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It was 1:35 AM in the basement of the Hunnewell building. Chuck Berde and
I had just finished assembling a long overdue chapter on pediatric pain man-
agement for the 2nd Edition of Gregory’s textbook on Pediatric Anesthesia.
It had been an arduous task, marshaling the information on the topic, hand-
drawing the figures, battling with the incompatibility of PC and Mac comput-
ers, re-numbering all references for the umpteenth time, etc. It was finally
done! As we waited for the chapter to print out, we talked about the frustra-
tions of treating children with chronic pain. We talked about why multiple
different specialties needed to focus on this problem, otherwise there would
be no headway. Midnight musings often lead to great insights. Chuck decided
that he would pursue the idea of developing a multidisciplinary pain team
focused on the pain problems of children and excitedly started listing the
departments that needed to be involved!

Today, 22 years later, the field of chronic pain management in children
has mushroomed into a well-developed body of scientific knowledge and a
thriving clinical specialty. The editors of this volume, Brenda C. McClain and
S. Suresh, have emerged as leaders in this field, not only because of their
training pedigree and clinical acumen, but because they have pioneered many
of the concepts and techniques used widely today. Their pre-eminence is dis-
played amply in the pages of this book, which seems destined to become one
of the most dog-eared and well-worn references in a Children’s Pain Clinic.

What is striking about this book is its practicality, balance and comprehen-
siveness. The chapters are written by leading scientists and clinicians, derived
from multiple disciplines and leading pediatric pain centers, many of whom
are at the forefront of research in that specific area. Yet, for all its scientific
underpinnings, the contents of each chapter are astonishingly practical. Those
who peruse the entire volume will certainly gain a strong education in chal-
lenges of treating pediatric chronic pain, but even those who read a small sec-
tion here and there will find it easy to apply that specific knowledge to the next
patient in their clinic! This is because both editors and most chapter authors
have distilled the wisdom and practical experience gained from treating many
such children; their efforts reflect the sweat equity resulting from spending
long hours at a patient’s bedside, or from refining the technique of a procedure
performed hundreds of times, or from empathic discussions with numerous
families at the brink of despair, or from creatively combining different treat-
ment modalities to achieve the same result — the relief of pain and suffering.

vii



viii

The depth of this rich experience will often aid the practitioner, but the broad
scope will also satisfy the curiosity of a serious student or scientist.

Frida Kahlo (1907-1954), one of the most influential Mexican painters of
the twentieth century, was often called a surrealist because her 55 self-
portraits incorporated symbolic portrayals of physical and psychological
wounds, but she insisted, “I never painted dreams. I painted my own reality.”
Chronic pain was a part of her life, but despite the handicaps of childhood
polio and serious injuries from a bus accident on September 17, 1925, she
achieved a degree of artistic, intellectual, and social success that few of us
can imagine. Her story and self-portrayals have provided a poster-child for
the scourge of chronic pain, but also remind us of the potential of every child
who suffers from chronic pain. We can only speculate how much more Frida
could have achieved, had she received the benefits of chronic pain manage-
ment using the techniques and approaches described in this book. Perhaps the
next child who comes into your clinic may achieve something even greater.
And that is the motivation that drives people like Drs. McClain and Suresh.
We have come a long way from that night in the basement of the Hunnewell
building. Or have we? Read the book to find out.

K.J.S. Anand, MBBS, D. Phil., FAAP,
FCCM, FRCPCH

St. Jude Endowed Chair for Critical
Care Medicine

Professor of Pediatrics, Anesthesiology,
& Neurobiology

Division Chief, Pediatric Critical

Care Medicine

Le Bonheur Children’s Medical Center
University of Tennessee Health Science
Center at Mempbhis

June 30, 2010
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The evolution of the concept of this book was to address areas of pediatric
chronic pain that have not been traditionally the focus of current literature
but still are of great clinical concern. This text is written for pain specialists
and pediatric-oriented practitioners who encounter children with persistent
and recurrent pain. This book provides an armamentarium for pain manage-
ment after the acute phase is over and helps in follow-up care. Integration of
current philosophy and research are translated to clinical care where possible
in this text.

Since evidence-based care in pediatric pain management is not well
represented, the scope of this text is intentionally limited to topics that are
presently recognized as pain syndromes in children. The spectrum of chronic
pediatric pain syndromes is as wide as their adult counterpart and may be
greater, as some of the more difficult areas of pediatric chronic pain manage-
ment do not have adult pain syndromes from which to extrapolate. Children
are not little adults and while this dictum is true, we still do not have complete
answers with regards as to standardized algorithms for the management of
pediatric chronic pain syndromes. While extrapolation from the adult care is
not preferred, we would be remiss to deny its use in the management of
pediatric chronic pain.

Regional anesthesia is more frequently applied these days in the manage-
ment of chronic pediatric pain. The chapter on the use of interventional tech-
niques in pediatric chronic pain addresses ultrasound guidance which is
relatively new and offers our children additional effective intervention in the
armamentarium of pain management.

Pediatric chronic pain is pervasive; yet, specialists in the management of
pediatric chronic pain are not plentiful and are limited to university-based
facilities. Thus, referrals to pediatric pain specialists are rare and recognition
of syndromes or disorders may be beyond one’s primary scope of practice.
Misdiagnoses, conflicting care plans and lack of standardization of care
further complicate management.

The book consists of 23 chapters; however, the reader should realize that
this is just the beginning in the frontier of chronic pain in childhood. It is our



X Preface

hope that this book provides insight on chronic pain issues that clinicians face
on a consistent basis while dealing with children and adolescents.

We are grateful to all the contributors and their administrative staff who
have made this text a reality.

New Haven, CT Brenda C. McClain, M.D., FAAP
Chicago, IL Santhanam Suresh, M.D., FAAP
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Introduction

Chronic pain has a substantial adverse impact on
the health-related quality of life of children and
adolescents, resulting in significantly worse
physical functioning, psychological functioning,
social functioning, lower satisfaction with life,
and poorer self-perceived health status (Merlijn
et al. 2006; Palermo 2000; Palermo et al. 2008).
The current Pediatric Initiative on Methods,
Measurement, and Pain Assessment in Clinical
Trials (PedIMMPACT) has accordingly recom-
mended that investigators conducting pediatric
clinical trials in chronic and recurrent pain
consider assessing not only pain intensity but
also physical function, emotional function, role
function, other condition-related symptoms and
adverse events, global judgment of satisfaction
with treatment, sleep, and economic factors
(www.immpact.org) (McGrath et al. 2008).

T.R. Vetter (><)

Department of Anesthesiology, University of Alabama
School of Medicine, Jefferson Tower 865, 619 19th
Street South, Birmingham, AL 35249-6810, USA

and

Department of Health Policy and Organization,
University of Alabama at Birmingham School of Public
Health, Birmingham, AL, USA

e-mail: tvetter@uab.edu

Chronic pain is very common in the pediatric
population and therefore represents both an
individual and a public health concern (Vetter
2008). It has been convincingly opined that the
health of a nation is largely a reflection of the past
and present health of its children, in large part
because childhood is an incubation period for
many disorders that affect the health of the whole
population (Forrest and Riley 2004). This man-
dates that greater attention be paid to the promo-
tion of pediatric biopsychosocial resilience and
adaptability in addition to other approaches to
prevent the precursors of future adult health disor-
ders (Forrest and Riley 2004). This vital contin-
uum of health versus disease between childhood,
adolescence, and adulthood is intuitively very
applicable to the chronic pain experience.

This chapter addresses the epidemiology,
including the demographics, natural history, and
financial impact of pediatric chronic pain. Attention
will initially be focused on the overall prevalence
and impact of chronic pain in children and adoles-
cents. Regional differences, the effect of age and
gender on the onset, and natural history of pediat-
ric chronic pain will also be examined. Finally,
given their predominance in the pediatric age
group, the available specific epidemiologic data on
headaches, recurrent abdominal pain, chest pain,
musculoskeletal pain, and complex regional pain
syndrome will be presented.

B.C. McClain and S. Suresh (eds.), Handbook of Pediatric Chronic Pain: 1
Current Science and Integrative Practice, DOI 10.1007/978-1-4419-0350-1_1,

© Springer Science+Business Media, LLC 2011



The Overall Prevalence and Impact
of Chronic Pain in Children
and Adolescents

An increasing amount of attention has been
focused on the epidemiology of pediatric chronic
pain (Huguet and Miro 2008). However, until as
recently as 2000, very little was known in North
America or Europe about the prevalence of pain
in children and adolescents (McGrath et al. 2000;
Perquin et al. 2000a). In an attempt to remedy
this deficiency, tools such as the Pain Experience
Interview have been devised, validated, and
applied to provide estimates of the lifetime and
point prevalence of various types of pain in chil-
dren, as well as data on the intensity, effect, dura-
tion, and frequency of their pain experiences
(McGrath et al. 2000).

A cross-sectional, population-based survey of
5,424 Dutch children and adolescents, 0—18 years
of age, drawn randomly from census registries
and the enrollment records of 27 primary schools
and 14 secondary schools in the greater Rotterdam
area revealed that 54% had experienced pain of
some type and intensity within the previous
3 months, while 25% of the respondents reported
chronic pain, defined as recurrent or continuous
pain of more than 3 months duration (Perquin
et al. 2000a). A subsequent cross-sectional
German study observed a 46% point prevalence
of chronic pain of at least 3 months duration in
the 10-14-year-old age group (Roth-Isigkeit et al.
2004).

When an expanded-age cohort of 749 German
children and adolescents were surveyed in their
elementary and secondary school setting, using
the Luebeck Pain-Screening Questionnaire,
83% had experienced pain during the preceding
3 months, and pain had been present for greater
than 6 months in 31% of the respondents (Roth-
Isigkeit et al. 2005). Headache (60%), abdomi-
nal pain (43%), limb pain (34%), and back pain
(30%) were the rank-ordered most commonly
reported types of pain (Roth-Isigkeit et al. 2005).
This cross-sectional community sample of chil-
dren and adolescents also reported a number of

T.R. Vetter

perceived chronic pain-related functional issues,
including sleep problems (54%), inability to
pursue hobbies (53%), eating problems (51%),
school absence (49%), and inability to interact
with friends (47%). Of note, the prevalence of
these restrictions in daily living attributable to
pain increased with participant age, and among
the children and adolescents with chronic pain,
the likelihood of physician visits and medica-
tion use also increased with age (Roth-Isigkeit
et al. 2005).

A comparable cross-sectional population
study of 561 Spanish schoolchildren between the
ages of 8 and 16 years revealed a 37% prevalence
of chronic pain problems during the previous
3 months; however, only 5.1% of the respondents
had experienced moderate or severe chronic pain
(Huguet and Miro 2008). The most frequently
reported pain locations were the lower limb
(47%), the head (43%), and the abdomen (34%),
with less common pain locations being the back
(11%), the neck (5%), the pelvis (3%), and the
chest (2%). Of note, headache and abdominal
pain were more frequently reported by girls,
whereas lower limb pain was more frequently
reported by boys (Huguet and Miro 2008). The
children with a chronic pain condition overall
reported a worse quality of life, missed more
days from school, and were more likely to use
pain medicine and to seek medical care for pain
relief (Huguet and Miro 2008). This concurs with
previous findings that children in the USA who
complained often of aches and pains used more
health-care services, had more psychosocial
problems, missed more days of school, and did
worse academically (Campo et al. 2002).
However, the above-quoted European studies
contrast sharply with a reported 6% lifetime
prevalence of chronic pain in a community cohort
of 495 Canadian school children, 9-13 years of
age (van Dijk et al. 2006).

While a greater understanding thus presently
exists regarding the prevalence of pediatric
chronic pain, far less is known about to its financial
impact. Not surprisingly, children and adolescents
suffering from chronic pain utilize various health-
care services and require prescription analgesic
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medications at a significantly greater rate than
their healthy peers (Perquin et al. 2000b). The uti-
lization of various health-care services was stud-
ied in detail in a subset of 254 Dutch children and
adolescents 0—18 years of age, with chronic non-
cancer pain (Perquin et al. 2001). During a
3-month period, general practitioners and special-
ists were consulted for pain symptoms by 31%
and 14% of subjects, respectively, and in 53% of
the cases a medication was used for pain. Of note,
in the preceding year, 6.4% of the sample had
been hospitalized due to their pain (Perquin et al.
2001).

Parents and other care providers make signifi-
cant adjustments to their lives in an attempt to
cope with a child or adolescent with chronic pain.
These efforts have micro and macro economic
consequences. Although more is becoming
known about the psychological and social burden
of pediatric chronic pain — and despite its con-
siderable prevalence — there are still very few
data on the costs of living with, or caring for, a
child or adolescent with chronic pain (Sleed et al.
2005). A preliminary retrospective study thus
examined the financial burden or cost of illness
in 52 families of adolescents with chronic pain
(Sleed et al. 2005). Participants were recruited
from pediatric theumatology outpatient clinics
and a multidisciplinary outpatient pain manage-
ment clinic in the UK. The authors used the client
service receipt inventory (CSRI), a compre-
hensive, retrospective, parent self-report inven-
tory of direct and indirect costs, to capture all
utilized health services, lost employment, out-
of-pocket expenses, and informal care given as a
result of the adolescent’s pain. Based upon the
CSRI, a mean total cost of £8,027/year/adoles-
cent was reported, with a stratified £4,495/year
cost for the rheumatology subgroup versus
£14,160/year cost for the pain management
sub-group. Extrapolating from the prevalence
data reported by Perquin et al. (2000a) from the
Netherlands, these authors estimated a UK
prevalence of 480,000 adolescents/year with
severe chronic pain. This equated to a UK societal
economic burden of £3,840 million/year due to
adolescent pain (Sleed et al. 2005).

The Effect of Age and Gender
on the Onset and Natural History
of Pediatric Chronic Pain

The British national child development study, a
prospective population-based birth cohort study,
initially enrolled 17,414 infants, born between
March 3 and March 9, 1958 to parents residing in
Great Britain (98% of all such births). The study
undertook follow-up data collection at the ages of
7, 11, 16, 23, and 33 years. As part of this longi-
tudinal cohort study, parents were interviewed
when the subjects were 7 years of age (1965) and
11 years of age (1969), at which time they were
asked if their child suffered from frequent head-
ache or migraine (then as now the most common
pediatric somatic pain complaint). At 33 years of
age (1991), the participants were asked about a
variety of specific somatic symptoms, including
severe headaches. Children with frequent head-
ache had an increased risk in adulthood of expe-
riencing not only headache (odds ratio of 1.87,
95% CI: 1.58-2.20) but also multiple other
physical symptoms (odds ratio of 1.75, 95% CI:
1.46-2.10) and psychiatric morbidity (odds ratio
of 1.41, 95% CI: 1.20-1.66) (Fearon and Hotopf
2001). A similar longitudinal British birth cohort
study was undertaken from 1946 to 1989 and
examined in part the natural history of abdominal
pain (Hotopf et al. 1998). While children with
persistent and hence chronic abdominal pain on
three occasions in childhood (at ages 7, 11, and
15 years) were considerably more likely to suffer
from a psychiatric disorder in adulthood (odds
ratio of 2.72, 95% CI: 1.65-4.49), they were not
more likely to experience recurrent abdominal
pain in adulthood (odds ratio of 1.39, 95% CI:
0.83-2.36) (Hotopf et al. 1998).

The aims of a similar but more contemporary
longitudinal Swedish study were to determine if
headache and back pain were transitory in nature
or had became chronic and to identify the predic-
tors of such long-term pain in young adults
(Brattberg 2004). A total of 335 children, 8, 11,
and 14 years old, were first studied in 1989 and
then followed up in 1991 and 2002. The subjects



completed questionnaires on pain, the first two
times in school, the last via a postal survey.
Among those subjects suffering from chronic
headache or chronic back pain, 59% of the
females and 39% of the males reported similar
pain at 21, 24, and 27 years of age. A total of 68
(20%) of the subjects reported pain symptoms at
all three study time points. Based upon a multiple
logistic regression model, three significant pre-
dictors of long-term pain were identified: reported
back pain in 8—14-year-olds; reported headaches
once a week or more in 8-14-year-olds; and a
positive response in the 10-16 year olds to the
question: “Do you often feel nervous?” (odds
ratio of 2.1, 95% CI: 1.3-3.4). Participants also
completed the SF-36 Health Survey, a generic
health-related quality-of-life instrument, at the
13-year follow-up point. When compared to nor-
mative age-group values, the SF-36 scores of
those with pain symptoms were significantly
lower scores across all eight physical, social,
emotional, and general well-being dimensions,
including pain (Brattberg 2004). A similar fre-
quent persistence into adulthood of tension head-
ache (33%), migraine headache (17%), and
tension plus migraine headache (23%) was
observed in a 20-year follow-up study of an
Atlantic Canadian cohort of children (Brna et al.
2005). These collective findings support to the
applicability of the above-noted continuum of
health versus disease between childhood, adoles-
cence, and adulthood with chronic pain.

Gender and chronological differences in head-
ache have been extensively reported. Pediatric
migraine occurs in approximately 11% of chil-
dren between the ages of 5 and 15 years and in
approximately 28% of adolescents between the
ages of 15 and 19 years (Hershey 2005). The
incidence of migraine with aura in males is
6.6/1,000 and peaks at 5-6 years of age; in
females, it is 14/1,000 and peaks at 12—-13 years
of age. The incidence of migraine without aura in
males is 10/1,000 and peaks at 10-11 years of
age; in females, it is 18/1,000 and peaks at
14-17 years of age (Stewart et al. 1991). In a
population-based study of 10,169 community
residents, 12-29-year olds living outside
Baltimore, Maryland, 6.1% of males and 14.0%
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of females, when interviewed by telephone,
reported four or more headaches in the preceding
month. The average duration of the subjects’
most recent headache was 5.9 h for males and
8.2 h for females; 7.9% of males and 13.9% of
the females missed part of a day or more of school
or work because of that headache. During the
month before the interview, 3.0% of males and
7.4% of females had suffered from a migraine
headache (Linet et al. 1989). The majority of
patients with so-called chronic daily headache or
chronic nonprogressive headache appear to be
female adolescents (Gladstein 2004; Koenig et al.
2002; Moore and Shevell 2004; Rothner et al.
2001; Seshia 2004).

As discussed further below, pediatric chest
pain is common; however, the preponderance of
published data, derived mainly from emergency
department visits and cardiology clinic evalua-
tions, have indicated a low incidence of identifi-
able cardiac pathology in children and adolescents
with chest pain (Danduran et al. 2008). However,
arecently published report examined not only the
role of patient gender, race, and age, but also the
association between obesity and physical capac-
ity and chest pain in this age group (Danduran
et al. 2008). This is particularly relevant given
that the prevalence of children who are over-
weight or at risk of becoming overweight has
reached epidemic proportions in the USA
(Danduran et al. 2008). In a cohort of 263 patients
(141 males and 122 females, mean age of
13.4 years) with a primary complaint of chest
pain, who underwent an extensive cardiopulmo-
nary evaluation at a children’s hospital in
Milwaukee, Wisconsin, 28% were at risk of over-
weight (BMI>85th percentile) and 16% were
overweight (BMI>95th percentile). Preteens and
Hispanics in the study cohort were more likely to
be overweight. While true cardiac pathology was
rare in this study group, reactive airways disease
was significantly more prevalent in African
American patients, while a significantly decreased
exercise tolerance (endurance time) was observed
in Hispanics (Danduran et al. 2008).

Musculoskeletal pain in preadolescents does
not appear to be a self-limiting phenomenon, and
more studies appear warranted to explore its
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determinants with the goal of improving the
long-term outcome of such often widespread
symptoms. This conclusion was based on the
findings of a rigorous longitudinal study of 1,756
Finnish schoolchildren (El-Metwally et al. 2004).
A baseline cross-sectional survey of the study
cohort (mean age 10.8 years) identified a 32%
prevalence of musculoskeletal pain. Using the
same pain questionnaire, the children were
reevaluated after 1 year and 4 years (at adoles-
cence). At 1-year follow-up, 54% of the children
reported persistent preadolescent musculoskele-
tal pain and at 4-year follow-up, 64% had muscu-
loskeletal pain. Neck pain was the most persistent/
recurrent type of musculoskeletal pain. Those
with persistent preadolescent musculoskeletal
pain had an approximately three times higher
risk of pain recurrence (OR of 2.90 with 95% CI:
1.9-4.4). Female gender, older age (greater
than 11 years), hypermobility, coexistence of
psychosomatic symptoms (headache, abdominal
pain, and depressive feelings), having a high dis-
ability index, and reporting multiple types of
musculoskeletal pain at baseline were significant
predictors of pain recurrence at adolescence
(El-Metwally et al. 2004). Subsequent analyses
of the Finnish cohort subgroups with neck pain
and widespread pain (fibromyalgia) revealed that
the co-occurrence of frequent other somatic pain
symptoms and markers of psychological stress
were predictive risk factors for more persistent
pain (Mikkelsson et al. 2008; Stahl et al. 2008).
Given that chronic neck pain and fibromyalgia in
adulthood may thus originate in childhood, fur-
ther studies, including preventive interventions,
appear indicated (Mikkelsson et al. 2008; Stahl
et al. 2008).

