1997). And still
other studies failed to find any correlation between phantom pain and time
elapsed since amputation (Flor et al., 1995; Wartan et al., 1997).

Etiology

Current concepts regarding the cause of chronic phantom limb pain and phan-
tom sensations have focused primarily on the role of the peripheral and central
nervous system in the development of chronic phantom limb pain and phantom
limb sensations (Flor et al., 2006). Still, the underlying mechanisms regarding
the causes of phantom pain are not completely understood. As a consequence,
however, there is still no general consensus regarding the etiology of phantom
pain. Here we describe four general theories that have been used to try to
explain the cause of phantom limb pain and phantom sensations.

Phantom Pain as a Psychiatric Problem

Historically, attempts to explain phantom pain and phantom sensations have
been made on a psychiatric basis since amputees complained about pain in a
non existent limb. As a consequence of such complaints, however, the amputee
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was often presumed to have a psychiatric disorder. Other explanations used to
support the psychiatric theory suggest that the phantom limb pain and phan-
tom sensations are just an overly emotional responses to the loss of a limb.
These explanations are now considered to be rather out of date, though it is
clear that similar to other chronic pain syndromes, psychosocial and emotional
factors do contribute to the quality, duration, and intensity of the phantom pain
and phantom sensations.

Neuromata

Another proposed explanation regarding the cause of phantom pain and
phantom pain sensations is the neuromata (Geraghty & Jones, 1996) After
an amputation, the remaining nerves at the end of the stump may grow into
neuromata, or a benign swelling of nerve tissue. The neuromata continues to
generate pulses, which reach the somatosensory areas of the cortex via the
spinal cord and the thalamus. These impulses have previously been inter-
preted as if coming from the amputated limb. However, more recent data
show that since the removal of the neuromata is often not a successful cure for
phantom pain and phantom sensations, this theory fails to fully account for all
symptoms (Ramachandran, 1993). Higher central nervous centers must also
be involved.

Neurons of the Spinal Cord

Another theory proposes that neurons of the spinal cord are the primary cause
of phantom pain and phantom sensations. According to this theory, neurons of
the spinal cord, due to injury, lose their normal inhibition through sensory
input, and begin to fire spontaneously. This information is then transmitted to
the cortex and subsequently processed as if it comes from the the amputated
limb. Yet, clinical observations of patients with a complete lesion of the spinal
cord prove that this hypothesis is flawed as italso fails to fully explain all
symptoms. Patients with a spinal cord lesion may sometimes feel severe pain
in the legs and groin while the spinal neurons which carry the information from
those areas to the brain originate below the level of the lesion. Put differently, if
the impulses started in those neurons, they would never reach the cortex since
they could not traverse the lesion (Sherman et al., 1996).

Reorganization (Remapping)

As we have stated, the underlying mechanisms regarding the causes of phantom
pain are still not completely understood. A more recent theory suggests that
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phantoms arise in the brain due to changes, ‘remapping,’ or the ‘reorganization’
of peripheral and central mechanisms (Flor et al., 2006).

(Permissions from Nature reviews Neuroscience granted 5/21/2007/2007)

As highlighted by this visual, functional and morphological changes in
peripheral, spinal, subcortical and cortical structures are responsible for
decreased thresholds and increased responsivity at all levels of pain perception
(Woolf, 1999;Weich et al., 2000; Flor et al., 2006).Moreover long-term changes
like axonal sprouting and formation of new cell assemblies may also contribute
to a permanently altered reorganization (Merzenich, 1998). Other studies sup-
port these findings. Recent human studies note that reorganisation of the
somatosensory and motor system may occur post-amputation (Chen, Cohen,
& Hallet, 2002). Moreover, pathological neuronal activity in the residual limb
or the dorsal root ganglion, which can be enhanced by sympathetic activation,
could be one of the more important factors in the etiology and development of
chronic phantom limb pain (Flor et al., 2006). Sensations in the phantom limb
can be elicited by somatosensory stimulation of the face and upper body (Chen,
Cohen, & Hallet, 2002). The cortical area, originally corresponding to the
amputated limb, is taken over by adjacent areas and it is this shift in the cortical
representation which has been associated with the presence of phantom sensa-
tions and pain (Flor et al., 1995; Weich, et al, 2000; Knecht et al., 1996). For
instance, the cortical area corresponding to the hand is taken over by the face. If
this remapping process interferes with the ‘‘proprioceptive’’ maps, a stimulus of
the face may induce the sensation of a phantom hand. The face acts as a trigger-
zone for phantom pain and phantom sensations in the hand. Yet, the extent of
the shift in cortical representation is correlated with the amount of the phantom
(Flor et al., 1995; Kew et al, 1994; Chen, Cohen, & Hallet, 2002).

The (topographical) phenomenon of remapping, or reorganisation is also
supported by magnetoencephalograhy (MEG) studies which reveal medial
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displacement of the face area toward hand representation in the somatosensory

cortex (Elbert et al., 1994; Flor et al., 1995; Chen, Cohen, & Hallet, 2002).

Cortical reorganization has also been shown in Positron Emission Tomography

(PET) studies on pain, where regional cerebral blood flow is increased in the

contralateral cortex with movement of the amputated side compared to the

normal side in amputees with a congenital reduction defect and in traumatic

upper limb amputees (Kew et al., 1994; Willoch et al., 2000).
In other studies the site of motor reorganization following amputation has

been investigated by stimulating the central nervous system at different levels

with various techniques, including transcranial magnetic stimulation (TMS).

Supraspinal changes seem to be important and might have a special focus in the

cortex, where maladaptive map reorganization has been found to be closely

associated with the magnitude of the phantom pain experienced (Flor et al.,

2006). What these studies suggest is that while excitability of the motor system

to TMS is increased on the amputated side, the excitability of subcortical and

spinal structures also remains unchanged and motor reorganization following

amputation occurs predominantly in the cortex (Chen, Cohen &Hallett, 2002).

So once again, this theory fails to fully explain the reasons for all aspects of

phantom limb and phantom sensations, as highlighted by the experience of

phantom limbs in patients with congenital reduction defects (Flor et al., 1995,

Ramachandran et al., 1992, 1993; Yang et al., 1994).
To summarise, the phenomenon commonly described as phantom limb and

phantom limb sensations are probably caused by a combination of these

proposed theories. The development of phantom limbs (i.e. phantom pain

and phantom sensations) might initially begin with the injury and changes in

central mechanism as well as peripheral mechanisms and alterations in the

spinal cord and brain (Sherman et al., 1996). An example will perhaps make

this point clearer: Because of the more intense use of the dominant arm, the

cortical area corresponding to that limb receives more stimuli as compared to

the non-dominant side. As a result, this part of the cortex is more developed.

Understandably post- amputation, the loss of stimuli and inhibition coming

from the amputated limb side is more severe following an amputating of this

dominant arm. Therefore, one can test the hypothesis that a more intense use of

the arm in the past (dominant side), is one potential risk factor for the devel-

opment of phantom pain and phantom sensations (Shukla et al., 1982b). And

while it is still uncertain if the experience of phantom pain or phantom sensa-

tions is influenced by the use of a prosthesis; there are two different hypotheses

that might potentially explain a possible relationship between prosthetic use

and phantom pain. According to the first hypothesis, the use of a prosthesis,

while experiencing phantom pain or phantom sensations is uncomfortable. One

could, imagine the strange situation where the amputee experiences the phan-

tom limb to be of another shape or length or position other than that of the

prosthesis. One would expect an inverse relationship between these variables. In

other words: if phantom pain or phantom sensations are present and persistent,
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then the use of the prosthesis decreases (Lotze et al., 1999; Weiss, Miltner,
Adler, Bruckner & Taub, 1999).

Another example to clarify this point: It might be possible that the presence of
a prosthesis makes the experience of phantom pain or a phantom limb less
bothersome or strange. One might then expect a positive relation between these
variables. In other words: If phantom pain or phantom sensations are present,
prosthetic use increases. However, another study found that there was no rela-
tionship at all between these variables (Jones & Davidson, 1995). Other studies
found no significant differences between subjects reporting phantom pain, and
those without phantom pain concerning the use of a prosthesis. Only 8% of
amputees experienced more phantom limb pain while using a prosthesis (Jones &
Davidson, 1995;Wartan et al., 1997), or only one case (1/32) when prosthetic use
ceased due to an increase in phantom limb pain (Geraghty & Jones, 1996).

That said, under conditions of prosthetic use or non-use; the physiologic
impact of the experience of phantom pain and phantom sensations cannot be
divorced from psychosocial and emotional variables including stress, fear,
catastrophising and related coping problems which also contribute to the
experience and meaning of chronic phantom pain.

Treatments

PREFRONTAL LOBOTOMY

ANT CINGULATE LESION

POST CENTRAL TOPECTOMY

ELECTROSHOCK

MIDBRAIN LESIONS

MIDBRAIN STIMULATION

PARIETAL LOBOTOMY

ACUPUNCTURE

ABLATION POST CENTRAL GYRUS

THALAMIC STIMULATION

THALAMIC SURGERY

SUBSTANTIA GELATINOSA LESION
BRACHIAL PLEXUS BLOCK
EPIDURAL BLOCK
HIGH CERVICAL TRACTOTOMY
DORSAL COLUMN STIMULATION
DORSAL ROOT DESTRUCTION
CHORDOTOMY
INTRASPINAL STIMULATOR
PERIDURAL BLOCKADE
SYMPATHETIC BLOCK
RHIZOTOMY
STELLATE BLOCK
SYMPATHECTOMY
TRACTOTOMY

PHENOTHIAZINES

GABAPENTINE

NARCOTICS

ANALGESICS

CHLORPROMAZINE

PROPRANOLOL

BENPERIDOL

RESERPINE

MSCL TRICYCLICS

CARBAMAZEPINE

ANTIDEPRESSANTS

ANTICONVULSANTS

PERIPHERAL VASODILATORS

EXPLANATION/REASSURANCE

GROUP THERAPY

PLACEBO

BEHAVIOR MODIFICATION

HYPNOSIS

PSYCHOTHERAPY

DISTRACTION

RELAXATION

BIOFEEDBACK

PHANTOM LIMB EXERCISES 
(mirror box)

MAGNETOTHERAPY
RADIATION
VITAMIN B-12
ELECTROSLEEP

PROCAINE BLOCK

PERIPHERAL NERVE STIMULATION 

TRIGGER POINT ELIMINATION

EMDS

ULTRASOUND

NEURECTOMY

NERVESTIMULATION

MSCL ANESTHETICS

ELECTRICAL STIMULATION

PHYSICAL THERAPY

MASSAGE

HEAT

NOVOCAIN

DESENSITIZATION

REFIT PROSTHESIS

ENCOURAGE PROSTHESIS USE

Phantom limb pain has been characterized by changes in cortical processing and
organization, negative psychosocial sequelae, perceptual disturbances, and a
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poor response to conventional treatments (Flor et al., 2006). Despite the pre-

valence of pain in this patient population; the literature describing the effective
management and treatment of phantom limb pain or stump pain is in its infancy.
While numerous treatments have been described, there is little clinical evidence
supporting drug therapy, psychological therapy, interventional techniques or

surgery since there is no single evidence-based treatment that is superior for the
treatment of phantom limbpain.Moreover, given the variety of psychosocial and
physiologic symptoms, the optimal management of patients with chronic phan-
tom pain requires a multidisciplinary approach. Yet, multiple therapies have

been used with mixed success, and unfortunately, there are no protocols that
can adequately predict which therapy is likely to benefit a particular amputee. In
this section, we will not cover all treatments used for phantom limb pain. Instead,
we will highlight the efficacy and limitations of existing psycho-social, pharma-

cologic, surgical, supportive and self management approaches to theh treatment
of chronic phantom limb pain. (Flor et al., 2006).

In 1980, an important survey was published where sixty-eight methods for
treating chronic phantom pain were identified. The study found that only a very
few treatments produced adequate pain control and that placebo responses
were very common (Sherman, Sherman &Gall, 1980). These treatments ranged

from psychosurgeries including lobotomies to ‘‘phantom’’ exercises where the
amputee had to reflect, control, or just attempt to ignore the phantom pain. The
majority of the studies included in this survey were clinical, single group studies
with follow-ups of less than 6 months. Other studies by the same authors

(Sherman & Sherman, 1983, 1985, Sherman et al., 1984) of more than 11,700
amputees, noted that only 1% of the respondents reported benefits from the
host of available treatments (e.g., 0.7%had amajor reduction in pain and 0.4%
was cured). A more recent systematic evidence based review evaluated the
management of acute and chronic phantom pain (Halbert, Crotty & Cameron,

2002). The existing literature from 1966 till 1999 was reviewed. Significant
limitations in pain management, such as poor quality research and contra-
dictory results, were identified. Other recent randomized and controlled trials
have also failed to any provide evidence to support any treatment for phantom

pain in either the acute phase or in the chronic phase. At this time, for the early/
acute phases in the development of chronic phantom pain, there are no more
effective treatments than administration of opioid analgesics, in doses with an
acceptable level of risk of adverse effects.

That said, a variety of different treatments do exists. These different treat-
ments should be divided into three treatment modalities; surgical (including

neurosurgical), pharmacological, psychological, and supportive. Finally, there
is one treatmentmodality of which very little is known: patient-self-management
(Hanley, Ehde, Campbell, Osborn & Smith, 2006a; Mortimer, Steedman,
McMillan,Martin & Ravey, 2002). With respect to all the previously mentioned

treatments, aggressive treatment for chronic phantom pain is not always
required. There is some evidence that only approximately 28% of the amputees
report experiencing phantom pain at least every day, and only 23% of those
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amputees who had phantom pain experience it as a sever impediment to their
normal activities of daily living (Borsje et al., 2004).

Surgical treatments

Surgical procedures, including the exploration of the stump or re-amputation,
are often unsuccessful in the long term. This is probably because operative
procedures produce an initial afferent barrage of pain signals and generate a
secondary inflammatory response, both of which contribute substantially to
postoperative pain (Reuben & Buvanendran, 2007). These signals have the
capacity to initiate prolonged changes in both the peripheral and the central
nervous system which lead to the amplification and prolongation of postopera-
tive pain. Peripheral sensitization, a reduction in the threshold of nociceptor
afferent peripheral terminals, is a result of inflammation at the site of surgical
trauma (Melzack & Wall, 1965; Reuben & Buvanendran, 2007). Central sensi-
tization, an activity-dependent increase in the excitability of spinal neurons, is a
result of persistent exposure to nociceptive afferent input from the peripheral
neurons (Melzack &Wall, 1965). Taken together, these two processes contri-
bute to a postoperative hypersensitivity state (a so-called spinal wind-up) that is
responsible for primary and secondary hyperalgesia (Reuben & Buvanendran,
2007). Prolonged central sensitization has the capacity to lead to permanent
alterations in the central nervous system, including the death of inhibitory
neurons, replacement with new afferent excitatory neurons, axonal sprouting,
and the establishment of aberrant excitatory synaptic connections (Coderre,
Katz, Vaccarino, & Melzack, 1993; Reuben & Buvanendran, 2007; Flor et al.,
2006). These alterations can also lead to a prolonged state of sensitization,
resulting in intractable postoperative pain that remains unresponsive to many
traditional analgesics (Woolf & Salter, 2000; Reuben & Buvanendran, 2007;
Perkins & Kehlet, 2000; Macrae & Davies, 1999; Diatchenko et al., 2005;
Eisenberg, 2004; Melzack &Wall, 1965; Coderre, Katz, Vaccarino, &Melzack,
1993; Woolf & Salter, 2000; Moiniche, Kehlet, & Dahl, 2002).

Some examples to clarify the point: The excision of neuromata has proved to
be quite successful in the reduction of stump pain. Yet, it generally fails to
substantially decrease the intensity of phantom pain (Geraghty & Jones, 1996).
Neuroablative procedures, including a variety of destructive procedures to the
central nervous system such as chordotomies, and rhizotomies have also rarely
offered substantial relief, and may under certain conditions, cause more wide-
spread pain and morbidity (Omer, 1981; Davis, 1993; Loeser, 2006). Moreover,
other, less dramatic procedures such as sympathectomies have also been tried,
all without much success (Sherman et al., 1996)., These poor results in sensory
pathway abalation also suggest that structures other than the spinothalamic
tract and somatosensory relay nuclei of the thalamus are involved in the
pathogenesis of chronic phantom pain (Loeser, 2006).
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Pharmacological treatments

Before an amputee can be considered for an ablative procedure, nonsurgical
therapies including pharmacologic therapies must be attempted and fully eval-
uated for therapeutic failure (Loeser, 2006). Pharmacological treatments can be
divided in the pre-operative, intra-operative, early post-operative and late post-
operative management (Halbert et al., 2002). Epidural analgesia before limb
amputation is a commonly used pharmacological intervention to reduce post-
amputation acute pain in the immediate post-operative phase but also for the
relief and management of phantom pain. A recent study evaluating the effects
of epidural, spinal, and general anesthesia on pain after lower-limb amputation
noted that patients who received epidural anesthesia and those who received
spinal anesthesia recalled better analgesia in the first week after their amputa-
tion than did patients who received general anesthesia. Anesthetic technique
had no effect on stump pain, phantom limb sensation, or phantom limb pain at
14 months after lower-limb amputation (Ong, Arneja, & Ong, 2006; Cohen,
Christo, & Moroz, 2004).

Many combinations of analgesics have been used in the attempt to provide
effective relief for phantom limb pain and phantom sensations. These include
opioids, paracetamol, acetylsalicylic acids, regional nerve blocks (perineural
and epineural bupivacaine blocks), morphine, ketamine, oral dextrometho-
phan, gabapentin, calctonin, amitryptiline and peri-operative epidural blocks.
For instance, while there is certainly conflicting evidence regarding the efficacy
of peri-operative epidural blocks; some studies do suggest that peri-operative
epidural blocks, started 24 hours before amputation, are more effective than an
infusion of local anesthetics via a perineural catheter in the prevention of
phantom pain (Lambert et al., 2001). Another study showed that in 11 patients
after a preoperative lumbar epidural block the incidence of phantom pain
(compared to 14 patients receiving no preoperative lumbar epidural blockade)
was reduced during the first 12 months post amputation (Bach, Noreng &
Tjellden, 1988). Other studies using epidural anesthesia failed to provide suffi-
cient evidence to support its routine use (Halbert et al., 2002).

All studies with respect to regional nerve blocks (perineural and epineural
bupivacaine blocks) showed no difference in stump pain and/or phantom pain
between the intervention and control groups during the post-acute period
(Elizaga, Smith, Sharar, Edward & Hansen, 1994; Fisher & Meller, 1991;
Nikolajsen, Ilkjaer, & Jensen, 1998; Pinzur, Garla, Pluth & Vrbos, 1996).

Salmon Calcitonin

Salmon calcitonin (s-CT) has been shown to be a valuable analgesic in phantom
limb pain in several case reports (Braga et al, 1994; Kessell 1987; Jaeger 1992).
Calcitonin is a thirty-two amino acid polypeptide hormone that is produced in
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humans primarily by the Parafollicular (also known as C) cells of the thyroid.
The hormone participates in calcium (Ca2+) and phosphorus metabolism. It is
also presumed that the principal mechanism is its action on the movement of
ionic calcium in neuronal membranes and particularly in the brain
(small intracerebral doses of calcium ions increase the permeability and reverse
(Mannarini, Fincato, Galimberti, Maderna, & Greco, 1994). The analgesic
effect of calcitonin has been initially attributed to its ability to block bone
re-absorbtion, but pain relief occurs very early, likely before any antiosteoclas-
tic activity. Other explanations have therefore been proposed. Calcitonin, with
its high-molecular weight peptide, should not play a direct effect on the cortex,
except if a blood barrier transport mechanism by special carrier proteins is
present (Appelboom, 2002; Kessel & Worz, 1987). Salmon calcitonin induces
the release of propiomelanocortin, a b endorphin precursor, and increases the
activity in the nucleus raphe magnus, consequently activating the serotoniner-
gic descending pathway and inhibiting substance P release. Moreover, intrathe-
cal administration in animals and now in humans confirms that salmon
calcitonin exerts a direct central analgesic effect that is not reversible by nalox-
one, or on selective � and m antagonists of opiate receptors (Braga, 1994).
Intravenous administration of calcitonin (200 IU) compared to a placebo
showed a reduction in phantom pain in the early post-operative period. That
said, phantom pain in the longer term follow-up was not adequately controlled
and the study group was small (n¼ 21) (Jaeger & Maier, 1992).

Oral Dextromethorphan

Dextromethorphan (DM) is a noncompetitive N-methyl-d-aspartate (NMDA)
receptor antagonist, which is widely used as an antitussive agent. DM not only
prevents neuronal damage and modulates pain sensation via noncompetitive
antagonism of excitatory amino acids, it has also been found to be useful in the
treatment of cancer pain, in the treatment of methotrexate-induced periopheral
neurotoxicity, and for phantom limb pain (Siu & Drachtman, 2007; Abraham,
Marouani & Weinbroum, 2003). Oral dextromethorpan (120–270 mg/day) has
been shown to be effective in a three-period double-blind crossover placebo-
controlled trial in reducing phantom pain by > 50% with no side effects
(Abraham, Marouani & Weinbroum, 2003). In another small study of the
same authors (n=3) this effect was also noted, however in one patient, one
month after the treatment, DM was stopped as the pain recurred (Abraham,
Marouani, Kollender, Meller & Weinboum, 2002).

Gabapentin

Gabapentin is an anticonvulsant that has antinociceptive and antihyperalgesic
properties (Rose & Kam, 2002). It has a well-established role in the treatment
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of chronic pain (Wiffen et al., 2005) with particular efficacy in the treatment of
neuropathic pain syndromes including (Bennett & Simpson, 2004) diabetic
neuropathy (Backonja et al., 1998), postherpetic neuralgia (Rowbotham
et al., 1998), and complex regional pain syndrome (van de Vusse et al., 2004).
It works by binding the �-2-� subunits of voltage-dependent calcium ion
channels and blocks the development of hyperalgesia and central sensitization
(Ho, Gam, & Habib, 2006). Used in the treatment of phantom limb pain;
Gabapentin (after 6 weeks) and intravenous morphine (within an hour) seems
to have a pain reducing effect on the development of chronic phantom limb
pain (Bone, Critchley & Buggy, 2002; Wu et al., 2002). However, another study
showed that gabapentine administered in the first 30 days postoperative after
amputation failed to reduce the incidence, intensity of phantom pain as well as
that of the post-amputation pain (Nikolajsen et al., 2006). The side-effects of
gabapentin include sedation, drowsiness and dizziness.

Amitryptiline

Pain after amputation is common but difficult to treat. Yet few controlled
treatment studies exist. Amitryptiline, a tricyclic antidepressant drug, inhibits
serotonin and noradrenaline reuptake almost equally. In randomized controlled
clinical trials (RCT’s) to evaluate whether amitryptiline was more effective for
treatment of phantom pain that placebo, amitryptiline was as effective as placebo
in the improvement of symptoms associated with chronic phantom pain. Based
on the findings, it was not recommended as a front-line standard treatment for
chronic phantom limb pain (Robinson et al., 2004). Yet, more recent studies have
validated the efficacy of amitryptiline in the treatment of phantom limb pain. For
example, one study, characterized responses to treatment with tramadol, ami-
tryptiline and placebo. Ninety-four treatment-naive posttraumatic limb ampu-
tees with phantom pain (intensity: mean visual analog scale score [0–100], 40
[95% confidence interval, 38–41]) were randomly assigned to receive individually
titrated doses of tramadol, placebo (double-blind comparison), or amitriptyline
(open comparison) for one month. In treatment-naive patients, both amitripty-
line and tramadol, provided excellent and stable phantom limb and stump pain
control with no major adverse events. Moreover, both drugs demonstrated
consistent and large antinociceptive effects on both the stump and the intact
limbs (Wilder-Smith, Hill, & Laurent, 2005).

Ketamine

Persistent phantom limb pain has been reported in up to 80% of patients post-
amputation. The mechanisms are not fully understood, but nerve injury during
amputation is important, with evidence for the crucial involvement of the spinal
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N-methyl d-aspartate (NMDA) receptor in central changes (Wilson, Nimmo,
Fleetwood-Walker, & Colvin, 2007). Ketamine is also a NMDA antagonist
which has been shown to have an some efficacy in the treatment of post-
amputation pain and sensory processing. A recent study showed that there
was a decrease in the incidence of stump pain and phantom pain in a group of
patients treated with perioperative ketamine infusion. However, the sample
size is too small (n¼ 45) to draw any definitive conclusions in terms of broad
efficacy of these findings. These results must be validated in a larger sample size
of phantom pain patients (Hayes et al., 2004). Another more recent analysis
of 53 patients undergoing lower limb amputation who received a combined
intrathecal/epidural anaesthetic for surgery followed by a randomised epidural
infusion (Group K received racemic ketamine and bupivacaine; Group S
received saline and bupivacaine). The improved short-term analgesia and
reduced mechanical sensitivity in Group K may also reflect the acute effects
of ketamine on central sensitization (Wilson et al., 2007)

Psychological treatments

If the patient experiences phantom pain and no treatments have shown results
above the placebo level, then a psychological treatment must also be considered
as part of the clinical treatment plan. Treatment modalities include hypnosis,
phantom limb exercises, meditation, psychotherapy, biofeedback, relaxation
therapy, mirror therapy, cognitive behavioral therapy, and EMDR (EyeMove-
ment Desensibilisation and Reprocessing, a treatment sometimes used for Post
Traumatic Stress Disorders) (Hogberg et al., 2007; Meditation Practices for
Health: State of the Research. AHRQ, 2007).

There is a qualitative literature which has explored the psychologic and
psycho-social impact of phantom pain, distress, depression and anxiety as
these can adversely affect the quality of life of the patient with chronic phantom
pain (Bosmans et al., 2007). In the not so recent past, phantom limb pain was
thought to be primarily a psychological problem that reflected: the patient’s
grief over the loss of the limb, denial or their desire to believe that the limb was
still present (as a healthy or unhealthy response to the loss of a limb). Indeed,
while psychological factors do not appear to be the primary cause of phantom
pain; early studies on phantom pain do support the thesis that this pain was
primarily psychological in origin. For instance, phantom limb pain has also
been deemed to be characteristic of certain personality factors, such as compul-
sive self-reliance’ and ‘rigidity’, all of which served to perpetuate the condition
(Whyte & Niver, 2001). Such thinking is not part of the dark ages since a survey
of 2700 amputees, 69% stated that their physicians thought that the phantom
pain was in their head (Sherman & Sherman, 1983).

In addition, evidence-based best practices for the psychologic treatment of
phantom limb pain and phantom sensations is also lacking given the dearth of
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randomized controlled clinical trials (RCTs) which have been completed
(Brodie, Whyte, & Niven, 2007; Halbert, Crotty, & Cameron, 2002; Medita-
tion Practices for Health: State of the Research. AHRQ, 2007). Some case
reports provide anecdotal evidence which could support the use of these
modalities as part of the overall treatment plan in patients with phantom
pain (Muruoka, Komiyama, Hosoi, Mine & Kubo, 1996; Oakley, Whitman, &
Halligan, 2002). Additionally, despite the relative dearth in the literature
regarding the efficacy of these modalities, it is clear that every effort must be
made to understand and prevent the transition from acute phantom pain to
long-term chronic phantom pain, as is the case in every pain syndrome.

Supportive treatments

Prosthetic Management

Prosthetic management is usually the first treatment in the supportive treatment
regimen.A bad fitmay be one of themain reasons that the patient initially reports
phantom limbpain or stumppain. Swelling of the stump, decreased blood flowor
too high pressure on the soft tissues (and the nerves) caused by the improper fit
may initiate or maintain phantom pain. Logs (or daily diaries) of amputees show
that in 63%of lower limb amputees there is a relationship between phantom pain
and physical activity (Sherman & Arena, 1992).

While a variety of supportive treatments exist; we limit our discussion in
this paper to Transcutaneous Electrical Nerve Stimulation (TENS), Fara-
bloc and Mirror Treatment Therapy. Clinically, a summary of treatments
that could potentially assist in the treatment of phantom limb pain and
phantom sensations should be provided to the clinician because some
combination of treatments may provide individual patients with some
relief for their pain.

Transcutaneous Electrical Nerve Stimulation (TENS)

The use of low frequency transcutaneous electrical nerve stimulation
(TENS) applied at the outer ear has produced modest short-term reduc-
tions in the intensity of phantom pain and non-painful phantom upper and
lower limb paresthesias (Katz & Melzack, 1991). A study of amputees with
phantom pain, treated with TENS applied at the stump (30 minutes, twice
a day during two weeks postoperative following amputation), showed that
the incidence of phantom pain decreased significantly at 4-week follow-up
compared with a control group. However, this effect was not permanent as
it did not persist one year later (Finsen et al., 1988; Cohen, Christo, &
Moroz, 2004).
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Farabloc

Another form of supportive therapy for the treatment of chronic phantom pain

is Farabloc. Farabloc is a liner (socket), made of a series of ultra thin steel

threads, woven into a linen fabric which can be sewn into a garment. It is worn

over the stump as soon as the phantom pain is felt by the patient. The principle

is similar to ‘‘Farady’s Cage’’ (a mechanism by using for instance an iron cage,

to block external magnetic influences), which blocks external magnetic influ-

ences. It claims to shield the nerve endings from electrical and magnetic fields.

In a double-blind , cross-over design, 34 amputees reported their pain level

during a pretreatment period, Farabloc or placebo treatment period, a no-

treatment or washout period for the control of any carry-over effect, and an

alteration of treatment period. The results were statistically significant in favor

for the Farabloc period; yet it was unclear whether this difference is clinically

relevant (Conine et al., 1993), as a more recent trial showed only a modest short

term reduction of phantom limb pain (Halbert, Crotty, & Cameron, 2002).

Mirror Treatments

Experiments in chronic phantom pain patients highlight the fact that neural

connections in adult humans are much more malleable than previously assumed

(Ramachandran, 2005; Brodie, Whyte, & Niven, 2007). Such plasticity is further

illuminated by the use of mirror treatment, yet another promising therapy

for reducing phantom pain (Ramachandran & Rogers-Ramachandran, 1990;

MacLachlan, McDonald & Waloch, 2004). It works by inducing vivid sensations

of movement originating from the muscles and joints of amputees’ phantom limbs

(Murray, Patchick, Pettifer, Caillette, &Howard, 2006). For example, the amputee

place their intact arm or leg into a box, with a mirror down the mid-line, so that

when the amputee views from slightly off-centre, the reflection of their armor leg, it

gives the impression of having two intact arms or legs. By using a series of move-

ment exercises certain patients have reported a considerable reduction in phantom

pain and phantom sensations (Ramachandran & Rogers-Ramachandran, 1990;

MacLachlan, McDonald &Waloch, 2004; Brodie, Whyte, & Niven, 2007). While

this form of treatment has been shown to have some efficacy, the underlying

mechanisms are still unclear. (Moseley, 2006; Oakley, Whitman, & Halligan,

2002). A recent study found that though themirror condition elicited a significantly

greater number of phantom limbmovements than the control condition, it did not

attenuate phantom limb pain and sensations any more than the control condition.

That said, the potential benefit of a ‘virtual’ limb as a treatment for phantom limb

pain was discussed in terms of its ability to halt and/or reverse the cortical

re-organisation of motor and somatosensory cortex following an acquired limb

loss (Brodie, Whyte, & Niven, 2007).
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Self Management

Many amputees with phantom pain have found few of these treatments to be
useful in the long term management of chronic phantom pain. In addition, the
majority of the previously considered supportive treatments have been tried by
the amputees as part of their individual self management programs. The use of
self management modalities has been well documented in the fields of alcohol,
naturopathic care and marijuana (Hanley et al., 2006a; Lundeberg, 1985).

Research studies specific to the amputee population are few and also too
small to draw any definitive conclusions (Lundeberg, 1985; Hanley et al.,
2006b).

Conclusion

Phantom limb pain refers to pain in a body part that has been amputated, and
for many patients, the phantom pain persists despite the blockage of peripheral
input by local anesthesics, or surgery. In the past, phantom limb pain and
phantom sensations have been described in the clinical context as a psychiatric
problem, or as a form ofmental disturbance or disorder, or has been assumed to
stem from pathological alterations in the amputation stump. And though the
etiology is unclear; it is clear that the adult central nervous system is an adaptive
and responsive system.

There is no one theory that can explain phantom pain. Rather, it is more
a compilation of different theories. What we do know is that phantom limb
pain is not a static experience as it varies within and between individuals.
Moreover, phantom pain as a phenomenon is not homogeneous; each patient
presents with a unique combination of spontaneous or evokes sensations, pain
and awareness (Hunter et al., 2005). And while it is clear that amputation can
be beneficial from a medical perspective; the underlying mechanisms regard-
ing the transition from the acute phase to chronic phantom pain are still
unclear. What is clear is that phantom pain still occurs in approximately
50–80% of all amputees. Moreover, the experience and long term physiologic
and psychosocial impact of chronic phantom pain on the patient and their
psycho-social world can be very distressing for the amputee (e.g. mourning,
stress, coping problems). Indeed, recent evidence suggests that phantom pain
might be a phenomenon of the central nervous system that is related to plastic
changes at several levels of the neuraxis and especially the cortex (Flor
et al., 2006).

Early treatment of phantom limb pain in the acute stage could potentially
reduce or prevent the morbidity associated with chronic pain in amputees from
60–80% to 10–20%. (Astra Chemicals Sweden. Ripovacain Product Informa-
tion. Astra Sweden, 1996). That said, chronic phantom pain persists in the
amputee population, in part because it is difficult to treat due to a complex
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interplay of psychosocial , physiologic, emotional and environmental factors

which also work in concert to maintain the pain behaviors associated with

chronic phantom pain. Moreover, once the phantom pain becomes a chronic

condition, it rarely fades so aggressive evaluation, management and treatment

must be a priority.
Many practices with the goal of alleviating the pain and suffering of the

patient with phantom pain exist. However, while there is a clear need for early

assessment, management and treatment; more evidence based research and

practice guidelines and treatment trials are required to adequately guide the

clinician towards to the effective prevention, management and treatment of the

chronic phantom pain syndromes, Given the continued need for effective

treatments; the gap between research, theory and practice in the area of phan-

tom pain continues to persist.
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Pain: Substance Abuse Issues in the Treatment

of Pain

Howard A. Heit and Arthur G. Lipman

About 50 million Americans suffer from chronic pain [1]. As our population

continues to age, this number is likely to grow, yet unfortunately, pain con-

tinues to be undertreated and poorly treated. Forty to 60% of people with

severe pain in the context of life-limiting illnesses have difficulty getting their

pain adequately treated [2–4]. Lost productive time and cost due to common

pain conditions in the United States affects 13% of the total workforce and

costs the nation $61.2 billion per year [5].
Millions of persons with pain from chronic diseases such as arthritis, dia-

betes, headaches, and muscle disorders suffer and have difficulty finding and

paying for qualified professionals willing to help them gain access to the

medicines, physical and psychological therapies and surgical/anesthetic inter-

ventions that can help them lead higher quality and more productive lives.
Chronic pain serves no useful purpose [6] once the underlying cause has been

identified. It is no longer a useful clinical monitoring parameter, and it should be

treated as effectively as possible. Unfortunately, pain has been and continues to

be undertreated. One reason is ‘‘opiophobia,’’ which was first described in 1985.

The author of that classic paper in which this termwas defined wrote, ‘‘American

physicians markedly undertreat severe pain based on an irrational and undocu-

mented fear that appropriate use will lead patients to become addicts.’’ [7] More-

over, some members of minorities who present to a healthcare professional with

pain are inadequately treated due to clinicians’ concerns about concurrent addic-

tive disorders or prejudice arising from racism, homophobia, and/or opiophobia

[8]. Such undertreatment of pain violates the Hippocratic Oath.
Pain is the most common reason that patients enter the healthcare

system, commonly through visits to physicians’ offices, presentation at emergency

departments, or by visiting community pharmacies [9]. Opioids remain the most

effective analgesics that we have for most moderate to severe pain disorders, but

these important medications do carry a risk of addiction. Opioids are not
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contraindicated in patients with the brain disease of addiction, [10] but such use
should be under the supervision of appropriately trained specialists with clearly
defined boundaries [11,12]. Additionally, patients who have the disease of addic-
tion and who are not currently abusing substances may still be at higher risk for
relapse if opioids are used in their clinical care. It is important for clinicians treating
pain patients who also have the disease of addiction to be able to understand and
weigh the risks and benefits of these important medications in such settings.

Pain does not protect against a concurrent substance use disorder. Patients
enrolled in methadone maintenance and treatment programs for opioid addic-
tion often list severe chronic pain as a major problem [13]. The prevalence of
addiction has been estimated as 3–16%, most commonly cited as 10% [14]. It
seems improbable that the rate of substance use disorders in the chronic pain
population would be lower. This rate may underestimate the prevalence of
addiction in pain patients [15]. No one specific marker reliably identifies at-
risk pain patients. Therefore careful boundary setting for all patients is in order.

Not all aberrant behavior reflects drug misuse or addiction. Some indivi-
duals who do not meet the diagnostic criteria for addiction may also use
medications and other drugs problematically. The latter are sometimes referred
to as ‘‘chemical copers.’’ [16] They lack coping skills commonly acquired during
childhood and adolescence and tend to turn to external sources for support in
dealing with life’s problems. For example, stress increases pain [17]. A pain
patient who takes inappropriate additional doses of his or her opioid medica-
tion after stressful situations to treat anxiety must be educated that this is not
the correct response to the situation. Open and honest dialogue with the patient
is an appropriate biopsychosocial approach to the problem.

The pain patient who is in recovery from the disease of addiction facesmultiple
barriers to appropriate pharmacologic pain management. The barriers may be
insurmountable if the addictive disease is both active and dominant. The reasons
are multifactorial: inadequate education in pain and addiction medicine; [9,18]
misunderstanding of common definitions used in pain and addiction medicine;
[19] fear of misuse/addiction and diversion secondary to prescribing a controlled
substance such an opioid, and/or concerns of sanctions from the regulatory
agencies for prescribing a controlled substance. The healthcare professional
must know and understand federal regulations for prescribing a controlled
substance to a pain patient with or without a history of addiction [19].

The goal of this chapter is to give healthcare providers information they will
need to treat pain patients who also have a history of addiction.

A Brief History of Drug Regulation in the United States

Until the twentieth century, American policy toward drug control was essen-
tially libertarian. The Pure Food andDrugAct of 1906 was the first federal drug
law; it required proof of safety in marketed drugs but few other controls. The
Harrison Narcotics Act of 1914 placed control of narcotics within the medical
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profession through a taxation scheme that was needed due to international
treaty obligations. For the first timeAmerican doctors faced restrictions in their
prescription of narcotics, and physicians were prohibited from providing these
drugs to patients who were already addicted. Similar marijuana legislation
enacted in 1937 rapidly evolved into a full prohibition. More comprehensive
drug control resulted from the Food Drug and Cosmetic Act of 1938 and
several subsequent amendments. A series of political and legal changes in the
late 1960s and early 1970s dramatically altered drug control policy.

The Harrison Act remained the cornerstone of American narcotics regulation
until the second half of the twentieth century when federal registration was
mandated for clinicians to have authority to prescribe many abusable drugs. The
Bureau ofNarcotics andDangerousDrugs (BNDD) regulated opioids in the 1960s
as an agency of the (then)Department ofHealth Education andWelfare (DHEW).
The BNDD was replaced just a few years later when the Comprehensive Drug
Abuse Prevention andControl Act of 1970 (Controlled SubstanceAct) established
the federal Drug Enforcement Administration (DEA) and established five con-
trolled substance schedules that placed varying levels of restriction on prescription
and use of drugs and other substances deemed to have high abuse potential. The
DEA was established as an agency of the Department of Justice (DOJ), not the
Department of Health and Human Services (which was then the federal depart-
ment responsible for the health-related roles of the former DHEW). Reassigning
these responsibilities to DOJ clearly signaled the governmental perspective that
control of abusable substances was more a law enforcement than health concern.

The term opioid originally meant opium and its derivatives. The current
extensive use of the word in both federal and state legislation to describe a broad
range of abusable substances has removed its utility to describe that specific
class of drugs. Narcotic is now a value-laden word with strong negative con-
notations that mediate against its use by clinicians. The term opiate was
commonly used in the recent past to describe exogenous derivatives of opium,
and opioid to describe endogenous substances that bind at the same receptors as
opium derivatives in the human body. Recognizing the similarity of endogen-
ous and exogenous substances, opioid is now the preferred term for the strong
analgesics derived from or analogous to opium and its derivatives [20].

All states, territories, and the District of Columbia also have controlled
substance acts, most of which simply mirror the federal law. But some place
more stringent restrictions on some controlled substances than the CSA. In
such cases, the more stringent law prevails.

