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Preface to “Chronic and Recurrent Pain” 
For many years people assumed that children did not experience chronic pain.  However, recent 

epidemiological studies show that chronic pain, defined as constant or recurring pain lasting three 
months or longer, is common in childhood. As many as 40% of schoolchildren aged 5–18, for example, 
report symptoms frequent and intense enough to meet the criteria for chronic pain, though only 
around 5% are significantly disabled in their school, family, recreational and social life. Empirical 
studies have characterized pediatric chronic pain conditions including headaches, abdominal pain, 
chest pain, and musculoskeletal pains including fibromyalgia. These pain conditions are often 
associated with school absence, emotional distress, disruption in family activities, and significantly 
reduced quality of life in both the affected child and their families. For some of these children, chronic 
pain persists from childhood into adulthood, causing substantial long-term personal and financial 
costs to the individual, society, and our health care systems. 

Despite the prevalence and serious consequences of pediatric chronic pain, it is still under-
recognized and under-treated. Too often, chronic pain is treated as a symptom of something else, 
rather than as a separate condition requiring its own treatment. The goal of this edited volume is to 
present recent advances in the understanding and treatment of pediatric chronic pain. 

This book is grounded in the biopsychosocial approach that has replaced the traditional 
biomedical approach to chronic pain. Rather than focusing exclusively on the identification of physical 
pathology and treatment of disease, a biopsychosocial approach investigates biological, psychological, 
and social factors that contribute to pain and may be a useful focus for treatment. The organization of 
the book reflects the biopsychosocial approach to chronic pain with sections that address biological 
factors (Section 1), psychological factors (Section 2), and social factors (Section 3). A final section on 
assessment and treatment of chronic pain (Section 4) describes clinical approaches that focus on one or 
more of these factors.  

Our aim is to reach all professionals who provide services to children with chronic pain. This 
includes pediatricians, nurses, guidance counselors, school teachers, social workers, physical and 
occupational therapists, psychologists, psychiatrists, and others, as well as trainees in these fields. 
While professionals may be drawn to the section most relevant to their particular discipline, other 
sections will introduce them to the knowledge base and treatments provided by other disciplines. We 
hope that the range of topics covered will facilitate communication and multidisciplinary treatment of 
pediatric chronic pain.  

Lynn S. Walker, and Carl L. von Baeyer 
Guest Editors 
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Miranda DiLorenzo 1, Rebecca Pillai Riddell 1,2,* and Liisa Holsti 3,4

1 Department of Psychology, York University, Toronto, ON M3J 1P3, Canada; mgdilo@yorku.ca
2 Department of Psychiatry, The Hospital for Sick Children and the Department of Psychiatry,

University of Toronto, Toronto, ON M5T 1R8, Canada
3 Department of Occupational Science and Occupational Therapy, B.C. Children’s Hospital Research,

Vancouver, BC V5Z 4H4, Canada; liisa.holsti@ubc.ca
4 Women’s Health Research Institute, Vancouver, BC V6H 3N1, Canada
* Correspondence: rpr@yorku.ca; Tel.: +416-736-2100 (ext. 20177)

Academic Editor: Lynn Walker
Received: 13 September 2016; Accepted: 3 November 2016; Published: 9 November 2016

Abstract: This topical review presents the current challenges in defining chronic pain in infants,
summarizes evidence from animal and human infant studies regarding the biological processes
necessary for chronic pain signaling, and presents observational/experiential evidence from clinical
experts. A literature search of four databases (CINAHL, EMBASE, PsycINFO, and MEDLINE) was
conducted, along with hand searches of reference lists. Evidence from animal studies suggest that
important neurophysiological mechanisms, such as the availability of key neurotransmitters needed
for maintenance of chronic pain, may be immature or absent in the developing neonate. In some
cases, human infants may be significantly less likely to develop chronic pain. However, evidence
also points to altered pain perception, such as allodynia and hyperalgesia, with significant injury.
Moreover, clinicians and parents in pediatric intensive care settings describe groups of infants with
altered behavioral responses to repeated or prolonged painful stimuli, yet agreement on a working
definition of chronic pain in infancy remains elusive. While our understanding of infant chronic pain
is still in the rudimentary stages, a promising avenue for the future assessment of chronic pain in
infancy would be to develop a clinical tool that uses both neurophysiological approaches and clinical
perceptions already presented in the literature.

Keywords: infant; pain; acute; chronic; NICU; persistent pain

1. Introduction

Pain is defined as a negatively-valenced experience with core sensory, social, emotional, and
cognitive properties [1]. Unfortunately, due to the sole reliance on self-reporting, infants were initially
thought to be incapable of experiencing pain due to their inability to use language to communicate
their subjective experience. The seminal work of pioneering scientists [2,3] combined with a public
outcry from parents [4], helped end a troubling era of medical practice where scientists and clinicians
generally did not acknowledge infant pain [5]. Indeed, research using both animal and human
models provides strong evidence to show that infants have the necessary peripheral and central
anatomical and neurophysiological systems required for nociceptive transmission, even at very
early gestational ages [6–8]. Moreover, in humans, unexpected early pain and stress exposure is
associated with long-term changes in brain structure (e.g., reduced white matter microstructure and
subcortical grey matter), pain processing (e.g., dorsal horn central desensitization), stress-response
system functioning (e.g., high basal cortisol levels), and development (e.g., poorer cognition and motor
function), particularly for preterm infants cared for in neonatal intensive care units (NICUs) [9–12].
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In response to this growing body of evidence, a plethora of measures have been developed to assess
acute infant pain [13,14], and various trials have been conducted that evaluate the effectiveness of
pharmacologic [15], behavioral, and physical treatments aimed at mitigating the adverse effects of
acute procedural and post-operative pain in infants [16–18].

Most recently, both in the clinical setting and in the research community, more attention has
been directed at understanding and investigating pain that persists beyond the acute period in
infants [19,20]. Currently, no uniform definition exists for chronic pain of infants that has received
widespread endorsement. The International Association for the Study of Pain defined chronic pain
in adults as pain that lasts or recurs for more than 3 to 6 months after an injury [21]. However, the
applicability of using an arbitrary timeline to define chronic pain for infants who have not lived long
enough, yet who have long-lasting (relative to their age) painful conditions, such as osteogenesis
imperfecta or epidermis bullosa, appears inappropriate [19]. Thus, it is clear that a specific time
criterion cannot be applied specifically to newborn infants. The terms “chronic” or “persistent” pain
(these terms are used both interchangeably and differentially in the literature) will both be applied in
this paper as used by the original authors or best fitting the context deemed by the current authors.
Both these labels (chronic or persistent) have also been defined as pain that has no biological value,
pain that persists beyond normal healing time (i.e., ‘non-functional’, with acute pain being considered
‘functional’), or pain that persists when repair has seemingly ended [21]. However, these definitions do
not take into account basic physiological mechanisms of this condition, which does not provide clarity
regarding treatment and prevention. Instead, a definition is needed with greater focus on models that
define infant chronic pain based on the underlying mechanisms of the nervous system. Given that the
generalizability of such neurobiological animal models to explain pain in adults has yet to be applied
definitively, the application of neonate animal models to the unique context of the developing infant
nervous system appears premature.

Thus, for this topical review, the foci will be to: (1) summarize the evidence from animal and
human infant studies reporting on the neurophysiological processes that underlie different types
of chronic pain in infancy; (2) present evidence gathered from expert researchers and clinicians
about infant chronic pain. Our intention is to integrate these lines of evidence, in order to
further our understanding of pain beyond acute in infancy, and to inform future research and
clinical recommendations.

2. Materials and Methods

The literature search considered peer-reviewed papers included in the following electronic
databases: the OVIDSP platform was used to run the search strategy in MEDLINE and EMBASE,
ProQuest was used for PsycINFO, and EBSCOHost was used for CINAHL. Articles indexed from
inception to 12 November 2012 were included in the initial search and the search was updated in
August 2016. Electronic search terms included “infant newborn”, “infant premature”, “chronic pain”,
“nociceptive pain”, “intractable pain”, “ex-prematurity”. To be included in this review, papers had
to: be written in the English language, have an abstract available online, and involve infant pain that
persists beyond the acute period. The search yielded 262 abstracts that were independently assessed
against the above pre-specified inclusion criteria. Additional literature was gathered by reviewing the
reference lists of the papers obtained from the original search. The literature was sorted into categories
relating to neurophysiological processes that focused on pain beyond acute, and clinical studies that
highlighted the applied aspects of pain beyond acute in infancy. In total, 58 papers met the criteria for
inclusion in the current review.

3. Neurophysiological Developmental Changes in Pain Processing

Compared to temporal or evaluative definitions, current conceptualizations outside of infancy
assert that biological mechanisms underlying the pain state are the best way to categorize chronic
pain. For example, Woolf [22] proposed a three-pronged classification involving nociceptive pain
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that provides early signaling of damage, and inflammatory pain which inhibits movement to
promote healing. Both nociceptive and inflammatory pain are adaptive and protective. In contrast,
“pathological” pain, which can be further divided into neuropathic pain (involving nerve damage) and
dysfunctional pain (reflecting abnormal nervous system function) is maladaptive and is considered a
“disease of the nervous system”. It is clear that a neurophysiological approach to defining chronic pain
in infancy is necessary; however, understanding the underlying mechanisms has provided a challenge
for researchers because of the immature infant nervous system.

While much of the pain processing system in adults is also functional in infants, the first year
of life is marked by significant structural and functional changes in pain pathways, and as a result,
pain is processed differently in infants than in adults [23,24]. Animal models, particularly those
using rats, tell us a lot about the developmental changes that occur in infant pain pathways, since the
changes seen in the two post-natal weeks of rats parallel the neurobiological development in human
infancy [25]. This research using animal models has helped to highlight certain developmental changes
in somatosensory circuitry that occur over the period of infancy, which have direct relevance to the
processing of persistent or chronic pain states in infancy.

Generally, researchers have noted early maturation of nociceptive processing in the periphery
of neonate rats; however, their central processing of pain develops more slowly [25]. Early in
development, large diameter Aβ primary afferent fibers, which typically relay non-noxious tactile
information to the dorsal horn, extend beyond their final resting place in the dorsal horn during
infancy [26,27]. The functional implications of the immature Aβ fiber termination is that the low
threshold fibers are able to access and activate high-threshold Aδ and C-fibers that usually process
noxious information [26]. Consequently, as shown in a study evaluating premature human infants,
infants are unable to discriminate between non-noxious and noxious inputs until approximately
35 weeks’ gestational age [6]. Further research in neonatal rat models shows that the low threshold
tactile afferents (Aβ fibers) retract from the site of high-threshold input until completely segregated
after a few weeks of life [28].

In addition to the structural changes of primary afferent innervation of the dorsal horn in early
life, key developmental changes also occur in the intrinsic properties of the dorsal horn during infancy.
Using rodent models, at birth, the receptive fields in the dorsal horn are large, and decrease in size
over the first two postnatal weeks. Stimulation of these “wider” cutaneous receptive fields at early
postnatal ages can enhance signaling and evoke long-lasting excitation [29,30]. Furthermore, many
neurotransmitters and signaling molecules involved with nociceptive processing are expressed early
in development in rodent models, but do not reach adult levels until after infancy [25,31]. Particularly,
an imbalance exists between excitatory (e.g., glutamate) and inhibitory (e.g., GABA and glycine)
neurotransmitters and their respective receptors that favors excitatory transmission [25]. An increase
in excitatory input is observed because both glutamergic receptors, N-methyl-D-aspartate (NMDA)
receptor and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor, are highly
expressed in the neonatal rat spinal cord before being down-regulated to adult levels [32–34]. Further
contributing to this imbalance is the fact that particular inhibitory mechanisms are either weak or
absent in early postnatal life. Indeed, glycinergic mini-inhibitory postsynaptic currents are absent
within the most superficial laminae of the dorsal horn until the second postnatal week of rodent
models, but responses to exogenous glycine can still be evoked [35]. These research findings suggest
that during infancy the functional receptors of glycine may be present, but that the glycinergic neurons
are absent, resulting in less inhibitory signaling. Additionally, GABA has a reduced inhibitory drive at
birth compared to adulthood. A balance of spinal excitability and inhibitory mechanisms is imperative
for normal tactile and nociceptive processing [28]; however, stasis is not established between the
excitatory and inhibitory drives until later in infancy.

A final key neurodevelopmental change in nociceptive processing includes the delayed maturation
of brainstem descending pain pathways that play a major role in the control of pain transmission [36].
Descending pathways from the brainstem to the spinal cord are present in utero in animal models,
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but functional inhibition of nociceptive signals is not thought to be effective until 2–3 weeks
post-delivery [37,38]. Hathway et al. [39] showed that in rats, the rostroventral medulla (RVM),
which houses the main output nuclei for brainstem descending control, undergoes drastic maturation
after the 21st postnatal day (P21). Lesioning and electrical stimulation of the RVM has revealed that
its control over nociceptive circuits is entirely facilitatory before P21 in rats [39,40]. It is only after
three postnatal weeks that inhibitory pathways exert an influence. Researchers have argued that
the RVM-mediated facilitation of nociception in early life plays a significant role in sustaining pain
from neuropathic and inflammatory injury [39,41]. Importantly, the functional development of the
descending inhibitory pathways has been shown to be concomitant with the refinement of noxious
withdrawal reflexes observed in early human development [42]. Therefore, together, these significant
neurobiological developmental changes suggest that infants are more, rather than less, sensitive to
pain than older individuals.

4. Types of Chronic Pain in Infancy

Neuropathic pain and inflammatory pain are the two main types of chronic pain [43].
Inflammatory pain manifests as a consequence of tissue damage/inflammation (e.g., surgical injury
with resulting tissue inflammation) and neuropathic pain arises from nervous system lesions (e.g.,
brachial plexus injuries). Neuropathic pain is rare in infants; whereas, persistent inflammatory pain is
observed more frequently [31]. The development of inflammatory pain, or the protection against the
development of neuropathic pain, can be ascribed to certain pain circuitry immaturities, such as those
discussed previously.

4.1. The Development of Persistent Pain Associated with Tissue Injury and Inflammation

The development of an inflammatory pain syndrome in response to tissue injury has been
well documented in animal models [24]. Plantar hindpaw incision is a post-operative pain model
used widely as it is highly reproducible in both neonatal and in adult rodents [31]. In neonatal
rodents, surgical incisions of the plantar hindpaw produce inflammation-induced primary hyperalgesia
(decreased pain threshold) from the age of P3 to P17 [44]. Hyperalgesic responses to injury in neonates
is not specific to surgical trauma. Inflammogenic molecules, such as mustard oil, can also cause
hyperalgesic responses in neonatal rats. Mustard oil is a potent activator of C-fibers (nociceptive
cells) and produces primary hyperalgesia and secondary hyperalgesia (pain arising from the tissue
surrounding a wound) in both adult and in neonatal rats [45]. However, the pain responses to
mustard oil are smaller in neonate rats compared to adult models, which reflects neurodevelopmental
immaturities of nociceptive cells within the dorsal horn [46].

More long-term consequences of inflammation associated with hindpaw incisions in neonatal
rat models, include significant changes in the resting membrane potential of large diameter sensory
neurons that persists beyond the time in which behavioral pain responses are observed [47]. The change
in resting membrane potential causes the sensory neurons to be much more excitable. Aforementioned
neurobiological immaturities, such as the relative lack of brainstem inhibitory descending controls and
the imbalance of inhibitory and excitatory neurotransmitter activity in neonates, are purported to play
a role in this biophysical change observed in resting membrane potential [31]. Another example of
long-lasting consequences of tissue injury involves changes in microglia, which are cells within the
central nervous system that contribute to the manifestation of chronic pain states in animal models [43].
Neonatal skin incision changes the phenotype of microglia, which can alter sensory afferent cells,
intrinsic dorsal horn cell responses, and consequently, cause an increase in sensory neuron excitation.

In comparison to rat models, direct evidence of the development of pain associated with
inflammation and tissue injury from human infant studies is quite limited. Follow-up studies of
infants hospitalized in the NICU, or those who had surgery during the neonatal period, show that
they are vulnerable to aspects of altered central pain processing which appear to place them at
heightened risk for developing chronic pain. For example, following exposure to heel lance and to
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surgery with anesthesia, infants had lowered thresholds to tactile stimulation up to the post conceptual
age of 35 weeks (sensitization) [48] and decreased thresholds during the first year of life (primary
hyperalgesia) [49]. Secondary hyperalgesia was also exhibited in infants, even when the injury was
to the contralateral side [50]. In addition to secondary hyperalgesia, infants develop allodynia (pain
arising from previously innocuous stimulation) as a result of central sensitization [3,51].

What is not clear is whether or not these changes observed in human infants could be considered
“adaptive”; that is, sensitization after minor and major trauma is meant to be protective [52]. As such,
the question arises whether evidence of these neonatal changes in pain processing systems are
preliminary evidence for chronic pain and thereby considered “maladaptive” [22]. Interestingly,
even though the “priming towards excitation” described above suggests that these infants could be
at a heightened risk for developing chronic pain because of maladaptive processes, another line of
research indicates that infants may be “protected” from some forms of chronic pain [53].

4.2. The Development of Pain Associated with Nerve Injury

Research in rodent models does suggest protection against the development of chronic
neuropathic pain in infancy [54–58]. After peripheral nerve injury, persistent mechanical allodynia
does not occur until 3 post-natal weeks [54]. In addition, microglia in the dorsal horn involved in the
immune response to nerve injury are activated only at very low levels following nerve injury in young
animals even up until P16 [55]. This response does not occur because neonatal animals lack innate
immune responses, but is more likely a result of absent T-cell activation and infiltration indicating
that nerve damage has taken place [56]. Thus, since infant rats are capable of developing clear pain
hypersensitivity upon inflammation [44], the lack of neuropathic pain behavior following nerve injury
in young animal models has been attributed to immature neuroimmune pathways, rather than a
failure of pain processing [57]. In line with this notion, a more recent study by McKelvey et al. offers a
novel mechanistic explanation for the absence of pain following nerve damage in infancy. In contrast
to adult nerve injury, which triggers a proinflammatory immune response in the dorsal horn, nerve
injury in infants triggers an anti-inflammatory immune response with significant increases in IL-4 and
IL-10 [58]. Interestingly, the blockade of the anti-inflammatory activity of IL-10 unmasks neuropathic
pain behavior suggesting that nerve injury in infancy is not absent, but rather is suppressed by the
IL cytokine proteins. Nevertheless, the immature presentation of these factors associated with the
development of pain associated with nerve injury have not been studied in human infants and thus
provides exciting lines of evidence to pursue.

Similar to the neuropathic pain animal models, under some conditions in which adults and older
children would be at risk for developing neuropathic pain, infants appear to be protected. For example,
infants who experience complete avulsion of the brachial nerve at delivery, when assessed between
3 and 23 years, do not report chronic pain; and in fact, following surgical repair, they show vastly
improved sensory recovery compared to motor recovery, and have normal sensation in other areas of
the body [59]. Very few infants with this injury go on to exhibit behaviors which may indicate ongoing
chronic pain in childhood [60]. Some postulate that these results occur because nerve conduction
velocity in children under the age of two years is 50% lower than in adults [59,61]. In addition, very
few children with congenital amputations report phantom pain (<10%) [62]. Yet, in older children
(5–19 years) and in adults who undergo amputation, prevalence rates of phantom pain can be as high
as 80% [63,64]. Moreover, associations between developing persistent pain after inguinal hernia repair
were very low in those operated on in the first 3 months of life [65]. Indeed, Tsai et al. found that infant
postoperative chronic pain was minimal and transient after inguinal hernia repair [66]. A similar trend
was found for thoracotomy and strenotomy procedures; the prevalence of chronic pain was low in
children that underwent these procedures before school entry [67,68].
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5. Reconciling Clinical Observations with Pre-Clinical Research

While biologically-based models, particularly rodent models, provide an important foundation
for building a conceptualization of the mechanisms of infant persistent pain, actual clinical experience
with infants suspected of having ongoing pain provides important complementary information.

To explore the perspectives of infant caregivers on “chronic pain” in infants, based on their
observations and caregiving experiences, Pillai Riddell et al. conducted in-depth interviews with a
multi-disciplinary sample of highly experienced clinicians (average years of experience was 17 years)
from three separate university-affiliated tertiary care centers [19]. While most accepted the idea of
chronic pain existing in infants, agreement in regards to a definition was elusive. In contrast to the
adult literature where chronic pain is most often cited as pain lasting more than 3 to 6 months [69],
a significant proportion of clinicians thought that infants could experience persistent pain after weeks
if the context included a clinical presentation of a disease type known to be associated with ongoing
pain in infants, such as in epidermolysis bullosa.

Pillai Riddell et al. highlighted another definitional issue on pain beyond acute that was expressed
by clinical experts identified as ‘iatrogenically prolonged’ pain, which is applicable to infants requiring
prolonged hospitalization in the NICU [19]. They differentiated infants with unremitting conditions
that cause persistent pain, from those undergoing a series of acute or acute-prolonged pain experiences
(i.e., pain induced and maintained by repetitive medical procedures) that result in a “chronically
pained state”. Thus, the acknowledgment was made that these infants may not have a persistent pain
state resulting from changes in the nervous system, but rather experience prolonged pain as a result
of iatrogenic procedures that are added cumulatively to pain related, earlier procedures that have
yet to abate.

Both a sample of clinicians and a follow-up study with parents who had infants currently
suspected of having chronic pain (conservatively defined as conditions known to be chronically
painful in older populations) independently described two types of infant persistent pain behavioral
profiles: the “hyperreactive” and “hyporeactive” infant [19]. The majority of health professionals
in these samples suggested that an infant who is “hyporeactive” (exhibits little to no reaction to an
acute pain procedure), may be experiencing chronic pain. However, other professionals in the sample
suggested the opposite, whereby an infant who is “hyperreactive” (exhibits an exaggerated response
to an acute pain procedure), indicates that an infant is experiencing chronic pain. These differing labels
further confound the problem of how best to define chronic pain in infants, and consequently, how to
integrate the aforementioned findings from pre-clinical and clinical science. The “hyporeactive” infant
does not appear to interact with caregivers or even to react to extensive noxious stimulation. Health
professionals describe infants as “hyporeactive” if they do not respond behaviorally when a known
painful procedure is performed. In contrast, the “hyperreactive” infant exhibits heightened distress
even in anticipation of an impending noxious procedure and was described to have behaviorally
higher peak distress during painful procedures.

More recently, using a web-based survey technique, van Ganzewinkel et al. invited international
neonatal experts and parents to define chronic pain [20]. When responding to the questions relating to
what is chronic pain, experts described no known endpoint and they described a concept whereby
pain is present, despite the lack of a proximal event or procedure. In addition, consensus by the group
indicated that pain would interfere with development and prolong healing times. Not surprisingly,
when etiology was discussed, rather than biological mechanisms relating to aberrant pain pathways,
painful conditions and situations were listed. However, specifics with regards to diagnostic factors
could not be identified.

6. A Need for Chronic Pain Assessment

Both the aforementioned studies working with clinicians suggest that the manifestation of pain
beyond acute in infancy is still not well understood. Encouragingly, despite the lack of definitive
criteria regarding the mechanisms or the definition of chronic pain in infancy, the belief that it does
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exist appears to be commonly accepted. Reaching a consensus on both clinical observations and
neurobiological mechanisms of chronic pain in infancy is necessary to develop valid assessments.
Currently, neither clinicians nor researchers have yet to devise a strategy that can definitively determine
whether or not a newborn is experiencing chronic pain, and as a result, chronic pain is difficult to treat
effectively [20]. Although a plethora of assessments for acute pain exist, with varying psychometric
properties established, most research to date indicates that behavioral and physiological markers of
acute pain may not be applicable to chronic pain [70–72]. Researchers have suggested that clinical
observations in the NICU (e.g., NEOPAIN trial) [73] and the development of scales, such as the
COMFORTneo scale [74] or the EDIN scale [75], show promise in isolating indicators that do not focus
on simply peak distress response [74]. Nevertheless, pediatric pain experts have yet to agree on any
type of clinical cluster of behaviors or physiological indicators that could form the basis of the tool.
The lack of self-reporting in infancy further complicates these problems. Given that infants who have
been exposed to prolonged pain have been described as both over and under-responsive, clinicians are
unsure of how to determine whether or not the unresponsive infant has stopped responding because
of the cessation of pain or has exceeded its capacity to respond to too much pain.

7. Concluding Remarks

Despite decades of research demonstrating that human infants are capable of experiencing
pain, the evidence between acute and chronic pain and between animal and human research has
developed disproportionately. This has resulted in limited knowledge of how the pre-clinical science
on chronic pain relates to the human infant experience, although an understanding of acute behavioral
responses to neonatal and infant pain appears generally well-established. However, the potential
for infants’ capacity for chronic pain is still in need of fundamental research across different pain
paradigms (e.g., postsurgical persistent pain syndromes, iatrogenically-prolonged pain exposure).
From such a foundation, researchers and clinicians can build a knowledge-base of persistent pain
during early human life that reconciles what is known from the collective lines of research. Longitudinal
prospective studies tracking infants from birth who are suspected of chronic pain conditions may help
to rectify the different clinical pictures seen in chronic pain. The ultimate goal is that a clinical tool
is eventually designed that effectively marries both the physiological substantiated mechanisms and
clinical perceptions that have been already offered in the literature regarding chronic pain in infancy.
This convergence of biological and behavioral/observational evidence could ultimately inform a more
accurate assessment, and safe, effective, and ethical treatment of infants who suffer from pain beyond
the acute period.
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Abstract: Significant evidence now suggests that neonatal tissue damage can evoke long-lasting
changes in pain sensitivity, but the underlying cellular and molecular mechanisms remain unclear.
This review highlights recent advances in our understanding of how injuries during a critical period
of early life modulate the functional organization of synaptic networks in the superficial dorsal horn
(SDH) of the spinal cord in a manner that favors the excessive amplification of ascending nociceptive
signaling to the brain, which likely contributes to the generation and/or maintenance of pediatric
chronic pain. These persistent alterations in synaptic function within the SDH may also contribute to
the well-documented “priming” of developing pain pathways by neonatal tissue injury.
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1. Introduction

Pain processing in the central nervous system (CNS) begins in the dorsal horn of the spinal
cord which receives direct input from peripheral sensory neurons that are activated by noxious
stimuli, defined as stimuli that damage or threaten to damage normal tissue. These signals are
integrated with other types of incoming sensory information, including touch, before being transmitted
to nociceptive circuits in the brain where the perception of pain ultimately emerges. This need
for complex integration of sensory stimuli across multiple modalities is reflected in the functional
organization of the dorsal horn network, in that >95% of neurons are propriospinal neurons or
local circuit interneurons (both excitatory and inhibitory) whose axons do not leave the spinal cord.
Meanwhile, nociceptive information is conveyed to the brain by an exclusive group of projection
neurons concentrated mainly in laminae I and V [1], whose firing is strongly controlled by the balance
of activity in the different excitatory (glutamatergic) and inhibitory (expressing gamma-aminobutyric
acid (GABA) and/or glycine) populations of interneurons. For example, it has long been known
that blocking synaptic inhibition within the spinal cord causes robust mechanical allodynia [2–4] and
unmasks a novel excitatory input to lamina I projection neurons [5–7]. Recent evidence suggests that
inhibitory interneurons expressing parvalbumin or dynorphin may tonically suppress the activation
of ascending projection neurons by innocuous mechanical stimuli, and pharmacogenetic silencing
of these interneurons evokes mechanical pain hypersensitivity including allodynia [8,9]. Therefore,
a complete mechanistic understanding of pathological pain cannot be obtained without detailed
knowledge of how peripheral nerve or tissue damage modifies synaptic transmission within spinal
dorsal horn circuits. It is also essential to elucidate the extent to which age determines the effects of
injury on synaptic signaling in the spinal superficial dorsal horn. The major aim of this review is to
highlight recent work demonstrating that synaptic function within spinal nociceptive networks is
persistently influenced by tissue damage during early life.
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2. Spinal Mechanisms Contributing to Central Sensitization

“Central sensitization” has been operationally defined as an increased responsiveness of
nociceptive neurons in the CNS to their normal or subthreshold afferent input, and can drive the
generation of chronic pain under pathological conditions [10,11]. It is now clear that a reduction
in the efficacy of synaptic inhibition within the spinal dorsal horn is an important contributor to
central sensitization after injury. The decreased inhibitory tone in the dorsal horn after nerve or
tissue damage reflects a multitude of underlying changes in synaptic function. This includes a
dampening of glycinergic transmission [12–14] which has been linked to a prostaglandin E2 (PGE2)- and
protein kinase A (PKA)-dependent phosphorylation of glycine receptors (GlyRs) containing the α3

subunit [15,16]. Following nerve damage, a subset of glycinergic neurons expressing parvalbumin also
exhibit a weaker innervation of excitatory protein kinase C gamma (PKCγ)-expressing interneurons
in the dorsal horn [8], which likely leads to the disinhibition of this neuronal population previously
implicated in neuropathic pain [7,17]. The efficacy of GABAergic and glycinergic inhibition
also critically depends on the maintenance of low intracellular Cl- levels within the postsynaptic
neuron [18,19], which in turn depends on the activity of the K-Cl co-transporter potassium-chloride
transporter member 5 (KCC2) [20–22]. Importantly, the expression of KCC2 in adult dorsal
horn neurons is significantly reduced by peripheral nerve injury leading to weaker GABAergic
inhibition, and in some cases the influence of GABA can switch to being excitatory in nature [23,24].
This injury-evoked shift mimics the situation during early development, where low levels of KCC2 in
the dorsal horn [25] lead to a reduced ability to extrude intracellular Cl- [26] and the occurrence of
depolarizing responses to GABA [27].

Mounting evidence suggests that while central sensitization occurs at all stages of postnatal
development as a consequence of injury, the underlying mechanisms may be at least partially
dependent on the age at which the injury occurs [28]. For example, peripheral inflammation or
surgical incision of the rodent hindpaw during the first days of life leads to a transient elevation in
glutamate release within the superficial dorsal horn (SDH) that is not observed following the same
injury at later ages [29]. This enhanced glutamate release includes a strengthening of high-threshold
(i.e., putative nociceptive) primary afferent synapses onto lamina II interneurons that requires nerve
growth factor (NGF) activation of tropomyosin receptor kinase A (trkA) receptors [30]. The short-term
potentiation in glutamatergic function is also activity-dependent, as it is prevented by blocking sciatic
nerve activity from the time of injury [31]. In contrast, inflammation during early life failed to
compromise synaptic inhibition within the immature dorsal horn [29,31], although Cl- homeostasis
was not specifically examined. Peripheral nerve damage also evokes distinct changes in the neonatal
versus adult dorsal horn, as no alterations in spontaneous excitatory or inhibitory signaling are seen
in the days following sciatic nerve damage at postnatal day (P) 10 [32]. This is interesting in light of
behavioral studies showing a delayed onset of neuropathic pain after peripheral nerve injury during
early life [33,34].

3. Neonatal Injury “Primes” Developing Nociceptive Circuits in the CNS

Tissue damage during a critical period of early life can evoke prolonged changes in nociceptive
processing and pain sensitivity. Quantitative sensory testing (QST) approaches have shown that
children with a prior stay in a neonatal intensive care unit (NICU) display greater pain sensitivity in
response to prolonged noxious stimulation compared to a control, non-hospitalized group, even a
decade later [35,36]. These persistent changes were more pronounced in patients that also required
neonatal surgery [37]. Nonetheless, the complex nature of the NICU experience makes it difficult to
conclusively attribute such long-term changes in pain processing to tissue damage per se, as these
infants also experience a high number of stressors [38] that can also modulate nociceptive processing in
the CNS. Therefore, it is important to note that preclinical investigations have produced qualitatively
similar results. Numerous studies have demonstrated that hindpaw injury during the neonatal period
leads to an exacerbated degree of pain hypersensitivity following repeat injury of the affected paw,
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an effect which persists throughout life [39–42]. This reflects, at least in part, a localized “priming”
of spinal nociceptive circuits following early trauma [43]. Consistent with a role for the spinal cord,
neonatal inflammation is sufficient to significantly alter the pattern of gene expression across the adult
dorsal horn, including genes that are known to be involved in synaptic transmission [44].

Recent work has explored the long-term effects of neonatal tissue damage on synaptic signaling
within the mature SDH. Hindpaw surgical incision at P3 led to a significant dampening of phasic
glycinergic transmission onto both GABAergic and presumed glutamatergic interneurons in lamina II
of the adult mouse SDH [45]. While this phasic (or “fast”) synaptic inhibition involves the activation
of GlyRs located at the synapse [46], the activation of extrasynaptic GlyRs by ambient levels of glycine
can evoke a strong tonic inhibition of neuronal excitability in the SDH [47]. Notably, P3 incision also
produced a long-lasting decrease in the density of tonic GlyR-mediated current within excitatory
lamina II interneurons of the adult spinal cord [45], which is predicted to enhance their firing (via a
process of disinhibition). Such deficits in inhibition could be exacerbated if the neonatal injury also
persistently reduces KCC2 expression in the dorsal horn, as seen acutely after adult peripheral nerve
injury [23,24], although this has yet to be directly investigated. Overall, these results suggest that
neonatal tissue injury alters the delicate balance between excitation and inhibition within the mature
SDH circuit towards excessive excitation, which in turn would predict an increased level of ascending
nociceptive transmission to the brain. However, given that lamina II consists entirely of propriospinal
or local circuit interneurons [48,49], the consequences of these changes in synaptic function for pain
perception will ultimately depend on the degree to which they influence synaptic signaling onto the
spinal projection neurons which convey noxious sensory information to the brain.

4. Neonatal Tissue Damage Shapes Synaptic Integration in Adult Spinal Projection Neurons

Primary afferent inputs to the SDH not only directly excite ascending lamina I projection
neurons [50,51] but also evoke polysynaptic inhibition of this same population, termed “feedforward”
inhibition [52,53], via their synapses onto inhibitory interneurons in the region. Importantly, surgical
injury during the neonatal period significantly weakens both GABAergic and glycinergic feedforward
inhibition onto adult spinal projection neurons [52]. This cannot be explained by a disruption
in the normal innervation of mature projection neurons by local inhibitory interneurons, as early
injury failed to alter the number of synaptic boutons expressing known markers of GABAergic and
glycinergic presynaptic terminals that were in apposition to adult projection neurons [52]. Instead,
the weaker feedforward inhibition could reflect an injury-evoked reduction in the intrinsic membrane
excitability of GABAergic interneurons in the mature SDH [54]. Meanwhile, the strength of the direct
(i.e., monosynaptic) primary afferent input to adult projection neurons was significantly enhanced by
hindpaw incision at P3 [52]. Therefore, early tissue damage significantly alters the balance of synaptic
excitation vs. inhibition onto the major output neurons of the spinal nociceptive circuit. This would
predict that adult projection neurons would fire more robustly in response to sensory input when
preceded by an injury during early life. Consistent with this prediction, adult spino-parabrachial (PB)
neurons exhibited a greater number of action potentials in response to primary afferent stimulation in
mice with neonatal surgical injury as compared to naïve littermate controls [52]. This demonstrates that
neonatal tissue damage persistently increases the signaling ”gain” of the mature SDH network, such
that peripheral nociceptive input is amplified to a greater degree within the spinal cord before being
transmitted to higher pain centers in the brain. Nonetheless, it should be noted that these prior studies
have exclusively focused on the lamina I projection neurons innervating the PB nucleus in the brain.
It will be important to also elucidate the long-term effects of early injury on synaptic integration within
other populations of spinal projection neurons, such as those targeting the periaqueductal gray (PAG)
or thalamus [1], as the electrophysiological properties of projection neurons can vary significantly
depending on their target in the brain [55–57].
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5. Long-Term Potentiation at Sensory Synapses onto Spinal Projection Neurons

Primary afferent synapses onto spinal projection neurons can be strengthened by repetitive
activation [51,55]. This synaptic long-term potentiation (LTP) represents a major mechanism by
which ascending nociceptive transmission to the brain can be amplified within the spinal dorsal
horn network (for review see [58]). Numerous lines of evidence point to the functional relevance
of spinal LTP for chronic pain. For example, LTP can be evoked by both electrical stimulation of
sensory inputs to the dorsal horn as well as peripheral tissue or nerve damage [59,60], and the
same electrical stimulation protocols that evoke LTP can produce hyperalgesia in rodents [61,62].
Furthermore, pharmacological agents that prevent the generation of spinal LTP also reduce behavioral
pain hypersensitivity after injury [58]. Critically, the administration of LTP induction protocols
involving high-frequency stimulation has been shown to increase pain sensitivity in humans [63–65].
Therefore, one potential mechanism by which neonatal injury could ”prime” mature nociceptive
circuits is by persistently facilitating LTP at sensory synapses onto lamina I projection neurons. This
could occur by enhancing the magnitude of LTP at these synapses and/or increasing the likelihood
that LTP occurs in response to a given sensory input by modulating the timing rules governing
activity-dependent synaptic plasticity within the mature dorsal horn.

It is now abundantly clear that the relative timing of presynaptic versus postsynaptic
activity profoundly influences synaptic strength in the CNS, a phenomenon referred to as
“spike timing-dependent plasticity” or ”STDP” [66,67]. While the precise temporal rules governing
STDP vary across different brain regions, the majority of studies report that presynaptic inputs
which precede postsynaptic action potential discharge by a brief interval (10–50 ms) undergo LTP
(termed “spike timing-dependent LTP” or ”t-LTP”), while those that follow postsynaptic firing undergo
long-term depression (LTD) [68]. This raises the possibility that neonatal tissue damage could facilitate
LTP at afferent synapses onto adult projection neurons by: (1) increasing the magnitude of synaptic
potentiation produced by highly correlated pre- and postsynaptic firing occurring within the optimum
timing window for t-LTP; and/or (2) widening the timing window during which the presynaptic and
postsynaptic firing must occur in order to evoke t-LTP.

6. Neonatal Injury Relaxes the Timing Rules Governing Spike Timing-Dependent LTP in Adult
Spinal Pain Circuits

To address this issue, a recent study [69] evoked action potential firing in lamina I projection
neurons at defined intervals either before (i.e., Post → Pre) or after (Pre → Post) the arrival of
a presynaptic input mediated by sensory afferents (with the pairing protocol repeated 30 times
at 0.2 Hz). The resultant change in synaptic strength was measured and compared between adult mice
that had experienced surgical injury as a neonate and naïve littermate controls. In projection neurons
from naïve mice, Pre → Post pairings at an interval between 10–20 ms produced significant t-LTP,
while the reverse (i.e., Post → Pre) pairings failed to change the amplitude of the synaptic response
(i.e., produced neither t-LTP nor t-LTD). Strikingly, hindpaw incision at P3 significantly widened
the timing window for evoking t-LTP (Figure 1), as a greater potentiation of excitatory postsynaptic
current (EPSC) amplitude was seen in projection neurons from these mice at Pre → Post intervals
of 20 and 50 ms compared to the naïve group [69]. In addition, reverse (i.e., Post → Pre) pairings
produced marked t-LTP in neonatally-injured mice, suggesting that early tissue damage removes
the temporal requirement for the sensory input to precede the firing of adult projection neurons.
Such a change is predicted to persistently increase the likelihood that LTP occurs at a given primary
afferent synapse, and thus elevate the overall number of synapses that are strengthened following
sensory input to the spinal cord. This could favor the excessive amplification of ascending nociceptive
transmission to the mature brain in response to subsequent injury and thereby exacerbate chronic pain.
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Figure 1. Early tissue damage widens the timing window for evoking spike timing-dependent
long-term potentiation (t-LTP) at sensory synapses onto adult spinal projection neurons. Left column

(Naïve): In naïve adult mice, highly correlated presynaptic (black) and postsynaptic (red) action
potential firing (i.e., occurring within a window of 10–20 ms; green box) led to a strengthening of
primary afferent synapses onto ascending lamina I projection neurons. This reflected an increase
in the probability of glutamate release from the presynaptic terminals of the sensory neurons, as
illustrated here by a larger size of the presynaptic terminals (black triangles in bottom panels).
Right column (Neonatal Incision): In adult mice subjected to neonatal surgical injury, the timing
window for generating t-LTP (green box) at afferent synapses onto spinal projection neurons
significantly widened, such that poorly correlated presynaptic and postsynaptic firing (at pairing
intervals ≥50 ms; middle panel) was still able to generate t-LTP. This enhanced propensity to
generate t-LTP likely results, at least in part, from an elevated expression of Ca2+-permeable
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors (AMPARs) (blue rectangles)
in mature projection neurons following early tissue damage, since blocking these glutamate
receptors prevented t-LTP in neonatally-injured mice but not naïve littermate controls [69]. NMDA:
N-methyl-D-aspartate.

Under normal conditions, the need for sequential Pre → Post activation to produce t-LTP
is thought to reflect the biophysical properties of the N-methyl-D-aspartate (NMDA) subtype of
glutamate receptor (NMDAR), which requires both glutamate binding and membrane depolarization
in order to be activated due to a voltage-dependent block of the channel by Mg2+ ions at resting
membrane potentials [70]. As a result, Pre → Post pairings produce greater Ca2+ influx through
the NMDAR [71] which is essential for producing t-LTP in many types of CNS neurons [72–74].
Interestingly, while the block of NMDARs abolishes t-LTP in adult spinal projection neurons from
naïve mice, it fails to do so in neonatally incised mice [69], suggesting a reduced dependence on
NMDAR activation in the aftermath of early life injury. Nonetheless, preventing an elevation in
intracellular Ca2+ within projection neurons prevented t-LTP in both the naïve and P3 incision groups,
demonstrating that postsynaptic Ca2+ remains a critical mediator of LTP regardless of the presence of
noxious sensory experience during the neonatal period. Collectively, these observations raised the
possibility that a supplemental source of postsynaptic Ca2+ influx is recruited following early tissue
injury, thus reducing the reliance on NMDAR activation in order to achieve the intracellular Ca2+

levels necessary to drive t-LTP at sensory synapses onto mature projection neurons [69].
Significant glutamate-evoked Ca2+ influx into neurons can also occur through a subset of

α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors (AMPAR) that lack the
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GluR2 subunit [75,76]. These Ca2+-permeable AMPARs are known to be expressed in the superficial
dorsal horn and can contribute to the generation of both spinal LTP [77] and chronic pain after
injury [78], thereby making them strong candidates to regulate synaptic plasticity within adult
spinal nociceptive circuits after early life injury. Indeed, neonatal surgical incision elevated
the relative expression of Ca2+ permeable AMPARs at sensory synapses onto mature lamina I
projection neurons [69]. Furthermore, while blocking Ca2+-permeable AMPARs had no effect on
timing-dependent LTP (t-LTP) in projection neurons from naïve mice, it completely suppressed t-LTP
at the same synapses in neonatally-injured mice [69]. Collectively, the results suggest that early tissue
damage unmasks a novel role of Ca2+-permeable AMPARs in the regulation of STDP at primary
afferent synapses onto ascending projection neurons in the adult spinal cord.

7. Future Directions

Despite recent progress towards elucidating the short- and long-term effects of neonatal tissue
injury on synaptic signaling within developing spinal nociceptive circuits, many important questions
remain unanswered. For example, how does early tissue damage alter the synaptic “microcircuits”
within the mature SDH? While prior work has demonstrated reduced feedforward synaptic inhibition
onto adult projection neurons after neonatal surgical injury, how this injury influences neurotransmitter
release from specific subpopulations of inhibitory dorsal horn interneurons (i.e., those expressing
parvalbumin, neuropeptide Y, galanin or nitric oxide synthase) remains unknown. In addition, since
immune cells play an important role in shaping synaptic development in the CNS [79] and early tissue
damage alters neuroimmune signaling in the mature spinal cord [43], it will be interesting to examine
the potential role of spinal microglia in orchestrating the short- and long-term alterations in synaptic
function within the SDH after neonatal injury. Microglia could also contribute to the changes in spike
timing-dependent plasticity within adult spinal projection neurons after early tissue damage, as they
are known to modulate other forms of LTP in the SDH [80].

The t-LTP characterized at primary afferent synapses onto ascending projection neurons appears
to involve the release of a retrograde messenger which enhances glutamate release from the sensory
neurons [69]. However, the identity of the retrograde signal, and whether neonatal injury alters this
signaling pathway, has yet to be investigated. Another intriguing question is whether early tissue
damage evokes a novel timing window at afferent synapses onto adult projection neurons, or whether
this more permissive environment for t-LTP normally exists during early life and the injury somehow
prevents a developmental sharpening (or “tuning”) of the timing window. Notably, the prolonged
changes in pain sensitivity [41,42] and synaptic plasticity [69] both require that the initial injury
occur during a critical period of early postnatal development, corresponding to the first postnatal
week in the rodent. However, the mechanisms which underlie the closure of this critical period are
currently a mystery. A better understanding of why tissue damage at later ages fails to evoke the
same permanent alterations in spinal nociceptive processing could yield valuable insight into novel
strategies to minimize the persistent effects of neonatal injuries on developing nociceptive pathways.
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Abstract: The most prevalent musculoskeletal disorder of childhood with unclear aetiology is
growing pains (GPs). Anatomic deformities and factors that change bone turnover are implicated
in GP pathophysiology. Perinatal risk factors alter the bone metabolism affecting the bone mineral
density and content. The aim of our study was to analyze the relationship between GPs, knock knees
and perinatal factors. The examined population consisted of 276 children aged 3–7 years. Among
them, ten pairs of dizygotic twins were evaluated. The data were collected by using a combination
of semi-structured questionnaires, clinical examinations and medical charts of the children and the
obstetric history of the mothers. A total of 78 children presenting GPs met Peterson’s criteria. Genu
valgum severity was a significant factor for GP manifestation and for their increased frequency and
intensity. Subsequently, perinatal factors regarding gestational age, Apgar score, head circumference
(lower than 33 cm) and birth length or weight (smaller than 50 cm and 3000 g, respectively) made a
remarkable contribution to the development of GPs. Conversely, antenatal corticosteroid treatment,
increased maternal age and maternal smoking during pregnancy were not predictive of the disorder.
Our data are potentially supportive for the “bone strength” theory and for the contribution of
anatomical disturbances in GP appearance.