There are limited population-based data on
the demographics and natural history of pediatric
complex regional pain syndrome (CRPS).
Nevertheless, valid inferences can be drawn from
the published randomized controlled trials of
treatment of pediatric CRPS (Berde and Lebel
2005; Dadure et al. 2005; Finniss et al. 2006; Lee
et al. 2002; Low et al. 2007; Meier et al. 2006;
Sherry et al. 1999), which collectively indicate
that the condition tends to afflict disproportion-
ately early adolescent females, with a strong

predilection for the lower extremity, particularly
the foot. Interestingly, whereas pediatric CRPS
predominantly involves the lower extremity, the
upper extremity is the more common location in
adults (de Mos et al. 2007; Sandroni et al.
2003).

The Types and Characteristics
of Patients Referred to a Pediatric
Pain Medicine Program

Patients are typically referred to a dedicated,
multidisciplinary pediatric pain medicine pro-
gram when they fail to achieve adequate pain and
symptoms relief under the care of their primary
care physician or subspecialist(s). Thus any
cohort of such patients is innately fraught with
selection bias and has limited external generaliz-
ability. This notwithstanding, this subset of
chronic pain patients is the result of a naturalistic
process and worthy of discussion.

The clinical characteristics of a sequential
sample of 100 pediatric chronic pain patients,
who were previously under the care of another
subspecialist and subsequently referred to an
anesthesiology-based pediatric chronic pain
medicine program have been reported (Vetter
2008). These patients presented with a variety of
primary chronic pain-related disorders: abdomi-
nal pain (18%), lumbago (14%), fibromyalgia
(14%), headache (12%), complex regional pain
syndrome (11%), other musculoskeletal pain
(11%), and chest and rib pain (6%). These
patients were predominantly adolescent females
(73%) with frequent coexisting clinically signifi-
cant anxiety (63%) and depression (84%). The
patients in this study reported significantly lower
overall health-related quality-of-life scores than
those previously reported by pediatric rheuma-
tology, pediatric migraine, and pediatric cancer
patients receiving care in a rheumatology,
neurology, and oncology subspecialty setting,
respectively (Powers et al. 2004; Varni et al.
2002a, b; Vetter 2008).

These observed clinical characteristics are con-
sistent with those previously reported in a diverse



group of 207 children and adolescents referred
over a 2-year period to a similar multidisciplinary
pediatric pain medicine clinic (Chalkiadis 2001).
While no formal measurement of health-related
quality of life was performed, a substantial major-
ity of these patients exhibited practical evidence
of chronic pain-related disability, including school
absenteeism (95%), sleep disruption (71%), and
an inability to participate in a previous sport (90%)
(Chalkiadis 2001). While a different set of mea-
surement instruments were applied, these findings
are also consistent with a previous report on the
clinical characteristics, effect of maladaptive cop-
ing strategies, prevalence of depression, and func-
tional disability in a clinically similar cohort of 73
children and adolescents referred to a dedicated
outpatient pediatric pain medicine clinic for fur-
ther evaluation and treatment (Kashikar-Zuck
et al. 2001). These previous authors observed that
chronic pain had a substantial adverse impact on
functional ability and that coexisting depression
was strongly associated with functional disability
(Kashikar-Zuck et al. 2001).

Headache

A substantial amount of health care and clinical
research has been focused on pediatric headache
(Bandell-Hoekstra et al. 2000; Hershey et al.
2007; Kondev and Minster 2003; Lewis et al.
2002; Lipton 1997). This is not surprising in light
of the very high and reportedly increasing preva-
lence of headache in children and adolescents
(Brnaand Dooley 2006; Winner 2008b). However,
pediatric headache disorders, especially migraine,
are subject to retrospective patient recall bias
(van den Brink et al. 2001). Migraine, the most
common headache disorder for which patients
see a physician, still remains frequently misdiag-
nosed, under-diagnosed, and undertreated — this
despite standardized, widely published criteria
(Winner 2008a; Winner and Hershey 2007).
Chronic daily headache or chronic nonprogres-
sive headache (i.e., transformed migraine or ten-
sion headache) is increasingly recognized as a
problem not only in adults but also in adolescents
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and older children (Gladstein 2004; Hershey
etal. 2006; Koenig et al. 2002; Moore and Shevell
2004; Rothner et al. 2001; Seshia 2004).

A landmark Scandinavian prevalence study
of 9,000 subjects from the early 1960s observed
that by 7 years of age, 1.4% of children
had migraine headaches, 2.5% had frequent non-
migraine headaches, and 35% had infrequent
non-migraine headaches (Bille 1962). By 15 years
of age, 5.3% of this cohort had migraine head-
aches, 15.7% had frequent non-migraine head-
aches, and 54% had infrequent non-migraine
headaches (Bille 1962). More recent data from
the late 1990s indicate a greater overall preva-
lence of pediatric headache (Kondev and Minster
2003). A 2002 meta-analysis of five retrospective
pediatric headaches studies published between
1977 and 1991, involving a total of 27,606 chil-
dren, found the prevalence of any type of head-
ache to range from 37% to 51% in 7-year olds,
and steadily increasing to 57-82% by age 15 years
(Lewis et al. 2002). In a 2001 survey of 2,358
Dutch school children between the ages of 10 and
17 years, 21% of the boys and 26% of the girls in
elementary school level, and 14% of boys and
28% of girls in high school reported weekly
headaches (Bandell-Hoekstra et al. 2001).

Hunfeld and colleagues (2001) compared a
group of adolescents suffering from chronic
headaches with a similar group of adolescents
suffering from either chronic abdominal pain,
back pain, or limb pain. They observed that the
adolescent headache patients reported the poorest
quality of life, as measured by the Quality of Life
Pain-Youth Questionnaire. The headache patients
also exhibited the greatest amount of school
absenteeism. A subsequent study of children with
chronic headaches supported the previously pro-
posed complex relationship between pediatric
headache, patient quality of life, coping strate-
gies, and both personal and situational factors
(Frare et al. 2002). Affecting between 5% and
7% of adolescents, migraine headaches are espe-
cially problematic in the 12-17-year-old age
group, due to an even greater reduction in quality
of life and attendant patient disability (Hershey
2005; Tkachuk et al. 2003).
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Recurrent Abdominal Pain

Pediatric recurrent abdominal pain (RAP) has
been clinically recognized for at least 50 years; it
was originally defined as a pain syndrome con-
sisting of at least three episodes of abdominal
pain over a period of not less than 3 months and
severe enough to affect activities (Apley and
Naish 1958; Weydert et al. 2003). In the interim,
RAP has been extensively studied (Di Lorenzo
et al. 2005), with a number of proposed etiolo-
gies, including autonomic nervous system insta-
bility (Chelimsky et al. 2001), visceral
hyperalgesia (Castilloux et al. 2008; Di Lorenzo
et al. 2001), intestinal motility disorders (Youssef
and Di Lorenzo 2001), and stressful life events
and poor coping skills (Robinson et al. 1990).
Chronic abdominal pain is a common pediatric
problem encountered by primary care physicians,
medical subspecialists, and surgical specialists
(American Academy of Pediatrics 2005). RAP
has a consistently reported prevalence of 10-20%
in school-aged children and adolescents (Duarte
et al. 2006). Chronic abdominal pain in children
is usually functional, that is, without objective
evidence of an underlying organic disorder
(American Academy of Pediatrics 2005). Only
5-10% of pediatric patients with RAP in the com-
munity setting have an identifiable, underlying
organic cause (Weydert et al. 2003), versus
approximately 50% who do in a pediatric gastro-
enterology clinic setting (Croffie et al. 2000).
Despite the often functional and ostensibly benign
nature of RAP, this often underappreciated disor-
der has been associated with significant morbid-
ity, including increased school absenteeism,
frequent doctor visits, family disruption, and sig-
nificant anxiety and depression — all leading to a
marked reduction in health-related quality of life
(Garber et al. 1990; Varni et al. 2006; Weydert
et al. 2003; Youssef et al. 2006, 2008).
Beginning in 1994, three evidence-based,
international consensus statements on functional
gastrointestinal disorders (Rome I, Rome II, and
Rome III) have been developed and promulgated
(Drossman 2007; Drossman and Dumitrascu
2006). The 2006 Rome III (www.romecriteria.
org) standardized criteria for making a diagnosis

of a functional abdominal pain syndrome are:
(1) continuous or nearly continuous abdominal
pain; (2) no or only occasional relationship of
pain with physiological events (e.g., eating, def-
ecation, or menses); (3) some loss of daily func-
tioning; (4) the pain is not feigned (e.g.,
malingering); (5) insufficient symptoms to meet
criteria for another functional gastrointestinal
disorder that would explain the pain (Drossman
et al. 2006). When applied in a cohort of 368
pediatric patients with no evidence of organic
disease, as compared to the Rome II criteria, the
Rome III criteria classified a greater percentage
of the children as having the diagnosis of irritable
bowel syndrome (45%), abdominal migraine
(23%), or functional abdominal pain (11%)
(Baber et al. 2008). Applying the more inclusive
Rome III criteria allowed for the classification of
87% of the patients with medically unexplained
chronic abdominal pain (Baber et al. 2008).

Chest Pain

Chest pain is another frequent complaint in the
pediatric age group. Although chest pain in chil-
dren rarely is the result of a serious, organic
cardiac condition, it is perceived as “heart pain”
by most children and their parents and thus can
be physically and emotionally distressing
(Evangelista et al. 2000). The typically non-
cardiac etiology of pediatric chest pain is sup-
ported by a prospective study of 50 patients,
5-21 years old, referred to a pediatric cardiology
clinic in Boston with a chief complaint of chest
pain. All 50 patients underwent a systematic eval-
uation, and none were found to have a cardiac
condition but instead 76% had musculoskeletal
or costochondral chest pain, 12% had exercise-
induced asthma, 8% had chest pain resulting from
gastrointestinal causes, and 4% had chest pain
resulting from psychogenic causes (Evangelista
et al. 2000). Of 100 consecutive patients,
2-16 years old (54 girls, 46 boys), referred to a
pediatric cardiology department in Turkey with
the primary complaint of chest pain, 92 cases
were concluded to be idiopathic in origin.
Interestingly, of the 74 patients who underwent a



psychiatric evaluation, 55 of them (74%) had
psychiatric symptoms and five required psychiat-
ric care. Anxiety, conversion disorder, and depres-
sion were the main psychiatric symptoms
(Tunaoglu et al. 1995).

Of 336 consecutive patients presenting to an
urban pediatric emergency department in Ottawa,
Canada with chest pain, nonspecific chest-wall
pain was the most common diagnosis (28%), fol-
lowed by pain referred from the upper respiratory
tract or the abdomen (21%), pulmonary (19%),
minor traumatic (15%), idiopathic (12%), and
psychogenic (5%) (Rowe et al. 1990). A prospec-
tive analysis of 168 pediatric patients, consecu-
tively evaluated in an emergency department in
Belgium with a chief complaint of chest pain,
also revealed chest-wall pain to be the most com-
mon diagnosis (64%), followed by pulmonary
(13%), psychological (9%), cardiac (5%), trau-
matic (5%), and gastrointestinal problems (4%)
(Massin et al. 2004). Chest-wall pain was also the
most common diagnosis (89%) in a concurrently
obtained and reported sample of 69 consecutive
pediatric patients referred to the cardiology clinic
at the same institution because of chest pain
(Massin et al. 2004).

Musculoskeletal Pain

Chronic musculoskeletal pain, either idiopathic
or disease-related, is also common in childhood,
and the differential diagnosis of such is pain is
extensive (Anthony and Schanberg 2005, 2007).
The assessment and treatment of pediatric chronic
musculoskeletal pain optimally involves a biop-
sychosocial, interdisciplinary approach, which
integrates the biologic, environmental, and cogni-
tive behavioral mechanisms underlying such
chronic pain (Anthony and Schanberg 2007;
Connelly and Schanberg 2006; Sen and Christie
2006). Of note, as many as 25% of new patients
present to pediatric rheumatology clinics with
idiopathic musculoskeletal chronic pain, includ-
ing due to juvenile primary fibromyalgia
syndrome — with its often markedly adverse
functional and psychosocial impact (Anthony and
Schanberg 2001; Connelly and Schanberg 2006;
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Sen and Christie 2006). From the 1950s through
the early 1990s, the reported point prevalence of
musculoskeletal pain in North American and
European school-age children ranged from 7% to
15% (de Inocencio 1998; Goodman and McGrath
1991). However, figures as high as 32-40% have
more recently been reported, indicating either an
overall increasing prevalence or the recognition
of juvenile primary fibromyalgia syndrome
(or both).

Despite potential selection bias, the preva-
lence of musculoskeletal pain was determined in
a prospective evaluation of 1,000 consecutive
clinic visits to an urban general pediatric clinic in
Madrid, Spain (de Inocencio 1998). In this con-
venience sample of 3—14-year olds (mean age of
9.7 years), 6.1% of clinic visits were related to
musculoskeletal pain, in keeping with older
reports. The presenting complaints included knee
arthralgia (33%), other large peripheral joint
arthralgias (28%), soft tissue pain (18%), heel
pain (8%), hip pain (6%), and back pain (6%).
The musculoskeletal pain symptoms were attrib-
uted to trauma in 30%, overuse syndromes (e.g.,
chondromalacia patellae, mechanical plantar fas-
ciitis, overuse muscle pain) in 28%, and skeletal
growth variants (e.g., Osgood—Schlatter syn-
drome, hypermobility, Sever’s disease) in 18% of
patients (de Inocencio 1998).

The prevalence and persistence of self-reported
musculoskeletal pain symptoms was determined
using with a structured pain questionnaire in 1756
Finnish third-grade and fifth-grade schoolchil-
dren. In this comprehensive, population-based
survey, musculoskeletal pain occurring at least
once a week was reported by 32% of the study
subjects (Mikkelsson et al. 1997). A cross-
sectional study was also performed on an entire
private school population of adolescents in the
city of Sao Paulo, Brazil (Zapata et al. 2006a). In
this cohort with a male to female sex ratio of 1.1
to 1 and a mean age of 14.2 years, musculoskel-
etal pain was reported by 40% of the 833 sur-
veyed students. Interestingly, despite frequent
computer and video game use in this adolescent
cohort, these activities were not associated with
the presence of a musculoskeletal pain syndrome
(Zapata et al. 2006b). Back pain was instead the
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most frequently self-reported location (23%) in
this Brazilian study (Zapata et al. 2006a). This is
consistent with both a previous Icelandic study, in
which 21% of a random national sample of 2,173
preteens and teenagers reported recurrent (weekly
or more often) back pain (Kristjansdottir and
Rhee 2002) and a Danish study, in which recur-
rent or continuous LBP of a moderate to severe
nature was reported by 19% of 1,389 13—16-year-
old schoolchildren (Harreby et al. 1999).

Complex Regional Pain Syndrome

CRPS is a neuropathic pain disorder that afflicts
all ages (Grabow et al. 2004; Low et al. 2007,
Rho et al. 2002; Wilder 2006). Despite over
20 years of focused research and a well-evolved
treatment paradigm, the exact mechanism of
CRPS remains elusive; however, peripheral sensi-
tization of A-delta and C afferent fibers to nox-
ious stimuli appears to be the basis for
CRPS-associated hyperalgesia (Stanton-Hicks
2000, 2003). While it has been posited that enough
is now known about its pathophysiology to rec-
ommend quantitative sensory and autonomic ner-
vous system testing (Stanton-Hicks 2003), there
is no specific diagnostic laboratory test for CRPS,
requiring clinicians to rely predominantly upon
signs and symptoms. Of note, the presentation,
treatment, and prognosis of CRPS can be quite
variable in and between pediatric and adult
patients, likely related in part to differences in
patient populations, referral patterns, and medical
practice (Berde and Lebel 2005; Low et al. 2007,
Matsui et al. 2000; Sherry et al. 1999).

There is a paucity of large-scale epidemio-
logic data on pediatric neuropathic pain, includ-
ing CRPS. However, in recent years there has
been an increased reporting of CRPS in children
and adolescents (Finniss et al. 2006). Therefore,
potentially valid inferences can be drawn from
two adult population-based studies of CRPS (de
Mos et al. 2007; Sandroni et al. 2003).

As part of the comprehensive Rochester
Epidemiology Project, the incidence, prevalence,
and outcome of CRPS I between 1989 and 1999
was determined for Olmstead County, Minnesota

(Sandroni et al. 2003). Applying the International
Association for the Study of Pain (IASP) criteria
for CRPS, 74 cases of CRPS I were identified in
a population of 106,470, resulting in an incidence
rate of 5.46 per 100,000 person years at risk, and
a low period prevalence of 20.57 per 100,000.
Interestingly, 74% of these Minnesota patients
experienced symptom resolution, often sponta-
neously, lending the authors to suggest that inva-
sive treatment of CRPS may not be warranted in
the majority of adult cases of CRPS I (Sandroni
et al. 2003).

As part of the Integrated Primary Care
Information project, using a comprehensive
search term algorithm, potential CRPS cases
were retrospectively identified from the elec-
tronic medical records of 600,000 adult patients
who received health care throughout the
Netherlands from 1996 to 2005 (de Mos et al.
2007). These potential cases were then validated
by direct electronic medical record review, sup-
plemented with original specialist letters and
information from an inquiry of general practitio-
ners. The estimated overall incidence rate of
CRPS in this Dutch cohort was 26.2 per 100,000
person years (95% CI: 23.0-29.7). This observed
incidence rate of CRPS in the Netherlands is
more than four times higher than the incidence
rate observed in the above population-based
study, performed earlier in Olmsted County,
Minnesota (de Mos et al. 2007).

Conclusions and Health Policy
Implications

Chronic pain is a universal and thus multicultural
experience that represents a major worldwide
threat to health-related quality of life. A disease
in its own right, the global burden of pain is sub-
stantial (Brennan 2007; Cousins et al. 2004;
Lipman 2005). Despite the existence of cost-
effective treatment options, pain control has been
relatively neglected by national governmental
agencies and international nongovernmental
organizations (Brennan et al. 2007; Cousins et al.
2004; Lipman 2005). Despite all of the work to
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date, more information is needed about the
prevalence, manifestations, and long-term effects
of chronic pain in children (Bhatia et al. 2008).
There is likewise a need for increased training
and resources for primary care physicians and
pain clinicians who manage chronic pain in the
pediatric age group (Bhatia et al. 2008).

A major gap presently exists between an
increasingly sophisticated understanding of the
pathophysiology of pain and the widespread
inadequacy of its treatment (Brennan et al. 2007).
This gap is most apparent and problematic in the
poorest and most socially dysfunctional develop-
ing nations, which are contending with widespread
poverty, oppression and violence, and war and its
aftermath (Brennan et al. 2007). Consequently, in
October 2004, the World Health Organization
(WHO), the International Association for the
Study of Pain (IASP), and the European
Federation of the IASP Chapters (EFIC) jointly
declared that such widespread, inadequately
treated chronic pain must not be tolerated and
furthermore that the relief of pain should be a
universal human right (Brennan and Cousins
2004; Cousins et al. 2004; Lipman 2005). The
two ultimate aims of this global pain initiative
were to inform policy makers about the personal
burden and the economic costs of chronic pain
and to educate physicians and allied health-care
professionals about pain assessment and manage-
ment so as to promote higher standards of care
worldwide (Lipman 2005). More recently, simi-
lar attention has been focused on effective pallia-
tive care being a universal, international human
right (Brennan 2007).

Acute, chronic, and cancer pain collectively
represent the often unreported and hence silent
dimension of many of the worldwide causes of
both adult and pediatric morbidity and mortality
(Brennan et al. 2007). Specifically, it is generally
under-recognized that the pain and other symp-
tom burden experienced by adult and pediatric
patients with HIV/AIDS are as complex and
widespread as in patients with cancer (Lipman
2005). Greater attention therefore needs to be
focused on the pain experience in the developing
world, including in the pediatric population.