Risk versus Benefit

An essential philosophical construct for all health care interventions is the need
to have a favorable risk to benefit ratio (R:B). The R:B must be determined
individually; i.e., it applies to the use of a specific intervention for a specific
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problem at a specific time. Opioid use can have an unfavorable R:B.When used
properly, the R:B is usually highly favorable.

A Continuum of Pain and Opioid Addiction

Opioids used to treat the chronic pain patient may be identified as either ‘‘the
problem,’’ ‘‘the solution’’ or a mix of both depending upon the frame of
reference used [21,22]. This would be especially true with the patient who
has moderate to severe pain and a history of heroin addiction or opioid
prescription abuse. It is also possible for pain and addiction to exist as
comorbid conditions, such as alcohol dependence with peripheral neuropathic
pain. While pain and addiction can be comorbid, they may also be considered
as a dynamic continuum, with pain at one end and addiction the other [21].
When seeing patients with ongoing inappropriate substance use, e.g. alcohol
or cocaine abuse, clinicians should consider co-morbid pain and substance use
disorder. But when the drug in question may be a clinically appropriate
intervention for the underlying problem, a continuum model may apply, as
in the use of opioids for the treatment of chronic pain. Figure 1 illustrates this
relationship.

Definitions

Definitions relating to substance misuse were formulated in 1988 by represen-

tatives of an international group of professional societies to help achieve greater

clarity and uniformity in terminology associated with alcohol and other drug-

related problems. The interdisciplinary group of experts produced a list of

substance-abuse terms deemed important, along with the most agreed-upon

definition for each term. Addiction was defined as ‘‘the compulsive use of a

Fig. 1 Pain and addiction continuum. Failure to treat both conditions, when present, will
undoubtedly lead to frustration and poor outcomes in both domains [22]
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substance resulting in physical, psychological, or social harm to the user and
continued use despite that harm.’’ [23,24]

Nearly two decades later and armed with much greater knowledge about the
biological and genetic aspects of addiction, a Liaison Committee on Pain and
Addiction (LCPA) of the American Academy of Pain Medicine, the American
Pain Society, and the American Society of Addiction Medicine defined addic-
tion, physical dependence, and tolerance. The consensus definitions were
approved by the Board of Directors of the three societies and published in
2001 [23,24]. Those definitions are as follows:

� Addiction is a primary, chronic, neurobiologic disease, with genetic, psycho-
social, and environmental factors influencing its development and manifes-
tations. It is characterized by behaviors that include one or more of the
following: impaired control over drug use, compulsive use, continued use
despite harm and craving.

� Physical dependence is a state of adaptation that is manifested by a drug-
class-specific withdrawal syndrome that can be produced by abrupt
cessation, rapid dose reduction, decreasing blood level of the drug and/or
administration of an antagonist.

� Tolerance is a state of adaptation in which exposure to a drug induces changes
that result in a diminution of one or more of the drugs effects over time.

Pseudoaddiction

Aberrant drug seeking behavior that appears much like that demonstrated by
opioid addicts may result from inadequate pain management. Pseudoaddiction
was defined in 1989, [25] as a syndrome that causes patients to seek additional
medications appropriately or inappropriately due to inadequate pharmacother-
apy being prescribed. Typically when the pain is treated appropriately, the
inappropriate behavior ceases.

Pseudotolerance

Pseudotolerance describes the need to increase medication such as opioids for
pain when factors other than tolerance to analgesia per se are present such as
disease progression, new disease, increased physical activity, change in medica-
tion, drug interaction, lack of compliance, addiction and/or deviant behavior
such as diversion. Most patient requests for increased opioid doses after pain
relief has been established and maintained for a period of time are due to one of
these factors, not tolerance to the analgesic effect of the drug [26].Most requests
for more pain medication are valid, but some are not. Therefore evaluation of
the patient at appropriate intervals is necessary for optimal decisions in pre-
scribing controlled substances.
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Multiple Types of Tolerance

Tolerance is a multidimensional phenomenon. Tolerance to analgesia is rela-
tively uncommon and is often confused with pseudotolerance. Tolerance to
respiratory depression, pruritus, nausea or vomiting or sedation usually
resolves after approximately a week of regularly scheduled opioid therapy
[27]. Tolerance to opioid-induced constipation normally does not occur [28].

Iatrogenic Addiction

Iatrogenic is not clearly defined in the literature [15]. In the authors’ opinion,
iatrogenic addiction occurs when a patient, with a negative personal or family
history for alcohol or drug addiction or abuse, is appropriately prescribed a
controlled substance and subsequently in the therapeutic course shows signs of
abuse or addiction to that substance. The true incidence of iatrogenic addiction
to opioids is not known. [15] It is therefore important to set boundaries with all
patients before writing the first prescription [22].

It is only by aggressive evaluation and rational pharmacotherapeutic man-
agement of the pain that diagnoses such as addiction, pseudoaddiction or
iatrogenic addiction can be confirmed. While a diagnosis of addiction is made
prospectively, over time, a diagnosis of pseudoaddiction is made retrospectively
[22].When reasonable limits and boundaries are placed on a patient, and yet the
patient continues to exceed these limits, addiction and pseudoaddiction should
be considered.

When a patient explains aberrant behavior in terms of inadequate analgesia,
it is reasonable to consider a careful review of the treatment plan and, where
appropriate, to adjust the prescribed medications upward to achieve the desired
functional goals. This increase in medication dose should be tied to a tightening
of the dispensing interval/boundaries in order to safely test the possibilities of
drug misuse, pseudoaddiction or addiction. For example, a patient who con-
tinually runs out of medication before the next prescription is due should have
the prescribing interval reduced when the decision to increase the dose is made.
If the patient continues to run out of medication early, despite the dose being
increased, the diagnosis of pseudoaddiction becomes less plausible.

The new consensus definitions should help health professionals better under-
stand addiction, physical dependence and tolerance, and assist in differentiating
these from pseudotolerance and pseudoaddiction. This will enable clinicians to
more effectively evaluate and treat chronic pain patients with, or without the
disease of addiction.

Understanding of addiction, dependence and tolerance is confounded by a
second set of definitions found in the Diagnostic and Statistical Manual of
Mental Disorders, currently in the fourth-text revised edition (DSM IV-TR)
[29]. Under the section ‘‘Criteria for Substance Dependence,’’ DSM-IV defines
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substance dependence as ‘‘a maladaptive pattern of substance use, leading to

clinically significant impairment or distress, as manifested by three (or more) of

the following during the same 12-month period.’’It then lists seven criteria for

determining if this disorder exists (Table 1). Without differentiating between

physical dependence and addiction, five of the seven criteria for substance use

disorder could apply either to a person with the disease of addiction or to a

chronic pain patient on opioids. (Table 2)
A heroin addict could be both physically dependent and addicted as per the

definitions. Consequently, a pain patient receiving opioids may be misdiag-

nosed with the disease of addiction when he or she is only physically dependent,

a normal physiological consequence of using opioids.

Table 1 Criteria for a Diagnosis of Substance Dependence

Substance Dependence

A maladaptive pattern of substance use, leading to clinically significant impairment or
distress, as manifested by the occurrence of three (or more) of the following during the same
12-month period:

(1) Tolerance, as defined by either of the following: (a) a need for markedly increased amounts
of a substance to achieve intoxication or a desired effect, (b) markedly diminished effect
with continued use of the same amount of a substance

(2) Withdrawal, as manifested by either of the following: (a) symptoms characteristic of
withdrawal from a substance, (b) the ability to take a substance or one closely related to it,
to relieve or avoid withdrawal symptoms

(3) A need to take a substance in larger amounts or over a longer period than intended.

(4) A persistent desire or unsuccessful efforts to cut down or control substance use

(5) A great deal of time spent in activities necessary to obtain a substance (e.g., visits to
multiple doctors or driving long distances), to use a substance (e.g., chain-smoking), or to
recover from its effects.

(6) Abandonment of or absence from important social, occupational, or recreational activities
because of substance use.

(7) Continued substance use despite knowledge of having a persistent or recurrent physical or
psychological problem that is likely to have been caused or exacerbated by the substance
(e.g., continued cocaine use despite recognition of cocaine-induced depression, or
continued drinking despite recognition that an ulcer is made worse by alcohol
consumption).

Table 2 Five out of seven of the DSM-IV criteria for substance misuse could be for a pain
patient appropriately on opioids or patient with the disease of addiction

1. Tolerance does not equal addiction

2. Withdrawal does not equal addiction

3. Length of use of opioids does not equal addiction

4. Desire to cut down the use of opioids does not equal addiction

5. Time and activity to obtain opioid does always equal addiction

Adapted from Heit HA. Addiction, Physical Dependence, and Tolerance: Precise Defini-
tions to Help Clinicians Evaluate and Treat the Patient with Chronic Pain. J Pain Palliat
Care Pharmacotherap. 2003;17(1):15–29.
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Until the Liaison Committee on Pain and Addiction (LCPA) definitions are
incorporated into a future Substance Use Disorder section of DSM-V, clini-
cians should understand and apply definitions that reflect accurate and current
knowledge in basic science and clinical medicine.

Universal Precautions in Pain Medicine

No single behavior is pathognomonic of addiction [22]. Therefore, it is impor-
tant for clinicians to obtain drug and alcohol use histories in all patients.
Alcoholism, for example, is a disease that intrudes into many aspects of the
care of affected patients seeking medical treatment. Unresponsive hyperten-
sion, intractable mood disorders, difficult interpersonal conflict and impaired
sleep all may adversely impact an untreated alcoholic. Appropriate use of
potent medications such as opioids is likely to be more complicated in alcoholic
than in nonalcoholic patients. Undiagnosed substance use disorders can make
even routine healthcare difficult.

Some clinicians resist taking a drug and alcohol history in all patients. Even
asking about drug and alcohol misuse may be seen as minimizing or dismissing
the patients’ complaints of pain. In no other area of medicine would such an
attitude exist. Alcohol and drug addiction are independent of socioeconomic
status, race, age or sexual orientation. It is unwise to limit one’s inquiry into
substance use based on classical societal stereotypes.

Because no one can determine a priori which patient may be abusing sub-
stances, clinicians should uniformly and respectfully assess all patients. For
patients at increased risk for substance use disorders, this basic level of inquiry
can be expanded. The term ‘‘Universal Precautions’’ originated from the field of
infectious disease (See also CDC: www.cdc.gov/ncidod/dhqp/bp_universal_
precautions.html, date accessed: 06/26/2007). In the context of pain manage-
ment, it is a careful 10-point assessment of all persistent pain patients within the
biopsychosocial model. Appropriate ‘‘boundary setting’’ is determined based
on the initial evaluation of the patient using a non-judgmental approach before
writing the first prescription. By using this approach to the pain patient, stigma
can be reduced, patient care improved and overall risk of pain management
reduced [22]. The 10 Principles of Universal Precautions are listed in Table 3.

While the treatment of the majority of pain patients who present to primary
care providers is unlikely to be complicated by substance use disorders, it may
be useful to triage these patients into three groups, according to risk and
recommended management strategies [22].

Group I - Primary Care Management Patients

These are patients with no past or current history of substance use disorders.
They have a noncontributory family history with respect to substance use
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disorders and lack major or untreated psychopathology. This group clearly

represents the majority of patients who will present to the primary care

practitioner.

Group II – Primary Care Patients with Specialist Support

In this group, there may be a past history of a treated substance use disorder or a

significant family history of problematic drug use. They may also have a past or

concurrent psychiatric disorder. These patients, however, are not actively

addicted but do represent increased risk that may be managed in consultation

with appropriate specialist support. This consultation may be formal and

ongoing (co-managed) or simply with the option for referral back for reassess-

ment should the need arise.

Group III – Specialty Pain Management

This group of patients represents the most complex cases to manage because

they have an active substance use disorder or major, untreated psychopathol-

ogy. These patients are actively addicted and pose significant risk to both

themselves and to the practitioners, who often lack the resources or experience

to manage them.
It is important to remember that Groups II and III can be dynamic;

patients in Group II can move into Group III with relapse to active addiction,

while Group III patients can move to Group II with appropriate treatment. In

some cases, as more information becomes available to the practitioner, the

patient who was originally thought to be low risk (Group I) may become

Group II or even Group III. Thus, it is important to continually reassess risk

over time.

Table 3 The Ten Principles of ‘‘Universal Precautions

1. Diagnosis with appropriate differential

2. Psychological assessment including risk of addictive disorders

3. Informed consent (verbal vs written/signed)

4. Treatment agreement (verbal vs written/signed)

5. Pre/post intervention assessment of pain level and function

6. Appropriate trial of opioid therapy +/� adjunctive medication

7. Reassessment of pain score and level of function

8. Regularly assess the ‘‘Four A’s’’ of pain medicine Analgesia, Activity, Adverse reactions, &
Aberrant behavior [32]

9. Periodically review pain and comorbidity diagnoses, including addictive disorders

10. Documentation
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The purpose of effective pain management for all patients including those
with substance use disorders is to reduce pain and improve function while
monitoring for unacceptable side effects of the prescribed medication. When a
drug does more to the patient than for the patient, and yet continues to be used,
an active addictive disorder must be considered. Failure to identify such a
comorbid state will render even the most ardent efforts at pain management
ineffective and frustrating. Thus the Universal Precautions approach in pain
management helps clinicians to set appropriate boundaries based on mutual
trust and honesty with the patient before writing the first prescription [23].

Urine Drug Testing in Pain or Addiction Medicine

Urine drug testing (UDT) is a useful diagnostic tool in pain and addiction
management that provides valuable information to assist in diagnostic and
therapeutic decisions [30]. To assess compliance, the clinician may look for
the presence of prescribed medications as evidence of their use. Not finding the
prescribed drug or finding unprescribed or illicit drugs in the urine merits
further discussion with the patient while recognizing that laboratory error
and test insensitivity can cause a false-negative report. Bingeing by the patient
can result in unexpected negative urine reports if the patient runs out of
medication prior to sample collection. Therefore, these results by themselves
cannot be relied upon to prove drug diversion and may be consistent with
addiction, pseudoaddiction or the use of an opioid for non-pain purposes – so
called chemical copings [16]. The purpose of UDT should be explained to the
patient at the initial evaluation. UDT should be used, like all other diagnostic
tests, to improve patient care. UDT can also enhance the relationship between
clinicians and patients by providing documentation of adherence to mutually
agreed-upon treatment plans [30,31].

Reports of unprescribed or illicit substances in the urine aid in the assessment
and diagnosis of drug misuse or addiction. UDT results can be used to encou-
rage change to more functional behaviors, while supporting the positive
changes previously made. Thus, the appropriate use of a UDT result requires
documentation in the medical record and an understanding on the part of both
the patient and the clinician of how these results are to be used [32].

In the pain management setting, the presence of an illicit or unprescribed
drug does not necessarily negate the legitimacy of the patient’s pain complaints,
but it may suggest a concurrent disorder such as drug abuse or addiction.While
acute pain can be treated in a patient with an active addictive disorder, it is
improbable that one can successfully treat chronic pain in a patient with
untreated addiction. The patient must be willing to accept assessment and
treatment of both disorders to receive adequate and successful pain manage-
ment [22] Thus, the diagnosis of a concurrent addictive disorder, when it exists,
is vital to the successful treatment of chronic pain.
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Specimen Choice

Urine has been the preferred biologic specimen for determining the presence or
absence of most drugs since the 1970s [33]. This is in part due to the increased
window of detection of one to three days for most drugs or their metabolites
[34]. When compared to serum samples, the relatively non-invasive nature of
sample collection, ease of storage and low cost of testing favor urine as the
specimen of choice.

Whom to Test

The question of whom to test is made easier by having a uniform practice policy.
This reduces any stigma while ensuring that patients with pain and substance
use disorders may receive optimal treatment. Careful explanation of the pur-
pose of testing normally allays patient concerns [30].

Testing Strategies

The clinician must know the drugs for which to test, appropriate methods and
the expected use of the results. If the purpose of testing is to find unprescribed or
illicit drug use, Gas Chromatography/Mass Spectroscopy (GC/MS) and High
Performance Liquid Chromatography (HPLC) are the most specific for identi-
fying individual drugs or their metabolites [35]. Caution must be exercised when
interpreting UDT results in a pain practice. True negative urine results for
prescribed medication may indicate a pattern of bingeing rather than drug
diversion. Time of last use of the drug(s) can be helpful in the interpretation
of UDT results.

A basic routineUDT panel should screen for the following drugs/drug classes:

� cocaine
� amphetamines / methamphetamine
� opioids
� methadone
� marijuana
� benzodiazepines

Urinary creatinine, pH, and temperature should be recorded to assist with
interpretation and to increase specimen reliability. The temperature of a urine
sample within four minutes of voiding should be between 90̊ and 100̊F [36].
Urinary pH undergoes physiologic fluctuations throughout the day, but should
remain within the range of 4.5 to 8.0 [36]. Urinary creatinine varies with daily
water intake and hydration; normal human urine has a creatinine concentration
greater than 20 mg/dL. Values lower than 20 mg/dL indicate dilution and
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findings lower than 5mg/dL are inconsistent with human urine [27]. Test results
outside of these ranges should be discussed with the patient and/or the labora-
tory, as necessary [30].

The detection time of most drugs or their metabolites in urine is usually one
to three days, which is influenced by several factors including but not limited to
dose, route of administration, metabolism, urine concentration and pH [35,37].
Chronic use of a lipid-soluble drug such asmarijuanamay extend the window of
detection to a week or more [36,38]. Benzodiazepines and their metabolites
differ widely in their elimination half-lives, which affect their clinical effect,
excretion and detection [39]. The window of detection for commonly tested
drugs is presented in Table 4.

The method chosen to detect a particular drug will depend on the reason for
undertaking the test. Immunoassay drug tests are most commonly used. They
are designed to classify substances as either present or absent and are generally
highly sensitive. In pain management, specific drug identification using more
sophisticated confirmatory tests is needed. Combined techniques such as GC/
MS make accurate identification of a specific drug and/or its metabolites
possible. When the patient is being prescribed drugs from several different
classes of compounds, such as the case with many pain patients, specific
identification is recommended. When properly used, these tests can help reduce
cost, ensure accuracy and improve efficiency.

Immunoassay drug tests for natural opioids are very responsive to morphine
and codeine, but do not distinguish between the two. UDT by immunoassay
also shows a low sensitivity for semisynthetic/synthetic opioids such as

Table 4 Detection Time of Drugs in Urine

Drug Approximate Retention Time

Amphetamines 48 hours

Barbiturates Short acting (eg, secobarbital) 24 hours Long acting (eg, phenobarbital)
2–3 weeks

Benzodiazepines 3 days if therapeutic dose ingested Up to 4–6 weeks after extended dosage
(ie, 1 or more years)

Cocaine (metab) 2–4 days

Ethanol 2–4 hours

Methadone Approximately 3 days

Opiates 2 days

Propoxyphene 6–48 hours

Cannabinoids Moderate smoker (4 times per week) 5 days Heavy smoker (smoking
daily) 10 days Retention time for chronic smokers may be 20–28 days

Methaqualone 2 weeks

Phencyclidine Approximately 8 days Up to 30 days in chronic users (mean value = 14
days)

Note: Interpretation of retention time must take into account variability of urine specimens,
drug metabolism and half-life, patient’s physical condition, fluid intake, and method and
frequency of ingestion. These are general guidelines only.
Adapted from Vandevenne M, et al. Acta Clinica Belgica. 2000;55:323–33.
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oxycodone and fentanyl [39,40]. A negative result does not exclude their use.

Even though an immunoassay may be negative for consumed oxycodone, it

should be positive on HPLC or GC/MS if the drug was used within the window

of detection. The clinical importance of this fact with urine drug testing can not

be overstated, since compliant patients may have been dismissed from pain

management practices secondary to false-negative immunoassay test when

looking specifically for prescribed oxycodone.
The synthetic opioid methadone will not be detected on a routine screening

immunoassay drug panel unless specifically ordered [31]. The previous detec-

tion of a semisynthetic or synthetic drug does not ensure future detection, even

when dose and dosing interval have not changed [30].
The presence of a prescribed drug in the urine sample makes monitoring of that

class of drugs impossible by immunoassay technique alone. Specific drug identifi-

cation by chromatographic testing (HPLC orGC/MS) is also necessary to identify

which member of the detected class is responsible for the positive screen [30].
The clinician also must know the basic metabolism of opioids so he or she

will be able to explain a urine drug test result that is positive for the prescribed

opioid and/or its metabolite. For example, codeine is a prodrug that has no

intrinsic analgesic activity but is metabolized to morphine for its analgesic

properties Fig. 2.
The amount of drug and/or metabolite(s) (i.e., ng/dL) should not be used to

extrapolate backward and make specific determinations regarding compliance
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of ingestion of the prescribed controlled substance. Software and laboratory
products have not been fully scientifcally validated in the peer review literature
to give this information at this time. Interpreting UDT beyond the current
scientific knowledge may possibly put clinicians and patients at medical and/or
legal risk [41].

Clinical urine drug testing, like any other medical test, must be used to
improve quality of care [42]. Inappropriate interpretation of results may
adversely affect clinical decisions; for example, discharge of patients from
care when prescribed drugs are not detected (compliance testing) and over- or
under diagnosis of addiction/misuse. Healthcare professionals should use UDT
results in conjunction with other clinical information when deciding to continue
with or adjust the established boundaries of the treatment plan.

A relationship of mutual honesty and trust between the clinician and patient
is important when using urine drug testing. Well-thought-out testing strategies
and accurate interpretation of results serve the interests of both patient and
practitioners. Urine drug testing should be consensual; it should improve
patient care and assist clinicians to advocate for their patients [30].

Opioid Agreements

Written opioid agreements facilitate informed consent, patient education and
compliance in the management of chronic, noncancer pain [43]. A well-written
agreement establishes the responsibilities of clinician to the patient and vice
versa. It delineates the treatment plan and documents informed consent. The
opioid agreement establishes boundaries and consequences for opioidmisuse or
diversion. Non-compliance with the agreement can aid in the diagnoses of the
disease of addiction or substance-abuse relapse, which would require a change
in the treatment plan.

Opioid agreements have the potential to improve the therapeutic relation-
ship [43,44]. The agreement must be part of an environment of care that
emphasizes truthful, open dialogue, and in which the process of agreement
is fully individualized [44]. It often is easiest and entirely appropriate to simply
tell patients that signed medication management agreements are practice
policy for all patients taking chronic opioids. The agreement must be reason-
able, readable and flexible [45]. In the past, such agreements often were called
opioid contracts. Such agreements are not legal contracts, and it is better to
call themmedication management agreements than opioid contracts. Both the
patient and clinicians should sign two copies of the agreement, and the patient
should receive a copy. Effective agreements clearly define both the clinician’s
and the patient’s responsibilities.

In general, well-written agreements contain the following elements: [43,44]

� Goals of therapy
� Single prescriber if possible
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� Informed consent on all opioid risks
� Definition of addiction, tolerance and physical dependence
� Need for patient disclosure of substance abuse history; psychiatric history

including history of sexual, physical or verbal abuse, and medications cur-
rently prescribed

� Need for complete, honest self-report of pain relief, side effects and function
at each medical visit

� Establishment of regular medical visits
� Requirement for prescription renewal only during regular office hours
� Conditions of noncompliance (For example; evidence of drug hoarding or

use of any illegal drug may cause termination of the clinician-patient
relationship.)

� Use of the word may instead of will in the agreement, so clinical judgment
can be used in each situation

� Patient consent to random urine drug tests and pill counts
� Permission for the practice to contact appropriate sources to obtain or

provide information about the patient’s care or actions
� Recovery program for substance abusers (Patients with a history of sub-

stance abuse must agree to start or continue recovery programs such as
Alcoholics Anonymous or Narcotics Anonymous.)

Reality and Responsibility: The Treatment of Pain and Suffering

in Our Society

There is a debate over whether opioids are ‘‘good’’ or ‘‘bad’’ and whether or not
they should be available. The answer is that opioids are ‘‘good’’ when used
appropriately and ‘‘bad’’ when they are abused. Of course they should be made
available to the people who need them, but opioids should not be given to all
pain patients in exactly the same fashion [45]. The chronic pain population is
incredibly heterogeneous and varies tremendously in terms of vulnerability to
addiction and abuse. Themost effective and safest way to provide painmanage-
ment is to make it available in a tailored and thoughtful way to reduce pain and
suffering in an individualized fashion [45]. The best way to accomplish the goal
of keeping opioids available to those who need them is for all of the stake-
holders involved in legitimate opioid therapy to openly address the complexity
of the issue and to do so in a collaborative way [45].

Major stakeholders in achieving an appropriate balance in the treatment of
pain and the prevention of drug abuse and diversion are health professionals,
patients, third-party payers, regulatory bodies, law enforcement, industry
and the media. If these groups reconcile themselves to the need for thought-
ful and unemotional dialogue, opioid treatment can remain available while
efforts are made to stem the tide of prescription drug misuse and addiction.
Everyone has a stake in this health, economic and social issue. We are all
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aging and many of us will have pain. Societal solutions are needed now so

that we can all enjoy the comfort of knowing that safe and effective pain

treatment will be there for us if we need it. It is the responsibility of all to make

this a reality [45].
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The Use of Complementary and Alternative

Medicine for Pain

Catherine M. Stoney, Dawn Wallerstedt, Jamie M. Stagl, and Patrick Mansky

Complementary and Alternative Medicine (CAM) refers to those medical

and health care practices, modalities, products, and treatments which are not

integrated into conventional medicine in the United States. CAM practices and

modalities which are used in conjunction with conventional medical care are

considered to be complementary, while those practices and modalities used in

place of conventional medicine are considered to be alternative. In both cases,

data regarding safety and efficacy are generally not fully available.
Among the 27 institutes and centers at the National Institutes of Health

(NIH) is the National Center for Complementary and Alternative Medicine

(NCCAM). NCCAM is responsible for sponsoring intramural and extramural

research on various CAM modalities for a variety of conditions and

populations.
NCCAM defines CAM as those practices falling into four discrete domains

or areas of interest.
Biologically active products and practices refer to the use of herbs, foods, and

vitamins for health purposes. Examples include the use of dietary supplements,

herbal products, and probiotics to promote health and treat various diseases.
Energy Therapies use energy fields in the treatment of disease. CAM energy

therapies include biofield therapies, such as Reiki, as well as electromagnetic

therapies, such as the use of magnetic fields.
Mind BodyMedicine refers to those practices which enhance the ability of the

mind and psychological processes to affect the body. Somemind-bodymedicine

practices include the many varieties of meditation, yoga, Tai Chi, hypnosis, and

some forms of art and music therapy.
Manipulative and Body-based Practices include practices and procedures

which manipulate one ormore parts of the body. Chiropractic care, osteopathic

manipulation, and massage are all example of manipulative and body-based

practices.

C.M. Stoney (*)
National Center for Complementary and Alternative Medicine, National Institutes
of Health, 6707 Democracy Blvd, Suite 401, Bethesda, MD 20892, USA
e-mail: Stoneyc@mail.nih.gov

R.J. Moore (ed.), Biobehavioral Approaches to Pain,
DOI 10.1007/978-0-387-78323-9_16, � Springer ScienceþBusiness Media, LLC 2009

381



In addition, NCCAM also considers studies of whole medical systems which
have developed from discrete theoretical frameworks, and which can incorpo-
rate a variety of different CAM modalities, as CAM. These systems include
Traditional Chinese Medicine (TCM), Ayurveda, anthroposophical medicine,
naturopathic, and homeopathic medicine. Some practices within these whole
medical systems, when conducted in isolation, might fall into one of the four
categories above. For example, acupuncture, one technique used frequently in
the practice of Traditional Chinese Medicine, is thought to operate by releasing
Qi, or the vital energy of the body. Thus, acupuncture might be considered to be
a type of energy therapy.

Practices and modalities that are considered CAM do and will change over
time as more data become available regarding safety and efficacy of these
practices, and as those practices identified as safe and effective become more
fully integrated into conventional medical care. Once integrated into conven-
tional care, these practices are generally no longer considered to be CAM.

Individuals who are living with chronic and debilitating conditions, particu-
larly those which are resistant to conventional treatments, are increasingly
turning toward CAM modalities for symptomatic relief. Data from the 2002
National Health Interview Survey (NHIS), which included specific questions
regarding CAM usage, provides health information of a representative sam-
pling of the US adult civilian population. The 2002 survey data, sampling
36,161 households consisting of 93,386 individuals, indicated that the most
frequent conditions for which CAM practices of a variety of types are used in
the United States are back pain, colds, neck pain, joint pain, mood disorders,
and anxiety. In fact, 33% of all health reasons cited for CAM use were for pain-
related conditions, including back, neck and joint pain, migraine, and other
forms of recurring pain (Barnes, Powell-Griner, McFann & Nahin, 2004).
Among chronic pain patients using long-term opioid therapy, CAM use was
reported by 44% of patients, and all therapies were reported to be beneficial in
relieving pain by well over half of the patients using them (Fleming, Rabago,
Mundt, & Fleming, 2007). Other sources have surveyed use of CAM practices
among pediatric pain patients, but the estimates of CAM use in children and
adolescents show considerable variation from one survey to another (Davis &
Darden, 2003; Hodgson, Nakamura, & Walker, 2007; Tsao & Zeltzer, 2005).
Nonetheless, it is clear that the use of CAMpractices for pain conditions in both
adults and children in the United States is relatively common. Despite the
relatively wide-spread use of CAMpractices for the alleviation of pain, research
investigating the efficacy and the mechanisms of action of CAM therapies in
pain management is not equally extensive and results are generally not
definitive.

Not all CAM domains, as identified and conceptualized by the National
Center for Complementary and Alternative Medicine (NCCAM) at the
National Institutes of Health (NIH), have been tested with regard to their
potential pain-relieving qualities. Indeed, the domains most frequently tested
are manipulative and body-based therapies, some of the variety of mind-body

382 C.M. Stoney et al.



medicine therapies, and energy medicine therapies. Even among these broad
categories of CAM domains, not all specific techniques have been explored in
the context of pain. For example, while studies of hypnosis and relaxation, two
mind-body medicine approaches, have frequently been employed in studies
testing efficacy for pain, relatively few investigations of other mind-body med-
icine techniques, such as meditation, have been systematically tested for their
pain relieving qualities.

This chapter will focus on those CAM modalities for which the most inves-
tigations have been employed, such as massage, acupuncture, Reiki, hypnosis,
yoga, and Tai Chi. Other CAM domains, such as the use of biologically-based
products, including herbal products, supplements and vitamins, have some
available data, but not sufficient data to be meaningful in a review such as
this. Investigations of chiropractic for the relief of pain will not be reviewed here
because there are extensive reviews of this modality which already exist (Hawk,
Khorsan, Lisi, Ferrance, & Evans, 2007).

Manipulative and Body-Based CAM Therapies for Pain

Massage

Massage therapy is a form of manual therapy which is applied by the hands of a
massage therapist to either a single or multiple areas of the body. There are
manymassage practices, including Swedish massage, Rolfing, Reflexology, and
others. In the United States and elsewhere, massage, particularly Swedish
massage, is in widespread clinical use for the management and alleviation of
both chronic and acute pain, particularly low back and neck pain. Most
investigations of massage for pain focus on patient populations with discrete
or single pain conditions, such as low back pain, neck pain, or fibromyalgia
(Ezzo et al., 2007). The analgesic effects of massage therapy for complex or
multiple pain conditions is less well studied and these conditions are generally
more difficult to effectively treat. The exception is the increasingly widespread
use of massage therapy in clinical practice for decreasing pain and improving
quality of life among cancer patients (Calenda, 2006).

Recent reviews have indicated significant evidence for the positive benefits of
massage therapy for the relief of chronic low back pain (Furlan, Brosseau,
Imamura, & Irvin, 2002), while evidence for the effectiveness of massage
therapy for other pain conditions, including headache, shoulder and neck
pain, carpal tunnel syndrome, cancer-related pain, and pain due to fibromyal-
gia, is less compelling (Moyer, Rounds, & Hannum, 2004; Tsao, 2007). A
systematic review of investigations of massage for neck pain concluded that
the heterogeneity of treatments and poor overall methodological quality of the
research in this area precluded conclusions being drawn (Ezzo et al., 2007), and
specifically recommended the need for high-quality studies of the optimal
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frequency and duration of massage for neck pain. A recent meta-analysis
(Moyer, Rounds, &Hannum, 2004) echoes this suggestion with the observation
that several sessions of massage therapy can have significant effects on a variety
of discrete pain conditions over a period of time, but the beneficial effects are
not apparent immediately and only emerge after time and multiple massage
treatments. The overall conclusions from these reviews suggest that the dose
(number of sessions as well as the duration and frequency of sessions) of
massage may be an important factor to consider when evaluating the potential
for pain relief. Unfortunately, the literature in this area has not systematically
evaluated optimal dosing in relation to massage therapy.

In the case of low back pain, massage in combination with conventional
therapeutic exercisemay bemore effective than either therapy alone. This sugges-
tion illustrates the need for the systematic investigation of CAM therapies used in
conjunction with established, albeit only partially effective, conventional treat-
ment (that is, therapies used to complement conventional treatment). Although
CAM therapies are frequently used in such a complementary fashion, they are
less frequently researched in this manner, despite the fact that these combined
treatments may be the most effective strategy to enhance our ability to clinically
treat and manage pain.

Although the mechanisms that operate during massage therapy for the relief
of pain are not completely understood, there are data showing that massage can
stimulate the endogenous opiate system, as well as stimulate the release of
oxytocin (Furlan et al., 2002). As with other therapies, understanding the
biological and psychological mechanisms of action that operate to alleviate
pain with massage therapy is a crucial step towards optimizing the massage
intervention, and basic science studies in this area are needed.

Mind-Body Medicine CAM Therapies for Pain

CAM practices considered to fall into the category of mind-body medicine
includes various forms of meditation, such as mindfulness-based meditation,
Tai Chi, yoga, mantrameditation, and TranscendentalMeditationTM; hypnosis
and guided imagery; and certain forms of art, music, and dance therapies.
Among the most commonly used mind-body medicine CAM therapies for
pain include hypnosis and guided imagery, and various meditative techniques,
such as yoga, meditation and Tai Chi.

Hypnosis and Imagery

Hypnosis has been used frequently as an alternative type of intervention for pain
relief, in addition to being used in a complementary fashion, in conjunction with
conventional (primarily pharmacological) pain treatments. Hypnosis consists of

384 C.M. Stoney et al.



an hypnotic induction induced by a trained therapist, followed by suggestions for
the relief of pain, and then guidance of the patient out of the hypnotic state.
Hypnotic inductions can be self-induced among individuals with adequate hyp-
notic ability after they are given sufficient guided training.When used for discrete
pain, it is sometimes termed focused hypnotic analgesia because the hypnotic
focus is targeted toward a specific area of the body (Sharav & Tal, 2006).
Although there is substantial disagreement within the field regarding the psycho-
logical, physiological, cognitive, and neural changes that occur during hypnosis,
the practice is used widely and with significant success for the alleviation of pain.
One theory of hypnosis posits that an altered state of consciousness occurs during
hypnosis, while other theories suggest that attentional and cognitive changes
explain the hypnotic state (Raz, 2005). In the later case, hypnosis may operate
by reallocating attention elsewhere or by distraction. Increasingly, research
has focused on the neural underpinnings of the hypnotic state. For instance,
recent studies suggest that hypnosis may involve brain activation via dopaminer-
gic pathways (Lichtenberg, Bachner-Melman, Gritsenko, & Ebstein, 2000;
Montgomery et al., 2007; Raz, 2005; Spiegel, 2007).

A significant body of research has tested the analgesic effects of hypnosis for
both chronic and acute pain conditions, with the majority of the available
literature suggesting that hypnosis can be efficacious for pain, andmany studies
suggesting that the analgesic effects can be sustained for several months to a
year (Jensen & Patterson, 2006). With regard to acute pain, hypnosis has been
quite effectively used for the control of pain associated with labor (Brown &
Hammond, 2007; Smith, Collins, Cyna, & Crowther, 2006), medical procedural
pain (Lang et al., 2006;Montgomery et al, 2007; Spiegel, 2007), and dental pain.
However, the literature in this area is incomplete, the studies are small, and
there are significant questions that remain regarding the efficacy and specificity
of hypnosis for acute pain relief. For example, the extent to which hypnosis is
superior to distraction strategies for acute pain is still unclear.

For chronic pain conditions, somewhat more and better-controlled studies
are available demonstrating that hypnosis can diminish pain that results from a
variety of chronic pain conditions, such as fibromyalgia (Haanen et al., 1991),
cancer pain (Elkins, Cheung, Marcus, Palamara, & Rajab, 2004), and chronic
low back pain (Spinhoven & Linssen, 1989). However, in some investigations of
hypnosis for chronic pain, hypnosis is found to be equivalent and not superior
to comparison conditions such as health education or physical therapy (Elkins,
Jensen, & Patterson, 2007), raising questions regarding the specificity of the
effects of hypnosis.

Significant individual differences in response to hypnosis are typically appar-
ent and thus hypnosis is not appropriate for all individuals with pain (Benham,
Woody, Wilson, & Nash, 2006). These individual differences are most likely due
to how effectively some people can be hypnotized and how vividly images can be
imagined. In addition, although most investigations of a variety of pain condi-
tions have demonstrated hypnosis to be superior to wait-list or attention control,
the data are more mixed when comparing hypnosis to relaxation techniques for
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pain relief (Gay, Philippot, Luminet, 2002; Patterson & Jensen, 2003). For
example, when comparing hypnotically-induced imaginative suggestions with
nonhypnotic imaginative suggestions for pain relief, there were no differences
in the amount of pain relief reported by those experiencing experimentally-
induced acute pain (Milling, Kirsch, Allen, &Reutenauer, 2005). Thus, it is likely
that at least part of the analgesic effect of hypnosis for acute pain may be due to
expectancy for relief, suggesting that control groups for studies of hypnosis must
be carefully considered. Finally, as noted above, the neural mechanisms by which
hypnosis operates to modify pain are still not well understood. Taken together,
the research to date clearly indicates that hypnosis can be considered an effective
treatment for many types of pain for those individuals who are able to be
hypnotized. The mechanisms by which hypnosis exerts its effects on pain are
not well-studied, but the fact that pain relief is similar between hypnosis and
relaxation and imagery suggests that at least some of the pain relieving properties
of hypnosis are a function of the relaxation component of hypnosis, the alloca-
tion of attention, and/or the expectation for relief.

Guided imagery is a procedure that combines relaxation, focusing of atten-
tion, breathing, and visualization of an image. The nature of the image can vary
according to the characteristics of the patient and complaint, from a relaxing
and pleasant ‘‘picture’’, to a focused image related to a disease or body part.
Guided imagery is often conducted with a trained therapist or other individual,
but, once learned, can also be practiced individually with the use of audiotapes.
Imagery is often used in conjunction with hypnosis and relaxation therapies, in
part to enhance the pain-relieving abilities of those therapies. Because relaxa-
tion is an important step in initiating a guided imagery session, a specific
relaxation technique is commonly practiced at the beginning of each session,
such as progressive muscle relaxation.

Guided imagery has been studied as a pain-relieving therapy in a number of
conditions and patient populations. In particular, guided imagery has produced
promising results when tested among children (Russell & Smart, 2007) and
older adults (Morone & Greco, 2007) with procedural and chronic pain. For
example, guided imagery among older women with osteoarthritis pain resulted
in increased quality of life (with presumably decreased pain; Baird & Sands,
2006). However, many of the same issues outlined above regarding studies
examining hypnosis for the relief of pain are also considerations for the study
of guided imagery. Thus, well-designed and well-controlled studies are needed
to identify the specific elements of and mechanisms by which guided imagery
produces its effects on pain.

Yoga

Many forms of yoga are practiced for a variety of physical and mental health
conditions, as well as to enhance overall well-being. Yoga typically includes
specific breathing exercises, as well as specific physical activity movements or
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postures, and also can (although not always) include a meditation component.