Keywords: growing pains; genu valgum; perinatal factors; bone metabolism

1. Introduction

Growing pains (GPs) are the most common form of episodic musculoskeletal pains during
childhood. GPs mainly affect children between the ages of 3–12 years [1–4], but their highest frequency
is detected in the age-group of 4–6 years [3]. Although GPs were first described by the French
physician Duchamp in 1823 [5], their underlying pathophysiological mechanism still remains an
enigma. In order to explain their development, various theories have been supported. The first theory
was anatomical and centered on the observation that lower limb deformities (flat-feet or valgus knee)
induce the appearance of pains [6]. Despite the fact that this theory has been recently weakened, it is
still under investigation [2]. The second theory is the nocturnally accelerated bone theory [7] that
analyzes the association between increased growth spurts and the appearance of GPs. However, there
are no validated findings confirming that bone growth can be reason for pain [2]. Other theories
include the local overuse syndrome theory which remains untested [8], the non-inflammatory pain
syndrome theory [9], which is supported by reports for increased activity levels of children in more than
40% of the publications [2], and the hypothesis of early childhood’s pain amplification syndrome [10].
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Furthermore, a twin family survey [11] provided evidence that GPs appear to bear genetic susceptibility
and present genetic association with restless leg syndrome. However, as there is no reliable and valid
assessment tool testing hypermobility in children, the last hypothesis remains unproven [2]. Currently,
many studies focus on the correlation of growing pains with bone density [8] and with factors affecting
paediatric bone metabolism regarding serum levels of vitamin D or calcium [8] and omega-3 fatty
acid intake [12–16]. The bone strength theory, which is closely related to the non-inflammatory pain
syndrome theory, is based on the observation that the tibial bone density in children with GPs, as it
was measured by quantitative ultrasound, was significantly reduced compared to healthy children [8].
Furthermore, the serum levels of vitamin D3 in GPs patients were remarkably low [12,13,15,16].
Similarly, in the affected children, the bone mineral status of the phalanx was low and accompanied by
increased serum levels of parathyroid hormone (PTH), whereas the alkaline phosphatase levels were
normal [12]. However, the bone strength theory is still subject to further research.

It is recognized from animal-based and clinical studies that perinatal risk factors including
gestational age [17,18], birth length [18,19], birth weight [19,20] and maternal smoking or ethanol
consumption [21] as well as the antenatal use of corticosteroids [18,22–25], contribute towards
alterations in a newborn’s bone metabolism having a direct impact on the mineralization of osteoid
tissue during infancy. As the skeletal development is strongly related with bone changes during fetal
and newborn periods, evaluation of the factors influencing mineral metabolism during early childhood
can lead to useful conclusions about skeletal functionality in later life.

The aim of this study is to analyze the possible association between the development and intensity
of GPs with perinatal characteristics in children 3–7 years old. Moreover, this research examines the
possible interaction between the severity of valgus knee deformity and perinatal risk factors in the
development of GPs in children.

2. Materials and Methods

2.1. Study Design

This is a retrospective study that was conducted based on the combination of semi-structured
questionnaires (a mixture of open and closed questions), clinical examinations and clinical data
collected by the medical charts of the children and the obstetric history of the mothers. Particularly,
our methodological approach was as follows: First we selected and evaluated the GP cases based
on Peterson’s criteria and afterwards we reviewed the medical charts for children’s perinatal
characteristics. It took place from January 2014 to January 2015 during the children’s visits to the
paediatric department of the co-operated National Primary Care Trust. These visits took place for
routine check-ups and vaccinations. Overall, 276 children aged 3–7 years old, including ten pairs of
dizygotic twins, were examined on a daily basis. To determine the correct sample size for our survey,
Cochran’s formula was used: n = Z2pq/e2, where Z is the confidence level (1.96), p is the variability
(0.50), q (0.50) and e is the precision (7%). Our sample size was 30% larger than the minimum number
of participants (n = 196) required to ensure accurate results based on the above parameters. The sample
was also representative of sex, social economic status and geographical distribution, including children
from local urban, suburban and rural areas, as it was based on the social insurance of the participants.

The children’s parents or guardians were fully informed about the nature and the aim of the
study and written consent was obtained (reference number of National’s Primary Health Care Board
approval: 3305/01-6-2013). The study complies with the Helsinki Declaration of 1964.

2.2. Inclusion and Exclusion Criteria

The inclusion criteria of our research were based on Peterson’s [26] definition standards for GPs.
These are as follows: recurrent pains in both lower extremities, with duration of up to 72 h, usually in
the late afternoon or evening, with no arthritic localization or impaired joint mobility, in the absence
of rubor, oedema, sensitivity, lesions, infections or other disorders. Exclusion criteria were history of
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known bone disease or musculoskeletal disorders such as fractures or chronic inflammation, clinical
signs of articular disease including swelling, redness, reduced joint range, or trauma. Additionally,
children with bone metabolism diseases (i.e., chronic renal syndrome, osteogenesis imperfecta,
diastrophic dwarfism) or being under treatment with drugs that increase bone metabolism (i.e.,
glucocorticoids, anticonvulsants, antiretroviral therapy) were excluded from the study.

2.3. The Questionnaire

The questionnaire used included questions concerning the appearance of GPs during the year
before the children visit our department, their frequency, and information about their age, sex, ethnicity,
medical or orthopaedic history and medication. The questionnaire of the study was developed by
the validated survey of Evans and Scutter [27]. The Wong-Baker FACES Pain Rating Scale (FACES
scale) was used in order to assess pain intensity. The FACES scale is displayed on a horizontal line of
six hand-drawn faces that ranged from a smiling face on the left to a crying face on the right, being
scored from zero to ten respectively. We use this scale because its accuracy during the self-report pain
intensity in children [28] that develop GPs [12] is well documented.

The zygosity of the twin pairs was assessed after applying the 12-question formula concerning
the general similarity between twins, as it was introduced by Jackson et al. [29,30].

Finally, the height and weight of the children were measured and their body mass index (BMI)
was calculated. A BMI within the 5th and 95th sex-specific and age-specific percentiles using the
Center for Disease Control and Prevention (CDC) revised growth charts was considered normal.

2.4. Tibiofemoral Angle and Intermalleolar Distance

The tibiofemoral (TF) angle and the intermalleolar (IM) distance were measured with a clinical
method introduced by Cheng et al. [31] that was also used by our team as thoroughly described in
a previous study [32]. Specifically, the lower limbs were carefully positioned during the assessment.
The children were made to stand, ensuring full extension and neutral rotation at the hips and knees,
with the knees or ankles touching each other closely. The superior iliac spines, the region and the centre
of the knee and the midpoint of the ankle joint were marked with a dermographic pen. Subsequently,
the TF angle was measured very carefully in both legs. The valgus angle was measured with a positive
sign. The distance between the malleoli was measured in an upright position using a tape measure
and was also expressed with a positive sign. In assessing the IM distance, the knees were pressed
at the medial condyles of both limbs against each other. This was helpful in the measurement of
obese children with fat thighs [32]. The examination was performed by an experienced paediatric
orthopaedic surgeon.

2.5. Perinatal Factors

The perinatal characteristics were based on the medical charts of the children and the maternal
obstetrical history. Specifically, we retrieved information regarding gestational age, birth weight,
length, head circumference, Apgar score, maternal infection, mode of delivery and use of medication,
alcohol or smoking during pregnancy. Gestational age had been estimated from the first day of the last
menstrual period. Children with birth weight between the 10th and 90th percentiles for gestational
age were deemed appropriate for gestational age.

Furthermore, data were retrieved for the antenatal use of corticosteroids from the obstetrical files
concerning the gestational age at administration of corticosteroids and the number of corticosteroid
courses. A complete course of corticosteroid therapy was defined as at least one course of therapy 24 h
before delivery [33].

2.6. Statistical Analysis

The data were initially entered on a Microsoft Excel 2007 (Microsoft, Redmond, WA, USA)
spreadsheet and then analyzed statistically using SPSS version 21.0 (IBM Corporation, New York, NY,
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USA). Initially, the data were summarized using descriptive statistics (mean, standard deviation (SD)
and 95% confidence interval). Subsequently, the normality of the variables was studied using the
Kolmogorov-Smirnov and the Shapiro-Wilk tests. Additionally, Levene’s test was used to assess the
equality of variances. Where the distribution of variables was normal, the Student’s t-test was used,
whereas in cases of divergence in the distribution of a variable, we proceeded with the Mann-Whitney
U-test. The contribution of the independent variables to the development of GPs was also studied
using logistic regression analysis. Due to the limited number of dizygotic twins, the non-parametric
Wilcoxon signed-rank test was used. Pearson chi-square test was also used. The level of statistical
significance was set to 5% (p = 0.05).

3. Results

3.1. Growing Pains and Demographic Characteristics

A total of 261 Caucasian children (124 boys and 137 girls) were eligible for inclusion in the study,
whereas 15 children were excluded. There were 78 children (49 boys and 29 girls) who met the criteria
of Peterson [25] for GPs (prevalence = 29.9%). The children’s demographics are shown in Table 1.

Table 1. Demographic characteristics of the study population.

Total Sample (n = 261)
With Growing Pains

(n = 78)
Without Growing

Pains (n = 183)
Dizygotic Twins

(n = 20)

Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD

Age (years) 5.07 3.00 7.50 1.22 5.15 3.00 7.00 1.21 5.04 3.00 7.50 1.22 4.95 3.00 7.00 1.10
Weight (kg) 21.2 13.0 50.0 5.42 22.1 13.5 50.0 6.59 20.9 13.0 38.5 4.81 19.5 13.5 30.0 4.35
Height (cm) 114 91.0 139 9.58 115 97.5 139 9.58 113 91.0 134 9.50 111 97.5 127 7.62

BMI (kg/m2) 16.2 11.4 27.9 3.53 16.2 11.4 27.9 2.64 10.2 11.4 22.7 1.97 15.7 12.5 19.6 1.83

SD: standard deviation.

3.2. GPs and Tibiofemoral Angle/Intermalleolar Distance

The mean values, SDs, Min/Max and confidence interval for the anatomic femoral-tibial angles
and for the IM distance in both groups are presented in Table 2. Increased degree of genu valgum was
positively correlated with the development of GPs in children (Table 2). Specifically, TF angle and IM
distance are statistically associated with the appearance of GPs (p < 0.01 and p < 0.01, respectively).

3.3. GPs and Perinatal Factors

Statistical analysis revealed that perinatal risk factors are positively correlated with the
development of GPs during childhood. In particular, a short gestation period (p < 0.01), low Apgar
score (p < 0.02)and small birth length (p < 0.01), or birth weight (p < 0.01) and head circumference
(p < 0.01) (Table 2) increase the risk of GPs. Interestingly, the risk of GP development increased when
the birth weight of the child was lower than 3000 g. According to the study’s data (Table 3) 36 out
of 187 (19.3%) children suffering from GPs weighed over 3000 g at birth, while 42 out of 74 (56.8%)
weighed less than 3000 g (p < 0.01). Similarly (Table 3), the birth head circumference in 53 out of 219
(24.2%) children suffering from GPs was greater than 33 cm while in 25 out of 42 (59.5%) was less
than 33 cm (p < 0.01). On the contrary, maternal age (p = 0.91), maternal smoking during pregnancy
(p = 0.05) and the antenatal use of corticosteroids (p = 0.57) does not seem to be implicated in the
development of GPs (Tables 2 and 3).

Conclusively, the logistic regression analysis confirms that male sex, children’s increased age,
severity of genu valgum and gestational age of the affected children are statistically correlated with
the appearance of GPs (Table 4). On the contrary, low Apgar score, increased maternal age and smoke
exposure are not statistically related with GP development.
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Table 3. Growing pains and their association with perinatal factors.

Variable Present Pains (n = 78) Do Not Present Pains (n = 183) Total (n = 261) p Value

Birth weight

<3000 g n = 42 (56.8%) n = 32 (43.2%) n = 74 <0.01

>3000 g n = 36 (19.3%) n = 151 (80.7%) n = 187

Head circumference

<33 cm n = 25 (59.5%) n = 17 (40.5%) n = 42 <0.01

>33 cm n = 53 (24.2%) n = 166 (75.8%) n = 219

Maternal smoking

Non-smokers n = 63 (27.8%) n = 164 (72.2%) n = 227 0.05

Smokers n = 15 (44.1%) n = 19 (55.9%) n = 34

Table 4. Results of statistically significant factors for the development of growing pains derived after
logistic regression analysis.

Risk Factors B SE Wald
95% CI

p Value
Lower Upper

Sex −0.86 0.37 5.33 0.21 0.88 0.02
Children’s age (years) 0.31 0.15 4.21 1.02 1.84 0.04

IM distance (cm) 0.99 0.15 45.5 2.02 3.61 <0.01
Gestational age (weeks) 1.95 0.50 15.3 0.71 1.26 <0.01

Apgar score −0.33 0.22 2.14 0.46 1.12 0.14
Maternal age (years) −0.02 0.04 0.29 0.91 1.06 0.54

Smoking 0.33 0.56 0.34 0.46 4.18 0.56

SE: standard error, Wald: Wald chi-square test.

3.4. Types, Frequency and Intensity of GPs

We also studied the impact of genu valgum severity and perinatal risk factors on the form and
frequency of GPs. As shown in Table 4, IM distance and maternal age are not statistically associated
with the type of GP (Table 5).

Table 5. Comparison of growing pains intensity with the perinatal factors’ characteristics and
knock-knee severity of the affected children.

Type of Pain Mean SD SE t p Value

Nocturnal waking (n = 42)

IM distance (cm) 3.43 1.36 0.21 −0.43 0.67
Birth length (cm) 48.5 2.81 0.43 3.47 <0.01

Head circumference (cm) 33.4 1.89 0.29 3.35 <0.01
Maternal age (years) 31.6 3.75 0.58 −1.47 0.15

Crying (n = 36)

IM distance (cm) 3.47 1.43 0.24 −0.63 0.53
Birth length (cm) 48.6 3.05 0.51 2.37 0.02

Head circumference (cm) 33.4 1.91 0.32 2.93 0.02
Maternal age (years) 31.7 3.74 0.62 −1.52 0.14

Pains in both legs (n = 51)

IM distance (cm) 3.32 1.45 0.20 0.38 0.71
Birth length (cm) 48.6 2.57 0.36 4.47 <0.01

Head circumference (cm) 33.4 1.57 0.22 5.30 <0.01
Maternal age (years) 31.7 4.67 0.65 −2.46 0.01
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On the contrary, the perinatal characteristics including small birth length, head circumference and
weight are strongly correlated with GPs (Tables 4 and 5). In particular, birth length smaller than 50 cm,
birth weight lower than 3000 g and head circumference less than 33 cm are statistically correlated with
nocturnal waking, crying and pains in both legs (Table 6).

Table 6. Statistical analysis for the relationship between types of growing pains, perinatal factors and
use of corticosteroids.

Type of
Pain

Birth Length
p

Value
Birth Weight

p
Value

Head
Circumference

p
Value

Use of
Corticosteroids

p
Value

Total

<50 cm >50 cm <3000 g >3000 g <33 cm >33 cm Yes No

Nocturnal
waking

n = 32
(76.2%)

n = 10
(23.8%) 0.05 n = 31

(73.8%)
n = 11

(26.2%) <0.01 n = 22
(52.4%)

n = 20
(47.6%) <0.01 n = 27

(64.3%)
n = 15
(35.7%) <0.01 n = 42

Crying n = 26
(72.2%)

n = 10
(27.8%) 0.47 n = 28

(77.8%)
n = 8

(22.2%) <0.01 n = 19
(52.8%)

n = 17
(47.2%) <0.01 n = 21

(58.3%)
n = 15
(41.7%) <0.01 n = 36

Pains in
both legs

n = 40
(78.4%)

n = 11
(21.6%) <0.01 n = 34

(66.7%)
n = 17

(33.3%) <0.01 n = 23
(45.1%)

n = 28
(54.9%) <0.01 n = 28

(54.9%)
n = 23
(45.1%) <0.01 n = 51

Furthermore, the weekly appearance of GPs (Tables 6 and 7) is statistically linked with reduced
head circumference (p < 0.01) and birth weight (p < 0.01), though it is not associated with IM distance
(p = 0.86), birth length (p = 0.19) or maternal age (p = 0.45). We must underline that although the
antenatal administration of corticosteroids was not a contributing factor to the development of GPs,
the frequency and the intensity of GPs were elevated in the children who had been exposed to
dexamethasone (Tables 6 and 8).

Table 7. Comparison of the frequency of growing pains appearance with perinatal factors’
characteristics and knock-knee severity of the affected children.

Frequency of Pain Mean SD SE Min Max F Value p Value

Weekly (n = 19)

IM distance (cm) 3.37 1.55 0.36 0.00 5.50 0.25 0.86
Birth length (cm) 48.7 2.31 0.53 45.0 53.0 1.63 0.19

Head circumference (cm) 33.5 1.75 0.40 31.0 37.0 5.22 <0.01
Maternal age (years) 31.8 3.49 0.80 27.0 37.0 0.90 0.45

Monthly (n = 33)

IM distance (cm) 3.33 1.27 0.22 1.00 6.00
Birth length (cm) 49.1 3.05 0.53 40.0 54.0

Head circumference (cm) 33.5 1.74 0.30 28.0 37.0
Maternal age (years) 31.3 4.38 0.76 23.0 39.0

Every three months (n = 19)

IM distance (cm) 3.26 1.48 0.34 0.00 6.00
Birth length (cm) 50.2 1.56 0.36 48.0 53.0

Head circumference (cm) 35.0 0.97 0.22 33.5 37.5
Maternal age (years) 30.1 4.99 1.15 21.0 40.0

Every six months (n = 7)

IM distance (cm) 3.79 1.38 0.52 2.00 6.00
Birth length (cm) 50.3 1.05 0.40 49.3 52.0

Head circumference (cm) 34.7 0.76 0.30 33.5 35.8
Maternal age (years) 29.1 5.43 2.05 24.0 40.0

Pain intensity was examined using the FACES scale (Table 9). The statistical analysis revealed
a correlation between GP severity and gestational age (p < 0.01), birth length (p < 0.01), birth weight
(p < 0.01) and head circumference (p < 0.01).
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Table 8. Association between the frequency of growing pains, birth weight and perinatal corticosteroid
administration.

Frequency
of Pain

Birth Weight p Value Administration of Corticosteroids p Value
Total

<3000 g >3000 g <0.01
With

Corticosteroids
Without

Corticosteroids
<0.01

Weekly n = 14
(73.7%)

n = 5
(26.3%)

n = 10
(52.6%)

n = 9
(47.4%) n = 19

Monthly n = 21
(63.6%)

n = 12
(36.4%)

n = 17
(51.5%)

n = 16
(48.5%) n = 33

Every three
months

n = 4
(21.1%)

n = 12
(78.9%)

n = 6
(31.6%)

n = 13
(68.4%) n = 19

Every six
months

n = 3
(42.9%)

n = 4
(57.1%)

n = 0
(0%)

n = 7
(100%) n = 7

Table 9. Results derived after the Spearman correlation test examined the association between the
FACES scale and the risk factors for the development of growing pains.

Risk Factors
FACES Scale

n Correlation Coefficient p Value

TF angle (degrees) 78 0.07 0.52
IM distance (cm) 78 0.11 0.35

Gestational age (weeks) 78 −0.32 0.01
Administration of corticosteroids (doses) 33 0.32 0.07

Apgar score 78 0.03 0.78
Birth length (cm) 78 −0.48 <0.01
Birth weight (g) 78 −0.49 <0.01

Head circumference (cm) 78 −0.43 <0.01
Maternal age (years) 78 0.03 0.78

3.5. GPs in Dizygotic Twins

In our study, ten pairs of dizygotic twins were included and all of the above-mentioned variables
were examined. Under the assumption that twin pairs share, to a significant extent, environmental
and genetic influences, we aim to test if anatomic differences are related with the appearance of GPs.
Interestingly, the appearance of GPs in the twins was not affected by the anthropometric characteristics
including current weight, height or BMI nor the perinatal factors (Table 10). Contrariwise, elevated TF
angle and IM distance (Table 10) are positively associated with the appearance of GPs (p = 0.02 and
p = 0.02, respectively).

Table 10. Statistical analysis of the dizygotic twins’ clinical characteristics.

Clinical Characteristics
Present Growing Pains (n = 9)

Do Not Present Growing
Pains (n = 11)

Statistical
Significance

Mean Min Max SD Mean Min Max SD Z p Value

Current weight (kg) 19.0 13.5 30.0 5.46 19.9 14.0 26.0 3.42 −0.10 0.92
Current height (cm) 109 97.5 127 9.05 112 102 123 6.17 −1.66 0.10

Current BMI (kg/m2) 15.8 12.5 19.6 2.30 15.6 12.5 17.2 1.45 −0.66 0.51
TF angle (degrees) 6.22 3.00 8.00 1.48 2.91 1.00 4.00 1.04 −2.33 0.02
IM distance (cm) 3.89 2.50 5.50 0.96 1.36 0.00 3.00 0.92 −2.41 0.02
Birth length (cm) 47.5 42.0 52.0 2.89 49.1 45.0 51.0 2.23 −1.07 0.28
Birth weight (g) 2444 1600 2910 417 2786 1650 3260 471 −1.23 0.22

Head circumference (cm) 33.7 31.5 37.5 1.79 33.7 31.4 36.5 1.57 −0.60 0.57
Apgar score 7.89 6.00 10.0 1.62 7.91 6.00 9.00 1.14 −0.14 0.89
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4. Discussion

The most common cause of musculoskeletal pain during childhood are GPs, which remain largely
inexplicable. Despite the fact that GPs are widely considered a benign syndrome and their resolution
occurs during late childhood, they may have deleterious effects leading many researchers to explore
their underlying pathophysiological mechanism. To the best of our knowledge, this is the first study
that investigates the association of children’s perinatal characteristics with the appearance of GPs and
examines the correlation of genu valgum severity using clinical methodology, with the frequency and
intensity of GPs. However, our research has a number of limitations. First, it is retrospective and the
data rely on the information accuracy of the interviewed children or parents. Moreover, inherited
design limitations appear in retrospective studies such as inability to collect missing or unreported
data, parental difficulties in recalling information and the studies not being blind. However, they
allow accumulation of data for a significant number of patients, thus minimizing possible errors.
Secondly, the evaluation of valgus deformity was performed by a clinical method which raises concerns
about its reliability and reproducibility. However, the clinical method of measuring the knee angle
is validated [31], widely accepted, easily reproducible and is inexpensive and radiation-free [34].
Moreover, it was performed by an experienced paediatric orthopaedic surgeon using fixed bony points
to calculate the TF angle and the IM distance. Additionally, the palpation of bony landmarks is practical
and easy, diminishing the possibility of an erroneous measurement even in obese children [34]. Third,
the results are not accompanied by supportive analysis of biological data. Finally, the small number of
dizygotic twins did not allow us to draw definite conclusions.

In the present study, GP prevalence is high, corresponding to 29.88% of children aged 3–7 years.
The reported prevalence differs between various surveys. Evans et al. estimated that the frequency of
GPs was 36.9% in children 4–6 years of age [3]. In a Mediterranean population of children 3–12 years old
the frequency of the disorder was 24.5% [4], while Oster found that 15% of school children have
occasional limb pain [35]. In a very large British cohort study, but without applying Peterson’s criteria
for GP assessment, the referred prevalence was 21.4% [14]. Overall, their prevalence varies from
2.6% to 49.4% [36]. Differences not only in sample size or age range and definition criteria but also in
ethnicity features may explain this discordance.

Anatomical or mechanical factors were always considered in the research of GPs [2,35]. In our
study, the severity of genu valgum (increased IM distance and TF angle) was statistically associated
with the development of GPs in children, though it was not correlated with their frequency or
intensity. Additionally, increased IM distance and TF angle were strongly related with GPs in dizygotic
twins. As we assume that dizygotic twins stem from the same gene pool and are exposed to similar
environmental factors [37], the knee deformity may have a critical contribution in the appearance of
the pains. This finding is in agreement with Brenning’s observation that anatomical deformities which
cause mechanical instability of the lower limbs including scoliosis, pes planus or genu valgum are
closely related with GPs [38]. This is also supported by the study of Evans [6] where the correction of
the lower extremity malalignment with shoe inserts reduces the frequency and the severity of GPs.
Furthermore, the application of customized foot orthoses that control overpronation and decrease
the secondary genu valgum of the knee joint in children with overpronated feet led to significant
improvement in pain degree and frequency after 1 and 3 months [39]. On the contrary, in the study
of Evans and Scatter, although the navicular height was weakly correlated with foot functional
indexes, the overall foot posture examination measurements did not reveal any statistical significance
with GPs [40].

Perinatal risk factors were closely related not only with the appearance of GPs but also with their
frequency and magnitude. Specifically, the risk of GP appearance was statistically increased when
the birth weight of the child was lower than 3000 g. Additionally, the possibility of GP development
was increased in children with birth head circumference smaller than 33 cm. In children that present
GPs, the possibilities of nocturnal waking or crying and suffering from pain in both legs was also
increased in the aforementioned groups. Several studies have shown that whole-body bone mineral
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content (BMC) correlates with gestational age, body length and body weight. Moreover, growth of
head circumference in infants was found to be synchronized with long bone growth and integrity [41].
Research data suggest that there was a decrease in bone mineral density (BMD) in animals with
intrauterine growth restriction [42]. These animals also had reduced serum concentrations of vitamin D
during their first 20 weeks of life which is in line with the observations of Monangi et al. [43], whereby
the odds of low serum concentrations of vitamin D was increased 2.6-fold in infants born less than
28 weeks postmenstrual age. Newborns with low birth weight also had lower BMC [44]. Similarly,
postnatal measurements with quantitative ultrasound confirm that the values of tibial speed of sound
are affected by a short gestation period [45]. This is consistent with the results of Kurl et al. [17]
which demonstrated that remarkably lower BMC and BMD were detected in preterm infants than
the term group. It is noteworthy that adolescents with idiopathic short stature had a reduction in
their BMD [46]. Wang et al. reported that very low birth weight infants had reduced bone mass
at ages 5 to 10 years, even after adjustment for height, lean mass, or bone area [47], whereas in the
same study, short gestation period was correlated with unfavorable skeletal health among prepubertal
boys [47]. Predicated on the concept that vitamin D deficiency [12–16] and BMD [8] are key factors for
the development of GPs, further research may reveal if the implication of perinatal risk factors in the
bone metabolism process results in the onset of the disorder.

Contrariwise, antenatal corticosteroid treatment, increased maternal age and maternal smoking
during pregnancy were not predictive of GPs. Despite the fact that antenatal administration of
corticosteroids was not a contributing factor to the development of GPs, the frequency and the
intensity of GPs were elevated in the children who had been exposed to dexamethasone. In children
that present GPs, the use of corticosteroids was closely related with nocturnal waking or crying
and suffering from pain in both legs. Furthermore, our data indicates that in these children the
frequency of GP episodes was as high as once per week. Although corticosteroids are implicated
in bone metabolism, many studies have failed to show distinct differences in BMC values between
dexamethasone infants and controls [18,48,49]. Furthermore, Korakaki et al. reported that bone
formation serum marker concentration was unaffected or slightly reduced at birth in neonates of
mothers treated with corticosteroids compared to control subjects, while the bone resorption markers
did not differ among the two groups [24]. Furthermore, the bone collagen markers in the newborns
exposed to dexamethasone were restored during the first ten days of life [24]. Based on the above
findings, we can hypothesize that the antenatal administration of corticosteroids does not affect the
onset of GPs due to the minor impact of dexamethasone on bone turnover in infants.

5. Conclusions

The findings of the present study demonstrate that perinatal risk factors can be predictive of
the development of growing pains. The close association of gestational age, head circumference and
birth length or weight with bone turnover could support the bone strength theory for this disorder,
indicating to clinicians a detailed bone monitoring of this subgroup. Furthermore, our results also
support the anatomical theory as the degree of genu valgum has a significant effect on the development
of GPs, leading to the notion that an orthotic correction of severe valgus deformity may be an efficient
intervention for the prevention or the treatment of this condition.
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Abstract: Pediatric chronic pain is a significant problem associated with substantial functional
impairment. A variety of risk factors have been found to be associated with chronic pain in youth.
The greatest amount of evidence appears to support that temperament, anxiety, depression, subjective
experience of stress, passive coping strategies, sleep problems, other somatic-related problems, and
parent and/or family factors are important variables. However, a great deal of this research focuses
on a single risk factor or on multiple risk factors in isolation. Much of the literature utilizes older
diagnostic criteria and would benefit from replication, larger sample sizes, and comparison across
pain disorders. Problems also exist with disagreement across definitions, resulting in inconsistency
or unclear use of terms. Furthermore, recent consideration has suggested that outcome measures
should include functional disability in addition to pain. A second generation of research is needed to
shed light on the complex interactions that likely play a role in the transition from acute to chronic
pain. Building on recent calls for changes in research in this area, we propose the next steps for this
research, which involve consideration of both biopsychosocial and developmental contexts.

Keywords: chronic pain; pediatrics; risk factors; family factors; peer factors; biopsychosocial;
development

1. Introduction

Chronic pain is a significant problem among children and adolescents and is associated with
significant functional disability and other poor outcomes, including problems with school attendance
and performance, difficulties with peer relationships, disruptions in family life, appetite, sleep, and
participation in enjoyable activities [1–3]. Children and adolescents with chronic pain also report
frequent use of medications, placing the child at risk for future overuse [2]. Although prevalence
estimates fluctuate drastically across studies, geographic location, and medical diagnoses, chronic and
recurrent pain is thought to be very common in youth [4]. For example, one large-scale international
study demonstrated prevalence of headache as 54.1%, stomachache as 49.8%, and backache as 37% [5].

The impact of chronic pain extends beyond the individual as well. Families of children with
chronic pain frequently seek professional medical or mental health services [2], which are likely to
be very expensive for the family and the healthcare system. With a stronger understanding of the
mechanisms that contribute to the development of chronic pain from acute pain, the possibility of
developing successful treatment methods could contribute to a reduction in the attendant psychological,
social, learning-related, developmental, and monetary costs.

Although there have been many studies of specific risk factors that may contribute to chronic pain,
the mechanisms that lead to a progression from acute pain to chronic pain are not well understood.
A more nuanced understanding of the complex interactions among a variety of factors has the potential
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for providing valuable information about the development and maintenance of these conditions,
as well as for developing more effective treatments for children in this situation. The focus of this
narrative review is on risk factors associated with the most common chronic pain diagnoses seen in
pediatric practice.

2. Methods

Articles for consideration in this narrative review were identified through a computerized search
of electronic databases primarily including PsycINFO, PubMed, and Google Scholar. The search
requested all citations that included either a specific chronic pain diagnosis (e.g., complex regional pain
syndrome, chronic migraine) or the term “chronic pain” as one identifier and “pediatric,” “children,”
“adolescent,” “youth,” “risk factor,” or “predictor” as a second identifier. Diagnoses where pain is the
secondary issue (e.g., cancer, cerebral palsy) were not included. Given the broader search capacity of
Google Scholar, the first five to ten pages of results (the equivalent of 50–100 articles) were manually
scanned for relevant material for each specific search. The search was narrowed to include papers only
published within the past 15 years where possible, unless recent research was sparse and/or seminal
articles had been published prior to the year 2000.

The literature search yielded a preliminary database of approximately 13,184 published articles.
Abstracts were manually scanned for relevance to the review. Approximately 234 articles were obtained
for consideration. Articles were then reviewed for inclusion in the review, from which 135 were selected
for inclusion in this review.

3. Current Status of the Literature on Risk Factors for Pediatric Chronic Pain

The extant literature on pediatric chronic pain has identified a variety of potential risk factors,
including demographic factors such as age and sex, factors related to the individual such as coping
style, and familial or environmental factors. These studies represent an excellent first generation of
research that has helped to identify potential risk factors for further study. Interestingly, many of the
risk factors identified were predicted in an early survey study comparing children with recurrent
abdominal pain to children without these symptoms from the 1950s, including family history of
pain, temperament, and anxiety symptoms, as well as higher incidence in females and onset during
adolescence [6]. However, it is important to move forward to a next stage of research to better
understand the role of these factors in the mechanisms that lead acute pain to become chronic, as well
as contribute to the maintenance of chronic pain.

The literature at present has often focused on one medical chronic pain diagnosis at a time,
which is useful in the understanding of that particular disorder but is difficult to generalize to
chronic pain diagnoses in general. In addition, issues with diagnostic criteria have been raised
with the implementation of the fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM) [7]. Many of the studies also have small sample sizes (e.g., often ranging from
15–35 participants), inconsistent definitions or use of unclear terms (e.g., variation across studies in
terms of the definition of headache), and static forms of measurement (e.g., self-report questionnaire).
Few studies examine the longitudinal impact. In addition, studies often focus on a single risk factor
or explore multiple risk factors in isolation. This type of research design, while necessary for the
original identification of these risk factors, cannot provide information about causality or the complex
interactions among variables that may explain a larger portion of the variance in chronic pain.

This article first provides an overview of the current state of this ”first generation” of research,
which can serve as a starting point for consideration of potential variables to be included in more
complex models. In line with this idea, we next identify studies that embody the second generation
of research, and then propose next steps to continue in this direction (see Figure 1). These next steps
consider the development of chronic pain from acute pain, taking into account: (1) developmental
stages; (2) family and peer factors; (3) physiological components; and (4) will integrate the interplay of
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multiple risk factors. It is proposed that functioning represents as much importance in outcome as the
presence of pain.

Figure 1. Incorporation of biopsychosocial factors into a developmental framework. RSA: respiratory
sinus arrhythmia.

3.1. A Review of Risk Factors

A large number of risk factors of pediatric pain have been studied, and this literature spans a
variety of categories. Many studies have focused on within-person factors, that is, factors specific to
the child himself or herself, such as temperament and coping style. Between-person factors, such as
parent psychopathology and social functioning, are considered. Demographic factors are also included,
such as sex, age, and ethnicity.

3.2. Within-Person Factors

3.2.1. Demographic Factors

Briefly, several demographic factors are considered in relation to pediatric chronic pain, including
age, sex, and ethnicity.

Increased age (typically early adolescence rather than early childhood) is associated with various
pediatric chronic pain disorders, including low back pain [8] and musculoskeletal pain [9]. That is,
chronic pain appears to most often occur in adolescence rather than earlier in childhood. However,
recurrent abdominal pain appears to peak below 5 years of age and again between ages 8–10 years [10].
This particular finding speaks to the potential relationship between pain and developmental stage,
which will be discussed later in this article.

The literature suggests that female youth report more severe headache and back pain [11–14],
chronic musculoskeletal pain [9], temporomandibular pain disorders [15], and recurrent or functional
abdominal pain than male youth [16]. However, some studies have found only minimal support for
this relationship, demonstrating small effect sizes for duration and intensity of pain for girls versus
boys [17].

A sex by age relationship has been observed in children and adolescents with chronic migraine.
Based on the extant literature, chronic migraines appear to be more common in boys than girls prior to
puberty [18]. Thus, onset of migraines in boys is likely earlier than for girls. This estimate changes by
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the onset of puberty, and the prevalence of chronic migraines in girls is estimated to double that of
boys at that stage [18].

Race and ethnicity have rarely been the sole focus of research on pediatric chronic pain disorders,
although it is well studied in adults. Briefly, studies have found the following: (1) participants
of European descent were more likely to have juvenile idiopathic arthritis than children of other
descent [19]; (2) American Indian adolescents had the highest rate of recurrent headaches followed by
white adolescents [20], and Asian and Pacific Island adolescents were the least likely to experience
recurrent headaches [20]; (3) African American youths were more likely to experience a variety of pains
related to temporomandibular joint disorders than their Caucasian counterparts [21]; (4) Hispanic
ethnicity was associated with higher widespread pain scores in children with acute pain, presurgical,
and chronic pain [22]; and (5) Jewish children experienced significantly more headaches than Arab
children in a sample from Northern Israel [23]. Other groups have found no significant differences
among ethnic groups in samples of children with a variety of chronic pain diagnoses [24,25]. In addition,
ethnicity did not emerge as a risk factor for disability in a study of children with chronic back pain [26].

In sum, demographic factors including age, sex, and ethnicity evidence some support of potential
risk factors for pediatric chronic pain. These variables warrant continued research in their potential as
risk factors for youth. Studies that assess demographic factors in combination with other identified
variables are important for improving our understanding of risk pathways.

3.2.2. Temperament

Broadly defined temperamental factors have been cited in the literature as potential risk
factors [27]. For example, infants who were more active and struggled to develop important routines
were more likely to develop recurrent abdominal pain later in childhood [28]. Children with recurrent
abdominal pain were more “temperamentally difficult” than those without pain, such that girls had
more of an irregular temperament style and boys were more likely to withdraw in novel situations [29].

In a study of children with juvenile primary fibromyalgia syndrome, temperament was described
as a combination between mood, daily habits, and attentional abilities [30]. The study demonstrated
that these children displayed lower mood, irregularity of daily habits, lower task orientation, and
higher distractibility than a comparison group (participants had arthritis) as well as a control group [30].
Thus, a difficult temperament may represent a mechanism by which acute pain becomes chronic and/or
plays a role in maintenance of impairing pain. Temperament may also influence what eventually
becomes a child’s coping style [31], which could have important implications for the way a child
responds to prolonged experience with pain. While temperament itself is not modifiable by definition,
if high-risk temperamental styles are identified early on in children with pain, the first targets of
intervention could focus on the development of adaptive coping strategies before pain becomes chronic.
However, other factors, outlined below, may represent more promising avenues for prevention and
early intervention efforts.

3.2.3. Psychological Disorders

Chronic pain has been found to be associated with a variety of psychological issues, including
anxiety, depression, anger, conduct problems, and mental health issues in general.

Anxiety. Anxiety has been frequently studied as a risk factor for numerous chronic pain disorders.
While the issue of causality is often cited as a problem with this area of research, a recent study
demonstrated a strong temporal association, with anxiety disorders preceding reports of chronic
back/neck pain, headaches, and “any chronic pain” [32]. However, another study of predictive factors
for recurrent abdominal pain in children specifically did not find such a temporal relationships [33].

Cross-sectional studies do appear to show a somewhat consistent relationship between anxiety
and chronic pain. Anxiety has been significantly associated with general musculoskeletal pain for
girls [34], migraine with aura [35], and recurrent abdominal pain [36,37]. A recent study supported this
finding in a general chronic pain sample and demonstrated that youth with abdominal pain reported
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higher overall anxiety as well as more panic-somatic symptoms relative to other pain groups [38].
Other studies demonstrate no relationship between anxiety and pain, including studies of juvenile
idiopathic arthritis [39] and headache or abdominal pain [40].

Sensitivity to anxiety has also been posited as a factor that contributes to the maintenance of
postsurgical pain in children and adolescents [41]. Anxiety sensitivity is defined in terms of the degree
to which an individual interprets or predicts anxiety symptoms as being related to significantly harmful
somatic, psychological, and/or social outcomes [41], and was the only predictor of maintenance of or
recovery from moderate/severe chronic postsurgical pain 12 months after the surgery [41]. Anxiety,
when it becomes impairing, could be considered a maladaptive response to pain, if that is indeed the
order of occurrence. Longitudinal studies could lend predictive power to the current understanding of
the chronicity of pain and the role of anxiety.

Depression. Depression is strongly related to anxiety [42] and is worth examination in relation
to chronic pain in its own right. Depression appears to be an important factor in pediatric chronic
pain disorders. As with anxiety, the question of whether we can infer causality between depression
and pain is often cited. However, a temporal relationship was found between preceding depression
diagnoses and headaches or “any chronic pain” [32]. Another study explored childhood predictors
of abdominal pain in adolescents over the course of 13 years at six different time points and found
that the presence of depressive symptoms in childhood (at age 12) predicted recurrent abdominal
pain two years later [16]. This finding suggests that depression may play a role in the transition from
acute to chronic pain. Cross-sectional studies have also demonstrated associations between depression
and irritable bowel syndrome [43], as well as with chronic daily headache when compared to control
samples [35].

Two studies used nationally representative community samples to understand the connection
between chronic pain and psychopathology in youth who are not receiving treatment for chronic
pain. First, an association was found between musculoskeletal pains and depression in both boys
and girls [34]. A second study found that 16% of all adolescents are at risk for developing depression,
but this risk increases to 45% when adolescents have daily pain [44]. Studies with larger sample sizes
in pediatric clinical populations are needed to further our understanding of the interplay between
depression, anxiety, and pain.

Other disorders and mood problems. A small body of literature emphasizes a connection between
trauma and chronic pain, primarily focusing on abuse (physical or sexual) or injury (e.g., sports injury,
accident) [45]. These studies suggest that early posttraumatic stress disorder (PTSD) or trauma-related
symptoms predict later functional impairment and pain [45]. However, more research is needed to
understand the connection between trauma and pain in the pediatric population.

Other studies have highlighted issues related to anger [46], oppositional defiant disorder and
attention-deficit hyperactivity disorder [34], conduct problems, [47] and a broader “psychopathology”
variable [11,48–50]. Furthermore, “negative emotions” have been identified as a risk factor of moderate
quality for headache in youth [13]. Broad terms such as “psychopathology” and “negative emotions”
are likely too vague and difficult to replicate, and they may not be particularly useful in a clinical
setting. Longitudinal studies will be particularly useful in guiding our understanding of the role of
psychological factors in the development of chronic pain.

3.2.4. Stress

The subjective experience of stress demonstrates a strong relationship with pain. One study found
that perceived stress explained a significant amount of the variance in present and worst pain intensity
for younger children [25]. For adolescents, perceived stress was associated with present pain intensity
only [25]. These findings are consistent with the adult literature on perceived stress and pain.

Houle and Nash [51] posit that stress is a risk factor in the “chronification” of headache in
adults through several mechanisms, including daily stressors and chronic hyperarousal. Stress is
also posited to indirectly relate to a series of other potential variables that can impact pain, such as
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fear of pain, locus of control, dysregulation of sleep and eating routines, overuse of medications, and
psychopathology [51]. Thus, stress may play a crucial role in both the etiology and maintenance of pain
problems. Finally, the experience of negative or stressful life events appears to be related to chronic
pain [16,52–54]. Future research is needed to understand these complex interactions among stress and
other variables as they relate to pain, especially in the pediatric population.

3.2.5. Coping Style

Compas et al. [55] define coping as “conscious volitional efforts to regulate emotion, cognition,
behavior, physiology, and the environment in response to stressful events or circumstances”.
This widely accepted definition, especially as it relates to children and adolescents, takes developmental
level into account, stating that an individual’s development might facilitate or hinder the type of
coping strategy that is available to and/or used by the individual [55]. Furthermore, unlike adults,
children may not have developed a fully formed “coping style” or approach that they typically rely
upon [26]. Children and adolescents may be more likely to employ a larger variety of coping strategies
than adults as they attempt to form their own individual coping style. Developmental stage, therefore,
is important to take into consideration when designing studies. Some strategies are seen as positive or
adaptive and others are seen as maladaptive.

In a study of pediatric pain patients, coping was correlated with depression and disability [56].
The most common strategies were broken down into maladaptive (internalizing and catastrophizing)
and adaptive (problem-solving and behavioral distraction) [56]. A strong relationship was found
between the maladaptive coping strategies (e.g., dependency, denial, catastrophizing) and chronic pain
for adolescents, and is consistent with findings in the adult literature [57–60]. Differences in coping
strategies across diagnoses have also been found [56]. A musculoskeletal group reported greater
disability and more difficulty coping than the headache group [56]. Further support relates pain
catastrophizing to pediatric chronic pain conditions [61]. Together, these findings suggest that coping
strategies represent an important area of focus for prevention and intervention strategies for chronic
pain. Some promising studies, which are reviewed in depth below, have utilized more sophisticated
methodology in order to improve our understanding of the role of different coping strategies.

3.2.6. Fear, Avoidance, and Beliefs

Asmundson et al. [62] argue that fear, anxiety, and avoidance appear to play a circular role in
chronic pain. An original injury or experience of pain may lead to fear, which leads to avoidance of
activities that may cause more pain. Avoidance of the anxiety felt in situations where an individual
might expect to feel pain may strengthen the behavioral avoidance response as well [63]. Anxiety and
avoidance may increase the fear. However, with avoidance of activity, eventual involvement in such
activities is likely to involve a great deal of pain. Like a self-fulfilling prophecy, the fear of pain is
confirmed, leading to continued avoidance of activities. Thus, Asmundson et al. [62] argue that the
paradoxical and cyclical nature of the fear and avoidance relationship in chronic pain is problematic.

This problematic cycle includes fear-avoidance behaviors, which have been cited as potential risk
factors for adults in the transition from acute to chronic pain with musculoskeletal pain [64], low back
pain [65], and back and neck pain [66], as well as with maintenance of chronic pain [67]. In addition,
fear of pain on its own has been identified as a risk factor in youth [61]. Studies such as these need to
be replicated in pediatric populations to help understand these pathways in children.

A variety of specific beliefs have also been attributed to poor pain outcomes. In a controlled
study of adolescents with recurrent abdominal pain (RAP), participants reported significantly greater
concerns about undiagnosed physical disease and greater belief in susceptibility to functional
impairment by pain and other physical symptoms [36]. Children with recurrent abdominal pain
also appear to have significant hypochondriacal beliefs [36]. In the case of headache, locus of control
and self-efficacy appear to be important risk factors [46]. A helplessness–hopelessness factor predicted
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adjustment to low back pain in adults one year later [68]. Thus, some studies support the idea that
different types of negative beliefs about the self are related to chronic pain.