T.R. Vetter
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Chronic pain arises from plastic changes in the
peripheral and central nervous system. These
changes are triggered and may be maintained by
an insult to tissues, organs or to the nervous sys-
tem itself. Because neural connections within the
sensory and nociceptive systems have been
altered, pain can take on a ‘life of its own’ and no
longer require the presence of tissue damage. As
a result, chronic pain will often persist beyond
the resolution of the original injury. Thus, chronic
pain has a clear biological origin, but that origin
lies within the nervous system itself and if we are
to prevent or treat it effectively, we need to under-
stand these neural changes. The poor pain recov-
ery following the resolution of a physical insult
can lead to the conclusion that patients, especially
children, are catastrophizing or have aberrant
health beliefs, while in fact defined neurobiologi-
cal changes in neural pain pathways are the
source of the problem.
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Chronic Pain Mechanisms
Neural Plasticity and Chronic Pain

Several excellent reviews cover the neural basis
of chronic pain in adults (Woolf 2004;
Latremoliere and Woolf 2009; Costigan et al.
2009; Sandkuhler 2009). These reviews explain
the biological basis for long-lasting changes that
can occur in pain pathways following a periph-
eral trauma. Many of these reviews focus on
trauma that involves damage to a peripheral nerve
which can result in neuropathic pain, a particu-
larly unpleasant chronic pain which is especially
difficult to treat. Figures 2.1-2.3 illustrate some
of the key changes that occur in the peripheral
and central nervous system following tissue
injury that contribute to chronic pain. Figure 2.1
shows how prolonged activation or sensitization
of nociceptor and mechanosensitive sensory neu-
rons can arise from the local peripheral immune
reaction and release of cytokines, increased sym-
pathetic activity within the dorsal root ganglion
and upregulation of ion channels and receptor
molecules in the cell bodies and terminals of
damaged sensory neurons. All these changes
cause increased action potentials or altered
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Fig. 2.1 Peripheral events that contribute to the generation and maintenance of chronic pain following nerve injury
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Fig. 2.2 Different synaptic mechansims underlying
nociception, acute and chronic pain. (a) Normal nociceptive
transmission in the spinal cord is carried out by glutamate
released from central nociceptive terminals acting on AMPA
(a-amino-3-hydroxy-5-methyl-4-isoxazole propionate) and
NMDA (N-methyl-d-aspartic acid) receptors on central sen-
sory neurons, controlled by inhibitory neurons. (b) Strong
nociceptor input, such as follows tissue trauma, involves
other neurotransmitter receptors, NK1 (neurokinin 1) and
trkB (tyrosine kinase B) to activate intracellular kinases that
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Pain
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phosphorylate ion channels and receptors, altering their
distribution and function and increasing excitability and
thereby pain sensitivity. (¢) Longer lasting pain arises when
changes in transcription in dorsal horn neurons occur, such
as the induction of cyclooxygenase 2 (Cox-2) via interleu-
kin (IL1p), arachidonic acid (AA) and prostaglandin E2
(PGE2) acting on prostaglandin receptors (EP). (d) After
peripheral nerve lesions, there is also a reduction in the
activity of inhibitory interneurons which increases nocicep-
tive signals across the synapses (From Woolf 2004)
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Fig. 2.3 Processes causing activation of microglia in the
dorsal horn of the spinal cord following injury to a nerve in
the periphery. On the normal side of dorsal horn, microglia
have small somas, bearing thin and branched processes, and
are homogeneously distributed (i.e. they are ‘resting micro-
glia’). After peripheral nerve injury, microglia in the spinal
cord ipsilateral to the nerve injury transform from the resting
to the ‘activated microglia’ phenotype, which is character-
ized by hypertrophy, proliferation and expression of cell-

patterns of action potentials in the damaged
nerves and in nearby undamaged nerves, which
will, in turn, cause aberrant neuronal firing in the
central nervous system (CSN) and pain.

Chronic pain also has a major central compo-
nent. Unlike other sensory stimuli, relatively brief
trains of activity in peripheral nociceptors have
the ability to trigger long-term changes in CNS
circuitry and cause prolonged states of hypersen-
sitivity. This ‘central sensitization’ contributes to
an amplification of the noxious input and a spread
of pain into areas outside the original damaged
region (hyperalgesia) and the onset of pain from
normally innocuous stimuli (allodynia). The
central sensitization arises from prolonged
increases in membrane excitability, strengthened
excitatory synaptic inputs, and reduction of inhib-
itory interneuronal activity, which in turn are reg-
ulated by shifts in gene expression, the production

surface molecules (e.g. CR3, CB2, CD14, MHC proteins,
TLR4 and the P2X4 receptor). Photographs show resting
(left) and activated (right) microglia staining for CR3.
Activation of microglia in the dorsal horn occurs predomi-
nantly in the central projection area of the injured peripheral
nerve, which implies contribution of signals from injured
nerve and/or affected dorsal horn neurons or astrocytes.
Candidate signalling molecules include MCSF, IL-6, CD200,
ATP, substance P and fractalkine (From Tsuda et al. 2005)

and trafficking of key receptors, channels and
downstream neuronal signalling pathways. It may
be relatively short-lasting but in cases of chronic
pain, new mechanisms come into play that act to
maintain this central sensitization for prolonged
periods or even permanently. Figure 2.2 shows
some of the mechanisms by which this can occur.

All these changes contribute to an increase in
the number and pattern of action potentials gen-
erated by spinal nociceptive circuits which, when
transmitted to higher centres in the brain, increase
pain sensitivity.

Major Shifts in CNS Function
in Chronic Pain

Recent evidence suggests that the cellular, syn-
aptic and molecular events underlying central
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sensitization and chronic pain, illustrated in Fig. 2.2,
are driven by several major shifts in CNS function.

One shift is in the functional activity of pain-
modulating circuits in the brainstem that normally
control nociceptive processing in the spinal cord
(Heinricher et al. 2009; Porreca et al. 2002;
Gebhart 2004; Suzuki et al. 2004; Vanegas and
Schaible 2004). A defined area of the medullary
brainstem, called the rostroventral medulla
(RVM), plays a key role in this descending brain-
stem control. The neurons in the region receive
afferent input from spinal cord sensory projection
neurons and, in turn, send projections back down
to spinal sensory circuits, forming a powerful
feedback loop. The RVM is itself controlled by
higher brainstem and subcortical areas such as the
periaqueductal grey (PAG), the amygdala and the
hypothalamus, thus making it a strong candidate
for mediating the modulatory effects of stress,
attention and reward upon pain perception and
behaviour. The ability of the RVM to suppress
nociceptive transmission is well-documented but
at some intensities and sites, stimulation of RVM
can also be facilitatory. In normal animals, the
balance of RVM descending control is inhibitory,
but the situation changes in persistent pain states
when the balance of RVM activity becomes facili-
tatory, probably due to a change in the balance of
activity from sub-populations of RVM neurons.
Thus, there is an altered balance of inhibition/
facilitation or pro-nociceptive/anti-nociceptive
mechanisms in chronic pain sates. Evidence for
this has been found in both animal models and
human imaging studies (Bingel and Tracey 2008).
The potential importance of this cannot be over-
stated; normal CNS pain processing depends upon
a system of endogenous control that modulates
nociceptive activity through descending fibres and
endogenous opioids that represent a homeostatic
feedback mechanism of control. These descend-
ing and endogenous pain modulatory pathways
controls are the mechanisms by which factors
such as anticipation, distraction, suggestion, con-
text and past experience can influence pain
responses (Fairhurst et al. 2007). If the balance of
this mechanism is shifted, then pain processing
may effectively become ‘out of control’.

The second important shift is in the cellular
immune system. While it is well-established that
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neuronal circuits are sensitized in chronic pain, it
has recently become evident that central glia and
immune cells also play a key role in chronic pain
states (Scholz and Woolf 2007; Milligan and
Watkins 2009; DeLeo et al. 2004; Tsuda et al.
2005). The CNS normally contains resident, qui-
escent, microglial cells, but tissue and nerve injury
outside the CNS changes this situation. Resident
microglia become swollen and activated and
new microglia infiltrate and migrate through the
neuropil to join them; all focused upon CNS areas
of intense neural activity. Activation of microglia
by chemokines, purines, cytokines and comple-
ment anaphylotoxins (DeLeo et al. 2004; Tsuda
et al. 2005; Deleo and Yezierski 2001; Watkins
et al. 2001; Griffin et al. 2007) leads to release of
signal molecules which alter excitability or synap-
tic transmission in the dorsal horn which leads to
ongoing pain and hypersensitivity. As yet it is not
known exactly what signals lead to central glial
activation after injury and how exactly they cause
pain, but there is no doubt that this is an important
mechanism (Wei et al. 2008). Indeed it has been
argued that neuropathic pain has many features of
a neuroimmune disorder and that immunosup-
pression and blockade of the reciprocal signalling
pathways between neuronal and non-neuronal
cells may be a successful approach to the manage-
ment of pain (Scholz and Woolf 2007).

The Cortex and Chronic Pain

Pain is an emotional/affective process requiring
higher-level cortical activity. As such, the neural
pathways under consideration go beyond circuits
in the spinal cord and brain stem and require the
involvement of specific regions of the cortex and
other higher brain centres. Extensive research on
the central mechanisms regarding the sensory-
discriminative dimensions of pain have revealed
a complex network of cortical and subcortical
brain structures involved in the transmission and
integration of pain, the so-called pain matrix, and
there is evidence from imaging studies that
chronic pain is associated with changes in this
central matrix for pain processing (Bingel and
Tracey 2008; Seifert and Maihofner 2009;
Apkarian 2008). Chronic pain appears to involve
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both structural and functional changes in the
matrix. Thus, an important component of the pain
involves a change in wiring of cortical networks
in addition to and perhaps in consequence of the
peripheral, spinal cord and brainstem plasticity
described above (Zhuo 2008).

Individual Variation in Chronic Pain

Thus far the reader might be forgiven for conclud-
ing that everyone who suffers a peripheral injury,
especially if it involves a peripheral nerve, will
automatically develop maintained hypersensitiv-
ity and chronic pain. In reality this is not so. The
individual variability in the incidence of chronic
pain is very great. While acute post-operative pain
is followed by persistent pain in 10-50% of indi-
viduals after common operations, chronic pain is
severe in only about 2-10% of these patients
(Kehlet et al. 2006). Striking interindividual vari-
ability in pain sensitivity, the propensity to develop
chronic pain conditions and the response to anal-
gesic manipulations, is currently a major focus of
chronic pain research. The explanation is likely to
be a classic genetic—environmental interaction;
that is, the injury itself, an earlier history of injury
(see below) and an innate propensity act together
to increase the chance of an acute pain changing
into a chronic one. The advances, problems and
pitfalls of human pain genetic research have
recently been discussed in an excellent review by
Mogil (Lacroix-Fralish and Mogil 2009). The
next few years will no doubt provide a clearer pic-
ture of the genetic components of chronic pain.

Much of our knowledge of chronic pain mech-
anisms is extrapolated from inbred rat and mouse
strains, chosen for study because of behavioural
signs of long-lasting mechanical hypersensitivity
or allodynia, guarding or withdrawal of the
affected area and behavioural anxiety and altered
decision- making in the presence of tissue or nerve
injury. While providing information on the physi-
ology of pain, they cannot model the full human
pain experience. The strengths and limitations of
these animal models have been recently reviewed
(Mogil 2009) and we should not forget, especially
with respect to higher pain processing, that ‘a rat
is not a monkey is not a human’ (Craig 2009).
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Chronic Pain in Children

While the neurobiology of chronic pain in adults
has been the subject of intensive research over
the last two decades, the neural mechanisms
underlying chronic pain in children have received
little attention. Many of the neural mechanisms
may be similar to those in adults, but the funda-
mental differences in the immature and mature
pain systems suggest that a number of key differ-
ences are likely to arise in the incidence, pattern,
time course and treatment of chronic pain in chil-
dren. Paediatric pain pathways are not simply
less efficient forms of adult pathways — they
function differently, undergoing a series of tran-
sitional functional states before reaching maturity
(Fitzgerald 2005). This affects nociceptive and
acute pain (Fitzgerald and Walker 2009) and thus
is likely to impact on the natural history of chronic
pain in childhood as well.

Figure 2.4 shows a developmental time line
for laboratory rats to help interpret data from
young laboratory animals and translate the find-
ings to children. It shows that data from the first
two post-natal weeks in rats are likely to be rele-
vant to human infancy, while post-natal day (P)
21-35 are especially relevant to childhood. It is
taken from an excellent review that discusses
how CNS developmental changes can be qualita-
tive or quantitative in nature, involving gradual
changes, rapid switches, or inverted U-shaped
curves. Thus, single phenomena may be governed
by different mechanisms at different ages in an
ongoing process that does not end with puberty
(McCutcheon and Marinelli 2009).

Below we focus on some developmental
changes that occur over this period and which are
likely to affect chronic pain.

Maturation of Brainstem Descending
Control Systems

It has been known for some time from the study
of young rats that there is little descending inhibi-
tory tone from higher CNS centres in the first
weeks of life and that no analgesia is produced
from brainstem stimulation until post-natal day
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Fig. 2.4 Developmental stages of a laboratory rat (From McCutcheon and Marinelli 2009)

21 (P21) (van Praag and Frenk 1991; Fitzgerald
and Koltzenburg 1986). Recent research has
shown that the rostroventral medulla (RVM),
which is the main output nucleus for brainstem
descending control, undergoes a remarkable mat-
urational switch after P2 (Hathway et al. 2009).
Both lesioning and electrical stimulation of RVM
at different post-natal ages reveal that RVM con-
trol over spinal nociceptive circuits switches from
being entirely facilitatory before P21 to inhibi-
tory at older ages. Between P25 and P35, descend-
ing inhibition begins to dominate but it is not as
powerful as in the adult until P40. This gradual
change is observed in the changing influence of
the RVM over spinal nociceptive reflexes and
dorsal horn neuronal activity over this critical
periadolescent developmental period.

Childhood may therefore represent a time
when the normal balance, rather than the absolute
onset, of descending brainstem controls are estab-
lished. A lack of balance or stability between
inhibitory and excitatory supraspinal controls in
early life may mean that young children are less
able to mount effective endogenous control over
noxious inputs compared to adults (Fig. 2.5).

Maturation of Neuroimmune
Interactions

While microglia in the dorsal horn of adult ani-
mals contribute to the generation of neuropathic
pain, through processes that involve their recruit-
ment, proliferation and activation, laboratory data
show that in the dorsal horn of young rats, the

microglial response to peripheral nerve injury is
considerably less than that in adults (Moss et al.
2007; Vega-Avelaira et al. 2007). This may con-
tribute to differences in pain-like hypersensitivity
in young and adult animals (Moss et al. 2007,
Vega-Avelaira et al. 2007). The absence of a
strong neuroimmune response in young animals
is not due to a general inability of immature
dorsal horn neurons to respond to immune
activation. Microglial activation and significant
allodynia can be evoked by spinal injections of
lipopolysaccharride, glutamate receptor agonists
or the intrathecal application of exogenous ATP
stimulated microglia at young ages when periph-
eral nerve injury has no effect (Moss et al. 2007).
These data suggest that the resident immune sys-
tem in young animals is capable of activation but
fails to do so in response to peripheral nerve
injury. Neuropathic pain does appear to be less
prevalent in young children compared to adults
(Howard 2003; Howard et al. 2005) and this
could be one reason why. The differing status of
the immune system and its interactions with CNS
neurons in the face of peripheral injury is likely
to be an area of important research in children’s
chronic pain in the future (Fig. 2.6).

Maturation of Cortical Pain Processing

Pain is processed at the level of the cortex at a very
young age. Specific cortical haemodynamic and
electrical EEG responses can be recorded from
pre-term and term infants in response to noxious
heel lance suggesting that nociceptive connections
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Fig. 2.5 Descending inhibition from the brainstem to the
spinal cord. Excitotoxic lesioning of the rostroventral
medulla (RVM) with kainate increases hindpaw mechanical
and thermal thresholds in P3 and P21 rats but significantly
decreases them in adult animals (P40). Bars indicate mean
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animals within an age group (a) Mechanical thresholds, (b)
Thermal thresholds (From Hathway et al. 2009)

Adult (7 days following SNI)

Fig. 2.6 Sections of rat lumbar spinal cord immunos-
tained for microglia with IBA-1 (red) and C fibre termi-
nals with IB-4 (green). In both cases the sciatic nerve on
the left was cut 7 days earlier. Left: the nerve section was

are formed with cortical neurons at an early stage
(Slater et al. 2006, 2010). Nothing is known about
the maturation of the pain matrix over infancy and
childhood and it is not known whether chronic
pain is processed centrally in young children in
the same way that it is in adults.

There is evidence, however, that the presence
of chronic pain does alter central processing in

performed when the rat was 10 days old (P10). Right: the
same lesion was performed in the adult rat. Note the great
increase in microglia on the operated side in the adult but
not the P10 rat (From Moss et al. 2007)

children as well as in adults. Two studies of corti-
cal processing in children aged 10-15 years, one
with migraine (Zohsel et al. 2008) and one with
recurrent abdominal pain (Hermann et al. 2008)
show evidence of an automatic attentional bias
towards painful and potentially painful soma-
tosensory stimuli. Such an attentional bias could
constitute an important mechanism for these
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pains becoming a chronic problem. Another
study of paediatric patients with complex regional
pain syndrome (CRPS) suggested significant
changes in CNS circuitry had taken place. CNS
activation in response to mechanical (brush) and
thermal (cold) stimulation during an active period
of pain (CRPS(+)) and after symptomatic recov-
ery (CRPS(-)) was evaluated using fMRI. Stimuli
were applied to the affected region of the involved
limb and the corresponding mirror region of the
unaffected limb. The data suggest pain-induced
activation of endogenous pain modulatory sys-
tems in the children’s brains which persist even
after nearly complete elimination of evoked pain.
In addition, the ‘CRPS brain’ responded differ-
ently to normal stimuli applied to unaffected
regions (Lebel et al. 2008). Future fMRI studies
in children with chronic pain will tell us more
about cortical plasticity in response to acute and
chronic pain in the developing brain and how it
differs from the adult, although there are specific
concerns related to the imaging of pain in chil-
dren (Sava et al. 2009).

The Long Term Effects of Early Pain

One possible factor in the development of chronic
pain is that there is already a ‘memory trace’ of
pain, laid down perhaps at a younger age. While
this is speculation at this stage, there is some
epidemiological evidence to support it (Jones
et al. 2009). What is becoming increasingly clear
is that early pain experience does alter mechani-
cal and thermal nociceptive pain thresholds and
acute pain sensitivity in children when they have
grown up (Hermann et al. 2006; Zohsel et al.
2006; Walker et al. 2009). A feature of the imma-
ture somatosensory and nociceptive system, in
both animals and man, is that it is vulnerable to
excessive noxious stimulation in early life
(Fitzgerald 2005; Fitzgerald and Walker 2009;
Schmelzle-Lubiecki et al. 2007). Exposure to
pain early in life significantly impacts upon pain
experience in childhood (Grunau et al. 2006). In
animal models, long after an initial tissue damag-
ing insult to cutaneous, subcutaneous or visceral
tissue has healed, animals display a widespread
reduction in their baseline noxious and innocu-

M. Fitzgerald

ous sensitivity across the body combined with an
enhanced hyperalgesia to repeat damage at the
original site (Ren et al. 2004). The injury must be
performed within the first weeks of life in order
for this to occur. These data are supported by
follow-up studies in children that have undergone
intensive care procedures or surgery as neonates,
who also display widespread hyposensitivity to
noxious and innocuous stimuli accompanied by
enhanced hyperalgesia and sensitization to
inflammatory or surgical injury (Walker et al.
2009; Peters et al. 2005). The local hyperalgesia
may arise from local peripheral or central sensiti-
zation, but the global threshold changes are likely
to be centrally mediated. While the local hyperal-
gesia to repeat injury appears soon after the ini-
tial injury is performed, the global hyposensitivity
is apparent only after the animal has reached its
second month — which, interestingly, is exactly
the time when the RVM switches its influence
over the dorsal horn (Fig. 2.7).

Many of the post-natal developmental changes
in nociceptive processing are dependent upon a
normal balance of neural sensory activity and fail
to occur if the patterns of activity are disrupted. In
rat pups where spinal NMDA receptors are chron-
ically blocked and in mutant mice where the
CaMklIla enzyme does not autophosphorylate,
nociceptive processes remain immature (Beggs
et al. 2002; Pattinson et al. 2006). Furthermore,
maturation is delayed by blockade of low-
threshold sensory afferents by peripheral anaes-
thetic (Waldenstrom et al. 2003) and is altered by
tissue injury (Torsney and Fitzgerald 2003; Li
et al. 2009). Thus dorsal horn nociceptive circuits
are not fixed or preset at birth, but are in a plastic
or transitory stage, responsive to the sensory
experience (Granmo et al. 2008). In this way,
early tissue injury may lead to changes in soma-
tosensory processing, pain signalling and hence
future analgesic responsiveness.

Both clinical and pre-clinical studies demon-
strate the complexity and diversity of persistent
changes in pain responses. It is too simplistic at
this stage to expect that early pain experience
will reliably increase the chance of developing
chronic pain in childhood as multiple contribu-
tory factors may interact to influence nociceptive
processing and/or the behavioural response to
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Fig. 2.7 Effect of neonatal surgery on the baseline thermal
thresholds measured on the thenar eminence of 9—12-year-
old children. The temperature at which the sensations of cold
and hot (0 C) were perceived on the thenar eminence of the
non-dominant hand are plotted for full-term control (n=44),

pain. Nevertheless, future neurobiological and
clinical research into the relationship between
past history and current pain in children will pro-
vide important insight into the long term plastic-
ity that underlies chronic pain.
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Theories on Common Adolescent
Pain Syndromes

Pain is a prevalent condition among adolescents.
In fact, 30—40% of children and adolescents report
experiencing pain at least once a week (Palermo
2000), and 5-25% of adolescents report some form
of recurrent or chronic pain (Perquin et al. 2000;
Goodman and McGrath 1991). Of those reporting
recurrent pain, 30-40% of children report pain epi-
sodes at least once a week (Kristjansdottir 1997).
In terms of specific pain conditions, data indicate
that the most common chronic pain conditions
among adolescents are headaches, abdominal
pain, back pain, and musculoskeletal pain
(Goodman and McGrath 1991; Morsy 2006).
Data also suggest that pain can be a long-term
condition for children. In community samples,
El-Metwally and colleagues (2004) found that
54% of children reporting musculoskeletal pain
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continued to experience pain at a 1-year follow-up.
Not surprisingly, pain is also a long-term condition
in clinic-referred samples. Martin and colleagues
(2007) found that the majority (62%) of children
who presented for treatment at a multidisciplinary
clinic continued to report pain from 1 to 6 years
later.

It is interesting to note that reports of chronic
and recurrent pain tend to differ between sexes
and across development. Prevalence data consis-
tently suggest that reports of pain are more com-
mon in girls than boys (McGrath et al. 2000; Viry
et al. 1999), a pattern that is fairly consistent
across pain conditions and nationalities (Haugland
et al. 2001).