While yoga has traditionally been practiced to relax and rejuvenate, it is now

being used for a wide variety of medical conditions, including pain. Despite the

fairly wide-spread use of yoga for many pain conditions, only minimal research

has investigated the efficacy of yoga to reduce pain, and improve strength and

mobility. Data regarding the analgesic mechanisms by which yoga confers these

effects is almost non-existent.
There have been a few studies examining the effects of yoga specifically for

chronic low back pain (Galantino et al., 2004; Jacobs et al., 2004; Sherman,

Cherkin, Erro, Miglioretti, & Deyo, 2005; Williams et al., 2005), and most have

reported some positive benefits of yoga. However, the design of the majority of

these studies has limited the conclusions that can be drawn regarding the mechan-

isms by which yoga may be operating to reduce pain; for example, it is not clear

how much of the benefit of yoga is derived solely from the exercise component of

this therapy. Since physical exercise is generally considered a standard treatment

for chronic low back pain, a better understanding of how yoga may improve low

back pain above and beyond what is already known to be effective would require

the inclusion of a standard exercise group. This is exactly what was tested in a

recent study of yoga for chronic backpain (Sherman et al., 2005). Aswith previous

investigations, this study demonstrated that yoga was more effective than was a

self-care book for individuals with chronic back pain, and that the beneficial

effects persisted for 14 weeks post completion of the intervention (Sherman,

et al., 2005). Interestingly, this study also included a third arm, consisting of

standard therapeutic exercises for back pain. Although the yoga group showed

somewhat more improvement in Roland Disability Scale scores during and

following treatment relative to the standard exercise group, these differences

were not clinically or statistically significant. While yoga is apparently safe and

effective for chronic low back pain, it may not confer any demonstrable benefit

over and above standard therapeutic exercises already known to be effective for

chronic low back pain. However, as patients with chronic low back pain are

particularly interested in exploring CAM treatment modalities (Sherman et al.,

2004), there may be individuals who prefer yoga over conventional therapeutic

exercises (Jacobs et al., 2004). It is important to point out that the various styles of

yoga have not been adequately studied in the context of chronic low back pain.

Given the evidence for pain relief demonstrated in the above noted studies, it may

be beneficial to conduct more systematic and rigorous investigations testing the

efficacy and mechanisms of various forms of yoga for chronic back pain.
Yoga has also been tested, albeit less frequently, among patients with other

pain conditions. For example, yoga for osteoarthritis of the knee (Kolasinski

et al., 2005) and hands (Garfinkel, Schumacher, Husain, Levy, & Reshetar,

1994) was found to be moderately effective in reducing perceived pain, func-

tional capacity and/or local tenderness. However, an understanding of the

optimal dose, the mechanism of effects, and the duration of the effects of

yoga on pain await future investigation.
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Meditation

Meditation practices vary widely with regard to the specific features of the
techniques, but share the common feature of allocating or training attention and
level of awareness, often using various breathing or other anchoring strategies,
such as repetition of a word or mantra (Meditation Practices for Health: State of
the Research, 2007).Meditation has been studied as a means of enhancing quality
of life, promoting well-being, and for addressing health concerns including hyper-
tension, substance abuse, andmental health disorders (Arias, Steinberg, Banga, &
Trestman, 2006; Grossman, Niemann, Schmidt & Walach, 2004). Clinically,
meditation is also sometimes used for pain management, although the literature
studying the efficacy and mechanisms of meditation for pain is not extensive. In
the context of pain management, meditation is thought to operate by refocusing
awareness of pain and responses to pain, by inducing a relaxed and peaceful state,
and/or by promoting physiological changes such as alterations in inflammatory
processes which may, in turn, lead to diminished pain.

Several early investigations of mindfulness-based stress reduction (MBSR)
identified this type of meditation as effective for chronic and remitting pain
patients (Kabat-Zinn, Lipworth,&Burney, 1985;Kabat-Zinn, Lipworth, Burney,
& Sellers, 1986). In addition, studies employing a combined intervention of a
mindfulness-type of meditation, along with other mind-body and psychoeduca-
tional components, reported significant reductions in pain ratings among chronic
back pain patients (Berman & Singh, 1997). However, more recent investigations
have failed to demonstrate a specific and superior analgesic effect of various forms
ofmeditation for low backpain (Mehling,Hamel, Acree, Byl&Hecht, 2005), pain
due to fibromyalgia (Astin et al., 2003), and gastrointestinal pain (Keefer &
Blanchard, 2001), relative to educational, active, and/or support control groups.
Some of these reports, however, did demonstrate pain reductions among the
meditation group that were of a similar magnitude to the other, conventional
treatments (Mehling et al., 2005). One reported positive effects of meditation on
other symptoms, but not pain (Keefer & Blanchard, 2001). Taken together, there
is only limited evidence that meditative practices can provide specific analgesic
effects among chronic pain patients. However, meditative practices vary drama-
tically in terms of the specific elements of the practice and none have been
systematically investigated with regard to potential pain-relieving qualities.

Tai-Chi and Qi Gong

Beginning as a martial art form in China during the 12 century, Tai Chi (also
referred to as Tai Chi Chuan or Taiji) is a form of physical exercise combined
with a meditative component and specific breathing exercises. Tai Chi encom-
passes a series of movements and postures which can be practiced in group
settings or individually. Traditional ChineseMedicine identifies pain and illness
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as the result of an imbalance, blockage, or interruption of ‘‘Qi ,’’ the Chinese
term for vital energy (Mansky et al., 2006). Tai Chi is proposed to reestablish
the flow of Qi to maximize health and provide pain relief. Traditional Chinese
Medicine promotes Tai Chi’s harmonious effect on two opposing life forces, yin
(water) and yang (fire), for optimal (well-being) and physical functioning. The
pain-relieving qualities of Tai Chi have been studied among patients with a
number of chronic pain conditions such as chronic back pain and pain due to
arthritis (Klein & Adams, 2004).

Several investigations have examined the effects of Tai Chi on arthritic pain.
For example, a randomized clinical study (Adler, Good, Roberts, & Snyder,
2000) of the effect of Tai Chi on joint pain in a small group of adults with
chronic arthritic conditions found those that participants whowere randomized
to the Tai Chi group and practiced Tai Chi once a week over a ten week study
period had a significant decrease in reported joint pain intensity, relative to
those who were asked to maintain their normal daily activities. A similar
investigation of a small group of elderly patients with pain due to osteoarthritis
of the knee also found regular Tai Chi practice over the course of several
months demonstrated significant and long-lasting pain relief, relative to a
health education control group (Brismee et. al., 2007). Finally, in a study
comparing Tai Chi with a group who received phone contact for pain due to
osteoarthritis (Song, Lee, Lam& Bae, 2003), 72 women 55 years and older were
randomized into one of the two groups and participated in a 12 week study.
Joint pain and stiffness were improved with Tai Chi practice compared to the
telephone contact control group.

While these studies provide some initial evidence for the pain-relieving
effects of Tai Chi for arthritis pain, the studies are generally small and the
effects of Tai Chi are compared with a wait list or no-treatment control group.
In a more stringent study design, the potential superiority of Tai Chi over an
active treatment was examined (Fransen, Nairn, Winstanley, Lam, &
Edmonds, 2007). One hundred and fifty-two older persons with painful hip or
knee osteoarthritis were randomly assigned to one of three study arms, includ-
ing Tai Chi, hydrotherapy, and a wait list control group. Participants assigned
to the two active arms practiced twice weekly. After a twelve week study period
both the Tai Chi and hydrotherapy groups reported improvements in physical
function and reductions in pain, although the magnitude of the pain reduction
was only significant for the hydrotherapy group. Thus, Tai Chi was less effica-
cious for pain reduction among these older arthritic patients than was hydro-
therapy, but equally effective for improving physical function.

Despite the fact that the bulk of research on Tai Chi has compared those
receiving Tai Chi to only wait list or no treatment control groups, there is a
promising suggestion that Tai Chi may be an effective strategy to manage
chronic pain and improve physical functioning. Considering the low stress,
meditative nature of the practice, Tai Chi may be particularly beneficial for
pain management and treatment among those who may be candidates for
physical therapy but who cannot tolerate high impact physical exercise.
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Qi Gong (Qi-gong) is a traditional Chinese practice which has become
increasingly recognized in the United States and other westernized countries
as contributing to the enhancement of well-being and decreasing stress. Qi
Gong involves concentration and relaxation exercises with special breathing
techniques to promote Qi (vital energy force) circulation in the body. It is
similar to Tai Chi in that they both involve a proscribed set of gentle exercises,
with a focus on meditation and relaxation, but Qi Gong also incorporates
specific breathing techniques. Recently, there is the new term, medical Qi
Gong, which refers to the application of QiGong specifically to health. External
Qi Gong refers to a Qi Gong master exerting personal Qi to heal a disease, and
internal Qi Gong refers to the practitioner using Qi Gong for self-healing or
maintaining health. Among elderly patients with significant chronic pain con-
ditions, external Qi Gong was reported to significantly improve reports of pain
compared to usual care (Yang, Kim, &Lee, 2005). However, studies of Qi Gong
require comparison groups that allow appropriate control for any effects that
may be due to interaction with a practitioner, which in some cases may be
significant and may in itself have clinically important effects on reports of pain.
Although Qi Gong and Tai Chi have many common features, there are many
fewer studies of Qi Gong for the alleviation of pain.

Energy Medicine

Reiki

Reiki is an energy healing practice which originated 2,500 years ago from
Buddhism. The Japanese term ‘‘Reiki’’ stems from ‘‘rei,’’ which means ‘‘universal
spirit,’’ and ‘‘ki,’’ meaning ‘‘life energy.’’ Reiki aims to heal and maximize well-
being by establishing a mind and body balance and restoring energy flow.
According to Reiki’s concepts, physical and mental pain are the results of energy
deficiency which can be relieved by channeling energy to areas of pain. Practi-
tioners can guide energy by directly touching a clothed patient or by positioning
their hands at a 1–2 inch distance from the skin for several minutes. Individuals
receiving Reiki may feel a warm, tingling, relaxing sensation while practitioners
feel heat in their hands.

There is limited but promising evidence that Reiki may be effective for pain
management in acute, post-operative pain. For example, one recent quasi-
experimental study measured the effect of Reiki on pain in 22 women under-
going abdominal hysterectomies (Vitale & O’Connor, 2006). The women were
randomly assigned to either standard nursing care or standard care compli-
mented by Reiki; those in the Reiki group initially reported a more significant
decline in pain than did those in the control group. However, the group
differences disappeared within a few days. Thus, although the data suggest
that Reiki plus nursing care is more effective than nursing care alone initially,
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the longer-term benefit of Reiki on surgery-related analgesia is questionable.
A study of Reiki for post-operative dental pain examined the effect of Reiki in
combination with LeShan healing on postoperative pain (Wirth, Brenlan,
Levine, & Rodriguez, 1993). Twenty-one volunteers underwent two surgeries,
two weeks apart, for removal of impacted third molar teeth. All participants
were given pharmacologic analgesia; the experimental group received Reiki and
LeShan healing in addition. In this crossover study design, volunteers became
their own controls in the second surgery. Reiki and LeShan healers alternated
treating the volunteer beginning at 3 hours post surgery. Postoperative pain
intensity was more substantially reduced in the Reiki/LeShan healing group,
relative to the pharmacologic control group, suggesting that Reiki (at least in
conjunction with LeShan healing) is effective for decreasing acute, postopera-
tive dental pain.

Reiki has also been examined in relation to chronic pain conditions. For
example, among HIV patients with disease-related pain, Reiki practice resulted
in a significant drop in pain intensity (Miles, 2003). Among cancer patients with
pain, Reiki therapy plus pharmacotherapy for pain (opioids) compared with
pharmacotherapy alone resulted in a statistically greater decline in pain (Olson,
Hanson, & Michaud, 2003). Finally, a randomized, placebo controlled study
evaluated Reiki healing in 207 Type II diabetic subjects with painful neuro-
pathy. Subjects were randomized into either the Reiki group, the sham Reiki
group, or the usual care control group. This twelve week study period consisted
of 2 treatments in the first week, and weekly treatments thereafter. Pain was
measured according to the McGill Pain Questionnaire, which found a statisti-
cally significant decrease in pain for both the Reiki and sham Reiki groups,
and not the control group. Because there were no significant differences
found between real Reiki and mimic Reiki compared to the control (Gillespie,
Gillespie, & Stevens, 2007), the mechanisms by which Reiki has pain relieving
qualities are probably due to attentional or social support factors.

There is limited preliminary evidence that Reiki may provide analgesia for
both acute and chronic pain conditions. However, as with many other CAM
modalities for pain, large, well-designed studies are lacking and several signifi-
cant design limitations exist in the studies which are available. Problems with
substantial and/or differential attrition rates are particularly problematic in
Reiki investigations, and the lack of information regarding mechanisms of
action, optimal dosing, timing, and frequency of Reiki to treat pain significantly
limit conclusions that can be drawn.

Acupuncture

Acupuncture, a component of Traditional Chinese Medicine (TCM), involves
the insertion of thin needles into set anatomical points (acupuncture points) in
the body in order to balance Qi or the vital energy of the body. These
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acupuncture points are located on meridians, along which Qi is thought to
circulate throughout the body. After insertion, needles are typically manually
stimulated (referred to as ‘‘needling’’). In addition to needling, acupuncture
points can also be stimulated with heat, mild electrical currents, pressure, herbs
and herbal extracts, which can be injected or burned at the end of the needle
(moxibustion), and laser light (Ernst, 2006; Lao, 1996).

Relief of musculoskeletal pain is one of the most common reasons that
Americans seek treatment by acupuncture practitioners (Burke, Upchurch, Dye
& Chyu, 2006). An often-cited 1997 NIH Consensus statement concluded that
acupuncture has potential benefits in the alleviation of post-operative dental
pain, headache, tennis elbow, fibromyalgia, myofascial pain, osteoarthritis, low
back pain, and carpal tunnel syndrome (NIH Consensus Panel – Acupuncture,
1997), but the data are inconsistent. Since the time of the Consensus panel,
numerous randomized controlled trials (RCTs) have subsequently been con-
ducted in populations with chronic musculoskeletal pain, including low back,
elbow, neck, knee, and shoulder pain. Systematic reviews and meta-analyses
of these clinical studies of acupuncture for analgesia have concluded that there
is mixed evidence for the efficacy of acupuncture. For example, a review of
51 studies of acupuncture for the treatment of chronic pain indicated that slightly
fewer than half demonstrated evidence for efficacy, while the remaining were
either neutral or reported ambiguous findings (Ezzo et al., 2000). This review
suggests that the effects of acupuncture for pain are not uniform across patient
population, dose, and pain condition, and the studies in this area varywidelywith
regard to methodological quality. While the overall conclusions across all pain
conditions examined in this review are that there is only limited evidence that
acupuncture is more effective than no treatment, placebo, sham acupuncture
(e.g., superficial needling at non-acupuncture sites or needle insertion with no
needling), and standard care, it is perhaps most informative to review the evi-
dence for acupuncture separately by pain condition.

Low back pain. A review of several investigations of acupuncture for the
treatment of low back pain suggests that acupuncture may be more effective
than either no treatment or sham acupuncture (Furlan et al., 2005) for chronic
back pain, but insufficient studies are available to draw conclusions regarding
acute back pain. In addition, although the effects were significant among
chronic back pain patients, they dissipated rather rapidly after treatment. An
additional review of 10 randomized controlled trials that compared acupunc-
ture, massage therapy, and spinal manipulation for the treatment of chronic
back pain concluded that acupuncture was more effective than no intervention
or sham treatment, but less effective than massage (Cherkin, Sherman, Deyo, &
Shekelle, 2003). Thus, there is no compelling evidence that acupuncture is more
effective than other treatments (both conventional and CAM) for the allevia-
tion of chronic low back pain, and modest evidence that acupuncture may be
more effective for this condition relative to no treatment.

Elbow pain. Lateral epicondoyle pain, commonly known as ‘tennis elbow’,
has been the subject of several clinical research studies of acupuncture. An
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initial reviewof the literature suggested that acupuncturemay result in short-term
(e.g., less than 24 hours) pain reduction for lateral epicondoyle pain, but at that
time there are only a very few small studies available (Green, Buchbinder, &
Hetrick, 2005). In a more recent review, 53 studies of acupuncture for epicon-
doyle pain were identified, although only a small subset were considered to be of
sufficient quality to merit inclusion in the review. Nonetheless, this review
concluded that acupuncture treatment was more effective than either the con-
trol condition or sham acupuncture in the majority of the studies examined
(Trinh, Phillips, Ho & Damsma, 2004).

Neck pain. In a recent Cochrane systematic review of 10 RCTs in which
acupuncture was used as a treatment intervention in adult populations with
chronic neck pain, Trinh et al. found evidence of acupuncture’s effectiveness.
For chronic mechanical neck disorders, including whiplash-associated disorders,
myofascial neck pain, and degenerative changes, this review found moderate
evidence of acupuncture’s effectiveness in the following three areas: when com-
pared to needling at sham points immediately after treatment; when compared to
inactive, sham treatments immediately after treatment and at short-term follow-
up; and when compared to a wait-list control at short-term follow-up (Trinh
et al., 2006).

Knee pain. A systematic review and meta-analysis of 13 RCTs in which
acupuncture was used as an intervention in reducing pain and improving
function in patients with chronic knee pain reported that acupuncture was
significantly superior to sham acupuncture in both short- and long-term pain
reduction and improved function (White, Foster, Cummings, & Barlas, 2007).
This effect persisted even when one strongly positive study and when one lower
quality study were excluded from the analysis. Although this review provides
promising evidence for the efficacy of acupuncture for knee pain, as with many
other studies of CAM modalities for pain, more carefully designed and con-
trolled trials are necessary before clinical recommendations can be suggested.
However, because the evidence for efficacy among conventional treatments
for chronic knee pain is weak, this is one population for whom acupuncture
for pain relief may be particularly effective (White, Foster, Cummings, &
Barlas, 2007).

Headache. Acupuncture is frequently used clinically for the treatment of
patients with tension-type headache, in part to decrease the frequent and
long-term use of analgesic medications. The available trials have been some-
what mixed with regard to outcome, however. The majority (Melchart et al.,
2005; Karst et al., 2001; Tavola, Gala, Conte, & Invernizzi, 1992) have reported
no effects of true acupuncture over sham acupuncture, while 2 (Hansen &
Hansen, 1985; Xue et al., 2004) have reported superior pain relief with acu-
puncture compared to sham acupuncture. However, even the studies reporting
null effects provide important conclusions regarding how acupuncture may
be operating. For example, a randomized, well-controlled, multi-center trial
of 279 patients with tension-type headache examined the efficacy of acupunc-
ture for both episodic and chronic tension headache pain (Melchart et al.,
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2005). When acupuncture, sham acupuncture (termed minimal acupuncture,
and defined in this study as superficial needling at non-acupuncture points),
and a wait list control were compared, after 12 sessions over 8 weeks, the
number of days with headache decreased by 7.2 days in the acupuncture
group, 6.6 days in the sham acupuncture group, and 1.5 days in wait list
group. Thus, acupuncture was found to be more effective than a wait list
control, but not significantly more effective than sham acupuncture. The
value of the study is its large size and rigorous design. The fact that both the
true and sham acupuncture groups, compared to the waitlist group, had sig-
nificant and clinically important improvements in symptoms that lasted for
several months following the completion of treatment suggests that the expec-
tation of relief with an active treatment might have been responsible for part or
all of the effects noted (see placebo section, below). Thus, the choice of control
group when testing the effects of acupuncture on tension-type headache is
particularly important.

A systematic review of acupuncture for the treatment of a variety of other
types of idiopathic headache pain, including migraine, tension-type, and cluster
headaches (Melchart et al., 2001) indicated that the majority of the 26 studies
evaluated were of poor methodological quality, particularly with regard to
insufficient reporting of methods and results. Nonetheless, acupuncture was
more effective than sham treatment in half of the studies of migraine and
tension-type headache patients. However, there was insufficient evidence to
determine whether acupuncture was as effective as other headache treatments.
Thus, while there is some encouraging evidence regarding the efficacy of acu-
puncture for the treatment of idiopathic headache, the quality of the study
designs is generally not optimal.

Cancer-related pain. Pain is a predominant physical and psychological
symptom in persons with cancer and can often present with a neuropathic
component. Although several dozen investigations testing the efficacy of acu-
puncture for the relief of cancer-related pain have been conducted, few of these
are randomized, controlled trials, and most are of very small sample sizes (Lee,
Schmidt, & Ernst, 2005). One high quality randomized controlled trial of
auricular (ear) acupuncture reported statistically significant pain relief among
cancer patients, compared to a placebo intervention (Alimi et al., 2003). This
particular study is distinguished by its careful study design; however, there
is generally inadequate evidence to support the analgesic effect of acupuncture
in persons with cancer. Because of the increasingly wide-spread use of the
complementary and alternative practice for pain relief in cancer patients,
more carefully designed investigations are warranted (Lee, Schmidt, & Ernst,
2005).

Obstetric-gynecologic applications. Acupuncture has been studied in only a
limited way as a therapy to diminish pain during labor and delivery, as well as
the pain associated with oocyte retrieval during in vitro fertilization procedures.
A systematic review of acupuncture as a pain management adjunct during labor
yielded 3 clinical trials of good methodological quality (Lee & Ernst, 2004).

394 C.M. Stoney et al.



Each of these provided evidence that acupuncture is superior to either standard
labor and delivery care or sham acupuncture for pain management, resulting in
lower reports of pain and reduced reliance on pharmacologic analgesic agents
during labor. While these results suggest that acupuncture alleviates labor pain
and is associated with a reduction in the use of pharmacologic analgesics during
labor, the results of this review should be interpreted cautiously due to the small
number of evaluated studies.

Two systematic reviews have been performed in evaluating the effects of
eletroacupuncture on pain reduction during oocyte retrieval for in vitro fertili-
zation (Kwan, Bhattacharya, Knox, & McNeil, 2005; Stener-Victorin, 2005).
Although only a small number of studies are available, electroacupuncture is
generally not superior to, and is sometimes inferior to, standard pharmacologic
analgesia during this procedure. Other forms of acupuncture have not been
systematically investigated for the management of pain during oocyte retrieval.
In general, electroacupuncture does not appear to be a promising analgesic for
this patient population.

Methodological Issues

Researchers face a number of challenges attempting to scientifically validate
many CAM therapies as acceptable treatments for pain relief. Numerous case
studies and anecdotal evidence, rather than well-controlled, masked investiga-
tions, have been published, leading to inconsistent reports and inaccurate
estimates of effects. The nature of many CAM therapies require creative
thought in creating double-blind, controlled clinical studies in order to deter-
mine safety and estimates of efficacy (Phase I and II studies). Late-phase
effectiveness trials (Phase III and IV trials) require careful consideration of
external validity, feasibility of implementing interventions in community-based
settings, and other challenges associated with translating effects of well-controlled
interventions to applied settings.However, prior to initiating such Phase III and IV
trials, it is essential to have data from rigorous Phase I and II safety and efficacy
studies available, and it is these early phase studies that are most relevant to the
investigation of many CAM interventions. Some of the design issues related to
such early phase studies are outlined below.

Control Groups

One question which frequently arises among investigations of many CAM
therapies, particularly mind-body medicine and energy medicine practices, is
how to create an appropriate control group. Because many such practices
involve significant interaction with participants, there can be substantial effects
on some outcomes as a result of this interaction and personal attention, rather
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than as a function of the other active properties of the intervention. The correct
control group should be determined based on the specific questions posed, the
hypotheses being tested, the nature and specifics of the intervention, and the
outcomes of interest. However, in all cases it is possible and preferable to
provide some level of control for the non-specific effects of the intervention
being studied. These unintended effects can both enhance and diminish pain
relieving qualities of the active treatment, and can include effects due to social
interaction for interventions provided in a group setting; attention from a
practitioner for interventions with significant practitioner interaction; patient
expectations for relief; and effects due to patient burden of participating in
particularly intensive or noxious interventions.

Mind-bodymedicine researchers have dealt with this control group issue in a
variety of ways, most effectively by carefully considering the specific questions
being tested and outcomes of interest. For example, studies investigating the
efficacy of hypnotic induction might construct a control group which provides
suggestions for pain relief in the absence of hypnotic induction or design a
control group which consists of one or more relaxation interventions without a
hypnosis element. Studies of meditation might employ cognitive-behavior ther-
apy as the control condition, or a standard psychoeducational control group
that would didactically focus on a variety of general health-promoting beha-
viors. Importantly, these control conditions should be equivalent to the active
intervention in terms of time spent in the intervention, homework required,
overall burden and risk, expectations for relief, and whether the intervention is
provided in a group or individual setting. Ensuring equivalent expectations for
relief requires careful orientation to the groups, a credible control condition,
and that practitioner allegiance to the active intervention is minimized (or at
least that the practitioner allegiance is equal for both conditions). Thus, differ-
ences between the control and active condition can more clearly be ascribed to
the ‘‘active’’ ingredients in the active condition. While wait-list groups have the
benefit of low cost and provide a control for the passage of time, pain patients
can exhibit significant responses to placebo conditions. Thus, control condi-
tions that are equivalent with regard to expectations for relief are particularly
important when assessing interventions for pain.

Mechanisms of Action & Placebo

Almost without exception, the psychophysiological mechanisms of action by
which the CAM modalities outlined above might have analgesic effects are not
well investigated. In addition to providing insight with regard to the expected
efficacy of CAM therapies with similar components, understanding the biolo-
gical underpinnings of how a particular therapy operates to produce the desired
effects can assist researchers and clinicians in designing optimally effective
treatments for pain. In addition, psychological mechanisms of action also
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may play a role in mediating part of the analgesic effects of CAM therapies, and
these factors, including understanding the impact of expectancy, may also assist
in optimizing the ability of any therapy to provide relief of pain. For example,
an investigation of irritable bowel syndrome (IBS) patients who were verbally
provided with placebo along with the strong suggestion of pain relief during
evoked rectal distention reported the same level of analgesia as when they
received an application of rectal lidocaine and the same expectation of pain
relief (Vase, Robinson, Verne, & Price, 2003). Moreover, patients reporting the
highest expectations and desire for relief subsequently reported the most relief.
This study underscores the potential clinical utility of maximizing expectations
for relief when providing therapies for pain, and additionally suggests that
understanding how expectations influence physiological mechanisms of pain
relief may be a fruitful area of investigation (See also Pollo A, Benedetti F, This
Volume). Toward this end, the neural substrates of placebo analgesia have been
identified in an elegant study using PET scans that demonstrated that the
endorphin system was activated in pain-related areas of the brain when patients
were expecting to receive a pain-relieving medication but in fact received placebo
(Zubieta et al., 2005; See also Matre & Tuan, This Volume).

The role of expectations is further underscored by a recent study which
directly compared the pain-relieving effects of hypnosis with that of a non-
hypnotic suggestion of pain relief and placebo cream, thus providing an
estimate of the effects of pain relief due to the expectation for relief (Milling
et al., 2005). Those receiving a suggestion of pain relief, either during a hypnotic
induction or alone in the absence of hypnotic induction, reported stronger
analgesia to an experimental pain, relative to those receiving a placebo cream.
These findings suggest that a hypnotic induction prior to providing an imagery-
based suggestion of analgesia may not provide significant additional pain relief.
Further identification of the psychological processes, as well as the central and
peripheral physiological systems, that are activated during placebo analgesia,
will advance our understanding of the most efficacious interventions for
pain relief.

Another psychological pathway by which some CAM therapies, particularly
mind-body therapies, may operate is by reducing stress and increasing the
ability to cope with pain. Stress is a particular concern for chronic pain patients
whomay have experienced years of poorly treated pain, misdiagnoses including
psychiatric diagnoses and labels, and significant decrements in functional abil-
ity and quality of life. For some pain conditions, both chronic and acute stress
can often exacerbate the experience of pain and/or flares, particularly when
there is significant anxiety related to the pain condition (Weisenberg, Aviram,
Wolf, & Raphaeli, 1984). For example, exposure to chronic stress can decrease
thresholds and tolerance for pain and increase sensitivity to pain stimuli in
animals (Geerse et al., 2006; Imbe et al., 2006). Human studies have found that
intermittent stressors, even when minor, increase reports of pain and other
symptoms (Walker et al., 1991). This phenomenon occurs in humans even in
the context of experimental pain; children exposed to laboratory stressors
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before an experimental pain condition exhibited reduced pain thresholds rela-
tive to those who did not receive the stressors (Dufton et al., 2007). Thus, stress
can occur as part of the experience of pain, particularly chronic pain, but can
also affect thresholds for detecting pain.

The physiological underpinnings of this latter phenomenon are not comple-
tely understood. Autonomic nervous system stimulation that occurs as part of
the stress response can modify the activation of endogenous pain modulation
circuits (Mayer, 2000). This may explain, in part, the complex relationship
between physiological stress responding and subsequent pain sensitivity.
Greater cardiac reactivity to acute stressors is associated with lower pain thresh-
olds in some cases (Caceres &Burns, 1997), but higher blood pressure and lower
cortisol reactivity are related to reduce pain sensitivity in others (France &
Stewart, 1995).

The ability of mind-body techniques to alter physiological stress responding
might provide a mechanism for the beneficial health effects of these therapies,
including pain relief. Indeed, after 4 months of TranscendentalMeditation (TM)
practice, healthy males exhibited lower basal cortisol levels (MacLean et al.,
1997). Long-term meditation practice reduces baseline cortisol, blood pressure,
and heart rate (Sudsuang, Chentanez, & Veluvan, 1991; Walton et al., 1995;
Wallace, Silver,Mills, Dillbeck, &Wagoner, 1983; Vyas&Dikshit, 2002; Solberg
et al., 2004) and improves mood states (Walton et al., 1995). Older women
completing a TMprogram have lower levels and slower rises in cortisol responses
to ametabolic stressor (glucose challenge) (Walton et al., 2004). In addition, after
an 8-week mindfulness-based stress reduction (MBSR) program, women with
heart disease have shown a trend in reduced resting levels of cortisol, and breast/
prostate cancer patients have reported improvements in quality of life, which
were associated with decreases in cortisol levels. However, cortisol plays a
complex role in mediating the physiological and psychological effects of stress;
it serves as an analgesic during inflammatory pain conditions (Lariviere &
Melzack, 2000) and the impact of certain mind-body therapies which reduce
circulating cortisol levels might have a smaller effect on reducing pain because
of the analgesic benefits associated with cortisol.

Although most studies examining the effects of mind-body programs on
immunity have focused on the improvement of NK and T cell number and
function (Davidson et al., 1999; Taylor, 1995) and greater antibody responses to
a viral vaccine (e.g., influenza) (Davidson et al., 2003), few studies have exam-
ined the effects of such interventions on inflammation and/or cytokine
responses. One notable exception is a study reporting that breast and prostate
cancer patients exhibited a reduction in TH1 (pro-inflammatory) cytokine
profiles and enhancement of TH2 (anti-inflammatory) cytokine profiles after
participating in anMBSR program (Carlson et al., 2003), reversing the cytokine
profile that is often observed in individuals under chronic stress.

It is seldom the case that studies are designed to specifically address the
extent to which mind-body CAM therapies operate on psychosocial and phy-
siological processes to have beneficial effects. However, a better understanding
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of the psychological, in addition to physiological mechanisms operating to
reduce perceived pain with CAM therapies is also essential.

Significant strides have been made with regard to understanding mechan-
isms of action of acupuncture, and several potential pathways have been
proposed and tested for acupuncture’s effects. These include neurochemical
mechanisms, segmental (‘‘gate theory’’) pathways, autonomic regulation, local
effects, and effects on brain function (Rabinstein & Shulman, 2003; Moffet,
2006). Recent neuroimaging data demonstrate that acupuncture modulates
brain responses in cortical, limbic and brainstem centers, including regions
involved in both sensory and affective pain perception (Dhond, Kettner, &
Napadow, 2007). The subsequent release of neurotransmitters and hormones
may cause analgesia. Additionally, local effects of peripheral vasodilation
and anti-inflammatory responses may be an additional mechanism of action
(Berman, 2007). Despite these findings, the exact mechanism of acupuncture’s
actions in pain management has not been clearly defined, and it is quite possible
that multiple mechanisms may be operating under different pain conditions.

Finally, many investigations of CAM therapies for pain conditions are
commonly used as complementary treatments, accompanying surgery or phar-
macologic therapy for optimal healing and pain relief. Although this strategy
likely optimizes the opportunity for pain relief in clinical settings, when used in
this way for research purposes, conclusions regarding the mechanisms of action
of the CAM therapy cannot be established.

Masking & Dose-Ranging

While both participants and experimenters can typically be masked to the
specific intervention they receive during some types of CAM interventions
(e.g., herbal products, vitamins), this is not the case for practitioner-adminis-
tered interventions such as mind-bodymedicine practices, energy medicine, and
acupuncture. Practitioners inevitably know if they are administering verum or
‘‘sham’’ therapies, and participants are aware in at least a general sense of the
intervention they are receiving. In order to decrease potential sources of inten-
tional and unintentional bias, several steps can be taken to remedy this latter
situation. For example, all research personnel who randomize participants, and
who collect, enter and analyze data should be masked to condition. Addition-
ally, practitioners (if they are not the experimenters) and participants can be
masked to the specific hypotheses being tested, and control conditions should
plausibly have positive benefits. Interventions can be renamed (‘‘movement
exercises’’ can be used in place of, for example, yoga) to diminish preconceived
notions of participants. Such steps can significantly diminish the possibility of
bias altering the outcomes of the study.

Throughout this review, the lack of information regarding the safest and
optimal dose for each of the intervention strategies outlined is a recurring
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theme. Dose-ranging studies for pharmacologic interventions are a necessary
step towards approval of those agents. Dose-ranging studies of this type employ
escalating doses to determine the safety profile, as well as the optimal dose for
the desired effect. Such dose-escalating studies might also be employed for the
CAM therapies outlined above. In addition to establishing safety, dose-ranging
studies prevent the premature dismissal of a CAM pain therapy tested at only
one dose as being ineffective. Although dose-ranging studies can be particularly
complex to conduct with pain conditions that are remitting, failure to identify
the correct frequency, timing, and amount of an intervention for the optimal
relief of pain will prevent the field from moving forward.

Effects of Age

The specific investigation of age effects on efficacy of CAM modalities for the
treatment of pain has not been undertaken. However, several studies have
examined the use and ability of CAM interventions to reduce pain among
children and adolescents. The conditions studied have included headache and
migraine pain, irritable bowel syndrome, and acute pain due to medical inter-
ventions and procedures; the children have included very young to adolescent
patients. Acupuncture, biofeedback, herbal medications, hypnosis, massage,
and music and art therapy have all been studied for their ability to reduce pain
among children and adolescents, although the investigations have typically
been small and focused on only a few pain conditions. In general, CAM
interventions that have been successful for adult populations have shown
some efficacy for children and adolescents. For example, hypnosis, guided
imagery and biofeedback have all been studied in a variety of pediatric pain
conditions (Hermann & Blanchard, 2002; Uman, Chambers, McGrath, &
Kisely, 2006; Wild & Espie, 2004), and all have shown some level of efficacy
and safety, as well as general willingness of children and their families to try
these strategies (Tsao & Zeltzer, 2005). Other techniques, such as acupuncture
and meditation, have much less frequently been examined in pediatric pain
populations, perhaps in part because it is less likely that children and their
families would either accept (acupuncture) or be able to effectively engage
(meditation) in these intervention strategies. Certainly, the use of these inter-
ventions in clinical practice is also more limited among children, despite some
preliminary evidence that they can be tolerated and accepted, particularly by
adolescents (Kemper et al., 2000). An exception is a small but well-designed
study of acupuncture for pediatric migraine, which demonstrated significant
benefit on migraine pain with acupuncture relative to a sham acupuncture
group (Pintov, Lahat, Alstein, Vogel, & Barg, 1997). This randomized study
is particularly informative because the children, their parents and the research-
ers maintaining pain ratings were all masked to condition, thus eliminating an
important potential source of treatment bias, and because the investigators
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simultaneously examined evidence for activity of the opioid system during
acupuncture, as a way of testing a potential mechanism by which acupuncture
may be operating to reduce pain. Although the data did not clearly show group
differences in opioid activity at the end of treatment, the acupuncture group did
show significantly greater increases from baseline (due to initial baseline differ-
ences between the groups). These results reinforce the importance of adequate
randomization procedures to ensure baseline equivalence between the groups.
In most cases, the optimal way to do this is to employ larger, homogeneous
groups with clearly defined inclusionary and exclusionary criteria which remain
consistent throughout the recruitment phases of the study.

Standardized Treatments

Because relatively few CAM treatments are completely standardized, there can
be tremendous variability in the specific elements and procedures related to how
a specific CAM treatment is provided in a clinical setting. Frequently, that
variability is echoed in research investigations testing the efficacy of CAM
treatments for pain (and other) conditions, often resulting in inconsistent and
variable findings (Bardia, Barton, Prokop, Bauer, & Moynihan, 2006). One
solution to that problem is to manualize treatment modalities for particular
conditions, which might, for example, outline the specific elements of a parti-
cular modality, how those elements might be incorporated into treatment,
and the frequency of treatments. Toward this end, a taxonomy of massage
therapies for the treatment of musculoskeletal pain has recently been described
(Sherman, Dixon, Thompson, & Cherkin, 2006). While the ultimate goal of
medicine is increasingly to individualize and tailor therapies (both CAM and
conventional) to the specific needs of the patient and expertise of the practi-
tioner for optimal treatment effects, early stages of research in all areas of
medicine mandate optimal control to evaluate initial proof of concept. The
explication of classification schemes across a variety of CAM therapies and
modalities can be a valuable step forward in improving the quality of research in
CAM treatments for pain.

Limitations and Directions

Although the bulk of the literature reviewed above indicates modest evidence
for pain-relieving qualities of selected CAM energy therapies, mind-body med-
icine therapies, and body-based therapies, the literature in this area is metho-
dologically limited. For example, most of the available studies investigating
various CAM therapies for the relief of pain are poorly controlled or uncon-
trolled, not randomized, and tested in only limited patient populations with
only limited types of pain conditions. Whether a particular CAMmodality that
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has been shown to be effective in treating a specific pain condition will general-

ize to other pain conditions and populations is not well understood.
Future investigations of CAM therapies for pain should focus on those

therapies with the most evidence for pain-relieving ability, such as Qi Gong,
hypnosis, and massage. However, the inconsistent findings that have been
reported in the literature to date mandate that future studies focus on three
specific goals. First, small, tightly-controlled and well-designed efficacy (e.g.,
early phase II) studies will more definitively demonstrate the extent to which
these CAM treatments are able to result in consistent pain relief. Second,

identification of the physiological and biological mechanisms by which spe-
cific CAM therapies provide pain relief is an essential step in order to design
maximally effective interventions, and to predict the potential effectiveness of
other CAM (and perhaps conventional) therapies for pain relief. Third, the
potential generalizability of specific modalities across patient populations and
pain conditions should be investigated, particularly in reference to widely

experienced pain conditions. However, the particular CAM treatment for
specific pain conditions should be chosen on the basis of a conceptual under-
standing of the mechanisms by which the intervention operates or is presumed
to operate, and the physiology of the pain condition.

While we have attempted to consolidate and summarize a broad literature, in
reality there are numerous variations used clinically of each of the therapies
mentioned above, and potential differences in therapeutic efficacy with differ-
ent variations of modalities have not been systematically examined. Thus,

although we provide a global understanding of specific CAM therapies for
pain conditions, in fact the large variety of each of these therapies in use
would assume differences in efficacy. Thus, this chapter should best be under-
stood as providing a framework for future investigations.
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Imaging Modalities for Pain

Dagfin Matre and Tuan Diep Tran

Introduction

Information transfer in the brain takes place by electrical conduction along

axons and chemical interaction between neurons. Functional brain imaging is a

general term for techniques measuring correlates of neuronal activity. The

techniques used most often are functional magnetic resonance imaging

(fMRI), positron emission tomography (PET), single photon emission com-

puted tomography (SPECT), electroencephalography (EEG), magnetoence-

phalography (MEG) and MR spectroscopy (Apkarian et al., 2005). The

outputs measured are cerebral blood flow (fMRI/PET), electrophysiology

(EEG/MEG), neurochemistry (PET/SPECT) and relative chemical concentra-

tions (MR spectroscopy) (Apkarian et al., 2005). In the context of pain

research, fMRI is the most commonly used today; not only for activation

studies, but for identifying interactions and connectivities between brain

regions during the modulation of pain. PET is decreasing in use for pain

activation studies, but is becoming increasingly popular for detecting the neu-

rochemistry of neuronal communication. EEG and MEG are popular mainly

for detecting temporal sequences. Although there are a variety of important

imaging techniques; in this chapter we will focus on three of the main functional

imaging methods used to study pain: MEG, fMRI, and PET.

Background/Historical Overview

The ultimate aim of pain research is prevention and treatment of pain. During

the past few decades it has become widely accepted that the field of pain

deserves its own research and attention. This is partly because of the enormous

socio-economic costs of pain and partly because pain is recognized as a unique

experience unlike other sensory modalities. Pain demands attention and always
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has an affective component (Eccleston & Crombez, 1999). The most disturbing
part of the experience we call pain is probably not the intensity, duration and
localization of the pain sensation, but the unpleasantness and meaning that is
part of the experience of pain (Price & Bushnell, 2004). Thus, a dedicated focus
is needed if the neurobiology of pain is to be revealed.