3.2.7. Sleep Problems

Related to psychological well-being, the relationship between pain and sleep is well established.
Sleep problems are reported by over half of youth with chronic pain [3,69] and are consistently
associated with a variety of pain syndromes, including headache [12], musculoskeletal pain [70],
fibromyalgia [71], and pain in general [72]. Relatedly, fatigue is often a comorbid complaint of children
with chronic pain, which is likely related to poor sleep [70]. Mood and depression appear to complicate
this relationship [3,72], and likely require more sophisticated models to understand the full nature of
this multivariate relationship.

3.2.8. Summary

The greatest amount of evidence suggests a number of risk factors in relation to pediatric chronic
pain, including difficult temperament, anxiety, depression, subjective experience of stress, passive
coping strategies, and sleep problems. Some evidence suggests that fear and avoidance behaviors as
well as negative beliefs about the self may be risk factors for the development and/or maintenance of
pediatric chronic pain. Mixed results for increased age, female sex, and a general psychopathology
variable warrant further investigation. However, as discussed, there are a number of problems with
the current literature. Small sample sizes, imprecise terminology, lack of comparison studies, and
correlational analyses make it difficult to generalize results to the pediatric pain population as a whole.
All studies reviewed primarily utilize pain as their outcome measure as well. A second generation of
research is needed to build upon this first generation that incorporates more sophisticated methodology
and sound research design, examining functional ability as an additional outcome measure.

3.3. Between-Person Factors

Several factors outside of the individual patient have also been found to be influential in pediatric
pain, including parent and family variables. Palermo et al. [73] state that there are many gaps in the
existing literature on family and parent influences in pediatric chronic pain, and that longitudinal
studies are needed to understand the family impact on the development of a child’s chronic pain.
This section provides a brief overview of the current research on between-person risk factors, providing
a context for the proposed next steps in research.

3.3.1. Parental Psychopathology

Depression and anxiety disorders among mothers and fathers are particularly prevalent for
parents of children with chronic pain [16,28,74–76]. Thus, this is likely an important consideration in
the context of chronic pain. In fact, in a sample of preschool children, maternal depression was the only
significant factor of a variety of psychosocial stressors and demographic factors that were examined in
association with pediatric chronic pain [76]. Mothers of children with recurrent abdominal pain were
significantly more likely than mothers of healthy controls to have a lifetime history of and current
anxiety, depressive, and somatoform disorders and poorer overall quality of life [77]. A “parent distress”
distress also appears to impact youth chronic pain [78]. Notably, little research on fathers has been
conducted in this population [73]. Finally, Palermo et al. [73] point to research suggesting that maternal
distress and child chronic pain are bidirectional in nature, but this dynamic needs to be examined
further. While some interesting associations have been found, it is clear that more research is needed
to understand the role of each of these factors in pediatric chronic pain.
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3.3.2. Parenting

Some studies have focused on parenting factors such as parental reactions to their child’s pain
and parental reinforcement of pain behaviors. Protective parenting and solicitous reactions towards
their child’s pain behaviors (e.g., reinforcement of pain behaviors, whether intentional or not) are
associated with risk of poor adjustment [79,80]. Maternal but not paternal pain catastrophizing is
related to pain intensity in children, but neither is related to disability [73]. For children who recently
experienced a surgery, reactions by parents who demonstrate more pain catastrophizing within 48–72 h
after the surgery predicted greater pain intensity reports in their child 12 months later [41]. One study
found that differences in parental bonding style (with the child) were related to rates of chronic pain
in children [81]. In addition, the modeling of pain behaviors by parents has also been suggested as a
risk factor for youth [82]. Parent protectiveness mediates the relationship between parental cognitions
(e.g., pain catastrophizing) and school functioning, including attendance and global ratings of school
function [83]. The topic of parent–child interactions represents a promising area of study that may
provide fruitful information about the development from acute to chronic pain and/or mechanisms
of maintenance.

3.3.3. Family Pain History

Family history of pain has been shown to predict pain in children and adolescents. Children of
parents with a specific type of pain are at risk for developing either the same type of pain [8,10,11,50]
or other pain-related diagnoses [84,85]. More generally, poor maternal health is related to poor
health and function in children with chronic conditions [73]. Family health history is likely to be
important in a clinical context, particularly relating to pain, and it appears to be an important avenue
for continued research.

3.3.4. Family Environment

A few risk factors related to the family environment have been proposed, including insufficient
adult contact [12], single parent household [10], family conflict [86], and low socioeconomic
status [18,54]. Disturbances in family functioning have been associated with pain and disability in
children [87]. Unexpectedly, family harmony and cohesion has been associated with higher pain
in children, although it was hypothesized that the experience of chronic pain in a child may unite
families [87]. Anthony and Schanberg [84] posit that family environment plays a crucial role in the
experience of juvenile arthritis, although this remains at a theoretical level for this particular disorder.
Palermo and Chambers [88] recommend that family communication styles be examined in depth,
as little research exists about this particular risk factor. They also highlight the importance of the
consideration of family factors in general in a broader model [88].

3.3.5. Social Problems Outside of the Family Context

Poor social functioning has been linked to several chronic pain diagnoses in children and
adolescents, including recurrent abdominal pain [36], low back pain [47], fibromyalgia [3], and pain
in general [12]. Being bullied is also associated with chronic pain in adolescents [86]. Children with
chronic pain often significantly decrease the amount of time spent in activities with peers, including
sports and other extracurricular activities [1]. Children who miss significant periods of school due to
pain may experience loss of friendships, feel more isolated, are less well-liked, and are less socially
accepted than their healthy peers [3,89]. Across a variety of studies, children with chronic pain
have reported having fewer friends, were more likely to be victimized by peers, were more isolated,
and were evaluated as less likable than healthy peers [90]. In adolescents with chronic pain, pain
intensity had a negative impact on independence, emotional adjustment, and identity formation [91].

Perceptions of social functioning also seem to matter. Children who perceived themselves as
having poor social competence were more likely to have continued recurrent abdominal pain 5 years
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later [92]. Adolescents with chronic pain may judge themselves as being less socially developed than
their healthy peers [91]. The current research on peer relationships seems to suggest that chronic
pain often has a negative impact on the lives of these children and adolescents. However, strong
peer relationships may also be protective [91]. Thus, more research on social functioning is needed to
provide information about the complex interplay between developmental stage, peer relationships,
and pain.

3.3.6. Summary

Research on between-person factors has demonstrated the most support for certain aspects of
parenting (e.g., parental response to pain, parental attention), parental psychopathology and family
pain history. More research using consistent definitions is needed to fully understand the relationships
between family functioning, peer/social functioning, and pediatric chronic pain. The research
reviewed here bears similar methodological issues raised in the section on within-person factors.
More sophisticated methodology that considers a combination of within- and between-person factors
would provide more information about the mechanisms of risk for development of chronic pain to
acute pain in children and adolescents.

3.4. The Start of a Second Generation of Research

Cummings et al. [93] argue for a second generation of research in child development, particularly
relating to childhood psychopathology. The goals of this research are to: (1) identify and understand the
causal agents underlying child disorders as dynamic organizations of social, emotional, physiological,
genetic, cognitive, and/or other processes; (2) explicate the broader causal net (e.g., multiple processes,
risk and protective factors) that accounts for child disorders and the nature of the interrelations between
these factors as causal agents; and (3) identify the familial, community, ethnic, cultural, interpersonal,
and other contexts that influence causal processes and interrelations between the various dimensions
and levels of social contexts [93].

If these goals are applied to pediatric chronic pain research, it appears evident that next steps
in research should involve not only larger sample sizes and the replication of outdated studies,
but consideration of relationships among risk factors and the utilization of more complex statistical
modeling such as group comparison, exploration of mediation and moderation, and hierarchical
linear modeling.

Of equal importance, as highlighted by Cummings et al. [93], is the integration of developmental
considerations into this second generation of research. Certain stages of development may represent
periods of increased susceptibility to either the development or maintenance of chronic pain issues.
For example, research demonstrates that children are most vulnerable to the effects of parental
depression during specific periods of infancy and adolescence [93]. Such ideas could be extended
to chronic pain research in order to determine heightened areas of risk for youth when exposed to
significant pain, which could guide preventive and early intervention efforts.

Cummings et al. [93] suggest that, as an individual experiences cumulative successes or failures
in stage-salient tasks or developmental transitions, these processes may represent a mechanism by
which the individual becomes “stuck” in increasingly stable, diverging trajectories. This is particularly
relevant in youth with chronic pain, as some evidence suggests that certain children are at risk for
following trajectories with negative prognoses. For example, Mulvaney et al. [53] identified three
unique trajectories of recurrent abdominal pain in pediatric patients in a 5-year longitudinal study,
including a “long-term risk group”. The long term-risk group did not report the most severe of
pain, but had significantly more anxiety, depression, lower perceived self-worth, and more negative
life events [53]. Recognition that children face “stage-salient challenges” and incorporation of this
information into study designs are crucial for understanding developmental processes and are likely
important for understanding the mechanisms that contribute to chronic pain [93].
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3.4.1. Examples of Extending the First Generation of Research

One factor that has emerged in the first generation of research on pediatric chronic pain is that of
the experience of negative life events [16,52–54]. With the presence of negative life events identified
as a possible risk factor, we can use this information to explore this risk more deeply. For example,
closely related to the experience of stressful life events is one’s ability to cope with that stress. Studies
that examine the interaction between the experience of stress and one’s coping style, as measured by
physiological response, for example, can provide a deeper understanding of differential responses
to pain. Thus, future research that examines the relationships between stressful life events, coping
strategies, and pain may provide insight into the mechanisms by which acute pain becomes chronic,
and can help to identify targets for treatment. In addition, differences among youth across varying
developmental stages could be incorporated into research programs. Understanding the role of
development in the transition from acute to chronic pain could potentially shed light on factors that
place youth at higher risk for developing chronic pain, as well as those that maintain it.

3.4.2. Prospective, Longitudinal Studies

Another way in which the research on risk factors can carry forward is to design longitudinal
studies that examine identified variables over time. Some research groups have already begun to
do this by exploring community samples of school children longitudinally in order to understand
prevalence of chronic pain. Longitudinal models also allow for the examination of predictor variables
that may influence pain later in a child’s life.

One longitudinal study followed children with pain at three time-points across 15 years [94].
At the second phase of data collection, results suggested that youth with pain were more likely than
their healthy peers to demonstrate ineffective coping strategies for dealing with stress and to have
poor self-esteem [94]. High frequency of nervousness as children predicted pain in adulthood [94].
In addition, 7% of the overall sample reported at the third time point that they were taking
antidepressants, and another 3% used sedatives on a regular basis [94]. The incidence of stress
reported by the participants also increased over time. Participants attributed their stress to time
pressure (38%), occupation (23%), and social relationships (16%). In addition, participants reported
significant restlessness (43%), signs of pathological anxiety (34%), and depressive symptoms (13%) [94].

In another study, Walker et al. [95] identified three distinct subtypes of children with recurrent
abdominal pain that yielded significant differences in functional disability over time. The three
subtypes were labeled high pain dysfunctional, high pain adaptive, and low pain adaptive [95].
The subtypes differed across several characteristics at baseline assessment, including reported levels
of abdominal pain, gastrointestinal (GI) and non-GI symptoms, perceptions of threat related to pain,
belief of coping ability, levels of pain catastrophizing, negative affect, and health-related impairment.
The high pain dysfunctional group appeared to have the greatest of level of difficulty, with the low
pain adaptive experiencing the least [95].

At follow-up, the high pain dysfunctional group was characterized by significantly more
impairment in a variety of ways. This group was also significantly more likely to meet criteria
for a functional GI disorder (FGID) with pain, an FGID with chronic non-abdominal pain, or an FGID
with a comorbid anxiety or depressive disorder [95]. In addition, the high pain dysfunctional group
showed significantly greater “thermal wind-up” than low pain adaptive patients in laboratory pain
testing at follow-up, suggesting greater central nervous system sensitization [95]. Future studies with
similar methods, including a physiological component, could provide valuable insight into subtypes of
pediatric pain patients with other pain disorders such as complex regional pain syndrome or chronic
migraine. Longitudinal study designs such as these are needed to understand causal effects in the
transition from acute to chronic pain, as well as maintenance, in children and adolescents.
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3.4.3. Mediating Factors

Another important way in which the field can move to a second generation of research is to
examine the relationships among various risk factors. Understanding the interactions among variables,
using models such as mediation and moderation, will provide more information than single risk factor
models. Grunau et al. [96] hypothesize that mother–child interactions may be a mediating factor in
children learning to cope with pain. They suggest that sensitive parenting may enhance appropriate
interpretation of pain later in childhood for children who are exposed to a great deal of pain earlier in
life. Using this theory, transactional processes between parent responses to pain and children’s coping
strategies may represent an important process in the transition from acute to chronic pain.

Some studies have moved beyond theory and examined relationships among identified variables.
For example, in a community sample of adolescents, anxiety was found to partially mediate the
relationship between psychosocial stress and abdominal pain, such that the influence of stress on
children’s pain was partially diminished after controlling for anxiety [40]. Involving the family context,
Claar et al. [97] found that child anxiety was a moderating factor such that for those with greater
anxiety, higher levels of parental protective behavior were associated with higher levels of disability in
the child. Child anxiety and depression also separately moderated the relationship between parental
pain minimization and children’s somatic symptoms [97].

Packham et al. [58] found that, in combination, five predictors, including, age and pain coping
strategies, accounted for 53% of the variance in pain related to pediatric arthritis [58]. By using more
sophisticated methodology, such as the interactions among several variables identified in the first
generation of research, we can begin to understand the important factors in the mechanisms of the
transition from acute to chronic pain. Studies such as this one need to be conducted in pediatric
samples. Such advanced modeling provides a context for results of single risk factors from the first
generation of research and may provide clues as to the mechanisms of the transition from acute to
chronic pain.

3.4.4. Profiles of Response

Sophisticated methodology to determine differential responses to pain or to treatment is another
example of research that exemplifies a second generation in research. Walker et al. [95] used hierarchical
cluster analyses to determine distinct patterns of coping profiles in pediatric patients with abdominal
pain. Six distinct coping profiles were identified: infrequent copers, self-reliant copers, engaged
copers, inconsistent copers, avoidant copers, and dependent copers [98]. The method of determining
coping strategy profiles involved a 60-item inventory measure that is easily completed by children.
An efficient method for categorizing adaptive and maladaptive coping responses in patients was
identified, which can be used in clinical settings to help determine treatment goals. For example,
if a child relies primarily on poor coping strategies, a greater focus of early treatment could target
more effective coping strategies for that child. This research has important implications both for
understanding possible mechanisms of the transition from acute to chronic pain as well as maladaptive
behaviors that may contribute to maintenance of poor functioning.

4. Discussion

This review identified a variety of intra- and interpersonal risk factors that represent the first
generation of research on risk for pediatric chronic pain. These studies provide a foundation for a
next generation of more sophisticated research on risk mechanisms associated with the transition
from acute to chronic pain as well as the maintenance of pain-related functional disability. Several
limitations of the current research were identified, including the need for larger sample sizes, multiple
formats of measurement (e.g., self- and parent-report, physiological measures), consistent definitions,
and replication. Furthermore, longitudinal studies and more complex methodologies are needed to
understand temporal and other relationships among these variables.
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Importantly, as laid out by the Pediatric Initiative on Methods, Measurement, and Pain Assessment
in Clinical Trials (PedIMMPACT) [99], a closer look at functional ability is needed to fully understand
mechanisms of chronic pain. The majority of the studies reviewed here consider some characteristic of
pain (e.g., presence, severity) as the outcome variable. However, it could be argued that the reason
most children and adolescents present for treatment is due to the disability that the pain has caused
in their lives, whether it be a decline in school attendance, lessened participation in preferred sports
activities, loss of important relationships, and/or other disruptions to day-to-day functioning. Indeed,
some researchers have begun following these guidelines in treatment studies, arguing that the primary
goal of cognitive-behavioral treatment, a common form of treatment used for chronic pain, is to reduce
disability [100].

Future Directions

Despite the problems listed, a first generation of research is needed to provide the basis for the
next generation. In other words, the studies reviewed here are a necessary step to identify variables
that can then be explored in a more complex manner. A second generation of research must then be
generated to elucidate knowledge gained from the first generation [101]. A second generation would
include efforts in two main areas: (1) improvement from the existing research, including replication
with larger sample sizes, the addition of physiology and developmental stage into conceptual models,
and further research in family and peer factors related to the development of chronic pain, and (2) more
sophisticated methodological approaches, including the use of comparison studies, examination of
interactions among previously identified variables, use of longitudinal design, and analyses such as
hierarchical linear modeling and cluster analyses to determine bidirectional influences and trajectories,
respectively. Hierarchical linear modeling can be used to account for dynamic interactions between
two individuals (e.g., parent–child) and changes over time (e.g., different developmental stages,
actor–partner influence in real time) [102]. Finally, once the second generation is complete, a third
generation of research may be needed to identify causal relationships [103].

A biopsychosocial perspective in a developmental context is proposed (see Figure 1), which would
extend beyond the limitations of the first generation of research. In addition to the risk factors
identified thus far, we first propose that interactions among these factors be explored in relation to the
development of chronic pain.

The “biological” piece of biopsychosocial considerations has not received as much attention
in the literature. In the context of mediating and moderating relationships, the youth’s own
physiological functioning may be an important area of consideration. For example, respiratory
sinus arrhythmia, or heart rate variability, as well as skin conductance are promising areas of research.
These underlying physiological processes may further complete the picture of the transition from acute
to chronic pain. Respiratory sinus arrhythmia is thought to be an index of emotion regulation on a
physiological level [104,105], which may play a role in children’s and parents’ responses to chronic
pain. Indeed, a study of adults with fibromyalgia and temporomandibular disorder found that patients
demonstrated greater changes in respiratory sinus arrhythmia than controls, which was thought to
reflect hyperarousal in an inappropriate context [106]. Other examples of biological contributors or
processes that have been associated with pediatric chronic pain include visceral sensitivity [107,108]
seen in children who have recurrent abdominal pain and abnormal pain signaling in complex regional
pain [109].

Furthermore, in the treatment literature, a number of studies assess the efficacy of biofeedback
for children and adolescents with chronic pain. Biofeedback typically involves therapist-assisted
measurement and observation of physiology as well as suggestions for improvement from the
therapist [110]. Several studies have demonstrated promising results in treatment of youth with
biofeedback procedures [111,112], suggesting the physiology plays an important role in chronic pain
and may be modified to improve the quality of life of individuals dealing with chronic pain. Underlying
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physiological mechanisms, particularly in the context of chronic pain disorders, which are very closely
tied to medical issues, would be a valuable addition to Palermo and Chambers’ [88] model.

Regarding the “social” piece of biopsychosocial considerations, in addition to inclusion of family
and/or parent factors, peer relationships require further examination. Peer relationships or social
functioning may play a role in the transition from acute to chronic pain, as many pediatric patients
are likely to be in a stage of adolescence where peer relationships are incredibly salient. This area
of focus also touches upon the developmental framework proposed, as the “tasks” of development
differ depending upon age and stage of development. For example, adolescence marks an important
time for development of significant peer relationships and identity formation. Certain aspects of peer
relationships, such as the quality of these relationships, social support, victimization, and other salient
elements could be included in mediation and moderation models. Coping strategies, thought to change
across childhood, are another area of potentially fruitful, developmentally oriented research. Thus,
development is an important context that must be included in consideration of risk in pediatric pain.

The “psychological” piece of the biopsychosocial model has perhaps received the most attention
in the literature. The proposed next steps integrate all aspects of the biopsychological model, as well as
developmental considerations. This proposal extends beyond Palermo and Chamber’s [88] important
model by adding psychophysiological, peer, and developmental variables (see Figure 1). Furthermore,
complex methodology can provide a more thorough understanding of the interactions among variables
related to the development, and maintenance, of pediatric chronic pain. These next steps represent
the second generation of research in pediatric chronic pain, which can inform prevention and early
intervention efforts.
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Abstract: Children and adolescents frequently experience chronic pain that can disrupt their usual
activities and lead to poor physical and emotional functioning. The fear avoidance model of pain
with an emphasis on the maladaptive behaviors that lead to activity avoidance has guided research
and clinical practice. However, this model does not take into consideration variability in responses
to pain, in particular the active pursuit of goals despite pain. This review aims to introduce a novel
conceptualization of children’s activity engagement versus avoidance using the framework of goal
pursuit. We propose a new model of Goal Pursuit in Pediatric Chronic Pain, which proposes that
the child’s experience of pain is modified by child factors (e.g., goal salience, motivation/energy,
pain-related anxiety/fear, and self-efficacy) and parent factors (e.g., parent expectations for pain,
protectiveness behaviors, and parent anxiety), which lead to specific goal pursuit behaviors. Goal
pursuit is framed as engagement or avoidance of valued goals when in pain. Next, we recommend
that research in youth with chronic pain should be reframed to account for the pursuit of valued
goals within the context of pain and suggest directions for future research.

Keywords: adolescents; children; chronic pain; goal pursuit

1. Introduction and Purpose of Review

Children and adolescents frequently experience pain, most commonly headache, abdominal pain,
and musculoskeletal pain [1]. Pain can range in intensity, frequency, and duration. For some children
and adolescents, pain can persist, interrupting daily routines and activities. Pain that persists for
longer than three months is defined as chronic [2]. Between 5%–8% of children experience chronic
pain that is severe and disabling [3]. Chronic pain during childhood is a risk factor for chronic pain in
adulthood, with studies showing that 35% of adolescents with chronic pain go on to report chronic
pain in adulthood [4] and experience emotional distress [5]. Thus, understanding and treating pain in
childhood is critical for interrupting a potential lifelong trajectory of pain and disability.

Children and adolescents with chronic pain report that pain is disruptive to many aspects
of their daily functioning, such as decreasing physical functioning, impacting school attendance,
and interactions with peers, leading to emotional distress [6–8]. In particular, children and adolescents
with chronic pain report high levels of anxiety, depression, and maladaptive coping strategies [9–12].
Greater anxiety symptoms have been linked to avoidance of activities [13]. Unlike acute pain where
children are encouraged to rest, or avoid activities that may aggravate the injury, treatment of chronic
pain requires encouraging children to engage with physical activities and normal functioning despite
their pain. Avoidance of everyday activities leads to increased disability, increased depression, higher
fear, and increased pain sensitivity [7,13–15].

The fear avoidance model demonstrates this pathway linking anxiety and avoidance, and was
proposed to aid research and clinical understanding of the maintenance of pain and disability [14].
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In a second pathway, confrontation is predicted to lead to recovery; however, this has received
less research attention. This model has been more recently adapted to describe development and
mechanisms of pain in children and adolescents [13]. However, there are some limitations to this model,
particularly in the underlying assumption that avoidance is a single pathway that leads to disability.
Children and adolescents may or may not avoid activities because of pain, and there is evidence to
suggest that many children and adolescents persist with activities despite their pain. As documented in
epidemiological papers, around 25%–40% of children report experiencing chronic pain [3,16]. However,
only 5%–8% of children have moderate to severe chronic pain, which impacts their daily functioning [3].
Therefore, many children and adolescents have frequent pain that is not disabling, and there may be
unique protective factors that lead to recovery or adaptation to pain. The fear avoidance model does
not conceptualize the experiences of children and adolescents with chronic pain who demonstrate
more adaptive functioning or who are not fearful. This gap in understanding of adaptation to pain may
be critical to expanding and informing psychological treatment models for children and adolescents
with chronic pain.

Recognizing this variability in children’s responses to chronic pain, we propose a new conceptual
model that characterizes an individual’s reaction to pain in the context of their engagement and
pursuit of personal goals. We propose to reframe our thinking about young people with chronic
pain to specifically understand those factors that lead to engagement and avoidance, which better
reflects the active and dynamic process of responding to challenges in the pursuit of personal goals.
Specifically, we focus on the interplay of child individual processes (such as the child’s motivation
and fear of pain) and parent factors (such as parent expectations and anxiety) in the pursuit of goal
achievement that results in approach or avoidance of activities. In this review, we describe the work to
date that has investigated goal pursuit, importance, and frustration within the context of pediatric
chronic pain/illness. Next, we propose a new conceptual model that integrates this research. Finally,
we suggest next steps for future research on this topic.

2. An Overview of Goals, Goal Achievement, and Goal Frustration

Goals, defined by Austin and Vancouver [17], are “internal representations of desired states,
where states are broadly construed as outcomes, events, or processes” (p. 338). Goals can be short
or long-term and can pertain to any area such as academics, social, and sporting. Some goals may
transcend health and illness; however, chronic pain may lead to a re-prioritization of goals, the creation
of new goals, or the termination of existing goals.

When pain is experienced, some goals may become unattainable. For example, a painful limb
due to a fracture may prevent a child from taking part in a sports tournament. When pain persists,
the consequences may include a lack of attainment of the child’s short-term and long-term goals.
For example, pain may prevent regular attendance at school, impacting later educational attainment.
Research in adults has suggested that giving up unattainable goals can be positive for mental health
outcomes [18]; however, it is unknown when it is appropriate or desirable for children to “give up”
their goals, even if deemed unattainable or difficult to attain. Nevertheless, the conflict between having
pain and wanting to engage in desired activities is not well understood in this field and is central to
developing effective treatment strategies to motivate young people to pursue goal-directed activities
despite their pain.

Experiencing pain for a long period of time can lead to goal frustration, regardless of goal
importance. Two studies have investigated goal frustration in youth with chronic pain, one including
youth with and without headaches [19] and one including youth with and without musculoskeletal
pain [20]. In both studies, youth rated goal importance and frustration on six categories including
personal values, social acceptance, self-acceptance, school, health, and self-development. In a study by
Massey, Garnefski and Gebhardt [19], youth with weekly headaches allocated a higher importance to
personal goals (e.g., treating others fairly and having a good relationship with parents) compared with
those without headaches. Goal importance did not differ for other categories (e.g., social acceptance,
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self-acceptance, school, and health). Adolescents with weekly headaches reported higher frustration
on social- and self-acceptance, school, and health goals compared with adolescents without headaches.
However, adolescents with weekly headaches did not report higher frustration for personal goals
compared to those without headaches.

Stommen, Verbunt, and Goossens [20] similarly found no significant differences in how adolescents
allocated the importance of goals between those with and without musculoskeletal pain. However,
adolescents with musculoskeletal pain reported higher frustration with goals pertaining to personal values,
social acceptance, self-acceptance, and health compared with adolescents without musculoskeletal pain.
In both studies, increased goal frustration was associated with higher depression and lower quality
of life [19,20]. These findings suggest that, while there are few differences in adolescent perceptions
of goal importance, there seems to be a relationship between higher goal frustration and poorer
well-being. However, it is unknown whether frustration is associated with a lower pursuit of goals,
or whether it encourages adolescents to strive more persistently towards their goals. More likely, other
individual differences will predict the pursuit or avoidance of these goals.

Goals have a specific context that is important to understand. There are often multiple, competing,
and conflicting goals that must be weighed by the individual in determining their action toward
those goals. In a study with 170 adolescents from a community sample, Fisher et al. [21] investigated
conflicting goals. Adolescents were asked to report their likelihood of approaching or avoiding
situations where pain conflicted with a goal (e.g., having a headache but wanting to meet up with
friends). Vignettes described either high (the headache is very painful) or low (the headache is quite
mild) pain intensity situations. Afterwards, adolescents were asked to report the personal importance
they ascribed to each goal described in the vignettes. Results showed that activities with a higher goal
importance were more likely to be approached. However, individuals who had higher levels of pain
anxiety were more likely to avoid high pain intensity situations even if the goal was very important
to them. General anxiety was also assessed, but this was not a significant predictor of avoidance,
suggesting that pain-specific anxiety may more directly influence goal engagement.

Although adolescence is a time of increasing emotional and behavioral autonomy and separateness
from parents [22], parents are still important role models and their communication and modeling are
critical in the context of chronic pain. Chronic pain has a bi-directional impact on parents, as proposed
in the integrated parent and family model. Specifically, this model outlines that the individual child
characteristics lie within broader dyadic and family level factors that influence a child’s experience
of pain and associated disability [23]. Parents of youth with chronic pain report a higher burden
of parenting, higher emotional distress, and lower social functioning when their child has chronic
pain [22,24]. However, specific parenting behaviors and modeling also influence a child’s interpretation
of pain and pain-related behaviors [25]. Some parent behaviors have been associated with poorer child
adaptation to chronic pain, such as communicating too much about pain to their child, catastrophizing
about their child’s pain, modeling illness behaviors, or any combination of these. For example, parents
who reported higher levels of catastrophizing were more likely to stop their child from doing a task
earlier than parents with lower catastrophizing [26]. Moreover, a relationship has been demonstrated
between parents’ higher degree of attending behaviors toward their child’s pain and higher levels of
child symptom complaints, disability, and depression [25,27].

Parents can be a source of support and motivation when their child is striving for their desired
goals. Research in children with diabetes has found that parents who supported their children in their
treatment were more likely to reach their blood glucose targets compared with those children whose
parents did not [28]. Similarly, Fisher et al. [29] found in a self-management cognitive-behavioral
therapy intervention for youth with chronic pain and their parents that dyads who chose matching
goals (i.e., identical goal content) at the start of treatment were more likely to report lower pain intensity
post-treatment and at follow-up. In particular, dyads with identical physical activity goals were more
likely to have lower pain intensity at post-treatment and follow-up were comparable to those dyads
who selected less physically active goals or did not agree on goal content.
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Within the context of pain, most prior research investigating goals has been conducted within adult
populations. These studies found that pain severity and catastrophizing about pain consistently predicted
task interference [30] and that fear of pain mediated associations between goal self-efficacy/conflict
and depression/disability in adults with chronic low back pain [31]. Other research has proposed
theoretical models of problem-solving during goal pursuit [32]. This model proposes that worry is a
key psychological factor in problem-solving around chronic pain.

Further, there have been several adaptations of the fear avoidance model using a motivational
perspective to understand adults with chronic pain [32–35]. An updated fear-avoidance model
incorporating the role of goals has been published [36]. This model predicts that pain can be either
high or low threat to an individual, who will then choose to engage valued life goals or pain control
goals. When priority is given to valued goals, this leads to approach behaviors and then recovery.
When priority is given to pain control goals, it is predicted that this leads to the fear, avoidance,
and disability pathway of the fear avoidance model [36]. Investigations into valued goals vs. pain
control goals have been explored in adults [37,38], but not in children. The model proposed by Vlaeyen,
Crombez, and Linton [36] is the first to explicitly incorporate goals within the fear avoidance model;
however, it does not account for the developmental context (i.e., parent factors and developmentally
relevant child factors) that is important to understanding chronic pain and goal pursuit in children
and adolescents. There is also research within the context of chronic illnesses theorizing goal pursuit
and health behavior change [39,40]. However, our model presented here differs from other models in
the field as we focus specifically on factors that might promote or inhibit goal pursuit when children
experience pain, rather than using goal pursuit to understand disability or to describe behavior change,
goal setting, or other related process.

3. Description of a New Goal Pursuit Model for Pediatric Chronic Pain

We propose a new goal pursuit model for pediatric chronic pain (Figure 1), which incorporates
the child’s pain experience, child and parent factors, and goal pursuit behaviors. The child’s pain
experience is moderated by both child and parent responses to pain, which accumulatively influences
goal pursuit behavior. In our proposed model, the child is placed within the broader context of the
parent, consistent with a social-environmental framework. Here, we focus on the factors that could
inhibit or encourage goal pursuit behavior in youth with chronic pain.

Child Pain  
Experience 

Parent  

 

Goal Pursuit 
Approach Avoidance 

Child  

Figure 1. Goal Pursuit Model of Pediatric Chronic Pain.
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3.1. Child’s Pain Experience

The child’s experience of pain is presented as the first step in our model. Definitions of chronic pain
in children and adolescents are focused only on the length of time that the child has experienced the
pain (i.e., longer than three months [2]). However, many other factors are important to consider about
the pain experience such as the child’s perceived intensity/severity of pain, amount of interference,
pain frequency, as well as pain duration. The child’s experience of their pain may directly influence
whether they engage or avoid a specific goal. Perceptions of more intense or worse pain experiences are
more likely to lead to avoidance of goals, compared with less severe pain experiences, as demonstrated
in the vignette study conducted by Fisher et al. [41]. However, as shown in Figure 1, the pain
experience of the child is also likely to interact with child and parent factors and thus influence goal
pursuit behaviors.

3.2. Child Factors

Three individual child factors are highlighted in the model including goal salience,
self-efficacy/motivation, and pain-related anxiety/fear. Goal saliency, which describes the importance
that a child or adolescent allocates to a goal may directly influence motivation toward goal engagement.
Goals will differ in salience for each child and may also be context-dependent. Goals with higher
salience are more likely to be motivationally pursued and therefore approached compared with
those goals that are less salient. However, even if a goal is deemed salient, high pain anxiety or low
self-efficacy may influence the child’s pursuit of the goal. Higher levels of pain intensity have also
been associated with lower motivation in this population, which may translate into the child avoiding
a goal despite having a high level of personal importance (e.g., seeing friends). Of course, goal salience
and pain experience may conflict, meaning that, even though a child wants to pursue a goal, pain
severity may inhibit goal engagement.

Self-efficacy, or one’s belief in their ability to manage pain, may also be an important individual
factor that influences goal pursuit behaviors. Self-efficacy has been studied more frequently in adults
with chronic pain, finding consistently that higher self-efficacy is associated with lower levels of
disability, distress, and pain severity in a review of 86 studies [42]. Although only a few studies
assessing self-efficacy have been conducted in youth with chronic pain, patterns are similar; higher
self-efficacy was associated with lower pain intensity [43] and better school functioning, lower
disability, and lower depression in youth with chronic headaches [44]. Although there is limited
pediatric research on self-efficacy, we predict that higher levels of self-efficacy are more likely to be
associated with engagement of goals.

Even if goals are salient and the child has a high level of motivation and self-efficacy, the child’s
pain anxiety or fear of pain may inhibit goal pursuit and lead to avoidance behaviors. Since the
publication of the fear avoidance model [14], a plethora of research has been conducted to show the
association between pain intensity, pain anxiety, fear of pain, and disability. Research has demonstrated
that higher levels of pain anxiety and fear of pain increase avoidance behaviors when in pain [13,45–47].
In addition, adolescents with higher pain anxiety were likely to avoid activities despite rating goals as
important [41]. Pain anxiety/fear of pain may moderate the relationship between goal salience and
goal pursuit behaviors.

There are likely many other individual child factors such as neurobiological factors that may
also moderate a child’s pain experience and therefore their goal pursuit engagement or avoidance
behaviors. However, we chose to focus on several child psychosocial factors that have received research
attention and could be specifically targeted in psychological interventions for pediatric chronic pain
and disability.

61



Children 2016, 3, 36

3.3. Parent Factors

The influence of parents on the child’s goal pursuit behaviors is critical in a developmentally
informed model of childhood chronic pain. Parent factors will influence child factors directly, and any goal
pursuit behavior will be a conflict or balance between child and parent factors, and the pain experience.

Parent anxiety, including worry and catastrophizing about their child’s pain has been found to be
associated with maladaptive behaviors, such as protectiveness and modeling of illness behaviors [48,49].
Children with chronic pain, whose parents report higher anxiety and are more protective, are also more
likely to report higher levels of anxiety and disability [49–51]. Similarly, parents who report higher
catastrophizing, which is comprised of magnification, rumination, and helplessness about their child’s
pain condition, are more likely to stop their child from engaging in activity when they have pain [26].
These parent factors have been associated with higher disability in children reporting chronic pain,
and are likely to influence children’s goal pursuit.

Parents with higher anxiety and protective behaviors are likely to reduce their expectations of
their child. Parent expectations which are realistic of their child’s abilities are predicted to increase
goal approach. Unrealistic expectations such that expectations are set too high or too low are predicted
to increase goal avoidance. For example, going to school may be of low salience to the child,
but parent expectation may be appropriate and realistic. Such expectations may drive parent behaviors
(i.e., reduced protectiveness behaviors) that support the likelihood of the child pursuing the goal.
Chronic pain presents in variable ways and often children and those around them have to temporarily
shift their expectations of what the child can achieve until pain intensity is manageable. Research to
date has predominantly focused on maladaptive parent behaviors (rather than how positive behaviors
can support children). For example, research has shown that when parents reduce their expectations
considerably, such as excuse children from chores, fail to enforce school, and allow additional rest
time, children experience increased pain-related disability [52]. We hypothesize that expectations
from others are likely to influence goal salience, with realistic and positive expectations encouraging
engagement of goals, while too low or too high expectations likely lead to the avoidance of goals.

3.4. Goal Pursuit

When faced with a goal conflict, the individuals’ avoidance or engagement of goals is an observable
and measurable behavior. Avoidance can be expressed as the delay of a goal or the termination of the goal
such that the goal is not accomplished. Engagement, on the other hand, can be expressed in terms of the
extent of involvement in or accomplishment of the goal (i.e., partial or full engagement). After pursuing
a goal, the child may experience direct or indirect consequences. For example, when a child or
adolescent engages with an activity to achieve a goal, they may experience increased pain intensity as
a consequence, which may influence their goal pursuit behavior in the future. Equally, if the child or
adolescent engages in goal behavior and experiences rewarding consequences, then they may be more
likely to engage in this behavior in the future. Each child will weigh the risk–benefit ratio of rewards
to consequences differently. As documented by the fear avoidance model, avoidance is strongly
associated with higher pain-related disability in this population. However, there is little research on the
positive impact of engagement behaviors and how to promote these behaviors in youth with chronic
pain. It is likely that engagement behaviors reduce pain intensity, anxiety, and depression and promote
social interaction and normal functioning. However, engagement behaviors are not synonymous
with positive outcomes and equally, avoidance behaviors may not be a proxy for disability. Indeed,
in studies of adults with chronic pain, the engagement and persistence of activities has been linked
to higher pain intensity [53]. Research investigating the consequences of goal pursuit is likely to be
complex and involve dynamic processes that may change over the course of a child’s pain condition.
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4. Future Directions

We present a new social-environmental model of goal pursuit behavior in order to advance
research on understanding children’s and parent’s responses to chronic pain and potential strategies
to promote engagement behaviors and return to normal functioning. In particular, we identified
three areas in the model that are important to understand. First, research is needed to understand
what inhibits and motivates important goals for youth with chronic pain, apart from the pain context
itself. Child and parent factors outlined in the model are suggested as a starting point. For example,
relevant research questions are whether parent protectiveness or expectations influence the pursuit
of salient goals; how much motivation is needed for a child to approach a goal instead of avoid it;
and whether there are associations between self-efficacy, the child’s pain experience, and their goal
pursuit behaviors. Further exploration of the interaction between child and parent factors will provide
a more comprehensive understanding of children’s goal-driven behavior in the context of chronic
pain. Further, more research is needed to determine whether approach and avoidance behaviors
lead to negative or positive outcomes for this population. As discussed previously, engagement can
lead to higher pain and disability in adults [53], but this has not been studied in youth. Similarly,
identifying whether goals are realistic or have been “given up” by youth may also be important
within the context of approaching and avoiding. Goals can be both short- and long-term, and we do
not differentiate between these in our model. Frequent everyday activity may be both a short-term
goal to stay active, but also a long-term goal to have good physical conditioning. However, youth
may not always recognize long-term goals, or that immediate actions may lead to the attainment of
long-term goals.

Second, research investigating goal conflict is important in order to understand the tipping balance
between engagement and avoidance of goals when experiencing pain. There is emerging research in
adults using experimental methods of pain and altering goals using monetary rewards to investigate
this question [38,54]. Within pediatrics, vignettes have been used to understand goal conflict and
approach–avoidance behaviors in healthy youth [41]. However, little research has been conducted with
youth with chronic pain on goal conflict to understand whether youth with chronic pain have frequent
goal conflict and how they attempt to resolve it. Studies might employ experimental methodologies or
ecological momentary assessment to investigate situations where high pain intensity conflicts with
highly salient goals and to determine which individual factors predict engagement or avoidance.

Third, psychological therapies for youth with chronic pain could be developed or refined to
reduce goal frustration and conflict and to aid problem solving when a goal cannot be engaged.
Factors outlined in the Goal Pursuit model could be targeted. For example, treatments could target
increasing children’s self-efficacy and motivation, which we predict will increase the likelihood of
goal engagement. Strategies could also employ already established strategies to decrease pain-related
anxiety and general anxiety [55], which may in turn reduce goal pursuit barriers. Parent factors are
also crucial to address, and treatments are increasingly including parent interventions to improve
communication, coping skills, and parenting behaviors [56]. Parent treatments have recently been
piloted for this population and have shown benefit for reducing parent distress as well as positive but
preliminary “downward” effects for improving children’s emotional functioning [57]. So far, the active
ingredients that lead to change within these psychological treatments are unknown; a more frequent
use of conceptual models such as the one proposed here to design and evaluate treatments could
enhance understanding and inform modifications to enhance the effectiveness of these therapies.

Another avenue of investigation is goal setting within the context of psychological or other pain
management treatments. Within cognitive behavioral treatments, therapists may set goals directly
with children and parents and may encourage parents to appropriately support the chosen goal and
even provide a reward system for reaching targeted goals. As discussed, parents may be particularly
important in supporting youth in reaching their goals by providing encouragement and setting
behavioral expectations consistent with engagement. There is some evidence to suggest that treatment
goals are more effective if mutually agreed between parent and teen [29]. However, further research is
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needed to explore the content of goals as well as their salience in children and their parents entering
treatment to understand their potential influence on treatment engagement and outcomes.

Finally, our model is not exhaustive of all factors that could be investigated when considering goal
pursuit. We have specifically targeted psychosocial factors in our conceptualization of goal pursuit,
but there are other neurobiological factors (e.g., sex, genetics, and cognition) that may also be important
to consider.

5. Conclusions

In summary, we propose a new model of goal pursuit in pediatric chronic pain to guide research
and clinical assessment of children’s responses to chronic pain. This model offers a broader perspective
on youth engagement versus avoidance of activities among youth who are actively seeking goals
despite their pain. A more complete understanding of child and parent factors that influence goal
pursuit and goal salience is needed to further advance and motivate treatment development to enhance
the effectiveness of psychological treatments for youth with chronic pain.
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Abstract: Chronic pain during childhood and adolescence can lead to persistent pain problems
and mental health disorders into adulthood. Posttraumatic stress disorders and depressive and
anxiety disorders are mental health conditions that co-occur at high rates in both adolescent
and adult samples, and are linked to heightened impairment and disability. Comorbid chronic
pain and psychopathology has been explained by the presence of shared neurobiology and
mutually maintaining cognitive-affective and behavioral factors that lead to the development
and/or maintenance of both conditions. Particularly within the pediatric chronic pain population,
these factors are embedded within the broader context of the parent–child relationship. In this
review, we will explore the epidemiology of, and current working models explaining, these
comorbidities. Particular emphasis will be made on shared neurobiological mechanisms, given
that the majority of previous research to date has centered on cognitive, affective, and behavioral
mechanisms. Parental contributions to co-occurring chronic pain and psychopathology in childhood
and adolescence will be discussed. Moreover, we will review current treatment recommendations
and future directions for both research and practice. We argue that the integration of biological and
behavioral approaches will be critical to sufficiently address why these comorbidities exist and how
they can best be targeted in treatment.

Keywords: chronic pain; posttraumatic stress disorder; anxiety; depression; neurobiology; stress;
brain; comorbidity; parent; intervention

1. Introduction

Chronic pain, defined as pain occurring constantly or frequently for 3 months or more, is very
prevalent in adolescence [1] and poses high costs to society ($11.8 billion/year) [2]. Poorly managed
pain in childhood can lead to persistent pain problems and mental health disorders into adulthood [3,4].
In a longitudinal study, youth with chronic abdominal pain were found to be at greater risk of
developing anxiety and depressive disorders as compared to youth without chronic pain [3,5].
Importantly, the risk of anxiety and depressive disorders were higher than controls regardless of
whether or not chronic pain persisted into adulthood, suggesting that chronic pain in adolescence
heightens the risk of developing mental health disorders, even when pain resolves [5]. Epidemiological
research also suggests that youth with chronic pain have higher rates of anxiety disorders in
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adulthood [4]. This provides compelling evidence that youth with chronic pain are at risk for having
and developing mental health conditions. Nevertheless, there remains limited understanding of the
mechanisms associated with these comorbid mental health disorders that might impact children’s
response to pain and pain treatment.

The co-occurrence of chronic pain and mental health conditions (i.e., posttraumatic stress disorder
(PTSD)), anxiety and depressive disorders) is high, and has been explained by the presence of
shared neurobiology (e.g., genes, hormones, brain networks) and mutually maintaining cognitive
(e.g., attention and memory biases) and behavioral (e.g., sleep disturbance) factors that lead to
the development and/or maintenance of both conditions [6–8]. However, existing interventions
generally fail to effectively target co-morbid mental health disorders and underlying mechanisms that
maintain both conditions [9]. It is becoming increasingly clear that there is a need for treatments of
pediatric chronic pain to move away from the “one-size-fits-all” approach, which may not sufficiently
help a substantial portion of youth with mental health co-morbidities. Indeed, treatment effects for
psychological therapies for pediatric chronic pain have generally been small [10], which could be due
to heterogeneity within pediatric samples in terms of these underlying mental health conditions.
It has been suggested that by increasing our understanding of the genetic and neurobiological
mechanisms underlying these comorbidities, we may be able to better predict trajectories of pain
and tailor interventional strategies [11]. Moreover, particularly in youth, one cannot underestimate
the interaction and influence of the environment (e.g., the parents’ influence) on children’s pain and
mental health conditions.