Outcomes

As chronic pain among adolescents is such a
prevalent issue, it is important to note the impact
of such conditions on the lives of these individu-
als. The daily lives of adolescents living with
chronic pain are permeated by their conditions.
Not only are these individuals’ physical capabili-
ties impacted, so too are their familial relation-
ships, social development, education, perception
of academic ability, and sleep.
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Not surprisingly, the families of adolescents
with a chronic pain condition are greatly affected.
Caring for an adolescent with chronic pain
requires a great deal of time, energy, and emo-
tional attention. The constant demands placed
upon family members, especially parents, can be
draining for some. The effects on families of
chronic pain patients have been greatly studied
among patients with sickle cell disease (SCD) and
various rtheumatological conditions. Midence and
colleagues (1993) administered a survey to moth-
ers of adolescents with sickle cell disease and
found that these mothers felt hopeless and frus-
trated when their child was experiencing a pain
episode. Families with an adolescent musculosk-
eletal pain patient have also been found to experi-
ence a great deal of family distress (Aasland et al.
1997). In addition to the emotional burden placed
on these families, they often experience financial
difficulties, resulting from associated health-care
costs as well as the missed days of work when
caring for the ill child (Palermo 2000).

Chronic pain can also impact an adolescent’s
social involvement. Adolescence is typically a
period of increased social involvement; however,
for those afflicted by chronic pain, it may be a
time of social withdrawal. Langeveld and col-
leagues (1997) found that adolescents with
chronic headaches experienced a decrease in the
amount of time spent with their peers. Similarly,
adolescents with SCD experience a decrease in
the amount of time spent socializing with peers,
as well as time spent in activities with peers
(Fuggle et al. 1996; Langeveld et al. 1997).

The impact on an adolescent’s school atten-
dance and performance has been well-studied. In
fact, chronic pain conditions are responsible for
more school absences than any other chronic
condition (Palermo 2000). Among chronic pain
conditions, headache and arthritis account for the
majority of school absences (Newacheck and
Taylor 1992). SCD also contributes to the high
absenteeism rate among chronic pain patients,
with an absenteeism rate of 21% (Shapiro et al.
1995). In addition to increased school absentee-
ism, chronic pain can impact an adolescent’s per-
ception of his/her academic abilities, as well as
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school-related stress. One study by Walker and
colleagues (1998) found that adolescents with
irritable bowel syndrome (IBS) and other chronic
abdominal pain experience lower perceptions of
academic ability. Flato and colleagues (1998)
studied adolescents with juvenile rheumatoid
arthritis (JRA) and discovered that half of these
adolescents reported feeling as though their pain
conditions impacted their schoolwork.

Sleep is critically important to an individual’s
health and well-being, especially during child-
hood and adolescence, when a great deal of
growth and development occurs. Sleep depriva-
tion impacts many areas of an adult’s life, and this
is also true for adolescents. Unfortunately, chronic
pain appears to interfere with adolescents meet-
ing duration and quality of sleep requirements. In
terms of specific conditions, adolescents with
chronic or recurring headaches or migraines
experience disturbances in their sleep (Bruni et al.
1997), as do those with JRA. In a literature review
by Palermo (2000), adolescents with JRA are
reportedly prone to waking during the night and
to parasomnia. Adolescents with SCD are also at
an increased risk for experiencing sleep depriva-
tion, leading to fatigue, increased pain, and higher
rates of school absences (Palermo 2000).

Theories on Adolescent Pain

Introduction to the Biopsychosocial
Model

From the time of Descartes, pain has traditionally
been discussed within a biomedical model. This
model operates within a nociceptive framework,
suggesting a one-to-one correspondence between
nociceptive input and pain sensation. In the con-
text of chronic pain, the biomedical model main-
tains that psychological or behavioral concerns
may result from pain but do not influence the pain
itself (MacLaren et al. 2007).

Despite the assertion of the biomedical model
that pain is directly related to physiology, it is
notable that a number of chronic pain conditions
have little overt evidence of pathophysiology and
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there is wide variability in individuals’ responses
to the same potentially painful stimulus. As early
as the 1960s, researchers began to acknowledge
the contribution of more than just nociceptive
input to the pain experience. The Gate Control
Theory (GTC); (Melzack and Wall 1965) was the
first model to recognize the contribution of central
mechanisms in the pain response. Offering an
alternative to the Cartesian concept of pain, the
GTC posited that peripheral afferent stimulation
could be modulated by descending neural impulses
and that the experience of pain resulted from a
balance between these sensory and central inputs.
Melzack and Casey (1968) went on to describe
these central processes as cognitive-evaluative
(i.e., thoughts) and affective-motivational (i.e., mood
and anxiety), and identified the interaction between
these processes and the sensory-discriminative
process (i.e., nociception) as central to the pain
experience. The most recent iteration of the GTC
moves beyond a simple gating mechanism to a
more complex set of neural networks, referred to
by Melzack as the Neuromatrix (Melzack 1999).
This new “Neuromatrix Theory” of pain extends
Melzack and colleagues original conceptualization
by introducing the roles of genetic and immuno-
logical influences on pain.

Moving from pain-specific to more general
models, the biopsychosocial framework has
emerged as a guiding conceptualization for the
contributors to and impacts of chronic illnesses.
In line with components discussed in the Gate
Control and Neuromatrix theories, the biopsy-
chosocial model highlights the important interac-
tions between physiological, psychological, and
sociocultural influences on medical conditions.
The following sections provide a discussion of
the contributors to pain within a biopsychosocial
framework (Fig. 3.1). Biological factors are
discussed within other chapters of this book,
thus psychological and social influences are
highlighted here. Following the presentation of
influences on pain, the implications of the biop-
sychosocial model on treatment of pain are
discussed and data are presented on the efficacy
of psychological and multimodal interventions
for chronic pain.
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Social Domain

Biological Domain Psychological Domain

Fig.3.1 The Pain Biopsychosocial Model. In the tripartite
biopsychosocial model, one domain may play a greater
role than another. The weight of each domain will depend
on various factors within said domain

Psychological Influences
Affective Factors

Pain is, by definition, a sensory and emotional
experience (IASP); thus it is not surprising that
affective factors have been closely linked with
chronic pain. In adults, comorbidity of chronic pain
with anxiety and depression is well-established
(Gatchel and Dersh 2002), and data in adolescents
support similar relations. For example, children
with recurrent abdominal pain have been found
to have significantly higher incidences of depres-
sion and anxiety than children without pain
(Campo et al. 2004).

Notably, the pattern of relations among
anxiety, depression, and pain appear to be some-
what different in children and adolescents than in
adults. Whereas depression is most commonly
comorbid with pain in adults (Gatchel and Dersh
2002), anxiety appears to be the most common
comorbid condition with pain in children and
adolescents. In fact, Lipsitz and colleagues
(2005) found that while 56% of children with
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non-cardiac chest pain met criteria for anxiety
disorders, only 4% of children met criteria for
depression. Campo et al. (2004) found a higher
incidence of depression in children with recur-
rent abdominal pain (46%) than in the general
population, but it was notable that all but one of
the children with depression also met criteria for
an anxiety disorder. The prevalence of anxiety
disorders in this study was 76%.

Whether anxiety and depression precede pain
or are consequences of pain in adolescents is dif-
ficult to determine given the lack of prospective
premorbid data available in this population. In
adults, depression appears to be more of a conse-
quence than an antecedent of the onset of chronic
pain. Banks and Kerns (1996) offer a stress-
diathesis model to explain the relationship
between depression and pain in adults. In this
model, preexisting risk factors for depression
(e.g., negative schemas, attributions) may be
dormant until triggered by the stress of chronic
pain. Once triggered, activation of risk factors
results in depression in vulnerable individuals
(Gatchel and Dersh 2002). Although fairly well-
established in adults, the diathesis-stress concep-
tualization of depression and pain has not yet
been confirmed in adolescents and warrants fur-
ther study.

The relation of anxiety to chronic pain has also
been extensively studied in adults and has received
increasing attention in adolescents. In regard to
the nature of this relation, some authors suggest
that it is not anxiety per se that influences pain,
but rather how sensitive an individual is to the
physiological sensations of anxiety — a character-
istic known as “anxiety sensitivity” (Norton and
Asmundson 2004). Individuals who are high in
anxiety sensitivity tend to interpret physiological
sensations (e.g., heart palpitations) as more physi-
cally, emotionally, or socially threatening than
individuals who are low in anxiety sensitivity
(Reiss et al. 1986). For example, a highly
anxiety-sensitive person may interpret heart pal-
pitations as a heart attack, while a lowly anxiety
sensitive person may dismiss these sensations as
harmless. In adults, anxiety sensitivity is a risk
factor for anxiety disorders and has been linked to
pain (Stewart et al. 2006). In adolescents with
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chronic pain, anxiety sensitivity has been found
to be significantly related to health-related quality
of life, particularly self-esteem, behavior prob-
lems, and social functioning (Tsao et al. 2007).

Closely related to anxiety sensitivity is the
specific fear of pain (Muris et al. 2007). Similar
to general anxiety sensitivity, injury sensitivity is
the worry about painful sensations and the attri-
bution of pain sensations as harmful (Vlaeyen
and Linton 2000). Injury sensitivity is a stronger
predictor of pain catastrophizing and fear of pain
than anxiety sensitivity (Vancleef et al. 2006).

A discussion of fear of pain would be remiss
without noting that fear of pain is an adaptive
response in acute pain situations. In these situa-
tions, fear is protective and serves as a motivator
to avoid potentially dangerous situations (e.g.,
placing a hand on a hot stove). Fear of pain
becomes maladaptive, however, in chronic pain
conditions. In these cases, fear of pain generalizes
beyond objectively dangerous situations to any
activity that an individual perceives may be
related to pain (e.g., walking, school attendance);
this fear then results in avoidance of an increas-
ingly large number of activities and transitions
quickly to disability (Waddell et al. 1993).
Kinesiophobia, the fear of movement due to pain
or (re)injury, has emerged as a significant predic-
tor of pain-related disability and distress across
several painful conditions. (Pells et al. 2007;
Roelofs et al. 2004). This fear of movement can
be more disabling than the pain itself (Crombez
et al. 1999). The degree of kinesiophobia posi-
tively correlates with pain severity and is esti-
mated to be a better predictor of physical
disability in patients with chronic pain than many
previous indices (Pells et al. 2007).

It is possible that attentional mechanisms may
mediate the relations among anxiety, anxiety sen-
sitivity, fear of pain, and pain. An intriguing study
by Boyer and colleagues (2006) demonstrated
that children with RAP unconsciously attended to
pain-related words (e.g., ouch) more than neutral
(e.g., piano) or socially threatening words (e.g.,
bullied). At a conscious level however, children
attended significantly less to pain-related words
than neutral words. The authors interpreted these
results in a two-stage attentional process by which
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children with RAP are selectively hypervigalent
to pain-related information but make conscious
attempts to avoid or disengage from this informa-
tion. Notably, children with higher anxiety dem-
onstrated more of these attentional biases than
children with lower anxiety.

Temperament and Personality Factors

Personality is generally defined as characteristic
patterns of behavior, thoughts, and feelings that
originate within an individual and influence how
an individual responds to the environment (Carver
and Scheier 2000). Early work in psychosomatic
medicine attempted to reveal personality typolo-
gies associated with specific chronic pain condi-
tions (i.e., headache personality), but this work
has been challenged (Turk and Monarch 2002).
Instead, current research focuses on how person-
ality and early encounters interact with the pain
experience. For example, similar to anxiety sensi-
tivity, Conrad and colleagues (2007) found that
patients with chronic pain scored significantly
higher on Harm Avoidance temperament than
individuals without pain. Data from this study
also indicated that patients with chronic pain
scored significantly lower on personality dimen-
sions of self-directedness and cooperativeness.
Interestingly, the link between personality and
pain may be bidirectional. Fishbain and colleagues
(2006) conducted a meta-analysis of interactions
between measures of pain and personality and
found that measures of personality (e.g., Minnesota
Multiphasic Personality Inventory scores) were
significantly affected by improvements in pain
following treatment. Thus, it appears in adults
that personality may not only affect pain, but may
also change as a result of pain experience.

Given the developmental changes that occur
in personality during childhood and adolescence,
research with these groups has focused on tem-
perament — the childhood precursor to personal-
ity. Like personality, temperament is a consistent
pattern of responding to the environment, and
because it is evident from minutes after birth, is
generally thought to be genetic in nature. A fair
amount of work has been dedicated to exploring
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the interaction between pain and temperament,
especially in the acute pain context (Broome
et al. 1998). Recently, Rocha et al. (2003) found
that temperamental characteristics, including
negative mood, difficulty adapting to new situa-
tions, and withdrawal, were related to higher pain
sensitivity to immunization in kindergarten chil-
dren. In a follow-up study, this “pain sensitive”
temperament predicted children’s health-care
usage 7 years after the original assessment (Rocha
et al. 2007). Several other studies have supported
the role of children’s temperament in their
responses to lumbar punctures (Chen et al. 2000)
and postoperative pain (Kleiber et al. 2007). It is
notable that although this work has identified
temperamental types that appear to be “pain sen-
sitive,” it is currently unknown whether these
temperament types are reflective of a selective
sensitivity to pain or an overall sensitivity to
stimulation.

In terms of chronic pain, we are aware of only
one study that has closely examined temperament
in children and adolescents with these conditions.
Conte and colleagues (2003) compared tempera-
ment in children with juvenile primary fibromy-
algia syndrome (JPFS), arthritis, and no pain
condition. Findings indicated that children with
JPFS had significantly more temperamental
instability than children with arthritis and those
without pain. Although further research in tem-
peramental influences on children’s chronic pain
is required, it appears that temperamental charac-
teristics that are related to acute pain sensitivity
may also be related to adolescents’ chronic pain.

Coping

There is little question that living with a chronic
pain condition is stressful for adolescents. Over
time, adolescents develop patterns of thoughts,
behaviors, and emotions that they use to cope
with this stress, and a great deal of literature has
been devoted to the study of these coping strate-
gies. Coping has been defined as any “conscious
volitional efforts to regulate emotion, cognition,
behavior, physiology, and the environment in
response to stressful events or circumstances”
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(Compas et al. 2001, pp. 88). Coping strategies
are acquired over time in a developmental pro-
cess that is affected by cognitive and social matu-
ration and experience interacting with the
environment (Fields and Prinz 1997). By adoles-
cence, coping styles begin to stabilize, and may
continue regardless of their degree of effective-
ness (Compas et al. 2001).

A wide variety of cognitive and behavioral cop-
ing strategies have been identified. Cognitive strat-
egies include distraction, wishful thinking,
problem solving, and negative thinking, while
behavioral strategies include decreasing physical
and social activity, seeking emotional support, and
information-seeking. Although a thorough review
of the coping literature is beyond the scope of this
chapter, it is important to note that authors have
offered a host of theoretical conceptualizations of
coping behavior. Lazarus and Folkman’s (1984)
emotion- versus problem-focused conceptualiza-
tion classifies strategies based on whether they
function to modify the environment (problem-
focused) or the self (emotion-focused). Other
authors conceptualize coping on an approach-
avoidance dimension (Roth and Cohen 1986),
with approach strategies directed toward the stress-
ful stimulus (e.g., problem solving) and avoidance
strategies directed away from the stimulus (e.g.,
distraction). Although many conceptualizations
are two-factor in nature, three-factor models have
also been presented. In a study of pain-specific
coping based in the approach/avoidance conceptu-
alization, Reid and colleagues (1998) identified
two subtypes of avoidant coping: problem-focused
avoidance and emotion-focused avoidance.
Emotion-focused avoidance strategies are those
that attempt to avoid potentially negative feelings
(e.g., internalizing, catastrophizing) whereas
problem-focused avoidant strategies attempt to
direct attention away from the stressful stimulus
(e.g., distraction, positive self-talk).

Despite a wide array of conceptualizations,
there is consistent evidence that some coping
strategies are more adaptive than others in par-
ticular situations. For example, problem-focused
or approach coping is most adaptive in situations
where individuals have control over situations,
whereas emotion-focused coping strategies are
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most adaptive in uncontrollable situations
(Compas et al. 2001). In the context of pain, Reid
and colleagues (1998) report that approach strat-
egies (e.g., information seeking, problem solving)
were related to decreased disability in children
with rheumatoid arthritis, whereas emotion-
focused avoidance strategies such as externalizing
(e.g., yelling at others) were related to higher pain.
Although approach strategies have received sup-
port for their efficacy, some authors argue that the
uncontrollable nature of chronic pain lends itself
more appropriately to the use of emotion-focused
strategies (McCracken et al. 2007). In this frame-
work, attempting to control an uncontrollable
situation (i.e., pain) may be counterproductive.
Alternatively, acceptance-based coping strate-
gies focus on function in the presence of pain
rather than attempts to eliminate pain (McCracken
et al. 2007).

A particularly strong finding in the coping lit-
erature is the maladaptive nature of catastrophiz-
ing coping strategies. Catastrophizing coping
involves exaggerated negative responses to actual
or expected stress (Drahovzal et al. 2006) and
was categorized by Reid and colleagues (1998)
as an emotion-focused avoidance strategy. In
cases of high catastrophizing, individuals expect
future pain episodes and their consequences to be
extremely severe (Sullivan et al. 2001) and thus
experience increased distress and sensitivity to
pain (Eccleston and Crombez 1999). Catastrophic
thinking has been found to be related to increased
pain intensity, increased disability, and lower
pain tolerance (Vowles et al. 2007).

Trauma History

Experience with trauma in childhood has been
associated with a variety of negative outcomes.
In addition to an array of psychological effects,
experience with early traumatic events has been
associated with increased physical complaints. In
a population based study, Chartier and colleagues
(2007) found that a history of abuse was related
to increased health-care usage, poorer self-
reported health, more diagnosed health condi-
tions, and pain that interfered with activity.
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Of traumatic events in childhood, experience
with abuse has received the most extensive study in
chronic pain populations. Definitions of abuse vary
based on assessment methods, but for the purposes
of this section we will use those provided by
Goldberg and colleagues (1999). These authors
define physical abuse as physical acts of punish-
ment that leave physical evidence (i.e., bruises and
welts) and that are perpetrated by an adult in a
position of authority on a child under the age of 18.
Sexual abuse is defined as any sexual act performed
by an adult on a child under the age of 18 (Goldberg
etal. 1999). Verbal abuse is defined as “any pattern
of consistent denigration, humiliation, and con-
demnation performed by a more powerful individ-
ual to a person under the age of 18 resulting in
feelings of inferiority, lowered self-esteem, low-
ered self-worth, and stunted goals and ambitions.”

Most of the data on links between childhood
abuse and traumatic experience have been in
adults and most have used retrospective reports
of history of trauma in patients with chronic pain.
For example, Balousek et al. (2007) examined
self-reported history of abuse in a large sample
(n=1,009) of adults who were prescribed opioids
to manage noncancer-related chronic pain.
Prevalence of lifetime history of physical abuse
was 47% for women and 22% of men. A similar
gender distribution of history of sexual abuse was
reported, with 35% of women and 10% of men
reporting abuse. Comparisons trauma histories in
community samples of individuals with and with-
out chronic pain support the assertion that experi-
ence with abuse is a risk factor for chronic pain
(Brown et al. 2005). There also appears to be
variability across chronic pain conditions in
trauma history. Goldberg et al. (1999) investi-
gated the abuse and/or traumatic event history of
91 patients with four chronic pain conditions:
facial pain, myofascial pain, fibromyalgia, and
other pain. Of these 91 participants, there was a
significant history of childhood verbal abuse
(38%), physical abuse (>32%), and sexual abuse
(22%) in the development of a chronic pain con-
dition. Interestingly, the four pain groups were
varyingly impacted by these different events. Of
those participants with fibromyalgia, 25-47%
experienced sexual abuse as a child.
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Traumatic events other than abuse in childhood
may also contribute to the development of chronic
pain. Traumatic events within the family may
include familial violence, parental alcoholism,
parental drug abuse, divorce, or death. Goldberg
and colleagues reported that more than 38% of
their sample of adults with chronic pain had a fam-
ily history of alcohol abuse and 15.3% had a family
history of drug abuse. A family history of alcohol
abuse was found to be most significant among par-
ticipants with myofascial and facial pain.

Unfortunately, despite the preponderance of
evidence for abuse and trauma history as a risk
factor for chronic pain in adults, little is known
about traumatic histories in adolescents with
pain. Of the host of studies that have evaluated
psychological and social correlates of pain in
adolescents, to our knowledge, no study has eval-
uated trauma and abuse history. This appears to
be the same case in the trauma literature, as stud-
ies of childhood and adolescent outcomes of
trauma do not generally assess for chronic pain.
However, the trauma literature does refer to
chronic pain as “the next frontier” (Kendall-
Tackett and Kendall-Tackett 2001).

Social Influences
Parental Influences

There is little question that chronic pain in ado-
lescents occurs within a family context and thus
is both influenced by and serves as an influence
on the family system. In fact, the family context
is so important in chronic pain that some authors
have argued that effective interventions must be
directed toward both the adolescent and the fam-
ily (Kazak et al. 2002).