Almost 40 years ago,Melzack andCasey (1968) pointed to the importance of
the sensory, affective, and cognitive aspects of pain. However it is with pain
imaging it has become possible to understand the functional neuroanatomy of
pain in a more comprehensive manner. The major challenges within functional
imaging of pain probably lie in interpreting the vast amount of captured data,
and render it useful to guide research and clinical practice.

To better understand the neurobiology of pain it is necessary to compare
animal studies with studies in patients and in pain-free individuals. In a given
group of patients, large variation can be expected in the emotional and affective
aspects of their pain experience, including their neuronal correlates of pain,
although their pain experience may be similar. To minimize the variance of
these mentioned factors, it is therefore often necessary to recruit pain-free
subjects to represent a more homogenous group. On the other hand, if the
aim is to study the affective and emotional components of pain, ethical issues
may present certain limitations on the use of healthy volunteers. It is clearly not
possible to investigate the emotional consequences of, say a (false) cancer
diagnosis, in a healthy normal volunteer.

When studying pain it is often necessary to apply an external stimulus to create
the experience of pain. This is always the case when using healthy subjects, butmay
also be necessarywhen studying patients with pain. Advantages with inducing pain
are full control of applied intensity, duration and location, making it possible to do
repeated measurements within and across subjects. Yet, several considerations
must be made when choosing an external pain stimulus, which is usually given to
activate a certain peripheral receptor or fiber type, or to mimic a particular clinical
pain syndrome/complaint. In the latter situation the psychophysical properties of
the experimental pain are compared with a clinical pain condition to establish the
relevance of that particular experimental stimulus under evaluation. Examples are
injection of hypertonic saline into the backmuscles of healthy individuals to mimic
low back pain (Arendt-Nielsen et al., 1996) and into the temporomandibular
muscle or joint to mimic temporomandibular disorders (Svensson, 2007).
Although muscle pain by far is a larger clinical problem than cutaneous pain,
methods to induce cutaneous pain dominate. Experimental stimulus modalities
includes heat, cold, ischemia, mechanical pressure, electrical and chemical stimuli.
For an overview of methods to induce pain in humans, see Gracely (2005).

The present chapter is divided into three parts. First, the reader is
introduced to the basic technical aspects of MEG, PET and fMRI. The
second part describes the so-called pain matrix, and how functional ima-
ging has contributed to the understanding of the psychology as well as the
neurobiology of pain in normal (pain free) subjects, including how pain is
modulated. The third part describes imaging of selected clinical conditions
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with abnormal pain processing and how the results of basic science studies
are translated into useful clinical applications.

Imaging Methodology

Functional brain imaging includes a range of techniques that capture the neural
correlates of brain activity. Below the principles for MEG, PET and fMRI are
outlined. For a review of other imaging modalities, see for example Apkarian
et al. (2005), or Kupers and Kehlet (2006).

Magnetoencephalography (MEG)

The Principles of MEG

If there is an electric current, there is a magnetic field in the neighbor region of
the current.When information is being processed in a brain, small currents flow
in the neural system and simultaneously producing a weak magnetic field. If an
electrical activity in the brain can be measured by electroencephalography
(EEG), it is natural to ask if a magnetic filed in the brain can also be measured.
Magnetoencephalography (MEG) is a noninvasive measurement of magnetic
fields generated by electrical activity in the brain. These fields, however, are very
weak. Magnetic field signals from the brain are typically in the range of 50 to
500 fT (femtoTesla; 1 fT¼ 10�15 T), which is about a billion times weaker than
the earth’s magnetic fields. In order to make these weak signals visible, the
biomagnetometer employs a low-noise amplifier called a SQUID (supercon-
ducting quantum interference device), a sensitive detector of magnetic field,
introduced in the late 1960s by James Zimmerman (Zimmerman et al., 1970).
The SQUID converts the magnetic signal into an ordinary electrical signal that
can be amplified, filtered, and displayed or recorded for subsequent analysis.
Current state-of-the-art MEG systems consist of 100-300 channels that allow
magnetic signals to be simultaneously recorded throughout the scalp. In short, a
MEG system consists of (1) the SQUID sensor unit, (2) a magnetic shielded
room, (3) a data acquisition processor and (4) a master analysis processor.

Both MEG and EEG primarily measure intracellular current flow of post-
synaptic currents, which are generated by synchronized neuronal activity. The
signal generators in the brain are described as current dipoles. While EEG
senses both radial and tangential current dipoles, MEG is sensitive only to the
tangential component (Cohen, 1972). This means that MEG suits well for
studies of fissure cortex. When a source is located in a deep area, the magnetic
signals decrease relativelymore rapidly in amplitude than the electric potentials.
A source in the center of the sphere does not cause any external magnetic field at
all, whereas electric potentials can still be recorded on the surface. Therefore,
MEG is considered a tool to mainly study cortical activity.
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EEGmeasures the difference in voltage, or potential, between two electrodes.

In contrast, MEG measures the absolute magnitude of the magnetic field and

does not require a reference. Both EEG and MEG measure brain activity from

the surface; from the scalp and outside the skull, respectively. To localize brain

activity from the recorded electric and magnetic fields, the so-called inverse

problem must be solved. That is, to make a reasonable guess about current

sources and their locations based on measurements from the surface. Unfortu-

nately, theory shows that there is no unique solution to this problem. In additon,

EEG is affected by the conductivities of the skull and scalp much more than

MEG. Therefore, interpretation of EEG signals, in particular for source locali-

zation, will require more precise knowledge of the thickness and conductivities of

the tissues in the head. Consequently, MEG has a better spatial resolution

(Fig. 1). Under favorable conditions the source location can be determined

with a precision of a few millimeters (Hari, 1988).
MEG is completely noninvasive and can record physiological signals in the

order of milliseconds. Thus, it is possible to follow the rapid neuronal changes

in the brain. MEG also provides direct measure of neuronal activity, whereas

other functional brain imaging techniques, i.e. single-photon-emission com-

puted tomography (SPECT), positron-emission tomography (PET), and func-

tional magnetic resonance imaging (fMRI), measure hemodynamic response,

and so, provide an indirect measure of neuronal activity. The time resolution,

therefore, is much better in MEG than in those methods (Fig. 1).
The first measurement of magnetic field in human brain was carried out at

the Massachusetts Institute of Technology by David Cohen (1972). He mea-

sured the spontaneous activity of a healthy subject and the abnormal brain

Fig. 1 Temporal and spatial resolution of brain imaging techniques
EEG Electroencephalography; MEG Magnetoencephalography; SPECT Single-photon-
emission computed tomography; PET Positron-emission tomography; fMRI Functional
magnetic resonance imaging
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activity of an epileptic patient. Evoked responses were first recorded a few years
later (Brenner et al., 1975; Teyler et al., 1975). The first study of pain evoked
magnetic fields was conducted in the 1980s (Hari et al., 1983).

Temporal and Spatial Resolution

The excellent temporal resolution of MEG allows us to follow sequential brain
activations in response to painful stimulus. For example, the latencies of the
peak main evoked magnetic fields following cutaneous A-delta and C fiber
activations were approximately 150–200 ms and 750–1000 ms, respectively.
Source analyses have also revealed that the earliest pain-induced cortical activ-
ities nearly simultaneously originate in S1 and S2, cortical areas responsible for
the sensory-discriminative aspect of pain (Ploner et al., 1999; Tran et al., 2002).
The activations in S1 and S2 are followed approximately 50–100 ms later by the
activation in the anterior cingulate gyrus, which is believed to play a role in
cognitive-evaluative aspect of pain processing (Druschky et al., 2000; Kitamura
et al., 1997; Maihofner et al., 2002; Ninomiya et al., 2001).

With a precision ranging from 5–10 mm in spatial resolution, some MEG
studies have provided information about somatotopic organization of pain in
the S1 cortex (Huttunen et al., 1986; Kitamura et al., 1995, 1997).

Positron Emission Tomography (PET)

The Principles of PET

Positron emission tomography was the first technique that could measure brain
function in three dimensions and provided a new and exciting tool to investigate
human brain activity. In PET, as in fMRI, imaging is based on an assumption of
a general coupling of neuronal activity and regional cerebral blood flow
(rCBF). There is strong evidence supporting this assumption of neurovascular
coupling (Logothetis et al., 2001; Sheth et al., 2004). In PET, cerebral blood
flow is measured using diffusible radioactive agents (radiotracers) (Willoch,
2001). Radiotracers are positron-emitting isotopes that are produced and
incorporated into molecules of a compound of interest. These labeled com-
pounds are used to ‘trace’ biological processes. The tracer is injected intrave-
nously into the blood stream and will distribute in the body according to its
characteristics. Some of the atoms that are attached to the biological tracer
molecules will decay, emitting a positron. The positron collides with electrons in
the tissue and annihilates with one of these. This event produces energy which is
released in form of two gamma rays that can be detected by external detector
systems. The need for radioactive agents to be injected into the blood stream is a
disadvantage of PET compared to fMRI. However, unlike fMRI, PET allows
determination of the baseline (resting) rCBF in different brain structures. This
information can be used for comparison with the activation (stimulus)
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condition and is essential when investigating the activation of brains with
abnormal resting activity (Raichle et al., 2001).

A PET scanner consists of circumferential arrays of scintillation detectors
which detect gamma rays. By detecting two simultaneous gamma rays resulting
from the same energy emission, the location of the positron emission (in the
tissue) can be determined. Finally, using conventional mathematical algorithms,
data can be reconstructed into cross-sectional and 3D images of the brain tissue
(Bailey, 1992; Shepp & Logan, 1974). In 3D mode acquisition time is reduced,
thus reducing the radiation burden for subjects (Bruckbauer et al., 2000).

Radiotracers and Receptor Binding

The first PET study in 1981 used 18F-fluorodiprenorphine (FDG) to show
increasing metabolic rates in the human visual cortex in response to visual
stimulation (Phelps et al., 1981). The long half-life of 18F, however, does not
allow repeated scanning of the same subject within a short time interval. Themost
used radiotracers are carbon (11C), nitrogen (13N) and oxygen (15O), which all are
essential components of the body. These isotopes have half-lives in the range of
minutes to hours which makes them ideal for medical purposes (Willoch, 2001).

PET has also been useful in understanding the experience of pain. The
endogenous opioid system plays a major role in reducing pain experience. It is
activated by analgesic opiate drugs (Jones et al., 1994) and by endogenous
opioids, such as during placebo analgesia (Petrovic et al., 2002). With PET it
is possible to determine where opiate receptors are localized in the human brain
using the receptor binding technique. It is also possible to determine the release
of endogenous opioids. The basic principle is that a radioactive drug (ligand),
which has a high affinity and a high degree of selectivity for the receptor under
study, is injected intravenously.When the radioactive drug binds to the receptor
a binding potential is measured as a parameter for the regional cerebral opioid
receptor availability (Baumgartner et al., 2006).

Experimental Design and Statistical Analysis

Acquisition of each image for a 15O-water activation study takes approxima-
tely 1 minute, which explains the relatively low temporal resolution of PET
(Minoshima et al., 2000) (Fig. 1). Radiation exposure to subjects also poses
some limitations on the design of PET experiments. As subjects should receive a
limited amount of radiation per year, this may imply the use of between-subject
designs rather than within-subject designs when comparing two experimental
conditions (Sprenger et al., 2006).

Statistical analysis of PET images follows basically the same steps as for
fMRI (see next section) with co-registration, movement correction, standardi-
zation and statistical modeling. Moreover, to determine the anatomical locali-
zation of PET activation, a structural MR image is performed on each subject.
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Functional Magnetic Resonance Imaging (fMRI)

The BOLD Response

With increased synaptic activity there is greater local demand for delivery of

energy (oxygen). To meet increased metabolic demand, neuronal activation is

accompanied by increased local blood flow that overcompensates for the oxy-

gen requirement (Ogawa et al., 1993). This is the theoretical basis for blood

oxygen level-dependent (BOLD) imaging. In BOLD imaging a higher signal

arises because oxyhaemoglobin does not disturb magnetic resonance signals as

much as deoxyhaemoglobin, generating a contrast between activated and inac-

tivated structures such as local draining venules and veins (Ogawa et al., 1993).

There is evidence to support the critical assumption in fMRI studies of pain that

the BOLD signal is a known and reliable function of the neuronal activity

generated by a nociceptive (or pain-producing) signal (Buxton et al., 2004;

Sheth et al., 2004). This relationship, however, may depend on how ‘‘neuronal

activity’’ is measured. The time course of the BOLD response in a volume

element (voxel) is complex and is to a large degree based on studies of the

primary sensory cortex (Ernst & Hennig, 1994). A brief stimulus results in a

BOLD response lasting about 10 s.
Rather than reflecting activity in single neurons, BOLD reflects activity in a

particular region of the brain (Logothetis et al., 2001). Care must be taken

during the interpretation of BOLD data, however, since cortical regions pre-

sumed to be involved in pain contain a mixed population of pain-signaling and

non-pain-signaling neurons (Davis, 2003).

Data Acquisition

fMRI technology has received great interest over the past few years. It owes its

popularity to its relatively low cost per examination, the lack of risks to

repeated testing of the same individuals, as well as, its fine temporal and spatial

resolution (Fig. 1). fMRI scanners are measured in terms of their magnetic field

strength. In principle, the higher the field strength the weaker signals can be

detected. Depending on the spatial resolution, the whole brain can be scanned

in about 2 seconds (Bandettini, 2001).
Stimulus devices in fMRI must be of nonferromagnetic materials such as

wood, aluminium or plastic to be compatible with the MRI environment. Most

manufacturers of experimental pain devices offer fMRI compatible units today.

Magnetic objects will not only interfere with imaging, but also pose a great risk

to the subject.
This chapter will focus mainly on BOLD fMRI. Other techniques, such as

arterial spin labeling (ASL) (Petersen et al., 2006) has been used less widely in

the clinical context of pain, and are not covered in this chapter.
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Experimental Design

fMRI designs can broadly be divided into two categories: block designs and
event-related designs. In block design the stimulus is usually divided into one or
several stimulus blocks (ON) and one or several resting blocks (OFF). Each
block lasts relatively long (e.g. 30 sec). Under otherwise similar conditions
between ON and OFF blocks, the idea is that only the specific process of
interest show up when the resting image(s) are subtracted from the stimulus
image(s). The time-course of an individual response is lost within a block. This
is not a problem for event-related (single-trial) design. In event-related design
the stimulus is on for a relatively short time (e.g. 1–1000 millisec) and activation
data are acquired after discrete events. The time course of the BOLD response
can then be defined and averaged across several events. Lasers and electrical
stimulators are particularly relevant for event-related designs since the pulse is
relatively short. Mechanical stimulation and contact-heat stimulation usually
have some ‘‘ramp up’’ time until they reach the desired intensity, but may still be
used in event-related designs.

Statistical Analysis

The aim of the statistical analysis in the context of pain imaging is to detect
those regions of the brain that show increased intensity at the points in time
that stimulation was applied (Tracey, 2005). This is performed at each
volume element (voxel). Several pre-processing steps are completed before
the statistical analysis. These will not be described here, but can be found
elsewhere (Hu et al., 2005; Worsley, 2001). The most popular statistical
approach is probably the general linear model (GLM). In GLM, a model of
explanatory variables is set up and is fitted to the data in each voxel over
time. The model provides a general pattern which you expect to see in the
data. An example could be a square wave block design (ON/OFF-para-
digm) with 30 s of stimulation followed by 30 s rest. To get the best possible
fit of the model to the data, the sharp ON/OFF waveform is convolved with
the haemodynamic response function (HRF). The convolution mimics the
effect that the brain’s neurophysiology has on the input function (Smith,
2001).

A simple example of a model with one explanatory variable is as follows:

yðtÞ ¼ � � xðtÞ þ cþ eðtÞ;

where y(t) is the data, x(t) is the model (square wave), c is a constant (rest
intensity) and e(t) is the error in themodel fitting. � is the parameter estimate for
x(t) and represents the peak of the BOLD response. To convert � into a useful
statistic, its value is compared with the uncertainty in its estimation (standard
error (�); determined following multiple stimuli providing a population sample
of �). This results in a T value for each voxel, whereT= �/standard error (�). In
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this example ‘stimulation’ is compared to ‘rest.’ It is also possible to compare
two conditions (e.g. two different intensities of heat) by subtracting one � from
the other, calculating the standard error for this difference and generating a new
T image. Voxels showing statistically higher signals (higher T value) during
ON-conditions are considered as ‘‘activation,’’ coded with colors and overlaid
on a high-resolution referenced anatomical image.

fMRI is extremely sensitive to motion of the head or brain (i.e. move-
ment, respiration or cardiac cycles). All images (whole brain scans) are
therefore co-registered to the first image to remove artifacts. To compare
or average activation across multiple experiments on different subjects,
functional and anatomical images are transformed into a standard stereo-
taxic space. Spatial and temporal filtering is then typically applied before the
statistical analysis is done. More details on statistical modeling of functional
imaging data can be found elsewhere (Beckmann et al., 2005; Bullmore et al.,
2003; Fair et al., 2006; Flandin & Penny, 2007; Friston, 2005; Kiebel & Friston,
2004; Mitiche & Sekkati, 2006; Parker et al., 2006; Woolrich & Behrens, 2006;
Worsley 2001).

Functional Connectivity

Studies of neuroimaging are largely correlative; behavior or symptoms are
related to changes in brain activity within specialized regions (Tracey 2005).
The consequence is that causality is poorly understood. Functional connectiv-
ity, defined as the temporal correlation between spatially remote neurophysio-
logical events (Friston, 1994), is one approach to understand causality. The
principle of functional connectivity comes from the concept that function is
dependent on the flow of information between brain areas. Pain perception is a
complex experience depending on the flow and integration of information
between several brain regions and therefore lends itself to connectivity analyses
(Tracey 2005). Functional connectivity analyses may be data-driven, making no
assumptions about the underlying biology, or hypothesis-driven, based on
knowledge of connections between brain regions. One disadvantage of the latter
method is that a priori knowledge is required for modeling. Although connec-
tivity analysis indicates causality, it may not give the full answer.

Pharmacological fMRI

fMRI is making a significant contribution to our understanding of drug-effects
on brain systems (Wise & Tracey, 2006). When developing new therapeutic
drugs, pharmaceutical companies rely to a great deal on so-called biomarkers.
Biomarkers are measures of biologically relevant responses to the drug inter-
vention. By applying existing agents to neuroanatomically dissect brain func-
tion in the normal and pathological brain, an imaging assay of drug effects on
relevant brain function (biomarker) may be characterized. Although there are
no current published examples of fMRI applied to novel compounds, fMRI
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may eventually contribute substantially to decision-making in drug develop-
ment by demonstrating a proof-of-concept of drug action in a small human
cohort, reducing the costs of drug development (Wise & Tracey, 2006).

Imaging Pain

The Pain Matrix

There has been an inability to identify a ‘pain centre’ in the brain. This is probably
because pain is of multiple dimensions which include sensory-discriminative,
affective-motivational, and cognitive-evaluative components (Melzack &
Casey, 1968). The specific role of cerebral cortex in pain perception has been a
matter of debate for many decades. The notion that pain is perceived in the
thalamus can be traced back to the report byHead andHolmes, which was based
on careful clinical observations in patients (Head & Holmes, 1911). This belief
was further supported by the observations of Penfield and Boldrey, where
electrical stimulation of S1 cortex rarely, if ever, evoked pain sensation in con-
scious patients (Penfield & Boldrey, 1937). These observations had questioned
the participation of the cerebral cortex in human pain perception for many years.
However, other authors have also shown evidence that cortical wounds impaired
pain sensation and neurosurgical experience has emphasized the long-term
unpredictability of the results obtained following most ablative procedures of
cerebral structures (Sweet, 1982; White & Sweet, 1969). This failure to identify a
‘‘pain centre’’ in the brain is in accord with the results of current electrophy-
siological and functional imaging studies of pain (for review see Peyron et al.
(2000); Casey and Tran (2006); Apkarian et al. (2005) or Kakigi et al. (2004))
which demonstrate the involvement of widely distributed cortical areas in pain
perception.

Central processing of the sensory-discriminative component of pain has been
ascribed to the lateral nociceptive system, whereas the medial nociceptive
system processes the affective-emotional component of pain. In the lateral
system, the spinothalamic tract originating in the nociceptive areas of the spinal
dorsal horn projects to nuclei in the lateral thalamus, whereas the spinothalamic
tract of the medial system projects to nuclei in the medial thalamus. From the
thalamus, the thalamocortical pathways in turn project to the cortical areas,
with S1 and S2 belonging to the lateral system, and anterior cingulate cortex to
the medial system. The insular cortex forms a communication channel between
the sensory-discriminative function of the somatosensory cortex and limbic
cortical structures mediating the affective component of pain.

Given the present state of the science, we now know there are many cortical
areas involved in the sensory-discriminative, affective-emotional and cognitive-
motivational aspects of pain perception, and these cortical structures may have
partially overlapping functions. Therefore, the S1, S2, anterior insula (AI),
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posterior insula (PI), premotor cortex (PreMot) and inferior parietal cortex
(InfPar) all play a role in the sensory aspect of pain; and again AI, PS, PreMot
and InfPar contribute to the affective aspect of pain along with anterior
cingulate cortex (ACC), posterior cingulate cortex (PCC), orbitofrontal cortex
(OFC), medial prefrontal cortex (MedPFC), hippocampus and entorhinal cor-
tex (Hip/Ento). In turn, the OFC, MedPFC and Hip/Ento, along with the
dorsal lateral prefrontal cortex (DLPFC), are also involved in cognitive-moti-
vational aspect of pain.

Electrophysiological and functional imaging studies of pain reveal that the
most commonly reported areas in MEG studies are S1, S2 and ACC; and in
functional imaging studies the most commonly reported areas (PET and fMRI)
are S1, S2, ACC, insular cortex, and the thalamus (Apkarian et al., 2005). In this
section, we will present what specific functions these cortical areas subserve in
pain perception based on the different aspects of pain experience. Yet, many
lines of evidence suggest that sensory, affective and other dimensions of pain are
likely to be processed in parallel by different parts of the nociceptive system.

Sensory-Discriminative Aspect of Pain

The sensory-discriminative component of pain refers to the capacity to discri-
minate the spatial, temporal, intensity and quality domains of a painful stimu-
lus. In other words, this component accounts for our capacity to know ‘‘where
does it hurt?’’, ‘‘how long does it last?’’, and ‘‘how intense is it?’’.

Primary somatosensory cortex (S1). Electrophysiological studies in humans
with noxious laser or brief mechanical stimulation revealed that the earliest
nociceptive information, the pain-related MEG and EEG evoked signals,
arrives nearly simultaneously in the S1 and S2 (Arendt-Nielsen et al., 1999;
Kakigi et al., 1995; Kanda et al., 2000; Schnitzler & Ploner, 2000). A recent
MEG study with laser-evoked selective stimulation of C-fibers also found
nearly simultaneously responses within approximately 750 ms in both S1 and
S2 cortices (Tran et al., 2002). In the S1, electrophysiological studies show that
the primary activities following painful electrical and ascorbic acid stimulation
of finger and leg are in hand and foot areas, respectively (Kitamura et al., 1995;
Kitamura et al., 1997; Porro et al., 1998). Moreover, using painful CO2 stimula-
tion of the nasal membrane, Huttunen and colleagues revealed a cortical
response near the lateral end of the central sulcus, which is close to the face
area in the S1 (Huttunen et al., 1986).

Early functional imaging studies inconsistently showed S1 activation follow-
ing painful stimuli. In ameta-analysis, Peyron and colleagues suggested that the
discrepancy was probably due to the stimulated size, and that the spatial
summation was more critical than temporal summation to elicit S1 activity
(Peyron et al., 2000). In fact, S1 is one of the most common areas which shows
activity following pain stimuli in many functional imaging studies (Apkarian
et al., 2005). In accord with electrophysiological studies, a PET study using
intracutaneous injection of capsaicin also revealed different locations along the
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central sulcus for hand pain and foot pain (Andersson et al., 1997). These

findings support the role of S1 in spatial discrimination in pain perception.

To investigate the involvement of human cortical areas encoding temporal and

intensive aspects of pain, Porro and colleagues using subcutaneous ascorbic

acid induced pain have demonstrated that S1 responses were specifically related

to pain intensity and duration in an fMRI study (Porro et al., 1998). This result

is also consistent with more recent studies that used the stimulus-response

function to define the brain regions responsible for intensity encoding (Alkire,

White, Hsieh, & Haier, 2004; Bornhövd et al., 2002; Büchel et al., 2002; Kong

et al., 2006). Evidence from other functional imaging studies also supports the

concept that the S1 cortex participates in the sensory-discriminative aspect of

pain (Bushnell et al., 1999; Chen et al., 2002; Coghill et al., 1999; Duncan &

Albanese, 2003; Peyron et al., 1999), although cognitive variables may further

modify the intensity of the response significantly (see below).
The weight of evidence from a variety of sources favors the view that S1

cortex is specialized to engage in the earliest processes mediating the discrimi-

native aspects of pain sensation. Clinical observations also suggest that this

cortical area is essential for nociceptive discriminative functions, but is less

essential for mediating or modulating the affective or cognitive aspects of

chronically painful conditions (Casey & Tran, 2006; Ploner et al., 1999).
Secondary somatosensory cortex (S2). The MEG is considered a highly

sensitive technique to detect S2 activity due to its tangential and superficial

current dipole. Consequently, almost allMEG studies report S2 activity follow-

ing pain stimuli. The simultaneous activation of S1 and S2 indicates parallel

thalamocortical processing of pain signals (Ploner et al., 1999; Tran et al.,

2002). Furthermore, it is found that the duration of neuronal activity in S2 is

significantly longer than in the S1 cortex (Inui et al., 2002; Kanda et al., 2000;

Ploner et al., 2002).
The S2 cortex is also one of the most consistently activated structures in PET

and fMRI studies (Burton et al., 1993; Casey, 1999; Davis, 2000; Derbyshire,

2003; Peyron et al., 2000). For review see also Apkarian et al. (2005). An fMRI

study that applied electrical stimulation on different fingers demonstrated that

there was a coarse somatotopic organization within the S2 cortex (Ruben et al.,

2001). Another fMRI study also provided evidence that both S1 and S2 encode

spatial information of nociceptive stimuli without additional information from

the tactile system (Bingel et al., 2004). In contrast, other functional imaging

studies provided evidence against the role of the S2 in spatial-discriminative

aspects of pain perception (Ferretti et al., 2004; Timmermann et al., 2001; Xu

et al., 1997). However, S2 activation is well correlated with pain intensity as

shown in a fMRI study (Coghill et al., 1999).
In brief, many lines of evidence support the view that S2 is probably not

critical for spatial discrimination. Instead, the early S2 activation appears to be

intensity-dependent, and therefore, involved in the early identification of nox-

ious nature and attention toward more painful stimuli.
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Functional imaging studies also reveal many other cortical areas, whose
activities are related to some domains of the sensory-discriminative component
of pain, e.g. intensity and duration (Coghill et al., 1999; Craig et al., 2000; Peyron
et al., 1999; Porro et al., 1998). Those cortical areas include anterior insula and
ACC, which are essential to the cortical network mediating some early aspects of
pain perception including anticipation and attention rather than the sensory-
discriminative aspect of pain (Davis et al., 1997; Ploghaus et al., 1999); and the
premotor and medial prefrontal cortices, which are more likely to be involved in
developing a motor response to stimulus and the emotional impact and evalua-
tive aspects of pain perception (Wager et al., 2003).

Affective-Motivational Aspect of Pain

The affective-motivational component is an essential part of pain sensation,
because pain always has some hedonic aspects. The affective-motivational aspect
imparts aversive qualities and emotional reactions to noxious stimuli (‘‘I don’t
like it’’), and the cognitive-motivational aspect represent the evaluation of pain in
terms of past experience, enviromental context, expectation and its significance
for daily life (e.g. ‘‘What will this do to me?’’) (Melzack & Casey, 1968).

Anterior cingulate cortex (ACC). Electrophysiological studies in humans
revealed that the earliest nociceptive information, the pain-related MEG and
EEG evoked signals, arrives nearly simultaneously not only in the S1 and S2, but
also in the AI and ACC (Arendt-Nielsen et al., 1999; Kakigi et al., 1995; Kanda
et al., 2000; Ploner et al., 1999; Schnitzler & Ploner 2000), indicating that
spatiotemporal and intensity analysis begins in parallel with the processing of
affective-related information (Ploner et al., 2002; Schnitzler & Ploner 2000).

Functional imaging studies show that either the rostral or mid-anterior or
both sectors of ACC are activated consistently during pain (Bushnell et al.,
1999; Casey 1999; Derbyshire, 2000; Derbyshire 2003). In a beautiful experi-
ment designed to differentiate cortical areas involved in pain affect, Rainville
and colleagues used hypnotic suggestions to alter selectively the unpleasantness
of noxious stimuli, without changing the perceived intensity. This PET study
revealed significant changes in pain-evoked activity within ACC, consistent
with the encoding of perceived unpleasantness, whereas S1 cortex activation
was unchanged. These findings provide direct experimental evidence in humans
linking the ACC activity with pain affect and a less likely role of the S1 in
mediating the affective components of pain (Rainville et al., 1997). There is
evidence in pain imaging studies that the ACC is also involved in attention-
demanding cognitive tasks (Davis et al., 1997; Peyron et al., 1999). Another
PET study showed that the most rostral sector of the ACC is active only during
the early phase of repetitive heat stimulation and the activation of the more
caudal part of the ACC appears during the later phase (Casey et al., 2001). This
result is in accord with the observation that themost rostral sector of the ACC is
associated with the anticipation of pain (Ploghaus et al., 1999). Sawamoto and
colleagues further showed that the uncertain expectation of painful stimulus
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enhanced ACC responses to non-painful stimulus (Sawamoto et al., 2000).

Interestingly, a recent fMRI study reported anterior insula and ACC activation

when female subjects experienced pain and when they witnessed a loved one

experiencing pain (Singer et al., 2004). Furthermore, the areas activated by

empathy with another’s pain closely matched areas activated by cognitive

evaluation (Kong et al., 2006).
Taken together, the results suggest that the ACC is activated very early in the

course of nociceptive processing. The early parallel processing of affective and

sensory information is consistent with the concept that noxious stimuli have an

intrinsic, primary unpleasantness (Fields, 1999; Melzack & Casey 1968; Price,

2000). In brief, the ACC participates in the affective and cognitive aspects of

pain perception.
Insular cortex. The insular cortex, which gives rise to a radial current dipole,

is not sensitive to MEG recording, but is more sensitive to other functional

imaging techniques that measure haemodynamic changes.
Many functional imaging studies show pain-related activity in the anterior

insula (AI) (Casey et al., 1996; Coghill et al., 1994; Davis et al., 1998; Hsieh

et al., 1994; Svensson et al., 1997). Moreover, a PET imaging study shows that

the AI is active during the early phase of a series of repetitive noxious heat

stimuli, but not after the stimulation continues for 45 s (Casey et al., 2001).

This is consistent with the findings that the AI was activated specifically

during the anticipation of experimentally induced pain rather than during

the experience of pain itself (Ploghaus et al., 1999). There is also evidence that

activity in AI cortex is increased not only during anticipation of pain but also

correlated with perceived pain intensity (Peyron et al., 1999; Porro et al.,

2002). A recent fMRI study showed that AI specifically responded to stimulus

novelty (Downar et al., 2002). The AI is activated when female subjects

experienced pain and when they witnessed a loved one experiencing pain

(Singer et al., 2004), and it is also activated by cognitive evaluation (Kong

et al., 2006). These results suggest that the AI is an essential component of the

cortical network mediating some early aspects of pain perception including

the anticipation and cognitive evaluation of pain.
The mid-posterior insula is among the most regularly responsive regions

found among a variety of functional imaging studies (Casey 1999; Craig et al.,

2000; Peyron et al., 2002, 2000). Derbyshire (2003) has reviewed evidence show-

ing that visceral distention activates both the AI and PI cortices. However, the

most posterior insular activation is observed during esophageal stimulation and

the most anterior activation during rectal stimulation. These findings may imply

a functional anatomical distinction between the two areas of insular cortex.
There is very little evidence which indicates that the insular activity related to

attention (Peyron et al., 2000). Although no pain studies have directly investi-

gated the correlation of insular activity and the affective and emotional com-

ponent of pain, there is evidence of insular involvement with emotional tasks

with negative affective component such as stimulation with fearful faces,
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emotional voices or aversive conditions (Buchel et al., 1999; Morris et al., 1998;
Phillips et al., 1997).

The anatomical connectivity, functional imaging results and clinical obser-
vations (see below) note that the insular cortex forms a communication channel
between the discriminative functions of the somatosensory cortex and limbic
cortical structures mediating the affective components of pain. Activity in the
mid-and posterior insula follows that in the S1, S2, and AI cortices and is
associated with a clear recognition of the intensity of the noxious stimulus, its
affective quality, and its biological significance (Casey & Tran 2006).

In summary, many lines of evidence in pain studies demonstrate the involve-
ment of widely distributed cortical structures in pain perception. These cortical
areas may have partially overlapping functions. There are cortical areas med-
iating early identification of the spatial localization, intensity, and affective
quality of noxious stimuli. These cortical activities may occur at preconscious
levels or at the earliest stages of conscious experience. As the nociceptive
identification process is sustained, even for a brief period, there are cortical
areas that participate in the conscious awareness of the noxious event, leading
to the subsequent allocation of attentional resources and the recognition of
stimulus identity for further analysis and immediate response. Following this
recognition and immediate reaction, other cortical structures mediate a more
prolonged and detailed analysis of the physical nature of the stimulus for the
evaluation and sustained behavior (for detail see Casey and Tran (2006)).

Pain Modulation

The transmission of nociceptive signals is continuously modulated by networks
in the central nervous system (CNS). Modulation depends on a host of vari-
ables; other somatic stimuli, social, environmental and psychological factors
such as arousal, attention and expectation (Fields et al., 2005; Osborne et al.,
2007). These variables may contribute to development and maintenance of
chronic pain states. Development of low back pain disability, for example,
depends on psychosocial factors (Gatchel et al., 1995) and pain catastrophizing
(responses to pain that characterize it as being awful, horrible and unbearable)
is increasingly recognized as an extremely important contributor to the experi-
ence of pain in fibromyalgia patients (Gracely et al., 2004). Cognitive evalua-
tion of pain states depends on prior experience and involves memory (Gedney
et al., 2003; Petrovic et al., 2005; Ploghaus et al., 2003).

A challenge when studying brain regions involved in pain modulation is that
little is known about which regions are involved in which components of the
pain experience (Wager, 2005). Many of these same gross anatomical regions
are activated by nonpainful cognitive and emotional demands, making it
unclear whether activations represent pain-specific processes or the attentional
and behavioral responses elicited by pain. The areas involving cognitive
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evaluation of pain does not even require somatic input to be activated, as
empathy with another’s pain, and expectation of pain, closely match areas
activated by cognitive evaluation of pain (Koyama et al., 2005; Singer et al.,
2004).

Below we will provide some examples of how functional imaging has con-
tributed to understanding how psychological factors such as attention, expecta-
tion and emotion modulate pain.

Impact of Attention and Distraction

For pain of weak to moderate intensity distraction is probably one of the more
frequently used self-treatments. When a child cries after a minor injury, parents
use distraction as the most natural treatment. Distraction is a cognitive coping
strategy and distraction from a painful event is usually reported to decrease the
level of reported pain intensity and unpleasantness, compared with attention to
the stimulus (Bushnell et al., 1999; Dowman, 2001; Eccleston, 1995). Distrac-
tion-studies are, however, not always easy to interpret given a paradox inherent
in studies of divided attention: one cannot simultaneously attend to pain in
order to give a rating while being distracted (Roelofs et al., 2003).

Neural correlates of reported pain reduction during distraction have been
found in several structures in the pain matrix that encode both sensory and
affective information. Regions showing reduced activity during distraction
correspond to the pain matrix and include S1, S2, thalamus, insular cortex
and anterior cingulate cortex (area 24) (Bantick et al., 2002; Petrovic et al., 2000;
Peyron et al., 2000; Valet et al., 2004). Figure 2 is taken from Valet et al (2004)
and shows the cerebral processing of a 40-s heat pain stimulus without (A) and
with (B) distraction by the colour Stroop task. Without distraction noxious
stimulation evokes activation of the sensory-discriminative pain system (e.g.:
S1, S2, lateral thalamus, posterior insular cortex) and the affective-motivational
system (medial thalamus, ACC, anterior insular cortex). During distraction the
same noxious stimulation is no longer able to activate the former pain network.
There are MEG studies which attempt to identify brain regions involved in
attentional modulation of pain as well. A MEG study demonstrated cognitive
modulation on early pain processing in S2 cortex; S2 activity was enhanced by
attention (Nakamura et al., 2002).

In contrast to Valet et al (2004), who found elimination of almost all pain-
related activity during distraction, Seminowicz and Davis recently showed that
although activity in several pain-related regions was attenuated, all pain-related
areas (S1/M1, S2, paracentral lobule, SMA, caudal ACC, AI, and cerebellum)
were nonetheless significantly activated by painful stimuli during distraction
(Seminowicz & Davis, 2007). The authors explain their results by pointing to
the extremely important biological role of nociceptive pain, rendering it likely
that pain, and pain-related activity may not be entirely diminished by cognitive
disruption. A variance in experimental design may also contribute to explaining
the differences between the contrasting findings of Valet et al (2004) and
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Seminowicz and Davis (2007), namely that in the latter study the subjects were
not instructed to rate the pain intensity while in the scanner. Studies where
subjects know they will be required to provide ratings, such as that of Valet and
co-authors, should consider the role of beliefs and expectations, which are
known to contribute to pain and pain-related brain activity (Ploghaus et al.,
2003; Wager et al., 2004).

There are reports of a shift in the insular region activated by noxious stimuli
(from anterior to central insula) when the subject is distracted, supporting the
view that the insula consists of discrete functional/anatomic units whose activ-
ity depends on stimulus attention (Brooks et al., 2002).

The prefrontal, orbitofrontal and anterior cingulate cortex (area 32) show
increased activation during distraction (Bantick et al., 2002; Frankenstein
et al., 2001; Petrovic et al., 2000; Valet et al., 2004). This corresponds to
findings by several groups suggesting that the dorsoloateral prefrontal cor-
tex exerts active control on pain perception by modulating pathways within
the cortex, between cortex and subcortical structures (thalamus and mid-
brain), as shown by functional connectivity analyses (Lorenz et al., 2002;
Lorenz et al., 2003; Valet et al., 2004). According to Seminowicz and Davis
(2007), however, the bilateral dorsolateral prefrontal cortex was only acti-
vated at high cognitive demand, indicating that lower difficulty tasks can be
performed without reliance on this prefrontal area.

A key structure in the midbrain is the periaqueductal gray (PAG), which is
also considered to be a site for modulation of higher cortical pain activity
(Tracey et al., 2002). PAG has connections to several key brain areas involved
in pain processing, such as the ACC, amygdala, thalamus, hypothalamus and
prefrontal cortices (Hadjipavlou et al., 2006). Caudally the PAG is closely
interconnected with the rostroventral medulla (RVM) and the PAG/RVM
system is thus considered the final common pathway of facilitatory and inhibi-
tory influences from the brain on spinal excitability (Porreca et al., 2002; Suzuki
et al., 2004; Urban & Gebhart, 1999). Some studies report increased PAG
activity during distraction when compared to a control task (Tracey et al.,
2002; Valet et al., 2004). In one study the increase in PAG activity was corre-
lated with changes in perceived intensity (Tracey et al., 2002), which seem to
correspond with what happens during anticipation of pain relief before a
placebo treatment (Bingel et al., 2006; Wager et al., 2004). Taken together
these studies provide evidence supporting the notion that PAG controls des-
cending pain modulation. PAG activity has also been reported to decrease
during distraction (Petrovic et al., 2000), which could reflect inhibition of
noxious input at the spinal level since the structure receives nociceptive input
directly through spinal pathways (Blomqvist & Craig, 1991).

Most of the functional imaging studies described above used tonic heat pain
stimuli that activate both A� nociceptive afferents and C nociceptive afferents.
Using MEG, Qiu and colleagues have shown that distraction reduce the ampli-
tude of C-fiber evoked MEG responses in S1, S2 and the cingulate gyrus (Qiu
et al., 2004). This implies that distraction is able to affect processing of
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nociceptive information rather early in the signal pathway. Also, C fibers are
considered particularly important in several chronic pain conditions including
musculoskeletal pain and neuropathic pain (Djouhri et al., 2006). Although
distraction seems to influence experimental pain at a statistically significant
level, the clinical significance of distraction in inhibiting pain is not evident. The
general clinical consensus is that pain must be reduced by at least 30% for it to
be meaningful to patients (Farrar et al., 2003; Farrar et al., 2001; Salaffi et al.,
2004). The majority of experimental studies report reductions in the order of
5% (Todd, 1996; Turk, 2000). One clinical example of distraction is the use of
virtual reality during burn wound dressing changes. Compared to a control
situation, virtual reality produced a decline in subjective pain ratings, accom-
panied by large decreases in pain-related brain activity in ACC, S1, S2, insula
and thalamus (Hoffman et al., 2006).