This review will explore the epidemiology of mental health disorders in pediatric chronic
pain populations, and present current working models that have been put forth to explain this
comorbidity. Given that the vast majority of work on this topic has emphasized cognitive, affective,
and behavioral mechanisms, we will highlight recent research investigating the shared neurobiological
mechanisms that may underlie these comorbidities. Parental contributions to comorbid chronic pain
and psychopathology in childhood will also be discussed. Finally, we will discuss current treatment
recommendations and future directions for both research and practice. Given the high prevalence [1],
large economic burden [12], and sometimes debilitating nature of pediatric chronic pain on physical
and mental health [13] that can persist into adulthood [4], identifying and modifying mechanisms
underlying these conditions has powerful implications for preventing adult-onset chronic pain and
mental health disorders.

2. Epidemiology of Internalizing Mental Health Disorders in Pediatric Chronic Pain Population

2.1. Longitudinal Studies of Pediatric Chronic Pain and Internalizing Mental Health Issues in Adulthood

Evidence demonstrating the comorbidity of chronic pain and mental health disorders is
accumulating (Table 1). One of the seminal epidemiological studies examining the co-occurrence
of pediatric chronic pain and psychiatric disorders was undertaken by Hotopf et al. [5]. The 1946
birth cohort, followed for over two decades examined the relationship between chronic abdominal
pain in childhood and medically unexplained symptoms, and mental health disorders in adulthood.
They found that while the presence of pediatric abdominal pain was not associated with physical
symptoms in adulthood, the risk of developing a psychiatric disorder by the age of 36 years was higher
in children who had recurrent abdominal pain versus those who did not [5]. A similar study reported
recurrent headaches in childhood to be related to an increased risk of psychiatric morbidity and
multiple physical symptoms at the age of 33 years [3]. Despite the reliance on maternal and self-report,
and failure to use a conventional definition of chronic pain (e.g., that included pain frequency in
addition to pain duration), these studies laid an important foundation for the field of pediatric pain.
They provided evidence that while pediatric chronic pain may or may not persist into adulthood,
it confers risk of developing mental health disorders in adulthood.
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Building upon these previous epidemiological studies, Walker et al. [16] conducted a longitudinal
study of youth diagnosed with chronic abdominal pain followed into adulthood, at which time
their pain and mental health status was assessed. The authors used cluster analysis to categorize
youth with persistent abdominal pain into three groups based on pain ratings, gastrointestinal and
non-gastrointestinal symptoms, beliefs about pain threat, pain coping efficacy, pain catastrophizing,
negative affect and functional disability assessed in adolescence (i.e., Low Pain Adaptive, High
Pain Adaptive, and High Pain Dysfunctional) [16]. Follow-up clinical interviews at the mean age
of 21 years revealed that high pain ratings in conjunction with poorer coping skills and psychological
functioning (i.e., characteristic of the High Pain Dysfunctional group) were associated with higher
risk of developing functional gastrointestinal disorder (FGID) and non-abdominal chronic pain in
adulthood [16]. The odds of having an anxiety or depressive disorder comorbid with FGID in
adulthood were significantly higher only in the High Pain Dysfunctional group [16]. These findings
provided further evidence of reciprocal relationships between pediatric chronic pain and mental
health disorders. This study demonstrated for the first time that it is not pain per se but, rather,
the combination of pain and psychological functioning that predicts the co-occurrence of pain and
mental health disorders into adulthood. In a second investigation, Shelby et al. [4] examined the
same cohort of youth with functional abdominal pain (FAP), as well as a pain-free controls whose
mental health was assessed in adulthood. Fifty-one percent of youth with a childhood history of FAP
developed an anxiety disorder over their lifetime, and 30% of youth had a current anxiety disorder
at follow-up [4]. Depressive symptoms followed a different pattern; lifetime, but not current, risk
of developing a depressive disorder was higher for individuals with chronic abdominal pain in
childhood [4]. Risk of developing anxiety or depressive disorders was heightened for youth with
chronic pain (versus controls) even when their pain resolved by adulthood. Temporal associations
(based on retrospective recall) between mental health status and chronic pain suggested that anxiety
disorders preceded the onset of chronic pain, whereas a depressive disorder followed it [4].

Recent data from a cohort study found that in a sample of 1420 youth, somatic complaints during
childhood predicted generalized anxiety and depressive disorders at the age of 19–26 years [17].
Findings of the most recent epidemiological study by Noel et al. [18] revealed a consistent pattern.
The study conducted a secondary data analysis of a sample of 14,790 individuals from the National
Longitudinal Study of Adolescent to Adult Health to examine the co-occurrence of adolescent
chronic pain and lifetime rates of mental health disorders [18]. In contrast to previous research,
a broader range of chronic pain conditions (i.e., headache, abdominal and musculoskeletal pain) were
assessed in adolescence, and lifetime history of mental health disorders (i.e., depressive and anxiety
disorders) were subsequently assessed in adulthood. Individuals with, versus without, chronic pain in
adolescence subsequently reported significantly higher lifetime rates of anxiety (21.1%) and depressive
(24.5%) disorders [18]. After controlling for established confounding factors (e.g., age, sex, insufficient
sleep, general health), chronic pain in adolescence was associated with a greater likelihood of having
anxiety (odds ratio (OR) 1.33) and depressive (OR 1.38) disorders over the lifetime [18].

2.2. Co-Occurrence of Pediatric Chronic Pain and Internalizing Mental Health Issues

Other studies have focused on establishing concurrent rates of mental health disorders and chronic
pain status in youth. Coffelt et al. [21] analyzed retrospective data from 3752 youth admitted with a
primary diagnosis of chronic pain. Forty-four percent of adolescents had a comorbid mental health
condition [21]. The diagnoses included mood disorders (28%), anxiety disorders (18%), conversion and
somatization disorders (6%), and PTSD (2.4%) [21]. Simons et al. [23] also investigated the prevalence
of anxiety symptoms in a large sample of youth with chronic pain. While only 11% of the participants
reported clinically significant levels of total anxiety, 31% may have underreported their anxiety
symptoms given their heightened scores on a social desirability scale [23]. Children with diffuse pain
reported significantly higher levels of anxiety as compared to youth with musculoskeletal, abdominal
or neuropathic pain [23]. Recently, Noel et al. [25] compared prevalence of PTSD symptoms in a sample
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of youth with chronic pain and their parents to pain-free peers. Findings revealed significantly higher
levels of PTSD symptoms (including clinically significant symptoms) in youth with chronic pain and
their parents [25].

Similar patterns of co-occurring pain and mental health disorders were found among youth
with chronic headaches. In a large sample of youth, recurrent headaches were positively related
to higher levels of anxiety and depressive symptoms across two broad age groups (12–14 years,
OR 2.05; 15–17 years, OR 1.64) [20]. These results are consistent with those of a meta-analysis
of mental health conditions in pediatric headache populations, which revealed higher levels of
psychopathology symptoms in children and adolescents with headache as compared to healthy
controls [19]. Tension-type headaches were associated with higher internalizing symptoms, which
included anxiety and depressive symptoms, withdrawal and somatic complaints [19]. A meta-analysis
of FAP revealed that levels of concurrent anxiety, depression and psychological distress were
significantly higher in youth with FAP as compared to pain-free youth [26].

The co-occurrence of pediatric chronic pain and mental health disorders has been shown to
differ by child sex [14,27]. In a representative sample of 3733 youth, abdominal pain and headaches
were associated with co-occurring anxiety disorders in girls, but not boys [27]. Musculoskeletal
pain exhibited a similar pattern, showing a strong association with anxiety disorders in girls, but
not boys [27]. Conversely, boys were more likely than girls to develop externalizing mental health
disorders comorbid with recurrent abdominal pain [14,27]. Both girls and boys were at risk for
developing depression in the presence of musculoskeletal pains [27].

In addition to establishing prevalence rates of pediatric chronic pain and mental disorders,
Tegethoff et al. [24] sought to determine the temporal primacy of each condition using structured
clinical interviews assessing mental health disorders, parental reports of youth mental health disorders
and adolescent self-reports of chronic pain in a sample of 6000 youth. More than a quarter of youth
reported having both a mental health disorder and chronic pain in their lifetime [24]. Most youth who
experienced any type of chronic pain (i.e., back/neck pain, headache, or other chronic pain) reported
having an anxiety disorder (17.4%) and an affective disorder (10.06%) [24]. Having experienced any
type of chronic pain increased the risk of developing anxiety (OR 2.42), eating (OR 2.63) and depressive
(OR 2.32) disorders [24]. Temporal associations (albeit assessed via retrospective report) were reported
between the onset of mental health disorders in childhood and the subsequent onset of chronic pain.
There were no significant temporal associations between the preceding onset of chronic pain and the
subsequent onset of psychological disorders later in life.

Taken together, the available literature demonstrates high levels of co-occurrence of pediatric
chronic pain and mental health disorders and symptoms. A major limitation of much of the
epidemiological work to date has been the suboptimal assessment of pain. Indeed, chronic or recurrent
pain status has often been limited to a single binary question that fails to capture crucial aspects
of chronic pain assessment, such as pain frequency, distress due to pain, and pain interference or
disability. Moreover, over-reliance on retrospective self-report of symptoms has precluded reliable
conclusions about risk and temporal relationships between the onset of chronic pain and mental health
issues. The few studies examining temporality suggest that anxiety issues may indeed precede the
development of chronic pain; however, rigorous prospective research is needed. Arguably the most
striking finding from this body of research is that, irrespective of whether or not pediatric chronic pain
resolves by adulthood, the long-term risk for developing mental health disorders remains. This has
important clinical implications and suggests that treatments for chronic pain that only target pain, may
not be sufficient for interrupting a trajectory of illness into adulthood.

3. Models of Chronic Pain and Comorbid Anxiety, Depression and PTSD

Several models have been proposed to understand the mechanisms underlying comorbidities
between various mental health disorders and chronic pain in adults. Sharp and Harvey’s mutual
maintenance model accounted for seven mechanisms through which PTSD and chronic pain might
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mutually maintain each other [8]. They proposed that cognitive (e.g., attentional biases), affective
(e.g., depression) and behavioral (e.g., reduced activity levels) factors, characteristic of chronic pain,
serve to exacerbate PTSD symptoms. Similarly, physiological (e.g., heightened alarm response to
trauma reminder), affective (e.g., negative alterations on mood and cognitions) and behavioral
(e.g., avoidance) aspects of PTSD contribute to the exacerbation of chronic pain [8]. The model,
however, does not account for potential causal connections between those factors.

Liedl et al. [28] subsequently proposed the Perpetual Avoidance Model (PAM). The authors
posited that trauma catalyzes dysfunctional cognitions and sensations of intrusion which lead to
heightened arousal [28]. The role of hyperarousal is thought to be two-fold: it promotes avoidance
behaviors that feed into PTSD-related dysfunctional cognitions and it amplifies pain sensations [28].
Intensified pain sensations further drive pain-related cognitions (e.g., catastrophizing, fear-avoidance
beliefs), in turn, promoting avoidance of pain-inducing activities [28]. Avoidance (an element shared
with PTSD) further intensifies pain sensations [28]. Hence, individuals get trapped in a cycle
of perpetual avoidance that serves to maintain both PTSD and chronic pain. The PAM assumes
no direct relationship between an inciting traumatic event and chronic pain. The pain model by
Norman et al. [29] postulates that pain drives PTSD onset, whereas PTSD does not contribute to pain
maintenance. Brown et al. [30] used structural equation modelling to test three theoretical models with
a pediatric population (i.e., the PAM, mutual maintenance model, and the pain model). The authors
used diagnostic interviews to assess PTSD and self-report to assess physical pain in a clinical sample
of youth with traumatic brain injuries (TBIs) 3, 6 and 18 months after their injuries [30]. Sharp and
Harvey’s model fit the acquired data significantly better as compared to the Norman et al. pain model.
The PAM did not differ significantly in terms of fit as compared to Sharp and Harvey’s model,
suggesting equally good fit [30]. The authors concluded that PTSD drives the presence of physical
pain in this particular pediatric population.

Sharp and Harvey’s mutual maintenance model was later expanded to distinguish between
mutual maintaining versus shared vulnerability factors, the latter of which serve to precipitate
both conditions [7]. The shared vulnerability model postulates that certain psychological symptom
clusters (e.g., anxiety sensitivity) and physiological factors (e.g., lower alarm threshold) can precipitate
the emergence of both chronic pain and PTSD and be causally related to cognitive and behavioral
mechanisms [6,7]. Moreover, the model posits that the conditions only develop when an individual
with such a diathesis is exposed to a traumatic life event [7]. Trauma initiates a diathesis-amplified
psychological response that includes maladaptive levels of fear and anxiety, and results in an
array of detrimental behavioral (e.g., avoidance), cognitive (e.g., hypervigilance) and physiological
(e.g., autonomic nervous system responsivity) consequences [7]. These consequences, which are
thought to be bi-directionally related, account for the development of PTSD, chronic pain and/or both
comorbidities [7]. The shared vulnerability model is the first model to include anxiety disorders, in
addition to PTSD. Just as symptoms of mental health disorders (e.g., physiological arousal in anxiety,
lack of positive emotions in anxiety or anhedonia in depression) may intensify pain symptoms [7],
pain-related cognitive biases, physiological responses and maladaptive behaviors may serve to
aggravate symptoms of mental health disorders [7]. It is, therefore, likely that mental health conditions
and chronic pain share certain predisposing factors that form a common diathesis.

Until only recently, existing models of co-occurring mental health disorders and chronic pain
were specific to adults. In a recent topical review, Holley et al. [31] proposed a new pediatric model
of PTSD and chronic pain comorbidity in youth. Central to this model are shared vulnerability and
mutually maintaining factors that are thought to influence PTSD, chronic pain and the disorders’
comorbidity in bi-directional ways. While many of the proposed factors are similar to those covered in
the previous models (e.g., anxiety sensitivity, avoidance, hyperarousal), the authors drew evidence
from pediatric research, confirming the important roles that these factors play in pain and mental health
trajectories in childhood and adolescence [31]. Unique to this model is the integration of individual
(e.g., trauma and pain-related variables), interpersonal (e.g., parent traumatic stress, peer victimization)
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and neurobiological (e.g., PTSD and pain influences on the developing brain) factors, all couched
within a developmental context [31]. At all levels, PTSD and pain symptomatology are thought to
reciprocally influence one another. For instance, catastrophic thoughts about pain in youth may lead to
behavioral avoidance, and similar cognitions in parents may serve to exacerbate these cognitions and
behaviors in their child [31]. Likewise, depressive symptoms characteristic of chronic pain and PTSD
might be aggravated or even induced by peer difficulties and social isolation that are also commonly
found in both conditions [31]. Overall, the proposed model fills a gap in the literature by being the
first to integrate evidence from the pediatric PTSD and pain literatures, and positing developmentally
relevant mechanisms that might underlie and serve to maintain both conditions in youth.

4. Potential Neurobiological Mechanisms Underlying Comorbid Chronic Pain and Anxiety,
Depression or PTSD

As outlined in some of the models previously described (e.g., [6,7,31]), shared neurobiology
of chronic pain and mental health conditions may in part explain the high co-occurrence of these
disorders. Nevertheless, biological underpinnings of comorbidity have largely been overlooked relative
to cognitive, affective and behavioral factors. There is accumulating evidence to suggest that genes,
hormones and neural networks contribute to both the predisposition and maintenance of, chronic pain,
PTSD, anxiety and depressive disorders. The following will provide a brief overview of some of the
neurobiological factors that may underlie chronic pain and these associated mental health conditions.
Presently, there are a limited number of studies that have examined mechanisms contributing to the
development and maintenance of pediatric chronic pain and comorbid internalizing mental health
issues. Therefore, in this particular section of the review, where there is an absence of child research,
we draw from adult and animal literatures. We acknowledge that work in this area is preliminary. It is
important that future research further investigate these factors and their developmental specificity to
children and adolescents, so that interventions can be developed to effectively target the underlying
mechanisms that maintain these conditions during the pediatric period.

4.1. The Hypothalamic–Pituitary–Adrenal Axis

Both stress and pain incite a cascade of neurobiological events, leading to the activation of
the hypothalamic–pituitary–adrenal (HPA) axis and production of stress hormones (glucocorticoids
(cortisol in humans)), which regulate the transcription of genes [32]. The process through which
cortisol is secreted begins with the activation of the hypothalamus. This leads to the co-release
of hormones [33–36] that stimulate the synthesis and release of adrenocorticotropin (ACTH) from
the anterior pituitary gland. ACTH secretion influences the release of glucocorticoids from the
adrenal cortex into general circulation [33–36]. Cortisol binds with glucocorticoid receptors in
the hypothalamus, hippocampus and other brain regions to inhibit further production of cortisol
(negative feedback) [33,34]. However, early and/or prolonged exposure to stress and/or pain
can disrupt this cortisol feedback loop. Individuals with chronic pain often demonstrate HPA
dysfunction [37,38], including altered glucocorticoid negative feedback [39,40] and abnormal cortisol
levels [41–44]. Similarly, co-occurring stress-related mental health conditions (PTSD, anxiety and
depressive disorders) are also associated with disruptions to the HPA axis [45–47].

Priming of the HPA axis begins in utero. Prenatal exposure to stress hormones leads to
greater stress responses in adults, by reducing glucocorticoid receptors in the hippocampus [48,49].
Fewer glucocorticoid receptors in the hippocampus, leads to poorer negative feedback, and greater
anxiety-related behavior during adulthood [48,49]. The postnatal environment also has considerable
influence on the programming of the HPA axis. Natural variations in maternal behavior, such
as the amount a rat licks and grooms their pups in the first week of life [50], incites a cascade
of serotonin-mediated changes affecting hippocampal glucocorticoid receptor expression [51–57].
Adult offspring of low licking and grooming rat mothers showed reduced hippocampal glucocorticoid
receptor expression, poorer glucocorticoid feedback sensitivity, and greater glucocorticoid production
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in comparison to pups reared by high licking and grooming mothers [52,53]. These changes
in physiology are related to alterations in behavior as adults. Offspring of low licking and
grooming mothers show greater anxiety-like behavior and alterations in cognitive functioning during
adulthood [51,55,58–60], factors commonly associated with chronic pain [7]. Comparable disruption of
cortisol reactivity in response to maternal behavior has been observed in humans. Early disruptions in
the parent–child relationship have been associated with increased levels of cortisol in preschoolers [61].
Moreover, these heighted glucocorticoid responses were associated with increased behavioral and
emotional problems both at school-age and adulthood [61,62]. Therefore, normal variations in early
life experience and parent–child interactions can subsequently alter stress reactivity and behavior;
this may contribute to the vulnerability and or mutual maintenance of psychopathology and chronic
pain [7].

Cumulative life trauma also influences the development of chronic pain and psychopathology [63–65],
which may, in part, be explained by dysregulation of the HPA axis. Youth with chronic pain report
having a greater number of stressful life events compared to those without chronic pain, and cumulative
trauma was associated with higher PTSD symptoms [25]. The timing and duration of traumatic
events appears to largely influence glucocorticoid and behavioral responses to trauma. Both in
humans and animals, prolonged pain and distress appears to be associated with a dampening
of cortisol responses, in contrast to acute stressors that are associated with hyper-secretion of
cortisol [52,53,66–70]. For example, among rhesus monkeys during the first month of life, when
abuse is most prevalent, abused infants had elevated plasma cortisol levels as compared to non-abused
infants [71]. However, by 6 months of age, the monkeys exhibited lower basal cortisol levels and
attenuated ACTH to corticotropin-releasing factor (CRF) compared to control monkeys [71]. In humans,
children who experienced abuse in their home environments, showed enhanced ACTH responses
and normal cortisol levels [72]. However, adult survivors of childhood abuse or those with PTSD
demonstrate lower ACTH responses following CRF injections [73]. Moreover, in a sample of youth
exposed to interpersonal violence, if the trauma occurred in the last year of assessment, higher
levels of salivary cortisol were positively associated with PTSD [74]. Conversely, in individuals
with traumas exceeding a year prior to assessment, PTSD symptoms were associated lower levels
of cortisol [74]. Ultimately, previous and/or prolonged physiological arousal associated with stress
initiated by exposure to the threat of or actual death, serious injury, or violence can have detrimental
effects on activation of neural and hormonal processes, and may contribute to the development of
chronic pain and mental health disorders. This research also suggests that timing of exposure to
traumatic/stressful events as well as assessment can influence the patterns of activation found.

Therefore, prolonged activation of the HPA axis may lead to stress-related conditions as
chronic pain, PTSD, anxiety and depressive disorders. At this time, the mechanisms underlying
the relationships between chronic pain and mental health conditions have not been well characterized.
However, given the widespread actions of cortisol on multiple neurobiological systems, prolonged
exposure to glucocorticoids may lead to changes in gene expression, the immune system and to the
developing brain, thereby increasing the vulnerability and maintenance of these conditions.

4.2. Serotonin

Serotonin (5-hydroxytryptamine (5-HT)) is a widely distributed neurotransmitter that is a key
modulator of stress responses (i.e., HPA axis) [75,76]. It is also an important molecule for pain
processing, and is centrally involved in chronic pain states [77,78]. Previous studies have shown
that individuals with chronic pain have decreased levels of 5-HT in their serum and cerebrospinal
fluid [79,80]. This led to an investigation as to whether variants of 5-HT genes were associated
with increased risk of developing chronic pain. One of the major 5HT receptor subtypes is the
serotonin 2A receptor (5-HT2AR). It was found that following nerve injury, 5-HT2AR promotes spinal
hyper-excitation and impairs spinal μ-opioid mechanisms, thereby contributing to the development
of mechanical allodynia [81]. Using 2 population-based cohorts, Nicholl et al. [82] were able to
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demonstrate for the first time that single-nucleotide polymorphisms (SNP) of the 5-HT2AR gene were
associated with musculoskeletal pain in adult males, even after adjustment for symptoms of depressive
disorders. Therefore, 5-HT availability appears to have a role in the development of chronic pain
conditions. Central to the reuptake of 5-HT is the transporter protein (5-HTT). Genetic variants of
the transporter promoter region (5-HTTLPR) play a critical role in determining intra-synaptic 5-HT
signaling [83]. In humans it has been found that the short (S) allele of 5-HTTLPR results in ~50%
reduction in 5-HT reuptake compared to the long (L) allele [84]. The S allele has been found to
increase the risk of chronic pain [85,86]. Chronic pain patients with the S allele also demonstrated
higher levels of anxiety and depressive disorders [85]. It has been theorized that the inability for
rapid 5-HT clearance from the synaptic cleft may result in serotonin 1A receptor (5-HT1A) subtype
negative feedback, causing an overall decreased in 5-HT neurotransmission for individuals with the
S allele [85]. Converging evidence from both human and nonhuman primates suggests that S allele
carriers may also have greater vulnerability for anxiety and depressive disorders [87]. Indeed, a recent
meta-analysis found a significant association between 5-HTTLPR genotype and HPA-axis reactivity to
acute psychosocial stress, with homozygous carriers of the S allele displaying increased stress hormone
reactivity compared with individuals with the S/L and L/L genotype [88]. The 5-HTTLPR genotype
also modulates brain activation during emotional processing tasks [89,90]. Human adult functional
magnetic resonance imaging (fMRI) studies have found consistent associations between the short allele
and greater amygdala reactivity to aversive versus neutral stimuli [91,92]. This is important given
that the amygdala plays a key role in activating the HPA axis. Altogether, it would appear that 5-HT
availability modifies brain responses and predisposes individuals to developing chronic pain and/or
mental health conditions.

4.3. Brain-Derived Neurotrophic Factor

Serotonin interacts closely with brain-derived neurotrophic factor (BDNF), a neurotrophin that
is widely expressed in stress-related brain regions (e.g., prefrontal cortex and hippocampus) and is
intrinsic to neurogenesis and synaptogenesis [93]. Both human and animal studies have demonstrated
that stress hormones modify BDNF expression, such that there is decreased BDNF expression in the
hippocampus and increased expression in the amygdala [94–96]. This finding is consistent with recent
neuroimaging studies, which have reported significant loss in hippocampal neuroconnectivity with
the medial prefrontal cortex [97], and exaggerated amygdalar connectivity with the central executive
network (dorsolateral prefrontal cortex and posterior parietal cortex) in individuals with chronic pain
compared to healthy controls [98]. Therefore, genetically determined BDNF availability may modify
brain connections contributing to the development and maintenance of chronic pain conditions. To that
effect, it has been shown that induced chronic inflammatory pain dampens hippocampal BDNF gene
expression in rats [99]. Deletion of BDNF also produces chronic pain and depressive-like behavior in
mice [100], and stimulators of BDNF synthesis have been shown to have an analgesic effect and reduce
depression-like behavior in rats with chronic pain [101]. Similar to 5-HT, there are variants of BDNF,
which are important determinants of intracellular processing and secretion [102]. Unlike Val66Met
(rs6265), the 66Met allele results in lower BDNF availability, and is associated with alterations of
human hippocampal function [103]. Both human and mouse 66Met allele carriers have been shown to
have smaller bilateral hippocampi, in addition to lower gray mater volumes (e.g., prefrontal cortex),
and reduced white matter tract integrity when compared to 66Val homozygote controls [104–110].
Furthermore, adult human and rat studies have shown that 66Met carriers may be at higher risk for
developing chronic pain, PTSD, anxiety and depressive disorders [111–119]. Therefore, stress-regulated
BDNF may be another mechanism through which genes may increase susceptibility to chronic pain
and comorbid mental health conditions.
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4.4. Inflammation

Another important factor to consider in the co-occurrence of chronic pain and mental health
disorders is the effect that chronic pain and stress can have on immune function. Injury leads to the
activation of microglia in the dorsal horn of the spinal cord, which results in the release of cytokines
and growth factors that excite nociceptive dorsal horn neurons, contributing to the development of
central sensitization and hyperalgesia [120] as well as the pathogenesis of chronic pain [121,122]. It is
important to note that chronic inflammatory processes are not specific to pain (e.g., autoimmune
diseases, aging) [123,124] and may arise from acute immune challenges [125]. Therefore, other
conditions that incite neuro-inflammatory responses may also lead to chronic pain and comorbid
conditions. Post-mortem immunohistochemical studies of the spinal cord in patients with complex
regional pain syndrome [126] and human immunodeficiency virus-related neuropathic pain [127], and
cerebral spinal fluid sampling of patients with fibromyalgia and chronic low back pain [128,129], have
provided support for the involvement of glia in the pathogenesis of chronic pain. A recent study using
positron emission tomography–magnetic resonance imaging showed for the first time, in vivo, that the
occurrence of glial activation, as measured by an increase in [11C]PBR28 binding, was greater in the
thalamus of patients with chronic pain as compared to controls [130]. Preclinical research involving
nerve injury models have shown that chronic pain evokes anatomically specific neuroinflammation in
brain regions that is causally linked to anxiety and depressive-like symptoms [131]. Specifically, nerve
injury elicits the production of pro-inflammatory cytokines both in the periphery and centrally, which
can cause a reduction in BDNF (neurogenesis) and glucocorticoid receptor expression and function, and
an increase in excitoxicity in brain regions that are critical for behavior regulation (i.e., hippocampus,
hypothalamus, amygdala, prefrontal cortex) [131–135]. Altering the connectivity of these regions can
lead to alterations in function and behavioral disturbances. In humans, the production capacity of
several cytokines has been positively associated with severity of depressive and anxiety symptoms,
even while taking lifestyle and health factors into account [136]. Furthermore, it has been shown that
among chronic pain patients, higher levels of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6)
were associated with less improvement in pain intensity, greater psychological inflexibility and lower
mental health-related quality of life following a pain intervention, compared to patients with lower
levels of these cytokines [137]. Therefore, inflammation may not only act as a precipitating factor for
pain and mental health conditions, but also may be a perpetuating factor that deters patient recovery.

To date, very little research has been completed examining inflammatory factors and its
contribution to the chronicity of pediatric pain and comorbid mental health disorders. Therefore, this
represents an important, cutting-edge area for future research. We know that early life pain and/or
stress also appears to dysregulate the developing immune system. Rat pups surgically incised on
postnatal day 3 show priming of the central neuroimmune response, such that upon re-injury during
adulthood, they demonstrate an enhanced degree and duration of microglial reactivity [138]. This is
one of the first studies to demonstrate how early tissue injury can modify the neuroimmune profile to
shape nociceptive processing throughout life, and may yield valuable insights into the potential link
between pediatric and adult chronic pain conditions [138]. To the best of our knowledge, this has not yet
been demonstrated in humans. However, Mitchell and Goldstein [139] reviewed 67 studies including
nearly 4000 youth with mental health conditions and found preliminary evidence for elevated markers
of inflammation in this population. In particular, associations with depressive disorders and PTSD
converge with the extant adult literature demonstrating associations with inflammatory markers [139].
Early-life stress leads to a suppression of inflammatory markers during development, but causes a
shift towards a pro-inflammatory state in later life [140]. For children born extremely preterm, this
change in inflammatory responses may coincide with the dampening of HPA activity over time [69,70].
Prolonged stress appears to have a similar effect on inflammatory responses, such that in adult patients
with comorbid PTSD and major depressive disorder demonstrated higher IL-6 activity concurrent with
reduced sensitivity to glucocorticoids as compared to PTSD patients alone [141]. Furthermore, another
study found that combat veterans with PTSD demonstrated abnormally elevated neuroinflammatory
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responses to deep pain stimuli relative to combat veterans without PTSD [142]. Taken together,
inflammatory responses appear to play an important role in the development and maintenance of
comorbid chronic pain and mental health disorders. Currently, many new pharmacological agents that
target cytokines are being synthesized for different clinical indicators [143], which may result in better
control of chronic inflammation, as well as improved treatment outcomes for patients with chronic
pain and PTSD, anxiety and depressive disorder comorbidities.

4.5. Neuroimaging Chronic Pain and Psychopathology

In recent years, several neuroimaging studies have attempted to characterize nociceptive systems,
their central nervous system targets (e.g., primary and secondary somatosensory cortices, insula,
anterior cingulate cortex, and thalamus) [144–148], and correlate these regions with the modality and
intensity of noxious input [144,149–151]. For example, in a recent fMRI study involving 114 healthy
adult participants, Wager et al. [151] found a highly sensitive and specific neurologic signature of
physical pain. It included both medial (e.g., affective; anterior cingulate cortex) and lateral (e.g., sensory;
somatosensory cortices) pain systems that were consistent across individuals [151]. However, in the
transition from an acute and adaptive pain state to a chronic, maladaptive neuropathic disease state,
there is extensive functional and metabolic reorganization in pain-related brain circuitry. A recent study
by Hubbard et al. [152] examined functional brain changes over time in response to acetone application
to the left hindpaw in rats that either received a spared nerve injury (SNI) or sham surgery. The SNI
rats demonstrated early hyperactivity of sensory areas (ventroposterior lateral nucleus of the thalamus,
primary somatosensory cortex) and later hyperactivity of affective areas (anterior cingulate cortex,
prelimbic cortex), and early and sustained hypoactivity of the medial thalamus and periaqueductal
gray matter [152]. Moreover, for the SNI rats, these functional brain changes were associated with early
and sustained increases in behavioral measures of mechanical and cold sensitivity [152]. Therefore,
it would appear that as an individual transitions from an acute to chronic pain state, activations
within the brain move from primarily somatosensory regions to limbic regions, indicating a shift
from primarily physical to emotional neural processing. These findings were recently corroborated
by Jensen et al. [153]. Using an activation likelihood estimate to analyze 138 independent data sets,
they demonstrated that chronic pain patients were less likely to activate key nociceptive regions
compared to healthy controls [153]. In low back pain patients followed longitudinally, Mutso et al. [97]
showed that over the course of 1 year, patients acquired significant losses in hippocampal connectivity
with the medial prefrontal cortex. This cellular loss between the hippocampus and cortex seemed
to contribute to the transition from subacute to chronic pain and was thought to be a factor in the
known aversive learning and heightened anxiety associated with chronic pain. Baliki et al. [154] also
noted over the same time course that gray matter brain density decreased in patients with low back
pain relative to healthy controls. However, adult chronic low back pain patients also tended to have
exaggerated amygdalar connectivity with the central executive network (dorsolateral prefrontal cortex
and posterior parietal cortex) as compared to healthy controls [98]. Moreover, this greater connectivity
has been associated with increased tendencies to engage in catastrophic thinking about pain [98].
In support of this finding, in adolescents with irritable bowel syndrome, disease duration is associated
with cortical thickness in bilateral dorsolateral prefrontal cortex and left supramarginal gyri [155].
Additionally, higher levels of pain intensity were associated with significant cortical thickening in the
bilateral orbitofrontal cortex [155]. Thus, similar to the animal research described above, in humans,
the transition from acute to chronic pain is characterized by reorganization within the limbic structures,
thereby altering cognitive and emotional processes. This also supports the potential role of cognitive
(e.g., memory and attentional biases) and affective (e.g., depressive symptoms) factors as potential
mechanisms that may maintain the comorbidity between chronic pain and mental health conditions.

To date, very few neuroimaging studies have been conducted in pediatric chronic pain populations.
However, among the few pediatric studies, similar findings to studies in adults have been reported.
Youth with complex regional pain syndrome have been shown to have greater connectivity of the left
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and right amygdala to several cortical and subcortical areas as compared to healthy controls [156].
However, despite this greater connectivity, Simons et al. [157] found decreased evoked responses
to fearful stimuli in patients with complex regional pain syndrome compared to healthy sex- and
age-matched controls in prefrontal and limbic regions, particularly within the striatum, amygdala,
insula and dorsolateral prefrontal cortex. Furthermore, blunted responses to fearful expressions in
the caudate, putamen, centromedial amygdala, and anterior insula were associated with pain-related
fear levels. Simons et al. [157] postulated that these results corroborate accumulating research
demonstrating alterations in cognitive-affective brain regions in the chronic pain state [158] and
may reflect either allostatic over-load [159,160] or pain avoidance, a maladaptive behavior often used
in an effort to manage chronic pain [157].

Although the majority of neuroimaging studies of pediatric chronic pain have focused on
the amygdala and its functional connections, pain is a multidimensional experience, with sensory,
cognitive, and evaluative aspects. Therefore, other networks may be simultaneously activated
during the transmission of pain signals in the brain. Differences in intrinsic brain networks were
observed in pediatric complex regional pain syndrome patients as compared to controls, with the most
prominent differences in the central executive, default mode, sensorimotor, and salience (anterior insula,
mid-cingulate cortex, temperoparietal junction, and dorsolateral prefrontal cortex) networks [161].
Given the extent of neural networks that are affected by chronic pain, it is not surprising that
comorbidities (i.e., PTSD, anxiety and depressive disorders) exist among individuals with chronic pain.
Indeed, these same networks have also been shown to be altered in individuals with PTSD, anxiety
and depressive disorders [162–165]. The majority of neuroimaging studies to date have only examined
one to two of these disorders in conjunction with pain and their effects on the brain. Therefore, the
specificity of the overlap within the brain between each of these disorders requires further investigation.
However, it is becoming increasingly clear that chronic pain, anxiety, depression and/or PTSD, are not
completely independent and the predisposing factors and neurobiological mechanisms, which lead to
the presence and/or comorbidity of these disorders, are intrinsically related.

5. Parental Mental Health Disorders in Pediatric Chronic Pain Population

As previously mentioned, the neurobiology of pediatric chronic pain is deeply embedded in
the broader social context of the family and parent–child relationship. It is, therefore, essential to
examine parental factors that co-occur with pediatric pain or that might contribute to the development
of chronic pain and comorbid mental health conditions. Several studies and reviews have confirmed
a strong relationship between familial history of chronic pain with pediatric chronic pain [166,167].
Hoftun et al. [168] used a large community sample of Norwegian youth and at least one of their
parents to examine the relationship between parental chronic pain history and pediatric chronic pain.
The youth were more likely to have chronic pain if their mother or father reported recurrent pain
issues; the risk was much higher if both parents were suffering from chronic pain [168].

There is evidence to suggest that genes, in combination with early environments, contribute to the
risk of developing chronic pain and comorbid mental health conditions. Parents with the 5-HTTLPR
S allele exhibit significantly less observed positive parenting than those with the L genotype [169].
The S allele results in ~50% reduction in 5-HT reuptake compared to the long (L) allele [84], which
is thought to cause an overall decrease of 5-HT neurotransmission in individuals with the short
5-HTTLPR allele [85]. Lower 5-HT availability, leads to reduced glucocorticoid receptor expression,
and greater circulating cortisol [51–57]. As previously described, children of mothers that have
increased stress hormones during pregnancy are more likely to have greater stress responses as
adults [48,49]. However, the postnatal environment is also important for HPA axis programming,
such that parent behaviors can either reduce or increase cortisol activity, thereby modifying gene
expression [52,53,170,171]. Glucocorticoid dysfunction is associated with chronic pain and mental
health conditions (PTSD, anxiety and depressive disorders) [45–47]. Therefore, parent factors contribute
to their child’s risk of subsequently developing chronic pain and comorbid mental health conditions.

81



Children 2016, 3, 40

Other studies have also reported associations between parental mental health and chronic pain
in children. Garber et al. [167] examined children with recurrent abdominal pain (RAP) with and
without known “organic cause”, children with psychiatric issues and a healthy control group. Parental
self-reports of psychiatric symptoms were significantly different between the groups. Mothers (but not
fathers) of children with RAP were more anxious than mothers of children who had pain with a known
“organic” origin and mothers in the control group [167]. Mothers of children who had RAP without
a known “organic cause” reported more depressive and somatization symptoms than mothers of
healthy controls. Walker et al. [172] reported similar findings: mothers of children with RAP reported
higher levels of depressive, anxiety, and somatization symptoms as compared to mothers of healthy
children. Parental reports did not differ significantly between the groups. Campo et al. [173] examined
a clinical sample of children with FAP and their mothers, finding the latter were significantly more
likely to report a lifetime incidence of anxiety or depressive disorders as compared to mothers of
children without recurrent pain. The UK child development cohort study mirrored those findings: high
levels of maternal neuroticism was a risk factor for pediatric abdominal pain [5], and family history of
mental health issues were linked to recurrent headaches in childhood [3,21]. Williamson et al. [174]
examined a small clinical sample of youth with chronic pain and their mothers. In addition to child
ratings of pain, another significant predictor of child-reported depression was maternal depression.
Similarly, Wolff et al. [175] assessed anxiety and depressive symptoms in pregnant women as a part of a
population-based cohort study (the Generation R). Among other factors (e.g., maternal stress and child
temperament), higher anxiety symptoms in mothers increased the risk of somatic complaints in their
18 month old children [175]. While the number of studies in this area is rather limited, a pattern of high
co-occurrence between pediatric chronic pain and parental mental health disorders and symptoms
is evident.

Moreover, as reported in a recent meta-analysis, children of parents who have versus who do not
have chronic pain are more likely to develop a host of physical and mental health problems from early
in life [176]. Starting as early as perinatal period, children of mothers with chronic pain were at higher
risk for preterm delivery, C-section, and adverse birth outcomes (e.g., low birth weight, congenital
abnormalities) [176]. In addition to increased pain problems, offspring of parents with chronic pain
were at higher risk for poorer mental health outcomes [176]. Limited evidence was found for higher
rates of externalizing problems [176]; however, consistent patterns were found for internalizing
problems. Levels of both parent- and youth-reported internalizing problems (including symptoms
of depression, anxiety and obsessive–compulsive disorder) in youth whose parents had chronic
pain were higher as compared to controls (i.e., children of pain-free parents) [176]. Other research
has examined parent–child transmission of gastrointestinal illness (GI) behaviors and psychosocial
mechanisms underlying this transmission [177,178]. In a study of parents with and without irritable
bowel syndrome and their children, a stronger relationship between maternal and child psychological
distress was found among the clinical group [178].

Stone and Wilson [179] recently developed an integrative conceptual model addressing the
apparent clustering of chronic pain within families. The model outlines possible mechanisms
(e.g., pain-specific social learning, general parenting style) and child vulnerabilities (e.g., altered pain
processing, pain-related cognitions, pain coping behaviors, physical health, emotion regulation) that
contribute to intergenerational transmission of chronic pain risk and may lead to adverse pain-related
child outcomes (chronic pain, poor psychological functioning, disability) [179]. The authors also
identified potential moderators that exacerbate the risk of transmitting chronic pain to offspring.
Thus, chronic pain status of the second parent increases the risk of child developing chronic pain,
whereas a pain-free second parent may buffer this risk [179]. Earlier and longer exposure to parental
chronic pain, that is, in the same location as child pain is more detrimental as it increases the chances
of child learning and adopting pain-related behaviors and beliefs [179]. Girls, African American youth
and youth exposed to parental chronic pain at earlier ages may be at higher risk for developing chronic
pain as compared to boys, non-Hispanic White youth, and youth who were exposed to parental chronic
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pain during late adolescence [179]. Importantly, it was proposed that positive affectivity in the child
might buffer against the negative influence of parental chronic pain on children, whereas negative
affectivity and attention control (i.e., effortful control) in the child may have the opposite effect [179].

Many of the same mechanisms that have been proposed to underlie parental and child chronic
pain may also underlie the familial transmission of chronic pain and internalizing mental health
symptoms between parents and youth. These proposed mechanisms include: (1) genetic contributions;
(2) modeling of behavior (i.e., mothers with higher levels of anxiety model associated patterns of
behavior to their children) and pain-specific learning; (3) changes in parenting style, behavior, and
interactions with the child (e.g., withdrawal associated with depression, excessive attention to child’s
pain in cases of heightened anxiety); (4) early neurobiological changes; (5) general familial health;
and (6) exposure to stressful environment [167,179]. However, it remains unclear whether parental
mental health is a risk factor for development of pediatric pain or a result of having a child with a
pain problem. Certainly, parenting a child with chronic pain is associated with high emotional burden
to the parent and the broader family system, and recent efforts have been made to directly target
parental distress in pediatric chronic pain for this very reason [180]. Twenty percent of parents of
youth with chronic pain (versus 1% of parents of pain free peers) have been found to experience
clinically significant levels of PTSD [25], however, their PTSD symptoms were not related to those of
their child [25].

Any temporal and/or causal connections between pediatric chronic pain and parental
psychological health are premature and require further longitudinal and epidemiological investigations.
It will also be important to consider that parental mental health might be comorbid and have
a bi-directional influence on youth’s psychological functioning in chronic pain populations.
Palermo et al. [181] developed a conceptual three-level model that elucidates factors at play in pediatric
chronic pain. Parental level variables (mental health and emotions, behaviors, physical health status)
connect to the other two levels including family variables and developmental factors, by the means of
bi-directional relationships. Clearly there is a necessity to further investigate parental factors to gain a
more comprehensive understanding of their role in the onset and trajectories of pediatric chronic pain
and mental health.

6. Treatments for Comorbid Chronic Pain in Youth

Despite growing recognition of the high co-occurrence of mental health disorders in children and
adolescents with chronic pain, treatment approaches to address this growing problem have lagged
behind. Currently, psychological treatments for chronic pain have taken a “one-size-fits-all” approach
and predominantly focus on changing pain-related cognitions and behaviors without adequately
addressing elevations in anxiety and depressive symptoms that often accompany the pain. This could,
in part, explain the small and non-significant treatment effects that have been found for face-to-face
psychological interventions in reducing pain and disability among headache and non-headache pain
populations, respectively. While it may also account for a lack of lasting reductions found in anxiety and
depressive symptoms following treatment, this could also reflect the small number of trials that have
analyzed mental health conditions as outcomes [10]. Similarly, in a recent meta-analysis of remotely
delivered psychological interventions (e.g., via the internet, computers, smartphone applications or
telephone), there were no beneficial effects found in reducing depressive symptoms and only small
effects in reducing headache pain in the short-term [182]. However, it should be noted that there were
only a small number of (small) trials conducted, and, like the face-to-face trials, many did not assess
both anxiety and depressive symptoms as primary outcomes. Taken together, the evidence to date
suggests that our existing interventions for chronic pain emphasize changing pain cognitions and
behaviors without adequate emphasis on co-occurring mental health conditions. Although more trials
assessing pain and mental health disorders as primary outcomes are needed, it is possible that existing
treatments may not be sufficient for interrupting a trajectory of pain and comorbid mental health
conditions from persisting long-term.
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Recent research suggests that mental health comorbidities and symptoms can impede recovery
among youth with chronic pain. Cunningham et al. [183] examined 175 children seen in a pediatric
pain management center, 40 of who completed cognitive–behavioral therapy for chronic pain.
Findings revealed that children who had clinically significant symptoms of anxiety at the time of initial
evaluation (albeit similar levels of pain and functioning) showed greater initiation in and completion
of the pain intervention but poorer treatment response (i.e., less reductions in pain intensity and
functional disability) as compared to youth with subclinical anxiety symptoms. Research also suggests
that modifying anxiety is important for reducing pain and improving functioning during intensive
interdisciplinary rehabilitation pain programs. Specifically, Benore et al. [184] found that over and
above the effect of age, sex and pain at admission and 1-month post-discharge, reductions in general
anxiety, pain-specific anxiety and pain catastrophizing predicted improved physical quality of life,
as well as pain intensity, but, not the number of missed school days. Taken together, this evidence
demonstrates that mental health (anxiety) symptom elevations impede recovery in psychological pain
treatments and should be reduced in order to see improvements in pain and functional outcomes.
This suggests that youth with chronic pain are not a homogenous group and treatment approaches
that are tailored to addressing co-morbid anxiety symptoms are likely necessary for subgroups of
youth who exhibit clinically significant anxiety symptoms. Moreover, youth who appear to be most
engaged in treatment (i.e., those with clinically significant anxiety symptoms) might be the very ones
who are least likely to recover. Research on treatment response among youth with other mental health
conditions (e.g., depression, PTSD) is needed.