The most general evidence for parental influ-
ences on children’s pain is in the form of family
aggregation of pain. Early studies support the
hypothesis that pain aggregates in families by
demonstrating higher percentages of reports of
pain in family members of chronic pain patients
than in patients with non-chronic pain-related
medical conditions (Violon and Giurgea 1984). In
terms of the parent—child dyad, studies have shown
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that pain complaints are more likely in children of
parents who also report pain (Levy et al. 2004;
Mikail and von Baeyer 1990). Parents’ and
children’s ratings of their own pain are also sig-
nificantly correlated, as are the number of chronic
pain conditions in the family and children’s rat-
ings of their current pain (Schanberg et al. 2001).

One potential mechanism for the clustering of
pain in families is parental modeling of pain
behavior. Children of parents with pain are more
likely to have pain than children with parents
who do not have pain, and children appear to be
particularly influenced by mothers with pain
(Evans and Keenan 2007). Children of parents
with pain also tend to report similar pain sites as
their parent (Osborne et al. 1989; Evans and
Keenan 2007). Evidence from laboratory-based
studies supports the importance of modeling in
children’s response to pain. Goodman and
McGrath (1991) found that children of mothers
who exaggerated their response during an experi-
mental pain task later showed significantly lower
pain thresholds during the same task than chil-
dren whose mothers minimized their pain
response. In other words, children’s pain thresh-
olds were influenced by the way their mothers
reacted to the same circumstances.

Children learn not just from their parents’
responses to pain, but also from the consequences
of their parent’s pain. Walker and colleagues
found that children with RAP and peptic disease
who had family members with frequent illness
believed that they, such as their ill relatives, would
receive sympathy and fewer responsibilities as a
result of chronic pain (Walker et al. 1993).

A second potential mechanism for parents’
impacts on adolescent’s chronic pain is via family
relationships, or interaction patterns among par-
ents and adolescents with pain. Parents of chil-
dren with pain have been found to be more
anxious than parents of children without pain
(Ramchandani et al. 2006), and parents’ anxiety
about their children’s pain influences the way in
which parents interact with their children (van
Tilburg et al. 2006). For example, in an attempt to
protect the adolescent in pain, parents may allow
children to escape from chores, limit family activ-
ities, or keep children home from school (Lipani
et al. 2006). Parents may also provide additional
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attention, reassurance, or special privileges in an
attempt to soothe adolescents when in pain.
Although well-intentioned, these responses serve
to reinforce pain behaviors in children and can
lead to increased disability (Walker et al. 1993;
Peterson and Palermo 2004).

In terms of adaptive responses, there are sev-
eral parent behaviors that are related to decreased
disability and pain. Sanders and colleagues
(1996) found that particular parent behaviors
were a significant predictor of improvement in
children’s recurrent abdominal pain. Specifically,
mothers’ use of adaptive caregiving strategies
(e.g., encouraging active coping, ignoring pain
complaints) was found to be a significant predic-
tor of children’s pain improvements. Supporting
the importance of parental behaviors, this study
found that the effect of maternal caregiving was
still evident after controlling for child age and
child-coping behaviors.

School Influences

Adolescents spend a significant amount of their
time in school and school-related activities.
Unfortunately, pain often interferes with school
and is related to increased school absences,
missed schoolwork, and lost opportunities for
social interactions. In fact, chronic and recurrent
pain accounts for more absences than any other
chronic illness (Palermo 2000).

An adolescent’s chronic pain condition can be
impacted, in part, by their academic performance,
perceived social support, and responses from
teachers and peers. Generally, teachers may have
difficulty understanding and knowing how to
react to their students with chronic pain. Unlike
physical disabilities or other chronic conditions
with clear explanations, teachers may find it dif-
ficult to differentiate between acceptable and
unacceptable behavior in children with chronic
pain. A child’s academic performance and func-
tioning can be directly affected by the way in
which a teacher responds to the child (Logan
et al. 2007). For example, if the teacher often
allows a child to skip assignments or does not
require the child’s participation, the child will
likely be less motivated to perform well.
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Peer Influences

Just as teachers’ perceptions and reactions to
children with chronic pain impact the child, so
too do the perceptions and reactions of peers.
Nishina and colleagues (2005) suggest the possi-
bility that peers view children with chronic pain
as “sickly, timid, or weakly,” especially if the
child is male (Midence et al. 1993; Nishina and
Juvonen 2005). The authors further suggest that
these perceptions may lead to bullying. In addi-
tion to appearing sick or weak, children’s fre-
quentschool absences resultin fewer opportunities
for social interactions with peers. Greco and col-
leagues (2007) found that the poor social skills of
a child with chronic pain increase the likelihood
that he or she will experience problems with his
or her peers. These social problems were found
to increase the anxiety of these children which, in
turn, can lead to exacerbated pain episodes and
further perpetuate the cycle.

Considerations in Treatment

The biopsychosocial model has important impli-
cations for the treatment of chronic pain in adoles-
cents. This model highlights the importance of
targeting multiple determinants of adolescents’
pain, namely those that are biological, psychologi-
cal, and social in nature. A general introduction to
psychological interventions is provided below,
followed by a review of efficacy data on these
interventions and a discussion of intervention
delivery considerations.

Overview of Psychological
Interventions

There is a range of psychological treatments avail-
able for chronic pain in adolescents. While there
is some variability in the specific procedures,
most interventions that have received empirical
attention are cognitive and/or behavioral in nature
and many involve family components. Although a
thorough presentation of the nuances of cognitive,
behavioral, cognitive—behavioral, and family sys-
tems orientations are beyond the scope of this
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chapter, general discussions of these concepts are
helpful in understanding the components of inter-
ventions that have been evaluated for adolescent
chronic pain.

In general, cognitive interventions are directed
toward identifying and modifying maladaptive
thoughts, beliefs, or expectations. In the context
of chronic pain, cognitive treatments are based on
evidence that certain patterns of cognitions (e.g.,
catastrophizing) are associated with increased
pain, as discussed earlier in this chapter. In this
vein, cognitive interventions help adolescents to
identify links between thoughts and pain and to
generate alternative thought patterns. Specific
strategies to accomplish these goals include self-
monitoring to identify maladaptive thoughts,
evaluating and challenging negative cognitions,
thought-stopping, and positive self-talk (Hicks
et al. 2006; Robins et al. 2005). Cognitive pain
control strategies are also available. Imagery, dis-
traction, and hypnosis, all work via cognitive
mechanisms to focus attentional resources away
from pain. The use of interactive technology for
distraction in pain management is gaining recog-
nition. Videogames, virtual reality (VR) with and
without display helmets and augmented reality
(AR) have affected pain threshold and pain toler-
ance (Dahlquist et al. 2008; Mott et al. 2008).
While the predominance of pediatric VR pain lit-
erature addresses acute, procedural pain (e.g.,
intravenous placement, burn dressing changes),
there are some case reports of efficacy in chronic
pain. Immersive virtual reality as a treatment for
phantom limb pain resulted in decreased phan-
tom pain during at least one session (Murray
et al. 2007). Oneal reported on a 6-month trial of
VR consisting of 33 sessions for a patient with
neuropathic pain previously unresponsive to
pharmacological therapy. Pain intensity decreased
by one-third and lasted approximately 12 h after
completion of a session (Oneal et al. 2008).
Cognitive strategies have added benefits of induc-
ing positive emotions that, according to GTC,
can activate descending inhibitory pain control
pathways (Melzack and Wall 1965). These find-
ings are further supported by fMRI which has
shown modulation in pain-related regions of the
brain in response to cognitive interventions
(Hoffman et al. 2004).
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In concert with cognitive interventions, behav-
ioral strategies are generally directed toward
identifying and modifying antecedents (i.e., trig-
gers) of pain and consequences that maintain pain
and disability. In terms of antecedents, behavioral
strategies such as relaxation and biofeedback tar-
get muscle tension as a potential trigger of pain.
Relaxation strategies such as progressive muscle
relaxation have a long history of effective use in
the treatment of anxiety and have been applied to
the treatment of chronic pain. Biofeedback is a
mechanism by which relaxation can be taught
and has the added advantage of providing adoles-
cents with objective feedback about relaxation
levels via physiological measures (e.g., EMG,
galvanic skin response, finger temperature).

Activity pacing is another behavioral tech-
nique that targets common triggers of pain in
adolescents: overexertion or avoidance of activ-
ity. Fear of pain and subsequent avoidance of
activity is common in adult chronic pain popula-
tions (Bousema et al. 2007) and recent evidence
suggests that activity limitations are also com-
mon in adolescents (Long et al. 2008).
Alternatively, overexertion can also be related to
pain. To address both over- and under-exertion,
activity-pacing interventions teach adolescents
how to set attainable goals and plan steps to attain
these goals within moderate activity levels.

Other behavioral strategies address social
contributors to children’s pain by targeting inter-
ventions toward individuals who interact with
adolescents, rather than adolescents themselves.
In most cases, these other individuals are family
members and are usually parents. As discussed
previously, family systems frameworks recog-
nize that children’s pain occurs within a complex
system of interactions; thus, behavioral interven-
tions target the way in which family members
interact with adolescents in pain. In older treat-
ments, parents were trained as administrators of
simple operant interventions such as time-out for
pain behavior (Miller and Kratochwill 1979).
More recently, simple operant procedures have
been replaced with more complex conceptualiza-
tions of parental influences on pain that highlight
the pattern of interactions between parents
and adolescents with pain. Interventions based on
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this conceptualization target the ways by which
families respond to both pain and well behavior
in their adolescents. For example, parental roles
in the management of adolescent pain are
reframed from that of protector to that of coach
(Robins et al. 2005). Under this conceptualiza-
tion, parents are taught to coach their children in
the use of coping skills rather than attending to
pain behavior. Parents are taught to encourage
coping by reinforcing well behaviors (e.g., school
attendance, practicing coping skills) with atten-
tion or praise, and to minimize attention to pain
behaviors. Minimizing attention to pain behavior
requires parents to refrain from asking questions
about pain and to refrain from “protecting” their
adolescent by allowing escape from chores,
school, or other activities.

Efficacy of Psychological Interventions

Evidence for the efficacy of psychological inter-
ventions in the treatment of adolescent chronic
pain is accumulating. Indeed, the state of the sci-
ence has warranted at least two meta-analyses
(Hermann et al. 1995; Eccleston et al. 2002) and
a series of review articles (Janicke et al. 1999;
Chen et al. 2004). Most psychological treatment
studies of pain in adolescents have used combina-
tions of cognitive and behavioral techniques,
typically referred to as cognitive behavioral
therapy (CBT). The exact components sometimes
vary, but CBT generally involves a combination
of behavioral coping skills training (e.g., relax-
ation, activity pacing) and cognitive strategies
(e.g., identifying and modifying maladaptive
cognitions). Family interventions are often
included as an additional component of CBT.
Although the majority of studies evaluating psy-
chological interventions for pain have been mul-
ticomponent CBT interventions, there have been
a few studies that have evaluated behavioral inter-
ventions alone (e.g., biofeedback, relaxation).

In general, evidence suggests that psychologi-
cal interventions are effective in the management
of chronic pain in adolescents and are not associ-
ated with adverse outcomes (McGrath and
Holahan 2003; Sanders et al. 1994). The strength
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of evidence for the efficacy of interventions differs
across pain conditions, however. Thus, studies
evaluating efficacy of psychological interventions
are discussed below by pain condition.

Headache

The majority of evidence for the efficacy of psy-
chological interventions has been in the treatment
of pediatric headache. In a systematic review of
randomized controlled trial (RCT) of psychologi-
cal interventions for chronic pain, Eccleston and
colleagues (2002) identified 18 trials meeting
RCT criteria, 15 of which were in pediatric head-
ache. Another meta-analysis specific to pediatric
headache included 23 studies that met RCT crite-
ria (Trautmann et al. 2006). Interventions evalu-
ated in studies in pediatric headache range from
single-component interventions such as relax-
ation (McGrath et al. 1988) and biofeedback
(Scharff et al. 2002) to multicomponent CBT
interventions (Barry et al. 1997). Results of both
meta-analyses indicate that psychological inter-
ventions are effective in the management of pedi-
atric headache. Eccleston and colleagues report a
number needed to treat (NNT) for a 50% reduc-
tion in pain as 2.32 across interventions and
Trautman et al. (2006) report medium effect sizes
from pretreatment to posttreatment for psycho-
logical interventions.

In terms of efficacies of specific interventions,
Holden and colleagues conducted a systematic
review to evaluate the level of evidence of psy-
chological treatments for pediatric recurrent
headaches based on criteria established by
Chambless and Hollon (1998). Briefly, these cri-
teria were used categorize interventions into
“well-established” (i.e., at least two well-designed
between-groups experiments conducted by at
least two separate research groups demonstrating
clinical superiority to psychological placebo or
alternative treatments), “probably efficacious”
(i.e., two experiments showing treatment is more
efficacious than wait-list control or one or more
studies meeting well-established criteria but con-
ducted by one research group), or “promising”
(i.e., two or more well-controlled studies with
small numbers or by the same investigator).
Results of this review indicated that relaxation
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therapies (relaxation training, self-hypnosis,
guided imagery) qualified as well-established
treatments for headache and thermal biofeedback
alone was judged to be a probably efficacious
treatment. However, conclusions regarding the
relative efficacy of these two interventions are
limited by methodological concerns. One study
comparing the two indicated that relaxation and
biofeedback were equally effective when com-
pared to wait-list control (Fentress et al. 1986),
while another demonstrated that autogenic train-
ing was superior to biofeedback (Labbe 1995). At
the time of this review, CBT was classified as a
promising intervention; however, this review was
based on data available in 1999 and several well-
designed studies evaluating CBT for headache
have demonstrated efficacy since its publication.

Recurrent Abdominal Pain

Although not as well-studied as in treatment for
headache, psychological interventions for recur-
rent abdominal pain (RAP) have also been evalu-
ated. Although some early reports of case studies
using operant methods were reported (Miller and
Kratochwill 1979), the majority of interventions
for RAP have been CBT. The systematic reviews
by Eccleston et al. (2002) and Janicke and Finney
(ref) identified two RAP trials, both evaluating
CBT (Sanders et al. 1989,1994). In the first of
these studies (Sanders et al. 1989), CBT including
parent training in behavioral contingency manage-
ment and child training in relaxation and cognitive
strategies was compared to a wait-list control.
Results indicated improvement in RAP symptoms
in both groups, but a quicker improvement and a
higher proportion of children who were pain-free
in the CBT condition. A second study by these
authors compared a similar intervention to stan-
dard pediatric care and showed significantly less
pain relapse in children who received CBT. On the
basis of the same Chambless recommendations
used by Holden (Holden et al. 1999), Janicke and
Finney (Janicke et al. 1999) judged CBT to be a
“probably efficacious treatment.”

Since the publication of Janicke and Finney
and Ecceslston and colleagues, two additional
studies have been published evaluating CBT in
children with RAP. One study compared CBT
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plus standard medical care to medical care alone
(Robins et al. 2005). Results of this study indi-
cated that children who participated in CBT had
significantly less pain than those who received
standard medical care alone immediately follow-
ing treatment and at 1-year follow-up. Children
in the CBT group also had significantly fewer
school absences than children in the standard
medical care group. The second study used the
Internet to deliver CBT to children with RAP
(Hicks et al. 2006). In an attempt to address issues
with access to service, these authors developed a
Web-based intervention that taught relaxation,
cognitive strategies, and activity pacing, and
included a relapse prevention component. Results
of this study showed that significantly more chil-
dren who received the intervention achieved clin-
ically significant pain reductions than children
who received standard medical care. Differences
between Internet CBT and standard care groups
were maintained at a 3-month follow-up. On the
basis of these two additional studies, it is likely
that a reexamination of evidence for CBT in the
treatment of RAP would now classify this inter-
vention as “well-established.”

Disease-related pain

Psychological treatments have also been evalu-
ated for the treatment of disease-related pain, but
the data in these conditions are far less developed
than in headache or RAP (Walco et al. 1999).
Data on rheumatologic conditions include two
small-scale trials for Juvenile Rheumatoid
Arthritis (JRA) and one RCT in Juvenile Primary
Fibromyalgia Syndrome (JPES). Lavigne et al.
(1992) evaluated a treatment combining relax-
ation, biofeedback, and parent training in contin-
gency management for JRA. A second study in
JRA by Walco et al. (1992) evaluated an inter-
vention combining relaxation and cognitive pain
control strategies (e.g., imagery, meditation)
combined with parent training. Both of these
studies showed efficacy of intervention from pre-
treatment to posttreatment, but very small sample
sizes, lack of control groups, and high dropout
preclude conclusions on the efficacy of CBT
based on these studies. Kashikar-Zuck et al.
(2005) compared children with JPFS who were
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randomly assigned CBT to those who were
randomly assigned to self-monitoring. Results of
this study were mixed; children in both groups
improved on depressive symptoms and functional
measures from pretreatment to posttreatment,
although children who received CBT reported
significantly greater efficacy in coping with pain.
There was also a trend toward children in the
CBT group reporting less pain intensity than
children in the self-monitoring group. It is nota-
ble that both groups in this study received an
intervention that was different from standard
medical care and thus it is not possible to draw
conclusions about how these treatments compare
to standard care. In sum, data on psychological
interventions in the management of rheumato-
logic conditions are promising, but definitive
conclusions on effectiveness of these interven-
tions are premature.

Psychological interventions for SCD-related
pain have also received empirical attention (Chen
et al. 2004). In one study, Gil et al. (.Gil et al.
2001) compared a CBT intervention (relaxation,
pleasant imagery, calming self-talk) to a standard
care control. Results showed no difference
between groups on pain and health-care usage,
but children in the CBT group evidenced signifi-
cantly more active coping. The authors followed-
up these results and found that use of coping
strategies, rather than simple group assignment,
was related to pain outcomes; on the day in
which children used coping strategies, they
reported less pain and higher function. Several
other studies of psychological interventions for
SCD of differing levels of methodological rigor
are available (Powers et al. 2002; Kaslow et al.
1997), but many of these interventions target
outcomes in addition to pain (e.g., adherence,
disease knowledge), complicating conclusions
on pain management efficacy. Furthermore,
some authors have argued that traditional CBT
interventions may require culturally informed
modifications (e.g., use of African American
therapists, focus on family) to reach maximal
effectiveness (Kaslow et al. 1997). Overall, how-
ever, Chen and colleagues conclude that CBT
was a probably efficacious treatment based on
the Chambless criteria.
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Complex Regional Pain Syndrome

The role of psychological interventions in the
management of CRPS is the least developed. To
our knowledge, no well-controlled randomized
studies have evaluated psychological interven-
tions alone for CRPS in adolescents. Instead, evi-
dence for the efficacy of these interventions for
CRPS must be extrapolated from studies treating
multiple pain conditions. For example, Eccleston
and colleagues (Eccleston et al. 2003) report on
the efficacy of an interdisciplinary treatment,
including CBT, targeting functional gains for
children with various chronic pain conditions
(approximately one quarter of participants were
diagnosed with CRPS). Results of this intensive
residential treatment were promising, with sig-
nificant improvements from pretreatment to post-
treatment in measures of disability and mood.
Especially notable in this study was that the CBT
treatment was offered in the context of an inter-
disciplinary treatment in which adolescents par-
ticipated in daily physical and occupational
therapy. This type of treatment is in line with cur-
rent recommendations for the treatment of CRPS,
which stress the importance of immediate physi-
cal therapy with pharmacological and psycho-
logical interventions added in treatment refractory
cases (Connelly and Schanberg 2006).

Considerations in Delivery
of Psychological Interventions

Despite the mounting evidence for the efficacy of
psychological and multidisciplinary treatments
for pain in adolescents, there are challenges in
delivering these treatments. One important con-
sideration is how many children can be reached
by an intervention. Traditional methods of deliv-
ering care require a great deal of time and
resources on the part of the family. Travel to clin-
ics for weekly appointments and the costs associ-
ated with missed work or school can serve as
significant barriers to receiving treatment (Elgar
and McGrath 2003). Families from low income
or rural areas are at particular risk, given that they
typically have access to fewer services than fami-
lies in urban areas (Hunsley et al. 1997).
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Advances in technology have provided unique
opportunities to deliver care to adolescents who
would not otherwise have access to psychological
interventions. Although research on these deliv-
ery systems is still in its infancy, early work sug-
gests that Web-based and CD-ROM administration
may be effective and are not associated with more
adverse effects than traditional in-person contact.
For example, Connelly et al. (2006) found that a
cognitive—behavioral intervention for pediatric
headache delivered via CD-ROM intervention
resulted in significant improvements in headache
frequency, duration, and intensity when compared
to standard medical care. These treatment gains
were maintained at 2 and 3-month follow-up
assessments. In a study of cognitive—behavioral
treatment for recurrent abdominal pain delivered
via the Internet, Hicks et al. (2006) found that
71% of children receiving this treatment had clin-
ically significant improvements in their pain at
2 months, compared to only 14% of children
treated with standard medical care. Taken
together, early evidence for the efficacy of alter-
native delivery systems for cognitive—behavioral
interventions appears promising, but requires fur-
ther validation. Studies to date in this area have
used only medical care as control conditions and
have yet to compare alternative delivery systems
to traditional in-person interventions.

Other studies have attempted to increase
accessibility of cognitive-behavioral interven-
tions by delivering these interventions in school
settings. The most comprehensive series of stud-
ies in school settings has been conducted by
Larsson and colleagues (2005, 1987). In an anal-
ysis of all adolescents treated in this series of
studies, Larsson et al. (2005) concluded that
school-based training in relaxation was effective
in the management of tension-type headache, and
to a slightly lower extent, migraine headache.
These authors also examined the background of
the individual providing relaxation training in
schools. Results indicated that relaxation training
delivered by a therapist was more effective than
either self-management or relaxation training
delivered by a school nurse.