The tendency to ‘‘catastrophize’’ during painful stimulation contributes to
more intense pain experience and increased emotional distress (Sullivan et al.,
2001). Several theoretical models have tried to explain pain catastrophizing, one
being the attention model that describes a difficulty in disengaging from pain
(Van Damme et al., 2004). The attention model is supported by neuroimaging
data in subjects with chronic fibromyalgia pain, showed a correlation between
catastrophizing scores and activity in the dorsolateral prefrontal cortex, rostral
anterior cingulate cortex, and medial prefrontal cortex (Gracely et al., 2004).
Also in healthy individuals, catastrophizing affects brain activity involved in
pain perception. Individuals with higher catastrophizing scores seemed to
engage more a cortical network implicated in affective, attention, and motor
responses (Seminowicz & Davis, 2006). During intense pain, however, these
individuals showed little engagement in cortical areas implicated in top-down
modulation of pain, indicating a lack of pain control in people considered to be
catastrophizers (Seminowicz & Davis 2006). Catastrophizing can be treated
through manipulations designed to change the threat value of the stimulus, or
attention to the stimulus. The findings also suggest that behavioral interven-
tions designed to alter attention to or the perceived threat of clinical pain may
be beneficial among persons with pain who catastrophize about their condition
(Gracely et al., 2004).

Taken together, functional imaging studies of distraction from pain seem to
modulate activity in areas involved in both sensory-discriminative and affec-
tive-motivational pain processing. The degree of modulation seems to originate
in prefrontal areas, and possibly activate PAG, which in turn controls descend-
ing inhibition of nociceptive signals. As such, the effect of distraction depends
on cognitive complexity, timing of subjective pain rating, as well as, on emo-
tional components such as catastrophic thinking.

Impact of Expectation and Emotion

Expectation plays a significant role in modulation of pain and predicts recovery
after painful episodes. In placebo analgesia, expectation is considered a key
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element along with conditioning (Amanzio & Benedetti, 1999; Benedetti, F,
Pollo A. this volume). In situations of fear or anxiety expectation interacts with
emotion to influence the pain experience (Gedney & Logan, 2007; Rhudy &
Meagher, 2000). Fear and anxiety has been conceptualized into ‘certain expec-
tations’ and ‘uncertain expectations’, respectively, which seem to be mediated
by different neural pathways (Ploghaus et al., 2003).

The present section gives an overview of neural networks of pain modulation
in the cognitive and emotional context by presenting selected studies of how
pain and neural correlates of pain is modulated by expectation, emotion and
hypnosis.

Expectation. Expectation is defined as ‘‘a strong belief that something will
happen or be the case’’ (Expectation, 2006). That expectation of reduced pain
leads to lower subjective pain ratings has been shown in numerous reports (e.g.
Benedetti et al. (1999); Dannecker et al. (2003); Hirsch and Liebert (1998)).Yet,
some researchers question the existence of expectation-induced analgesia, such
as placebo-analgesia. The arguments presented are that the placebo response
results from effects such as spontaneous recovery or a social contract between
therapist and patient (Hrobjartsson &Gotzsche, 2001). Several epidemiological
studies, however, show quite clearly that expectation has health effects, e.g. by
predicting work-disability after episodes of back pain (Heymans et al., 2006;
Turner et al., 2006), supporting the view that expectation may contribute
significantly in the clinical setting.

The placebo-model has in recent years been used extensively to study expec-
tation. Functional imaging studies have found correlations between brain
regions activated during anticipation and brain regions encoding pain intensity,
suggesting that expectation-induced pain-reduction is much more than report-
ing bias (Koyama et al., 2005; Petrovic et al., 2002; Wager et al., 2004). During
expectation-induced analgesia the subject is led to anticipate reduced pain given
a certain context. The context can be a pain-killer (such as a pill) administered
by a health care provider, as is usually the case in placebo studies. Alternatively
a Pavlovian conditioning task can be used, where a conditioning stimulus (such
as a symbol) precedes an unconditioned stimulus (such as a painful stimulus).
By repeated pairings of different symbols and different stimulus intensities,
learning is induced. Conditioning in this regard is mediated through expectancy
(Benedetti et al., 2003; Montgomery & Kirsch, 1997) and the subject learns to
expect a certain stimulus intensity when he/she sees a certain symbol.

If some of the somatic stimuli are falsely signaled, e.g. a painful stimulus
follows a symbol signaling a non-painful stimulus; it is possible to study the
effect of expectancy on the experience of pain. This paradigm was recently used
by Koyama and colleagues (Koyama et al., 2005). Their objective was to
identify whether brain regions activated during expectation interacted with
brain regions encoding pain intensity, thus identifying brain regions encoding
the subjective experience of reduced pain intensity. They found significant
overlap between regions activated during a 508C heat stimulus and during
expectation of the same stimulus in insula, ACC and supplementary motor
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area. Rostral ACC portions tended to have greater expectation-related activa-
tion, and caudal portions tended to have greater pain-intensity-related activa-
tion. When subjects expected a 488C stimulus, but received a 508C stimulus, no
detectable activation was found in ACC and S1 (Fig. 3, middle row), when
compared to a correctly signaled 508C stimulus (Fig. 3, upper row). The degree
of activation in the insula, dorsolateral prefrontal cortex, S2 and other areas
were also significantly reduced. In fact, after decreased expectations of pain the
pain-intensity-related activation closely resembled that evoked by correctly
signaled 488C stimuli (Fig. 3, bottom row).

Taken together, ACC, S1 and S2 likely represent critical pathways for the
integration of expectation-related information with afferent sensory informa-
tion (Koyama et al., 2005). Connections exist between ACC/insula and S1/S2,
thus, all of these cortical areas receiving afferent nociceptive information can be
modulated by expectation-induced information. There is emerging, although
still incomplete evidence that at least part of the expectancy effect is mediated
by descending pain modulatory circuits (Matre et al., 2006; Wager et al., 2006).

Emotion. Emotion may be defined as a physiological state in which an
intense affective experience is accompanied by physiological reactions to the
inciting event (eg: laughter, crying, preparations to attack or flee, etc.). Emo-
tions such as fear and anxiety have divergent effects on human pain thresholds;

Fig. 3 Expectations for decreased pain significantly reduce pain-related brain activation
during 508C stimulation. Image right is brain left. (From Koyama et al., 2005; Copyright
(2005) National Academy of Sciences, U.S.A)
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whereas fear leads to reduced pain sensitivity, anxiety has been shown to
increase pain sensitivity (Rhudy & Meagher 2000). In the clinical setting,
anxiety levels have been reported to predict pain severity and behavior in
acute and chronic pain patients (Kain et al., 2000; van den Hout et al., 2001).
Yet the relationship between pain and anxiety is not always positive or unidir-
ectional. For instance, anxiety that is irrelevant to the source of pain does not
seem to increase pain (al Absi & Rokke, 1991).

In a conditioning study, similar toKoyama et al (2005) (see above), Ploghaus
and colleagues induced expectations of high and low anxiety in a group of
subjects receiving high and low intensity thermal stimulation (Ploghaus et al.,
2001). High anxiety was induced by giving the subjects intermittent stimuli of
high intensity when they received a signal for low-intensity stimulation. Low
anxiety was induced by correctly signaling a low-intensity stimulus. During
high anxiety, the low-intensity stimulus was perceived as significantly more
intense than during low anxiety. Event-related fMRI analysis comparing the
high and low anxiety conditions revealed activation in the left entorhinal cortex,
which is consistent with observations of left-lateralized processing of explicit
aversive conditioning in the medial temporal lobes (Ploghaus et al., 2001). A
correlation analysis suggested that the entorhinal cortex correlated significantly
with time courses in the perigenual cingulate cortex and in themid-insula, which
is consistent with direct projections between these regions (Ploghaus et al.,
2001). The perigenual cingulate cortex, involved in affective processing (Bush
et al., 2000), is activated by aversive conditioned stimuli (Buchel et al., 1999)
and during symptom provocation in patients with anxiety disorders (Rauch
et al., 1995). Ploghaus and co-workers (2001) further suggest that the entorhinal
cortex mediated anxiety-induced hyperalgesia by influencing intensity coding in
the mid-insula, an area which mediates thermosensitivity (Craig et al., 2000).

The data presented above provides a neural mechanism which can, in part,
explain the positive impact of optimism in chronic disease states (Drossman
et al., 1988). That multiple brain regions are affected by expectation is likely,
given the highly distributed and parallel nature of pain processing. For instance,
during anxiety, the entorhinal cortex seems to play a vital role. A better under-
standing of the neural processes underlying different forms of expectation is of
great interest from a basic science perspective, as it can potentially assist in the
development of novel therapeutic strategies (Ploghaus et al., 2003), as well as,
potentially modulate the clinical context where care is provided (Benedetti
et al., 2007; Colloca & Benedetti, 2006).

Hypnosis. Hypnosis has three main components: absorption, dissociation
and suggestibility (Spiegel, 1991). Absorption is the tendency to become fully
involved in an experience. Dissociation is the mental separation of components
of behavior that would ordinarily be processed together. Suggestibility leads to
an enhanced tendency to comply with hypnotic instructions.

Studies using hypnotic analgesia have contributed to improved understand-
ing of cerebral processing of the sensory and affective components of pain.
By giving hypnotic suggestions to reduce pain unpleasantness (affective
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component of pain) there is a correlation in ACC activity (area 24) accompa-
nied by reduced pain unpleasantness ratings while pain intensity ratings is
unchanged (Rainville et al., 1997). This study was the first to provide direct
evidence of a specific encoding for pain unpleasantness in the ACC. In another
study by the same group, suggestions were given to reduce pain intensity
(Hofbauer et al., 2001). This time pain intensity ratings were accompanied by
changes in S1 activity without changing ACC activity.

Faymonville and colleagues, using hypnosis and PET, confirmed the role of
ACC (area 24) in encoding pain affect and showed that it also plays a role in
encoding pain intensity (Faymonville et al., 2000). This has later been con-
firmed (Büchel et al., 2002). A subsequent study, by the same authors, used a
functional connectivity approach to demonstrate that area 24modulates a large
cortical and subcortical network. Compared to normal alertness (rest and
mental imagery), the hypnotic state enhanced the functional modulation
between midcingulate cortex (area 24) and bilateral insula, pregenual anterior
cingulate cortex, pre-supplementary motor area, right prefrontal cortex and
striatum, thalamus and brainstem (Faymonville et al., 2003), see Fig. 4. Two
recent connectivity analyses also confirms that the rostral ACC is capable of
activating caudal regions involved in nociceptive modulation, such as PAG and
nucleus cuneiformis (Bingel et al., 2006; Wager, Scott, & Zubieta, 2007).

Fig. 4 Regions that showed an increased functional connectivity with midcingulate cortex in
hypnosis relative to normal alertness rest andmental imagery. 1,2: Insula, 3: pregenual cortex,
4: Pre-supplementary motor area, 5: superior frontal gyrus, 6: Thalamus, 7: Caudate nucleus,
8: Midbrain/brainstem. (From Faymonville et al., 2003; reprinted with permission)
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Taken together, the anterior cingulate cortex is confirmed as a region that
orchestrates caudal cortical and subcortical networks crucial for learning and
descending inhibition.

Effects of opiates. The opioid system is a vital antinociceptive system and is
activated endogenously during painful stimulation (Sprenger et al., 2006;
Zubieta et al., 2001), during placebo analgesia (Petrovic et al., 2002; Zubieta
et al., 2005), and during the exogenous administration of opioid compounds
(Casey et al., 2000; Wagner et al., 2007). An example of the latter is the study by
Casey and colleagues where they report reduced rCBF in most brain regions
responsive to pain during a cold stimulation with and without fentanyl (a mu-
opioid agonist) (Casey et al., 2000). This confirms an inhibitory effect of
fentanyl on pain-induced neuronal activity. Casey et al. (2000) also showed
that fentanyl activates the rostral ACC, known for its involvement in pain
inhibition. A similar approach was used by Petrovic and colleagues using heat
pain, remifentanil and placebo (Petrovic et al., 2002). They revealed overlaps in
terms of rCBF increases in dorsal ACC during active the drug and placebo,
suggesting that this brain region may be involved in placebo effects.

With ligand PET techniques, it is possible to investigate the opioid system in
vivo. Using sustained muscle pain combined with the mu-opioid radiotracer
11C-carfentanil, Zubieta et al (2001) determined the availability of mu-opioid
receptors. Reduced availability, reflecting an activation of this system, was
observed in ACC, prefrontal cortex, insular cortex, thalamus, amygdala and
PAG. Subjectively assessed pain affect is associated with activity in an area
within ACC, an area that has previously been associated with pain affect
(Rainville et al., 1997). Supporting the role of ACC in pain modulation are
findings by Sprenger and colleagues. Using heat pain and the radiotracer 18F-
fluorodiprenorphine they demonstrated reduced receptor binding in limbic and
paralimbic brain areas including the rostral ACC and insula, indicating that
these regions are activate in pain modulation during a painful stimulus (Spren-
ger et al., 2006). Considering the complex functions of the insula, opioids may
alter pain perception directly at the insular level, or by insular influences on the
descending inhibitory system (i.e. PAG/RVM) (Sprenger et al., 2006).

An understanding of the opioid receptor system is likely to be improved by
the use of receptor binding studies in the coming years, by probing into the
neurochemical changes in response to acute and chronic pain conditions.

Pain Imaging in Patients

The number of functional imaging studies in patients with long-lasting pain is
scarce compared with the number of experimental acute-pain studies. Part of
the explanation may be that patient populations vary largely in terms of pain
history, pain distribution, cause of pain and psychological factors; posing a
challenge when designing studies. The present section provides a few examples
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on how functional imaging has proved useful in understanding clinical pain
states. For a more extensive review of brain imaging of clinical states, the reader
is referred to a recently published a review by Kupers and Kehlet (2006).

One area in clinical pain research that has been studied is neuropathic pain.
Neuropathic pain is when trauma or disease affecting peripheral nerves result in
development of chronic pain (Devor, 2005). Spontaneous pain and hypersensitiv-
ity are usually present and there is a general consensus today that both peripheral
and central nervous system processes play a role (Devor 2005). Functional brain
imaging has been used in a number of studies to reveal abnormal nociceptive brain
processing in patients with neuropathic pain (Casey et al., 2003; Petrovic et al.,
1999; Peyron et al., 1998; Peyron et al., 2004; Schweinhardt et al., 2006).

Insights into the pathophysiology of painful sensory disorders was provided
by Lorenz and colleagues using fMRI (Lorenz et al., 2002, 2003). In an experi-
mental model of heat allodynia (hypersensitivity to heat), topical capsaicin (the
pungent ingredient in chili pepper) was used to increase the sensitivity to contact
heat such that a normally warm stimulus (approx. 438C) became as intense as
noxious heat (approx. 478C). Comparing rCBF during equally perceived inten-
sity, the authors revealed that the forebrain activity during heat allodynia is
different from that during normal heat pain. This show that heat allodynia, and
possibly inflammatory pain, cannot be regarded as simply an enhanced normal
pain response. These data, and other data from studies on patients with mono-
neuropathy, suggests that the brain employs different central mechanisms for
chronic neuropathic pain and experimentally induced acute pain, respectively
(Casey et al., 2003; Hsieh et al., 1995; Petrovic et al., 1999). During experimental
heat allodynia, for instance, the dorsolateral prefrontal cortex seems to attenu-
ate the affective component of the pain experience by reducing the functional
connectivity of subcortical pathways (Lorenz et al., 2003).

A stroke involving the lower brainstem or thalamus is sometimes accompa-
nied by a neuropathic pain called ‘central poststroke pain’ (CPSP) (Leijon et al.,
1989). Treatment of CPSP is challenging, because the exact role of the lesion
within the pain processing systems is not fully understood (Seghier et al.,
2005b). In a case study of a CPSP-patient, Seghier and collegues combined
diffusion tensor imaging (DTI; imaging anatomical connections in the brain)
and fMRI and were able to show a residual hemorrhagic cavity within the right
VPL nucleus and the posterior arm of the internal capsule, as well as a selective
loss of the lateral thalamoparietal fibers (Seghier et al., 2005a). This indicates
how functional neuroimaging is not only valuable in understanding basic
neuroscientific mechanisms, but can also become a useful diagnostic aid for
individual patients (Peyron et al., 1998; Willoch et al., 2004).

MEG studies have advanced our understanding of phantom-limb pain, another
neuropathic pain syndrome (Flor et al., 2006). Studies demonstrated that the
magnitude of phantom-limb pain is strongly correlated to the amount of S1
cortical reorganization (Flor et al., 1995), and that the extent of cortical reorgani-
zation contralateral to the amputation is an indicator of a more widespread plastic
change in the brain involving bilateral pathways (Knecht et al., 1995). In addition,
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the cortical reorganization is not a stationary change but rather an extensive,
inaccurate and highly fluctuating reorganized network (Knecht et al., 1998).

The approach of inducing experimental pain in patients is also used in non-
pain patients, such as those diagnosed with psychiatric disorders, in order to
provide evidence for altered pain processing. Using fMRI, Stoeter and colleagues
showed that patients with somatoform pain disorders showed increased activa-
tions, in response to pinprick pain, in the known pain-processing areas (Stoeter
et al., 2007). The authors interpreted this as support for exaggerated memory
and/or anticipation of pain exposure. A functional imaging study of patients
with borderline personality disorder (BPD), who have reduced pain sensitiv-
ity, show that the dorsolateral prefrontal cortex modulate pain circuits by
deactivation of the anterior cingulate and amygdala (Schmahl et al., 2006).
People with Alzheimer’s disease are administered fewer analgesics than cogni-
tively intact controls, which has prompted speculation about whether the neuro-
degeneration of Altzheimer’s impact central pain processing (Cole et al., 2006).
Results from this study by Cole and colleagues do suggest that pain perception
and pain processing are not diminished in Alzheimer’s disease, thereby raising
concerns about the current inadequate treatment of pain in this patient group
population.

In brief, few functional imaging studies have been devoted to the mechan-
isms associated with chronic pain. More effort to develop good clinical pain
models is necessary. In the future we will probably see studies using a multi-
disciplinary approach, that combine blood flow-based methods with genetic
analysis, receptor-binding techniques and techniques with high temporal reso-
lution (such as MEG) (Kupers & Kehlet, 2006).

Future Perspectives

Functional imaging studies of pain have changed substantially over the last
decade. Early imaging studies were used to identify those brain areas that are
involved in pain perception (brain activation studies). These studies revealed that
there is no ‘‘pain centre’’ but rather the involvement of widely distributed cortical
areas in pain perception. Many recent sophisticated and intelligent studies have
been designed to explore how different brain regions participate in pain proces-
sing. We now know that there are specific brain networks, which may overlap,
that participate in the sensory-discriminative, affective-emotional and cognitive-
motivational aspects of pain perception. The distributed cortical areas respond-
ing to pain stimuli, however, remain a challenge. It appeals to our curiosity to
discover the functional connectivity of the involved cortical areas in pain sen-
sation. For example, in a recent study, Lorenz and colleagues used principle
component analysis to explore the specific role of subregions of the frontal
cortex in pain perception (Lorenz et al., 2003). Furthermore, Wager and collea-
gues, in a receptor-binding PET study, revealed that placebo treatment increased
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functional connectivity among a number of limbic and prefrontal regions, sug-
gesting increased functional integration of opioid responses (Wager et al., 2007).

The combination of electrophysiological methods and hemodynamic based
methods provides an opportunity to understand the sequential activation of the
widely distributed cortical areas responding to pain. Recent simultaneous
recordings of laser-evoked EEG signals and fMRI responses is a move in this
direction (Christmann et al., 2007; Iannetti et al., 2005). The technical combi-
nation provides unique spatial and temporal information, a combination that is
going to blossom in the coming years.

Most pain imaging studies use acute experimental pain to understand normal
pain processing, that is influenced by psychological variables such as attention
and distraction, anticipation and anxiety. To explore how the brain is involved in
pathological pain states, there are attempts to use experimental pain that mimic a
clinical situation, such as the capsaicin model or burn injury model to mimic
cutaneous hyperalgesia. These approaches in healthy subjects pose limitations.
Few imaging studies have been devoted to investigations of clinical pain in
patients, and those few have yielded inconclusive results. This discrepancy can
be explained in part by the small sample sizes, the different pain pathologies of
recruited patients, and a lack of controls. In a recent review, Kupers and Kehlet
argue that post-operative pain is a highly appealing model since it opens perspec-
tives for prospective longitudinal studies with repeated assessments and it enables
control for many confounding factors, which hamper the interpretation of most
current studies (Kupers & Kehlet 2006). More efforts to develop good clinical
pain models are also necessary. Another approach to clinical pain is the use of
PET receptor-binding studies, which probe neurochemical changes in response to
an acute, or a chronic pain condition. Recently, the opioidergic and dopaminer-
gic neurotransmitter systems have also been investigated (Scott, Heitzeg,
Koeppe, Stohler, & Zubieta, 2006; Sprenger et al., 2006; Zubieta et al., 2005).

In summary, the challenge today in understanding pain goes far beyond the
mapping of activation. Hypothesis-driven studies and intelligently designed
models are necessary to discover how different regions participate in normal
and clinical pain processing. Other advanced non-invasive methods may also be
fully utilized in pain studies in the future. These include proton magnetic reso-
nance spectroscopy (H-MRS) tomeasure the concentrations or synthesis rates of
neurotransmitters such as glutamate, glycine, and GABA; diffusion tensor ima-
ging (DTI) that allows in-vivo study of anatomical connectivity in the human
brain; voxel-based morphometry (VBM) that measures differences in local con-
centrations of brain tissue through a voxel-wise comparison of multiple brain
images; pharmacological fMRI that measure the direct modulation of regional
brain activity by drugs that act within the central nervous system or the indirect
modulation of regional brain activity through pharmacologically modified affer-
ent input; and non-pharmacological imaging that measure the modulation effect
of psychological factors, such as placebo effect, on pain-related brain activity
(Kupers & Kehlet 2006). All will advance our understanding of the brain’s
perception of pain and contribute to the care of pain patients.
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Pain, Transportation Issues and Whiplash

Michele Sterling

The development of pain following a motor vehicle crash (MVC) is a common

occurrence. The most frequently reported and investigated pain condition

following such trauma is neck pain or whiplash associated disorders (WAD),

which are usually associated with rear-end collision. However, WAD can also be

caused by any event that results in the hyperextension and flexion of the cervical

spine (Malanga & Peter, 2005; Sizer, Poorbaugh, & Phelps, 2004). Following

such injuries the development of chronic musculoskeletal pain affects many and

this condition is also burdensome both in terms of the financial costs associated

with those who develop chronic symptoms and personal costs to these individuals

(Ferrari, Russell, Carroll, & Cassidy, 2005).
Some studies suggest that the development ofmore widespreadmusculoskeletal

pain (that is pain throughout numerous body areas) is also associated with MVC

trauma. Buskila, Neumann, Vaisberg, Alkalay, and Wolfe (1997) reported a

10-fold increased risk of developing fibromylagia ,a chronic pain disorder char-

acterized by widespread muscle tenderness and associated with disordered central

pain processing, in individuals with a MVC induced neck injury. McLean,

Williams, and Clauw (2005) argued that there is substantial evidence to support

a causal relationship betweenMVC trauma and the development of fibromyalgia.

However this relationship is the site of vigorous controversy given the obvious

medico-legal ramifications if such an association was accepted (Shir, Pereira, &

Fitzcharles, 2006).
A more recent large longitudinal study (Tishler, Levy, Maslakov, Bar-Chaim,

& Amit-Vazina, 2006) showed no association between whiplash injury, road

trauma and increased risk of fibromyalgia. Similarly Wynne-Jones, Macfarlane,

Silman, and Jones (2006) found that the rate of onset of widespread pain

following a MVC is not statistically significant. Most recently, Holm, Carroll,

Cassidy, Skillgate, and Ahlbom (2007) reported that whilst the incidence of
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widespread pain following whiplash injury may be low, people who report early
depressive symptoms and more severe neck symptoms are at increased risk of
developing widespread pain especially if there was early onset and widespread
pain after injury.

From these findings it would appear that the associations between the onset
of more widespread pain conditions, including fibromyalgia, following MVC
requires further investigation before firm conclusions can be made. For this
reason, this chapter will focus on whiplash associated disorders (WAD), a
condition that is more readily accepted to arise as a consequence of motor
vehicle trauma. The symptoms, possible injurymechanisms andmanifestations,
both physical and psychological of the condition will be outlined. There are
overlapping features betweenWAD and conditions with more widespread pain
and these will be described. Finally evidence based best practices for the assess-
ment and management of whiplash will be discussed, and future therapeutic
strategies explored.

The Whiplash Injury

The rather simplistic model of a flexion, hyperextension action of the head and
neck during a rear-end impact has been recently replaced by amore sophisticated
injury model as new evidence has emerged. Bioengineering studies where cada-
vers were subjected to simulated rear end crashes have demonstrated perturba-
tions in segmental movement including intersegmental hyperextension in the
lower cervical spine, S-curve formation and differential acceleration of the
upper cervical spine (Cusick, Pintar, & Yoganandan, 2001; Stemper,
Yoganandan, Rao, & Pintar, 2005). The cervical spine has been shown to assume
a S-shape shortly after impact where the lower segments extend as the upper
segments are still undergoing flexion (Sizer et al., 2004). Secondary thoracic spine
movement also occurs including superiorly directed acceleration and extension/
rotation of the upper thoracic spine which has been referred to as thoracic
ramping (Stemper et al., 2005). Axial and shear forces also occur which cause
intervertebral rotation and translation movements (Ivancic & Panjabi, 2006).

The determination of specific injured neck structures remains difficult and
most likely due to the insensitivity of current imaging technologies (Ronnen, de
Korte, & Brink, 1996; Steinberg, Ovadia, Nissan, Menahem, & Dekel, 2005).
This is not to say that such injuries do not occur.When evidence is taken together
from bioengineering studies identifying the potential for lesions to occur
(Yoganandan, Pintar, & Cusick, 2002); and cadaveric studies where clear lesions
are demonstrated in non-survivors of a MVC (Taylor & Taylor, 1996), there is
reasonable justification for the presence of pathoanatomical lesions in at least
some of the injured people (Bogduk, 2002). Damaged structures may include
zygapophyseal joints, intervertebral discs, synovial folds, vertebral bodies and
nerve tissue (including dorsal root ganglia, spinal cord or brainstem) (Uhrenholt,
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Grunnet-Nilsson,&Hartvigsen, 2002).Unfortunately for the injured person, this
(circumstantial) evidence in the majority of whiplash cases but without a clear
pathoanatomical diagnosis via an imaging modality, has been extrapolated to
assume that there is no objectivemeasurable tissue injury in this condition leading
to speculation of the injured person’s motives (Shir et al., 2006).

Clinical studies provide additional support for the findings of potential struc-
tural lesions from both bioengineering and cadaveric studies. Lord, Barnsley,
Wallis, and Bogduk (1996) linked zygapophyseal arthropathy with chronic
WAD by achieving substantial pain relief in some patients with persistent pain
following a whiplash injury using placebo-controlled zygapophyseal joint blocks.
The zygapophyseal joint may be vulnerable due to the orientation of the articular
surfaces that allow movement coupling and compressive forces during the
trauma (Sizer et al., 2004). In addition, gender differences have also been
observed where females may be more at risk of zygapophyseal joint damage
due to decreased cartilage thickness on the articular surfaces (Yoganandan,
Knowles, Maiman, & Pintar, 2003). This may be one possible explanation for
the higher number of females who present with persistent whiplash symptoms.

Findings from clinical studies also implicate injury to peripheral nerve tissue.
Clinical tests designed to provoke upper quadrant peripheral nerve structures
have demonstrated the presence of apparently mechanosensitive nerve tissue
(Ide, Ide, Yamaga, & Takagi, 2001; Sterling, Treleaven, & Jull, 2002) and
mechanically hyperalgesic nerve trunks have been shown to be a feature of
chronic whiplash (Greening, Dilley, & Lynn, 2005; Sterling et al., 2002). Studies
utilising quantitative electromyography have also demonstrated abnormalities
suggestive of neural injury; particularly involving the lower cervical segments
(Chu, Eun, & Schwartz, 2005; Steinberg et al., 2005). Magnetic resonance
imaging (MRI) and functional MRI (fMRI) have also shown lesions of the
cranio-cervical regions in participants with chronic whiplash (Johansson, 2006;
Kaale, Krakenes, Albrektsen, & Webster, 2005; Krakenes et al., 2002, 2003).
A drawback of this MRI work is that all of the studies have involved patients
with chronic WAD, a substantial time after the initial injury (approximately
2–9 years post-injury). Moreover, this selected study group of chronic whiplash
injured people also fails to take the acutely injured patient into account and thus
may considerably overestimate the actual incidence of these changes. Never-
theless, these studies demonstrate that at least in some individuals with chronic
whiplash, the possibility of cranio-vertebral injures should also be considered.

Symptoms

Symptoms following whiplash injury can be quite diverse in nature. The predo-
minant symptom is neck pain that typically occurs in the posterior region of the
neck but can also radiate to the head, shoulder and arm, thoracic, interscapular
and lumbar regions (Barnsley, Lord, & Bogduk, 1998). Additional common
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symptoms include headache, dizziness/loss of balance, visual disturbances, para-
esthesia, anaesthesia, weakness and cognitive disturbances such as concentration
and memory difficulties (Barnsley et al., 1998; Radanov & Sturzenegger, 1996;
Treleaven, Jull, & Sterling, 2003). The onset of symptoms may occur immediately
or, in many patients the expression of symptoms may be delayed for up to 12 to
15 hours (Provinciali & Baroni, 1999).

It could be argued that the identification of the pathoanatomical source of
symptoms provides little basis for appropriate assessment and management of
WAD and that the emphasis should instead be placed on treatment approaches
directed toward mechanisms and processes underlying the development of this
painful condition. Some authors have argued for this approach to the manage-
ment and investigation of neuropathic pain syndromes (Jensen & Baron, 2003;
Woolf &Mannion, 1999) but a similar approach to the treatment of musculoske-
letal conditions should also be considered. In the case of whiplash associated
disorders (WAD), there is additional clinical evidence that a variety of motor,
sensory and psychological disturbances also characterize the condition. Therefore,
understanding and clinical recognition of these factors will likely underpin the
development of improved treatment strategies. This is important since treatment
strategies evaluated to date in the acute stages of the whiplash injury have failed to
demonstrate efficacy in terms of decreasing the incidence of those who develop
persistent symptoms (Borchgrevink et al., 1998; Provinciali, Baroni, Illuminati, &
Ceravolo, 1996; Rosenfeld, Gunnarsson, &Borenstein, 2000; Rosenfeld, Seferiadis,
Carllson, & Gunnarsson, 2003).

Physical Characteristics of the Whiplash Condition

Motor and Sensori-Motor Dysfunction

Motor and sensori-motor dysfunction, including loss of neck movement, altered
cervical and shoulder girdle muscle recruitment patterns and kinaesthetic deficits
have been identified in both the acute and chronic stages of the condition
(Dall’Alba, Sterling, Trealeven, Edwards, & Jull, 2001; Nederhand, Hermens,
Ijzerman, Turk, & Zilvold, 2002; Sterling, Jull, Vizenzino, Kenardy, & Darnell,
2003; Treleaven et al., 2003). Individuals with chronic whiplash also demonstrate
balance loss with less demanding tasks (for example, comfortable standing with
eyes open) and higher levels tasks (for instance, standing on a soft surface with
eyes closed) (Treleaven, Jull, & Low choy, 2005). Disturbances in eye movement
control whilst the neck is rotated or torsioned have also been described in
individuals with chronic whiplash (Tjell, Tenenbaum, & Sandstrom, 2002; Tre-
leaven, Jull, & LowChoy, 2005). Interestingly greater deficits in postural control
(loss of balance, disturbed eye movement control, increased joint repositioning
error in the neck) are seen in whiplash injured people who also report associated
dizziness as a symptom of their condition (Treleaven, Jull, & LowChoy, 2005;
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Treleaven, Jull, & LowChoy, 2005). The mechanisms underlying these features
are not fully understood but are proposed to reflect alteration in cervical affer-
entation as a consequence of injury to neck structures or related functional
deficits (Heikkila & Astrom, 1996; Treleaven et al., 2003).

Recent investigations, using MRI, has shown marked structural changes to
cervical spine muscles in people with chronic whiplash. Elliott et al (2006)
showed that the presence of fatty infiltrate in both deep and superficial cervical
extensor muscles compared to a asymptomatic control group. Although the
fatty infiltrate was generally higher in all muscles investigated in the patient
group, it was highest in the deeper muscles; the rectus capitis minor / major and
multifidi. The causes of these fatty muscle changes are not known, but these
authors suggest several possibilities including general muscle disuse, inflamma-
tion, or muscle denervation (Elliott et al., 2006). That said, the relevance of the
muscle changes in terms of pain, disability or functional recovery is still unclear.

Manymotor deficits (movement loss, alteredmuscle recruitment patterns) seem
to be present to various degrees in whiplash injured individuals irrespective of
reported pain and disability levels and rate or level of recovery (Sterling, Jull,
Vizenzino et al., 2003). Additionally, these features may not be unique to whiplash
and have also been identified in chronic neck pain of an idiopathic (non-traumatic)
nature (Jull, Kristjansson, & Dall’Alba, 2004; Sterling, Jull, & Wright, 2001).
Furthermore treatment directed at rehabilitating motor dysfunction and improving
general movement shows only modest effects on reported pain and disability
levels (Jull, Sterling, Kenardy, & Beller, 2007; Stewart et al., 2007). Together
these findings suggest that motor deficits, although present, may not play a
key role in the development of chronic or persistent symptoms following
whiplash injury.

Evidence for Augmented Central Pain Processes in WAD

In contrast to the apparently uniform presence of motor dysfunction, sensory
hypersensitivity (central hyperexcitability) may be a feature that could differenti-
ate whiplash from less severe neck pain conditions and whiplash sub-groupings
into higher or lower levels of reported pain and disability. Whilst other chronic
painful musculoskeletal conditions also demonstrate hypersensitivity to nocicep-
tive input (Shir et al., 2006) there appears to be a relationship between the
extent of reported symptoms and sensory hypersensitivity (Carli, Suman, Biasi,
& Marcolongo, 2002). Scott, Jull, & Sterling (2005) recently showed that people
with chronic WAD had a more complex presentation involving lowered pain
thresholds to pressure, heat and cold stimuli in areas remote to the cervical spine
that were not present in those with chronic idiopathic (non-traumatic) neck pain.
The latter group also reported much lower levels of pain and disability (Scott
et al., 2005). In contrast, widespread sensory hypersensitivity is a feature of
cervical radiculopathy and individuals with this condition reported similar pain
and disability levels to those with chronic whiplash (Chien, Eliav, & Sterling,
2008a). This suggests that chronic whiplash and chronic cervical radiculopathy
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share similar underlying mechanisms, but differ from idiopathic neck pain illus-

trating the diversity of processes involved in these various neck pain conditions.
There is now consistent evidence from numerous cohorts that demonstrate

the presence of sensory hypersensitivity (or decreased pain thresholds) to a

variety of stimuli in WAD (Table 1). For example, Koelbaek-Johansen,

Graven-Nielsen, Schou-Olesen, and Arendt-Nielsen (1999) reported larger

referred pain areas (proximal and even in the contralateral limb) in whiplash

subjects following intramuscular saline injection into Tibialis Anterior and

Infraspinatus.Moog, Quintner, Hall, and Zusman (2002) reported the presence

of allodynia with innocuous vibration stimuli and Sterling et al. (2002) demon-

strated a generalized lowering of pressure pain thresholds in areas both local

(neck) and remote (upper and lower limbs) to the site of injury. These findings

indicate the involvement of augmented central pain processing mechanisms or

central hyperexcitability as contributing to chronic whiplash pain.
Most, if not all of these studies relied on the patient to provide a cognitive

response following the stimulus application and as such it could be argued that

Table 1 Studies supporting the presence of central hyperexcitability in whiplash. WAD:
whiplash associated disorders

Study Findings Study cohort

Sheather Reid and
Cohen (1998)

Lowered pain threshold and pain tolerance to
electrical stimulation – neck

Chronic neck pain
including WAD

Koelbaek-
Johansen et al
(1999)

Widespread pain responses following injection
of intramuscular hypertonic saline

Chronic WAD

Curatolo et al
(2001)

Lowered pain thresholds for electrical
stimulation – neck and lower limbs

Chronic WAD

Sterner et al (2001) Sensory disturbance in trigeminal distribution Chronic WAD

Ide et al (2001) Mechanosensitivity to brachial plexus
provocation manoeuvres

Chronic WAD

Sterling et al.
(2002)

Lowered pressure pain thresholds throughout
body areas both local and remote to injury
site

Chronic WAD

Sterling et al
(2002)

Hypersensitive responses to brachial plexus
provocation test

Chronic WAD

Moog et al (2002) Pain on non noxious stimulation (vibration)
Hyperalgesia to heat and cold stimuli

Chronic WAD

Sterling et al (2003,
2005)

Cold hyperalgesia, sympathetic disturbances
predictive of poor outcome.

Acute to chronic
WAD

Banic et al (2004)
Sterling et al
(2008)

Decreased threshold for activation of flexor
withdrawal reflex

Chronic WAD

Scott et al (2005) Mechanical and thermal hyperalgesia – present
in chronic WAD but not idiopathic neck
pain

Chronic WAD and
idiopathic neck
pain

Kasch et al (2005) Reduced cold pressor pain tolerance associated
with poor recovery

Acute to chronic
WAD
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the response may be feigned or at least cognitively influenced in some way. In an

attempt to account for bias, Banic et al (2004) demonstrated facilitated flexor

withdrawal reflexes (using electromyography of biceps femoris muscle) in the

lower limbs of chronic WAD subjects following electrical stimulation of the

sural nerve. In this test (termed the Nociceptive Flexion Reflex), less electrical

current was required to elicit a reflex in the whiplash group compared to

controls thus providing evidence of spinal cord hypersensitivity (central sensi-

tisation) without relying on the subject’s self reported response. More recent

evidence shows that the heightened reflex responses are not associated with

psychological factors such as catastrophisation and distress (Sterling, Pettiford,

Hodkinson, & Curatolo, 2008).
Mechanical hyperalgesia locally over the cervical spine appears to be com-

mon to both chronic whiplash and idiopathic neck pain and may indicate an

ongoing peripheral nociceptive source of pain (Chien, Eliav, & Sterling, 2005;

Scott et al., 2005). In addition to its presence in the chronic stages of neck

pain conditions, local mechanical hyperalgesia has also been shown to occur

following acute whiplash injury irrespective of symptom intensity and disability

levels reported by the patient (Kasch, Stengaard-Pedersen, Arendt-Nielsen, &

Staehelin Jensen, 2001; Sterling, Jull, Vicenzino, & Kenardy, 2004). However

this local mechanical hyperalgesia usually resolves within several weeks in those

patients who recover or report continuing milder symptoms but persist in

whiplash patients with chronic symptoms at six months post injury (Sterling,

Jull, Vicenzino, & Kenardy, 2003).
In contrast, the phenomena of widespread (throughout the body and away

from the cervical spine) sensory hypersensitivity has been shown to be an early

and persistent characteristic of those whiplash injured patients with poor func-

tional recovery (Sterling, Jull, Vicenzino et al., 2003). Mechanical hyperalgesia

has been shown to occur in both the upper and lower limbs from within a few

weeks of injury in those with poor recovery and persisted virtually unchanged at

long-term follow up (6 months and 2 years) (Sterling, Jull, & Kenardy, 2006;

Sterling, Jull, Vicenzino et al., 2003). In contrast these changes were never a

feature for those participants who recovered well or reported only milder levels

of ongoing pain. Furthermore the picture of those individuals with poor func-

tional recovery becomes more complex, where the presence of both thermal

(cold and heat) hyperalgesia and diminished sympathetic vasoconstriction are

also early and persistent features of this group (Sterling, Jull, Vicenzino et al.,

2003). In fact, cold hyperalgesia, decreased cold tolerance and diminished

sympathetic vasoconstriction have been shown to be predictive of poor func-

tional recovery at 6 months, one and two years post MVC (Kasch, Qerama,

Bach, & Jensen, 2005; Sterling, Jull, Vicenzino, Kenardy, &Darnell, 2005). The

mechanisms underlying these sensory disturbances are not well understood,

but these factors are also features of peripheral neuropathic pain conditions

(Bennett, 2006). Although preliminary at this stage, recent findings of hypoaes-

thetic responses (increased detection threshold) to vibration, electrical and heat
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stimuli in the hands of people with chronic WAD does indicate potential
dysfunction of peripheral nerve fibres (Chien, Eliav, & Sterling, 2008b).