Like Cunningham et al. [183], recent authors have argued for the use of mental health screening
tools to identify mental health disorder co-morbidities [31,185,186] in order to predict outcomes
and inform clinician-use of treatment approaches. Some authors have also provided treatment
recommendations [31,185], albeit largely based on adult research. Adult guidelines recommend treating
overlapping pain and PTSD symptoms (e.g., fears and avoidance behaviors) concurrently [9,187].
Dually targeted interventions have been developed for adults that combine PTSD behavioral activation,
pain education and emphasis on exercise [9,188]. Similarly, other programs developed for adult
veterans have combined cognitive processing therapy for PTSD with CBT for chronic pain [9,189].
Pediatric researchers have stressed the importance of understanding comorbid PTSD and chronic
pain within a developmental context [31] and cautioned against simply downwardly extending
adult recommendations to pediatric populations. Attempts have been made to apply a unified,
transdiagnostic treatment for adolescents with chronic pain and comorbid anxiety and depressive
disorders (Unified Protocol for the Treatment of Emotions in Youth With Pain (UP-YP)) [190].
The UP-YP is a modular-based individual treatment protocol [190]. Treatment is offered between
8 to 21 50-min sessions over a front-loaded 6-month period [190]. The UP-YP modules include:
(a) psychoeducation about emotions and pain; (b) awareness of emotions and pain; (c) flexibility
in thinking; (d) modifying emotion-driven behaviors through exposures; and (e) treatment review
and relapse prevention [190]. Several optional modules are available as well (e.g., parenting the
emotional adolescent with pain) [190]. Although similar in its application to traditional CBT therapy,
the UP-YP aims to modify both pain and emotions [190]. Using two case studies, Allen et al. [190]
provided initial evidence that the UP-YP can be used to broaden the scope of treatment to include
both emotion regulation skills and cognitive–behavioral treatment strategies to assist individuals with
complex medical and psychological conditions. After completing the training modules, case 1 was
back at school nearly full-time, engaging in social activities, and showed significant improvement
in his anxiety and disability, although his pain levels remained more or less the same. Case 2, was
somewhat less successful as her pain symptoms were initially being addressed by the program, but
her physical illness towards the end of treatment precluded her from the continued benefits of UP-YP.
As an alternative to this method of intervention, clinicians may choose to stagger treatment delivery
by treating the condition that causes the most distress first and then addressing remaining symptoms
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of the other condition; however, treatment algorithms based on evidence are needed. Clearly, knowing
when and how to integrate versus stagger treatment is a critical area for future research in this area.

Another reason why existing interventions may not help a substantial portion of youth may be
due to the fact that they do not effectively target the underlying mechanisms that maintain these
conditions. Genetic screening for alleles associated with these conditions may help to identify patients
at risk for developing chronic pain and a comorbid mental health condition, allowing clinicians to
intervene prior to significant neural remodeling. A better understanding of the neural “signature(s)”
associated with chronic pain, PTSD, anxiety and depressive disorders will also help to evaluate
the effectiveness of clinical interventions for altering this neural circuitry. New therapies, which
directly target the underlying mechanisms of these conditions, may also be a promising new direction
for clinical intervention. For example, transcranial magnetic stimulation (rTMS) involves using a
magnetic field generator to stimulate small regions of the affected brain region. Thus far, rTMS has
been shown to be an effective treatment for burning mouth syndrome [191], complex regional pain
syndrome [192], fibromyalgia [193,194], neuropathic pain [195–197], depressive disorders [198] and to a
lesser degree PTSD and other anxiety disorders [199,200]. It has been proposed to prevent or revert the
ongoing maladaptive plasticity within the pain matrix [201], and modify opioidergic, glutamatergic,
gamma-aminobutyric acidergic, and serotoninergic neurotransmissions [202]. The application of
screening, implementation of early interventions at the individual and familial level (e.g., teaching
coping mechanisms, parent sensitivity training), refining current intervention strategies, and the
innovation of new, targeted therapies, holds promise for addressing and reducing these comorbidities.

7. Discussion

High levels of comorbid chronic pain and mental health conditions have been reported in pediatric
populations, and persistent pain reportedly increases the risk of PTSD, anxiety and depressive disorders
later in adulthood [3–5,16,17]. Chronic pain and mental health disorders (as well as their subclinical
symptoms) reciprocally influence each other, significantly decrease youth quality of life and impose
a large health care and economic burden in childhood and adulthood [2,7,18,31]. While studies
have attempted to identify mechanisms underlying these relationships, they often focus on one to
two factors, which cannot account for the complex interplay between genetic, epigenetic, chemical,
neuronal and environmental factors that may interact synergistically to influence the development
and maintenance of chronic pain and mental health conditions. This review highlights some of
the ways in which pre-determined and concurrent neurobiology and genetics interact with parental
influences to influence chronic pain and mental health conditions in youth (Figure 1). It extends
previous pediatric and adult work on mental health conditions/symptoms and chronic pain, which
have focused primarily on cognitive, affective, and behavioral mechanisms. We suggest that an
integrative approach combining biological and behavioral factors is needed to push forward this
important line of inquiry, and ultimately inform how to interrupt this trajectory, to prevent issues from
persisting into adulthood. However, systematic review methodology is warranted as more evidence
accumulates on this topic.

Theoretical work is critical for synthesizing existing (and often disparate) bodies of evidence and
guiding future scientific inquiry. Existing models that address comorbidity of mental health disorders
and chronic pain are scarce. Moreover, they focus primarily on the relationship between PTSD and
chronic pain, and are primarily based on adult populations [7,8,28]. While mutual maintenance [8] and
shared vulnerability [6] models account for the relationship between PTSD and persistent pain in adults,
they do not account for an array of dynamic changes that occur during childhood and adolescence and
the unique influence of parents. The new developmentally informed model of Holley et al. [31] begins
to fill this gap by placing shared PTSD and chronic pain factors within interpersonal (e.g., parent
context) and neurobiological (e.g., impact of pain and PTSD on the developing brain) developmental
contexts. A more generalized model addressing the comorbidity between several mental health
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disorders/symptoms (depression, anxiety and PTSD) and chronic pain in youth would help guide
future research and inform clinical practice in this area.

Figure 1. Possible mechanisms underlying the shared vulnerability and mutual maintenance of
pediatric chronic pain and internalizing mental health disorders. 5-HTTLPR: Serotonin-transporter-
linked polymorphic region; BDNF: Brain-derived neurotrophic factor; HPA: hypothalamic–pituitary–
adrenal; S allele: Short allele.

There has been extensive literature examining the contribution of specific genes and
neurobiological pathways underlying chronic pain, anxiety, depression and PTSD in adults and
animals. However, these studies are often conducted in isolation of one another and focus specifically
on the neurobiological influence on one or two outcomes in particular. We have demonstrated in this
review that many of the same genes (e.g., 5-HT, BDNF), hormones (e.g., cortisol), neurotransmitters
(e.g., 5-HT), cytokines (e.g., TNF-α, IL-6) have been implicated in each of these conditions and are
inextricably related to one another, either directly or indirectly through the HPA axis. For example,
individuals with the short (S) allele of 5-HTTLPR have ~50% reduction in 5-HT reuptake compared to
the long (L) allele [84], which may result in decreased 5-HT neurotransmission [85]. Reduced 5-HT
availability leads to lower glucocorticoid receptor expression, which results in poorer negative feedback
and greater cortisol secretion [51–57]. Stress hormones modify BDNF expression, such that there is
decreased BDNF expression in the hippocampus and increased expression in the amygdala [94–96].
BDNF is intrinsic to neurogenesis and synaptogenesis [93], therefore, BDNF availability may contribute
to the patterns of neuroconnectivity that develop as pain becomes comorbid and chronic [97,98].
Prolonged exposure to pain leads to a dampening of cortisol responses [52,53,66–70]. Inhibition of
the HPA axis leads to heightened inflammatory/immune responses [203,204]. Therefore, following
exposure to pain, large inflammatory responses in both the periphery and central systems may cause a
reduction in neurogenesis and an increase in excitoxicity leading to both the chronification of pain
and its comorbidities. Furthermore, glucocorticoids are involved in normal brain maturation and
cell survival [205–207], and both an excess of or too low levels of cortisol can have deleterious effects
on the brain, leading to long-term changes in behavior. HPA activity is programmed at birth [48,49],
modified by the environment (e.g., parent behavior) [51–57,72], has significant effects in the developing
brain [52,53], and influences responses to pain and behavior [63–65]. Pain, anxiety, depression
and PTSD are all stress-related conditions influenced by either hyper- or hypo-glucocorticoid
activity [63–65]. Evidence suggests that the combination of predisposing factors, along with the timing
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and duration of environmental influences, modifies HPA activity, which has widespread effects on the
neurobiological (e.g., brain organization/function), physiological (e.g., arousal), and psychological
systems (e.g., stress, anxiety sensitivity), and may lead to the maintenance of these conditions.

Precedence of mental health disorders onset prior to chronic pain have been reported [24,30];
however, the studies examining temporal relationships between the conditions are scarce,
conflicting [208], and come with methodological limitations (e.g., reliance on retrospective report).
Clinician-administered interviews (as opposed to self- and parental report) to prospectively assess
mental and physical health in childhood, adolescence and early to middle adulthood would be a
methodological advance that would help determine temporal relationships between chronic pain and
psychiatric disorders.

When examining mental health and chronic pain in youth, it is crucial to take into account
the parent–child relational context and the influential role of parental factors. Indeed, parents of
youth with chronic pain report more anxiety, depression, and somatization symptoms than pain-free
peers [167,173]. Moreover, maternal anxiety and depressive disorders were associated with depressive
and somatic symptoms of children with chronic pain [167,172]. Therefore, it is possible that parents
with mental health disorders through interactions with their genes and environment influence the
comorbidity of chronic pain and mental health conditions in the child. It is necessary to further
investigate the role of parental factors in the development and maintenance of pediatric chronic pain
and comorbid mental health disorders and symptoms. Additionally, there is a paucity of research
examining mental health in fathers of youth with chronic pain. Given the profound influence that
pediatric chronic pain has on the entire family, it will be important to address paternal factors in
addition to, and in combination with, maternal contributions to pediatric chronic pain and mental
health conditions.

While psychological treatments for chronic pain have led to some changes in pain and disability,
there is currently no evidence to suggest that it leads to lasting reductions in mental health symptoms.
Moreover, many randomized controlled trials of psychological interventions for pediatric chronic
pain have not included (or reported on) measures of PTSD, anxiety and depressive disorders over the
course of treatment. These mental health conditions are often comorbid with one another, and many
of the proposed mechanisms (e.g., avoidance, cognitive biases, sleep disturbances) underlying them
are similar. Research in this area has tended to focus on these conditions and symptoms in isolation.
Future research examining all of these mental health symptoms in the context of pediatric chronic pain
is needed. Moreover, despite increasing evidence demonstrating that these comorbidities are common
and debilitating, there is currently minimal empirically based guidance for how to treat children and
adolescents who present with comorbid chronic pain and mental health conditions, and clinicians
often rely on adult recommendations and/or clinical intuition. Clearly, treatment development and
research on comorbid mental health conditions and chronic pain in youth is critically needed at this
time. New therapies, which directly target the underlying neural mechanisms (e.g., rTMS; targeted
anti-inflammatories) may also be a promising new direction for clinical intervention. However, whether
or not these new treatments will be effective for treating chronic pain together with comorbid mental
health disorders will need to be determined. Given potential intergenerational transmission of chronic
pain and high levels of mental health symptoms among parents, research is needed to determine how
to best address parents’ emotional burden. Novel parenting interventions to reduce parent distress in
the context of pediatric chronic pain have been developed and tested and show promising evidence for
improving parent and child emotional outcomes [180]. Addressing parent mental health conditions
is likely a necessary first step before they can engage in behavior change that is often required in
psychological treatments for their child’s chronic pain.

Sex differences in 5-HT signaling systems, stress responses, and neuroimmune interactions
are being increasingly recognized [209,210]. Estrogens are often regarded as a central nervous
system stimulant, and androgen receptor-mediated actions are often related to inhibition, which
may underlie the lower incidence of many forms of chronic pain in males [211]. However, given the
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scope of this narrative review, in which we examined developmental trajectories of potentially shared
neurobiological mechanisms underlying pain, PTSD, anxiety and depressive disorders, we were not
able to describe the influence of sex hormones on each of these conditions, and how this changes across
development. This is an important area for future research.

Given the debilitating impact of comorbid chronic pain and mental health disorders on
youth there is an increasing need for prospective, interdisciplinary studies to identify the primary
mechanisms underlying this co-occurrence in youth. This will inform the development and refinement
of evidence-based interventions that can interrupt or possibly prevent the maintenance of these
chronic conditions. Developmentally sensitive research integrating biological, behavioral, and
social perspectives will be critical in driving forward this field of inquiry and addressing this
growing epidemic.
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Abstract: Although attachment theory is not new, its theoretical implications for the pediatric
chronic pain context have not been thoroughly considered, and the empirical implications and
potential clinical applications are worth exploring. The attachment framework broadly focuses on
interactions between a child’s developing self-regulatory systems and their caregiver’s responses.
These interactions are believed to create a template for how individuals will relate to others in the
future, and may help account for normative and pathological patterns of emotions and behavior
throughout life. This review outlines relevant aspects of the attachment framework to the pediatric
chronic pain context. The theoretical and empirical literature is reviewed regarding the potential role
of attachment-based constructs such as vulnerability and maintaining factors of pediatric chronic pain.
The nature and targets of attachment-based pediatric interventions are considered, with particular
focus on relevance for the pediatric chronic pain context. The potential role of attachment style in the
transition from acute to chronic pain is considered, with further research directions outlined.

Keywords: attachment; chronic pain; child; adolescent

1. Introduction

The term attachment theory has come to loosely refer to a cluster of theories, stemming from the
seminal work of Bowlby [1] and Ainsworth [2,3]. Attachment theories broadly focus on interactions
between a child’s developing self-regulatory systems and their caregiver’s responses, and are believed
to shed light on an individual’s cognitions, emotions and behavior throughout life, helping account
for both normative and pathological patterns. The attachment system is considered to be instinctive
and biologically based [1], with infants striving to maintain proximity to a caregiver in order to ensure
survival needs are attended to [1,4]. The attachment system is understood to be predicated on the goal
of increasing the individual’s chance of survival and is particularly activated in circumstances where
there is a threat such as pain.

The goals of attachment behavior are thought to evolve as a child develops, transitioning from
proximity and closeness in infancy and early childhood, through to availability and a secure base from
which to explore in middle childhood and adolescence. Infants learn that cries resulting from physical
discomfort and needs such as hunger are responded to by a loving caregiver. This is thought to
become a template for future relationships. Hence, Bowlby [1,5,6] considered attachment as a relatively
stable aspect of personality that is shaped early in life in response to the caregiver’s responsivity,
consistency, and sensitivity to the child. This is subsequently influenced or reinforced via interactions
with caregivers throughout childhood and adolescence [7] and significant others throughout life [8].
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Research has generally supported the key premise of attachment theory, namely that early security
is beneficial for the developmental adaptation and competence of children, whereas insecurity carries
risks for psychopathology (for reviews see [9,10]; for meta-analysis see [11]). Moreover, there is
increasing evidence that insecure attachment styles may also carry risks of greater physical symptoms,
such as pain [12,13] and greater disability [14,15]. However, the vast majority of this research has been
cross-sectional rather than longitudinal, thus making causal inferences difficult.

It has been proposed that an individual’s characteristic attachment behaviors are likely to be
activated as a result of an illness or threat [16]. Illness, and arguably pain, may trigger an increased
need for security and the wish for a close, caring other. This may be an adaptive response within
the context of an injury or acute pain. However, in the context of chronic pain this can result in a
range of complex and difficult behavioral interactions. Integral to attachment theory are the complex
interactions between a child’s developing self-regulatory systems and the caregiver’s responses,
generating a template for the child’s emotional and behavioral response patterns throughout life.
These systems and interactions are also highly relevant to the chronic pain context and the resulting
emotional and behavioral dynamics that become such a central part of the chronic pain experience.

The central aim of this paper is to review the available literature on attachment, specifically with
regard to the potential relevance of the attachment framework on enhancing our understanding of
children’s chronic pain experience and management. The paper will overview some key attachment
taxonomies and factor-based attachment structures before exploring the relationship between
attachment style and chronic pain. Utilizing a theoretical and empirical perspective, attachment
constructs will be considered as possible vulnerability factors or maintaining factors for children’s
chronic pain. This paper will also provide an overview of the literature on interventions for children
and adolescents derived from attachment theory, with particular focus on the potential relevance for
the pediatric chronic pain context. Possible directions for future research and clinical application will
be considered.

2. Attachment Taxonomies

Since Bowlby [5] highlighted the importance of attachment, attachment systems have been
described in terms of resultant behavioral styles reflecting the structure of two internal working
models: the model of the self and the model of others. Ainsworth [3], in coding infant behavior in the
context of a stressful separation from their caregiver, determined three classifications based on patterns
of predictable reactions: 1) secure (exhibited protest on the departure of their caregiver, sought out the
caregiver on their return); 2) anxious–ambivalent (exhibited significant distress at the departure of the
caregiver and difficulty settling upon their return); and 3) avoidant (did not demonstrate distress on
the departure of the caregiver and ignored the caregiver upon their return). Within this conception,
a secure style reflects a positive model of both the self and of others. Both the anxious–ambivalent
and avoidant styles reflect the manifestation of at least one negative working model, either of others
(avoidant), or of the self in conjunction with a positive model of others (anxious-ambivalent). Main [17]
instigated the addition of a fourth ‘disorganized/disoriented’ classification to reflect the use of a
combination of both approach and avoidant strategies, typically associated with maltreatment.

Bartholomew and Horowitz [18] were the first to consider all possible combinations of the internal
models of self and others to create four discrete factors in an adult sample utilizing self-report measures:
(1) secure (self: positive, other: positive; comfortable with intimacy and autonomy); (2) pre-occupied
(self: negative, other: positive; preoccupied with relationships); (3) dismissing (self: positive, other:
negative; dismissing of intimacy, counter-dependent); (4) fearful (self: negative, other: negative; fearful
of intimacy, socially avoidant). The significant addition of this taxonomy is the division of the earlier
avoidant (negative model of the other) classification, in terms of the differentiating model of the self.
Application of the four-factor structure has also been supported in adolescent populations [19,20].

While a significant portion of the literature has focused on the theoretical models espoused above,
recent attention, particularly from within health care settings, has been directed toward the Dynamic
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Maturational Model of Attachment [21–23]. According to this model, the focus of attachment processes
is largely on the developing child’s ‘organization’ of the self (i.e., self-regulation) via their use and
processing of cognitive and affective information available within the caregiving environment [24].
It is important, however, to note that Crittenden [22] uses the term ‘cognitive’ to refer to the processing
of very basic information regarding the temporal ordering of events, which does not necessarily
require higher-order thought processes. A three-factor structure has been proposed, reflecting differing
degrees of reliance and utilization of cognitive and affective information: 1) Type A (non-attending
to affective information, reliance on cognitive information and expected consequences); 2) Type B
(balanced processing and use of cognitive and affective information); and 3) Type C (reliance on
affective information, non-attending to cognitive information and expected consequences) [21,24].
Crittenden [22] highlighted that both Type A (compulsive) and Type C (obsessive) strategies are
associated with psychopathology owing to their tendency to overestimate the probability of danger
and act in an unnecessarily self-protective manner. Similarities in these patterns of strategic information
processing and behavior can be seen between Type A with avoidant attachment styles and Type C
with anxious-ambivalent attachment styles.

A meta-analysis by Fraley [25] found attachment security to be moderately stable in the first
19 years of life. A subsequent large-scale study found that attachment security (measured categorically
and dimensionally) was not stable from infancy to late adolescence; however, disorganized attachment
at 15 months was predictive of preoccupied attachment at 18 years and security at both 24 and
36 months displayed an association with attachment security in late adolescence [26]. Given
that a significant proportion of children and adolescents experiencing chronic and recurrent pains
subsequently experience persistence of such into adulthood [27–29], the influence of enduring
attachment patterns may be particularly important.

3. Attachment Framework and Vulnerability and Maintenance of Pediatric Chronic Pain

It seems likely that the complex early interactions between a child’s developing self-regulatory
systems and their caregiver’s responses may impact on the vulnerability, onset and offset,
or maintenance of chronic pain. The literature on each of these potential roles of attachment systems
will be considered.

3.1. Attachment-Based Vulnerability Factors

A case could be made for arguing that attachment-based factors are more likely to render an
individual vulnerable to the onset of a functional pain syndrome, with no readily identifiable pathology
(e.g., migraines, headaches and abdominal pain), relative to other chronic pain conditions, such as those
stemming from injury. Indeed, a large portion of the literature investigating attachment styles and pain
has drawn conclusions based on patients with headaches or migraines (e.g., [15,30–32]) and functional
abdominal pain (e.g., [33,34]). However, if acute physical threats are likely to activate attachment-based
behaviors [16], it seems conceivable that attachment behavior patterns may contribute to an acute
pain problem which has resulted from an injury or surgery transitioning into a chronic pain problem.
To our knowledge there has not been any research investigating the role of attachment-based factors
and the transition from acute to chronic pain. In the absence of any such guiding literature, the current
paper will refer to chronic pain regardless of whether or not there is a known cause.

A number of attachment-based factors have been identified in the literature as potential
vulnerability factors that may predispose an individual to developing chronic pain. These may
include: (1) patterns of emotional expression (inhibitory or excitatory); (2) patterns of behavioral
responding to threat; and (3) cognitive appraisal of threat. The literature pertaining to these factors
will be reviewed. However, it is important to acknowledge that the studies have typically been
cross-sectional, rendering it difficult to draw conclusions regarding cause and effect.
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3.1.1. Patterns of Emotional Expression (Inhibitory or Excitatory)

It has been proposed that attachment styles characterized by avoidance of emotional expression
(e.g., insecure-avoidant, dismissing and fearful styles, or Type A attachment strategy) may predispose
individuals to chronic pain conditions [35]. Children with this attachment style may have parents
who respond to expressions of negative affect, including pain, by either withdrawing from their child
or responding with displeasure or anger [35]. Children learn to inhibit verbal or nonverbal signs
of distress, because they have found these to serve no useful protective function [23]. Attachment
styles that are defined by excitatory self-protective mechanisms (i.e., insecure-ambivalent, preoccupied
or Type C attachment strategies) are also likely to have implications for pain experiences. Children
with this style may have parents who respond unpredictably. Consequently, the child may alternate
between signaling various exaggerated expressions of negative affect (e.g., fear, anger, desire for
comfort), with the aim of trying to get their unpredictable parent to respond [35]. In a sample
of adolescents with somatization disorders, including functional pain syndromes, Kozlowska and
Williams [35] observed that patients who utilized inhibitory or excitatory self-protective mechanisms
comprised a disproportionately large percentage of the sample population compared to prevalence
rates observed in healthy populations.

One possible mechanism to account for the relationships between inhibitory and excitatory
emotional expression and pain responses relates to alterations in the body’s stress regulatory
systems [35,36]. The cumulative adverse effects of chronic activation of the stress system are well
documented (e.g., [37,38]), and are largely mediated by dysregulation of the hypothalamus pituitary
adrenal (HPA) axis [39–41]. In adults, there is evidence that both anxious and avoidant attachment
is associated with heightened reactivity of the HPA axis and autonomic nervous system reactivity
to stress [41,42]. In light of the complex interactions between stress and multiple body systems
(e.g., immune system, endocrine system), researchers have outlined a potential homeostatic role of
increased pain sensitivity, and development of pain disorders characterized by central sensitization, in
motivating restorative behavior for the body [43]. In this sense, pain is postulated to be one of a number
of symptoms commonly associated with certain chronic pain disorders, e.g., fatigue, dyscognition [44],
etc., that may function to promote survival of the organism through the promotion of quiescence.
While it is difficult to delineate the direction of these relationships, research suggests the plausibility of
both attachment deactivating and hyperactivating strategies contributing to dysregulation of the stress
system within the body, and subsequently contributing to pain sensitivity.

The likely involvement of neurobiological processes in the manifestations of chronic or recurrent
pains has been illustrated by studies of children with migraine. Insecure attachment has been
found to be significantly more common in children with migraine compared to controls [31]. More
specifically, the avoidant attachment style was found to have positive associations with migraine
characteristics, including frequency, intensity and duration of attacks [31]. The authors highlighted
the involvement of neurotransmitter patterns involved in the manifestation of attachment-related
behavioral tendencies that also share links with the presence of migraine. Indeed, the literature
supports the differential development of neural substrates associated with the caregiving environment
and attachment styles [45].

3.1.2. Patterns of Behavioral Responses to Threat

Patterns of behavioral responses to threat may have implications for how individuals respond to
painful experiences and consequently the likelihood that acute pain experiences transition to a chronic
pain condition. Certain attachment styles and methods of pain signaling may serve as effective and
acceptable signals of potential danger or distress, increasing the likelihood of eliciting a protective
caregiving response [46]. According to attachment theory, certain attachment styles and patterns of
verbal and non-verbal pain communication may serve as effective signals of distress, increasing the
likelihood of eliciting a protective caregiving response [46].

104



Children 2016, 3, 21

The caregiving environment that generates avoidant (fearful/dismissing or Type A) strategies
typically results in limited signaling of negative affect in order to avoid characteristically aversive
responses. However, it has been suggested that in certain circumstances, the attachment figure in
this caregiving environment may tolerate pain (owing to it being understood as a physical symptom)
as an acceptable signal of distress compared to fear, anger or sadness [46]. In these circumstances,
signaling of pain may elicit a caregiving response serving to reinforce the behavior for any experienced
distress [46]. Pain behaviors are also considered useful in ambivalent, preoccupied or Type C strategies,
as pain signals that are sufficiently strong may successfully elicit desired caregiving responses from
inconsistent caregivers [46]. This is partially supported by results from a study with an adult sample,
where preoccupied, dismissing and fearful attachment styles were found to be associated with chronic
widespread pain [47]. In this study, the authors suggested that the observed relationship may reflect
an increased likelihood of insecurely attached individuals to communicate distress in terms of physical
symptoms in lieu of emotional feelings [47–49].

3.1.3. Cognitive Appraisal of Threat

The influence of attachment-related factors on cognitive appraisals of pain as a threat or a
challenge affords another potential arena for contributing to vulnerability to chronic pain [50–52].
Pain appraisal is likely to have significant implications in the transition from acute to chronic
pain states via its influence on the selection of coping strategies and subsequent adjustment to
the pain experience, with known implications for a number of pain-related variables [33,53–55].
In Meredith et al.’s [53] Attachment-Diathesis Model of Chronic Pain, attachment-related primary
appraisals of pain interact with secondary appraisals of the self (as equipped or not to cope;
worthy or not of social support [56]) and of others (as available and adequate to provide effective
support [57]) [52]. The attachment-diathesis model also emphasizes how such appraisals are influential
in contributing to both the selection of coping strategies and subsequent emotional states, with threat
appraisals likely to result in negative affect states [52,53]. The consequences of the utilization of
particular coping strategies are likely to be mediated by contextual variables [52,58]; however, certain
strategies have been found to be more commonly associated with poorer pain outcomes and negative
emotional states, e.g., emotion-focused strategies that focus primarily on alleviating the experience
of negative affect [52], such as pain catastrophizing or wishing [53]. Secure attachment has been
shown to increase the likelihood of appraisal of pain as a challenge and subsequent utilization of
problem-focused coping strategies such as seeking social support [50]. Conversely, insecure styles
characterized by hyperactivating strategies have been shown to influence the appraisal of pain as more
threatening [59,60], and in adolescents this was also related to anxiety, pain severity and depression [61].
In another sample of adolescents, Laird et al. [33] demonstrated that insecure attachment was influential
in contributing to poorer health-related quality of life via its effect on cognitive appraisals and the
subsequent employment of coping strategies.

In summary, there is sound theoretical basis, and some empirical evidence, for a range of
attachment-based factors rendering individuals vulnerable to the development of chronic pain
conditions, or vulnerable to the transition of acute pain conditions into chronic pain conditions.
Patterns of emotional expression and behavioral responses to threat are of particular relevance and form
within a developmental context of caregiver interactions. Moreover, the development of attachment
style contributes to the manifestation of individual difference factors, such as cognitive appraisals of
potential threats, with implications for responding to acute pain experiences. The significant limitation
in this area of research is the reliance on cross-sectional rather than longitudinal designs, making issues
of causality difficult to determine.

3.2. Attachment-Based Maintaining Factors

Not only do attachment-based factors have the potential to render an individual more vulnerable
to the development of chronic pain, factors relevant to an individual’s attachment style may serve to

105



Children 2016, 3, 21

maintain the chronic pain condition, regardless of the initial trigger or cause of the pain. Some of the
factors identified as possible vulnerability factors for the development of chronic pain may equally
serve to maintain a chronic pain condition. This symptom maintenance may occur in a number of
ways. Insecurely attached individuals may be: (1) less able to manage the distress associated with
pain; (2) more likely to use emotion-focused rather than problem-focused coping strategies; (3) less
able to procure and maintain external supports; (4) less able to form therapeutic alliances; (5) less
likely to adhere to treatment recommendations; or (6) more likely to evoke and perceive more negative
responses from health professionals [53]. These factors may either serve to intensify the pain experience
(e.g., through poorer ability to manage distress), or impede effective rehabilitation (e.g., through poorer
therapeutic relationships) [62].

Some of these maintaining factors may be more pertinent to adult rather than pediatric pain
patients, for example pediatric patients have less personal responsibility for procuring support from
health professionals. Nevertheless, adolescents have an increasingly active role in accepting or
rejecting potential sources of support. The process of actively seeking support inherently relies on an
individual’s comfort with closeness to others, the belief that the self is worthy of support and that others
are available to provide it [63], all of which are associated with secure attachment [53]. Individuals
with dismissing and fearful attachment styles hold a view of others as unavailable or inadequately
responsive, and are consequently less likely to acknowledge and seek help for distress related to
pain [53,62]. Insecure individuals are therefore more likely to experience poorer pain outcomes.

An individual’s use of coping strategies, both in terms of cognitions as well as behaviors, has been
found to be related to their attachment style and likely to impact on symptom maintenance. Individuals
with secure attachment styles have been found to utilize more diverse, problem-focused and effective
coping strategies [12]. In contrast, insecure attachment has been linked with more rigidity in selection
of coping strategies and a tendency to employ emotion-focused or avoidant coping techniques [12,64].
Emotion-focused coping strategies have generally been found to be associated with poorer health
outcomes in adults with chronic pain [65,66], potentially facilitated by low self-esteem and self-efficacy
and the subsequent lessened desire to engage with rehabilitation and pain management programs [67].

In considering the notion of coping in children and adolescence, Schmidt et al. [68] have drawn a
distinction between the appropriate selection and use of particular coping strategies, which has been
referred to as ‘technical competence’, and the more interactive process of ‘adaptive coping’. Adaptive
coping is conceptualized as more than a specific strategy, but as an interactive, developmental process,
based on an awareness of context-dependent demands and effective employment of available resources.
Attachment processes and interactions are likely to be particularly relevant to the ability to demonstrate
competence in adaptive coping, which is considered the best predictor of long-term outcomes [68].

Adolescents with higher pain catastrophizing have been found to have more fearful and
preoccupied attachment styles, which is consistent with the adult literature [50,55,69], and subsequently
to have greater anxiety, pain severity and depression [61]. In addition to being associated with greater
pain and poorer adjustment to chronic pain, pain catastrophizing may contribute to pain maintenance
via affective inputs generating neurobiological pain-affect interactions [70]. This explanation is in
accordance with the Attachment-Diathesis Model of Chronic Pain [53] which emphasizes factors in
the maintenance of the role of attachment-related factors on producing negative emotion states that
impact on poorer adjustment to and maintenance of chronic pain.

In summary, a range of attachment-based behaviors may contribute to the maintenance of chronic
pain symptoms, most notably a range of interpersonal interaction styles, which when manifested in
relationships with health care providers may contribute to the formation of barriers for the provision of
effective treatment or adherence to treatment plans [62,71]. As outlined above, other attachment-based
factors may also contribute to how a child or adolescent interacts with their primary caregiver and
whether or not these interactions facilitate the adoption of clear communication and an active role in
their own rehabilitation.

106



Children 2016, 3, 21

4. Attachment-Based Interventions and Chronic Pain

In light of the broad array of attachment-based factors potentially rendering individuals
vulnerable to the transition from acute to chronic pain, as well as attachment factors potentially
maintaining chronic pain, it is important to consider the best way that interventions can target
these factors. Although a number of researchers have made theoretically-derived treatment
recommendations for attachment-based interventions for chronic pain [53,72], such interventions
have not been comprehensively outlined, let alone evaluated, within the pediatric chronic pain context.
Hence, it is beneficial to consider attachment-based interventions that have been used and evaluated
with children and adolescents targeting problems other than pain.

In 2015, a special issue of the journal Attachment and Human Development was devoted to articles
describing attachment-based treatments for adolescents. These interventions have been used to
increase security in the caregiver-adolescent attachment bond, while targeting a range of specific
groups, such as depressed and suicidal adolescents [73], hard-to-reach youth [74], and pregnant
adolescents [75]. An earlier review was carried out overviewing the attachment-based treatments
for use with young children [76]. An underlying assumption for attachment-based treatments is
that attachment and caregiving disturbances in some way contribute to the vulnerability, onset or
maintenance of psychopathology or the problem in focus. The focus of attachment-based treatments
with young children may involve modifying caregiver internal working models of self or others
and increasing contingent and sensitive responding to their child’s signals and attachment needs.
Attachment-based treatments with adolescents need to recognize that by adolescence individuals have
become more active partners in maintaining the attachment bond [77–79]. Consequently, there are
three possible treatment targets in attachment-based treatments with adolescents: (1) modifying the
adolescent’s internal working model of self or others (especially their caregiver); (2) modifying the
caregiver’s internal working model of self or others (especially their adolescent); and (3) promoting
emotionally attuned communication between the caregiver and adolescent [80]. The caregiver’s ability
to maintain a cooperative partnership with an adolescent is likely to be dependent on the caregiver’s
ability to monitor their own emotions, clearly asserting their own positions, while validating and
supporting the adolescent’s attachment and autonomy needs [79]. The caregiving environment is thus
a necessary consideration in determining both the utility and appropriateness of an attachment-based
intervention for pediatric chronic pain patients. As noted in the literature [72], if caregivers are
unwilling or unable to engage in the therapeutic process, attempts at altering the working models of
children or adolescents in isolation are unlikely to be effective and importantly may undermine the
protective function of the established attachment strategy.

Although the attachment-based therapeutic targets outlined above are likely to be pertinent to the
context of chronic pain, relatively little research has been done in this area. Numerous pain behaviors
have been construed within an attachment framework, potentially rendering them as direct and
indirect outcomes of attachment-based treatments. For example, individuals with insecure attachment
styles have been found to describe their pain as more threatening and themselves as less able to deal
with it [50,81]. Moreover, empirical studies with adults have found insecure attachment styles to be
associated with lower trust and satisfaction with their physician [82], greater use of emotion-focused
coping and less problem-focused coping [81], lower perceived social support [83], greater pain
intensity and disability [14], greater pain-related distress [84], more physical symptoms [12], especially
medically unexplained symptoms [13], and higher levels of pain-related stress, anxiety, depression
and catastrophizing [50,55,85,86].

In the pediatric literature it has been demonstrated that among a preschool sample of four- and
five-year-olds, representations of separation and pain experience were systematically related [87].
Moreover, children with relatively more ambivalent or disorganized attachments have been found to
have a greater response to immunization injections and everyday pains [88]. Children with a more
controlling attachment have also been found to take more time to calm down after an immunization
injection, displaying greater anger [88].
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It has been implied by attachment-based theorists that shifting the internal working models
of the child/adolescent and the caregiver may help individuals develop more secure attachment
styles. Notably, though, studies depicting associations between attachment styles and pain behaviors
have generally been cross-sectional. Thus it is not known whether shifting the attachment style of a
child/adolescent (and/or their caregiver) will result in changes in pain behaviors or pain outcomes.
Longitudinal studies are needed to address such questions. Cognitive-behavioral interventions have,
to date, been found to be the most successful treatments for pediatric chronic pain [89,90]. Some
support has also been reported for acceptance and commitment interventions [91]. Theoretical and
empirical work is needed to consider whether there is scope or value in utilizing attachment-based
interventions for a certain group of pediatric chronic pain patients, or whether it is feasible to
integrate attachment-based treatment components together with cognitive-behavioral therapy (CBT)
or other evidence-based interventions. Despite there being numerous points of contact between
attachment theory and the cognitive theory that underlies CBT (see [92] for a review), attachment theory
and attachment-based interventions are largely unfamiliar to most cognitive-behavioral therapists.
A potentially fruitful future research direction may be to screen pediatric chronic pain patients for
insecure attachment styles and to determine whether these individuals benefit from interventions
designed to shift the internal working models of the child/adolescent and/or the caregiver. Such
interventions may be an adjunct to more established cognitive-behavioral therapies. McBride and
Atkinson [92] have argued that attachment theory need not be used to generate new interventions, but
may be used to better inform the practice and delivery of existing clinical modalities for the treatment
of chronic pain. There is a precedent in incorporating aspects of attachment-based interventions with
CBT for anxious adolescents [93]. Kozlowska and Khan [72] outlined a multidisciplinary, multimodal
intervention for children and adolescents with medically unexplained pain, incorporating what is
postulated regarding information-processing tendencies within the dynamic maturational model of
attachment. The intervention highlighted the utility of considering observed deficits in the processing
of affective information and addressing these in order to maximize the efficacy of any cognitive-based
interventions [72]. The subject intervention reportedly facilitated reductions in pain intensity and
improvements in school attendance [94]. Further research is needed in this area within the pediatric
chronic pain context.

The inclusion of parent-based treatment components in pediatric chronic pain programs has
widely been accepted as being of considerable importance [95]. The efficacy and value of such
parent-based interventions may in part be understood from an attachment framework. It is well
established that children whose parents engage in more protective behaviors (e.g., excusing their
child from the usual roles and responsibilities) have greater functional disability [96,97], more school
absences and impairment [98], and greater healthcare utilization [99]. Parental protective behaviors
have been found to occur when parents lack confidence in their child’s ability to cope with their
pain [100]. The context of a medical condition is likely to activate a unique set of caregiver attachment
behaviors, motivated by a desire to maintain ’safety [16]. However, when a condition is chronic, it is
not helpful for caregivers to remain in a protector role. Adolescence is a time when the need for
security must be balanced with an increasing need for autonomy, and a highly protective caregiver
is likely to minimize an adolescent’s opportunity for autonomy and practice with problem-solving.
The goal of emotionally-attuned communication between caregiver and adolescent is likely to be key
to providing adolescents with a secure base from which to take ownership of their pain problem and
to actively engage in its management, while knowing that they have caring support when needed.

5. Challenges and Future Directions for Research

Although a small number of papers have outlined the potential theoretical relevance of the
attachment theory to the chronic pain context [46,53,62], more empirical work is needed to investigate
theoretically-derived hypotheses. Questions related to causal direction remain elusive, largely due
to the difficulty in carrying out longitudinal research with children who will at some point in the
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future develop chronic pain. However, even if such longitudinal research were carried out, the causal
direction between attachment style and chronic pain might not be unidirectional. Although insecure
attachment styles may render individuals vulnerable to developing chronic pain, the pain experience
is thought to be likely to bring out an individual’s characteristic attachment behaviors, suggesting that
a cyclical relationship may exist.

Clinical research investigating attachment styles and treatment outcomes among pediatric chronic
pain patients may prove fruitful. There is reason to predict that individuals with insecure attachment
styles have poorer treatment outcomes with established evidence-based interventions, perhaps
due to lower trust and engagement with health professionals [82] or less use of problem-solving
strategies [81]. The next step would be to investigate whether particular patient groups, perhaps
differing in attachment variables, would benefit from evidence-based interventions utilizing a more
specific attachment focus, or from incorporating an additional attachment-based adjunct treatment
component. This would require screening pain patients for attachment-based variables; preliminary
investigations are needed to determine which domains of attachment are most closely related
to chronic pain outcomes. Self-report questionnaires, such as the Inventory of Parent and Peer
Attachment [101], tap into more conscious, strategic aspects of attachment, but may overlook more
automatic aspects. Behavioral and observational measures may tap into automatic as well as strategic
aspects of attachment, but are more resource-intensive to administer and to code.

Another clinical question which warrants investigation is whether individuals with particular
attachment styles are more likely to transition from an acute pain condition to a chronic pain condition.
If one is to accept the claim that an individual’s attachment style is likely to be activated by a physical
threat such as injury or surgery, there would be grounds for hypothesizing that an insecure attachment
style may confer a risk for acute or post-operative pains developing into a chronic pain condition.
There have been relatively few investigations into potential risk factors associated with a transition
from acute to chronic pain in children [102,103], and attachment style has not been considered in
these studies.

Finally, it is worth acknowledging that the complex relationship between attachment and
pain has also been considered from theoretical perspectives other than attachment theory.
Evolutionary perspectives have been used to account for underlying neural similarities between social
isolation/exclusion and pain [104,105]. According to this perspective, social isolation, just like physical
pain, is designed to trigger an internal alarm, warning of a situation that may be harmful to survival.
Just as the unpleasantness of pain prompts an individual to engage in behaviors intended to minimize
physical harm, evolutionary pressures may have resulted in social pain or intense negative feelings
serving as an indicator of an impending, and potentially dangerous separation or exclusion [106].
Neuroimaging techniques have afforded these theories some support (for a review see [104]).

6. Conclusions

Although there has been relatively little literature relating the attachment framework to the
pediatric chronic pain context, there is merit in considering this relationship from a theoretical,
empirical and clinical perspective. A range of chronic pain behaviors have been theoretically accounted
for by an attachment framework (e.g., [46,62,107,108]); however, the empirical literature to date has
been sparse. A number of attachment-based factors have been identified as possible vulnerability
factors, predisposing individuals to the onset of chronic pain. These include preoccupied, dismissing
and fearful attachment styles, as well as Type A and Type C attachment strategies as defined by the
Dynamic Maturational Model. Attachment factors may also serve to maintain chronic pain conditions
through a variety of mechanisms, such as poor distress management, maladaptive coping strategies,
poor utilization and compliance with healthcare services, and limited access and utilization of social
supports. More empirical work is needed before attachment-based treatment targets can be applied to
the pediatric chronic pain context. For example, consideration should be given to whether screening
chronic pediatric pain patients for particular attachment styles may help identify patient subgroups that
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might benefit from interventions with a particular attachment focus or as an adjunct attachment-based
component to the primary therapeutic approach.
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Abstract: There has been limited empirical examination of how parent variables such as anxiety and
solicitousness collectively impact child pain response. We sought to examine the relationships among
maternal anxiety, solicitous parenting, and children’s laboratory anxiety and pain intensity in children
with chronic pain. Participants included 80 children and adolescents (ages 8–18) with chronic pain
and their mothers. Children completed questionnaires and lab pain tasks measuring their parents’
solicitous parenting, pressure, cold and heat pain anticipatory anxiety and pain intensity. Using
bootstrapping analysis, maternal anxiety predicted child anticipatory anxiety and pain intensity in
girls with chronic pain, which was mediated by the child’s report of parental solicitousness. For boys
with chronic pain, maternal anxiety predicted boys’ anticipatory anxiety and pain intensity, with
no support for mediation. This study adds to the growing literature demonstrating the impact of
maternal anxiety on children’s pain. The study highlights the importance of considering parents in
treatment designed to reduce children’s pain.

Keywords: anxiety; children; chronic pain; parenting

1. Introduction

Maternal psychological symptoms and behaviors relate to children’s pain and anxiety. However,
research in this area is limited by a lack of clarity in determining the specific parental variables of
interest, and in understanding the nature of the relationships between parental behaviors and children’s
pain [1]. It is likely that such relationships are complex, involving multiple levels of parental influence,
but the specific mechanisms involved in parental transmission of anxiety and pain to children are
largely unknown.

Parental influences in children’s pain have been studied in a variety of settings, including
children’s dental pain and fear [2], chronic pain [3,4], health-care utilization associated with pain [5]
and post-operative pain and distress [6]. The aggregate of these findings points to the coexistence
of maternal psychological distress and children’s pain-related distress and pain sensitivity. Even
subtle displays of parental fear and anxiety can transmit powerful messages to children regarding the
meaning of pain. The mere presence of a parent can cause distress in the child undergoing painful
procedures [7]. A mother’s heart rate variability, a marker of stress and autonomic function, two
hours preceding their child’s surgery has been found to significantly predict children’s post-anesthetic
agitation [8]. In addition, when a parent displays overt symptoms of distress, the impact upon
children’s pain and distress may be even more pronounced. For example, children of mothers who
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were instructed to exaggerate pain during a child observed-cold pressor task had lower pain thresholds
compared to no instruction controls [9].

Additional research links specific parenting behaviors to increased children’s pain and anxiety.
Solicitous or protective parenting behaviors, which involve positive reinforcement for child pain
behaviors such as exempting the child from chores or providing special privileges or attention [10], is
one construct that has been studied in the context of child acute and chronic pain. When parents are
overly protective, their children show higher distress and report higher bodily pain intensity [11,12].
Children with recurrent abdominal pain are more likely to endorse their parents as using solicitous
strategies than are healthy children [13]. One explanation for findings linking parental protective
attempts and the subsequent increase in children’s pain is that parental protection may act as a signal
to the child that the caregiver is anxious, thus exacerbating the child’s distress [14].

As yet, limited research has mapped out the relationships between maternal anxiety, solicitous
behaviors, and children’s pain and pain-related anxiety. Recently, a model found support for the role
of parental anxiety and solicitousness in pediatric cancer patients’ pain and quality of life. In this
study, parent trait anxiety was a significant predictor of parent solicitous behaviors, as well as a range
of parent-reported child pain and quality of life variables in a large sample of children treated for
cancer [15]. Although postulated, a meditational model was not examined. An additional study that
tested the mediating role of solicitousness in children’s chronic pain reported that parent solicitousness
mediated the relationship between parent distress and child functional disability [16]. However, child
pain variables were not examined. Thus, few studies reveal how parental variables such as anxiety
and solicitousness work together to impact children’s pain or pain-related anxiety.