The use of paraprofessionals is another means
of reducing costs associated with delivering
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psychological interventions. Although school
nurses were not as effective in delivering relax-
ation training as therapists in Larsson’s studies,
there are data to suggest that paraprofessionals
can be trained to deliver some pain management
interventions. Master’s level paraprofessionals
have been shown to be effective in the delivery of
biofeedback interventions to children with head-
aches in primary care (Allen et al. 2002).

A final consideration in the delivery of
psychological interventions for adolescents with
chronic pain is the maintenance of treatment gains.
Some of the studies evaluating interventions have
used follow-up assessments to document the con-
tinued efficacy of their treatments, but only a few
studies explicitly targeted maintenance of gain.
Carson et al. (2000) evaluated the effect of adding
maintenance training to traditional cognitive—
behavioral interventions for rheumatoid arthritis.
Maintenance training included cognitive strate-
gies for coping with relapse, behavioral rehearsal
to generalize treatment gains, and operant meth-
ods to reinforce continued use of coping skills.
Contrary to hypotheses, outcomes of traditional
cognitive—behavioral therapy were not signifi-
cantly improved by the addition of maintenance
training. High dropout rates in groups that showed
initial treatment gains limited the interpretation of
findings but raised an interesting question: are
adolescents who improve quickly also likely to
lose these gains quickly? Further research on the
most effective ways to maintain treatment gains
continues to be important.

In sum, the biopsychosocial model is an
important framework in the treatment of chronic
pain in adolescents. The recognition of psycho-
logical and social influences on pain has led to
more comprehensive treatment strategies
including cognitive and behavioral components.
Currently, there is mounting evidence for the
efficacy of psychological interventions in
the treatment of chronic pain, especially in
headache and recurrent abdominal pain. It is
clear, however, that interdisciplinary strategies
are the future of pain management and will
lead to the largest treatment gains. Consideration
of not only the “what” but also the “how” of
delivering interventions will also continue to
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be important. Alternative delivery systems,
including interventions delivered via computer
or paraprofessionals, hold promise in increas-
ing accessibility to comprehensive pain man-
agement services.
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Introduction

Much of what is thought to be known about chronic
pain in the pediatric population has historically
been extrapolated from the literature and experi-
ence in adults. Before the last several decades of
the twentieth century, little research focused on
pain and its management in children, and very lit-
tle scientific effort addressed issues related to
pediatric chronic pain. Even now, few studies
describe the demographics of chronic pain in chil-
dren. Investigations to date addressing incidence
and prevalence, gender differences, age-dependent
onset, regional findings, and other associations
with chronic pain in the pediatric population exist
largely in the literature of anesthesiology and vari-
ous mental health disciplines, and are primarily
observational in nature. Current science relating to
the demographics of chronic pain in children is
incomplete: a paucity of sound data continues, and
much remains to be learned. (Howard 2003)
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Integrative practice nonetheless demands an
appreciation of demographics to the extent they
are currently understood. Study of the distribu-
tion and characteristics of disease in a population
enhances knowledge of how, and potentially why,
disease occurs. Demographic data may assist in
efforts to manage existing disease, and ideally to
prevent disease in populations at risk. Particularly
in the context of pediatric chronic pain, about
which so much more remains to be learned,
appreciation of what is currently known related
to its demographics may be invaluable in identi-
fying those children most likely affected.

Definitions

All pain is ultimately a subjective experience,
and thus resistant to firm objective criteria or
descriptions. A widely accepted definition of pain
is that suggested by the International Association
for the Study of Pain: “an unpleasant sensory and
emotional experience associated with actual or
potential tissue damage, or described in terms of
such damage” (IASP Task Force on Taxonomy
1986). More succinctly, and relevant to pediatric
patients who may be unable to verbalize their
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pain experience in such terms, pain is anything
children say hurts.

Definition of chronic pain is even more
challenging, particularly in the pediatric popula-
tion. Generally accepted timescales and frames of
reference may have little meaning or relevance to
children in pain, for whom chronicity may entail
markedly different durations and perceptions than
in adults. Nonetheless, a commonly accepted
definition of chronic pain is that suggested by the
International Association for the Study of Pain:
“pain without apparent biological value that has
persisted beyond the normal tissue healing time
(usually taken to be 3 months)” (Harstall and
Ospina 2003; IASP Task Force on Taxonomy
1986). Although determination of biologic value
may represent a significant challenge, particularly
in pediatric patients, persistent or recurrent pain
lasting at least 3 months is widely accepted as a
reasonable definition of chronic pain in patients
of all ages including children.

For most purposes, pediatric patients are gen-
erally considered to be children less than
agel8 years, although older patients with devel-
opmental delay or other significant cognitive or
emotional disability may at times be appropriately
considered from a pediatric perspective. Numerous
specific medical diseases and diagnoses may be
associated with chronic pain in children, demo-
graphics of which generally reflect those of the
underlying condition. Many of these conditions
are discussed in detail elsewhere, and this chapter
largely explores the demographics of chronic pain
in children as an independent syndrome.

Methodologic Considerations

Central to an understanding of the demographics of
any disease is an understanding of the disease itself,
and of the population at particular risk for develop-
ing the disease in question. Demographic data pro-
vide clues to elucidating relationships between risk
factors and development of disease, and potentially
between development of disease and response to
therapy. In the context of ongoing and potentially
debilitating disease such as chronic pain, socioeco-
nomic impact upon patients, families, and commu-
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nities may be substantial (Bursch et al. 1998), and
also deserves careful consideration.

Many of the currently available demographic
data on chronic pain in children derive from sur-
vey and questionnaire investigations, making
objective interpretation and widespread extrapola-
tion potentially problematic. Results from various
studies are often contradictory, and the applicabil-
ity of data from any one study to different patient
populations or different geographic areas may be
problematic. Moreover, validity and reproducibil-
ity of the survey and questionnaire tools used are
frequently uncertain. Such tools are themselves
frequently in need of rigorous scientific study, par-
ticularly in the pediatric population.

A comprehensive review of demographic data
from studies of chronic pain in children (Goodman
and McGrath 1991) explored methodologic con-
siderations in the study of this particular disease
in this particular population. Three primary areas
of methodologic concern were identified: reli-
ability and validity of pain measurement in pedi-
atric patients; necessity but frequent absence of
broad-based measurements of associated disabil-
ity and chronicity of pain in children; and issues
related to definition, composition, and relevance
of individual study samples (Table 4.1).

Pain is a highly subjective experience varying
greatly from one patient to the next and even in
the same patient over time, encompassing both
physical and psychological experience. Pain is
thus notoriously difficult to measure objectively,
and subjective patient self-report has historically
been the mainstay of pain measurement. This
may be particularly challenging in children,
whose ability to understand and express their
subjective experience may vary widely with age
and developmental maturity (American Society
for Pain Management Nursing: Herr et al. 2006;
Stanford et al. 2006). Preschool-age children are
especially likely to demonstrate a variety of
response biases in evaluating their pain, even
when using validated assessment tools (von
Baeyer et al. 2009).

In the course of normal development, younger
children tend to use a limited and fairly reproduc-
ible vocabulary in describing pain as early as tod-
dlerhood, withemergence of more varied descriptors
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Table 4.1 Methodologic concerns in tudying pediatric pain

Concern

Reliability and validity of pain measurement in pediatric
patients

Necessity but frequent absence of broad-based
measurements of associated disability and chronicity

of pain in children

Definition, composition, and relevance of individual
study samples

Modified from Goodman and McGrath (1991)

including the word pain itself gradually, and
frequently many years later (Stanford et al. 2005).
Abnormal development poses additional chal-
lenges, as pain in children with autism and other
developmental disorders may be further underap-
preciated and underreported (Nader et al. 2004).
Differences in context and presentation of ques-
tionnaires given to pediatric patients and their fami-
lies may account for some of the marked differences
and contradictory results in the literature of chronic
pain in children.

Numerous assessment tools are available for
measurement of pain in children (Beyer, 1983;
Hicks et al. 2001; McGrath et al. 1985; Merkel
et al. 2002; Razmus and Wilson 2006), and are
discussed in greater detail elsewhere. Accurate
and valid assessment of pain in children requires
selection of tools appropriate for patient age and
developmental maturity, and at times relevant to
underlying medical condition. Patient and care-
giver reports of pain in children are not necessar-
ily concordant, even with trained professionals
using appropriate tools (Vetter and Heiner 1996).

Inconsistency and bias in studies of pediatric
chronic pain may also result from discrepancies
between patient and parental descriptions, and
from parental influence on their children. Patients
and their families do not always report similar
pain scores, and do not necessarily even agree
significant pain is present (Chambers et al. 1999;
Chambers et al. 1998; Zuckerman et al. 1987).
Maternal and paternal assessments of children’s
pain may also vary markedly, with complex gen-
der interactions. Fathers often tend to report
higher pain scores in daughters than in sons, but
to be more accurate in their assessments; mothers
often tend to rate pain similarly in daughters and

Comments

Effects of age, developmental maturity, parental influence,
and socioeconomic status

Vitally important, difficult to measure, frequently not
addressed, may represent greatest impact of chronic pain
in children

Populations not always well-defined, other populations not
always represented

sons, but to be less accurate (Moon et al. 2008).
Maternal behaviors may significantly influence
reported pain scores in daughters but not in sons
(Chambers et al. 2002); paternal influence on
children seems to be somewhat less significant
(Evans and Keenan 2007). In general, children
are volitionally able to modify expression of their
pain experience when asked to do so, but are bet-
ter able to hide their pain than to fake its presence
(Larochette et al. 2006).

Relatively few prospective data on chronic
pain in children are available, although longitudi-
nal studies have suggested associations of paren-
tal anxiety and child temperament with subsequent
recurrent abdominal pain (Ramchandani et al.
2006), and of recurrent abdominal pain in child-
hood with enhanced somatization and greater
pain associated disability in adulthood (Walker
etal. 1995). Investigations of chronic pain in chil-
dren to date have largely been retrospective,
requiring patients and families accurately to
remember and report past experience. Time frame
studied may markedly affect data obtained. Data
from studies of short duration may not be particu-
larly useful or relevant to chronic pain, while data
from studies involving prolonged or distant
reporting may not be particularly reliable. Some
prospective studies of chronic pain in children
have employed diaries or other ongoing recording
modalities to generate accurate long-term data,
requiring considerable dedication and persistence
on the part of patients and families. Interpretation
of narratives generated is also labor-intensive for
investigators (Meldrum et al. 2009).

Many studies report only presence of pain,
without adequately or specifically addressing
severity, frequency, or duration of pain experienced.
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Additional difficulties may arise in interpreting
studies attempting to measure pain at multiple
sites or of multiple types, studies failing to
address handicap and disability resulting from
chronic pain, or studies neglecting to account for
pain in friends or family of children with chronic
pain (Goodman and McGrath 1991; Walker et al.
1991). Some studies have addressed school
absenteeism, decreased social interaction, and
other markers of functional impairment in chil-
dren with chronic pain, but understanding of the
overall disability and handicap resulting from
chronic pain in children is still evolving (Hunfeld
et al. 2001; Martin et al. 2007a; Mulvaney et al.
2006). In many historical studies addressing
disability secondary to chronic pain in children,
techniques used were not necessarily scientifi-
cally validated, although rigor of such assessment
appears to have improved in recent decades
(Claar and Walker 2006; Weel et al. 2005).

Applicability of results from one study popu-
lation to another, or to children in general, may
be particularly problematic in the context of pedi-
atric chronic pain secondary to variability among
different study samples (Goodman and McGrath
1991). Considerations of patient population,
sample size, and age range of children studied
may profoundly influence data obtained, as
well as applicability of data to other settings.
Techniques, methods, and populations studied
should be considered carefully. Extrapolation of
data to other potentially significantly different
patient populations may be inappropriate or even
misleading, contributing to the ongoing challenge
of scientific study of chronic pain in children
(PedIMMPACT: McGrath et al. 2008) Inquiry
and education about headache symptomatology
in children has been reported to increase subse-
quent headache complaints (Passchier et al.
1993), raising unsettling concern over potential
for study of chronic pain in children to exacer-
bate the problem.

Although considerable attention has been
directed to the staggering economic and societal
burden of chronic pain in adults, remarkably little
is known of the economic and societal costs of
chronic pain in children. Financial consequences,
loss of productivity, and health-care expenditures
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secondary to chronic pain have historically been
thought to be of greater significance in adults than
in children. It is increasingly recognized that
chronic pain in children may have potentially pro-
found effects on parental productivity, patient
school performance, and even long-term health
outcomes of affected children (Walker et al. 1995).
The overall impact of chronic pain in children on
patients, families, and communities is likely sig-
nificant (Campo et al. 2007; Hotopf et al. 1998;
Martin et al. 2007b; Hunfeld et al. 2001;
McCaffery and Pasero 1999; Roth-Isigkeit et al.
2005), and warrants considerable further ongoing
investigation (PedIMMPACT: McGrath 2008).

Incidence and Prevalence

Incidence measures the rate of occurrence of a dis-
ease or condition in a population over a specified
period of time, often per year, and thus defines the
number of new cases of the disease or condition in
that population over that period. Prevalence mea-
sures how much of a disease or condition exists in
a population at a specific point in time, and thus
defines the total number of cases of the disease or
condition in that population at that point. Given
the inherent nature of chronic pain as an ongoing
condition, as well as the overall paucity of longitu-
dinal investigations in children allowing accurate
assessment of onset, most reports of chronic pain
in children describe prevalence rather than inci-
dence. Historical estimates of the incidence and
prevalence of pain of various types in children
have varied widely (Goodman and McGrath
1991), with more recent reviews suggesting the
prevalence of chronic pain in children to be
approximately 25% (Harstall and Ospina 2003).
Results from a questionnaire survey of a
representative sample of school-age children in
Sweden (Brattberg 1994) indicated the preva-
lence of back pain and headache in this setting to
be 29% and 48%, respectively. Longitudinal
assessment of a subset of this study population
revealed 9% and 30% of respondents still
reported back pain and headache, respectively, at
2-year follow-up. No association between pain
and physical factors could be identified, suggest-
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ing both types of pain reported were primarily
functional.

Survey data from a representative sample of
children ages 0-18 years in the Netherlands
(Perquin et al. 2000) indicated 54% of respon-
dents had experienced pain of some kind within
the prior 3 months, with 25% of respondents
experiencing chronic pain. These results corre-
spond to a 3-month incidence of 54% for pain of
any type, and a prevalence of 25% for chronic
pain. Limb pain, headache, and abdominal pain
were most commonly reported, with one half of
respondents reporting pain at multiple sites and
one third reporting frequent or intense pain. Pain
at multiple sites and intensity of pain were
strongly associated with pain chronicity.

Longitudinal assessment of a subset of this
study population reporting chronic pain at base-
line revealed 48% and 30% still reported chronic
pain at 1- and 2-year follow-up, respectively
(Perquin et al. 2003). Demographics and symp-
tomatology were remarkably stable in those still
reporting pain at 3 years (Hunfeld et al. 2002).

Survey data from a representative sample of
children ages 10-18 years in Germany (Roth-
Isigkeit et al. 2004) revealed even higher inci-
dence and prevalence of pain and chronic pain in
children. Over 85% of respondents had experi-
enced pain of some kind within the prior 3 months,
with over 45% of respondents experiencing
chronic pain. These results correspond to a
3 month incidence of 85% for pain of any type,
and a prevalence of 45% for chronic pain.
Headache, abdominal pain, limb pain, and back
pain were reported most commonly, and over
33% of respondents reported pain once a week or
more frequently.

Subsequent evaluation of a similar population
of schoolchildren elsewhere in Germany (Roth-
Isigkeit et al. 2005) revealed similar results.
Comparable to earlier findings, 83% of respon-
dents had experienced pain of some kind within
the prior 3 months, with over 30% of respondents
experiencing chronic pain. These results corre-
spond to a 3-month incidence of 83% for pain of
any type, and a prevalence of 30% for chronic
pain. Headache, abdominal pain, limb pain, and
back pain were again reported most commonly.
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Impairment of usual activities by pain and associ-
ated medical treatment was significant.

A recent longitudinal survey of Canadian
adolescents (Stanford et al. 2008) assessed preva-
lence of recurrent pain at a variety of anatomic
sites. Children were assessed every 2 years, for a
total of up to five sequential evaluations. Weekly
or more frequent headache, stomachache, and
backache were reported by up to 31%, 22%, and
25% of respondents, respectively. Prevalence
varied only slightly by age, with remarkably sim-
ilar profiles for patients ages 12—19 years.

Despite such findings, awareness of chronic
pain in children remains inadequate. A recent
survey of general practitioners and specialists in
chronic pain in the UK (Bhatia et al. 2008) indi-
cated a majority of both general practitioners and
specialists in chronic pain perceived chronic pain
in children to be an uncommon problem, with
63% of general practitioners and 57% of special-
ists in chronic pain reporting the prevalence of
chronic pain in children to be<5%. Although
95% of general practitioners and 77% of special-
ists in chronic pain described their training in
management of children with chronic pain as
inadequate, only 15% of respondents overall felt
children with chronic pain were best managed by
specialists, and 75% of respondents overall
deemed children with chronic pain to have at
least a fair to good prognosis. The authors appro-
priately cited the ongoing need for increased edu-
cation and training related to assessment and
management of chronic pain in children.

Gender Differences

Gender differences in chronic pain in children are
complex and incompletely understood. Although
it has long been recognized, chronic pain in chil-
dren appears to be more common in girls than in
boys (Walco and Dampier 1987); explanations for
this persistent observation are elusive. Societal
roles and familial expectations may affect how
children express their pain, but it is increasingly
recognized that the underlying psychobiological
mechanisms of pain in boys and girls may be quite
different. Gender differences in parental influence
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on the pain experience of their children are even
more complex and even less well-understood.
Mothers and fathers may perceive and influence
pain in their children quite differently, and such
differences in both perception and influence are in
turn affected by gender of the child.

Girls may experience and express pain differ-
ently than boys (Goodman and McGrath 1991).
Pain scores provided by girls and boys in similar
clinical settings are frequently discordant, with
girls generally reporting higher pain scores than
boys despite objective assessment of similar pain
(Chambers et al. 1999). Girls also seem more
likely than boys to report frequent, recurrent, or
severe pain (Martin et al. 2007b). The extent to
which such variations are secondary to differ-
ences in pain thresholds, to differences in pain
descriptions, or to some combination of both, is
unclear.

Maternal and paternal assessments of chil-
dren’s pain may also vary markedly, with com-
plex gender interactions. Fathers frequently report
higher pain scores in daughters than in sons, but
their assessment tends to be more concordant
with the subjective reports of both daughters and
sons; mothers frequently rate pain similarly in
daughters and sons, but their assessment tends to
be less concordant with the subjective reports of
their children (Moon et al. 2008). The reasons for
such variations in parental perception of chil-
dren’s pain are not well-understood, although
gender differences in pain experience likely per-
sist into adulthood.

Although mothers may generally be somewhat
less accurate in assessing pain in their children,
they seem more able than fathers to influence
their children’s pain. Historical observations
often described a perceived causal association
between pain-promoting behaviors in mothers
and chronic pain in their daughters (Walco and
Dampier 1987), while more recent investigations
have described associations between functional
abdominal pain in children and a variety of mater-
nal diagnoses, in particular maternal anxiety and
depression (Campo et al. 2007). Maternal behav-
iors may significantly influence reported pain
scores in daughters but not in sons (Chambers
et al. 2002); paternal influence on children seems
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to be somewhat less significant (Evans and
Keenan 2007). An association between paternal
anxiety and subsequent recurrent abdominal pain
in children has been described, although odds
ratios were somewhat less than for maternal anxi-
ety (Ramchandani et al. 2006). Such differences
may be secondary to the unique emotional bond
between mothers and their children, given the
strong likelihood of a significant biopsychosocial
component to pediatric chronic pain (Merlijn
et al. 2003; Palermo and Chambers 2005; Varni
et al. 1989; Zeltzer et al. 1997).

Results from a questionnaire survey of a rep-
resentative sample of school-age children in
Sweden (Brattberg 1994) indicated back pain and
headache to be more common in girls than in
boys at all ages studied. Girls were also more
likely than boys to report more frequent pain.
Longitudinal assessment of a subset of this study
population revealed persistence of similar find-
ings at 2-year follow-up, with statistically signifi-
cant associations between pain and a variety of
social, psychological, and emotional factors gen-
erally thought to be more common in girls than in
boys.

Survey data from a representative sample of
children ages 0-18 years in the Netherlands
(Perquin et al. 2000) indicated both incidence of
pain of any type and prevalence of chronic pain
were greater in girls than in boys at all ages stud-
ied. Girls were also significantly more likely than
boys to report pain at multiple sites and more
intense pain. Pain at multiple sites and intensity
of pain were strongly associated with pain chro-
nicity, all of which were more pronounced in
girls than in boys.