While it is clear that the phenomena of widespread sensory hypersensitivity is
associated with poorer functional recovery; it is also apparent that the sensory
presentation of whiplash is still markedly heterogeneous. Some whiplash
injured individuals present with only local cervical mechanical hyperalgesia
with no evidence of more widespread disturbance, cold hyperalgesia, or sympa-
thetic nervous system dysfunction (Sterling, 2004). In contrast there appears to
be greater sensory disturbance (both hypersensitivity and hypoaesthesia) in
those with poor recovery and who reported higher levels of pain and disability.
The sensory hypersensitivity in this whiplash sub-group occurs not only locally
within the cervical spine but additionally at more peripheral or remote body
sites away from the injured area including both the upper and lower limbs
(Sterling, 2004). As previously stated, the sensory presentation of this whiplash
group seems quite different from neck pain of an idiopathic nature but quite
similar to cervical radiculopathy. Such varied sensory manifestations would
suggest that different mechanisms underlie sub-groups that exist within the
whiplash condition. Those with persistent moderate to severe levels of pain
and disability display a complex presentation that indicates the involvement of
augmented central pain processing mechanisms. The reason why this group of
whiplash injured develops a hypersensitive state is not clear. As outlined earlier
in this chapter, numerous cervical spine structures are implicated as possible
sources of nociception following whiplash injury. It is also possible that
injuries to deep cervical structures do not rapidly heal and thus become a
nociceptive ‘driver’ of central nervous system hyperexcitability. Moreover
there is evidence from cadaver studies that certain lesions can persist unre-
solved inMVC survivors who die of unrelated causes some years later (Taylor &
Finch, 1993).

Whilst this argument may meet opposition from those who believe injured
soft tissues are healed within several weeks, it is gaining an increasing amount of
support from researchers as a possible contributor to the development of
chronic musculoskeletal pain including whiplash (Curatolo, Arendt-Nielsen,
& Petersen-Felix, 2006; Vierck, 2006).

Psychological Features of the Whiplash Condition

Psychological factors have been shown to be consistently associated with both
acute and chronic musculoskeletal conditions as well as involved in the transitions
between these two states (Linton, 2000). This has perhaps inadvertently led to two
misconceptions. Firstly, that similar (if not the same) psychological factors are
involved in all painfulmusculoskeletal conditions and secondly that aCartesian or
dichotomous separation of the mind from the physical manifestations (body) of
such conditions can be made.
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If we take the first example, it is apparent that unique psychological factors
may be involved in the etiology and development of chronic whiplash pain
when compared with other conditions such as low back pain (Sterling,
Kenardy, Jull, & Vicenzino, 2003). There is no doubt that persistent neck
pain from whiplash injury (similarly to low back pain) is also associated with
psychological distress and may include affective disturbances, anxiety, depres-
sion, as well as, behavioural abnormalities such as fear of movement (Neder-
hand, Ijzerman, Hermens, Turk, & Zilvold, 2004; Peebles, McWilliams, &
MacLennan, 2001; Sterling, Kenardy, et al., 2003; Wenzel, Haug, Mykletun, &
Dahl, 2002).

Psychological distress is also a feature of whiplash in the acute stages of the
condition, with most people reporting some distress, even in those patients who
report low levels of pain (Sterling, Kenardy et al., 2003). Data from several
studies indicates that persistent levels of psychological distress are associated
with ongoing or non-resolved pain and disability. Sterling et al (2003) showed
that initial levels of psychological distress (measured with GHQ-28) decreased
by two to three months post injury in those patients who recovered and in those
with lesser symptoms, seemingly paralleling decreasing levels of pain and dis-
ability. In contrast, the whiplash group who continued to report moderate to
severe levels of pain and disability at this time point and later at six months and
two years post injury also showed above threshold scores on the GHQ-28
throughout this entire period (Sterling, Kenardy et al., 2003). A recent large
cross-sectional study showed an association between anxiety and depression
with pain and disability in whiplash patients whose accidents occurred over two
years previously, but not in those with acute injury, suggesting that symptom
persistence is the trigger for psychological distress (Wenzel et al., 2002). This
view is supported by other prospective studies where delayed recovery following
whiplash injury could not be predicted from psychological factors alone such as
personality traits or self rated well being. Instead delayed recovery after whi-
plash injury was related to initial symptom severity (Borchgrevink, Stiles,
Borchgrevink, & Lereim, 1997; Radanov, Sturzenegger, & Di Stefano, 1995).

The role of fear of movement or fear avoidance beliefs and behaviors in
whiplash pain is not clear. Nederhand et al (2004) found that scores on the
Tampa Scale of Kinesiphobia (TSK) were predictive of poor recovery following
whiplash injury. These findings would appear to be consistent with investiga-
tions of chronic low back pain where it has been proposed that fear of move-
ment plays a role in the transition from acute to chronic pain (Vlaeyen &
Linton, 2000). However other studies have provided conflicting evidence. Ster-
ling et al (2003) noted that in the acute stage of whiplash, patients who even-
tually recovered quite well showed high initial scores on the TSK that were no
different from this who developed chronic pain. In this longitudinal study,
where several psychological substrates were measured, fear avoidance beliefs
did not emerge as a predictor of poor recovery at any stage (Sterling et al., 2006,
2005). These findings suggest that fear of movement may be justified in the
acute stage of injury as a protective mechanism against further injury and to
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allow healing to occur, as has been proposed by other investigators (Vlaeyen,
Kole-Snijders, & Boeren, 1995), but is often overlooked when considering acute
spinal pain.

Maladaptive coping strategies such as catastrophising have also been shown
to be associated with persistent low back pain (Pincus, Burton, Vogel, & Field,
2002) but have not been well investigated in neck pain cohorts. Buitenhuis,
Spanjer, & Fidler (2003) evaluated the association between the coping styles
used by participants and the duration of neck complaints following whiplash
injury. A palliative reaction or one where the patient seeks palliative relief of
their symptoms such as distraction, smoking or drinking was significantly
associated with a longer duration of neck symptoms at 12 months post injury.
Those participants who sought social support and shared their concerns with
others showed a better outcome with less symptom duration (Buitenhuis et al.,
2003). Carroll, Cassidy, & Cote (2006) also showed that passive coping strate-
gies were associated with slower recovery following whiplash injury. They
suggest that attention to the types of coping styles adopted by the whiplash
patient in the early stages of their condition and behavioral interventions to
promote active coping may decrease the length of time that symptoms are
reported. In contrast Kivioja, Jensen, & Lindgren (2005) found no evidence
that different coping styles in the early stage of injury influenced the outcome at
one year post accident. These studies involved different inception times and
were conducted in different cultural contexts whichmay explain the variation in
study findings. The participants of Carroll et al’s study were recruited within six
weeks of injury, with the inception time of the latter study being within hours of
the injury. Thus coping strategies may vary depending on the stage of the
condition or injury and this requires further investigation. Nevertheless whilst
coping styles may not be independently associated with poor recovery,
improvement of the individual patient’s coping mechanisms via education
and assurance is recommended and in keeping with current evidence-based
treatment guidelines for whiplash (MAA, 2007; Scholten-Peeters et al., 2002).

Posttraumatic Stress Symptoms – An Important Factor

in Whiplash?

Post-traumatic stress disorder (PTSD) is a psychiatric disorder that results from
the experience or witnessing of traumatic or life-threatening events. PTSD has
profound psychobiological correlates, which can impair the person’s daily life
and be life threatening (Iribarren, Prolo, Neagos, & Chiappelli, 2005).Whiplash
injury differs from most other musculoskeletal pain syndromes, including low
back pain, in that it is generally precipitated by a significant traumatic event,
namely a MVC. The effect of the psychological stress surrounding the crash
itself as opposed to distress about neck pain complaints may have an influence
on outcome. The stress that results from this traumatic event precipitates a
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spectrum of psycho-emotional and physiopathological outcomes. Posttramatic
stress disorder is a common sequalae of severe injuries following aMVC (Kuch,
Cox, Evans, & Shulman, 1994). Yet, it is only recently that evidence has
emerged to show that that it may also play a role in less severe road accident
injuries including whiplash.

Posttraumatic stress disorder has been diagnosed in some patients with
chronic whiplash associated disorders (WAD) (Freidenberg, Hickling, Blan-
chard, & Malta, 2006). In addition an acute posttraumatic stress reaction
appears to be present in some whiplash injured individuals soon after injury
with moderate to high levels of distress (measured with the Impact of Events
Scale), being demonstrated both within days of injury and within three to four
weeks of injury (Drottning, Staff, Levin, &Malt, 1995; Sterling, Jull, Vicenzino
et al., 2003). The presence of posttraumatic stress symptoms has been shown to
be associated with greater levels of pain and disability, more severe whiplash
complaints and poor functional recovery after injury (Buitenhuis, DeJong,
Jaspers, & Groothoff, 2006; Sterling, Kenardy et al., 2003). Furthermore
following a motor vehicle crash, those with a diagnosis of whiplash (neck
pain) are significantly more likely to express posttraumatic stress disorder
symptoms at 12 months post-accident compared to those who never reported
neck pain post accident (Freidenberg et al., 2006). A moderate posttraumatic
stress reaction, present within a month of injury, is also a strong predictor of
poor outcome at both six months and 2 years post injury being stronger than
both general psychological distress (GHQ-28) and fear of movement and
reinjury (TSK) (Sterling et al., 2006, 2005).

Symptoms of posttraumatic stress may include intrusive thoughts and/or
images of the event (in this case the motor vehicle crash); avoidance behaviour
associated with the event such as driving avoidance or avoidance behavior via
substance abuse; hyperarousal such as panic attacks, hypervigilance and sleep
disturbance. Yet it is not clear if any of these symptoms play a specific or greater
role than the others in the development of whiplash pain, disability or related
adverse health outcomes. Sterling, Kenardy et al (2003) showed that avoidance
behaviour may have a stronger influence on recovery and more recently Bui-
tenhuis et al (2006) showed that a greater number of hyperarousal symptoms
(panic attacks, hypervigilance, sleep disturbance, easily startled) in the acute
stage of injury was a stronger predictor of symptom persistence. Further
investigation is required to determine the relative importance of the substrates
of posttraumatic stress as this may provide fruitful direction in terms of
approaches for the the psychological management and treatment of the whi-
plash patient.

In summary the available data to date indicate that posttraumatic stress
symptoms play an important role in functional recovery from awhiplash injury,
at least in some individuals. The treatment of PTSD is complex, both in terms of
available treatments and the myriad of traumatic possibilities that cause it.
Properly diagnosing PTSD according to DSM-IV criteria should be the first
step, including assessments for co-morbidity. This should be followed by
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treatments with various degrees of demonstrated efficacy (Iribarren et al.,
2005). This suggests that specific treatments directed toward understanding
and treating these factors which may bemore efficacious than a broadly applied
cognitive behavioural approach in the management of pain after whiplash.

Relationships Between Physical and Psychological Factors

The biopsychsocial model considers pain and disability as the result of multiple
factors, including both biomedical (physical) and psychological factors. How-
ever it is not clear, nor is it usually investigated, what the relative role of each
factor may be or how they potentially interact.

Widespread mechanical and thermal hyperalgesia seem to be a feature of
whiplash injury which is not apparent in neck pain of insidious origin (Scott
et al., 2005). The sensory changes observed in whiplash are not only a feature of
the chronic stage of thise condition but are present from soon after the initial
injury in those who develop persistent pain and disability, remaining virtually
unchanged from the acute to chronic stages of the condition (Sterling, Jull,
Vicenzino et al., 2003). Whilst it is not a universal phenomenon, psychological
factors including general distress, posttraumatic stress reaction and fears of
movement and reinjury generally occur concomitantly with the sensory hyper-
sensitivity seen in whiplash (Sterling et al., 2005). It is also generally recognized
that psychological factors such as depression and anxiety can also modulate
pain threshold responses (Chiu et al., 2005). Posttraumatic stress reaction may
also be associated with heightened reactivity to stimuli as well being manifested
by sympathetic nervous system changes in some individuals (Harvey & Bryant,
2002). It is likely that the co-occurrence of sensory hypersensitivity, increased
muscle activity and psychological distress observed in some whiplash injured
individuals is not merely coincidental. Potentially, these domains are related
and knowledge of these relationships is important in order to improve our
clinical understandings of the processes underlying the condition.

There does appear to be some relationship between psychological factors
and sensory disturbance. Sterling et al (2008) recently demonstrated moderate
associations between pain thresholds (pressure and cold) at some sites, parti-
cularly at more remote sites such as in the lower limb, and both psychological
distress (General Health Questionnaire [GHQ-28]) and catastrophisation (Pain
Catastrophising Scale -PCS). Notably there was no relationship between cata-
strophisation and the intensity of electrical stimulation required to elicit a flexor
withdrawal response in biceps femoris in the same patient group (Sterling et al.,
2007). The latter test is a measure of spinal cord hyperexcitability requiring no
cognitive response from the participant (Banic et al., 2004). These findings
indicate that psychological factors play a role in central hypersensitivity. How-
ever, they do not support the assumption that psychological factors are the only
or main factors responsible for central hypersensitivity in whiplash patients. In
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particular, spinal cord hyperexcitability appears not to be affected, at least

significantly, by the psychological factors that were assessed.
The relationships between sensory and sympathetic changes and posttrau-

matic stress reaction have also been explored. Sterling and Kenardy (2006)

(Sterling & Kenardy, 2006) showed that the early presence of mechanical and

cold hyperalgesia was associated with posttraumatic stress symptoms at six

months post MVC, but this relationship was also mediated by initial pain and

disability levels (in this case, Neck Disability Index scores). In contrast, early

sympathetic disturbance (impaired peripheral vasoconstriction) was associated

with persistent posttraumatic stress symptoms and showed no relationship with

initial pain and disability levels (Fig. 1). Although speculative, the impaired

vasoconstrictive response may be an indication of a biological vulnerability in

some patients with acute whiplash injury which could be a trigger for PTSR

seen in the chronic stages of the condition. Certainly it would appear that there

are common pathways and associations between pain levels, sensory changes,

posttraumatic stress reactions and outcome following MVC.
When taken together, these findings suggest that psychological factors such

as distress, catastrophisation and posttraumatic stress symptoms show some

association with the development of sensory hypersensitivity in chronic whi-

plash. However this relationship is not consistent for all modalities, measures or

at all body sites tested and may be mediated by levels of pain and disability. As

such, psychological factors are not the only or main issues responsible for

central hypersensitivity in whiplash patients. Central hyperexcitability after

whiplash is therefore a complex phenomenon that probably involves both

neurobiological changes as well as psychological factors.
It is clear that central hyperexcitability plays a significant role in the develop-

ment of chronic whiplash pain. More importantly, the sensory changes reflective

of central hyperexcitability occur very soon after injury. More widespread pain

Fig. 1 Relationships between sensory and sympathetic disturbances and persistent posttrau-
matic stress symptoms following whiplash injury. The relationship between sensory hyper-
sensitivity and PTSS is moderated by pain and disability (NDI) levels. SNS vasoconstriction
independently predicts persistent PTSS (Sterling & Kenardy, 2006). NDI: Neck Disability
Index; PTSS: posttraumatic stress symptoms; SNS: sympathetic nervous system
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conditions such as fibromyalgia demonstrate a remarkably similar sensory pre-
sentation with both conditions featuring hyperalgesic responses to numerous
stimuli including pressure, light touch, heat, cold and electric current (Sterling,
2007; Vierck, 2006). Thus it would seem feasible that the early central hyperexcit-
ability of whiplash could further develop and lead to extended peripheral pain in
areas away from the neck, head and upper limbs. However current data would
suggest that this more widespread pain occurs in a small subsample of patients
with whiplash (Holm et al., 2007; Tishler et al., 2006). Moreover it is also clear
that not all whiplash injured individuals develop sensory hypersensitivity as it
seems to occur to a greater degree in those reporting higher levels of pain and
disability. The reasons underlying the apparently greater central changes in some
and not others are perplexing. Numerous hypotheses could be put forward
including a more severe initial injury; involvement of injured peripheral nerve
tissue; contribution of psychological factors and even a genetic predisposition to
such changes.

Recently several authors have proposed the potential role of stress related
factors and subsequent influence on nociceptive pathways on the development
of WAD. Of particular interest is the hypothalamic-pituitary-adrenal (HPA)
axis, since alterations of the HPA axis, the sympathetic-adrenal-medullary
(system) and the immune system may mediate or facilitate somatic conditions
such as chronic pain, fatigue and traumatic stress (Gaab et al., 2005; McLean,
Clauw, Abelson, & Liberzon, 2005). Dysregulations of the HPA axis in terms of
reduced reactivity and enhanced negative feedback suppression has also been
shown to exist in chronic WAD and the observed endocrine abnormalities
could serve as a systemic mechanism of symptoms experienced by chronic
WAD patients (Gaab et al., 2005). Other research indicates that sympathetic
activation (as a consequence of stress or arousal) in the early stages following
injury interacts with neurobiological pain processing mechanisms. This inter-
action may be a critical step in the development of persistent or chronic
pain.(McLean, Clauw et al., 2005; Passatore & Roatta, 2006; Sterling &
Kenardy, 2006).

Models such as these which aim to integrate the physical and psychological
manifestations of whiplash and neck pain are overdue in the conceptualization
and investigation of musculoskeletal pain and will provide a framework for
future investigation of WAD and similar conditions. They will also provide an
improved basis for the integration and appropriate timing of treatments direc-
ted toward both physical (biological) impairments and psychological factors.
It is suggested that this integrated approach will be the way forward in the
management of musculoskeletal pain rather than the dichotomous separation
of physical and psychological factors that so often occurs in research and
practice.

There has also been some preliminary exploration of the relationship
between the motor dysfunction seen in whiplash injured persons and fears of
movement/reinjury. Psychological factors such as fear of movement and dis-
tress have been associated with altered lumbar paraspinal muscle activity in
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chronic low back pain (Verbunt et al., 2005; Watson, Booker, & Main, 1997).

Sterling et al. (2003) have shown that motor dysfunction including cervical

range of movement loss, kinaesthetic deficits and altered cervical flexor muscle

recruitment patterns occurred independently (statistically) of TSK scores with

this relationship being consistent at both the acute and chronic stages of

whiplash injury. These findings have been interpreted as an indication of

physiological disturbances in motor function, as opposed to fears of movement.

In contrast to these findings, Nederhand et al. (2006) showed that fear of

movement (TSK scores) were independently associated with decreased activity

in the upper trapezius in a prospective whiplash cohort. These two studies

appear to provide conflicting results. However different muscles were measured

in each study with the cervical flexors in Sterling et al.’s study showing increased

activity and the upper trapezius in Nederhand et al’s study decreased activity. It

is therefore feasible that the psychological factors such as fear of movement

influence the motor system in different ways, or that both physiological and

psychological factors are inter-relating in their effects on the motor system.
There is still much to be learned about the nexus between physical (sensory

and motor) manifestations and psychological aspects of WAD. For practi-

tioners it is also important to realise the potential influence of psychological
factors on the patient’s physical presentation and vice versa. The challenge is to

disentangle these relationships in both the research environment, and in the

clinical setting.

The Prediction of Outcome Following Whiplash Injury

The capacity to predict outcome following whiplash injury is important because

of the need to institute appropriate early intervention for those deemed at risk

of a poorer outcome and the possible curtailment of costs. Many studies have

investigated the prognostic capability of various factors such as sociodemo-

graphic status; crash related variables; compensation/litigation, psychosocial

and physical factors (Cassidy et al., 2000; Kasch, Flemming, & Jensen, 2001;

Radanov et al., 1995). However two recent systematic reviews of prospective

cohort studies on whiplash could agree on only high initial pain intensity as

showing strong evidence for delayed functional recovery (Cote, Cassidy, Carroll,
Frank, & Bombardier, 2001; Scholten-Peeters et al., 2003). Knowledge of this

factor may offer some assistance in identifying that sub-group of patients who

may go on to develop persistent symptoms. However, it has also been shown that

pain and disability levels alone whilst having high specificity had relatively low

sensitivity to predict those with ongoing moderate to severe symptoms at six

months post accident (Sterling et al., 2005). In addition, the sole measurement of

pain and disability levels is unlikely to alter the direction of secondary and tertiary

management stages of this condition.
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Since the time of these systematic reviews (Cote et al., 2001; Scholten-Peeters
et al., 2003) other factors have emerged as potentially useful prognostic indica-
tors of outcome. These include physical factors of decreased range of neck
movement, cold hyperalgesia or intolerance and impaired sympathetic vaso-
constriction (Kasch et al., 2005; Sterling et al., 2006, 2005) as well as the
psychological substrates of posttraumatic stress symptoms (Sterling et al.,
2006, 2005). These factors are in addition to high levels of pain and disability
which consistently emerges as an important predictor of adverse outcomes
(Hendricks et al., 2005; Rebbeck, Sindhausen, &Cameron, 2006).When included
together, the sensitivity of the combined factors increased to 69%, compared to
37%, when pain and disability levels are the sole measures (Sterling et al., 2005).

Two studies have demonstrated that symptoms of posttraumatic stress are
also predictive of poor functional recovery (Buitenhuis et al., 2006; Sterling
et al., 2006), with the latter study demonstrating superior predictive capacity of
this variable, when compared to other psychological domains (Sterling et al.,
2006). Additional psychological factors such as high levels of catastrophising,
low self efficacy and palliative coping strategies have also been identified, in
some studies, as potentially influencing the course of recovery inWAD patients
(Buitenhuis et al., 2003; Hendricks et al., 2005). At this stage, the strongest
psychosocial predictor appears to be low-educational attainment (Ottoson,
Nyren, Johansson, & Ponzer, 2005; Sterner, Toolanen, Gerdle, & Hildingson,
2003). The role of the controversial issue of compensation related factors is still
inconclusive with some studies showing it has predictive capacity (Dufton et al.,
2006) and others reporting no predictive capacity for this particular factor
(Sterling et al., 2006).

It is apparent that understanding of factors associated with poor functional
recovery following whiplash injury has progressed substantially in recent years.
Whilst initially high levels of pain and disability are the most consistent predic-
tors, studies including a more broad range of factors have provided important
additional information. What has also emerged is that the transition from the
acute to chronic stage of whiplash is multifactorial, involving physical factors
indicative of central hyperexcitability, as well as, psychological and psychosocial
factors. No doubt complex inter-relationships between these factors exist and
have yet to be illuminated. The implications for the management of whiplash are
that a full and comprehensive assessment of these factors will likely be necessary,
particularly in the important acute stages of injury.

Implications for Assessment and Management of Whiplash

Currently available evidence –based guidelines for the management of acute
WAD promote reassurance to the patient, the maintenance of activity levels,
range of movement exercises, simple analgesics and the adoption of active
coping strategies (MAA, 2007; Scholten-Peeters et al., 2002). However, the
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emerging multifactorial nature of WAD suggests that whilst the current guide-
lines may benefit some whiplash patients with a less complex presentation, they
are unlikely to be adequate for the management of those with a complex
phenotype, which includes both marked physical dysfunction (including sen-
sory hypersensitivity) and psychological distress.

There is some support for this argument where randomized controlled trials of
interventions for acute whiplash have shown that whilst the maintenance of
activity levels and exercise is more efficacious than rest and the use of a neck
collar or advice only, a substantial proportion of patients still develop chronic
symptoms (Rosenfeld et al., 2003; Rosenfeld, Seferiadis, & Gunnarsson, 2006).
One reason for these findings may be that those patients with a more complex
presentation require a more specific or concerted approach to their management.

Surprisingly few randomized controlled intervention studies have been con-
ducted for chronic WAD. The only therapy to demonstrate clear evidence of
efficacy is radiofrequency neurotomy for zygapophyseal joint pain (Lord,
Barnsley, Wallis, McDonald, & Bogduk, 1996), but this difficult procedure is
only performed in a highly selected sub-group with pain arising from lower
cervical zygapophyseal joints identified using placebo, controlled blocks. Con-
servative treatment approaches such as a submaximal graded exercise program
and a more specific physical therapy approach utilizing manual therapy and
specific neck exercise have demonstrated only modest effects with approxi-
mately 25% of patients not responding to the intervention (Jull et al., 2007;
Stewart et al., 2007). However interesting findings emerged from the latter
clinical trial when sub-group analysis was performed. They found that the
presence of cold and mechanical hyperalgesia moderated the effects of the
physical therapy program (Jull et al., 2007). Fibromyalgia is a condition with
a similar sensory presentation as the moderate/severe whiplash group. In this
condition, there is some evidence that exercise may actually increase pain and
sensory hypersensitivity (Vierck et al., 2001). If a similar scenario exists for
whiplash, then stratifying sub-group classifications within treatment trials
would be a prudent approach in the investigation of the most efficacious
physical interventions.

The complex presentation of some of the whiplash injured, including central
hyperexcitability and the presence of psychological factors including posttrau-
matic stress suggests that interventions directed toward these characteristics may
be required. However, it is not yet clear whether or not modulation of sensory
hypersensitivity is possible and if this would be reflected in reduced levels of pain
and disability. Curatolo et al (2006) outlined three theoretical approaches to the
treatment of central hypersensitivity. These include pharmacological interven-
tions such as NSAIDS or opioids, directed at blocking or decreasing peripheral
nociceptive input; pharmacological interventions (eg NSAIDS, NMDA antago-
nists) directed at modulating spinal cord hyperexcitability or pharmacological
or psychological interventions acting at a supraspinal level and influencing des-
cending inhibitory pathways. Trials of pharmacological interventions for whi-
plash are scarce but this also may be an area for future research. Theoretically,
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physical interventions such as Transcutaneous Electrical Nerve Stimulation
(TENS) and acupuncture may also be useful in modulating sensory hypersensi-
tivity. Yet these interventions have not been specifically investigated in WAD.

Few studies have investigated the effects of psychologically based interven-
tions on this condition. Oliveira, Gevirtz, & Hubbard (2006) found that a short
psycho-educational video (including education of the whiplash condition, exer-
cises to reduce muscle tension and relaxation breathing exercises) shown in the
emergency department soon after injury resulted in substantially less pain and
disability at one, three and six months post injury when compared to usual care.
However a similar approach using video as an educational tool for early
whiplash patients found no significant difference between this approach and
usual medical care (Brison et al., 2005). The differential results of these studies
indicate that further research is required to determine the role and nature of
education delivered to individuals following whiplash injury. Only one study
has investigated specific psychological intervention directed toward PTSD in
chronic whiplash. Blanchard et al., (2003) showed that this form of interven-
tion, whilst improving posttraumatic stress symptoms, had no effect on pain
levels in this group. The obvious question arising from this study is whether a
combined approach to management of WAD that addresses both the psycho-
logical and physical manifestations of the condition may be of greater benefit
than psychological or physical treatments alone.

It may be the case that an integrated multidisciplinary and multi-professional
approach is required to adequately address the complexities of the physical and
psychological presentations of whiplash injured people. Whilst this statement
may appear hackneyed in terms of the arguments for treatment approaches for
this and other musculoskeletal conditions, it should be noted that many patients
do not receive adequate management and treatment until their condition has
become chronic. Thus it is time to re-evaluate this situation and provide early and
targeted interventions to those individuals at risk for developing chronic pain.
This is not to say that such treatment should occur in the already overstretched
multidisciplinary pain clinic environment. To the contrary, a well integrated and
co-operative approach amongst community primary care practitioners may be
the most appropriate and cost effective approach.

Summary

The available literature consistently shows that whiplash is a condition involving
both physical and psychological manifestations. The sub-group of whiplash
injured who do not recover well and who contribute substantially to the costs
of this condition, manifest a more complex presentation. Those who recover well
are characterised by milder initial levels of pain and disability, some motor
dysfunction and local cervical hyperalgesia. In contrast the former group with
poor functional recovery are characterised by the presence of widespread sensory
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hypersensitivity and posttraumatic stress symptoms in addition to higher initial
pain and disability. It is generally acknowledged that sensory hypersensitivity
represents augmented central pain processing mechanisms. Moreover, while
there is some relationship between the sensory responses and psychological
factors but these relationships are not consistent across modalities, measures or
body sites tested. This suggests that psychological factors alone cannot fully
explain the sensory disturbances seen in whiplash. A likely scenario is a complex
interplay between these factors.

Currently utilised therapeutic approaches consider whiplash to be a homo-
genous condition and fail to account for the complex multifaceted presentation
that occurs in some of the whiplash injured. This may be one reason for the
generally modest effects of treatments for both acute and chronic WAD. Future
management strategies may need to be directed toward physical (motor and
sensory) dysfunctions and psychological factors identified in individual whiplash
patients. Whilst those with a more straight forward presentation will likely
respond to minimalist intervention approaches, the whiplash sub-group with
central hypersensitivity and psychological distress, particularly posttraumatic
stress may need a more concerted multidisciplinary treatment approach. In
view of findings that many of these changes occur within a few weeks of injury,
the management of patients in this sub-group may need to be aggressively
instituted in the early acute stage of the condition. This may help to lessen the
transition to chronicity that commonly occurs in this condition.
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Gene Therapy for Chronic Pain

William R. Lariviere and Doris K. Cope

Abstract Gene therapy shows great potential to assist numerous patients with

inadequate relief of inflammatory or neuropathic pain, or intractable pain

associated with advanced cancer. A brief overview is provided of the methods

of gene therapy and of preclinical findings in animal models of prolonged

inflammatory, neuropathic and cancer pain. Preclinical findings demonst-

rate no efficacy of gene therapy on basal thermal nociception and mechanical

sensitivity, and almost universal effects on pathological nociception and

hypersensitivity models. The status of human trials is provided with recom-

mendations for future directions and precautions. This early stage of devel-

opment of gene therapy for chronic pain will likely be followed by an increased

number of human clinical trials aimed specifically at the relief of chronic,

unrelenting pain.

Introduction

Remarkable advances in the understanding of chronic pain have occurred over

the past few decades since the beginning of the field of pain research and the

recognition of chronic pain as a disease entity. However, many patients con-

tinue to suffer due to unresponsiveness to analgesic therapies and our still

incomplete understanding of the basic underlying mechanisms of many chronic

pain conditions including pain in advanced cancer and in chronic diseases such

as autoimmune and neuropathic pain syndromes (Dworkin et al. 2003; Dray

2004). The inability to adequately relieve pain in these conditions often calls for

higher doses of analgesics, leading to intolerable side effects for the patient.

Thus, there is a continuing need for novel therapies with greater specificity for

individual molecular targets and for specific pain-related tissues.
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Gene therapy, in which genetic material is introduced into the individual for
therapeutic purposes, is a promising approach to provide a highly target- and
tissue- specific treatment for chronic pain patients (Pohl and Braz 2001; Pohl
et al. 2003; Glorioso et al. 2003; Meunier et al. 2004). This chapter will briefly
review the various methods of introducing genetic material to highlight the
strengths and weaknesses of the methods. Next, the universally successful
preclinical studies of gene therapy in animal models of pain are reviewed with
emphasis on the desirable specificity of effects that leave normal sensitivity
intact, and the unexpected lack of specificity across pain models. Finally, the
current status of clinical trials will be described demonstrating that, despite the
profound need of severe pain sufferers, few trials of gene therapy for pain relief
are actually in progress.

Methods of Gene Therapy

Gene therapy (ormolecular therapy) for pain relief is the introduction of genetic
material with the goal of decreasing signaling of noxious input to the central
nervous system. This can be accomplished by introduction of genetic material
to overexpress endogenous analgesic (or antinociceptive) or anti-inflammatory
compounds, or to inhibit the transcription of nociceptive compounds released
from nociceptive primary afferent neurons or glial cells that contribute to
increased excitability of neighboring neurons. The desired result is decreased
activity or excitability of spinal cord dorsal horn neurons that signal nociceptive
input to higher central nervous system structures. (Pohl et al. 2003; Beutler et al.
2005; Hao et al. 2007; Mata and Fink 2007)

A number of methods of introduction of transgenic material are available
(Weichselbaum and Kufe 1997; Smith 1999; Pohl and Braz 2001), each with
differing levels of transgene insert capability, target cell selectivity and efficiency
of gene transduction. These properties, in addition to the immunogenicity and
toxicity of each method, render each method more or less suitable for the
treatment of chronic pain.

Liposomes and Naked Plasmid DNA

Liposomes are positively charged lipid membranes that complex with DNA.
The liposome-DNA complex fuses with negatively charged cell membranes
and results in transfer of the DNA with therapeutic potential into the cells.
Advantages of the method are that there is no immune response induced by
liposomes and that there are a variety of liposomes available for gene transfer
to a wide range of cell targets (but with relatively low target cell specificity)
(Weichselbaum and Kufe 1997; Smith 1999; Pohl and Braz 2001). This
method has shown to be useful for gene therapy targeting cancer cells, and
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improvements of the method continue to be made to increase target cell
specificity (Shiota et al. 2007). However, due in part to the low gene transduc-
tion efficiency of the method often requiring microgram to milligram quan-
tities (Goss 2007), there has been little interest in this method of gene transfer
for pain relief.

Naked plasmid double stranded (ds) DNA (without viral vector compo-
nents) can also be introduced without evoking an immunological response
rendering in vivo use safe. However, in vitro transgene expression is variable in
efficiency and duration (Weichselbaum andKufe 1997). That said, even though
the method can be limited by short term expression of transgenes and lower
efficiency, gene gun injection of naked plasmid DNA has been shown to be
effective in animal models of pain (Chuang et al. 2003, 2005).

Viral Vectors

Viral vectors including adenovirus, adeno-associated virus (AAV), retrovirus,
and HSV vectors are much more commonly used for in vivo testing in animal
models of pain. Systemic injection of recombinant viral vectors results in
transduction seen mostly in hepatocytes (Wirtz and Neurath 2003). This
requires vector delivery directly to the targeted or innervated tissue to achieve
an efficient level of transduction.

Adenoviral Vectors

The adenovirus genome is a dsDNA, core-protein complex surrounded by a
protein capsid. High-affinity binding of the adenovirus vector to the coxsackie/
adenovirus receptor on the cell membrane is followed by endocytosis-mediated
internalization and results in release of the viral vector into the nucleus where
transcription and replication occur. For all viral vectors, genes necessary for
normal viral replicationmust be removed (Glorioso et al. 2003). For adenovirus
vectors, deletion of adenovirus E1 genes and replacement by non-viral genes
renders the virus replication deficient while maintaining the ability to transduce
an inserted transgene (Hao et al. 2007).

Adenovirus exhibits high efficiency for the infection of both dividing and
non-dividing cells, unlike a ssRNA retrovirus vector that requires dividing cells.
Adenoviral infection normally targets intestinal epithelial cells and the elderly
and children may also develop respiratory infections (Wirtz andNeurath 2003).
Adenoviral vectors show little cell specificity of infection and transduction,
although some cell-type specificity can be induced with changes in viral coat
proteins. Lumbosacral intrathecal (i.th.) injection of adenoviral vectors results
in infection of predominantly meningeal cells surrounding the lower spinal cord
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CSF space (Mannes et al. 1998). Accordingly, i.th. injection of adenoviral
vectors has proven to be effective in reducing pain behaviors in animals (see
Tables 2–3).

Adenoviral vectors induce antiviral cellular and humoral immune responses,
representing the major limitation of the method. Infected cells can be detected
and eliminated, and the high turnover of target cells (gut epithelium) leads to
transient expression of only days to weeks (Gudmundsson et al. 1998). In
addition, adenovirus induces proinflammatory factors (e.g., proinflammatory
cytokines) that may increase nociceptive signaling and limit the therapeutic
potential (Tsai et al. 2000, Castro et al. 2001). Removal of most, or all adeno-
virus protein coding genes to produce gutless adenovirus vectors can extend the
transgene expression period, decrease proinflammatory responses and allow for
larger packets of DNA to be inserted.

Adeno-Associated Virus and Lentivirus Vectors

Adeno-associated virus (AAV) vectors, harmless by themselves, do not stimu-
late inflammation or antibody production and can produce persistent transgene
expression. With AAV infection of the sciatic nerve, for instance, small, med-
ium and large afferent fiber types of the dorsal root ganglion have been shown
to be effectively targeted (Gu et al. 2005). Retrovirus lentivirus vectors can also
be used to transfect motor neurons of the spinal cord via retrograde axonal
transport from muscle, but transfection of sensory neurons remains to be
demonstrated. Despite persistent transgene expression with AAV vectors, the
possible risks associated with integration of AAV and lentiviruses into the host
genome will likely remain a drawback for clinical applications (Pohl et al. 2003;
Yanez-Munoz et al. 2006).

Herpes Simplex Virus (HSV)-1

Of greatest potential for somatic chronic pain therapy is HSV vector-mediated
gene therapy due to its target cell specificity, lack of integration in the host
genome, large transgene insert capability, efficient transgene expression, and
limited immunogenic and toxic effects (Mata et al. 2003; Berto et al. 2005; Goss
2007). Primary afferent neurons are the natural targets of HSV, allowing this
method to target cells that may be affected by a peripheral source of nocicep-
tion, or by nerve injury in addition to targeting their central terminals in the
spinal cord dorsal horn. Following a simple subcutaneous injection, the dsDNA
HSV vector infects epithelial cells (or neurons directly), goes through several
cycles of replication and penetrates the peripheral afferent nerve terminals. The
HSV vector is retrogradely transported to afferent nerve cell bodies in sensory
dorsal root ganglia, and remains as chromatin structure without integration
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into the host genome. In one study, one to two hundred neurons per animal

were labeled as HSV vector-infected for at least two weeks, with 10–20%

remaining at four to six weeks (Wilson and Yeomans 2002). The LAT promo-

ter, particularly active in neurons, can produce efficient transgene expression of

neuroactive peptides that become incorporated into large dense-core vesicles

and released into the synapse. Over 30 kb of foreignDNA, or three to four times

that which can be inserted in the adenovirus vector, can be inserted in recombi-

nant HSV vectors. The target cell specificity, the possibility of introducing

several synergistic transgenes, the simple mode of administration and limited

side effects make the HSV vector particularly suited to the gene therapy of

chronic pain.

Preclinical Studies of Gene Therapy

Transgenes have been delivered by naked plasmid DNA, naked RNA, ade-

novirus, AAV, and HSV vector systems to reduce nociception in animals (see

Tables 1–3). Both the over-expression of genes whose products are analgesic,

including enkephalins, and the inhibition of genes whose products are noci-

ceptive, including calcitonin gene-related peptide (CGRP), have been studied

(Glorioso et al. 2003; Pohl et al. 2003; Kurreck 2004). Effective gene therapy

has also targeted non-neuronal cells such as astrocytes and microglia, which

are now known to modulate spinal cord neuron activity, including by the

introduction of interleukin-10 (IL-10) genes whose products act on glial cell

receptors not found on spinal cord neurons (see Tables 1–3) (Milligan et al.

2005a,b).

Basal Nociceptive and Mechanical Sensitivity

An ideal pain therapy should reduce spontaneous pain, or evoked hypersen-

sitivity of a pathological origin, but leave normal, nonpathological sensitivity

to stimuli intact. Almost all studies have shown that gene therapy, while

universally exhibiting antinociceptive, anti-hyperalgesic, or anti-allodynic

effects, does not affect basal mechanical sensitivity to von Frey monofila-

ments, or thermal nociception from radiant heat focused on the hind paw of

the rat (see Table 1) (Finegold et al. 1999; Wilson et al. 1999; Lu et al. 2002;

Yao et al. 2003; Gu et al. 2005; Milligan et al. 2005a,b; Tan et al. 2005). Only

one exception without any clear explanation has been reported: i.th. adeno-

virus vector delivery of interleukin-2 (IL-2) produced significant thermal

antinociception for up to three weeks (Yao et al. 2003). It is most likely that

the particular transgene is responsible for the effect since i.th. delivery of

transgenes for b-endorphin and IL-10 via adenovirus vector does not affect
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thermal nociception assessed similarly. At this time, however, it is still not

known why IL-2 would have this effect.

Inflammatory Nociception and Hypersensitivity

Several studies have shown significant effects of gene therapy on inflammatory

nociception and hypersensitivity in the rat or mouse (see Table 2). Inflamma-

tory nociception models are most commonly characterized by subcutaneous

injection of an inflammatory irritant such as formalin in the plantar hind paw,

evoking spontaneous nociceptive behaviors of paw licking, shaking and eleva-

tion. HSV vector delivery of pEnkA to the hind paw or amygdala of the rat and

gene gun administration of plasmid POMC gene DNA to the hind paw all

produce significant antinociceptive effects in the intraplantar formalin test.