For parents high in trait anxiety, observing their child’s pain may elicit an aversive state of
increased self-oriented distress, leading them to engage in solicitous responses. In a sequential analysis
of mothers’ reassurance and children’s postoperative distress, mothers with higher anxiety were
more likely to engage in child distress-promoting reassurance behaviors than were mothers lower in
anxiety [6]. Relationships between maternal anxiety, solicitousness and child distress and pain may
become generalized, and observable in the laboratory. Laboratory paradigms offer the opportunity to
test the direct and indirect pathways among these variables in a controlled setting where the intensity
and type of pain stimulus can be standardized. An important step is to examine the nature of the
relationship between parental distress, solicitousness and child pain outcomes in the laboratory.

We sought to test a conceptual model (Figure 1) in children with chronic pain undertaking
a series of laboratory pain tasks. It was anticipated that higher maternal anxiety would predict
increased maternal solicitous behaviors as perceived by children, in turn predicting increased child
laboratory-based anticipatory anxiety and pain intensity in children. We also aimed to test sex
differences to understand whether boys and girls with chronic pain responded to maternal influences
in dissimilar ways. It was hypothesized that the model would explain the relationship between
maternal anxiety and solicitousness for girls, and we wished to explore whether this was the case
for boys too. Sex differences seem to exist in the relationship between parent factors and children’s
pain, with particular relationships evident between maternal behavior and girls’ pain [17]. In an
examination of parental reinforcement of child laboratory-pain, girls whose mothers interacted with
them in a pain-promoting manner reported more cold-pressor pain than girls of mothers who received
no training. Girls of mothers who received pain-reducing training reported the least amount of pain.
No relationships were evident for boys. [18]. An additional study showed that the effect of maternal
attention was greater on daughters’ gastrointestinal symptoms than on sons’ symptoms [19].
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Figure 1. Conceptual model of maternal anxiety, responses to child pain, and dependent child
laboratory pain variables.

2. Methods

2.1. Participants

The sample for this study was part of a larger study examining sex and pubertal relationships
to pain in healthy children and those with chronic pain. Participants in the present study included
80 children and adolescents (ages 8–18) with chronic pain and their mothers, recruited through
a multidisciplinary, tertiary clinic specializing in pediatric chronic pain (approximately 10% of the
sample were recruited though craigslist postings). Inclusion criteria followed the commonly accepted
definition of pain persisting for three months or longer [20]. Each diagnosis of a chronic pain condition
was confirmed by a pediatrician specializing in chronic pain (Dr. Lonnie Zeltzer.).

Eligibility was confirmed by telephone. Parents were asked whether their child met any of
the following exclusionary criteria: acute illness/injury that may impact laboratory performance
(e.g., fever) or that affects sensitivity of the extremities (e.g., Raynaud’s disease); daily use of opioids;
recent traumatic experiences; developmental delay; autism; or significant anatomic impairment that
could preclude participation in pain induction. Three hundred and sixty-four families were screened
for eligibility by telephone: eight families (five control, three pain) were excluded as a result of acute
injury/illness, recent traumatic experiences, or developmental delay/autism. Of the 138 families
of children with pain who called to participate, 58 declined to participate due to lack of interest or
scheduling difficulties.

The average age of children in the final sample was 13 years and 8 months (52 girls and 28 boys),
and the average age of mothers was 45 years. The majority of mothers possessed some college
qualifications, and the majority of children were non-Hispanic white (see Table 1).

Written informed consent forms were completed by parents, while children and adolescents
completed written assent. The study was approved by the University of California, Los Angeles
(UCLA, Los Angeles, CA, USA) institutional review board. Each family member received $50 cash
for participating.
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Table 1. Demographic information.

Pain Boys (n = 28) Pain Girls (n = 52)

Child Age (mean (SD)) 12.72 (2.35) 14.92 * (2.45)

Pain Group Diagnoses (n (%))

Headaches 16 (57.1) 33 (63.5)
Neurovisceral 12 (42.9) 25 (48.1)

Myofascial (non headache) 10 (35.7) 17 (32.7)
Fibromyalgia 4 (14.3) 17 (32.7)

CRPS 3 (10.7) 5 (9.6)
Joint pain 3 (10.7) 5 (9.6)

Child Ethnicity (n (% of subgroup))

Non-Hispanic/Latino 21 (75.0) 36 (69.2)
Hispanic/Latino 7 (25.0) 16 (30.8)

Child Race (n (% of subgroup))

White 17 (60.7) 37 (71.2)
African-American 6 (21.4) 5 (9.6)

Asian 1 (3.6) 1 (1.9)
American Indian/Alaska Native 0 (0.0) 0 (0.0)

Multi-Racial 4 (14.3) 9 (17.3)
Mother age [mean (SD)] 44.70 (5.29) 45.62 (6.63)

Mother Education Level (n (% of subgroup))

High school graduate or below 4 (14.3) 8 (15.4)
Some college/AA degree 8 (28.6) 12 (23.1)
College graduate (BA/BS) 8 (28.6) 15 (28.8)

Post-graduate degree 8 (28.6) 17 (32.7)

Note: * indicates significant difference from other groups, p < 0.05.

2.2. Procedures

The study protocol and laboratory pain tasks have been described in previous reports relating
to the larger study [21–23]. Briefly, children and their mothers were escorted to separate rooms to
complete questionnaires using an online survey system; there was no contact between children and
their mothers during the entire laboratory session. Children were then escorted to the laboratory
where they were instructed on the use of the 0–10 Numerical Rating Scale (NRS, described in the
measures section), and completed four laboratory pain tasks: an evoked pressure task, a cold pressor
tolerance task, a focal pressure tolerance task, and a conditioned pain modulation (CPM) task (see task
descriptions below). Tasks were completed in the same order since previous research showed no order
effects [24]. The laboratory session took 30–45 min.

2.2.1. Evoked Pressure (EP) Task

To assess pressure pain sensitivity, we used the Gracely procedure [25], in which discrete 5 s
pressure stimuli were applied to the fixated thumbnail of the left hand with a 1 ˆ 1 cm hard
rubber probe. The rubber probe was attached to a hydraulic piston, which was controlled by
a computer-activated pump to provide repeatable pressure-pain stimuli of rectangular waveform.
First, a series of stimuli was presented in a predictable, ascending manner, beginning at 0.066 kg/cm2

and increasing in 0.132 kg/cm2 intervals up to the participant’s report of moderate pain (a 6 Numeric
Ratings Scale (NRS) rating) or to a maximum of 1.12 kg/cm2 (evoked pressure–ascending, EP ASC).
Next, stimuli were delivered at 15 s intervals in random order using the multiple random staircase
(evoked pressure–multiple random staircase, EP MRS) pressure-pain sensitivity method [26].
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2.2.2. Cold Pressor Tolerance (CPT) Task

A single trial of the cold pressor was administered during which participants placed the right
hand in a cold pressor unit comprising a Techne TE-10D Thermoregulator, B-8 Bath, and RU-200
Dip Cooler (Techne, Burlington, NJ, USA). The unit maintained the water at a temperature of 5 ˝C
and kept the water circulating to prevent localized warming around the hand. Recent research has
demonstrated 5 ˝C to be an appropriate temperature for use with children and adolescents in the age
range of the current study [27], and a recent systematic review suggests that using a temperature of
less than 10 ˝C in children older than eight years may reduce the likelihood of a ceiling effect [28].
Participants’ hands were submerged up to approximately 2 inches above the wrist. Participants were
instructed to keep their hand in the cold water for as long as they possibly could but that they could
terminate the trial at any time. The task had an uninformed ceiling of 3 min.

2.2.3. Tonic Pressure Tolerance (TPT) Task

The Ugo Basile Analgesy-Meter 37215 (Ugo Basile Biological Research Apparatus, Comerio, Italy)
was used to administer a single trial of focal pressure through a dull Lucite point approximately
1.5 mm in diameter to the second dorsal phalanx of the middle finger of the right hand. Participants
were instructed to keep their finger under the pressure for as long as they possibly could, but that they
could terminate the trial at any time. The task had an uninformed ceiling of 3 min.

2.2.4. Conditioned Pain Modulation (CPM) Task

The conditioned pain modulation task involved a test stimulus (TS) of phasic pressure stimuli
delivered to the left thumbnail, and a conditioning stimulus (CS) of immersion of the right hand in
5 ˝C water [23]. The amount of pressure used as the TS was determined by averaging the final four
pressure steps of the EP MRS high staircase. This value represents the amount of pressure that would
reliably induce a rating of moderate pain in that participant. Participants were instructed to leave their
hand in the water for 30 s and told that they would be informed by the research assistant when this
time period had elapsed; participants were also told that they could remove their hand before the end
of the 30 s if it became too uncomfortable/painful.

2.3. Measures

2.3.1. Pain Task Measures

Anticipatory anxiety: was assessed with a 0 (none) to 10 (worst or most possible) NRS after task
instructions had been given, and before each task had commenced (i.e., “now that you know what you
will be doing, how nervous, afraid, or worried are you about the task”).

Pain Intensity: was assessed using the same 0–10 NRS after each task. Participants were instructed
that 0 meant “none” and 10 meant the “worst or most pain possible”. The 11-point NRS has been
demonstrated to be a reliable and valid method of assessing self-reported pain intensity in children as
young as 8 years old [29].

2.3.2. Self-Reporting Questionnaires

The Anxiety subscale of the Brief Symptom Inventory-18-Item Version (BSI-18) [30] were used to
assess mothers’ anxiety. Mothers rated their own symptoms, with six items rated on a 5-point scale
from “not at all” to “extremely”. Responses are summed to obtain the total anxiety subscale score.
The BSI-18 has demonstrated reliability and validity [30]. The cronbach’s alpha for the present sample
was 0.78.

Children’s perceptions of their mother’s solicitousness was assessed by the Protect subscale of
the Adults’ Responses to Children’s Symptoms (ARCS) Child Report version [31,32]. The subscale is
comprised of 15 items assessing the extent to which children perceive that their parents respond to
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their child’s pain by placing the child in the “sick role” (e.g., limiting child’s activities, granting special
privileges, etc.) [31]. Responses are scored from 0 (never) to 4 (always); subscale scores are calculated
by averaging the individual item responses. Higher scores indicate more of that behavior. Instructions
were modified to inquire about parent behaviors when the child experienced pain as opposed to the
original instructions which were focused on stomachaches. The child report version of the ARCS has
a demonstrated alpha reliability of 0.86 and has shown to be correlated to the analogous parent report
measure [32]. The cronbach’s alpha for the present sample was 0.83.

2.4. Data Analysis

Analyses were conducted using SPSS 22. Data were screened to identify outliers and verify
normality distribution. Descriptive analyses were conducted, including presentation of the sample, and
differences between boys and girls were examined, using Chi squares, and t-tests where appropriate.
Correlations were then performed between maternal and child variables separately for boys versus
girls, followed by regression analyses.

Regression analyses were conducted to: (1) examine the relation between maternal anxiety and
child anticipatory anxiety/pain intensity; (2) the relation between maternal anxiety and solicitousness;
and (3) the relation between solicitousness and child anticipatory anxiety/pain intensity. Upon
establishment of these conditions, bootstrapping analyses were then used to test the mediation
hypotheses [33]. All analyses controlled for age. Bootstrapping involves repeatedly randomly sampling
observations with replacement from the data set to compute the desired statistic in each resample.
Indirect effects were analyzed based on 5000 bootstraps and were evaluated as significant if the 95%
bias-corrected confidence interval of the indirect effect does not include zero. Consistent with recent
views on mediation [34–36], we consider mediation analyses even in the absence of a direct effect.
For example, Rucker and Preacher [34], argue that significant indirect effects can occur in the absence
of significant total or direct effects.

3. Results

3.1. Descriptive Statistics

Demographic data, including sex, age, and race/ethnicity, are presented in Table 1. Presenting
pain diagnoses were: 61.3% headaches (migraines and myofascial, vascular, tension, stress-related,
or other type of headaches); 46.3% functional neurovisceral pain disorder (functional bowel, uterine,
or bladder disorder); 33.8% myofascial pain (of any part of the body excluding headaches); 26.3%
fibromyalgia; 10.0% complex regional pain syndrome; and 10.0% joint pain (note that percentages sum
to more than 100% due to multiple pain diagnoses). Multiple pain diagnoses were present in 61.3%
(n = 49) of the sample. Frequencies of each pain diagnosis by sex are presented in Table 1. Chi-squared
analyses revealed no significant differences in diagnosis rate between sexes. The only significant group
difference to emerge was for child age; girls with chronic pain were significantly older than boys.

Means and standard deviations for each of the maternal variables and child lab pain variables are
displayed in Table 2. Maternal anxiety means were within population norms. There were no significant
sex differences on the maternal or child questionnaire or laboratory variables.

As presented in Table 3, correlations between the maternal and child variables were performed
for boys and girls on each of the laboratory pain task variables. For girls, maternal anxiety was
significantly related to child anticipatory anxiety (for EP r = 0.45, p = 0.00; for CPT r = 0.45, p = 0.00; for
TPT r = 0.42, p = 0.01; for conditioned pain modulation (CPM) r = 0.45, p = 0.00), while solicitousness
was significantly associated with most child lab pain variables (for CPT r = 0.35, p = 0.01; for TPT
r = 0.27, p = 0.049; for DNIC r = 0.32, p = 0.03). For boys, maternal anxiety was associated with child
lab anxiety (for EP r = 0.38 p = 0.047; for DNIC r = 0.61, p = 0.00) and child lab pain (EP r = 0.41,
p = 0.03; for CPT r = 0.57, p = 0.00; for TPT r = 0.53, p = 0.000; for DNIC r = 0.44, p = 0.03), whereas
maternal solicitousness was not associated with any child variables. Age was not correlated with any
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of the maternal or child variables for girls with pain; however, since girls with pain were significantly
older than the other sub-groups, age was included as a covariate in hypothesis testing. For boys with
pain, age was significantly related to both maternal anxiety (r = ´0.40, p < 0.05), and solicitousness
(r = ´0.43, p < 0.05), suggesting that, as they get older, boys perceive their mothers as using fewer
solicitous responses, and mothers rate themselves as less anxious. Age was thus included as a covariate
in all hypothesis testing.

Table 2. Means (standard deviation, SD) of maternal psychosocial variables and child laboratory pain
variables for boys and girls.

Pain Boys Pain Girls

Mother BSI Anxiety Subscale 2.68 (3.14) 3.04 (3.11)
Child ARCS Protect Subscale 2.02 (0.71) 1.63 (0.58)

EP Ant Anx 3.07 (2.36) 2.92 (2.65)
EP Pain 6.04 (2.52) 6.51 (1.38)

CPT Ant Anx 1.61 (1.57) 1.98 (2.29)
CPT Pain 5.89 (2.56) 5.75 (2.90)

Pressure Ant Anx 4.07 (2.73) 3.18 (2.46)
Pressure Pain 5.78 (2.78) 6.02 (2.42)
CPM Ant Anx 3.68 (2.77) 3.21 (2.64)

CPM Pain 6.13 (2.85) 6.09 (2.90)

Note: BSI = Brief Symptom Inventory-18-Item Version; ARCS = Adults’ Responses to Children’s Symptoms;
EP = Evoked Pressure task; CPT = Cold Pressor Tolerance task; CPM = Conditioned Pain Modulation task;
Ant Anx = Anticipatory Anxiety.

Table 3. Correlations among maternal and child lab variables.

Maternal Anxiety Solicitousness

Girls with Pain

Maternal Solicitousness 0.28 *
Child Lab Pain

EP- Anticipatory Anxiety 0.45 ** 0.31 *
EP- Pain Intensity 0.02 0.20

CP- Anticipatory Anxiety 0.45 ** 0.34 *
CP- Pain Intensity 0.12 0.35 *

TPT- Anticipatory Anxiety 0.35 * 0.30 *
TPT- Pain Intensity 0.01 0.27 *

CPM- Anticipatory Anxiety 0.45 ** 0.40 *
CPM- Pain Intensity 0.20 0.33 *

Boys with Pain

Maternal Solicitousness ´0.03
Child Lab Pain

EP- Anticipatory Anxiety 0.38 * 0.09
EP- Pain Intensity 0.41 * ´0.30

CP- Anticipatory Anxiety 0.17 0.03
CP- Pain Intensity 0.57 ** ´0.12

TPT- Anticipatory Anxiety 0.27 0.29
TPT- Pain Intensity 0.53 ** 0.23

CPM- Anticipatory Anxiety 0.61 ** ´0.15
CPM- Pain Intensity 0.44 * ´0.11

EP: Evoked Pressure; CP: Cold Pressor; TPT: Tonic Pressure Tolerance; CPM: Conditioned Pain Modulation;
* p < 0.05, ** p < 0.01
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3.2. Hypothesis Testing

Average summary measures across all four laboratory tasks were created to produce a single
score for each anticipatory anxiety and pain intensity. Hypothesis testing was performed on these
summary measures controlling for child age.

Results for the regression analyses for girls with chronic pain are presented in Table 4. First, there
was support for the relationship between maternal anxiety and girls’ anticipatory anxiety (β = 0.55,
p = 0.00). However, no significant direct effect of maternal anxiety on girls’ lab pain intensity; Second,
there was support for the relation between maternal anxiety and solicitousness, such that greater
maternal anxiety was associated with greater use of mothers’ solicitous responses for girls with chronic
pain (β = 0.28, p = 0.048); Third, there was support for the relation between solicitous parenting and girls’
anticipatory anxiety and pain intensity, such that greater use of solicitous responses was associated
with greater anticipatory anxiety (β = 0.39, p = 0.01) and pain intensity in girls (β = 0.36, p = 0.01).

Table 4. Regression models for pre-conditions of mediation.

Maternal Predictors
& Child Pain

Child Anticipatory Anxiety Child Pain Intensity Solicitousness

β t R2 Δ β t R2 Δ β t R2 Δ

Girls with Chronic Pain

Child Age ´0.26 ´10.79 0.07 0.02 0.14 0.00 0.04 0.301 0.001
Maternal Anxiety 0.55 4.60 ** 0.30 0.15 10.0 0.02 0.28 2.03* 0.08

Solicitousness 0.39 2.95 ** 0.15 0.36 2.6 * 0.13

Boys with Chronic Pain

Child Age ´0.27 ´1.4 0.08 ´0.17 ´0.81 0.03 ´0.43 ´2.41 ** 0.18
Maternal Anxiety 0.60 3.68 ** 0.36 0.44 2.21 * 0.19 ´0.23 ´1.21 0.05

Solicitousness 0.03 0.12 0.01 ´0.19 ´0.73 0.03

All models controlled for child age, * p < 0.05; ** p < 0.01, β denotes standardized beta coefficients.

For boys (as presented in Table 4), there was support for the relationship between maternal
anxiety and boys’ outcomes. Greater maternal anxiety was a significant predictor of boys’ anticipatory
anxiety (β = 0.60, p = 0.00) and pain intensity (β = 0.44, p = 0.00), explaining 36% and 19% of the
variance respectively. However, there was no support for the relation between maternal anxiety and
solicitousness. There was also no support for the relation between solicitous parenting and boys’ pain
outcomes. Thus, further mediation analyses for boys were not undertaken.

Bootstrapping analyses were conducted with solicitousness as a hypothesized mediator between
maternal anxiety and anticipatory anxiety and pain intensity in girls only. Mothers’ solicitousness
mediated the relation between maternal anxiety and girls’ anticipatory anxiety (see Figure 2). The
direct effect of maternal anxiety on girls’ anticipatory anxiety was reduced when solicitousness was
included as a mediator. This result was supported by bootstrapping analyses, which showed the
bootstrapped indirect effect was 0.05 (95% bootstrap confidence interval (BCI) = 0.01, 0.14) for girls’
anticipatory anxiety. For girls’ pain intensity, there was evidence of an indirect effect. When maternal
anxiety and solicitousness were entered in the model together, they significantly predicted girls’ pain
intensity, yet maternal anxiety alone did not predict girls’ pain intensity. Consistent with recent
writings on mediation [34], significant indirect effects can occur in the absence of significant direct
effects, often due to a suppression effect of a third variable, or a small sample size. The significance of
the indirect effect of solicitousness on the relationship between maternal anxiety and girls’ lab pain
intensity was supported by bootstrapping analyses, which showed the bootstrapped indirect effect
was 0.06 (95% BCI = 0.02, 0.13). Figures 2 and 3 summarize the significant mediating results.
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Figure 2. Mediating role of solicitousness in the relation of maternal anxiety with lab anticipatory
anxiety for girls with chronic pain. Estimates of total effect of maternal anxiety on girls’ pain outcomes
are presented in brackets, with values representing estimates of the total indirect effect of maternal
anxiety on girls’ pain outcomes through maternal solicitousness presented below.

Figure 3. Mediating role of solicitousness in the relation of maternal anxiety with girls’ lab pain
intensity. Estimates of total effect of maternal anxiety on girls’ pain outcomes are presented in brackets,
with values representing estimates of the total indirect effect of maternal anxiety on girls’ pain outcomes
through maternal solicitousness presented below.

4. Discussion

This study sought to investigate the relationship between maternal anxiety and children’s
laboratory anticipatory anxiety and pain intensity in boys versus girls with chronic pain, and to
test the hypothesis that these relationships were mediated by children’s reports of maternal solicitous
behavior. There were no sex differences in the degree to which children perceived their mothers as
solicitous across the groups; mothers reported similar levels of anxiety; and maternal anxiety emerged
as a significant predictor of both girls’ and boys’ laboratory pain and anxiety. However, there were
differences in the relationships among these variables between the sexes. In particular, perceptions of
mother’s solicitous behavior mediated the relationship between maternal anxiety and child lab pain
for girls only.

Our findings are consistent with the existing literature demonstrating links between parental
distress and behaviors, and children’s pain sensitivity and anxiety. For example, Logan and Scharff
(2005) [37] found that maternal psychological distress was predictive of functional disability in children
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with chronic pain; moreover, mothers in the study were similar to the mothers in the present study
in that they were not significantly more distressed than healthy populations. Other lab studies have
reported that children of mothers that were instructed to exaggerate pain during a child observed-cold
pressor task had lower pain thresholds compared to controls whose mothers were given no specific
instructions [9]. The present study suggests that the relationship between maternal distress and child
pain and pain-related anxiety may occur through maternal solicitousness for girls with chronic pain.

Our findings go beyond what is currently known about parental influences in children’s pain
and pain-related anxiety. Few studies have examined how parental variables interact in influencing
children’s pain. For example, in a recent study, parent trait anxiety emerged as a significant predictor
of parent solicitous behaviors, parent-reported child pain, and child quality of life variables in children
treated for cancer [15]; however, a model describing the nature of the relationships between the
variables was not offered. In one mediation study, it was reported that parent protectiveness mediated
the relationship between pain-specific parent distress and child functional disability [16]. The present
study extends these findings to the laboratory, in which it is possible to measure the immediate effects
of pain stimuli, including behavioral and emotional responding.

Overall, parental solicitousness has emerged as an important variable in understanding and
treating the etiology and maintenance of chronic pain in children. For example, studies have shown
that a brief cognitive behavioral therapy intervention, involving reducing parental solicitousness as
one its components, resulted in pain reduction and decreased disability for children with chronic pain
in both short- and long-term follow-up [4]. The present study is the first time that a meditational
model for solicitousness has been demonstrated for the relationship between parental anxiety and
child laboratory-based pain and anxiety.

This is also the first study where a meditation model has been examined in a sex specific manner.
Consistent with our previous work, we report a greater influence of maternal symptoms on girls’ pain
outcomes than on boys’ outcomes. In earlier studies, we demonstrated relationships between maternal
symptoms (anxiety sensitivity, fear of pain, anxiety and bodily pain) and healthy girls’ laboratory
pain responses, but fewer relationships with boys’ pain responses (Tsao, Lu, Myers et al., 2006;
Evans et al., 2008; Evans et al., 2010). For example, parent anxiety sensitivity was related to child
laboratory pain intensity through its contribution to anxiety sensitivity in girls, but not in boys (Tsao,
Lu et al., 2006). Together, these findings highlight the particular influence of mothers on daughters’
pain and the importance of examining sex differences in the context of pediatric pain.

A number of study limitations are worth noting. Our cross-sectional findings prohibit
an understanding of the direction of the relationships. Does child pain elicit a solicitous parental
reaction, or do certain parental styles elicit pain in children? Perhaps higher levels of negative affect
in children with chronic pain drive the relationship. Other potential mediators, such as parental
catastrophizing should be examined, especially given findings that catastrophizing may mediate the
relationship between solicitous parenting and children’s pain behaviors [38]. Future longitudinal
analyses may reveal causal associations among a number of such constructs. In addition, since this
study only included mothers, the impact of fathers both directly on daughters’ and sons’ anxiety
and pain responses and indirectly through impact on the mother/child pain relationship was not
explored. The lack of findings of mothers’ solicitousness as a mediator of the relationship between
maternal anxiety and child anxiety/pain relationships for sons, compared to that found for daughters,
suggest that there may be other factors that mediate the mother/son pain relationship not explored
in this study. It may also be the case that, since there were fewer boys in the study, the lack of
mediation was due to lower power in the sample of boys. Possible moderators to examine in the future
include duration and severity of the child’s condition and whether the parent has chronic pain. While
a strength of the sample is the blending of disease groups to allow for examination of psychological
and family processes in a broad group of children chronic pain, it will be important in future research
to explore the impact of specific disease-related factors such as duration of diagnosis on child and
family outcomes. The present findings contribute to the literature on a broad population of children

124



Children 2016, 3, 10

with chronic pain and reveal complex models of pain, maternal anxiety, parenting and laboratory
based pain in families dealing with children who have chronic pain.

5. Conclusions

Children with chronic pain may benefit from a multifaceted intervention, including pain
management strategies, treatment targeted to depressive or anxiety symptoms to improve coping
skills, and parents and other family members may be taught adaptive, non-reinforcing responses to
both distress and pain behaviors in their children to optimize child functioning (Sieberg et al., 2011).
Our findings highlight the importance of considering parental factors, and especially maternal anxiety
when evaluating and treating children with chronic pain. Maternal anxiety appears to impact boys
and girls through different mechanisms. Maternal solicitousness may be particularly important when
understanding girls’ anxiety and pain intensity, whereas maternal anxiety may affect boys’ anxiety
and pain through other, as yet untested, influences. It is possible that girls with chronic pain are highly
sensitive to modeling of anxiety and reinforcing behaviors in their mothers, given findings that girls
with pain tend to become heavily enmeshed and reliant on their mothers, whereas boys with pain
may respond to maternal worries with increased efforts for independence [39]. Future studies should
continue to focus on the impact of maternal emotional and behavioral contributors to boys’ and girls’
pain, as well as explore the role of fathers’ emotional and behavioral functioning in boys and girls
with chronic pain. Our findings relating to sex differences, if verified by further research, suggest that
clinical efforts for girls with chronic pain should invest in mothers, and include strategies for reducing
solicitous parenting that reinforces child pain behaviors.
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Abstract: Previous studies have shown that parental protectiveness is associated with increased
pain and disability in Functional Abdominal Pain Disorder (FAPD) but the role that perceived child
self-efficacy may play remains unclear. One reason why parents may react protectively towards
their child’s pain is that they perceive their child to be unable to cope or function normally while
in pain (perceived low self-efficacy). This study sought to examine (a) the association between
parent-perceived child pain self-efficacy and child health outcomes (symptom severity and disability);
and (b) the role of parental protectiveness as a mediator of this association. Participants were
316 parents of children aged 7–12 years with FAPD. Parents completed measures of perceived child
self-efficacy when in pain, their own protective responses to their child’s pain, child gastrointestinal
(GI) symptom severity, and child functional disability. Parent-perceived child self-efficacy was
inversely associated with parent-reported child GI symptom severity and disability, and parental
protectiveness mediated these associations. These results suggest that parents who perceive their
child to have low self-efficacy to cope with pain respond more protectively when they believe he/she
is in pain, and this, in turn, is associated with higher levels of GI symptoms and disability in their child.
This finding suggests that directly addressing parent beliefs about their child’s ability to manage pain
should be included as a component of FAPD, and potentially other child treatment interventions.

Keywords: Functional Abdominal Pain Disorder; self-efficacy; somatic symptoms; disability;
parenting; protectiveness; children; pain; coping

1. Introduction

One of the most common recurrent pain complaints of childhood is abdominal pain, which affects
approximately 13.5% of children worldwide [1]. Many children with persistent abdominal pain meet
criteria for Functional Abdominal Pain Disorder (FAPD), defined as episodic or continuous abdominal
pain without evidence of physiological etiology [2]. FAPD accounts for approximately 3% of visits to
pediatricians [3], more than 50% of the referrals to gastroenterology clinics [4], and is the main reason
for gastrointestinal (GI) emergency room visits among children [5]. Children with FAPD not only

Children 2016, 3, 15 128 www.mdpi.com/journal/children



Children 2016, 3, 15

experience frequent abdominal pain that interferes with normal activities, but also have higher rates of
disability and other somatic complaints.

The cognitions, psychological state, and pain behaviors of parents have all been shown to be
related to pain behaviors and functioning in children. Parental protective and solicitous responses
to child pain behavior (parental protectiveness) are responses that tend to buffer the child from
normal demands/activities or provide additional attention or rewards in response to child pain
behaviors (e.g., giving the child special treats and/or keeping them home from school when in pain).
Previous research has shown that parental protectiveness is associated with increased pain, disability,
and somatic complaints in children with FAPD [6]. One logical hypothesis as to why parents react
to their child’s pain protectively is that they may believe that their child is unable to deal with and
function normally while having pain (perceived low pain self-efficacy).

Self-efficacy was first conceptualized by Bandura as part of the Social Cognitive Theory [7–9].
Self-efficacy in a general context is a person’s belief in his/her ability to perform a task or obtain
a goal. Rosenstock [10], for example, suggested incorporating self-efficacy into the Health Belief Model,
a model used to better understand individual health-related behaviors such as keeping preventive
health appointments, adherence to treatment, and general confidence in medical care [11].

Relatedly, “pain self-efficacy” is a term defined as one’s certainty or belief in one’s ability to
function normally when experiencing pain [12,13]. Studies have found that greater pain self-efficacy
was associated with lower levels of disability in children with chronic headaches [14], and with lower
levels of somatic symptoms in children with chronic pain [13]. However, the mechanisms by which pain
self-efficacy might be related to symptoms and disability are unclear. Parental protectiveness is a plausible
mechanism by which perceived self-efficacy may be related to health outcomes. Based on these
considerations, this study sought to examine (a) the association between parent-perceived child pain
self-efficacy and parent-reported child health outcomes (symptom severity and disability); and (b) the
role of parental protectiveness as a mediator of these associations (Figures 1 and 2).

 

Figure 1. Mediation model 1—Parent-perceived child pain self-efficacy, parental protectiveness,
and parent-reported child gastrointestinal (GI) symptom severity. a CSES: Child Self-Efficacy Scale;
b ARCS: Adult Responses to Children’s Symptoms—Protectiveness subscale; c CSI: Children’s Somatization
Inventory—GI subscale.

Parent reported
child pain self
efficacy (CSESa)

Parental
protectiveness

(ARCSb)

Child disability
(FDId)

Path a Path b

Path c

Figure 2. Mediation model 2—Parent-perceived child pain self-efficacy, parental protectiveness,
and parent-reported child disability. a CSES: Child Self-Efficacy Scale; b ARCS: Adult Responses
to Children’s Symptoms—Protectiveness subscale; d FDI: Functional Disability Inventory.
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2. Materials and Methods

2.1. Participants

Participants were 316 parents or caregivers of children enrolled in a large multi-site
cognitive-behavioral intervention study for parents of children with FAPD [15]. Families were recruited
from four pediatric gastroenterology clinics located in Seattle, WA, USA; Tacoma, WA, USA; Chapel Hill,
NC, USA; and Bend, OR, USA. Children and parents were included in the study if the child was
aged 7 to 12 years, lived with the parent or caregiver for at least the past three months, had a
gastroenterologist-documented diagnosis of FAPD based on ROME III criteria [16], had abdominal
pain at least once a week over the past two months, and spoke English. Families were excluded if the
child had positive physical or laboratory findings that would explain the abdominal pain, any chronic
disease, major surgery within the past year, or a developmental disability requiring full-time special
education or that impaired their ability to participate.

The institutional review boards at each clinic location approved the study. Recruiters from each
location screened potential participants based on the inclusion and exclusion criteria listed above and
obtained verbal or written consent. 352 participants consented to be in the study; of those 316 completed
baseline assessments and were randomized, and 36 did not complete baseline assessments and
thus were not randomized (28 did not respond, five said they were too busy, and three did not
complete for other reasons). Participants were randomly assigned to either a social learning and
cognitive-behavioral therapy condition administered by phone or in-person; or an education and
support condition administered by phone. Topics included teaching parents to model and reinforce
wellness behaviors, decrease reinforcement of illness behaviors, reduce negative cognitions regarding
FAPD; or education about the GI system, nutritional guidelines, and food safety.

2.2. Measures

All measures were completed by parents and collected online or by mail (over 90% completed
online) at baseline, prior to randomization into the intervention component of the study. Measures are
described in detail below.

2.2.1. Child Self-Efficacy Scale (parent-report) (CSES; [13])

The CSES assesses parent beliefs about their child’s ability to function normally when in pain.
The measure contains seven items rated on a 1–5 scale and was reverse-scored for ease of interpretation
such that higher scores equal higher parent-perceived child pain self-efficacy. Example items are
“How sure are you that your child can do well in school when in pain?” and “How sure are you that
your child can do house chores when in pain?” This measure has demonstrated excellent reliability and
validity for both parent and child-report versions and the developers reported an internal consistency
(Cronbach’s coefficient alpha) of 0.89 [13]. The internal consistency for this sample was 0.93.

2.2.2. Adult Responses to Children’s Symptoms Scale (ARCS; [17–19])

The ARCS assesses parent responses to children’s pain. We focused on the protectiveness subscale
which has been recently revised to contain 13 items [19] rated on a 0–4 scale (higher scores indicate
more protective and solicitous responses to pain behavior) and has been validated in a large sample of
mothers [17]. Example items are “When your child has abdominal pain how often do you pay more
attention to your child than usual?” and “When your child has abdominal pain how often do you
keep your child inside the house?” Developers of the measure reported an internal consistency of 0.86.
Internal consistency in the current sample was also found to be 0.86.
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2.2.3. Children’s Somatization Inventory (parent-report) (CSI; [20])

The CSI measures parent-report of their child’s symptom severity during the past two weeks.
We used the seven-item GI subscale (nausea or upset stomach; constipation; loose bowel movements
or diarrhea; stomachaches; vomiting; feeling bloated or gassy, and food making child sick) which has
been shown to be a valid and reliable measure of GI symptoms [21]. Items are rated on a 0–4 scale
where higher scores indicate greater symptom severity. Internal consistency for a large sample of
children with unexplained abdominal pain was 0.75 [22]; it was 0.68 for the current sample.

2.2.4. Functional Disability Inventory (parent-report) (FDI; [23])

The FDI asks parents to rate their child’s difficulty doing regular activities such as “walking up
stairs” and “being at school all day”, over the past few days. This measure includes 15 items rated
on a 0–4 scale, where higher scores indicate greater disability. Developers of the measure reported
an internal consistency of 0.94 in a sample of mothers [23]. Internal consistency for this sample was
also found to be 0.94.

2.3. Data Analysis

Analyses were conducted using IBM Statistical Package for the Social Sciences (version 19,
Armonk, NY, USA). Descriptive analyses of demographic data for parents and children were conducted,
followed by Pearson correlations to examine bivariate associations within parent-report measures.
Two separate mediation analyses were then performed using the Hayes’ PROCESS macro [24] to
predict child GI symptom severity (Figure 1) and child disability (Figure 2). The Hayes’ PROCESS
macro is a regression-based path analytic framework [24] that calculates the regression of the outcome
on the predictor, the regression of the mediator on the predictor, and the regression of the outcome
on both the predictor and mediator. Bootstrap methods were used to test for an indirect effect
and to compute bias-corrected confidence intervals for this effect, with 10,000 resamples. In both
cases, parent-perceived child self-efficacy was treated as the predictor and parental protectiveness as
the mediator.

3. Results

3.1. Descriptive Statistics

Demographic characteristics of the parents in the study were: mean (standard deviation, SD) age
of 39.9 (7.4) years; 94.9% female; 84.8% White; 7.0% Hispanic or Latino; 47.2% with a 4-year college
degree or higher; 57.3% employed at least part-time; and 79.4% married or cohabitating with a partner.
Demographic characteristics of the children were: mean (SD) age of 9.4 (1.6) years; 64.6% female;
81.6% White; and 9.8% Hispanic or Latino.

Table 1 presents a correlation matrix, as well as descriptive statistics for study variables.
Parent-perceived child self-efficacy was inversely correlated with parental protectiveness (r = −0.55,
p < 0.01), parent-reported child GI symptom severity (r = −0.25, p < 0.01), and parent-reported child
disability (r = −0.43, p < 0.01). These inverse relationships indicate that lower scores on the CSES
(i.e., lower self-efficacy) were correlated with higher levels of parental protectiveness, child GI symptom
severity, and child disability. Parental protectiveness was positively correlated with child GI symptom
severity (r = 0.25, p < 0.01) and child disability (r = 0.39, p < 0.01); and child GI symptom severity was
positively correlated with child disability (r = 0.46; p < 0.01).
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Table 1. Correlations among study variables and descriptive statistics (n = 316).

Protect (ARCS) GI Symptoms (CSI-GI) Disability (FDI) M (SD) Scale

CSES a −0.55 ** −0.25 ** −0.43 ** 3.30 (0.91) 1–5
ARCS b 0.25 ** 0.39 ** 1.17 (0.65) 0–4
CSI-GI c 0.46 ** 1.42 (0.68) 0–4

FDI d 0.70 (0.73) 0–4

** p < 0.01; a CSES: Child Self-Efficacy Scale; b ARCS: Adult Responses to Children’s Symptoms—Protectiveness
subscale; c CSI: Children’s Somatization Inventory—GI subscale; d FDI: Functional Disability Inventory.
GI: gastrointestinal.

3.2. Mediation Analyses

Table 2 shows the results of the mediation analysis for Model 1 where parent-perceived child
self-efficacy was the predictor, parental protectiveness was the mediator, and parent-reported child GI
symptom severity was the outcome. Parent-perceived child self-efficacy was inversely associated with
both child GI symptom severity (Path c, estimate (standard error—SE) = −0.19 (0.04), p < 0.001) and
parental protectiveness (Path a, estimate (SE) = −0.39 (0.03), p < 0.001). Parental protectiveness was
positively associated with child GI symptom severity (Path b, estimate (SE) = 0.18 (0.07), p = 0.011).
Our mediation hypothesis was supported by a significant indirect effect (Path a × b, estimate
(SE) = −0.07 (0.03), 95% CI with 10,000 resamples = −0.13, −0.01). The ratio of the indirect effect to the
total effect, or the proportion of the total effects mediated for Model 1 was 37%.

Table 2. Results of mediation analysis for Model 1 (parent-reported child GI symptom severity).

Estimate (SE) p 95% CI

Path c (effect of predictor on outcome) −0.19 (0.04) <0.001
Path a (effect of predictor on mediator) −0.39 (0.03) <0.001
Path b (effect of mediator on outcome) 0.18 (0.07) 0.011

Indirect effect: Path a × b −0.07 (0.03) −0.13, −0.01
Direct effect: Path c’ −0.12 (0.05) 0.016

Ratio of indirect effect to total effect 37%

SE: standard error; CI: confidence interval.

Table 3 shows the results of the mediation analysis for Model 2 where parent-perceived child
self-efficacy was the predictor, parental protectiveness was the mediator, and parent-reported child
disability was the outcome. This model showed similar results. Parent-perceived child self-efficacy
was inversely associated with both child disability (Path c, estimate (SE) = −0.34 (0.04), p < 0.001) and
parental protectiveness (Path a, estimate (SE) = −0.39 (0.03), p < 0.001). Parental protectiveness was
positively associated with child disability (Path b, estimate (SE) = 0.24 (0.07), p < 0.001). Our mediation
hypothesis was also supported here by a significant indirect effect (Path a × b, estimate (SE) = −0.10 (0.03),
95% CI with 10,000 resamples = −0.16, −0.04). The ratio of the indirect effect to the total effect for
Model 2 was 28%.

Table 3. Results of mediation analysis for Model 2 (parent-reported child disability).

Estimate (SE) p 95% CI

Path c (effect of predictor on outcome) −0.34 (0.04) <0.001
Path a (effect of predictor on mediator) −0.39 (0.03) <0.001
Path b (effect of mediator on outcome) 0.24 (0.07) <0.001

Indirect effect: Path a × b −0.10 (0.03) −0.16, −0.04
Direct effect: Path c’ −0.25 (0.05) <0.001

Ratio of indirect effect to total effect 28%
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4. Discussion

The goal of this study was to examine whether parents respond with greater protectiveness if
they perceive their child to have lower pain self-efficacy and whether this protectiveness is associated
with more child GI symptoms and greater child disability. Results suggest support for this hypothesis.
Parents who perceived their child’s self-efficacy as low responded more protectively to their child
when he/she was in pain and this was associated with higher levels of GI symptoms and disability in
their child.

The role of self-efficacy in pediatric pain has been previously described with studies suggesting that
lower self-efficacy is associated with more symptoms and greater disability [13,14]. Parent protectiveness
has also been positively associated with symptoms and disability [6,25,26]. In the current study we
not only replicated these findings, but our analyses further showed that parental perception of child
pain self-efficacy may be driving parental protectiveness. Our findings suggest several areas for
intervention. For example, cognitive interventions targeting parental perceptions of their child’s pain
may be effective in reducing child’s symptoms and disability. In our own treatment trial, we have
shown that reducing parental perception of the threat of child’s pain mediated treatment outcomes [27]
which lends support for parental intervention. Alternatively, as we do not know if parents wrongly
assign low self-efficacy in their children or even if their judgment is correct, improving child self-efficacy
may be a helpful target for treatment via self-management, relaxation training, or other methods to
reduce the impact of FAPD.

Limitations of this study should be noted. All measures used in this study were parent-report,
although developers of the self-efficacy measure used in this study found that parent and child-reports
were significantly correlated with each other [13]. Nonetheless, the fact that parents were the only
source of data increases the possibility of introducing single source bias, a type of common method
variance, into the findings, potentially limiting their validity. Given that this is an inherent limitation
of the study methods, it should be kept in mind when interpreting the findings. While evidence for
mediation was found, the proportion of total effects accounted for was 28% and 37%, indicating that
other factors besides parental protectiveness may play an important role in mediating the relationship
between perceived child self-efficacy and outcomes. Further studies using multiple data sources and
expanded mediational models are needed to address these limitations. It should also be noted that
ninety-five percent of the parents were female, which could limit the generalizability of the findings.
Studies including the effect of fathers’ cognitions and behaviors are needed. The sample may also be
biased by including parents who were willing to participate in a treatment trial for FAPD and therefore
may not represent the entire population of FAPD children and their parents. Another study limitation
is our cross-sectional design, which makes it difficult to determine cause and effect. We do not know if
parental perceptions of child self-efficacy lead to parental protectiveness, if parental protectiveness
affects parental perceptions of efficacy, or if there is a bidirectional relationship between the two.
In addition, parents who perceive their child as more disabled or symptomatic may also respond more
protectively and perceive their child as less effective in self-managing their pain. Longitudinal studies
and treatment studies addressing parent cognitions and/or improving child self-efficacy are needed to
address these questions of directionality.

5. Conclusions

Parents may respond protectively to their child (e.g., by keeping them home from school when
in pain) if they perceive their child to be unable to deal with pain and function normally when in
pain, and this is associated with higher child GI symptoms and disability. These findings suggest that
directly addressing parent beliefs about their child’s ability to manage his/her pain should be included
as a component of FAPD, and potentially other child treatment interventions.
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Abstract: Tailored pain management strategies are urgently needed for youth with co-occurring
chronic pain and obesity; however, prior to developing such strategies, we need to understand
parent perspectives on weight in the context of pediatric chronic pain. Participants in this study
included 233 parents of patients presenting to a multidisciplinary pediatric chronic pain clinic. Parents
completed a brief survey prior to their child’s initial appointment; questions addressed parents’
perceptions of their child’s weight, and their perceptions of multiple aspects of the relationship
between their child’s weight and chronic pain. The majority (64%) of parents of youth with obesity
accurately rated their child’s weight; this group of parents was also more concerned (p < 0.05) about
their child’s weight than parents of youth with a healthy weight. However, the majority of parents of
youth with obesity did not think their child’s weight contributed to his/her pain, or that weight was
relevant to their child’s pain or pain treatment. Overall, only half of all parents saw discussions of
weight, nutrition, and physical activity as important to treating their child’s pain. Results support the
need for addressing parents’ perceptions of their child’s weight status, and educating parents about
the relationship between excessive weight and chronic pain.

Keywords: chronic pain; obesity; pediatrics; parents; attitudes

1. Introduction

Currently, 33% of youth in the U.S.A. are overweight or obese [1] and there is evidence to suggest
that the prevalence of youth with elevated weight may be greater in chronic pain populations than in
normative samples [2]. Additionally, there is increasing evidence that obesity exacerbates the impact of
chronic pain in children. The first study to provide such evidence found that children and adolescents
with co-occurring chronic pain and obesity reported lower health-related quality of life in all domains
of functioning (i.e., physical, emotional, social, and school functioning) than youth who are overweight
or those with healthy weight [3]. This study also showed that youth with chronic pain and obesity are
2.3 times more likely to report impaired physical functioning than youth with chronic pain alone and
more than six times more likely than youth with obesity alone. Wilson and colleagues [2] found that in
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a sample of youth with chronic pain, body mass index (BMI) predicted functional disability for rigorous
activities, based on parent reports. In a study focused on pediatric headache, Hershey et al. [4] found
an association between obesity and both headache frequency and disability. This study also showed
that for patients with weight concerns, weight loss was associated with reduced headache frequency
at three- and six-month follow-up points. Most recently, Stoner et al. [5] found that obesity impedes
improvement in functional disability, an important patient-reported outcome [6,7]. Among patients
in active treatment for chronic pain, those with a healthy weight showed significant improvement in
functional disability over time, in contrast to youth with both morbidities whose level of functional
disability remained stagnant [5].