Longitudinal assessment of a subset of this
study population reporting chronic pain at base-
line revealed similar findings at 1- and 2-year
follow-up (Perquin et al. 2003), while demo-
graphics and symptomatology were remarkably
stable in those still reporting pain at 3 years
(Hunfeld et al. 2002). Prospective analysis of a
subgroup of patients reporting chronic pain
using 3-week patient pain diaries and a summary
questionnaire (Hunfeld et al. 2001) confirmed
girls were more likely than boys to experience
pain, and were more likely to experience more
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intense and more frequent pain. Higher intensity
and greater frequency of pain were correlated
with lower quality-of-life scores, in particular
psychological function and overall physical and
functional status. Negative impact on family was
noted, and stress secondary to chronic pain was
significant.

Survey data from a representative sample of
children ages 10-18 years in Germany (Roth-
Isigkeit et al. 2004) revealed both higher inci-
dence of pain of any type and higher prevalence
of chronic pain in girls than in boys, although
magnitude of difference varied by age and was
not statistically significant in children younger
than age 12 years. Similarly, girls tended to report
overall higher visual analog scores than did boys,
although magnitude of difference varied by age
and was likewise not statistically significant in
children younger than age 12 years.

Subsequent evaluation of a similar population
of schoolchildren elsewhere in Germany (Roth-
Isigkeit et al. 2005) revealed similar demograph-
ics, butalso highlighted several gender differences
in patient response to chronic pain. Girls over age
10 years reported significantly more limitations
and restrictions of daily living secondary to their
pain than did boys, and were also more likely to
use medications for their pain. Girls were more
likely than boys to describe their pain as being
triggered by weather, medical illness, emotion,
and psychosocial stress, while boys were more
likely than girls to describe their pain as being
triggered by physical exertion. These observa-
tions all suggest chronic pain in children fre-
quently evolves in a highly biopsychosocial
context, particularly in adolescent girls.

A recent longitudinal survey of Canadian ado-
lescents (Stanford et al. 2008) assessed preva-
lence of recurrent pain at a variety of anatomic
sites. Children were assessed every 2 years, for a
total of up to five sequential evaluations. Girls
were more likely than boys to report frequent
headache, stomachache, and backache at all ages
studied. Girls were also more likely to develop
pain trajectories with high levels of pain across
time, or with increasing pain over time, for all
three types of pain. Anxiety and depression, gen-
erally thought to be more common in girls than in
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boys, were also significantly correlated with such
pain trajectories.

Gender differences in chronic pain in children
have recently been validated in a cohort study of
patients referred to an anesthesiology-based pedi-
atric chronic pain program in the Midwestern
USA (Vetter 2008). Virtually, all patients had
previously been evaluated by at least one other
specialist for their pain, representing a very dif-
ferent study sample than in other survey and
questionnaire investigations of more general pop-
ulations. Girls accounted for 73% of patients with
chronic pain, although making up only 48% of
the local population. Chronic pain was frequently
associated with both anxiety and depression, both
of which are generally thought to be more com-
mon in girls than in boys. Quality-of-life scores
were consistently lower than generally observed
in pediatric rheumatology patients, pediatric
migraine patients, and even pediatric cancer
patients, suggesting the overall burden of chronic
pain in children may be profound. The author
appropriately cited ongoing need for increased
assessment of pain-associated disability in pedi-
atric chronic patients and their families, with
ongoing efforts to address underlying mecha-
nisms and promote functional recovery.

Age-Dependent Onset

Although chronic pain in children is increasingly
thought to be significantly more common than
previously acknowledged (Howard 2003), it is
also increasingly recognized that chronic pain in
children generally displays age-dependent onset.
Numerous specific medical diseases and diagno-
ses may be associated with chronic pain in chil-
dren, demographics including age, characteristics
of which generally reflect those of the underlying
condition. Many of these conditions are discussed
in detail elsewhere. Chronic pain in children as
an independent syndrome also manifests certain
specific patterns of age-dependent onset, expla-
nations for which are incompletely understood.
Results from a questionnaire survey of a rep-
resentative sample of school-age children in
Sweden (Brattberg 1994) indicated the prevalence
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of back pain and headache in this setting to
increase progressively with age, with emergence
of particularly significant gender differences in
adolescence. Children ages 8, 11, 13, and 17 years
were asked about the presence of back pain and
headache. At age 8 years, only 7% of boys and
8% of girls reported back pain, but by age 17 years
39% of boys and 58% of girls reported back pain.
Similarly, at age 8 years 27% of boys and 42% of
girls reported headache or neck pain, but by age
17 years 35% of boys and 71% of girls reported
such pain. Prevalence increased steadily with
increasing age. Although prevalence was higher
for girls than for boys for both types of pain at all
ages studied, gender differences increased sig-
nificantly at ages 13 and 17 years, particularly for
headache. Longitudinal assessment of a subset of
this study population revealed similar demo-
graphics at 2-year follow-up. No association
between pain and physical factors could be iden-
tified, suggesting both types of pain reported
were primarily functional.

Survey data from a representative sample of
children ages 0-18 years in the Netherlands
(Perquin et al. 2000) indicated consistent age-
dependent onset of chronic pain. Children ages
0-3 years were assessed by parental question-
naire, while children ages 4-18 years filled out
questionnaires at school. Overall prevalence of
chronic pain increased steadily with age, although
abdominal pain was most common in children
ages 4-7 years, consistent with widely recog-
nized demographics of recurrent abdominal pain
syndrome in younger school-age children
(McOmber and Shulman 2008). Although girls
overall were more likely to report pain of any
type, chronic pain, pain at multiple sites, and fre-
quent or severe pain, a marked increase in preva-
lence of chronic pain was noted between ages
12-14 years for girls but not for boys.

Longitudinal assessment of a subset of this
study population reporting chronic pain at baseline
revealed similar findings at 1- and 2-year follow-
up, and overall pain severity remained essentially
unchanged (Perquin et al. 2003). Demographics
and symptomatology were remarkably stable in
those still reporting pain at 3 years (Hunfeld et al.
2002). Although incidence and prevalence of
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chronic pain in children increased with age, symp-
tomatology once established appeared to remain
very much the same over time in children who
continued to report chronic pain.

Survey data from a representative sample
of children ages 10-18 years in Germany (Roth-
Isigkeit et al. 2004) revealed similar age-
dependent onset of pain including chronic pain in
children. Children ages 10-18 years completed a
previously developed survey questionnaire
regarding presence of pain of any type, pain at
various anatomic locations, and pain lasting more
than 3 months. Data analysis included stratifica-
tion by ages 10-12, 13-15, and 16-18 years,
demonstrating overall increases in incidence and
prevalence of pain including chronic pain with
age. Although incidence of pain of any type was
highest for children ages 13—15 years, prevalence
of chronic pain increased steadily with age and
was highest for children ages 16—18 years.

Subsequent evaluation of a similar population
of schoolchildren elsewhere in Germany (Roth-
Isigkeit et al. 2005) revealed similar results, but
also highlighted several age differences in pain-
associated disability. Prevalence of pain includ-
ing chronic pain increased with age, as did both
prevalence and severity of restriction of daily liv-
ing attributed to pain. Overall 50% of children
reported seeking professional attention for their
pain, and 51% reported using pain medications.
Prevalence of both doctor visits and use of pain
medication increased with age. Girls over age
10 years in particular reported significantly more
limitations and restrictions of daily living sec-
ondary to their pain than did boys, and were also
more likely to use pain medication. In general,
gender differences emerged at around age
10 years and subsequently became more signifi-
cant with increasing age.

In contrast, a recent longitudinal survey of
Canadian adolescents (Stanford et al. 2008)
assessing prevalence of recurrent pain at a variety
of anatomic sites suggested very little variation
with age. Children ages 10-11 years were
assessed every 2 years, for a total of up to five
sequential evaluations, for presence of weekly or
more frequent headache, stomachache, and back-
ache. Prevalence varied only slightly by age, with
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remarkably similar profiles for patients ages
12-19 years. Discrepancies between results of
this study and those of multiple other investiga-
tions may have arisen not only from differences
in study populations, but from differences in types
of pain studied. The Canadian study was quite
specific in assessing recurrent pain, defined as
pain occurring weekly or more frequently, at three
specific anatomic sites. Other studies more gener-
ally assessed chronic pain, defined as pain greater
than 3 months in duration, at any site reported.

Age distribution of chronic pain in children
has recently been validated in a cohort study of
patients referred to an anesthesiology-based pedi-
atric chronic pain program in the Midwestern
USA (Vetter 2008). Virtually, all patients had
previously been evaluated by at least one other
specialist for their pain, representing a very dif-
ferent study sample than in other survey and
questionnaire investigations of more general pop-
ulations. Although patients ranged in age from 2
to 21 years, the average age of patients in this
cohort was 14.0 years, and the majority of patients
were adolescent girls. Chronic pain in these chil-
dren was frequently associated with clinically
significant anxiety and depression, and overall
quality-of-life scores were consistently lower
than generally observed in other pediatric chronic
disease populations.

Regional Findings

Rigorous assessment of regional findings pertain-
ing to chronic pain in children is hampered by
lack of broad-based data (Goodman and McGrath
1991; Harstall and Ospina 2003; Howard 2003).
Individual investigations provide informative
demographic descriptions of particular study
samples, but allow only limited extrapolation to
other populations. Numerous specific medical
diseases and diagnoses may be associated with
chronic pain in children, demographics including
regional findings of which generally reflect those
of the underlying condition. Many of these con-
ditions are discussed in detail elsewhere. Regional
findings pertaining to chronic pain in children as
an independent syndrome appear largely to reflect
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variations in incidence and prevalence, with
symptomatology and associated disability
remaining constant. Available data derive almost
exclusively from Northern European and North
American populations, and demographics of
chronic pain in children elsewhere are largely
unknown.

Results from a questionnaire survey of a repre-
sentative sample of school-age children in Sweden
(Brattberg 1994) indicated the prevalence of back
pain and headache in this setting to be 29% and
48%, respectively, with 9% and 30% of respon-
dents still reporting back pain and headache,
respectively, at 2-year follow-up. Prevalence
increased progressively with age, with emergence
of particularly significant gender differences in
adolescence. Although prevalence was higher for
girls than for boys for both types of pain at all
ages studied, gender differences increased signifi-
cantly at ages 13 and 17 years, particularly for
headache. Girls were also more likely than boys
to report more frequent pain, with statistically sig-
nificant associations between pain and a variety of
social, psychological, and emotional factors gen-
erally thought to be more common in girls than in
boys. No association between pain and physical
factors could be identified, suggesting both types
of pain reported were primarily functional.

Similar findings have been reported in several
other Northern European populations. Survey data
from a representative sample of children ages
0-18 years in the Netherlands (Perquin et al. 2000)
indicated a 3-month incidence of 54% for pain of
any type, and a prevalence of 25% for chronic
pain. Limb pain, headache, and abdominal pain
were most commonly reported, with one half of
respondents reporting pain at multiple sites and
one-third reporting frequent or intense pain.
Overall prevalence of chronic pain increased
steadily with age. Incidence of pain of any type
and prevalence of chronic pain were greater in
girls than in boys at all ages studied. Girls overall
were also more likely to report pain of any type,
chronic pain, pain at multiple sites, and frequent
or severe pain, with a marked increase in preva-
lence of chronic pain noted between ages 12 and
14 years for girls but not for boys. Pain at multiple
sites and intensity of pain were strongly associated
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with pain chronicity, all of which were more
pronounced in girls than in boys.

Longitudinal assessment of a subset of this
study population reporting chronic pain at base-
line revealed similar demographics at 1- and
2-year follow-up, and overall pain severity
remained essentially unchanged (Perquin et al.
2003). Demographics and symptomatology
were again remarkably stable in those still
reporting pain at 3 years (Hunfeld et al. 2002).
Prospective analysis of a subgroup of patients
reporting chronic pain using 3-week patient
pain diaries and a summary questionnaire
(Hunfeld et al. 2001) confirmed that girls were
more likely than boys to experience pain, and
were more likely to experience more intense
and more frequent pain. Higher intensity and
greater frequency of pain were correlated with
lower quality-of-life scores, in particular psy-
chological function and overall physical and
functional status. Negative impact on family
was noted, and stress secondary to chronic pain
was significant.

Investigations in Germany have described
similar overall symptomatology related to
chronic pain in children, but have also reported
significantly greater incidence and prevalence
and somewhat more subtle gender differences.
Survey data from a representative sample of chil-
dren ages 10-18 years in Germany (Roth-Isigkeit
et al. 2004) indicated a 3-month incidence of
85% for pain of any type, and a prevalence of
45% for chronic pain. Headache, abdominal
pain, limb pain, and back pain were reported
most commonly, and over 33% of respondents
reported pain once a week or more frequently.
Although incidence of pain of any type was high-
est for children ages 13—15 years, prevalence of
chronic pain increased steadily with age and was
highest for children ages 16—18 years. Incidence
of pain of any type and prevalence of chronic
pain were both generally higher in girls than in
boys, although magnitude of difference varied
by age and was not statistically significant in
children younger than age 12 years. Similarly,
girls tended to report overall higher visual ana-
log scores than did boys, although magnitude of
difference varied by age and was likewise not
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statistically significant in children younger than
age 12 years.

Subsequent evaluation of a similar population
of schoolchildren elsewhere in Germany (Roth-
Isigkeit et al. 2005) revealed similar incidence
and prevalence, but also highlighted several gen-
der- and age-dependent differences in pain-asso-
ciated disability and pain treatment. Similar to
earlier findings, results indicated a 3-month inci-
dence of 83% for pain of any type, and a preva-
lence of 30% for chronic pain. Headache,
abdominal pain, limb pain, and back pain were
again reported most commonly. Incidence of pain
of any type and prevalence of chronic pain
increased with age, as did prevalence and severity
of restriction of daily living attributed to pain.
Prevalence of doctor visits and use of pain medi-
cation also increased with age. Girls overall
reported significantly more limitations and
restrictions of daily living secondary to their pain
than did boys, and were also more likely to use
pain medication. In general, significant gender
differences emerged at around age 10 years, and
subsequently became more significant with
increasing age. Overall disability associated with
chronic pain in children was significant.

In contrast, a recent longitudinal survey of
Canadian adolescents (Stanford et al. 2008)
assessing weekly or more frequent headache,
stomachache, and backache suggested incidence
and prevalence similar to that in Swedish and
Dutch populations, but indicated very little varia-
tion with age. Weekly or more frequent headache,
stomachache, and backache were reported by up
to 31%, 22%, and 25% of respondents, respec-
tively. Prevalence varied only slightly by age,
with remarkably similar profiles for patients ages
12—-19 years. Gender differences were similar to
those observed in other populations, with girls
being were more likely than boys to report fre-
quent headache, stomachache, and backache at
all ages studied. Girls were also more likely to
develop pain trajectories with high levels of pain
across time, or with increasing pain over time, for
all three types of pain, although considerable
variation was observed when individual pain tra-
jectories were analyzed separately. Anxiety and
depression, generally thought to be more common
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in girls than in boys, were also significantly cor-
related with such pain trajectories.

A recent cohort study of patients referred to
an anesthesiology-based pediatric chronic pain
program in the Midwestern USA (Vetter 2008)
provides demographic description of children
with chronic pain referred for subspecialty man-
agement of their condition. Virtually all patients
had previously been evaluated by at least one
other specialist for their pain, representing a very
different study sample than in other survey and
questionnaire investigations of more general pop-
ulations. Incidence and prevalence could not be
addressed, owing to the nature of the study sam-
ple, but gender and age profiles reflected those
described in European populations. Patients
ranged in age from 2 to 21 years, with an average
age of 14.0 years, and the majority of patients
were adolescent girls. Girls accounted for 73% of
patients, although making up only 48% of the
local population. Chronic pain was frequently
associated with both anxiety and depression.
Quality-of-life scores were consistently lower
than generally observed in pediatric rheumatol-
ogy patients, pediatric migraine patients, and
even pediatric cancer patients, suggesting the
overall burden of chronic pain in children may be
profound.

Other Associations

Pain is frequently a multifactorial process, par-
ticularly when chronic. Perhaps unsurprisingly,
numerous associations have been described with
regard to chronic pain in children pertaining
both to patients and their families. Investigations
have suggested a predisposition to chronic pain
in children with mental health disorders, espe-
cially anxiety and depression. An association
between sleep disorders and chronic pain in
children has also been described. Parental diag-
noses may influence likelihood of chronic pain
in children, particularly maternal mental health
disorders. The impact of chronic pain in children
on subsequent physical and mental health has
also been examined, with evidence suggesting
an association between chronic pain in children
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and subsequent mental but not physical health
disorders.

Anxiety, Depression, and Sleep
Disorders

It has long been recognized children with chronic
pain frequently exhibit behavioral patterns sug-
gestive of underlying mental health disorders
(Zuckerman et al. 1987). Children with recurrent
abdominal pain demonstrate high levels of soma-
tization (Walker et al. 1991), consistent with
underlying disturbances of affect and mood.
Psychosocial factors have been demonstrated to
exert a profound influence on quality of life in
children with chronic pain, particularly adoles-
cents (Merlijn et al. 2006), and children with
chronic pain have shown promising response to
cognitive—behavioral interventions (Merlijn et al.
2005). Early evidence of potentially abnormal
temperament in children has been shown to be
associated with subsequent recurrent abdominal
pain (Ramchandani et al. 2006), while presence
of anxiety or depression in adolescents at ages
10-11 years has been shown to be predictive of
persistent or worsening chronic pain as adoles-
cence progresses (Stanford et al. 2008). The asso-
ciation between mental health and chronic pain
in children, as in adults, is likely significant.

In a blinded evaluation of patients in a primary
care setting in the Eastern USA (Campo et al.
2004), children ages 8—15 years presenting with
recurrent abdominal pain were significantly more
likely than control patients presenting for routine
care to have formal psychiatric diagnoses. Of
children with recurrent abdominal pain, 79% met
criteria for categorical anxiety disorder, and 53%
met criteria for depressive disorder. Onset of anx-
iety disorder generally preceded onset of recur-
rent abdominal pain by several years, suggesting
a possible causal association. The authors appro-
priately cited the need for ongoing longitudinal
study of the interplay between anxiety, depres-
sion, and chronic pain in children.

These results were confirmed with question-
naire and blinded evaluations of children ages
8—15 years presenting to several primary care
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practices in the Midwestern USA with functional
abdominal pain (Campo et al. 2007). Children
with functional abdominal pain were significantly
more likely than control patients presenting for
routine care to have current anxiety, depression,
and somatic symptoms, and were more likely to
report poorer overall quality of life. Children
with functional abdominal pain demonstrated
greater use than control patients of ambulatory
health services but not greater use of mental
health services, suggesting failure to accept a pri-
marily biopsychosocial model of their pain.

Comprehensive evaluation of children in the
Eastern USA with anxiety or recurrent abdomi-
nal pain (Dorn et al. 2003) revealed remarkable
psychologic and physiologic similarities among
children with these diagnoses. Children with anx-
iety disorder or recurrent abdominal pain under-
went extensive psychometric testing, as well as
physiologic evaluation of stress response includ-
ing vital signs and salivary cortisol levels. Scores
on most psychometric measures were compara-
ble between children with anxiety and children
with recurrent abdominal pain, and were signifi-
cantly higher than scores in control children.
Children with anxiety and children with recurrent
abdominal pain also demonstrated remarkably
similar physiologic stress responses, again greater
than observed in control children. The authors
appropriately underscored the apparent congruity
between anxiety disorder and recurrent abdomi-
nal pain in children, suggesting therapy effective
in pediatric anxiety disorder might be efficacious
for children with recurrent abdominal pain.

The strong association between anxiety,
depression, and chronic pain in children, and the
profound impact these comorbid conditions have
on quality of life of children with chronic pain,
have been validated in a cohort study of patients
referred to an anesthesiology-based pediatric
chronic pain program in the Midwestern USA
(Vetter 2008). Chronic pain was frequently asso-
ciated with both anxiety and depression, regard-
less of underlying medical diagnosis. Compared
to expected regional and national norms, patients
were also significantly more likely to have a non-
intact family, not to attend school full-time, and to
be intentionally home-schooled, all suggestive of
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greater psychosocial stress in children with
chronic pain. Quality-of-life scores were consis-
tently lower than generally observed in pediatric
rheumatology patients, pediatric migraine patients,
and even pediatric cancer patients, suggesting the
overall burden of chronic pain in children may be
profound.

It has recently been recognized that sleep dis-
orders are associated with chronic pain in chil-
dren (Palermo et al. 2007). Assessment of
children ages 815 years with or without func-
tional abdominal pain revealed children with
functional abdominal pain experienced more
nightmares, increased daytime tiredness, and
greater symptoms of various behavioral sleep
disorders than healthy control children, although
total sleep time was similar (Huntley et al. 2007).
Sleep disturbance with impaired daytime func-
tion and decreased overall health-related quality-
of-life has also been described in children with
chronic pain secondary to juvenile idiopathic
arthritis, sickle cell disease, and headache (Long
et al. 2008). Several authors have appropriately
called for increased awareness of the association
between sleep disorders and chronic pain in chil-
dren, with ongoing study of this association
(Chambers et al. 2008). The extent to which sleep
disorders and chronic pain in children are caus-
ally related is unknown.