Reinoculation with the vector-mediated transgene can reinstate effectiveness

after transgene expression and significant antinociceptive effects have dimin-

ished (Goss et al. 2001).
In models of inflammatory hypersensitivity, an inflammatory irritant is most

commonly injected subcutaneously in the hind paw evoking hypersensitivity to

mechanical and noxious thermal stimuli. When the hypersensitivity causes a

previously non-noxious stimulus to become nociceptive, it is referred to as

allodynia; when the hypersensitivity causes greater sensitivity to a previously

noxious stimulus, it is referred to as hyperalgesia. In inflammatory hypersensi-

tivity models, including those shown to be genetically distinct from the formalin

test (Lariviere et al. 2002), peripheral subcutaneous delivery of HSV vector

encoding pEnkA produces significant inhibition of thermal hyperalgesia in the

hind paw induced by injection of capsaicin, DMSO, and complete-Freund’s

adjuvant (Wilson et al. 1999; Braz et al. 2001). Similarly, gene gun delivery of

plasmid DNA of pEnkA to the bladder wall is effective in the visceral pain

model of capsaicin-induced bladder hyperactivity (Chuang et al. 2005). For

instance, HSV vector delivery of CGRP antisense oligonucleotides that block

transcription of CGRP decreases swelling in the complete Freund’s adjuvant-

induced rheumatoid arthritis model (Pohl and Braz 2001) and decreases

capsaicin-induced thermal hyperalgesia with direct application to lumbar pri-

mary sensory neurons (Wilson and Yeomans 2002). For example, cytokine

directed gene therapy has also been shown to be effective. Plasmid delivery of

IL-2 or adenovirus vector containing b-endorphin reduces subcutaneous carra-

geenan-induced thermal hyperalgesia, and spinal cord intrathecal injection of

adenovirus vector containing IL-10 is effective against prolonged inflammatory

hypersensitivity models, despite the pro-inflammatory effect of adenovirus

administration (Yao et al. 2002b; Milligan et al. 2005a,b).
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Neuropathic Pain Models of Allodynia and Hyperalgesia

Gene therapy is also effective in animal models of neuropathic pain (see
Table 3) (Hao et al. 2006; Goss 2007). Vector mediated introduction of trans-
genes for proenkephalins, POMC, IL-10, and IL-2 has been shown to be
effective against the mechanical allodynia and thermal hyperalgesia induced
in several rodent neuropathic pain models including chronic constriction injury
(CCI) of the sciatic nerve or infraorbital nerve, tight ligation of the fifth lumbar
nerve distal to the dorsal root ganglion, and intrathecal pertussis toxin injection
(see Table 3) (Lin et al. 2002; Yao et al. 2002a, 2003; Hao et al. 2003a; Yeomans
et al. 2004; Meunier et al. 2005; Milligan et al. 2005a,b). Gene therapy to
increase the expression of neurotrophic factors with known roles in neuropathic
pain models is also effective. Vector mediated increases in expression of neuro-
trophin-3, glial cell-derived and brain-derived neurotrophic factors (GDNF
and BDNF) has been shown to effectively decrease hypersensitivity evoked by
spinal nerve ligation, CCI, and the acrylamide intoxication diabetic neuropathy
model for up to eight weeks (Pradat et al. 2001a,b, 2002; Eaton et al. 2002;
Hao et al. 2003a). Studies which target the role of GABA in neuropathic pain
models, HSV vector mediated gene therapy to overexpress glutamic acid dec-
arboxylase has also proven effective, whereas attempts to increase GABA
expression have fallen short of successful (Glorioso and Fink 2004; Liu et al.
2004; Hao et al. 2005). As for the inflammatory nociception models, the dura-
tion of effect ranges widely from less than a week to eight weeks, with reinstate-
ment of effects after reinoculation (Hao et al. 2003a,b; Liu et al. 2004).

Cancer Pain Models

One study has shown that inoculation with the pEnkA-encoding HSV vector
produces significant antinociception mediated by opioid receptors in the spinal
cord in a rodent femoral bone cancer pain model (Goss et al. 2002).

Specificity of Effects of Preclinical Studies

Gene therapies which target pronociceptive and antinociceptive compounds
are unequivocally effective, and in animal models, generally without effect on
normal sensation assessed with mechanical and thermal stimuli. Further speci-
ficity of effect has been observed in the formalin inflammatory nociception
model. In the formalin test, a dilute solution of formaldehyde is injected sub-
cutaneously in the hind paw evoking a biphasic response of spontaneous
nociceptive behaviors of paw licking, lifting and shaking (Dubuisson and
Dennis 1977). HSV vector delivery of pEnkA to the hind paw or amygdala of
the rat, gene gun administration of plasmid POMC geneDNA, and knockdown
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of NMDA receptors with intrathecal administration of antisense NMDA-R1
oligonucleotides or siRNA to the NR2B subunit all have significant antinoci-
ceptive effects only in the second phase of the biphasic formalin pain response.
(Kang et al. 1998; Garry et al. 2000; Goss et al. 2001; Lu et al. 2002; Tan et al.
2005). The second phase of the formalin response is considered the ‘inflamma-
tory’ phase and has been associated with hyperalgesia. This is in contrast to the
first phase that is considered due to the direct action of formalin on peripheral
afferent fibers and shows pharmacological sensitivity more like that of brief
thermal nociception assays than the second phase of the formalin response.
Gene therapy results are consistent with other pharmacological findings in this
respect.

However, the lack of specificity of effect across types of pain model is
unexpected. Models of inflammatory and neuropathic mechanical allodynia
and thermal hyperalgesia, for instance, are genetically distinct from the for-
malin test of inflammatory nociception and from each other (Lariviere et al.
2002). Neuropathic pain differs in clinical presentation, mechanisms and treat-
ments from somatic and visceral pain. As a consequence, it is unexpected that
vector-mediated introduction of the same transgenes of proenkephalins,
POMC, IL-10, and IL-2 are effective against the nociception and hypersensi-
tivity induced in all of the inflammatory, neuropathic, and cancer pain models
examined. It is also unlikely that this single treatment modality with a single
transgene will be effective against all types of human chronic pain, since no
other existing treatment has this ability. Indeed, additional data on the specifi-
city of effects is needed for the judicious application of this treatment method to
specific chronic pain conditions.

Human Clinical Trials

Specificity of effects notwithstanding, the ever-increasing literature reporting
almost universal success of gene therapy in rodent pain models indicates that
more clinical trials are warranted. In favor of proceeding, significant effects
have been shown to be due to increased transgene expression in the appro-
priate tissue space, and to be blocked by antagonists of the receptors at which
the transgene product acts (e.g. Goss et al. 2001). The duration of transgene
expression and effect ranges from seven days up to fourteen weeks, even
several months, and can be reinstated by reinoculation (Goss 2007). Further-
more, studies in animal models have also demonstrated a lack of adverse
effects, and issues regarding replication of viral DNA and oncogenic trans-
formation are not of primary concern, although large-scale clinical trials in
human patients have not yet been performed to assess and evaluate the long-
term risk.

According to the Journal of Gene Medicine, there were 1,309 active
clinical gene therapy trials with 2.4% in Phase III (n=32) as of July 2007
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(http://www.abedia.com/wiley/indications.php). The vast majority were trials
of cancer therapies (n¼ 861; 66.5%).A combination of monogenetic, vascular,
and infectious diseases, (n¼ 313) comprised 24% of all clinical trials. The
majority of these studies are being conducted in North America (67%) and
Europe (27%). The most common vectors currently being used in these clinical
trials are adenovirus and adeno-associated virus vectors (28.6%) followed by
lipofection (7.8%) and herpes simplex virus vectors (3.3%).Other vectors being
trialed in human studies comprise approximately 2% of current studies, includ-
ing the following vectors: adenovirus+retrovirus; flavivirus; gene gun; lenti-
virus; listeria monocytogenes; and measles virus. (http://www.abedia.com/
wiley/indications.php)

Gene therapies are also moving from the laboratory to Phase I/II clinical
trials primarily in the area of localized cancer pain. Clinical trials with isolated
vertebral metastases are in the planning stage. In contrast to the specific cell
targets of herpes simplex viral vectors, intrathecal delivery of adeno-associated
virus vectors can potentially deliver the transgene to multiple sites in the spinal
canal (Touitou et al. 2004). In an early study in humans, intraprostatically-
injected adenovirus that delivered suicide genes to sensitize malignant cells to
radiation and chemotherapy in sixteen patients with local recurrent prostate
cancer (Freytag et al. 2002). There was a response or partial response in over
half of the patients and there were no treatment-related serious adverse effects.
This early success was followed by further successful Phase I and Phase I/II
clinical trials and led to the conclusion that this treatmentmodality may become
part of prostate cancer management (Freytag et al. 2007).

Despite success of the method, caution is still required in considering the
widespread use of gene therapy. For example, one increasingly common
application of gene therapy uses naked plasma DNA encoding for vascular
endothelial growth factor-2 (VEGF-2) to increase myocardial blood flow
reducing myocardial ischemia and angina. Unfortunately, in one patient,
VEGF-2 DNA injected via a thoracotomy into ischemic myocardium resulted
in immediate death. A later study from the same group (Reilly et al. 2005)
noted significant reduction in pain and angina class for two years post treat-
ment with further outcome data pending completion of a large, proposed
phase III trial. Other rare cases of unexpected serious and fatal adverse effects
of gene therapy indicate that the benefits and risks of the therapy need to be
weighed carefully, screening trial participants for those who may benefit the
most and for co-morbid immunological events that may contribute to adverse
reactions (Hughes 2007). Non-replicating HSV vectors have been shown to
produce high titers of missing gene products in rodent models of brain tumors,
Parkinsonism, and spinal root and spinal cord injuries (Glorioso and Fink
2004). These vectors can be produced in pure preparations to high titers with
low immunogenicity and toxicity and thus may be more appropriate for
clinical trials in human patients.

One interesting approach would be to identify combinations of specific
genetic mutations in a disease state such as autoinflammatory disorders and
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to tailor therapy appropriately. An example is classifying autoimmune disor-
ders such as Crohn’s disease and hereditary periodic fevers by constellations of
causation genes rather than prescribing treatment based on physiological symp-
toms, which frequently overlap. Pain is also a common response to many
different syndromes and types of pain as well as underlying disorders can
vary widely. Genetic screening may not only help diagnose a disorder but also
direct gene therapy to rationally treat the specific mutations. In this same
manner patients with various pain syndromes may be genotyped in the future
for greater specificity in both diagnosis and treatment.

Conclusions

The potential of emerging gene therapies as an effective treatment for human
chronic pain is supported by the numerous preclinical studies. The available results
from rodent studies of gene therapy for prolonged pain show that gene therapy is
unequivocally effective with little dependence on the test used to assess effects,
regardless of the etiological mechanisms, and regardless of whether trigeminal or
lower spinal somatic or visceral systems are targeted. This patternmay be due to an
early bias to publish positive results as is commonly seen for emerging methods.
Based on the current review of the preclinical studies, it is recommended that future
studies simultaneously examine the effect of a particular transgene and vector
system on several pain model types (e.g. inflammatory versus neuropathic pain).
This can be achieved by determining the effective dose ranges for the particular
treatment across several painmodels in the same study.With such data, indications
and contraindications that still remain to be determined will be better understood
prior to moving toward widespread clinical application.

Since the vast majority of human clinical trials have been used to treat
recognizable disease states, trials for the treatment of chronic pain have been
sparse, in part due to the inaccurate consideration of pain as secondary to the
underlying disease. Pain should be also considered as a primary disease with
mechanisms that can become independent of an underlying disease due to
sensitization of central and peripheral nervous system mechanisms (Woolf
and Salter 2000). In other words, the effects of gene therapy on pain outcomes
can occur independently of effects on the injury or pathology of the affected
tissue. Thus, targeting both the pathology and pain mechanisms may represent
a critical approach. For this reason, the use of HSV vectors, in which several
transgenes can be inserted to act synergistically, is an especially promising
future direction of research and human clinical trials.

Improvement of vector systems is continuously under investigation, includ-
ing enhancement of target cell selectivity, reduction of inflammatory and toxic
responses, and increasing the efficiency and duration of transgene expression
(Smith 1999; Noureddini et al. 2006). For instance, transduction promoters are
being varied to increase expression while minimizing toxicity. Moreover,
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although severe adverse reactions to gene therapy in clinical trials have been
rare, careful screening of trial participants for immunological conditions that
may provoke adverse reactions is essential. In addition, careful selection of
patients with the greatest need of treatment of specific types of refractory pain
will ensure the safety and success of what promises to be a highly effective
treatment modality for future generations.
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Palliative Care and Pain Management

in the United States

James Hallenbeck and Shana McDaniel

Introduction

In approaching the topic of pain and palliative care, we will first discuss the
cultural evolution of the modern palliative care movement. This should help
establish a foundation for a more detailed discussion of the relationship between
palliative care and pain management in the United States and in the United
Kingdom.We believe some understanding of this history is important in fleshing
out this relationship. Then, we will contrast the clinical worlds of ‘‘palliative care’’
and ‘‘pain management’’ as specifically practiced in the United States. We will
then review and discuss the impact the palliative care field has had on evidence
based practice. Finally, we discuss future directions for this field.

The Cultural Evolution of the Modern Palliative Care Movement:

A Brief History

Palliative care is a relatively modern term for a most ancient practice – the relief
of suffering associated with illness. The root word, palliare, in Latin means to
cloak or to shield. The term, palliative care, was first coined by Dr. Balfour
Mount in 1974. Mount first studied with the founder of the modern hospice
movement, Dr. Cicely Saunders, in England in 1973 and went on to establish
the Royal Victoria Palliative Care Service in Montreal, Canada in 1975 [1, 2].
Frommedieval times ‘‘hospice’’ had referred to shelters or sanctuaries often run
by religious orders for the needy, the poor, and for travelers [3]. In English the
word, hospice, had largely fallen out of use [4]. In French speaking Quebec,
however, the older meaning was better retained. Thus, as the story goes, Mount
believed it was necessary to find an alternate term for hospice care [5]. From
early on,Mount also envisioned the application of skills associated with hospice
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in venues such as acute care hospitals beyond hospice communities. He borrowed
‘‘palliative’’ from the related terms, palliative chemotherapy and radiation
therapy, and added ‘‘care.’’

Since that point in time, the meaning of palliative care has continued to diverge
from that of hospice. Hospice care in the United States has come to be understood
as care for overtly terminal and dying patients, delivered primarily in patients’
homes, which is directed toward enhancing quality of life and relief of suffering.
Palliative care, as currently conceived, similarly has as a goal the improvement in
quality of life, but now differs from hospice in that the provision of care is not
exclusively for the dying. As the recently published American Clinical Practice
Guidelines for Quality Palliative Care state, ‘‘The goal of palliative care is to
prevent and relieve suffering and to support the best quality of life for patients
and their families, regardless of the stage of the disease [italics ours] or the need for
other therapies.’’[6]. Such care is not restricted to any particular care venue. Indeed,
while the majority of formal palliative care services are still provided for patients
with advanced chronic, life-limiting, or frankly terminal illnesses, this distinction is
important. It is not just the imminently dying whowish not to suffer in their illness.
While such a definition of palliative care is important conceptually, it risks being so
broad as to lose all sense of meaning; by this definition, every time people use over-
the-counter pain relievers they are practicing ‘‘palliative care.’’ Palliative care is also
a socialmovement, advancing the position that attention to quality of life and relief
of suffering are fundamental to the practice of medicine. Access to palliative care
can be considered a basic human right and as such should be available in all venues
at all stages of illness [7]. This movement is becoming incorporated into discrete
social and organizational structures [8]. Many hospitals now have palliative care
consultation teams and palliative care clinics are beginning to appear [9, 10]. In
2006 the Accreditation Council on Graduate Medical Education (ACGME) and
the American Board of Medical Specialties (ABMS), the oversight bodies govern-
ing physician accreditation and credentialing respectively, deemed Hospice and
Palliative Medicine a new subspecialty of medicine [11]. This subspecialty now
enjoys the same status as specialties, such as Cardiology or Oncology.

We offer the above discussion because misunderstandings regarding palliative
care abound. While modern palliative care is historically the child of the hospice
movement, it is not synonymous with hospice. Still, if we are to better grasp what
palliative care has to offer to the consideration of pain wemust first reflect on the
relationship between pain management and hospice in a historical context.

The Clinical Worlds of ‘‘Palliative Care’’ and ‘‘Pain Management’’

Pain Management and Hospice

A primary motivation for Saunders in establishing the first modern hospice in
1967 was to develop and disseminate better methods of pain control for patients
with advanced and terminal illness. As a nurse in the 1940’s Dr. Saunders
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experienced first hand howmany patients suffered terrible pain toward the end of
their lives. Chronic back pain brought an end to her nursing career and she
became an almoner (similar to a modern social worker) in the mid-1940s [12]. In
1948 she sought a position at St. Luke’s, a ‘‘home for the dying and the poor.’’
It was there that she first observed the regular giving of morphine around the
clock – a local practice that by report dated back to at least to 1935 [12]. This
approach stood in sharp contrast to the (still) far too common practice whereby
patients were (and are) required to ‘‘earn’’ their medication, as Saunders often put
it, by crying out and displaying other pain behaviors. Saunders noted not only
better patient pain relief but also greater lucidity and general sense of well-being
with this approach. Encouraged by this, but still frustrated by how little was
understood about pain management and other aspects of care for patients with
advanced illness, she became determined to do something about it. She was urged
to become a physician. She was told, ‘‘[S]he would only get frustrated as a nurse,
because people wouldn’t listen to her; in any case there was so much to be learnt
about pain control and she really ought to do it properly. ‘Go and readMedicine
. . .It’s the doctors who desert the dying.’’’ [12].

Following medical training Saunders began her career as a pain research
fellow. At the time she was one of 20 research fellows working in pain at her
institution, but the first one to specialize in care of patients with advanced
illness. In this capacity she began working at St. Joseph’s Hospice in Hackney in
1958 [12]. There, she introduced the regular administration of opioids, which
was soon adopted as a standard of care in hospice for patients with chronic
pain. Building on this experience she began planning a new venture, which was
to become St. Christopher’s, the first modern hospice.

In keeping with the older notion of hospice, well known to Saunders, St
Christopher’s was envisioned as sanctuary or community for patients suffering
from advanced, chronic, and terminal illness. While hospice care in the United
States has become exclusively associated with care of the terminally ill, Saun-
ders emphatically rejected this tight association. She argued that:

‘‘St Christopher’s is unique in that it offers care, research and teaching into the
problems of patients with chronic [italics ours] and terminal pain, and the needs of
their families both at home and in the Hospice.’’ [1]. ‘‘It will concentrate upon the
understanding andmanagement of chronic and terminal pain both in the 54 beds of the
first stage of building and in an out-patient pain clinic.’’ ([13], copied in Saunders,
Selected Writings 1958–2004, Clark (ed) 2006, Oxford U. Press).

In the quoted sentences, we see the great importance attached to pain
management in hospice care. St Christopher’s was (and is) an academic center,
stressing research and education in addition to clinical care.

Total Pain

Arguably, Saunders’ greatest contribution to the larger world of pain manage-
ment was her elucidation of the concept of ‘‘total pain’’: pain with physical,
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emotional (psychological), social, and spiritual dimensions [14, 15]. She often

cited a conversation with a patient (1963) in making the point that pain must be

approached comprehensively.

I asked her to describe her pain. She said, without further prompting, ‘Well, doctor, it
began in my back but now it seems that all of me is wrong.’ She spoke of several other
symptoms and went on- ‘‘I could have cried for the pills and the injections but I knew
that I mustn’t. Nobody seemed to understand how I felt and it was as if the world was
againstme.My husband and sonweremarvelous, but they were having to stay off work
and lose their money. But it’s wonderful to begin to feel safe again.’ Physical, emotional
and social pain and the spiritual need for security, meaning and self-worth, all in one
answer. [16]

While certainly not unique in drawing attention to the multi-faceted nature

of the pain experience, Saunders incorporated this concept into the very fabric

of hospice care. Appropriate staffing, including mental health workers and

spiritual care providers, was not optional on the care team; it was an expecta-

tion. Such an interdisciplinary emphasis has been maintained in palliative care

programs, evolving years later. As the recent National Consensus Project for

Quality Palliative Care stated: ‘‘Palliative care services must organize and

maintain an interdisciplinary team that can provide sufficient services including

support for the family, continuity of care, optimal use of institutional and

community resources, and close collaboration with other professionals

involved with the care of the patient.’’ [6].
In the same article referenced above [16] Saunders begins a section on total

pain with a discussion of the confrontation of two ‘‘myths’’ – that use of

‘‘narcotics’’ replaced the misery of pain with the misery of addiction and that

their use quickly resulted in tolerance, thereby making them ineffectual (See

also Heit/ Lipman, Chapter 15, This Volume). The inclusion of this discussion

in this section is curious as the issues of addiction and tolerance do not appear to

be directly related to the far broader concept of total pain.We suspect she did so

to highlight the very practical problem patients in pain, particularly those with

cancer, often face – grossly inadequate analgesia, in part because of serious

misunderstandings about the principle class of medications used to treat pain,

the opioids [17].
Attention to such nitty-gritty details of pain management in a discussion of

total pain seem an appropriate counter-balance to her broader philosophical

discussion of suffering. This indicates that for Saunders, effective pain manage-

ment must attend as much to the therapeutic details as to broader issues of

experience, context, and meaning. The inclusion also suggests that while atten-

tion to the individual’s ‘‘total pain’’ is important, research, education, and

advocacy are also obligations for the field. Saunders’ writing and the writing

of later champions in the field repeatedly stress that the proper response to total

pain requires both a multi-dimensional approach to the individual and a

systematic approach to the underlying conditions that give rise to so many

people suffering so unnecessarily.
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Saunders’ Total Pain, Engels’ Biopsychosocial Model,
and Bonica’s Multidisciplinary Pain Centers

While Saunders’ model of total pain had a major impact on pain management

in palliative care, available evidence suggests that Saunders’ conceptualization

of total pain had minimal direct influence on the evolution of the modern pain

management movement. To the extent there is recognition of the importance of

non-medical aspects of pain in traditional pain management, this appears to

represent a relatively independent, parallel evolution. Records from the first

international symposium on pain, organized by Dr. John Bonica in 1973 make

no reference to Saunders or total pain, although presentations were made on

psychological and psychiatric aspects of pain. Later textbooks and articles in

this lineage commonly discuss biopsychosocial aspects of pain management,

referencing the work of George Engel and his followers, but generally do not

reference Saunders, or the total pain concept [18, 19].
As implied in the term, the biopsychosocial model stresses that illness is more

than physical disease. Psychological and social aspects of the experience of

illness must also be considered by the clinician in tailoring an appropriate

therapeutic response. Engel first put forth this model in 1977, well after Saun-

ders elucidation of the concept of ‘‘total pain’’ in the early 1960’s. Of note, he

makes no reference Saunders or her work [20, 21]. Similar to Saunders, Engel, a

physician, also developed his model in response to what was perceived to be an

reductionist conceptualization of illness that overly stressed biology and

neglected more human aspects of the experience of illness. Their models dif-

fered, however, in ways that may have influenced the divergent evolution of

palliative care and pain management. Moreover, we note the inclusion of the

spiritual domain in the total pain model. While Engel recognized the impor-

tance of meaning in his model, the issue of spirituality as Saunders understood

it, his and subsequent work along his line tended not to invoke spirituality

directly. Saunders originally used the term, emotional, to describe psychological

aspects of pain, thereby stressing affective aspects of the experience, although

later writers in the total pain tradition seemed to have interpreted this more

broadly as the psychological aspects of pain [22, 68, 67, 69]. In contrast, the

biopsychosocial line tends to be more ‘‘clinical’’ in its analysis, seeing affect as

but one psychological dimension among many others, including cognitive and

behavioral aspects. From early on Saunders’ model seemed to demand an

interdisciplinary approach to understand the problem of suffering. Interest-

ingly, in Engel’s original Science article, the initial discussion was also more

narrowly focused on the role of psychiatry as a physician specialty. The

emphasis was on the multidimensional aspects of illness in the patient and

how physicians should approach patients using the biopsychosocial model,

with less of an emphasis on an interdisciplinary professional response.
Of note, Saunders’ model was developed explicitly in response to pain (and

was later more broadly applied to other aspects of suffering). As Arber put it,
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‘‘It is significant that the concept of total pain emerged from the patient
experience that Saunders captured by listening to patients talking about their
experience of pain.’’ [23] In contrast Engel’s original paper does not discuss pain
directly. His more general model of illness was later adapted by pain manage-
ment specialists and expanded to fit Bonica’s multidisciplinary approach to
pain management [26].

Well prior to Engel’s 1977 Science article, Bonica, the founder of modern
pain management, had stressed the importance of interdisciplinary care, in his
advocacy for multi-disciplinary pain centers [24]. Bonica and Saunders were
well aware of each others work, having corresponded as early as 1966 [1].
Saunders was clearly influenced by Bonica’s work. Indeed, the first reference
in her first publication in 1958 is to Bonica’s 1953 classic text, TheManagement
of Pain [25]. It seems probable that Bonica was similarly influenced by Saun-
ders, as the following quote suggests:

‘‘Cancer pain is of particular importance because of its special attributes and signifi-
cance to the patient and his family. Usually the physiologic and psychologic impact of
cancer pain on the patient is greater than that of nonmalignant chronic pain. The
physical deterioration is much more severe because the patients have greater problems
through lack of sleep, lack of appetite, nausea and vomiting. Equally important is the
mental depression caused not only by the persistent pain but its prognostic significance.
In the usual setting, the physical appearance and suffering stresses the family emotion-
ally, and this in turn enhances the patients pain and suffering.’’ [26].

In 1977 Bonica invited Saunders to lecture at the first International Congress
on Cancer Pain, again suggesting his awareness of and respect for her work [1].
Thus, Saunders may have had some indirect influence on Bonica and the field of
pain management, although direct references to her work are strikingly absent
in the pain literature reviewed.

Hospice Care Comes to the United States

The first three hospice/palliative care programs in North America (in New
Haven Connecticut, New York, and Montreal) were started from 1974–1975.
In 1982 Medicare established the Medicare Hospice Benefit, the first public
reimbursement system to provide dedicated funding for hospice care in the
United States [2, 3]. While the establishment of this benefit was a great boon for
many, associated eligibility criteria and reimbursement policies significantly
shaped the way hospice and palliative care evolved in the United States for
better and for worse.

Under the Benefit eligibility for hospice is limited toMedicare recipients with
prognoses of six months or less ‘‘if the illness runs its normal course.’’ [27]. In
restricting eligibility based on estimated life-expectancy, hospice care became
exclusively associated with care for the terminally ill – in contrast to Saunders’
original vision. The Hospice Benefit also requires that patients and/or proxies
accept a ‘‘palliative approach to care.’’ While not unreasonable on the face of it,
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in practice this policy is often interpreted as to mean that patients and families

must make a difficult choice; either they could pursue aggressive care oriented

to prolongation of life, but too often with inadequate attention to comfort, or

they could choose a comfort-oriented approach, which made little if any effort

to prolong life. Such a stark and dichotomous choice was and is resisted by

many patients, families, and clinicians, who rightly consider efforts at life-

prolongation to exist along a continuum with efforts directed toward comfort.

The benefit also strongly biased hospice care toward care in the home. While

funding mechanisms exist under the benefit for hospice care in acute care or

nursing homes, by policy most care must be delivered in the home. No inde-

pendent option existed under the benefit for outpatient care [27].1

Reimbursement under the Medicare Hospice Benefit is on a per-diem basis.

That is, virtually all services delivered, including medications, are ‘‘packaged’

within this daily rate. While such bundling enabled a more comprehensive

approach to care, it also discouraged the use of more expensive therapies

(such as certain medications and therapies for pain) even where they might be

most appropriate [28, 29].
The Medicare Hospice Benefit stressed the provision of care by an inter-

disciplinary team, lead most commonly by nurses and social workers. While

such an interdisciplinary approach was quite consistent with original hospice

values the same cannot be said for the role of the physician in hospice, whose

contribution to the provision of care was systematically devalued under the

Benefit [2].2 While all Medicare-certified hospices require a physician hospice

medical director, no requirements yet exist for physician training or competency

[31].3 The medical director is to provide oversight of medical care, but in most

cases does not serve as attending of record. The attending role is most com-

monly filled by physicians not affiliated with the hospice, many of whom lack

basic palliative care competencies, including pain management skills. Many

patients admitted to hospice under Medicare will never see a physician prior to

death, as home visits are rare (and poorly reimbursed). Finally, the Medicare

1 Bonica had stressed the importance of multidisciplinary outpatient clinics in pain manage-
ment. This emphasis stands in sharp contrast with the neglect of outpatient care under the
Medicare Hospice Benefit. This difference in emphasis may have contributed to the divergent
evolution of pain management from that of hospice and palliative care.
2 Saunders was concerned about these developments in the United States. In a letter to the
editors of the Journal of Chronic Diseases in 1984, just after the institution of the Medicare
benefit she commented, ‘‘Experience of work in two older and one modern (1967) Hospice has
convinced me that this work should not be seen as encouraging doctors to leave care for the
end of life to other professionals, still less the inadequately informed or supported family. The
careful analysis and control of physical symptoms and the answering of the patient’s and the
family’s questions concerning the progress of the disease and the nature of its likely end may
be shared with other staff but still remain the prime responsibility of the clinician.’’ [30].
3 The Joint Commission, which accredits American healthcare organizations, has general
standards for all clinicians regarding assessment of competency, but no specific requirements
regarding competency standards for medical directors.
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Hospice Benefit is exclusively a clinical program. There are no provisions
supporting education or research. In contrast, significant monies are provided
for physician training in acute care hospitals associated with Medicare reim-
bursement [32].

As originally implemented in England at St. Christopher’s, hospice care was
actively involved in efforts to improve pain management through both research
and education. The same, unfortunately, cannot be said for hospice as it
evolved under the Medicare Hospice Benefit. America’s hospices certainly
value relief of suffering from pain and other debilitating symptoms. However,
the sharp delineation of terminal from non-terminal patients, the general
restriction to home care, the fiscal bias toward inexpensive therapies under a
per-diem system, the relative neglect of the role of the physician and the lack of
any emphasis on research and education all create serious barriers to the use of
certain pain management approaches. While the Medicare Hospice Benefit did
much to legitimize hospice care and provided a funding stream for care, an
unintended consequence of the benefit was to put hospice in the United States
on a very different evolutionary path from that of more traditional pain
management.

The Growth of Palliative Care Services in the United States

Following early euphoria associated with the establishment of a funding
mechanism for hospice through the Medicare Hospice Benefit, certain pro-
blems became apparent. Growth in the number of patients receiving hospice
care was relatively stagnant in the late 1980’s and early 1990’s.4 Contrary to
hopes, most Americans continued to die in institutional settings, primarily
acute care hospitals [34]. Hospice providers often pleaded with physicians and
hospitals to ‘hand-over’ their dying patients to their care and then became
frustrated when there was some reluctance to do so. Physicians not affiliated
with hospices tended to resent the implication that they were providing ‘‘bad’’
care for dying patients and that hospice could do better. Patients, families, and
clinicians commonly balked at being forced to make stark choices between
hospice and traditional medical care. Studies demonstrated that hospice care
tended to be used primarily by well educated, well-to-do Americans of

4 In 1985 158,000 Americans received hospice care. By 1992 this number had grown only to
246,000. The rate of growth in hospice utilization did pick up substantially from 1992 onward.
By 2005 1.2 million Americans had received some hospice care. Even today, the majority of
Americans die in institutional settings without the benefit of hospice care. It is interesting to
note that the rapid growth in hospice enrollment is temporally correlated with emergence of
palliative care in the United States. While some in the American hospice movement expressed
concern that palliative care might threaten hospice by re-medicalizing dying and caring for
dying patients in hospitals, this correlation suggests that palliative care has had a beneficial
effect in terms of hospice utilization [33]. This represents approximately one third of the
deaths in America.
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European descent [35, 36]. Hospice care, while institutionalized under the

Medicare Hospice Benefit, remained in many ways an alternative form of care

for the privileged, outside the mainstream of Medicine.
On a positive note, and informed by a growing literature largely from outside

the United States, clinicians started to gain a better understanding of the scope

of what was possible in the provision of symptommanagement and related care.

The Oxford Textbook of Palliative Medicine (out of England), the first major

palliative care textbook, was first published in 1993 [37]. This was a revelation

for many hospice physicians in the United States. Practitioners began to under-

stand that pain management and other skills being learned in the care of the

dying could often be extrapolated to patient populations not so imminently

dying. By the early 1990’s it also became clear that the majority of Americans

would continue to die in institutional settings, either acute care or nursing

homes, and equally clear that most of these patients were not benefiting from

the advances reflected in this textbook and in the emerging hospice and pallia-

tive care literature.
But why was this the case? From the 1960’s within mainstream Medicine in the

UnitedStates thedominant approach toproblemsarising at the end-of-lifewas ethical.

‘If only the clinician knew what the patient had wanted when lucid (presumably most

would not want to die in an intensive care unit for example), then everythingwould be

alright’. The focus was on getting patients to complete advance directives and for

healthcare systems to recognize these advance directives. Medical education to the

extent it addressed end-of-life issues, similarly focused on matters of ethics [38]. These

efforts culminated in the Patient Self-Determination Act of 1991, wherein healthcare

organizations aremandated to inquire about patient’s advance directives on admission

to a healthcare facility [39].
In 1995 a major study was published, the SUPPORT study, which was a

watershed in the evolution of palliative care in the United States [40]. Growing

out of the continuing belief that the key to good end-of-life care was ‘‘knowing

what the patient wanted,’’ this was a large interventional study in which half the

population was supported by a nurse, whose job it was to elicit patient prefer-

ences. The other half of the population was a control group. The premise was

that if a nurse took the time to ask patients about their preferences (regarding

their resuscitation status, for example) and their condition (howmuch pain they

were in, most notably) and communicated this information to the physician,

there would be improvement in care delivery – except it did not work. There was

no difference between the two groups on a host of measures, including their

reports of pain. In this study 50% of dying hospitalized patients were reported

as being in moderate to severe pain at least 50 percent of the time in the last

3 days of life by their relatives. This study was a major wake-up call. The study

painted a bleak picture of end-of-life care in the dominant venue where Amer-

icans die: the acute care hospital. It suggested (as supported by later studies)

that whatever the problem was, it was not as simple as just finding out what

patients wanted [41–43]. A different approach was clearly needed.
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Palliative Care Post – SUPPORT

Leaders in the hospice and emerging palliative caremovement regrouped in light of
the SUPPORT study and related literature, which demonstrated that most Amer-
icans continued to die outside of hospice and that physicians and other clinicians
were poorly taught even the basics of pain and other symptom management.
Supported largely by two philanthropic organizations, the Robert Wood Johnson
Foundation and the SOROS Foundation, clinical and political efforts shifted
toward amore systems-based approach. The goal was to improve care for patients
with advanced and terminal illness. Major initiatives were launched to improve
clinician education, to explore new models of palliative care delivery outside of
hospice, and in support of research. Physician subspecialty status for hospice and
palliative medicine was sought and gained in 2006 [44]. As a result of these efforts
new requirements for education and accreditation in symptom assessment and
management have been promulgated [45]. Palliative care has thus evolved into a
formal system of care, now within the world of traditional medicine, with all the
rights, honors, privileges, and bureaucratic headaches that come with such status.

Palliative Care and Pain Management

We are now, finally, able to address the key question for this chapter: What
contribution has palliative care made to the management of pain in the United
States? As the previously described history reflects, palliative care has evolved
beyond its early American roots of a home-based hospice program for dying
patients. Yet, philosophically, much has been retained.5 Perhaps most impor-
tantly, palliative care highlights the fact that patients with advanced and
terminal illnesses have special needs and that therapeutic approaches must be
adjusted accordingly. While Bonica, like Saunders had made very strong state-
ments as early as 1955 regarding the importance of pain management for
patients with terminal illness, especially cancer, historically this population
has largely been neglected by most clinicians and researchers, including many
pain specialists [46]. Pain management as a field tended to focus more on
isolated, difficult pain syndromes in patients with far greater life-expectancies.

For the majority of patients seen in the practice of palliative care, little doubt
exists as to whether they are in pain, or why. No one (patient or clinician) would
question, for example, why a patient with diffuse bony metastases might hurt. In
contrast, the cause (and ‘‘veracity’’) of pain in many overtly ‘‘healthy’’ patients
seen by pain specialists is often less clear. These differences in patient populations

5 The Clinical Practice Guidelines for Quality Palliative Care, the major consensus document
on standards for palliative care in the United States, were developed by hospice and palliative
care leaders and modeled to a large degree on older hospice guidelines. The importance of an
interdisciplinary approach, addressing physical, psychological, social, and spiritual aspects of
care is stressed, consistent with Saunder’s total pain philosophy [6].
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have given rise, in our opinion, to very different philosophies of care and
significant differences in practice. In palliative care there is a strong bias towards
giving patients the benefit of the doubt, for example, if opioids are being con-
sidered, as to whether there is a physical cause for the pain. A phrase often heard
in hospice and palliative care is, ‘‘Pain is what the patient says hurts.’’ [22, 23].
This bias is often quite reasonable in the presence of physical disease which is
overwhelmingly likely to cause pain. A limited life-expectancy, almost by defini-
tion, removes the potential for long-term ‘‘abuse’’ of opioids and tolerance.
Malingering and secondary gain are also rarely major issues. Complications of
long-term opioid use and other medications such as steroids are also reduced by
limited life-expectancies. By contrast the pain management literature more often
addresses questions of addiction, malingering, and secondary gain, and raises
questions of the veracity of pain complaints. Such suspicion makes some sense in
light of etiologic uncertainty and often very different motivations for seeking care
in more overtly healthy populations (see also Heit and Lipman, This Volume).

Palliative care also continues to emphasize the importance of a broad, ‘‘total
pain’’ approach to pain management and to emphasize an interdisciplinary
approach to care. This is both a philosophical and a most practical bias. While
most patients with advanced and terminal illness have an easily understood cause
for their physical pain, the complexity of their illness requires a comprehensive
approach. Well-trained pain specialists certainly recognize the interplay between
physical and psychosocial/spiritual dimensions of pain and suffering in patients.
However, advanced illness presents special challenges. Even if restricting the dis-
cussion to physical symptomatology, most patients with advanced illness and pain
also suffer from a number of other common symptoms and ailments – most
commonly dyspnea, constipation, nausea, cachexia, and asthenia. The interplay
among these symptoms physiologically and experientially is complex. Pain medi-
cations are often adjusted both to avoid certain side-effects common in advanced
illness (such as choosing certain opioids over others in patientswith renal or hepatic
insufficiency) and in hopes of improvingmore than one symptomat a time. Byway
of example, opioids are commonly used for both pain and dyspnea management.
Steroids are often useful both for compression neuropathies and for anorexia.
Expert palliative care pain management requires an intimate understanding of
these related physiologies and options for treatment. Further, while most pain
specialists have valuable added knowledge and expertise in specific pain proce-
dures, such as the use of nerve blocks, it is also safe to say that palliative care experts
usually have greater understanding and expertise in managing complex and over-
lapping symptoms [47, 48].

Evidence Based Pain Management and Palliative Care

The most important contribution to evidence based pain management by
palliative care has been to broaden the scope of questions where evidence is
thought to be important. Some of the larger questions include:
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� How does pain fit into the larger constellation of symptoms and suffering as
experienced by patients?

� How do social and cultural forces influence the experience of pain and
clinicians’ responses to pain?

� What system barriers exist to effective pain management?
� In assessing efforts to improve the quality of pain management, what out-

comes are most important to measure?

At a more basic level, palliative care research has significantly influenced
pain management by calling into question certain common practices with poor
evidence bases. Perhaps the best historical example was Twycross’ early work,

validated by others, demonstrating that morphine was equally efficacious in the
provision of pain relief as Brompton’s cocktail, a popular mixture of ingredi-
ents, which contained opioids and cocaine and which caused greater side-effects
[49, 50, 51]. Some other evidence-based practices in which palliative care played
a major role are listed in Table 1 [52, 53, 54, 55, 56].

Beyond any specific contributions to evidence-based pain management,
palliative care has contributed to a much broader discussion of the role of
evidence-based medicine in medical practice and research. While recognizing
the importance and value of evidence in guiding practice, significant criticism

has arisen within the palliative care movement regarding what is perceived to be
at times a narrow and rigidly constructed conceptualization of what constitutes
‘‘good evidence.’’ [57].