The studies above demonstrate the impact that obesity has on pediatric chronic pain. It is
particularly concerning that obesity appears to impede improvement despite multidisciplinary pain
treatment. However, to our knowledge, no tailored interventions exist to meet the needs of youth with
these dual conditions. Therefore, it is critical that we go beyond the initial call to simply screen for
obesity in pediatric chronic pain [3] and begin to develop tailored treatment approaches to meet the
needs of this population. If we do not address weight in youth suffering from chronic pain in childhood,
it is likely that these children may face a lifetime of suffering. In a qualitative study focused on adults
with chronic pain and obesity, participants poignantly describe the cycle of pain and disability that
ensues from the co-morbid state. In contrast, pediatric chronic pain patients may experience several
important benefits if we do address their weight in addition to their chronic pain. For example, by
increasing physical activity, we may reduce pain through decreased levels of systemic inflammation,
elevations of mood, and decreased biomechanical forces on the back and lower extremities [8].

Before such approaches can be developed and implemented, however, we need to know
more about factors that may potentially hinder the acceptance of treatment strategies that target
both pain and weight. Looking to the pediatric obesity literature, one likely example is parents’
perceptions of their child’s weight; parents commonly misperceive their child’s weight [9–13], which in
turn has important clinical implications. Taveras et al. [14] found that parents who misperceived
their child’s elevated weight were more likely to refuse their child’s participation in a weight
management program than parents who accurately rated their child’s weight. If parents of youth
with chronic pain misperceive their child’s weight, they may be less likely to adhere to treatment
recommendations that involve physical activity or other strategies that might be construed as
weight-related recommendations.

This study sought to characterize parents’ perceptions of and attitudes around weight in the
context of pediatric chronic pain. The primary aims of this study were to determine whether parents
of youth presenting to a multidisciplinary pain clinic with co-occurring chronic pain and weight
concerns (1) are accurate in their assessment of their child’s weight; and (2) saw their child’s weight as
contributing to his/her pain. We also aimed to (3) assess whether parents of children in all weight
groups thought that discussions of weight, nutrition and physical activity might be important to
treating chronic pain, particularly among parents of youth with co-morbid weight concerns. Secondary
aims were to assess parents’ level of concern about their child’s weight, as well as factors that may
influence adherence to integrated pain and weight interventions.

2. Methods

2.1. Participants

This study was part of a quality improvement (QI) project aimed at developing pain
treatment approaches for our patients with co-morbid obesity. The convenience sample included
consecutive parents of patients seen in a multidisciplinary pediatric pain clinic, over a designated
4.5 month timeframe.
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2.2. Procedures

Upon arrival for their child’s initial appointment, parents were asked to complete a brief survey
along with other paperwork. The hospital Institutional Review Board approved a retrospective chart
review and use of the data for study purposes.

2.3. Measures

2.3.1. Demographic Data

Demographic data were obtained from the electronic medical record (EMR), and included patient
age, gender, race, ethnicity, weight, height, BMI and BMI percentile. Height and weight are measured
by nurses at the time of the initial appointment, and directly entered into the EMR. Both BMI and BMI
percentile are calculated within the EMR by the software program (EPIC), and are based on the Centers
for Disease Control and Prevention (CDC) profiles for gender and age adjusted weight scales [15].
The American Academy of Pediatrics [16] criteria were used to categorize patients’ weight status:
<5th percentile = underweight; ≥5th percentile to <85th percentile = healthy weight; ≥85th percentile
to <95th percentile = overweight; ≥95th percentile = obese.

2.3.2. Survey Questions

The survey used in this study was created for the QI project by a panel of experts in pediatric
chronic pain. To minimize completion time in the waiting room, the survey was intentionally designed
to be brief, consisting of only five items. Survey questions are listed here.

1. Question 1, “Do you consider your child to be” was presented with the response options
“Overweight,” “Underweight,” “Just about the right weight,” and “Don’t know.” This question
was adopted and modified slightly from a study aimed at examining the accuracy of maternal
perceptions of their child’s weight status, in a group of Hispanic WIC (a nutritional program for
Women, Infants, and Children) participants [10].

2. Question 2, “On a scale of 1–5, how concerned are you about your child’s present weight or body
size?” was adopted verbatim from a study by Campbell et al. [9]. Response options ranged from
“Not Concerned” (1) to “Very Concerned” (5). This question was chosen to address the first of
three primary aims.

3. Question 3, “Do you think that your child’s weight contributes to your child’s pain?” was created to
address the second of three primary aims. Response options were “yes” or “no.”

4. Question 4, “Do you believe that discussions of weight, nutrition and physical activity might be important
to treating pain?” was created to address the third of three primary aims. Response options were
“yes” or “no.”

5. Item 5, which asked parents to “Check all that apply”, was designed to capture factors that may
affect adherence to integrated chronic pain and weight interventions. The five response options
included (a) “I do not think weight is relevant to his/her pain treatment”; (b) “Weight has been
discussed with healthcare providers several times”; (c) “We have tried to address weight in the
past without success”; (d) “I have little hope he/she will be able to lose weight”; and (e) “My
child’s pain prevents him/her from losing weight”. Reponses were treated as endorsed or not
endorsed. Item b specified “several times,” in an attempt to get at more than just a cursory
mention of weight by any provider in the past.

2.4. Data Analysis

Descriptive statistics were used to characterize the children of the participants (i.e., the pediatric
pain patients) and parental responses to survey questions. Parametric (Student's t-tests, and analysis
of variance (ANOVA)) statistics were used for continuous variables and non-parametric (chi-square)
statistics were used for categorical variables. To determine accuracy of parental estimates of their
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child’s weight, any response (including “I don’t know”) that did not match the child’s measured
weight status was categorized as inaccurate.

3. Results

3.1. Patient Population

A total of 239 parents completed surveys. No information is known about parents who did
not complete surveys or were missed. Only six of the participants’ children were underweight, and
therefore these surveys were excluded from analyses, yielding a final sample size of 233 parents.
Patients (their children) were primarily adolescent females (64%, mean (M) = 13 ± 3.3 years; 4 to
18 years). Patients were also primarily Caucasian (n = 179, 78%), with 15% (n = 35) African American,
and were primarily non-Hispanic (n = 197, 86%). The majority of patients were classified as having a
healthy weight (57% of the sample), with 18% classified as overweight, and 25% as obese. The vast
majority of the sample (n = 169, 73%) was being treated for a primary pain location of the head, followed
equally by back (n = 19, 8%), abdomen (n = 19, 8%), and extremity pain (n = 19, 8%). Demographics
are presented in Table 1. No differences across weight groups were found for any of the demographic
variables (including pain location; data not shown).

Table 1. Patient demographics. Categorical variables are listed as n (%); continuous variables are listed
as mean (standard deviation, SD).

Total Sample
(233)

Healthy Weight
(133, 57.1%)

Overweight
(42, 18.0%)

Obese
(58, 24.9%)

Gender 1 Male 83 (35.6) 46 (34.6) 16 (38.1) 21 (36.2)
Female 149 (63.9) 87 (65.4) 26 (61.9) 36 (62.1)

Age 13.00 (3.30) 12.57 (3.35) 13.57 (2.81) 13.59 (3.38)

Race 1

African American 35 (15.6) 23 (18.0) 4 (9.8) 8 (14.5)
Caucasian 174 (77.7) 98 (76.6) 35 (85.4) 41 (74.5)

Multi-racial 6 (2.7) 1 (0.8) 1 (2.4) 4 (7.3)
Other 9 (4.0) 6 (4.7) 1 (2.4) 2 (3.6)

Ethnicity 1 Hispanic 33 (14.3) 18 (13.7) 3 (7.1) 12 (21.1)
Non-Hispanic 197 (85.7) 113 (86.3) 39 (92.9) 45 (78.9)

1 Missing cases = one gender, nine race, three ethnicity; no differences across weight groups for any variable
(all p > 0.05).

3.2. Parents’ Assessment of Their Child’s Weight Status

The data from question 1, addressing the accuracy of parental perceptions of their child’s weight,
are shown in Table 2. As indicated, any response (including “I don’t know”) that did not match the
child’s measured weight status was categorized as inaccurate. Results suggest that the majority (64%)
of parents whose children are obese accurately rate their child’s weight status, with about one-quarter
(27%) rating the child’s weight as “just about the right weight”. This pattern reflects greater accuracy
than reports by parents from other populations [10,11]. In contrast, the majority (90.5%) of parents
whose children are overweight misperceive their child’s weight status, which is very similar to reports
of parents in the pediatric obesity literature [10].

3.3. Parental Concern about Their Child’s Present Weight or Body Size

Parents of obese chronic pain patients were significantly (p < 0.001) more concerned (M = 2.7 ± 1.4)
about their child’s weight than parents of youth with overweight status (M = 1.4 ± 0.8) or parents of
youth with healthy weight (M = 1.4 ± 0.9). However, the average rating from parents of youth with
obesity showed only moderate concern, and was only slightly higher than the average rating from the
latter two subgroups. Further examination of responses by parents of obese youth shows that while
approximately one-third (33%, n = 18/55) indicated that they were very concerned (endorsement of
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response options 4 or 5) about their child’s weight, the majority, about one half (47%, n = 26/55), were
not concerned (endorsement of response options 1 or 2). Using the same question, Campbell reported
that the majority of parents whose overweight and obese children (3 to 17 years old) were referred to a
multidisciplinary weight management clinic were very concerned about their child’s weight, with 77%
rating their concern as a “5” (very concerned). In the current sample, only 12.7% (n = 5) of the parents
with obese children rated their concern as a “5”. A single-sample t-test using Campbell’s data [9]
indicates that parents of youth with both chronic pain and obesity (M = 2.7 ± 1.4) are less concerned
(p < 0.05) about their child’s weight than parents whose children have obesity alone (M = 4.7 ± 0.7).

Table 2. Parental responses to question 1 shown in relation to the patient’s measured weight status [10].

Measured Weight Status

Parent Perceptions 1 Healthy Weight Overweight Obese Total

Overweight 1 (0.8) 4 (9.5) 36 (64.3) 41 (18.0)
Underweight 11 (8.5) 1 (2.4) 0 (0) 12 (5.3)

Just about the right weight 117 (90) 35 (83.3) 15 (26.8) 167 (73.2)
Don’t know 1 (0.8) 2 (4.8) 5 (8.9) 8 (3.5)

1 n = 228 (five missing cases). Boldface values indicate accuracy in parental perceptions of their child’s weight.

3.4. Parental Perception of a Weight-Pain Association

In response to question 3 (data for questions 3 and 4 are shown in Table 3), asking whether their
child’s weight contributed to their child’s pain, the vast majority of the whole sample responded “no”.
However, significant (p < 0.001) weight-based differences were found in the responses to this question.
All (100%) parents of overweight children and 76% (40/53) of parents with obese children, thought that
their child’s weight did not contribute to the child’s pain. In fact, only 24.5% of the parents with obese
children responded “yes” to this question. To examine these responses more closely, we conducted
a second chi-square analysis to determine if parents’ responses to this question were related to the
accuracy of the estimate of their child’s weight. The analysis showed that parents who accurately
rated their obese child as overweight were more likely to respond “yes” to this question (χ2 = 16.88 (2),
p < 0.001; Standardized Residual [Std. Resid] 2.9). This subset was approximately one-third of the parents
who accurately rated their obese child’s weight (n = 12).

Table 3. Parental responses to questions 3 and 4 shown in relation to the patient’s measured weight
status. Data reflect n (%) of “no” responses.

Survey Question Total Sample Healthy Weight Overweight Obese p-Value

Q3. Do you think that your
child’s weight contributes to

your child’s pain?
196 (89.1) 115 (91.3) 41 (100) 1 40 (75.5) 2 <0.001

Q4. Do you believe that
discussions of weight,
nutrition and physical

activity might be important
to treating pain? 3

116 (55.5) 73 (60.3) 19 (50.0) 24 (48.0) >0.05

1 Parents of overweight youth were under-represented in the group responding yes to this question
(Std. Resid. -2.1); 2 Parents of obese youth were over-represented in the group responding yes to this question
(Std. Resid. 3.0); 3 Four parents who wrote in “maybe” were excluded from this analysis.

3.5. Parental Responses to the Question “Do You Believe That Discussions of Weight, Nutrition and
Physical Activity Might Be Important to Treating Pain?”

Just over half (56%) of the entire sample (i.e., parents of youth in all weight categories) endorsed
“no” in response to question 4. In fact, there were no weight group differences in response to this
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question (p > 0.05), with approximately half of the parents in each weight group indicating that these
discussions are not important to treating pain. Four parents wrote in “maybe” in response to this
question (responses not included in analysis). Two of the children represented by these latter responses
were obese, one was overweight, and one was a healthy weight.

3.6. Parents’ Endorsement of Factors That May Act as Barriers to Integrated Chronic Pain and
Weight Interventions

3.6.1. I Do Not Think Weight Is Relevant to His/Her Pain or Pain Treatment.

The majority of the sample (83%) endorsed this item, indicating their perception that weight is
not relevant to their child’s pain treatment (data for question 5a–e are shown in Table 4). Consistent
with this pattern of results, approximately 88% of parents of overweight youth and 68% of parents
of obese youth endorsed this item. Parents of obese youth were over-represented in the unendorsed
group (p < 0.001; Std. Resid. 2.7), suggesting that a small subset of parents with obese children may
think that weight is relevant to their child’s pain.

Table 4. Parental responses to question 5a–e shown in relation to the patient’s measured weight status.
Data reflect n (%) of parents who endorsed each option.

Survey Question Total Sample Healthy Weight Overweight Obese p-Value

Q5a. I do not think weight is relevant
to his/her pain or pain treatment 189 (82.9) 115 (87.8) 36 (87.8) 38 (67.9) 1 <0.001

Q5b. Weight has been discussed with
healthcare providers several times 29 (12.7) 14 (10.7) 3 (7.3) 12 (21.4) >0.05

Q5c. We have tried to address weight
in the past without success 14 (6.1) 4 (3.1) 1 (2.4) 9 (16.1) 2 <0.01

Q5d. I have little hope he/she will be
able to lose weight 4 (1.8) 1 (0.8) 0 (0) 3 (5.4) >0.05

Q5e. Child’s pain prevents him/her
from losing weight 11 (4.8) 2 (1.5) 0 (0) 9 (16.1) 3 <0.001

1 Parents of obese youth were over-represented in the unendorsed group (Std. Resid. 2.7); 2 Parents of
obese youth were over-represented in the endorsed group (Std. Resid. 3.0); 3 Parent of obese youth were
over-represented in the endorsed group (Std. Resid. 3.8).

3.6.2. Weight Has Been Discussed with Healthcare Providers Several Times

Across the entire sample, only 13% of parents endorsed the item “weight has been discussed with
healthcare providers several times”. Though plausible that parents of obese youth would endorse this
option more frequently than parents of overweight or healthy-weight youth, this was not the case
(p > 0.05). Of parents with obese children, only 21% indicated that weight had been discussed several
times with healthcare providers.

3.6.3. We Have Tried to Address Weight in the Past without Success

Across the sample, only 6% of parents indicated that they had tried to address their child’s weight
without success. The weight-based analysis showed that significantly more parents of obese youth
endorsed previous, unsuccessful attempts to address weight (p < 0.01); however, this only represented
16% (9/56) of the obese subgroup.

3.6.4. I Have Little Hope He/She Will Be Able to Lose Weight

No weight group differences were found for this item (p > 0.05), as only a few parents endorsed it:
one parent of a child with a healthy weight (0.8%), and three parents of children with obesity (5.4%)
indicated that they have little hope that their child will be able to lose weight.
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3.6.5. My Child’s Pain Prevents Him/Her from Losing Weight

Across the entire sample, only 5% of parents endorsed this item. Despite the small number overall,
the analysis of weight-based differences showed that significantly more (p < 0.001) parents of obese
youth (16%) endorsed this item compared to parents of either overweight or healthy-weight youth.

4. Discussion

The goal of this study was to better understand parents’ attitudes and perceptions about weight
in the context of pediatric chronic pain. The results showed that among parents whose children have
both chronic pain and obesity, more than half accurately rate their child’s weight status. However, as a
group, the majority were not concerned about their child’s weight, did not see a relationship between
their child’s pain and weight, did not see weight as relevant to their child’s pain, and did not see
discussions of weight, nutrition and physical activity as important to treating pain. In short, for most
parents whose children have co-occurring chronic pain and obesity, there is little foundation upon
which to build a case to treat both weight and pain simultaneously.

We hypothesized that having a child with a medical condition (i.e., chronic pain) might improve
the accuracy of parents’ perceptions of their child’s weight. It is common for youth with chronic pain
to be seen by multiple practitioners prior to being seen in a pain clinic [17]. Therefore, it is plausible
that having repeated weight/height measurements increases awareness of their child’s weight status,
and in turn, the accuracy of their estimates. The fact that 64% of parents of obese youth accurately
estimated their child’s weight status, a rate that is higher than reports by parents of youth with obesity
alone, provides support for this hypothesis. Nonetheless, it is concerning that 36% of parents of obese
children and 91% of parents of overweight children inaccurately estimated their child’s weight status.
Taveras et al. [14] found that a parent’s misperception of their child’s weight status was associated
with not allowing their child to participate in a weight management program. Given that almost half
of the children represented in this sample were overweight/obese, it is particularly concerning that
collectively, 59% of their parents inaccurately rated their weight status. Furthermore, we found that
when parents of chronic pain patients with obesity accurately estimated their child’s weight status,
they were also more likely to say that their child’s weight contributes to the child’s pain. Although
speculative, if the results of Taveras et al. translate to the pediatric pain population, patients who
would benefit from tailored interventions could miss out on attempts to treat weight in the context of
pediatric pain, and/or may be less likely to adhere to treatment recommendations that involve physical
activity or what might be perceived as weight-related recommendations. Based on the influential role
of parents’ attitudes and behaviors on their child’s own health behaviors, Duncan [12] has called for
interventions to correct parents’ misperceptions of their child’s weight. This type of parent education
could certainly be part of tailored interventions for chronic pain and weight, and could be as simple
as pain practitioners pointing out that the child is overweight/obese and providing some examples
of the ways in which weight and pain are related. Based on the fact that nearly all parents of youth
with overweight status inaccurately rated their child’s weight, interventions must include parents of
children with overweight, as well as those whose children have obesity.

Other results from this study suggest that parents lack awareness of the relationship between
weight and chronic pain. In their review of the literature on pain and obesity, Narouze and
Souzdalnitski [18] indicate that the relationship between obesity and chronic pain has been a focus of
attention since the late 1990s, and that the evidence points to a strong association between these chronic
conditions. The evidence provided in their review of high-quality studies demonstrates a relationship
between obesity and pain in weight-bearing joints, but also between obesity and headache/migraine
pain, upper extremity pain, chronic widespread pain and fibromyalgia, abdominal/pelvic pain and
chronic neuropathic pain. Despite this evidence, as well as a worldwide focus on obesity in adults
and children, our data suggests that parents of both overweight and obese children are not aware that
these conditions are related. Parents of overweight and obese children did not think that their child’s
weight contributes to their child’s pain, nor did they think that weight was relevant to the child’s
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pain treatment or that discussions of weight, nutrition and physical activity might be important in
treating pain. Several factors may shed light on these results. First, these results may be explained
in part by the fact that only 7% of parents with overweight children and 21% of parents with obese
children reported discussing weight with healthcare providers. This may suggest that providers lack
an awareness of the relationship between obesity and chronic pain, and/or that they lack training in
counseling patients with both conditions. Patients may have had up to 15 office visits for their chronic
pain in the year prior to being seen in a pain center [17]; therefore, it is surprising that so few had been
discussing weight concerns with providers. To the degree that providers are not talking to patients
and their families about these concerns, we can understand why parents may not be aware of the
relationship. It is noteworthy that multidisciplinary chronic pain management programs commonly
include approaches to increase activity [19]. Additionally, it is not uncommon for weight gain to
follow injury and pain in childhood [20], and some pain medications (e.g., pregabalin and gabapentin)
are associated with weight gain [18]. Therefore, educating parents about the importance of weight,
nutrition and physical activity is important, regardless of the weight status of the patient at the time of
intake. Additionally, these results may be explained in part by the type and location of patient pain
complaints. It is important to note that almost 73% of the children represented in this study reported a
primary pain location of the head. While it may/may not be more intuitive for parents to be aware of a
link between obesity and, for example, lower back pain, it would be less intuitive to be aware of a link
between obesity and chronic headache or migraine pain. Studies involving adults (e.g., [21,22]) and
children [4] have provided strong evidence of a link between these two conditions, which underscores
the necessity for further parent education.

This study also aimed to better understand factors that may act as barriers to the acceptance of
future tailored interventions for children with co-occurring chronic pain and weight concerns. Overall,
very few parents of overweight or obese patients indicated that they had previous unsuccessful
attempts to lose weight, had little hope that their child would lose weight, or that their child’s
weight prevented him/her from losing weight. This pattern of responses is consistent with a lack of
awareness of a chronic pain/obesity relationship, and suggests that these may not actually be common
barriers affecting the acceptance of integrated chronic pain and weight interventions in this population.
However, it is plausible that attempts to increase awareness of the child’s overweight/obesity status
may alter parents’ responses to these questions, and/or may increase worry over their child’s weight,
in turn affecting adherence to treatment recommendations and/or readiness to change. If parents
of youth with chronic pain do not expect their child’s pain provider to address their child’s weight
concerns, what seemed like a simple matter of educating parents to raise awareness may escalate into
a need for additional treatment components to assuage worry. In this regard, the sensitivity of the
provider’s approach may be particularly important in tailored interventions. Furthermore, it is well
known that having a child with a chronic pain condition is stressful, and is associated with reduced
parental health-related quality of life [23] and numerous direct and indirect burdens, such as high
financial costs, time spent in appointments and missed time at work [24,25]. It is plausible that parents
are compartmentalizing their child’s chronic pain and weight conditions, and therefore pointing out
that they should be concerned about their child’s weight in addition to his/her chronic pain might
increase worry, and in turn decrease acceptance and adherence to integrated weight and chronic pain
interventions. If this is the case, pain providers can play a critical role by helping to shift parents’
perspective from seeing chronic pain and obesity as two separate issues into understanding how pain
and weight are inherently intertwined.

Based on the current and previous [2,3,5] findings, it is critical that we go beyond the initial call
to simply screen for obesity in pediatric chronic pain [3], and begin to develop tailored treatment
approaches to meet the needs of this population. Not addressing [26] weight in children with chronic
pain may have devastating lifetime consequences, while addressing [8] weight in this population has
the potential to reduce pain and improve functioning. In fact, Narouze and Souzdalnitski [18,27]
suggest that the infrastructure to treat both chronic pain and obesity already exists in pain medicine,
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including medications, physical and psychological rehabilitation, and interventional management.
Although these authors provide potentially effective options for the co-management of both conditions,
as well as nuances that require consideration for each individual condition, the majority of the research
upon which these recommendations have been based has involved adults with co-occurring chronic
pain and obesity. These recommendations should be empirically evaluated in a pediatric population.
However, we do agree that “further research should focus on comparing existing, and developing new,
evidence-based strategies for the treatment of these complex patients, and exploring the advantages of
simultaneously managing obesity and chronic pain” [27] (p. 219).

There are several limitations to this study. Similar to the limitations outlined by Connelly et al. [28],
parents in the current study completed the surveys in a naturalistic setting, which may have affected
data completion and the response rate, and the question set was minimized in order to limit
interruption to the clinical flow. While this method allows for broad characterizations, it precludes
the depth of inquiry required to fully understand parent perceptions and attitudes. Questions 2 and 3
were taken from studies for which no psychometric data are available. Related to this limitation, it
is possible that the pattern of responses was affected by the forced choice response options and/or
the phrasing of the questions. For example, responses to questions 3 and 4 may have been affected
by the yes/no response choices. Additionally, responses to the question regarding discussions of
weight, pain, and physical activity may have been different if the three options had been presented
in separate questions. While this is improbable, based on the overall pattern of responses, without
follow-up questions, it is not possible to determine whether responses would have been different.
In addition, the sample was comprised of parents of primarily adolescent, Caucasian female patients.
While this is common for most pediatric chronic pain samples [19], the demographic make-up limits
the generalizability of the findings. Finally, it is clear that acceptance and adherence to future tailored
interventions will be affected by a number of factors, including individual and contextual factors
(see Simons et al. [19]). Among such factors are the patient’s own perceptions and attitudes about
weight in the context of chronic pain. Future studies should not only examine parental attitudes in
greater depth, but should also examine patient attitudes. Such studies should examine if and to what
extent attitudes and perceptions interact with other factors to affect parent and patient acceptance of
chronic pain interventions that also target weight.

Overall, the results of this study suggest that two salient factors characterize parental perceptions
and attitudes about weight in the context of pediatric chronic pain. First, accurate estimates of
weight status do not translate into an appreciation of the complex role that weight may play in
an overweight or obese child’s chronic pain condition. Second, parents of children with chronic pain
and overweight/obesity did not report expected barriers to acceptance of, or adherence to, tailored
interventions. Specifically, most did not endorse failed attempts to reduce their child’s weight, a
sense of hopelessness about their child losing weight, or the belief that their child’s pain prevents
him/her from losing weight. Based on our findings, we offer two primary recommendations prior
to implementing tailored interventions in the context of pediatric chronic pain and obesity: (1) pain
providers should address parental misperceptions of their child’s weight; and (2) the integration of
weight management into chronic pain interventions should begin with educating parents about the
relationships between weight and pain.
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Abstract: While previous research in juvenile idiopathic arthritis (JIA) has identified discrepancy
between parent and child perception of disease-related symptoms such as pain, the significance and
impact of this disagreement has not been characterized. We examined the extent to which parent-child
discordance in JIA symptom ratings are associated with child functional outcomes. Linear regression
and mixed effects models were used to test the effects of discrepancy in pain and fatigue ratings on
functional outcomes in 65 dyads, consisting of youth with JIA and one parent. Results suggested
that children reported increased activity limitations and negative mood when parent and child pain
ratings were discrepant, with parent rated child pain much lower. Greater discrepancy in fatigue
ratings was also associated with more negative mood, whereas children whose parent rated child
fatigue as moderately lower than the child experienced decreased activity limitations relative to
dyads who agreed closely on fatigue level. Implications of these results for the quality of life and
treatment of children with JIA are discussed.

Keywords: pain; JIA; activity limitation

1. Introduction

Juvenile idiopathic arthritis (JIA) is a common chronic childhood illness often characterized by
episodes of musculoskeletal pain and fatigue, which may contribute to problems with social and
physical functioning [1,2]. Parents play an important role in the experience and treatment of pain and
other symptoms in youth with chronic health issues [3]. Previous work has focused on the agreement
between physicians and parents on the child’s global disease severity [4]; however, there has been
limited research on whether discrepancies in ratings of pain and fatigue between parents and children
with JIA influence social and physical activity participation and mood. In one study of children with
JIA, Garcia-Munitis et al. demonstrated moderate to poor agreement on pain intensity ratings between
parents and children, but did not identify predictors or outcomes of the reported discrepancy [5].
A longitudinal study by Palermo et al. examining parent-child discrepancy in pain reporting found
that parents and children with JIA often disagreed on pain and functional disability ratings: the authors
suggested a link between increased disagreement on pain ratings and increased child depression,

Children 2017, 4, 11 147 www.mdpi.com/journal/children



Children 2017, 4, 11

but did not assess fatigue [6]. Their prior work is also limited in that it relied on one-time assessments
or intermittent clinic based assessments, both subject to recall bias. Given the daily fluctuations in pain
and fatigue typical of JIA, discrepancies in parent-child reports may be stable or dynamic over time.
Intensive repeated measurement is ideal for assessing dynamic variables and characterizing reporting
patterns [7]. This study employs an ecological data-gathering model to capture day-to-day variability
in pain and fatigue reporting and interrogates whether the parent-child discrepancies themselves are
associated with outcomes of interest.

The current study investigated discrepancies between parent and child reports of common JIA
symptoms (pain and fatigue), expanding on the work of Garcia-Munitis et al. and Palermo et al. in
describing discrepancies between parent report of child pain and fatigue and child self-reported fatigue
in the setting of a daily electronic diary study. We also examined whether the direction of discrepancy
affected the key outcomes of child negative mood and activity limitations. We expected to find that
children whose parents over reported child pain and fatigue intensity would have poorer outcomes.
This hypothesis is consistent with published literature suggesting that children whose parents use
protective strategies, which might result in over reporting pain relative to the child, experience greater
functional disability and negative mood [8–10].

2. Methods

The institutional review board at the study site approved study procedures (IRB Study ID:
Pro00007325). Full study procedures were included in past publications using the larger dataset,
which described child-reported daily symptom ratings and child sleep [11–13]. A pilot study
performed with a smaller sample of patients examined parent responses to child pain [14]. The current
study uniquely focused on the discordance between parent and child reports of pain and fatigue,
not previously examined in this dataset. As part of the larger study, 74 dyads of children and their
caregivers where initially recruited from the outpatient rheumatology clinic of an academic pediatric
center. As the caregivers were predominantly biological mothers and fathers, with few other types
of caregivers (stepparents, unspecified), we refer to the caregivers as “parents” for the remainder of
the article. All children had a diagnosis of polyarticular JIA. Children were ineligible to participate
if they had a current psychiatric diagnosis (specifically, mood disorders, fibromyalgia and pervasive
developmental delay). The excluded disorders are known to affect pain and functioning and could
confound experimental results. Children were also excluded if they were not attending school since
school attendance was an outcome measure in the original study, physically incapable of completing
the diary entries, non-English speaking, or if either they or the parent were illiterate. The sample
analyzed for the current study includes 65 of the dyads; 9 dyads failed to complete the larger study
or were missing data required for this analysis [15]. Of the included 65 dyads, 2537 fatigue reports
(60.3% of all fatigue score reports) had both a parent and a child pain score, and 2411 pain reports had
both a child and a parent pain score (57.3% of all pain score reports).

The dyads completed a battery of baseline questionnaires, including demographics reported by
the parent. Each parent and child was provided with a T-Mobile Dash smartphone (T-Mobile, Bonn,
Germany) and a study-specific instruction manual. Research staff trained each parent and child in use
of the device. Each parent and child were instructed to complete thrice daily ratings of pain, fatigue,
mood, and activity limitations at predetermined times selected by the family and programmed by
the research staff. Diary data was collected for a total of 28 days.

2.1. Electronic Diary Variables

2.1.1. Pain Intensity

Children and parents rated pain intensity three times per day using a visual analogue scale (VAS)
ranging from 0 to 100 mm based on a validated pain assessment for children [15]. Figure 1 shows
the pain intensity VAS used.
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Figure 1. Pain Intensity Screen.

2.1.2. Fatigue Intensity

Children and parents were asked to rate the intensity of fatigue three times a day using a validated
visual analogue scale (VAS) ranging from 0 to 100 mm [16].

2.1.3. Activity Limitations

Items from the Activity Scale for Kids and the Child Activity Limitations Questionnaire were
combined to assess physical, academic and social limitations in study participants. Children were
asked to rate on a 4-point scale how difficult it was to complete each of eight different activities due to
pain [17,18]. The list of activities differed depending on time of day. For example, the question “How
difficult was it to put your clothes on this morning?” (See Figure 2) was asked only during the morning
assessment. Other topics addressed in this scale included questions about difficulties with bathing,
walking up stairs and staying seated in school. A total functional limitations score was calculated for
each e-diary report by averaging the child’s responses.

Figure 2. Activity Limitations Screen.

2.1.4. Negative Mood

Child self-reported negative mood was measured by 5 items taken from the Positive and
Negative Affect Scale for children (PANAS-C), which was initially validated in a general population of
school-aged children [19]. Responses to the negative affect items were averaged to provide a mean
negative mood score on each e-diary report. Research in adults and the school-aged population has
demonstrated that negative affect scores are significantly correlated with symptoms of both anxiety
and depression [19,20]. The initial scale validators argue that the negative mood score is best seen as
a measure of psychological distress [20].
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2.2. Data Analysis Plan

Statistical analyses were performed using version 9.4 of Statistical Analysis Software (SAS) (Cary,
NC, USA). Descriptive statistics (means, standard deviations, frequencies) were used to summarize
demographics and primary study variables, as applicable. To address our primary aim, mixed effect
models were constructed to evaluate the extent to which parent-child discordance in symptom ratings
(pain and fatigue) were associated with the two outcomes of interest (activity limitations and mean
negative mood score). To derive the predictor variable for these analyses, we first calculated simple
difference scores (parent minus child report) on ratings of pain and fatigue. The resulting discrepancy
scores then were classified into five groups for analyses, as follows: −100 to −51 mm (high discrepancy,
parent < child), −51 to −11 mm (moderate discrepancy, parent < child), −10 to 9 mm (low discrepancy),
10–49 mm (moderate discrepancy, parent > child), and 50–100 mm (high discrepancy, parent > child).
The decision to group the scores was made to facilitate data interpretation and presentation as well as
to clearly delineate whether the extent and direction of disagreement were correlated with functional
outcomes. The cut points for the groups were selected on the basis of the data distribution shown in
Figures 3 and 4. The parent-child discrepancy groups were treated as fixed effects, and the parent-child
dyad was specified as a random effect to allow clustering of repeated measures by dyad. The low
discrepancy group (score discrepancies of −10 to 9 mm) was used as the reference group in all analyses.
Reference cell coding was used for the discrepancy groups. Analyses were adjusted for days since
study onset (fixed effect), since it was associated with our outcomes of interest (activity limitations and
mean negative mood score).

Figure 3. Discrepancy between child and parent ratings of child pain (parent score minus child score).
Positive values indicate that the parent scored pain higher than the child. Negative numbers indicate
that the child scored pain higher than the parent.
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Figure 4. Discrepancy between child and parent rating of child fatigue (parent score minus child score).
Positive values indicate that the parent scored the fatigue higher than the child. Negative numbers
indicate that the child scored the fatigue higher than the parent.

3. Results

3.1. Descriptive Statistics

3.1.1. Demographics

Our sample was predominantly female (72% female) and Caucasian (75% Caucasian,
19% African American, 5% unanswered and 1.5% Pacific Islander). The mean age of children in
our sample was 12.7 years, with a standard deviation of 2.8 years.

3.1.2. Discrepancies between Child and Parent Report of Pain and Fatigue

Figure 3 illustrates the distribution of the simple difference between parent and child pain scores,
while Figure 4 illustrates the distribution of simple difference between parent and child fatigue score
at all study time points. “Simple difference” refers to parent score minus child score. For example,
if a parent rates the child’s pain at 50 mm and the child rates their pain at 75 mm, the simple difference
is −25 mm. For Figures 3 and 4, when x = 0, there is no difference between parent and child score.
The y axis represents the number of dyad reports in each group over the course of the study.

Tables 1 and 2 provide the distribution of simple difference between parent and child pain
and fatigue scores, respectively, for all time points in the study. The percent recorded in the second
column represents the percentage of all observations in the study that fall into each discrepancy group,
where N = total study observations.
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Table 1. Groups of Pain Score Discrepancy.

Discrepancy Group
(Parent Score-Child Score)

Dyad Reports n (%)
(N 1 = 2537)

High Discrepancy (−100 to −51, child rated higher) 177 (7.0%)
Moderate Discrepancy (−50 to −11, child rated higher) 467 (18.4%)

Low Discrepancy (−10 to 9, parent and child rated similarly) 2 1172 (46.2%)
Moderate Discrepancy (10 to 49, parent rated higher) 640 (25.2%)

High Discrepancy (50 to 100, parent rated higher) 81 (3.2%)
1 N represents the total number of fatigue reports for the entire study. Percentages represent the number of
individual reports in each group; 2 Reference group in mixed model analysis.

Table 2. Groups of Fatigue Score Discrepancy.

Discrepancy Group
(Parent Score-Child Score)

Dyad Reports n (%)
(N 1 = 2411)

High Discrepancy (−100 to −51, child rated higher) 2 0
Moderate Discrepancy (−50 to −11, child rated higher) 719 (29.8%)

Low Discrepancy (−10 to 9, parent and child rated similarly) 3 1000 (41.5%)
Moderate Discrepancy (10 to 49, parent rated higher) 595 (24.7%)

High Discrepancy (50 to 100, parent rated higher) 97 (4.0%)
1 There were no dyads reports in the −100 to −49 range (parent fatigue score was much lower than child score);
2 N represents the total number of fatigue reports for the entire study. Percentages represent the number of
individual reports in each group; 3 Reference group in mixed model analysis.

3.2. Hypothesis Testing

3.2.1. Parent-Child Discrepancies in Pain Intensity and Fatigue Reports as a Predictor of Mood

Compared to the low discrepancy reference group, children whose parents over reported
their child’s pain by 50–100 mms had a higher mean negative mood score (p value = 0.0136),
as shown in Table 3. Children whose parents either over reported the child’s fatigue by 50–100 mms
or under reported their child’s pain by 11–50 mms also had higher negative mean scores
(p value = 0.003 and 0.002, respectively), as shown in Table 4.

Table 3. Relationship between simple difference of pain score and mean negative mood score.

Predictor variable: Discrepancy Group 1

(Parent Score-Child Score, Pain)
Estimate Standard Error p-Value

High Discrepancy (−100 to −51, child rated higher) 0.074 0.030 0.014
Moderate Discrepancy (−50 to −11, child rated higher) 0.001 0.020 0.964
Moderate Discrepancy (10 to 49, parent rated higher) 0.017 0.019 0.373

High Discrepancy (50 to 100, parent rated higher) 0.011 0.045 0.813
1 The reference group in mixed model analyses (not shown) is the low discrepancy group.

Table 4. Relationship between simple difference of fatigue scores and mean negative mood scores.

Predictor Variable: Discrepancy Group 1

(Parent Score-Child Score, Fatigue)
Estimate Standard Error p-Value

High Discrepancy (−100 to −51, child rated higher) 2 - - -
Moderate Discrepancy (−50 to −11, child rated higher) 0.056 0.017 0.002
Moderate Discrepancy (10 to 49, parent rated higher) 0.016 0.019 0.397

High Discrepancy (50 to 100, parent rated higher) 0.113 0.038 0.003
1 The reference group in mixed model analyses (not shown) is the low discrepancy group; 2 There were no dyads in
the −100 to −49 range (parent fatigue score was much lower than child score).
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3.2.2. Parent-Child Discrepancy in Pain Intensity and Fatigue Reports as a Predictor of
Activity Limitation

Children whose parents under reported their pain by 49 to 100 mms had a higher activity limitation
score (p = 0.043) compared to the low discrepancy group, as shown in Table 5. Conversely, children whose
parents under reported their fatigue by 11 to 50 mms had fewer activity limitations (p = 0.016), as shown in
Table 6.

Table 5. Relationship between simple difference of pain scores and activity limitation.

Predictor Variable: Discrepancy Group 1

(Parent Score-Child Score, Pain)
Estimate Standard Error p-Value

High Discrepancy (−100 to −51, child rated higher) 1.097 0.538 0.043
Moderate Discrepancy (−50 to −11, child rated higher) 0.277 0.368 0.452
Moderate Discrepancy (10 to 49, parent rated higher) −0.037 0.354 0.916

High Discrepancy (50 to 100, parent rated higher) −1.471 0.820 0.075
1 The reference group in mixed model analyses (not shown) is the low discrepancy group.

Table 6. Relationship between simple difference of fatigue scores activity limitation.

Predictor Variable: Discrepancy Group 1

(Parent Score-Child Score, Fatigue)
Estimate Standard Error p-Value

High Discrepancy (−100 to −51, child rated higher) 2 - - -
Moderate Discrepancy (−50 to −11, child rated higher) −0.796 0.328 0.016
Moderate Discrepancy (10 to 49, parent rated higher) −0.230 0.350 0.512

High Discrepancy (50 to 100, parent rated higher) −1.179 0.704 0.096
1 The reference group in mixed model analyses (not shown) is the low discrepancy group; 2 There were no dyads in
the −100 to −49 range (parent fatigue score was much lower than child score).

4. Discussion

This study examined associations between degree of discordance in parent and child ratings
of child symptoms, functioning, and mood. Our data suggest that parent reports of child pain and
fatigue often closely match those of the child, as evidenced by the center clustering in Figures 3 and 4.
However, we also found that parents and children at times disagreed markedly on these measures and
that discrepancies in reports, when present, were correlated with functional outcomes.

In contrast with what was expected, we found that children whose parents highly underreported
their pain experienced higher rates of negative mood and greater activity limitation. We hypothesized
that children whose parents overreported their pain would have greater activity limitations and
negative mood based on previous research regarding parental overprotectiveness and its impact on
activity and mood. However, we did not find a relationship between parental over reporting of child
pain and increased negative mood or activity limitations.

It is possible that parents under report their child’s pain as a minimizing response. Children may
then respond by experiencing and recording an exaggerated pain level in an attempt to legitimize their
experience, which would further exacerbate parent-child discordance. Previous work in children with
chronic pain has demonstrated that minimizing parental responses can contribute to increased somatic
symptoms, particularly in anxious children [21]. Additionally, previous work has demonstrated that
depression in JIA patients is associated with higher activity limitation and higher disease severity [22].
Although negative mood is not synonymous with depression, as a marker of general psychological
distress, it may be that negative mood plays a synergistic role with parental discordance in driving
activity limitations [19].

We also found that children whose parents moderately overreported or highly underreported
their fatigue had increased negative mood. Children whose parents underreported their fatigue had
lower levels of activity limitation, but we again did not find that parental overreporting of fatigue
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correlated with greater activity limitation in the child. Our data regarding fatigue and negative
mood suggest that child-parental discordance itself regarding perception of fatigue is correlated
with greater negative mood in the child. It is unclear from our study why discrepancy in fatigue
reporting generally, rather than discrepancy in a particular direction (e.g., parental over- or under
reporting), was correlated with increased activity limitation. It may be that our measurement of
discrepancies in parent and child fatigue report is confounded by a lack of family cohesiveness or poor
communication, which drives both bidirectional disagreement on fatigue level and increased negative
mood in the child. Previous research has demonstrated an association between a negative family
environment and depressive symptoms in healthy children [23]. Our findings regarding parent-child
discrepancy in fatigue report contributes to a gap in knowledge regarding fatigue in JIA. Although we
know that fatigue is common in JIA, there is significantly less published work on fatigue in this disease
relative to pain, and the existing evidence is somewhat conflicting [14,24,25].

Future work should explore whether particular family behavioral patterns are associated with
increased disagreement between parent and child reports of symptoms and functional outcomes,
data which was not available to us in this cohort. The current findings could be further characterized
by future research exploring whether different caregiver characteristics predict discordance with child
symptom report and whether different caregivers of the same child show agreement on child pain and
fatigue ratings. Caregivers participating in this study were not diverse enough to explore inter-rater
agreement between children and different types of caregivers, such as grandparents, mothers and
fathers. Garcia-Munitis et al. demonstrated that certain caregivers, namely mothers, are more likely
than others to agree closely with the child [5]. Additional family factors such as communication quality
and style and level of parental monitoring may also be related to discordant reporting; future work
should evaluate the role of these factors. It would also be worthwhile to explore whether informing
the parent and child of the difference in their perception of the child’s pain and fatigue would improve
agreement between their ratings, and ultimately, the child's pain, mood, and ability to participate in
social and physical activities.

Our results should be interpreted in light of several limitations. While the results discussed
were statistically significant, we cannot infer causation. We view this work as preliminary and as
a starting point for further research. A type one error is always a possibility given that we ran several
statistical analyses. The sample was obtained from a single center and was a sample of convenience,
limiting generalizability. All measures of pain and fatigue were self-reported, and some children
may be poor or inaccurate reporters. In addition, unaccounted for confounders may have influenced
the results.

In spite of these limitations, these results suggest that discrepancy often exists between parent
and child ratings of pain and fatigue, raising questions about how clinicians respond to parent and
child report of symptoms when there is considerable discrepancy, especially considering treatment
decisions. There are objective measures of disease activity in JIA, such as inflammatory markers,
joint exam, X-rays, but subjective patient and parent reported symptoms also guide therapy. This study
reaffirms the need for clinicians to assess perception of disease severity from the perspective of both
parent and child when making treatment decisions. Additionally, because the results suggest that
the discrepancies are associated with functional outcomes, healthcare providers may preemptively
wish to refer parents and children who demonstrate disagreement on levels of pain and fatigue to
mental health professionals such as social workers and psychologists, as these children may be at risk
for suboptimal functional and emotional outcomes.
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Abstract: Children with chronic pain frequently experience impairment in the school setting, but we
do not yet understand how unique these struggles are to children with primary pain conditions
compared to peers with disease-related pain or those without chronic pain symptoms. The objective
of this study is to examine school functioning, defined as school attendance rates, overall quality of
life in the school setting, and school nurse visits among adolescents with primary pain conditions,
those with juvenile idiopathic arthritis (JIA)-related pain, and healthy peers. Two hundred and
sixty adolescents participated in the study, including 129 with primary pain conditions, 61 with JIA,
and 70 healthy comparison adolescents. They completed self- and parent-reported measures of school
function. Findings show that as a group, youth with primary pain conditions reported more school
absences, lower quality of life in the school setting, and more frequent school nurse visits compared
to both adolescents with JIA-related pain and healthy peers. We conclude that compared to those
who experience pain specific to a disease process, adolescents with primary pain conditions may face
unique challenges in the school setting and may require more support to help them succeed in school
in spite of pain.