Parental Mental Health

It has long been recognized that maternal depres-
sion is associated with chronic pain in children,
even after controlling for other maternal medical
illness (Zuckerman et al. 1987). Parental dysfunc-
tion, particularly in mothers, has also been thought
to promote, maintain, and even exacerbate chronic
pain in children (Walco and Dampier 1987).
Parents of children with recurrent abdominal pain
themselves demonstrate high levels of somatiza-
tion (Walker et al. 1991), consistent with underly-
ing disturbance of affect and mood. Mothers of
children with chronic pain in turn frequently
report greater signs of emotional distress than
mothers of healthy children (Walker et al. 1995).
Although parental influence has generally been
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thought to reinforce pain behaviors in children,
some investigations have, to the contrary, sug-
gested children with chronic pain actually receive
less reinforcement for their pain behaviors than
control children without chronic pain (Merlijn
et al. 2003).

In a blinded evaluation (Campo et al. 2007),
mothers of children ages 8—15 years presenting
toseveral primary care practices in the Midwestern
USA with functional abdominal pain were sig-
nificantly more likely than mothers of control
patients presenting for routine care to have a vari-
ety of diagnoses including formal psychiatric dis-
orders. Specific maternal diagnoses included
irritable bowel syndrome, migraine, anxiety dis-
order depressive disorder, and somatoform disor-
der. Multivariate logistical regression indicated
functional abdominal pain in children to be most
closely associated with maternal anxiety and
maternal depression.

An association between paternal anxiety and
subsequent recurrent abdominal pain in children
has been described, although odds ratios were
somewhat less than for maternal anxiety
(Ramchandani et al. 2006). Children of mothers
with chronic pain demonstrated higher rates of
both physical and psychological problems than
did children of fathers with chronic pain, who in
turn demonstrated higher rates of both physical
and psychological problems than did children of
parents without chronic pain (Evans and Keenan
2007). Reasons for differing maternal and pater-
nal influence on the chronic pain experience of
children are incompletely understood and likely
highly complex (Hotopf et al. 1998).

Long-Term Outcomes

Although a majority of general practitioners and
specialists in chronic pain alike imagine children
with chronic pain to have a fair to good prognosis
(Bhatia et al. 2008), considerable evidence sug-
gests that chronic pain in children is frequently
associated with unfavorable long-term outcomes.
Adults with histories of chronic pain in childhood
have been found to have higher levels of pain,
increased somatic complaints, and greater func-
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tional disability than control patients without his-
tories of chronic pain in childhood (Walker et al.
1995). Unfavorable outcomes seem particularly
likely in patients with primarily functional pain
for which no specific underlying diagnosis is
made.

Reevaluation of young adult patients first
studied in a questionnaire survey of a representa-
tive sample of school-age children in Sweden
13-years later (Brattberg 2004) indicated that
chronic pain in children is predictive of chronic
pain in young adulthood. Back pain in childhood,
weekly or more frequent headache in childhood,
and often feeling nervous in childhood were all
specifically and significantly associated with
presence of pain in young adulthood. In contrast,
self-perceived stress in childhood predicted nei-
ther stress nor pain in young adulthood.

Assessment of a sample of young adults in the
Eastern USA first evaluated for recurrent abdom-
inal pain between ages 6-17 years revealed a
strong and specific association with anxiety dis-
order in young adulthood (Campo et al. 1999;
Campo et al. 2001). Young adults with histories
of recurrent abdominal pain in childhood were
also more likely than control patients to perceive
greater susceptibility to physical impairment and
to report poorer social functioning. Trends sug-
gestive of associations between recurrent abdom-
inal pain in childhood and lifetime psychiatric
disorder including depression were not statisti-
cally significant.

Assessment of adults identified through a
national health-care database in the UK as having
had persistent abdominal pain in childhood simi-
larly revealed an association with subsequent
psychiatric but not physical medical diagnoses in
adulthood (Hotopf et al. 1998). Curiously, persis-
tent abdominal pain in childhood was not associ-
ated with increased pain in adulthood, but only
with increased risk for psychiatric disorders.

Reevaluation of a cohort of patients first seen
in a pediatric chronic pain clinic in Eastern
Canada, a mean of 3 years after their last clinic
visit, revealed persistence of chronic pain in a
majority of patients, with age- and gender-related
patterns (Martin et al. 2007b). Over 62% of
patients overall reported continuing pain. Females
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were significantly more likely than males to
report continuing pain, particularly when their
pain had recognized associated psychosocial fac-
tors. Females were also more likely than males to
report using health care, medications, and
non-pharmacologic interventions for pain con-
trol. Among all patients with persistent pain, pain
frequency increased significantly with age. The
authors appropriately noted persistence of pain,
ongoing utilization of health-care resources, and
worsening of symptomatology with age, all
occurred despite prior treatment in a specialized
pediatric chronic pain clinic.

Risk for persistent pain in some children with
functional abdominal pain has been confirmed in
a longitudinal analysis of pain and symptom tra-
jectories (Mulvaney et al. 2006). Children seen in
a pediatric gastroenterology clinic in the
Southeastern USA for functional abdominal pain
were assessed four times over 5 years. Overall
pain and symptom trajectories were analyzed and
found to conform to a three-trajectory model.
Two trajectories were associated with relative
long-term improvement, and one trajectory was
associated with ongoing pain and disability.
Although patients ultimately found to have per-
sistent pain did not have the most severe pain ini-
tially, such patients did have significantly more
anxiety, depression, lower perceived self-worth,
and negative life events.

Ominously, the overall burden of chronic pain
in children may be increasing. Longitudinal anal-
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ysis of demographic data in Finland suggest the
prevalence of weekly or more frequent pain in the
back and neck, neck and shoulder, and lower
back has increased dramatically in recent decades
(Hakala et al. 2002). Consistent with other
investigations, pain at all sites was more common
in girls, and with increasing age. Between 1985
and 2001, however, pain at each site became sig-
nificantly more common in both girls and boys of
all ages. The authors appropriately cautioned of
unfavorable long-term outcomes as increasing
numbers of children with chronic pain enter
adulthood.

Conclusion

Although the methodologic considerations are
considerable, current knowledge of the demo-
graphics of chronic pain in children is evolving
rapidly (Table 4.2). Incidence of pain of any type
in children may be as high as 50-75%, while
prevalence of chronic pain in children is likely
25-50%. Chronic pain in children is generally
more common in girls than in boys, particularly
in adolescence. Chronic pain in children at most
sites tends to become significantly more common
in early adolescence, and to increase in preva-
lence over time thereafter. Recurrent abdominal
pain is typically more common in younger
school-age children. Regional differences largely
reflect variations in incidence and prevalence,

Table 4.2 Summary of demographics of chronic pain in children

Parameter Comments
Incidence, pain ~50-75%
Prevalence, chronic pain ~25-50%

Gender differences
generally less significant

Age-dependent onset

More common in girls, particularly in adolescence; Preadolescent gender differences

Dramatic increase in early adolescence, then increases with age; Recurrent abdomi-

nal pain more common in early school ages

Regional differences

Largely reflect variations in incidence and prevalence; Symptomatology and

associated disability relatively constant

Other associations

Mental health disorders and sleep disorders; Parental mental health disorders,

particularly maternal; Increased risk of long-term pain and associated disability;
Increased risk of mental health disorders

Chronic pain in children secondary to a specific disease or diagnosis will generally reflect the demographics of the
underlying condition; these parameters largely pertain to chronic pain in children as an independent syndrome
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with symptomatology and associated disability
remaining relatively constant. Chronic pain in
children is associated with mental health disor-
ders, particularly anxiety and depression, and
with sleep disorders. Chronic pain in children is
also associated with parental mental health disor-
ders, particularly anxiety and depression, espe-
cially in mothers. Long-term outcomes in children
with chronic pain include increased risk for per-
sistent pain and for mental health disorders, par-
ticularly anxiety and depression. The disability
and dysfunction associated with chronic pain in
children may be significant. Ongoing investiga-
tions should attempt to enhance identification of
children at greatest risk of chronic pain, to vali-
date response to interventions, and to develop
effective new therapies (Hicks et al. 2006).
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Introduction

Pediatric chronic pain is a very individual and
diverse human experience (Graumlich et al. 2001;
Malaty et al. 2005; Schechter et al. 2003). Chronic
pain has a substantial and broad adverse impact on
the daily lives of children and adolescents, result-
ing in significantly worse physical functioning,
psychological functioning, social functioning, as
well as lower satisfaction with life and decreased
self-perceived health status (Merlijn et al. 2006;
Palermo 2000). These detrimental effects of pedi-
atric chronic pain frequently also adversely impact
parents and other family members (Eccleston
et al. 2004; Jordan 2005; Palermo 2000).

The management of the multitude of chronic
pain conditions that afflict children and adoles-
cents is a complex clinical endeavor (Zeltzer
et al. 1997a, b). The assessment and treatment of
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pediatric chronic pain and its attendant patient
disability and family dysfunction ideally involves
a multidimensional and thus multidisciplinary
approach that is specifically tailored to the identi-
fied biomedical, psychological, and social needs
of each patient and family (Bennett et al. 2000;
Bursch et al. 1998; Schechter et al. 2003).

This chapter provides an overview of the spec-
ificity and validity (Table 5.1) of presently avail-
able tools for assessing the pediatric chronic pain
experience. Attention will initially be focused on
the applicability of acute perioperative and pro-
cedure-related pain intensity scales in pediatric
chronic pain. The significance of patient function
and activities of daily living in the face of pediat-
ric chronic pain will then be discussed, which
will segue into the present major emphasis on
generic measures of pediatric health-related qual-
ity of life. In contrast to such generic health status
measures, condition-specific pain assessment
tools, particularly for neuropathic pain and head-
ache, will in turn be reviewed. Finally, the impor-
tance of assessing a pediatric patient’s pain-coping
mechanisms, self-efficacy, and family dynamics
will be highlighted. This review includes perti-
nent theoretical underpinnings in addition to
practical guidelines, so as to provide the reader
with insight into both the science and application
of chronic pain-related assessment tools.

B.C. McClain and S. Suresh (eds.), Handbook of Pediatric Chronic Pain: 63
Current Science and Integrative Practice, DOI 10.1007/978-1-4419-0350-1_5,
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Table 5.1 Operational definition of terms (Reproduced from Stinson et al. (2006). With permission from Springer)

Term
Reliability

(a) Inter-rater (inter-observer)
reliability
(b) Test-retest reliability

(c) Internal consistency

Validity
(a) Face validity
(b)

Content validity

Criterion

©)

Construct

(d)

1. Convergent validity

2. Discriminant validity

Responsivity

Interpretability
Feasibility

Unidimensional Acute Perioperative
and Procedure-Related Pain

Intensity Scales

Operational definition

The reproducibility of a measure over different occasions and is concerned with
minimizing sources of random error so that measures are reproducible (Streiner and
Norman 2005). In general, acceptable reliability coefficients for research and
clinical purposes are >0.7 and >0.9, respectively (Portney and Watkins 2000;
Streiner and Norman 2005).

The agreement between different raters/observers of an observational measure of
pain (Streiner and Norman 2005).

The agreement between observations with the same individuals on at least two
occasions(Streiner and Norman 2005).

A type of reliability that includes the average of the correlation of scores from a
measure with the scores of all of the items in the measure (Streiner and Norman
2005).

Used to assess whether the scale is measuring what it is intending to measure
(Streiner and Norman 2005).

Whether the pain scale includes appropriate items that appear to measure what it is
proposing to measure (Streiner and Norman 2005).

The assessment of whether the items in the pain measure include the appropriate
information and content (Streiner and Norman 2005).

Includes concurrent validity and predictive validity. In concurrent validity, a new
pain measure is correlated with a gold standard measure which is administered at
the same time. In general, correlations between the new measure and the gold
standard should be at least »>0.3-0.5. The magnitude of the coefficients is
hypothesis-dependent but should not be too high as to make the new measure
redundant. In predictive validity, the correlation of the measure to the criterion
variable is determined at a later time (Streiner and Norman 2005).

Determines the validity of abstract variables that cannot be directly observed, such
as pain. These constructs are assessed by their relationships with other variables
(Streiner and Norman 2005) (Fitzpatrick et al. 1998; Streiner and Norman 2005).
Evaluates how well items on a pain scale correlate with other measures of the same
construct or related variables. In general, correlations between the measure and
another measure of the same construct should be r>0.3-0.5; however, the
magnitude of the coefficients is hypothesis-dependent (Streiner and Norman 2005).
Evaluates how items on a pain scale correlate with other measures that are
unrelated. In general, correlations between the measure and another unrelated
measure should be r<0.3; however, the magnitude of the coefficients is hypothesis-
dependent (Streiner and Norman 2005).

Measures whether the measure is able to identify changes in pain over time that is
clinically important to patients. An acceptable effect size should be >0.5; however,
the effect size is hypothesis-dependent (Guyatt et al. 1989; Liang 2000).

The meaningfulness of the scores obtained from a pain measure (Fitzpatrick et al. 1998).
How easily a pain measure can be scored and interpreted (Stevens and Gibbins 2002).

von Baeyer and Spagrud 2007; Walco et al. 2005).
Each of these three approaches measures a differ-
ent basic construct or aspect of pain — namely, the
personal pain experience, outward behavioral
distress, and associated sympathetic arousal,

The measurement of pediatric pain conventionally
falls into three basic categories: (1) patient self-
report; (2) health-care provider or parent observa-
tional; and (3) physiological (Stinson et al. 2006;

respectively — thus often resulting in discordant
values (von Baeyer and Spagrud 2007; Walco et al.
2005). A unidimensional scale is innately intended
to measure only one clinical element or variable.
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It has been further proposed that the ideal pain
scale is one that is both designed and demonstrated
to be a unidimensional measure only of pain inten-
sity (von Baeyer and Spagrud 2007).

However, pediatric chronic pain is frequently
difficult for patients and their parents to describe
adequately using simply a self-report or an
observational unidimensional pain intensity
scale (Gaffney et al. 2003; Stevens 1994).
Nevertheless, as with adult chronic pain, given
their ease of use and clinicians’ widespread
familiarity with them, acute perioperative and
procedure-related unidimensional pain intensity
scales (e.g., a 0—10 numerical rating scale) are
often applied clinically in pediatric chronic pain
conditions. The fundamental question is whether
any such unidimensional pain intensity scales
have demonstrated adequate validity, reliability,
and responsivity (Table 5.1) in pediatric chronic
pain patients. This key question has been specifi-
cally addressed by the Pediatric Initiative on
Methods, Measurement, and Pain Assessment in
Clinical Trials (Ped-IMMPACT) working group
(http://www.immpact.org), in their process of
formulating recommendations for core outcome
domains and measures that should be considered
by investigators conducting clinical trials for
pediatric acute and chronic pain (Stinson et al.
2006; von Baeyer and Spagrud 2007).

On the basis of available evidence and the
Society of Pediatric Psychology Assessment Task
Force criteria for a “well-established assessment™
(Table 5.2) (Cohen et al. 2006), the commis-
sioned Ped-IMMPACT survey made no recom-
mendations regarding the relative merits of
observational pain measurement instruments for
pediatric chronic pain lasting weeks, months, or
years (von Baeyer and Spagrud 2007). This was
reportedly primarily because the overt behavioral
signs of pain that tend to habituate or dissipate
over time, despite continued self-reported pain
(von Baeyer and Spagrud 2007).

Of the total of 34 single-item, patient self-
report measures of pain intensity that were iden-
tified by a second commissioned Ped-IMMPACT
survey (Stinson et al. 2006), only the Faces Pain
Scale (Bieri et al. 1990), Faces Pain Scale-Revised
(Hicks et al. 2001), Oucher—Photographic (Beyer
and Aradine 1986), Oucher-NRS (Beyer and
Aradine 1986), Wong—Baker FACES Pain Scale
(Wong and Baker 1988), and Visual Analogue
Scale (Scott et al. 1977) had sufficient evidence
of validity and reliability (Table 5.1) to be deemed
a “well-established assessment” (Table 5.2)
(Cohen et al. 2006) for both acute and chronic
pediatric pain. These authors specifically recom-
mended (1) the Faces Pain Scale-Revised for
disease-related chronic pain in children between

Table 5.2 Society of Pediatric Psychology Assessment Task Force criteria for evidence-based assessment
(Reproduced from Cohen et al. (2006). With permission from Oxford University Press)

Category Criteria

Well-established assessment

The measure must have been presented in at least two peer-reviewed articles by

different investigators or investigatory teams

Sufficient detail about the measure to allow critical evaluation and replication
(e.g., measure and manual provided or available upon request)

Detailed (e.g., statistics presented) information indicating good validity and
reliability in at least one peer-reviewed article

Approaching well-established

The measure must have been presented in at least two peer-reviewed articles,

which might be by assessment the same investigator or investigatory team

Sufficient detail about the measure to allow critical evaluation and replication
(e.g., measure and manual provided or available upon request)

Validity and reliability information presented in either vague terms (e.g., no
statistics presented) or moderate values

Promising assessment

The measure must have been presented in at least one peer-reviewed article

Sufficient detail about the measure to allow critical evaluation and replication
(e.g., measure and manual provided or available upon request)

Validity and reliability information presented in either vague terms (e.g., no
statistics presented) or moderate values
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4 and 12 years of age and (2) a 100 mm visual
analogue scale for disease-related chronic pain in
children over 8 years of age and in adolescents
(Stinson et al. 2006).

A concomitantly published review applied a
similar evidence-based framework for evaluating
a diverse collection of acute and chronic pain
assessment tools that are commonly used by
pediatric psychologists not only for clinical trials
but also in clinical practice (Cohen et al. 2008).
Relying upon a somewhat different combination
of systematic (objective) and expert opinion (sub-
jective) methods in their selection and evaluation
process, these authors included a number of mea-
sures that were omitted by the Ped-IMMPACT
authors (Cohen et al. 2008). Of the 17 pediatric
pain measures that were examined, 11 met the
same Society of Pediatric Psychology Assessment
Task Force criteria for a “well-established assess-
ment” (Table 5.2) (Cohen et al. 2006) — with the
Varni-Thompson Pediatric Pain Questionnaire
being the only such instrument intended specifi-
cally for chronic pain (Cohen et al. 2008).

The Varni-Thompson Pediatric
Pain Questionnaire

Initially, the Varni-Thompson Pediatric Pain
Questionnaire (Varni et al. 1987), the current
Pediatric Pain Questionnaire (PPQ) is a patient self-
report instrument that is age-specific for a young
child (5-7 years), child (8—12 years), or adolescent
(1318 years). Patterned after the McGill Pain
Questionnaire (Melzack 1975), the PPQ assesses
the intensity, location(s), and other more subjective
characteristics of a patient’s pain. The PPQ includes
a 100 mm horizontal line (visual analogue scale)
that is without numbers but ranges from a value of
0 (anchored either by a smiling carton face and “no
hurt at all” or by “no pain, not hurting, no discom-
fort”) to a value of 100 (anchored either by a sad
cartoon face and “hurting a whole lot” or by “severe
pain, hurting a whole lot, very uncomfortable”).
The PPQ has been shown to be a valid and
reliable tool for measuring pediatric self-reported
chronic pain intensity in children as young as
5 years old (Varni et al. 1996a; Walco et al. 1999).
The validity and reliability (Table 5.1) of the PPQ
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was evaluated in a study of 100 children and
adolescents with chronic musculoskeletal pain
associated with rheumatologic disease (Gragg
et al. 1996). The PPQ demonstrated a high cor-
relation (p<0.01) among parents, physicians,
and patients. Parent and physician ratings of pain
intensity also correlated well in this cohort with
all measures of disease activity and functional
status (p<0.001) (Gragg et al. 1996). The PPQ
has also been successfully used in 5—16-year-old
inpatients and outpatients with sickle cell disease
(Walco and Dampier 1990). The PPQ has histori-
cally been the most widely used comprehensive
chronic pain questionnaire for children and ado-
lescents (Rapoff 2003), especially those with
musculoskeletal disorders (Schanberg and
Sandstrom 1999). While it is a self-contained
tool, the PPQ is intended to supplement the
PedsQL Generic Core Scales that are discussed
in detail below.

Even though the Pediatric Pain Questionnaire
is now two decades old, it remains a very viable
and applicable comprehensive chronic pain
assessment tool (Vetter 2008). However, as with
the visual Oucher pain scale (Beyer et al. 1992),
the use of a smiling cartoon face to help anchor the
left-side (no pain) of the young child and child
versions of the PPQ may be problematic, given
that the scale may actually measure pain affect
rather than true pain intensity (Chambers and
Craig 1998; McGrath et al. 1996; Schanberg and
Sandstrom 1999). More recently developed uni-
dimensional pediatric pain assessment tools have
instead used a neutral face for this scale anchor
(Bieri et al. 1990; Hicks et al. 2001).

Patient Function and Activities
of Daily Living

Recurring episodic or persistent chronic pain fre-
quently has a major adverse impact on the daily
lives of children and adolescents (Palermo 2000;
Roth-Isigkeit et al. 2005). The ultimate clinical
goal of a pediatric chronic pain medicine program
is the complete elimination of a patient’s present-
ing pain. This clinical goal is unfortunately often
unobtainable, with upward of 50% and 30% of
pediatric chronic pain patients reporting persistent
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pain at 1-year and 2-year follow-up, respectively
(Perquin et al. 2003). Therefore, the more prag-
matic goal of a pediatric chronic pain medicine
program is the prompt return of a patient to as nor-
mal and functional a life as possible — with an
associated improvement in health-related quality
of life — while at the same time reducing the atten-
dant burden on and resulting dysfunction within
the family unit (Hunfeld et al. 2002; Palermo
2000). “Most studies evaluating recurrent or
chronic pain conditions among 