Three concerns tend to dominate such criticism. First, is a recognition that
for certain types of research questions, especially those germane to palliative
care (and by extension pain management), randomized-controlled trials, gen-
erally considered the highest-level of evidence, are not feasible or frankly are not

Table 1 Contributions of palliative care to evidence-based pain management

Issue Evidence Based Practice

Chronic pain is best treated with regular,
not as-needed, medication ‘‘by the
clock’’

� Use of long-acting oral opioids are generally
favored over short-acting parenteral doses
for chronic pain [52]

Management of opioid-related side-effects � Use of antiemetics with dopamine-blocking
activity are favored agents for centrally
mediated opioid-related nausea [53]

� Use of prokinetics for opioid-related
dysmotility and constipation [54]

Pain Assessment �Use of alternative methods of pain assessment
are needed in special populations, such as
non verbal patients and patients with
dementia [55]

Opioids and hastening of death � Use of opioids in dying patients: Evidence
suggests that the use of opioids within
standard practice guidelines at the end-of-life
does not significantly increase the chance of a
hastened death [56]
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the best available research methodology [58, 59 60]. Greater consideration and
respect should be given to alternate approaches such as systematic reviews,
qualitative, and narrative analysis [61]. Second, biases, both fiscal and cultural,
tend to encourage greater attention to certain types of research and evidence at
the expense of others. In pain management a great deal of money has been spent
exploring expensive procedural and pharmacologic approaches to pain man-
agement. Yet, to date there is not one good randomized controlled trial com-
paring prochlorperazine and promethazine in the treatment of opioid-related
nausea. Finally, a more general worry has been expressed by researchers in this
field, regarding inherent dangers in the objectification of suffering [57]. If only
objective evidence is considered legitimate, more subjective aspects of human
experience, particularly pain and suffering proportionately are de-legitimized.
Indeed, the most popular ‘‘evidence-based medicine’’ texts tend to discuss pain
and other major symptoms, such as nausea and dyspnea rather superficially in
the context of specific disorders, if at all [62, 63]. Pain, and related suffering also
often fail to appear in and of themselves to be considered legitimate topics for
inquiry. We suspect this is not intentional, but rather reflects difficulties arising
from the objectification of what is inherently a subjective phenomenon.

System Change and Advocacy

While palliative care experts possess rather different but quite complementary
skills to those of pain specialists, we would argue that the greatest contribution
palliative care has made to the broader field of pain management is in terms of
advocacy and system change. Following the SUPPORT study, research con-
ducted in nursing homes and pediatric populations by palliative care research-
ers similarly demonstrated grossly inadequate pain management [64, 65]. No
one would or could defend such practices. As a society it would seem we could
at least keep dying elders and children comfortable. Despite major advances in
the understanding and treatment of pain the palliative care literature revealed
that the vast majority of patients suffering from pain were not benefiting from
these clinical advances.6 No simple solution exists to this problem. However,
palliative care has worked systematically to improve access to appropriate pain
management. Here, we will highlight some major achievements.

(Note: these achievements were not uniquely dependent on palliative care
leadership. Varying degrees of collaboration with pain management leaders

6 Bonica is his preface to the report on the first international symposium on pain makes just
this point. ‘‘It is a distressing fact that in this age of marvelous scientific and technologic
advances which permit us to send people to the moon, there are still hundreds of thousands,
and indeed millions, of suffering patients who are not getting the relief they deserve.’’ How-
ever, system aspects of pain management are otherwise largely ignored in this historically
important symposium and much subsequent literature of the mainstream pain management
movement [66].
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existed. However, palliative care leadership was critical to the success of these

ventures):

� Education: Formal requirements regarding palliative care education (includ-
ing pain management) have been promulgated for major clinical disciplines
at both undergraduate and graduate levels for physicians. To date the great-
est impact appears to have been on the disciplines of Internal Medicine,
Geriatrics, and Neurology [67]. Faculty Development and continuing educa-
tion courses on palliative and pain management have been created [68 69 70].
In some states continuing education credits in pain management and end-of-
life care are required. Fellowships in palliative medicine have been developed
and hospice & palliative medicine was acknowledged as a medical subspeci-
alty by the American Board of Medical Specialties in 2006 [71]. 7

� Regulatory Bodies: The Joint Commission, the major accrediting body for
healthcare in the United States, has incorporated formal standards for pain
assessment and expectations regarding pain management into their accred-
itation process in part in response to advocacy from palliative care leaders
[45]. Regulatory bodies at all levels (national, state, county, healthcare facil-
ity) have been encouraged to liberalize policies that restrict access to the
appropriate use of controlled substances and to issue statements supporting
proper use of these medications.

� System factors contributing to inadequate pain management: While education
can help addressmisguided attitudes regarding painmanagement and improve
skills, research in palliative care has demonstrated that these are not enough.
Systems of care can either promote or hinder patients’ access to proper pain
management. A superb example of such can be found in Morrison’s study,
which demonstrated that opioids simply were not available in many pharma-
cies in inner-city New York. People living in those areas could not get their
prescriptions filled [75]. Various projects have demonstrated much improved
pain scores and patient satisfaction followed the implementation of quality
improvement projects addressing such system problems [76, 77].

� A re-examination of the use of opioids in relation to the risk of addiction and

tolerance: Pain management as a field in its early years was and is much
concerned with the use of opioids in terms of their potential for abuse and the
risk of tolerance [78, 79]. It is our impression that work in hospice and
palliative care has had some influence on softening what was a relatively

7 Palliative medicine became a medical specialty in 1987 in the UK, almost 20 years earlier
than in the United States. American standards require one year of clinical training for board
eligible status. A second year is sometimes included in fellowship programs for those inter-
ested in academic careers. In the UK four years of specialty training are required for recogni-
tion as a sub-specialist in palliative medicine. While differences exist in specialty training
requirements for physicians and other clinicians working in palliative care between the US
and theUK, both countries appear to face a similar educational challenge: balancing specialty
training in palliative care with the need to incorporate palliative care content into curricula for
non-specialists [72, 73, 74].
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hard-line stance on these issues in the traditional world of pain management
in the United States and abroad. Historically both hospice and pain manage-
ment camps were overtly characterized by what now appear to be rather
extreme positions. Pain management tended to view the risk of addiction and
tolerance in the use of opioids as a very serious problem, especially when used
for ‘‘non-malignant’’ pain [80]. In a paper entitled, ‘‘The use and misuse of
narcotics in the treatment of chronic pain,’’ presented at the first Interna-
tional Symposium on Pain (one of only 2 papers on the use of opioids in the
symposium), Houde, arguably the preeminent leader representing the domi-
nant pain management perspective on this topic at the time stated, ‘‘. . .

[T]he narcotics are felt to excel in their capabilities of producing psychological depen-
dence or craving and it is this property that sets the narcotics apart from the other
classes of drugs’’ and ‘‘. . .tolerance and physical dependence will undoubtedly develop
on the repeated administration of even moderate doses of potent narcotics within a
period as short as 2 to 3 weeks. . .’’ [81]

At the other extreme Twycross, who was based at St. Christophers’ Hospice,
represented the hospice point of view, championing the position that addiction and
tolerancewere notmajor issues. ‘‘Tolerance tomorphine is not a practical problem.
Psychological dependence (addiction) does not occur if morphine is used cor-
rectly.’’[22]. In truth, as Meldrum observed in her excellent article detailing the
history of the development of the WHO pain ladder, these two towering figures
were not as far apart as these statementsmight imply. ‘‘Houde and Twycross could
not agree on the inevitability of tolerance, but they concurred that it was manage-
able.’’[79].Meldrum goes on to suggest that neuro-oncologist Kathleen Foley, who
had trained with Houde at Memorial Sloan-Kettering, was pivotal in negotiating
an agreement that enabled the codification of theWHOpain ladder inMilan, Italy
in 1982. Fishbain and colleagues in their 1992 systematic review of drug abuse,
dependence, and addiction in chronic pain identify Drs. Foley and Portenoy, a
neurologist, as two investigators whose work challenged commonly held assump-
tions about the risk of these problems [82, 83 84]. This review found, ‘‘There is little
evidence in these studies that addictive behaviors are common within the chronic
pain population.’’ Foley and Portenoy emerged as interesting and important
figures in this regard. Both rose to prominence in the culture of traditional pain
management. Yet, they are also recognized as pioneers in American palliative care
and thus have served as a bridge between the worlds of pain management and
palliative care. Today, a more centrist view, recognizing that tolerance and addic-
tion can be significant problems (but often are not) seems to dominate both the
pain and palliative care literature.

Palliative Care and Pain Management – Still Worlds Apart

In the above section, we contrasted palliative care with traditional pain manage-
ment. Palliative care has clearly benefited from research done by pain specialists.
We would like to think that in turn pain management has been aided by the
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palliative care movement, which has strongly advocated that pain can only be
understood within in a broader context of suffering. Increasingly, pain manage-
ment texts explicitly reference palliative care. For example, a core curriculum for
pain management fellows begins its section on cancer pain with the following:

1. ‘‘Recognize that pain management is part of a broader therapeutic endeavor
known as palliative care.

2. Know that palliative care is defined as the active, total care of the patient
with active, progressive, life threatening disease.

3. Recognize that palliative care involves a variety of health care professionals.
4. Know that palliative care provides a model for continuing management

including control of pain and symptoms, maintenance of function, psycho-
social and spiritual support for the patient and family, and comprehensive
care at the end of life.’’ [85].

Unquestionably, leaders such as Portenoy, Foley, and Twycross have
reached across their special fields to find commonalities of interest and purpose,
which have benefited both pain and palliative care specialists. However we are
left with an uncomfortable truth : in practice palliative care and pain manage-
ment specialists more often than not work in separate clinical worlds. Given the
primacy of pain to both fields, how could this be? As discussed above, differ-
ences in populations served are responsible to some extent. We have also
suggested that the structure of hospice as it evolved under theMedicareHospice
Benefit was not conducive to collaborative efforts between the two fields. On
the pain management side we also note a greater and growing emphasis on
interventional pain management. In part this has resulted from major improve-
ments in technique and associated efficacy in pain relief [86].

In addition, we must also note that fee-for-service reimbursement systems,
including Medicare, are strongly biased toward technologic interventions and
against time and knowledge-based practice. To put it bluntly, under the domi-
nant reimbursement schemes in the United States, high tech procedures, such as
nerve blocks and pump insertions, are considerably more profitable than rela-
tively low-tech, interdisciplinary care. Thus, almost overwhelming fiscal incen-
tives encourage pain management specialists to treat principally through
procedures. This strong fiscal bias sadly tends to segregate pain and palliative
care specialists into high and low-tech medical worlds of ‘‘haves’’ and ‘‘have-
nots.’’ Interventional pain specialists are among the most highly reimbursed
physicians in America. In contrast many palliative medicine physicians and
palliative care programs are still struggling for fiscal viability.

An Eye to the Future

Summarizing the above :historically, there was a close connection and mutual
respect between leaders in pain management and hospice/palliative care in the
early 1960’s. However, a variety of factors resulted in a divergent evolution.
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Must this divergence continue or could a new synergy come into being? Here,
we are somewhat optimistic. Palliative care has benefited immensely from
advances in understanding and techniques developed in traditional pain man-
agement. However, we believe that even in very good hospice and palliative care
programs too many patients do not have access to procedures such as nerve
blocks, epidural, and intrathecal infusions, which might be of benefit. In part
this is because of reimbursement system barriers and practical limitations
regarding what can be done in certain venues, such as the home. We must
also admit that at times access to such procedures appears to be limited by
ignorance of their potential benefits on the part of palliative care clinicians and
lack of collaboration with pain specialists.

As palliative medicine clinicians do become more sophisticated in their
understanding of pain and the use of pain management techniques, we are
beginning to see a confluence of interest with pain specialists. A better under-
standing of psychosocial as well as physiologic mechanisms for pain relief and
mechanisms of complications of pain management, such as opioid tolerance
and hyperalgesia, is moving the field to consider the therapeutic implications of
such discoveries. We hope that pain specialists will similarly come to better
appreciate the contributions palliative care can make to pain management.
Palliative care specialists can help pain specialists better understand and treat
pain patients with complex medical comorbidities. Beyond this, we believe pain
specialists could learn much from palliative care experts about effective educa-
tion strategies and methods for creating systematic change.
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Pain in Society: Ethical Issues and Public Policy

Concerns

Ben A. Rich

Introduction

This volume appears in the second half of the congressionally declared ‘‘Decade

of Pain Control and Research’’ (H.R. 3244, 2000). Such a declaration by the

Congress of the United States generates a perception that we are in the midst of

a major national public policy initiative promoting the importance of pain relief

to the health and well-being of all citizens who are currently or at some time in

the future may become the victims of pain. Such a perception would not,

however, necessarily comport with reality. Indeed, the very context in which

H.R. 3244 arose was the persistent efforts of the opponents of physician-

assisted suicide in general, and the Oregon Death With Dignity Act in parti-

cular, to enact federal legislation (under the guise of promoting pain relief) that

would make it a federal offence for a physician to provide a competent,

terminally ill patient who requested it with a lethal prescription, even if state

law and public policy supported it. Such a tension is emblematic of tensions and

conflicts inherent in how western culture thinks about and responds to the

phenomenon of pain.
Until recently (the last fifteen years), there was virtually no discussion, even

in the literature of the health professions, of the role of ethics, law, or public

policy on the subject of pain and its relief. The objective of this chapter is to

provide an overview of the ambivalence that western society has demonstrated

toward those who suffer pain and how those who are in a position to provide

relief should respond to it. Despite an incredible amount and diversity of

activity in recent years, particularly in the United States, the ambivalence

persists and manifests itself in law and public policy that prompts many health

care professionals to decry that they are truly between the proverbial ‘‘rock and

hard place’’ when it comes to caring for patients who report and seek prompt

and effective relief from pain.
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Ethical Dimensions of Pain and Its Relief

As the physician Eric Cassell observed 25 years ago, acknowledgement of the

physician’s duty to relieve human suffering stretches back into antiquity.

Nevertheless, he continues, little attention is given to it in medical education,

research, or practice (Cassell, 1982). We should note at the outset that pain and

suffering are not synonymous, inasmuch as pain can exist without suffering (a

paradigm case is childbirth) and suffering can exist without pain (there are

many examples of ‘‘existential suffering’’ completely unassociated with physical

pain). Nevertheless, our focus in this chapter will be the experience of pain

which, when it persists without adequate treatment, can be a significant source

of human suffering.
In ancient, and even early modern medicine, the relief of pain held a

prominent position in the priorities of patient care. To some extent this

may have been because there was so little else that physicians could do for

their patients. Even when the state of their art (and rudimentary medical

science) enabled them to diagnose a patient’s disease, more often then not

cure, or even significant remediation, eluded them. But particularly with the

discovery of the analgesic properties of opium, and its derivative morphine,

the relief of pain was within their power. Great figures in the history of

medicine proclaimed the marvelous powers of these substances, from Tho-

mas Sydenham’s paen declaring that ‘‘among the remedies which it has

pleased Almighty God to give to man to relieve his sufferings, none is so

universal and so efficacious as opium’’ to Sir William Osler’s reference to

opium as ‘‘God’s own medicine.’’
During the Twentieth Century, two phenomena converged to produce the

crisis that we currently face – an epidemic of undertreated pain (Rich, 2000). The

first was the remarkable advance in medical science and technology, particularly

in the last half of the century. A longstanding balance between curative and

palliative medicine, based in significant part on medicine’s earlier limitations,

gave way to the reign of the curative (disease-directed) model of patient care in

which the primary focus was on making the diagnosis and designing and imple-

menting therapeutic measures (Fox, 1997). The second was the imposition of a

rigid and often punitive regime of federal control over opioid analgesics, in which

the DEA and federal prosecutors argued that physicians whose prescribing of

controlled substances fell outside certain parameters were guilty of drug diversion

(Musto, 1999). Mounting evidence, particularly in the later decades of the

Century, suggested that all types of pain, acute, chronic nonmalignant, and

even cancer pain, were routinely undertreated (Cleeland, et al., 1994). In extreme

cases, health care professionals appeared to be in the grip of a phenomenon that

came to be characterized as ‘‘opiophobia,’’ believing that the risks and side-effects

of opioid analgesia almost always outweighed the benefits of pain relief (Morgan,

1985). Patients with pain began with increasing frequency to manifest a newly

diagnosed condition, pseudo-addiction, which consisted of behaviors consistent
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with addiction but which were in fact the product of severe, chronic undertreated
pain. Pseudo-addiction is an iatrogenic condition (Weissman andHaddox, 1989).

The next section of this chapter will identify and briefly analyze the most
commonly identified barriers to effective pain management, link them to the
phenomena noted in the previous paragraph, and offer an ethical analysis of
their consequences. Section 3 will provide a concise review of the regulatory
environment for opioid analgesics. Section 4 will consider a few legal cases that
have driven home the point, seemingly lost heretofore, that the failure to
provide necessary and appropriate pain relief constitutes both unethical and
substandard medical practice (Pellegrino, 1998). Section 5 will review some of
the most important public policy responses to the growing recognition that
undertreated pain was pervasive, pernicious in that it constituted amajor public
health problem, and constituted a significant and unacceptable departure from
a traditional core value of the health professions – the relief of pain and
suffering.

Barriers to Effective Pain Relief

There has been remarkable consistency in discussions of the barriers to good
pain management, at least with regard to what arguably constitute ‘‘the usual
suspects.’’ The first, and perhaps most surprising and disconcerting to lay
persons, is ignorance. The clinical literature readily acknowledges that health
care professionals, physicians and nurses, quite simply, are not trained ade-
quately in the assessment and management of pain (Von Roenn, et al., 1993).
The training that clinicians generally do receive, often serendipitous and anec-
dotal, serves only to perpetuate myths and misinformation about the risks of
opioids and the penchant for patients who complain of pain to be routinely
characterized as ‘‘drug seeking’’ rather than genuine victims of a condition that
warrants palliation (Hill, 1995).

The failure of health professional schools, particularly medical and nursing,
to bring their curricula in line with current national standards for the assess-
ment and management of pain, and to consistently impart the requisite knowl-
edge, skills, and attitudes in their graduates, in and of itself constitutes a major
pedagogical deficiency. But while these curricular deficits do constitute one of
the reasons why health care professionals undertreat pain, it does not constitute
an excuse upon which those professionals can escape responsibility for causing
or allowing their patients to suffer unnecessarily. The reason is that medicine
and nursing are true professions, an essential aspect of which is a moral obliga-
tion to engage in lifelong learning so as to possess and consistently provide
competent care and treatment to patients. The fact that an important aspect of
patient care was not included in a professional’s primary training in no way
absolves them from a responsibility for acquiring the requisite knowledge and
skills subsequently.
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The most obvious way for health professionals to remediate such deficits is
through continuing professional education. A few states have actually man-
dated, and some others have recommended, that physicians obtain continuing
medical education in pain management and the treatment of terminally ill
patients (Pain & Policy Studies Group, 2005). In a subsequent section of this
chapter, we will consider legal cases in which health care professionals were held
liable in civil actions for failure to provide appropriate pain relief to their
patients.

It is not only health care professionals, but patients and, indeed, many lay
persons who have major knowledge deficits concerning the proper role of pain
relief in patient care, and more particularly, the relative risks and benefits of
opioid analgesia for the relief of moderate to severe pain. One of the pervasive
myths is that anyone who receives opioids for more than a few days is at a high
risk of becoming addicted. The primary basis for this myth is a failure to
distinguish between the development of physical dependence and true addic-
tion. While all patients who receive opioids for an extended period of time will
become physically dependent, this simply means that such patients must be
gradually tapered off such medications rather than having them precipitously
discontinued. By contrast, addiction is a craving for (compulsive use of) a drug,
and the continued use of it despite obvious harmful consequences (See Chapter
15 of this volume). The primary responsibility for educating patients and their
families about the importance of pain relief in patient care and the actual risks
and benefits of opioids must lie with the health care professional. For that
reason, ignorance and misinformation on the part of the lay public is not really
a separate barrier, but directly related to ignorance and misinformation in the
health professions.

A second barrier to effective pain relief is the failure of health care institu-
tions to make pain relief a priority in patient care. Given that the relief of
suffering was historically a core value of medicine, the identification, and to a
remarkable degree, acceptance of this barrier boggles themind. How, onemight
reasonably ask, could modern medicine have strayed so far from one of its core
values that the relief of pain could cease to be a priority in patient care? There
may be no definitive answer to this question, but here is one theoretical
possibility. As modern medicine demonstrated the capacity to cure or signifi-
cantly address many heretofore life-threatening conditions, the focus of the
medical gaze shifted from caring for the patients who could not be cured to
making an accurate diagnosis and formulating and implementing appropriate
(and often effective) therapeutic measures for the increasing percentage of
patients who could be. This was the hallmark of the curative model of medicine,
which has reigned supreme since at least the last half of the Twentieth Century.

The major problem with the curative model of medicine is its failure to
accommodate the unique personal identity of the patient. It is in this regard
that the curative model appears to be the diametric opposite of the palliative
model, as astutely noted by one commentator (Fox, 1997). While the curative
model is essentially objective, scientific, rational, impersonal, and reductionistic,
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the palliative model is subjective, humanistic, empathetic, personal, and holistic.
This is why Eric Cassell charges that if ‘‘the test of a system of medicine is its
adequacy in the face of suffering,’’ then ‘‘modernmedicine fails that test.’’ Indeed,
Cassell contends that ‘‘the central assumptions on which twentieth-century med-
icine is founded provide no basis for an understanding of suffering’’ (Cassell,
1991). Given the essential features of the reigning curative model, we can readily
discern why this is so. Bodies do not suffer, as Cassell so pithily puts it, persons
suffer. If the clinician cannot engage the patient as person, the clinician will never
be able to acknowledge and effectively address pain and suffering, for pain and
suffering are inherently subjective and personal, and a humane response to them
must be holistic and empathic.

Finally, and perhaps most importantly when it comes to pain associated with
grave or terminal illness, in the curativemodel death equals failure, whereas in the
palliative model it is not death, but unnecessary pain and suffering that consti-
tutes medical failure. Yet herein lies another conundrum about how the practi-
tioners ofmodernmedicine think about palliation,when they think about it at all.
Palliative care is commonly conceived of as the appropriate therapeutic response
when ‘‘medicine has nothing more to offer,’’ meaning that curative (disease-
directed) therapies have demonstrably failed and the patient’s prognosis has
been acknowledged as grim. But the advocates for comprehensive pain care
dispute this narrow and rigid scope for the application of the palliative model.
They assert that the proper definition of palliative care is the relief of pain and
suffering, whenever andwherever it occurs in the experience of illness or, stated in
curative model terminology, at anywhere along the trajectory of the disease. One
of the reasons for the monumental failure of the health professions to provide
good care of the dying patient is that significant palliative measures are rarely
initiated so long as disease-directed therapies are still under way. This failure of
the curative model to acknowledge the important role of pain and symptom
management in good patient care also goes a long way toward explaining why
patients are referred to hospice, if at all, so very late (Taylor, 2004).

The third and final barrier that is most frequently identified is fear of
regulatory scrutiny or legal liability. The sources of that scrutiny – real or
imagined – that has come to be so profoundly feared is that of state medical
licensing boards and/or the federal Drug Enforcement Administration. The
focus of that scrutiny is the physician’s prescribing of controlled substances,
particularly the heavy-duty Schedule II drugs such as oxycodone, fentanyl, and
hydromorphone. One might naturally think that the genesis of such fear would
be that patently inappropriate prescribing would raise red flags and place
professionals at risk. But instead, the exquisite irony of the situation is that
many professionals believe that they are likely to be investigated and sanctioned
for the appropriate provision of controlled substances to relieve pain. The
reason such fears cannot be dismissed as groundless is that studies of the
knowledge, skills, and attitudes of state medical board members revealed that
many of them believed that opioid analgesia was so fraught with risks and side-
effects that physicians who provided suchmedications to any patients who were
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not actively dying must be violating professional standards, and probably the
law (Gilson and Joranson, 2001). In section 4 we will consider a policy initiative
designed to move state medical boards away from being part of the problem of
undertreated pain and toward being part of the solution to it.

These concerns were exacerbated by the existence in a number of states of
triplicate form requirements for Schedule II drugs. The very purpose of the
triplicate form, at least in theory, was to provide a paper trail for regulators to
monitor a professional’s prescribing practices. The root of the problem, however,
was not so much the fact that such monitoring took place, but the standards or
criteria that were applied by those doing the monitoring. For far too long these
were woefully outdated or based uponmyths andmisinformation about the risks
and side-effects of opioid analgesia that went on for more than a few days
(Fohr,1998). More recently, there has been a trend away from triplicate forms
toward prescription monitoring programs designed and intended to balance the
sometimes competing goals of insuring appropriate pain management and pre-
vention of drug abuse and diversion (Joranson, et al., 2002).

Regulation of Opioid Analgesics

Opioids have been regulated in the United States for purposes of prevention or
punishment of diversion and misuse since the passage of the Harrison Act in
1914, prior to which, as surprising as it now may seem, there was essentially no
regulation. In 1970, the current regime of the federal Controlled Substances Act
(CSA) began. Despite the more than half century that separated the two
enactments, they both emphasize some of the same key terms and phrases.
The primary thrust of both was to make it a federal offence to prescribe certain
types of drugs except ‘‘in the course of professional practice’’ and ‘‘for legitimate
medical purposes.’’ The CSA divided federally controlled substances into 5
schedules based upon abuse potential and whether or not it was deemed to
have any recognized medical use. Schedule I drugs have high abuse potential
and no currently accepted medical use. Schedule II drugs are also considered to
have a high abuse potential, but are also deemed to have a currently accepted
medical use. Schedule III-V drugs have a progressively diminishing abuse
potential and recognized medical uses. The Schedule II drugs, such as mor-
phine, have tended to receive the most attention, since they are viewed by pain
management specialists as often essential to provide effective relief of moderate
to severe pain. Prosecutions of prescribers under the CSA raised significant
concerns as to whether the federal Drug Enforcement Administration and law
enforcement agencies were purporting to set the criteria for what constituted a
legitimatemedical purpose andwhen a particular physician had stepped outside
the bounds of acceptable medical practice, matters which were not considered
within the purview of nonphysicians. Two recent federal court cases highlight
the tensions in this area.
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In 2005, a federal jury in Virginia convicted William Hurwitz, M.D., of 58
counts of drug trafficking, and the trial judge subsequently sentenced him to 25
years in prison. Hurwitz conducted a pain management practice that drew
patients complaining of chronic nonmalignant pain whom other physicians
had refused to treat. He was, by any measure, out of the mainstream of pain
practitioners with regard to his liberal philosophy of prescribing opioids and
giving his patients the benefit of the doubt about their stories and their prior
experience with controlled substances. In the period between 1998 and 2002,
Hurwitz acknowledged that the median daily dosage for his patients was
roughly 2000 miligrams (2 grams) of morphine or its equivalent. The federal
government took the position that Hurwitz was little more than a drug dealer
who operated out of a medical office, an argument which the conviction
suggests the jury accepted.

There are several significant aspects of the trial and the subsequent reversal
of the conviction on appeal. First, the testimony of the prosecution’s chief
medical expert, Dr. Michael Ashburn, was so controversial that it prompted
six past presidents of the American Pain Society to write a letter expressing their
profound concerns about his contentions that:

� ‘‘high dose’’ opioid therapy is an indication of drug abuse in chronic non-
malignant pain patients

� a dosage of 195 mg/day of morphine is high
� opioid therapy for a patient with a known addiction disorder is wrong
� high dose opioids produce hyperanalgesia
� high dose opioids may compromise the immune system

Each of the above contentions the signatories to the letter asserted to be
either patently false or highly speculative and without foundation in themedical
literature, at least when made as sweeping generalizations.

Second, when the defense indicated its intention to introduce into evidence a
document then posted on the DEA website entitled Prescription Pain Medica-
tions: Frequently Asked Questions for Health Care Professionals and Law
Enforcement Personnel (FAQ), the DEA precipitously pulled the document
from the site and posted the following statement: ‘‘The document contained
misstatements and has therefore been removed . . . [it] was not approved as an
official statement of the agency and does not have the force and effect of law.’’
The FAQdocument was, in fact, the product of an extended collaborative effort
among experts in pain management, pain policy, and representatives of the
DEA. The revocation by theDEA, initially without any indication of the nature
of the misstatements it allegedly contained, provoked statements of frustration
and concern not only by the other collaborators, but also the National Associa-
tion of Attorneys General, the organization representing the chief law enforce-
ment officers of the states.

The third, and perhaps most significant aspect of the Hurwitz case was the
reversal of the conviction, and the ordering of a new trial by the Fourth Circuit
Court of Appeals. The critical issue on appeal was whether or not Dr. Hurwitz
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was entitled to an instruction to the jury that it could take into consideration

when evaluating his practice the question of whether his prescribing of con-

trolled substances was done in a good faith effort to provide them with

medical care. The government argued that the evidence presented at trial so

overwhelmingly demonstrated that he was acting ‘‘beyond the bounds of

accepted medical practice’’ that the jury could not reasonably have found

that he acted in good faith even if it had been provided with such an instruc-

tion. The Court of Appeals was unwilling to accept that argument. However,

neither was it willing to accept Dr. Hurwitz’s contention that the relevant

‘‘good faith’’ criterion should be based upon a subjective, rather than an

objective standard. In the language of the court: ‘‘A physician is not allowed

to apply his own idiosyncratic view of what constitutes acceptable prescribing.

Thus good faith in this context can only be demonstrated by evidence of [the

physician’s] sincerity in attempting to conduct himself in accordance with a

standard of medical practice generally recognized and accepted in the coun-

try’’ (USA v. Hurwitz, 2006).
In the mid- Twentieth Century, a number of states sought to increase their

regulatory oversight of Schedule II drugs by enacting triplicate prescription

laws, which imposed, at least in theory, a heightened level of scrutiny on

professionals who prescribed them (Joranson et al., 2002). While the public

policy argument in support of such laws was to deter inappropriate prescribing

and drug diversion, studies of the impact of these laws strongly suggested that

they constituted a significant barrier to prescribing these drugs to patients who

had a legitimate need for them. Some physicians simply declined to acquire and

utilize the special triplicate forms, thereby relegating all of their patients to the

weaker drugs in the lower schedules. Others began to significantly curtail the

number of prescriptions they wrote for Schedule II drugs in states that required

triplicate forms (Weintraub, et al., 1991).
More recently, states have begun to utilize electronic prescription monitor-

ing programs (PMP), which are said to be more effective yet at the same time

less overt and presumably less intimidating to prescribing professionals than

triplicate forms (Fishman et al., 2004). By 2006, 26 states had implemented

some form of electronic prescription monitoring system (Pain and Policy Stu-

dies Group, 2006). While all such programs have as their primary goal the

reduction of prescription drug diversion and abuse, they vary in such aspects as

which drugs are covered, how prescriptions for those drugs are monitored and

collected, and which agency is given the responsibility for the administering the

program (GAO Report, 2002). State and federal agencies that promote and

administer PMPs emphasize that their concern is strictly illegitimate prescrib-

ing, drug diversion, and abuse, and disclaim any intent to curtail or otherwise

restrict prescribing of these drugs for legitimatemedical purposes. Nevertheless,

studies in the clinical literature continue to report that such monitoring of

prescribing practices has created a fear on the part of both physicians and

patients (Fishman, et al., 2004).
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Litigating the Right to Pain Relief

A curious situation existed as the decade of the 1990’s began. The reports of

widespread undertreated pain had continued to multiply, and the fledgling

initiatives to change professional perceptions and practices continued to be

ignored by many health care institutions and professionals outside of the

small community of pain advocates. Nevertheless, no health care professional,

or institution, had ever been held liable for substandard pain management that

led to unnecessary pain and suffering on the part of a patient. This inattentive-

ness, verging on indifference, to the ethical, legal, and professional implications

of the failure to treat pain prompted scholar David Morris to predict: ‘‘The

ethics of pain management, unfortunately, may not receive proper attention

until the first doctor is successfully sued for failing to provide adequate relief. At

that point, the need for a full and reflective dialogue on ethical questions about

pain will be preempted – as so often happens in American life – in favor of the

slowly grinding mills of the law’’ (Morris, 1991).
Why, one might reasonably ask, in the midst of a medical malpractice crisis

that had prompted major tort reform legislation, was undertreated pain never

the basis of a claim for medical malpractice? Could it be that there is no

standard of care for the management of pain? Is pain relief not a part of the

physician’s responsibility to the patient? One possible explanation is that lay

persons simply presumed that physicians were able and willing to treat pain

effectively to the fullest extent that medical science would allow. Hence the

significant pain that patients nevertheless experienced must be that which is

truly intractable, i.e., beyond the capacity of available therapies to relieve.
The very year that Morris wrote the passage quoted above, a completely

unprecedented case was tried to a jury in rural, northeastern North Carolina. It

involved an elderly patient, Henry James, withmetastatic prostate cancer whowas

admitted to a skilled nursing facility (SNF) owned and operated by the Hillhaven

Corporation (Estate of James v. Hillhaven, 1989). Just prior to his arrival, he had

been placed on a pain management regimen at the local hospital that included

opioid analgesics to manage the pain commonly associated with the terminal

stage of that disease. Presumably there was an expectation that this regimen

would be continued at theHillhaven facility as his disease progressed, with possible

increases in dosage should his pain become unmanaged. In fact, quite the opposite

happened.
A nursing supervisor at the SNFdecided thatMr. Jameswas either addicted to

opioids or in serious risk of becoming so, and that the pain regimen hewas onwas

excessive. She promptly began to wean him off of the opioids. A subsequent

investigation of the SNF found that on many days during his 3-week stay at the

facility, Mr. James received little, if any, of the analgesics he had been prescribed

prior to admission. When the Hillhaven facility was sanctioned by the State of

North Carolina, the family retained legal counsel and filed a civil action seeking

damages for the unnecessary pain and suffering that he had experienced prior to
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his death. Estate of Henry James v. Hillhaven Corporation was what is known as
a ‘‘case of first impression,’’ since previously no case had ever examined the
critical issues of whether there is a standard of care for the management of pain
and if so, what would be the basis for and extent of damages for the unnecessary
pain and suffering that would be caused by such negligent acts or omissions. The
jury decided there was such a standard that could be established by competent,
credible expert medical testimony, and that the several weeks of unnecessary pain
Mr. James endured justified an award of $7.5 million in compensatory damages.
Furthermore, the jury was so outraged that an elderly, dying patient would be
allowed to suffer that they assessed another $7.5 million in punitive damages.
Despite its novelty, the defendant’s liability insurance carrier chose to settle the
case rather than appeal it.

Ten years following, the Morris prophecy was fully realized in the case of
Bergman v. Chin, when a northern California physician was found guilty of elder
abuse for failure to provide adequate pain relief for an 85-year old patient in an
acute care hospital who died of advanced lung cancer within a week following
discharge (Bergman v. Chin, 2001). This was a civil, not a criminal proceeding,
but the claim of elder abuse required that the plaintiffs (the deceased patient’s
family) prove not just a departure from the standard of care but gross negligence.
This case, like that of Henry James, was settled in lieu of an appeal.

A third case, this one, like Bergman, in northern California, involved an
elderly patient with terminal cancer whose pain management at both an acute
care hospital and a nursing home were alleged to be substandard (Tomlinson v.
Bayberry Care Center, 2003). All defendants elected to settle with the plaintiff
prior to trial. Furthermore, the defendant physician responsible for the
patient’s medical care at the SNF was disciplined by the Medical Board of
California because of his inadequate knowledge of the analgesics he prescribed
(Accusation of Whitney, 2004). This was only the second instance in which a
state medical board had taken disciplinary action against a physician for con-
duct associated with undertreatment of pain. The first was by the Oregon Board
of Medical Examiners (In re Bilder, 1999).

Public Policy Responses to the Phenomenon of Undertreated Pain

Beginning in the 1990’s, a series of public policy initiatives began to address the
barriers to pain relief and the epidemic of undertreated pain that their persistence
had spawned. Some states adopted what have come to be called intractable pain
treatment laws (Joranson, 1995). Their primary purpose was to send a legislative
message to the state’s medical licensing board that it was no longer deemed
appropriate, as a matter of public policy, for such boards to initiate a disciplinary
action against a physician solely because she prescribed opioid analgesics to
patients with chronic nonmalignant pain, as some boards had been doing in the
past. By 2003, twelve states had adopted such statutes (AACPI, 2003). According
to this type of legislation, the board must present evidence that such prescribing
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constituted unprofessional or substandard practice because of circumstances
pertinent to the patient for whom opioids had been prescribed. Although well-
intentioned, common terms and provisions of these statutes proved to be proble-
matic. For example, many contained language strongly suggesting that opioids
could only be provided to such patients after all other treatment options had been
exhausted, or unless and until it could be established that there was no disease-
directed therapy available for the underlying condition with which the pain was
likely to be associated (Joranson, 1995).

Also in the early 1990’s, the Agency for Health Care Policy and Research
(AHCPR – now the Agency for Health Care Research and Quality) brought
together interdisciplinary panels of experts and issued clinical practice guidelines
on acute and cancer pain (AHCPR, 1992, 1994). These guidelines were the first
comprehensive national guidelines on the assessment and management of these
types of pain. Subsequently, other national organizations, e.g., the American
Academy of Pain Medicine and the American Pain Society, have issued similar
guidelines for the management of various types of pain. In 1998, the Federation
of StateMedical Boards (FSMB) issuedmodel guidelines for the use of opioids in
themanagement of pain, and urged all state boards to adopt those or comparable
policies so as to encourage physicians tomake pain relief a priority in patient care
(FSMB, 1998). In 2003, the FSMB expanded and reissued these as a model
policy, and for the first time urged that both over and underprescribing of opioids
be considered grounds for disciplinary action (FSMB 2004).

The policy initiative that appeared to offer the greatest promise for addressing
the epidemic of undertreated pain was undertaken in 1999 by the Joint Commis-
sion for the Accreditation of Healthcare Organizations (JCAHO). In July of that
year JCAHO adopted pain management standards that would be incorporated
into the formal accreditation survey process in 2001. Developed through a
collaboration with the University of Wisconsin Medical School funded by the
Robert Wood Johnson Foundation, the objective was ‘‘to integrate pain assess-
ment and management into standards to accredit the nation’s healthcare orga-
nizations to make pain management a priority in the healthcare system’’ (Dahl
andGordon, 2002).One of the pain standards quite literally states: ‘‘patients have
the right to appropriate assessment andmanagement of pain’’ (JCAHO, 2007). In
addition to assuring that an accredited health care institution implements policies
and procedures to insure that pain is assessed and treated promptly and effec-
tively, the standards charge institutions with the responsibility to assure the
competency of its clinical staff to provide pain management.

Conclusion

For over thirty-five years the United States, largely through its law enforcement
agencies, spearheaded by the federal Drug Enforcement Administration, has
been waging a declared ‘‘War on Drugs,’’ the war having been initially declared
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in June of 1971 by President Nixon at a press conference in which he asserted
that drug abuse was ‘‘public enemy number one in the United States’’ (PBS,
2001). The focus of this war, of course, is ostensibly illicit drug use, the abuse
and diversion of drugs regulated by the Controlled Substances Act. Never-
theless, in the absence of a commensurate ‘‘War on Pain,’’ legitimate pain
patients have become the noncombatant casualties of the War on Drugs.
Health care professionals with prescribing privileges are regularly admonished
that they must balance the needs of their patients for controlled substances with
a commensurate societal responsibility to prevent drug abuse and diversion.
Moreover, a failure on the part of any professional to act in this dual capacity,
by, for example, erring on the side of pain relief in ambiguous situations, will
create a real risk of legal sanctions. Because physicians are risk averse by nature,
many have erred on the side of pain rather than pain relief; hence, the epidemic
of undertreated pain has persisted despite the many reform measures discussed
in the previous section (Hill, 1996).

Quite recently the DEA has issued policy statements on dispensing con-
trolled substances for the treatment of pain that are intended to blunt charges
that the agency targets physicians who prescribe controlled substances for pain.
The DEA disclaims either the authority or the inclination to regulate the
practice of medicine or to interfere with the legitimate prescribing of controlled
substances for pain relief. In an effort to reassure physicians, the policy state-
ment declares: ‘‘the overwhelming majority of physicians who prescribe con-
trolled substances do so for legitimatemedical purposes . . . in amanner that will
never warrant scrutiny by Federal or State law enforcement officials’’ (DEA
Final Policy, 2006). Such statements to the contrary notwithstanding, physician
fears of legal sanctions (civil and criminal) continue to be one of the major
barriers to effective pain management in patient care.

It is a perplexing and disturbing sign of our times that physicians who pursue
the relief of their patients’ pain by following nationally recognized clinical
practice guidelines nevertheless fear that they are at risk in doing so. There is
a pervasive perception among clinicians that caring formore than a few patients
with major chronic pain syndromes requiring opioid analgesia demands that
one regularly engage in acts of moral courage. While doing the right thing may
sometimes demand personal sacrifice, an enduring state of affairs in which that
is often the case should be a cause of profound concern for all of us.
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