Keywords: chronic pain; child and adolescent; school functioning

1. Introduction

School functioning is known to be impaired in adolescents with chronic pain [1–7]. A 2008 study
by Logan and colleagues [4] demonstrated that adolescents with chronic pain without clear etiology,
or “primary pain conditions” [8], missed significant amounts of school, with close to half of those
sampled missing at least a quarter of school days. Other areas of school function including academic
performance, engagement, attention to classwork, and keeping up with activities may be affected as
well. Few studies have examined utilization of medical resources at school such as frequency of nurse
visits; this is also important to understand, as it is both an indicator of health service use and of time
spent disengaged from the classroom.

Although rates of school absences in pediatric primary pain conditions have been shown to be
higher than rates for most other chronic illnesses [2,9], few direct comparisons have been made with
chronic diseases that include a significant pain component. Previous studies suggest that teachers and
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school administrators lack an understanding of primary pain conditions and of the biopsychosocial
framework that explains such pain experiences [10,11]. In vignette-based studies, the absence of a
clear, organic explanation for pain symptoms has been linked to more negative responses to pain
complaints and less willingness to provide classroom accommodations [12]. Such attributions may be
a perpetuating factor in the pain-related school impairment of youth with primary conditions. Peer
reactions may also differ to these varied types of pain experience, which could further affect the child’s
ability to cope with pain in school. In addition, children’s own self-perceptions around their pain and
their attributions of its causes may also differ by the type of pain experience and may in turn affect
their school functioning. However, the current literature does not adequately explore differences in
youth with primary pain compared to those with disease-related pain symptoms, whose pain may be
more easily understood by school personnel due to its more straightforward biomedical nature.

To date, the existing literature is contradictory. One study comparing youth with headache to
those with disease-related pain (i.e., juvenile idiopathic arthritis (JIA), sickle cell disease) found no
differences in rates of school attendance [13]. Another study comparing youth with JIA to youth with
primary musculoskeletal pain found that patients with non-disease-related pain reported more school
impairment as indicated by more worries about school and the presence of learning disabilities [14].
Additional studies are needed to clarify the relationship between school functioning and chronic pain
in children with primary pain vs. pain due to a specific etiology and to expand the definition of
school functioning beyond simply school attendance rates. There is also a dearth of research directly
comparing school functioning in children with chronic pain with their healthy peers. The lack of
available normative rates of school absence, nurse visits, and other indicators of school functioning
makes it difficult to interpret reports of these issues in youth with chronic pain. Comparing these
youth to healthy peers of a similar age and sex is critical for understanding the extent and implications
of impaired school functioning in children with primary pain conditions.

Our study investigated whether children with chronic pain of an unknown origin differed in
reports of school functioning compared to children with pain due to a specific disease process, in this
case JIA, and to pain-free peers. Clarifying the picture of school functioning with regard to absences,
quality of life in the school setting, and utilization of health care services (e.g., number of nurse visits in
children with primary pain conditions) compared to other populations will improve our understanding
of risk and protective factors for school outcomes in children with primary chronic pain.

2. Material and Methods

2.1. Participants

Three groups of adolescents aged 12–19 years were recruited, a primary chronic pain (“PCP”)
group, a group diagnosed with juvenile idiopathic arthritis (“JIA”), and a comparison group of healthy
adolescents (“Healthy”).

The PCP group was made up of adolescent patients who underwent a multidisciplinary pain
evaluation at tertiary pain clinic in a large, urban northeast pediatric hospital (Boston Children’s
Hospital, Boston, MA, US). These patients included adolescents with physician-assigned diagnosis
of functional gastrointestinal disorders (FGID), headache, or diffuse/localized musculoskeletal/
neuropathic pain syndrome without clear disease etiology. Patients for the JIA group were recruited
from pediatric rheumatology outpatient clinics at Boston Children’s Hospital Boston, MA, US. JIA was
selected as the disease-based pain comparison group because it has been included in numerous other
studies of pain-related functioning, including a few studies specifically examining school impairment
and contrasting this condition to primary pain conditions [13–15]. Additionally, JIA is more prevalent
in girls, which is a similar profile to most types of primary pain conditions. Girls were over-sampled
for the Healthy group to align with the characteristics of the PCP and JIA groups.

Eligibility criteria for participants in the PCP and JIA groups included a current pain frequency
of at least once a week or five days per month. JIA patients were excluded if they had any medical
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condition or separate chronic pain syndrome (e.g., migraine headache, functional abdominal pain
disorder). Healthy participants were excluded if they had any current chronic pain problem that
occurred at least once a week or five days per month, or any current chronic medical condition. Across
all groups, participants were excluded if they were not in the 12–19 year age range, were unable
to speak sufficient English, had any cognitive impairment or severe psychiatric disorder, or were
not enrolled in a structured school setting. Mental health conditions such as anxiety or depression
were not exclusionary. Youth receiving temporary homebound tutoring because of pain problems
were included.

2.2. Procedures

Data presented herein are drawn from a larger longitudinal study on school functioning and
self-image in adolescents with pain. Institutional Review Board approval (IRB-P00000729) was obtained
prior to the start of the study. All data collection occurred during the school months so that current
school-year data could be collected for all participants. Adolescents in the PCP and JIA groups were
identified in advance of scheduled clinic appointments and sent information about the study by mail.
Participants who did not wish to be approached about the study during their clinic visit were asked
to send back a stamped postcard indicating this. Those who did not opt out were approached when
arriving for their clinic visit and the study was explained to them in detail. Adolescents recruited
during hospital clinic visits were given the option of completing measures on paper immediately or
receiving a link to complete them electronically. Healthy adolescent participants contacted the study
team through information provided in advertisements for a study about health and school functioning.
These advertisements were posted on the hospital website (accessed by staff and families) and on
notices throughout the community. Girls were over-sampled by posting advertisements recruiting only
for girls once sufficient numbers of boys were enrolled. Healthy participants completed all measures
electronically. Assent was obtained from all participants under 18 in the PCP and JIA groups. Informed
written consent was obtained from the participant’s parent and directly from the participant if over
18. Permission was received by the Institutional Review Board to provide healthy participants with
an information form in lieu of formal written consent, since these participants were not recruited in
person. All available data were included for analyses, thus some analyses differed in sample size due
to missing data.

2.3. Measures

2.3.1. Demographic and Medical Information

Age, sex, grade, and ethnicity were provided by parents of all participants. Diagnoses were
obtained from medical records based on the evaluations at the clinical visit concurrent with study
enrollment. Pain characteristics included “typical” pain intensity, assessed with a numeric rating scale,
frequency of pain (measured on an eight-point scale from “Never” to “Daily or Almost Daily”) and
time since pain onset.

2.3.2. Self-Report of School Functioning

The Pediatric Quality of Life inventory (Peds-QL) [16] school functioning subscale is a five-item
child/adolescent rating scale assessing subjective impressions of the extent to which pain interferes
with school attendance and performance (e.g., “In the past 3 months, how much of a problem have
you had with keeping up with school activities?”). The Peds-QL is a well-validated instrument for use
with children with a variety of chronic medical conditions and demonstrates high reliability across
items (α = 0.80).
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2.3.3. School Attendance

Parents reported the number of days that their adolescent missed school in the previous three
months, a time frame that has been used in our previous studies of school function, showing good
reliability. If participants arrived at school late or left early on a given day due to pain, these days
were counted as 0.5 of a missed day, consistent with previous research [4,17]. Past studies have
demonstrated close correlations between official school absence records and parent reports of school
attendance, which tends to be more accessible information in the context of a research study [4].

2.3.4. Frequency of Nurse’S Visits

Adolescents estimated the frequency of use of school medical services (e.g., visits to the nurse’s
office) in the previous month. The time frame for reporting nurse visits was limited to one month in
hopes of maintaining a reliable time frame for retrospective recall.

2.4. Data Analytic Plan

The statistical analysis program SPSS version 23 (IBM Corp., Armonk, NY, USA) was used for all
data analyses. Group differences in school functioning across diagnoses were examined using one-way
analysis of variance (ANOVA), analysis of covariance (ANCOVA), and Student’s t-tests.

3. Results

3.1. Descriptive Findings

One hundred and twenty-nine patients with primary pain, 61 with JIA, and 70 healthy comparison
adolescents were recruited for a total of 260 participants. Participant ages ranged from 12 to 19 years
(Mean (M) age = 15.25, standard deviation (SD) = 1.67), with no significant differences between groups
in age (F(2,252) = 0.91, p = 0.41). The grade in school ranged from 6th to 12th grade. Further, 85.8% of
respondents were Caucasian. In all three groups the majority of adolescent participants were female
(70.5%), but a higher proportion of the PCP group were female (81.4%) compared to the JIA (62.3%)
and Healthy (65.7%) comparison groups despite efforts to recruit comparable samples. Mothers were
the parent responders for 86% of the sample. Families tended to report relatively high socio-economic
status, with a mean Hollingshead score of 5.2 (5 = Clerical and Sales Worker) for mothers and 6.2
(6 = Technicians, Semiprofessionals) for fathers. Mothers had a mean of 5.9 education (6 = Standard
College) and fathers had a mean of 5.6 education (5 = Partial College). Across the sample, 76.7% of
parents were married, but this differed across groups (72% for the PCP group, 85.5% for the JIA group,
and 78.4% for the Healthy group).

Table 1 displays the frequency of specific primary diagnoses within each of the two pain groups.
Compared to the JIA group, the primary pain group reported higher typical pain intensity ratings
(PCP group typical pain M = 5.73, SD = 2.10; JIA group typical pain M = 2.47, SD = 2.16; t = 9.45,
p < 0.001) and greater pain frequency (PCP group M = 5.88 where 6 = several times per week,
SD = 2.00; JIA group M = 4.28 where 4 = several times per month, SD = 2.43; t = 8.74, p < 0.001).
On the contrary, participants with JIA report a significantly longer time since pain onset compared to
the primary pain group (mean time since pain onset in JIA group = 77.0 months, SD = 50.9 months;
t = 6.4, p < 0.001). Given the significant between-group differences in pain characteristics, these
variables were incorporated into subsequent group comparisons.

Table 1. Frequency of primary diagnoses in primary pain (PCP) and juvenile idiopathic arthritis
(JIA) groups.

PCP Group (n = 129) n (%)

Neuropathic pain 31 (24%)
Back or neck pain 20 (15.5%)
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Table 1. Cont.

PCP Group (n = 129) n (%)

Other myofascial/musculoskeletal pain 15 (11.6%)
Joint pain 1 15 (11.6%)
Functional abdominal pain 12 (9.3%)
Pelvic pain/Endometriosis 2 7 (5.4%)
Headache (migraine and/or tension) 5 (3.8%)
Chest pain 4 (3.1%)
Other (e.g., TMJ, coccydynia) 20 (15.5%)

JIA Group (n = 61) n (%)

Polyarticular arthritis 18 (29.5%)
Pauciarticular arthritis 9 (14.8%)
Spondyloarthropathy 16 (26.2%)
Psoriatic arthritis 12 (19.7%)
Systemic arthritis 2 (3.3%)
Enthesitis-related 2 (3.3%)
Osteomyelitis 2 (3.3%)

1 Of participants with joint pain as a major complaint, five had a diagnosis (current or historical) of Ehlers–Danlos
syndrome but were found to have pain that was not accounted for by this diagnosis, and therefore were viewed
as having a primary pain condition; 2 Of participants with pelvic pain as a major complaint, six had a diagnosis
(current or historical) of endometriosis but were found to have pain that was not accounted for by this diagnosis,
and therefore were viewed as having a primary pain condition; TMJ: temporomandibular joint disorders.

3.2. Quality of Life in the School Setting.

The PCP group (M = 46.32, SD = 23.42) had lower school functioning scores on the Peds-QL
compared to both the JIA group (M = 66.59, SD = 20.99; p < 0.001) and the Healthy group (M = 73.91,
SD = 16.32; p < 0.001) (Figure 1). Significant differences were found between groups for Peds-QL school
functioning (F(2, 241) = 41.21, p < 0.001), with Tukey’s post hoc tests revealing significantly lower
scores in the PCP group compared to the JIA and Healthy groups. The JIA and Healthy group means
did not differ statistically. ANCOVA analyses incorporating pain characteristics revealed that group
differences in Peds-QL school function scores were not accounted for by pain intensity, pain frequency,
or time since pain onset. However, pain intensity did emerge as a predictor of school-related quality of
life in ANCOVAs focused on the two pain groups (F(1,157) = 13.17, p < 0.001). Neither pain frequency
nor time since pain onset were significant predictors of Peds-QL scores.

Figure 1. Pediatric Quality of Life inventory (Peds-QL) school function scores in Chronic Pain (PCP),
juvenile idiopathic arthritis (JIA) and Healthy groups. Groups marked “a” differ from one another at
p < 0.001; Groups marked “b” differ from one another at p < 0.001.
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3.3. Attendance

The PCP group (M = 8.95, SD = 12.22) had significantly higher numbers of school days missed in
the past three months compared to both the JIA group (M = 1.69, SD = 3.76; p < 0.001) and the Healthy
group (M = 0.33, SD = 0.93; p < 0.001) (Figure 2). There were significant between-group differences
between the number of school days missed (F(2,245) = 26.21, p < 0.001). Tukey’s post hoc tests revealed
a significantly higher number of days missed in the PCP group compared to the JIA and Healthy
groups. The JIA and Healthy group means did not differ statistically. ANCOVA analyses incorporating
pain characteristics revealed that group differences in school attendance rates were not accounted
for by pain intensity, pain frequency, or time since pain onset. No pain characteristics emerged as
significant predictors of school attendance rates in these analyses.

Figure 2. School absences in previous three months in youth in PCP, JIA, and Healthy groups. Groups
marked “a” differ from one another at p < 0.001; Groups marked “b” differ from one another at
p < 0.001.

3.4. Nurse’s Office Visits

The PCP group was found to utilize school nurse visits more often (M = 5.71, SD = 7.81) than the
JIA group (M = 1.07, SD = 1.67) (see Figure 3). A Student’s t-test revealed a significant between-group
difference between school nurse visits for the PCP vs. JIA groups (this variable was not collected for the
Healthy group): t(170) = 4.43, p < 0.001. ANCOVA analyses incorporating pain characteristics revealed
that group differences in the frequency of school nurse visits could be explained by differences in pain
intensity between groups (F(1,154) = 1.65, p = 0.201). Pain intensity was a significant independent
predictor of the frequency of nurse office visits (F(1,154) = 6.57, p < 0.05). Neither pain frequency nor
time since pain onset accounted for group variation in nurse office visits.
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Figure 3. Frequency of school nurse visits in past month in PCP and JIA groups. * Groups differ
significantly at p < 0.001.

4. Discussion

Our study suggests that school functioning among youth with primary pain conditions differed
significantly from that of youth with chronic pain related to JIA. Specifically, adolescents with primary
pain conditions had poorer school functioning/quality of life, missed an average of nine days of school
in three months compared to 1.7 days missed on average in the JIA group, and reported more nurse
visits than adolescents with chronic pain due to JIA. Our results also demonstrated that youth with
primary pain conditions had a lower school quality of life and missed more school than participants in
a comparison group of peers without chronic pain.

To date, studies reporting school-related outcomes in adolescents with chronic pain have suffered
from a lack of context to understand the extent of school impairment among this group.

The findings of the current study add to our knowledge regarding school functioning in
adolescents with primary pain conditions by highlighting ways in which this group may experience
greater levels of impairment compared to adolescents with pain due to a specific disease process
and to healthy adolescents. Importantly, although pain characteristics were dissimilar across the
groups in several ways, the results show that factors such as pain intensity or frequency did not fully
explain group differences in school functioning, suggesting a more qualitative difference in the school
experiences of youth with different types of pain conditions.

Integrating the current findings with previous research allows us to speculate on some possible
explanations for these differences. Prior studies have demonstrated that school personnel express
a limited understanding of primary pain disorders and more difficulty responding in a supportive
manner to pain when symptoms are not tied to a specific disease etiology [10,11]. Adolescents with
primary pain conditions may consequently feel less accepted and supported at school by both peers
and school staff. Other studies have indicated that these adolescents report more difficulty with peer
relationships than healthy peers and are more isolated and withdrawn, less well liked, and have fewer
reciprocal friendships [18]. It is possible that peers and school staff alike have difficulty understanding
and acknowledging pain that does not have a straightforward familiar cause. Youth with primary pain
conditions may feel invalidated in their interactions with peers and school staff and may avoid these
situations, resulting in greater school absences.
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In addition to differences in school attendance and overall school functioning, youth with primary
pain conditions were found to utilize school health resources more often when at school compared
to youth with JIA-related pain. On average, the PCP group reported visiting the nurse close to six
times in the past month, compared to the one visit average reported in the JIA group. More research
is needed to understand how youth are utilizing these resources and whether these resources are
supporting their school functioning. For example, youth with primary chronic pain may be visiting
the school nurse for an opportunity to practice active coping strategies for pain management, to obtain
medication, or to avoid class time due to feeling unprepared during class or unsupported by teachers.
Importantly, one must be present at school to visit the school nurse, so in some ways this behavior
represents less impaired function compared to complete school absence. Future studies may explore
the clinical implications of nurse visits and whether these visits are detrimental or supportive toward
improving school functioning. Finally, considering our results are mixed with regard to consistency
with prior studies [14,15], additional studies are needed to replicate our findings.

A major challenge to this line of research is the significant role of individual differences in efforts
to foster school success among youth with chronic pain. The unique strengths and needs of each child,
coupled with vast differences across school environments, require tailored school planning and make
it difficult to establish uniform “best practices” regarding school accommodations for youth with
primary pain conditions [19]. Nonetheless, continued research in this area plays an important role in
establishing recommended approaches to addressing the needs of adolescents whose pain has led to
school impairment.

Several limitations to the study bear noting. Recruitment approaches and referral patterns in
the clinic settings where the study took place may have resulted in some selection bias to the sample,
limiting the comparability of the groups. Firstly, our JIA sample was recruited from rheumatology
clinics where such patients are typically seen on a regular basis for ongoing monitoring, whereas
the primary chronic pain patients recruited from a tertiary chronic pain clinic may have been more
likely to schedule visits due to current levels of symptom distress and/or disability. Thus, our
clinically-referred primary chronic pain group may represent a more severely symptomatic and/or
disabled subgroup than our clinically-referred JIA group. Secondly, the Healthy group was recruited
through advertisements for a study on “health and school functioning”, which may have yielded a
response bias toward individuals with an interest in reporting on their school functioning, possibly
due to more positive self-perception in this realm. Furthermore, the tracking of study refusals or
consent without completed surveys was inconsistent across groups (i.e., better tracking occurred for
the clinical samples than the healthy sample) and thus cannot be reliably reported. Another study
limitation is the failure to collect data on nurse visits from the Healthy group. This was a flaw in the
survey design, as such data would have informed our understanding of normal rates of this behavior.

This study helps elucidate the relationship between school functioning and chronic pain in
children with primary pain conditions compared to JIA-related pain, with possible implications
for disease-related pain more broadly. By directly comparing school functioning in children with
chronic pain with their healthy peers, the study also fosters increased understanding of the extent and
implications of impaired school functioning in children with primary chronic pain conditions. Future
studies may expand from this set of findings to advance our knowledge of risk and protective factors
for school outcomes in children with chronic pain.
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Abstract: Neighborhood features such as community socioeconomic status, recreational facilities, and
parks have been correlated to the health outcomes of the residents living within those neighborhoods,
especially with regard to health-related quality of life, body mass index, and physical activity.
The interplay between one’s built environment and one’s perceptions may affect physical health,
well-being, and pain experiences. In the current study, neighborhood characteristics and attitudes
about physical activity were examined in a high-risk (youths with a parent with chronic pain) and
low-risk (youths without a parent with chronic pain) adolescent sample. There were significant
differences in neighborhood characteristics between the high-risk (n = 62) and low-risk (n = 77)
samples (ages 11–15), with low-risk participants living in residences with more walkability, closer
proximity to parks, and higher proportion of neighborhood residents having college degrees.
Results indicate that neighborhood features (e.g., walkability and proximity to parks), as well as
positive attitudes about physical activity were correlated with lower levels of pain and pain-related
disability, and higher performance in physical functioning tests. These findings suggest that the built
environment may contribute to pain outcomes in youth, above and beyond the influence of family
history of pain.

Keywords: walkability; attitudes about physical activity; chronic pain; adolescents

1. Introduction

Neighborhood characteristics have an impact on the health outcomes of residents, in terms
of health-related quality of life (HRQOL), body mass index (BMI) and the experience of chronic
pain [1–3]. The accessibility of neighborhood amenities (e.g., being able to walk to the grocery store) is
thought to be related to physical activity level among residents, leading to changes in health outcomes.
To quantify the accessibility of neighborhood amenities, such as schools, grocery stores, and restaurants,
walkability scores can be assigned to each physical address based on ease of access without a car.

Adolescents may be especially vulnerable to the effects of a neighborhood with low walkability [4].
Low walkability indicates that places of interest, including parks, schools, and stores, are not easily
accessed on foot. Prior to receiving a driver’s license or having other autonomous transportation
options, young adults have limited access to amenities outside their neighborhood. By living in a
walkable neighborhood, adolescents have more autonomy compared to those living in a less walkable
neighborhood. Therefore, the accessibility of the neighborhood in which adolescents live is vital for
promoting and providing outlets for adolescent physical activity.

Children 2016, 3, 35 166 www.mdpi.com/journal/children
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Research exploring socioeconomic status (SES), with respect to both family and the neighborhood,
has found that SES has a large effect on the resources available to lead healthy lives. Neighborhoods
with a higher median SES are associated with a higher density of recreational facilities, parks and
walkable pathways, and are believed to promote healthy lifestyles more than neighborhoods with
a lower median SES [5]. Families with higher SES are better able to afford living in neighborhoods
where there is a more developed built environment (e.g., developed sidewalks and landscaping) and
more amenities. Neighborhoods that are associated with a lower socioeconomic status feature a less
developed built environment (e.g., undeveloped sidewalks and fewer trees) [6], which can lead to
lower activity rates, higher rates of disability and higher BMI trends over time [2]. Children and
adolescents raised in underdeveloped neighborhoods are more likely to be inactive or to be overweight
than those living in highly developed neighborhoods [7].

Additionally, there is a direct relationship between the experience of chronic illness and SES
in the United States; people of lower SES experience more chronic illness than their more affluent
counterparts [8–10]. In particular, chronic pain conditions are experienced disproportionately by
people in the lowest income bracket (i.e., people that are unemployed and receiving disability) [11,12].
Therefore, because SES is related to both neighborhood amenities and to conditions such as chronic
pain, it is necessary to explore the associations between the neighborhoods people live in and their risk
for experiencing chronic pain.

Previously held beliefs about physical activity have also been shown to influence the activity
level of adolescents. Positive attitudes about physical activity, as well as the intention to perform
physical activity, were found to be consistent indicators of physical activity among adolescents [13].
The perception of having available physical activity resources is nearly as important as the resources
themselves [5]. Additionally, when a neighborhood features a variety of physical activity amenities,
such as parks or sport facilities, adult and adolescent residents are more likely to meet physical activity
guidelines [4,5]. Having access to at least one recreational facility within walking distance significantly
decreases the odds of being overweight, compared to a similar population with no access to recreational
facilities [14]. Overweight and obese weight status has been associated with increased risk for a variety
of chronic pain conditions, as well as increased pain and pain-related disability [15–18].

Chronic pain conditions have been found to negatively impact a child’s physical activity level.
Children with chronic pain exhibit a lower peak activity level, and are sedentary for more minutes a day
than their healthy counterparts [19]. Lower activity levels have been associated with more perceived
physical limitations among participants [19], indicating a connection between physical activity and
perceived barriers to activity. Limited research has examined neighborhood level contributions to
pain and related outcomes in pediatric chronic pain samples. Among youth with sickle cell disease,
living in a distressed neighborhood was found to be associated with diminished physical HRQOL and
increased reports of pain [1]. Thus, neighborhood level characteristics may be associated with chronic
pain and related disability, particularly in high-risk samples, or in individuals who are at increased
risk for pain due to the presence of comorbidities or other risk factors (e.g., low physical activity, or
high BMI).

The current study has three primary aims. The first is to compare neighborhood characteristics
between two parent-child samples: those in which the parent had a chronic pain condition (high-risk
group) and those not impacted by parental chronic pain (low-risk group). It is well-established that
youth who have a parent with pain are at increased risk for developing pain problems [20]. Differences
in neighborhood characteristics associated with parental pain may confer additional risk for pain,
disability, and poor physical function outcomes. It was hypothesized that high-risk youth would
live in neighborhoods with lower walkability and more restricted access to recreation compared to
low-risk youth. The second aim is to examine whether neighborhood level sociodemographic factors
(median income, population education) contribute to child pain and disability above and beyond family
socioeconomic factors (i.e., family income and parental education). The third aim is to examine the
contribution of neighborhood built environment (e.g., walkability and access to recreation) and youth’s
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attitudes about physical activity to youth pain, activity limitations, and physical function outcomes.
Physical function outcomes included laboratory-based tests of physical function, and self-report of
physical activity. It was hypothesized that both neighborhood-level factors and individual attitudes
would contribute to outcomes, above and beyond risk group membership and BMI.

2. Materials and Methods

2.1. Participants

The data used was taken from a larger prospective study examining the impact of parental chronic
pain on youth. Data from the baseline time point of the larger study was used in the current analysis.
Children of parents without a chronic pain condition—the low-risk study group—was made up of
parent–child dyads (n = 77) and children of parents with a chronic pain condition—the high-risk
study group—also consisted of parent–child dyads (n = 62). All study procedures were approved
by the institutional review board (No. IRB#00005973) at Oregon Health & Science University in
Portland, Oregon.

All participants were recruited from a major metropolitan area in the Pacific Northwest of
the United States. Flyers explaining the study purpose were posted in clinics that specialized in
multidisciplinary chronic pain services. Potentially eligible participants were identified through
the clinic medical records and then sent a flyer that advertised the current study. Healthy parents
and guardians were recruited through study flyers posted in the community and the university’s
research website.

Inclusion criteria specified that participating parents in both groups had to have a biological
child between the ages of 11 and 15 who was willing to participate. Inclusion in the chronic pain
group required that parents must have had pain for a period of three months or longer, and had to
be receiving specialty medical care for their pain. Parents in the healthy group were excluded if they
reported historical or current chronic pain that persisted for a period of three months or longer. Parents
in the healthy group were also deemed ineligible if they stated that the child’s other parent (biological
or a co-habiting parent, such as a step-parent) had a history of chronic pain. Additional exclusionary
criteria for both groups included the presence of chronic or serious illness (e.g., cancer, or arthritis),
non-fluency in English, or cognitive impairment of either the parent or child.

2.2. Procedure

Potential participants called the study phone number or provided their contact information on
the study website. A telephone interview was conducted with potential participants to evaluate both
inclusion and exclusion criteria, verbal consent was attained, and a study visit was scheduled for data
collection. Of the families who completed phone screens, three failed the screen because the child in
the target age range was not a biological child (adopted or other biological relation). Two families were
excluded from the healthy sample due to a biological parent having a history of chronic pain. During
the phone screens, no participants declined participation; however, three families were not enrolled
post-phone screen due to scheduling conflicts and illness. During the study visit written consent was
attained from parents and assent was attained from child participants. Parents and children completed
pain and physical activity questionnaires via REDCap (Research Electronic Data Capture), a secure
web-based computerized survey system used for collecting and managing study data [21]. Children
participated in standardized tests of physical function and had their height and weight taken during
the study visit. Parent and child participants were compensated for participation in the form of a gift
card to a local store.
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2.3. Measures

2.3.1. Sociodemographic Characteristics

Parent participants reported on individual items assessing sociodemographic characteristics,
including parent and child ethnicity and racial background, parent education level, parent marital
status, and family income. Parents also reported on their child’s sex and date of birth, and on their
own sex and date of birth, as well as residential address. Birth dates were used to calculate ages of
participants on the date of visit.

2.3.2. Pain Characteristics

Adolescents were asked to describe pain characteristics of the last three months using a pain
questionnaire. Children reported on pain location(s), frequency, and usual pain intensity. Pain location
was marked on a validated body outline and pain location followed the nine standardized body
regions identified by Lester and colleagues [22]. Pain frequency items are based on questionnaire
items used in the World Health Organization’s survey on health behaviors in school-age children [23],
which have been used to assess pain frequency in this age group [24]. Adolescents were asked to report
pain frequency in the past three months with close-ended response options ranging from 0 (never)
to 6 (daily). Adolescents were asked to report how much pain they usually have from aches and pains;
usual pain intensity was reported using a 10-point Numeric Rating Scale (NRS; 0–10), ranging from 0
(No Pain) to 10 (Worst Pain Possible) [25,26].

2.3.3. Pain-Related Activity Limitations

Adolescents reported on pain-related activity limitations using the Children’s Activity Limitation
Interview (CALI-21), a 21-item inventory of perceived difficulty with activities of daily living because
of pain. Each activity was rated on a 5-point scale (0–4), where 0 represented no difficulty and 4
represented extreme difficulty. Higher scores indicate a greater perceived impairment. The CALI-21
has excellent internal consistency, and moderate test–retest and cross–informant reliability [27,28].

2.3.4. Self-Report of Physical Activity

Adolescent self-reports of physical activity were assessed using the International Physical Activity
Questionnaire (IPAQ-7). Adolescents reported on physical activity undertaken across various domains
including moderate and vigorous exercise, walking and sitting, and transport-related activity in the
last seven days. The IPAQ-7 provides time spent in physical activity of different intensities. This time
is then multiplied by multiples of the resting metabolic rate (METS), which measure typical energy
expenditure at the various physical activity intensity levels. This 7-item questionnaire has adequate
reliability and has been validated with objective measures of energy expenditure in adolescents [29,30].
The total MET-minutes per week score was used in the current analyses.

2.3.5. Attitudes about Physical Activity

Adolescent self-reports of attitudes about physical activity were assessed using the Attitudes
about Physical Activity-Child Report (APA-C). The APA-C is a 14-item questionnaire that assesses
negative and positive attitudes toward activity. Each item was rated on a 5-point scale (1–5),
where 1 represented disagree a lot and 5 represented agree a lot. This questionnaire has good reliability
and validity [31].

2.3.6. Body Mass Index (BMI)

Child height (centimeters) and weight (kilograms) were taken by trained research assistants
at the study visit. BMI percentile for exact age was calculated using height, weight, date of birth
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and date of measurement via the Center for Disease Control’s online pediatric BMI calculator [32].
BMI percentile was used in the current study.

2.3.7. Tests of Physical Function

Trained research assistants administered tests of physical function. A standardized, scripted set
of instructions was given to each participant. Adolescents were asked to complete a sit-to-stand test
that requires sitting in a chair with feet on the ground and knees at approximately a 90 degree angle.
From a seated position, participants stood up and sat back down as quickly as possible for a 1-minute
period. A trained research assistant recorded how many times each participant completed a full
sit-to-stand motion. The sit-to-stand task is a commonly used test of physical function and is associated
with exercise capacity, functional balance, and physical health-related quality of life [33–35].

Each participant also completed a timed 10-meter walk. They were instructed to walk a distance
of 10 meters as quickly as possible. A trained research assistant timed how long it took for the walk
to be completed in minutes and seconds. Timed fast walk performance tests are used frequently for
assessing walk speed and other gait characteristics in children and adults, and norms based on age are
available [36–38].

2.3.8. Neighborhood Characteristics

Walkability

Individual residential street addresses were used to obtain a Walk Score (Walk Score, Seattle,
WA, USA) for each participating dyad. Walk Score is a patented methodology that uses data from a
variety of sources, including online map systems, USA Census data, and information from educational
databases to analyze walking routes to a variety of amenities from a given street address. Scores are
assigned into five categories based on their position in a hierarchy, ranging from very car dependent
(scores from 0 to 24) to walker’s paradise (scores from 90 to 100) on a continuous 0–100 scale. In the
lower-scored categories, transportation is needed to complete most or all errands outside the home.
In the higher-scored categories, most errand locations (e.g., stores, schools, or recreation facilities) are
within walking distance. Increasing Walk Score indicates that the corresponding location is closer
to amenities [39]. This methodology has been validated in a number of metropolitan areas [40].
The continuous Walk Score was used in the current analyses.

Proximity to Parks

The Walk Score program also provides an exact distance (in miles) from each participant’s street
address to the nearest park or public greenspace. For the purposes of this study, this distance was
coded into a Park Score ranging from 0 to 2, with higher scores indicating closer proximity to parks,
as follows: an address with a park within 0.5 miles was assigned a Park Score of 2, an address with
a park between 0.5 miles and 1 mile away was assigned a Park Score of 1, and if the nearest park or
recreational facility was located more than 1 mile away from a participant’s address it was assigned a
Park Score of 0.

Census Neighborhood Data

The United States Census database (i.e., Census-Explorer, maintained by the USA Census Bureau,
USA Department of Commerce, Economics & Statistics Administration, Suitland, MD, USA) was
used to obtain demographic information about participants’ neighborhoods. Using Census-Explorer,
participant addresses were entered and neighborhood level demographic information (percent of
residents below poverty level, median income, percent college graduates) was extracted. This census
tract-level information was obtained for each participant’s primary residential address to characterize
the sociodemographic characteristics of the adolescent’s neighborhood.
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2.4. Analyses

All analyses were conducted using IBM SPSS Statistics version 22.0 (IBM Corporation, Armonk,
NY, USA). All data were screened for normality, appropriate ranges, and univariate outliers prior to
performing analyses. Descriptive statistics were performed to characterize the sample. Independent
samples t-tests were performed to examine potential group differences in neighborhood characteristics
between the high-risk and low-risk groups. Multiple linear regressions were used to test whether
median income and percent college graduates (neighborhood level sociodemographic factors)
contribute to child pain and disability, above and beyond family income and parental education
(family socioeconomic factors) and risk group. Multiple linear regressions were then performed to
examine the contribution of neighborhood built environment (e.g., park proximity and Walk Score)
and youth’s positive and negative attitudes about physical activity to pain, disability, and physical
function outcomes, after controlling for risk group and BMI. Physical function outcomes included
lab-based tests of physical function and self-report of physical activity.

3. Results

3.1. Descriptive Statistics

The sample consisted of adolescents from the high-risk group (n = 77) and low-risk group
(n = 62). Mean age of the adolescent participants was 13.44 years (Standard deviation (SD) = 1.47),
and 59.7% of the sample was female. The majority of participating adolescents reported Caucasian
racial background (82.7%), with others reporting mixed race (10.8%), African American (3.6%), Asian
(2.1%), and American Indian/Alaska Native (0.7%) racial background. A minority of the sample
reported Hispanic ethnicity (7.2%). The high-risk and low-risk groups did not differ from each other
on age, sex, ethnicity, or race.

3.2. Neighborhood Characteristics between High-Risk and Low-Risk Adolescents

Independent sample t-tests were used to compare the high-risk group to the low-risk group on the
following neighborhood characteristics: Walk Score, percent below poverty level, median household
income, and percent college graduates (see Table 1). There was a difference in the park scores between
the groups, with the low-risk group having a significantly higher park score; t(134) = 2.43, p = 0.016.
Additionally, there was a difference in the Walk Score for the groups, with the low-risk group having
significantly higher scores; t(134) = 3.70, p < 0.001. There was also a significant difference found in the
neighborhood percentage of college degrees, with the high-risk group having a lower percentage of
college degrees than the low-risk group; t(135) = 2.51, p = 0.013. The percentage of the neighborhood
population in poverty and neighborhood median income was not significantly different between
study groups.

3.3. Contribution of Neighborhood Sociodemographic Factors to Child Pain and Disability

A multiple regression analysis was performed to evaluate the extent to which neighborhood level
sociodemographic factors (i.e., median income, or percent college graduates) contributed to child
pain and disability above and beyond family level sociodemographic factors (e.g., family income
and parental education). Contrary to hypotheses, the analyses showed that after accounting for
the significant effect of risk group, no family or neighborhood level income or education variables
contributed significantly to adolescent pain intensity, pain frequency, or pain-related activity limitations.
The study risk group was a significant predictor of pain intensity (β = 0.28, p = 0.006), pain frequency
(β = 0.29, p = 0.003), and pain-related activity limitations (β = 0.40, p < 0.001), with high-risk group
status being associated with increased pain and activity limitations.
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3.4. Contribution of Walkability, Distance to Parks, and Attitudes about Physical Activity

Models of these adolescent outcomes included the same three steps. The first step included study
risk group and BMI percentile, the second step included neighborhood walkability and proximity to
parks, and the third step included adolescent positive and negative attitudes about physical activity.
In a multiple regression model predicting adolescent’s usual pain intensity, negative attitudes about
physical activity contributed significantly to higher usual pain intensity scores after controlling for
study group, which also made a significant contribution. Overall, this model accounted for 20.2%
of the variance in pain intensity scores (see Table 2). In a model predicting adolescent’s usual pain
frequency, study group contributed significantly with the high-risk group having more frequent pain
at entry in the model. Proximity to parks was also associated with pain frequency, such that closer
proximity to parks (as assessed by park score) was related to lower pain frequency scores. In the final
step of the model, higher negative attitudes about physical activity were significantly associated with
increased pain frequency. Overall, this model accounted for 31.3% of the variance in pain frequency
(see Table 3).

In a model predicting pain-related activity limitations, study group made a significant contribution
with the high risk group reporting higher activity limitations. After controlling for group status
and BMI percentile, proximity to parks also contributed significantly to activity limitations. Closer
proximity to parks was associated with decreased activity limitations. Negative attitudes about
physical activity also made a significant contribution to activity limitations in the final step of the
model, such that increasing negative attitudes were associated with increasing activity limitations.
Overall, this model accounted for 39.9% of the variance in activity limitations scores (see Table 4).

Results from a model predicting adolescents’ sit-to-stand performance scores showed that study
group was associated with performance in the first two steps of the model, such that the high risk
group completed fewer sit-to-stand motions during the task. BMI percentile was also associated with
task performance such that youth with higher BMI percentile completed fewer sit-to-stand movements.
Neighborhood walkability and proximity to parks did not contribute to performance on this task.
However, in the final step of the model, negative attitudes about physical activity were associated with
performance such that more negative attitudes were related to poorer sit-to-stand task performance.
Overall, this model accounted for 21.5% of the variance in sit-to-stand performance (see Table 5).

In a model predicting timed 10 m walk performance, the high-risk group demonstrated
significantly slower walk times. Additionally, neighborhood walkability contributed to walk times
such that higher neighborhood walkability was associated with better performance in this task.
In the final step of the model, positive attitudes about physical activity were significantly associated
with shorter walk times, while negative attitudes about physical activity were significantly associated
with longer walk times. Overall, this model accounted for 18.0% of the variance in 10 m walk time
(see Table 6).

Contrary to hypotheses, none of the variables entered in the regression model predicting total
MET minutes were associated with this self-report measure of physical activity.
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4. Discussion

The current study found some support for the hypothesis that youth at increased risk for chronic
pain, due to family history, experience different neighborhood characteristics. Low-risk adolescents
were more likely than their high-risk counterparts to live in walkable neighborhoods, have nearby
parks, and have a larger proportion of college graduates in their neighborhood. This supports
the idea that having a parent with a chronic pain condition likely represents a complex set of risk
factors. A recently published model of the intergenerational transmission of pain proposes genetic,
neurobiological, psychological, behavioral, stress, and health mechanisms of risk for chronic pain in the
offspring of youth [41]. The results of the current study provide some initial support for neighborhood
characteristics differing in high-risk youth, suggesting that factors outside of the immediate family
environment may also play a role, or further contribute to children’s stress or poor health.

Additionally, these neighborhood level characteristics, specifically proximity to parks and
walkability, contributed to pain frequency, pain-related activity limitations and a lab-based test
of physical function, above the effect of study group status and BMI percentile. This suggests
that the built environment may contribute additional unique variance to these outcomes. This
could be related to increased or decreased levels of physical activity based on available outlets.
Higher neighborhood walkability was associated with elevated performance on the timed 10 m walk
test, such that adolescents living in more walkable neighborhoods walked at a quicker pace in the
laboratory. This was above and beyond the contribution of study group and BMI. Previous research
on neighborhood walkability has demonstrated that increased walkability of the neighborhood is
associated with individual’s likelihood to walk for daily transportation, and reduces risk for individuals
being overweight or obese [42]. Additionally, moving to a neighborhood with a 10-point increase in
walkability leads to increased walking and decreased BMI [43], suggesting that these neighborhood
characteristics have the potential to change important health behaviors and health indicators. Regular
exercise or lack thereof may contribute directly to pain symptoms, perceived activity limitations,
and physical function. For instance, recent research has demonstrated that aerobic exercise prior to
surgery is associated with reduced pain after surgery [44], suggesting that regular exercise may be
protective against the development of chronic pain. Among adolescents, the regular exercise that
is associated with the built environment might also be associated with reduced pain. In the current
study, closer proximity to parks was associated with lower pain frequency and lower pain-related
activity limitations, indicating that there may be a relationship between the availability of parks or
greenspace and the perceived limitations that an adolescent experiences due to pain. In addition to the
exercise opportunities provided by parks and green spaces, access to green space has been associated
with reduced psychological distress [45]. Psychological distress (e.g., depression, anxiety) plays an
important role in pain persistence and pain-related disability among children and adolescents [46–48],
and proximity to parks may make additional contributions to psychological function.

Negative attitudes about physical activity were associated with both physical functioning tests
and experience of pain in the current study. Participants with more negative attitudes about physical
activity scored lower on the physical functioning tests, and higher on perceived activity limitations
(CALI-21). Negative attitudes about physical activity were correlated with longer timed 10 m walks,
and poorer performance in the sit-to-stand test. Inversely, positivity about physical activity is correlated
with a shorter timed 10 m walk. These results are consistent with past research that activity level is
predicted by attitudes toward activity [13]. It appears that attitudes about physical activity influence
the pace or eagerness of engaging in physical activity, even in a laboratory setting. The correlation
between CALI-21 scores and negative attitudes about physical activity suggests that negative attitudes
about physical activity may lead adolescents to perceive themselves as more limited in their ability to
do activities because of pain. Participants with negative attitudes about physical activity were more
likely to have more frequent and more intense pain. An individual that experiences frequent and
intense pain is likely to have negative feelings about physical activity in the event that such activity
exacerbates the pain. Contrary to prior research with youth with chronic pain [15], BMI was not
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a significant predictor of perceived activity limitations; however, higher BMI was associated with
decreased ability to perform activity tasks. The discrepancy with prior literature could be explained by
the difference in sample, with previous literature focusing primarily on children with chronic pain
conditions and the current study examining a non-clinical sample of children.

Overall, group membership was strongly associated with the majority of the dependent variables
that were analyzed in this study. This finding provides further support for past literature indicating
that there is a strong relationship between parental chronic pain and chronic pain in adolescent
offspring [20]. Being a member of the low-risk group alone was associated with decreased pain intensity,
frequency, and perceived activity limitations in this sample. This study adds to the literature in terms
of our understanding of the impact of parental chronic pain on offspring physical functioning, as the
high-risk group in the current sample demonstrated poorer physical function on performance tests.

Contrary to hypotheses, neither family nor neighborhood-level SES variables were significantly
associated with pain or activity limitations after accounting for study group. This finding may indicate
that having a parent with chronic pain represents a significant risk factor in itself, and this risk may
account for or include SES factors. The study also did not find support for parental chronic pain or any
neighborhood characteristics predicting youth self-report of physical activity. Assessment of physical
activity via self-report may be problematic in this age group, or this measure may be systematically
biased in the high-risk group. Future studies might include objective measures of physical activity
such as actigraphy [19,49].

The current study adds to our understanding of the potential role that the neighborhood and built
environment might play in increasing or decreasing risk for pain, activity limitations, and physical
function. Overall, the models tested in the current study accounted for approximately 18% to 40% of
the variance in outcomes, with the built environment variables being significant in a number of models.
Findings of this study support the upstream public health concept that built environments can play
a pivotal role in the health of its residents [50]. Additionally, this study provides information about
how specific environmental characteristics are associated with functioning, which can better inform
caregivers and medical providers in facilitating achievement of optimal success in pain-reduction
and pain-management [50]. Findings from this study suggest that increasing accessibility to parks
and greenspaces and shifting attitudes surrounding physical activity may result in decreased pain
and reduced psychological distress, which should be examined in future longitudinal studies. The
study had several strengths, including the use of individual address-based data about neighborhood
walkability and proximity to parks (vs. relying on participant self-report of neighborhood features).
The use of objective measures of physical function is also a strength.

Future research should focus on further delineating how patients’ built environments around
their homes can affect their recovery and ability to strive for optimal health. Additionally, longitudinal
research would increase knowledge of temporal relationships and changes over time. It will also be
important to test more complex models of associations among predictors and outcomes in longitudinal
data sets, including mediation models. For instance, it is possible that the built environment influences
attitudes, which in turn impact health behaviors and pain outcomes. Future studies might examine
these kinds of complex models over time.

There are several limitations that should be kept in mind when interpreting these results. First
and foremost, the data is cross-sectional, and as such no inference about directionality or causality of
the observed associations can be made. Studies examining this topic have not been longitudinal, which
precludes research in this area from commenting on pain development. Additionally, the relatively
small sample size likely limited the statistical power and ability to detect smaller effect sizes.

5. Conclusions

The current study adds to our understanding of the role that neighborhood features may play in
adolescent pain and related functioning. Neighborhood characteristics appear to influence increasing
or decreasing risk for pain, activity limitations, and physical function. Adolescents at a lower risk
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for developing chronic pain were more likely to live in walkable neighborhoods, have nearby parks,
and have a larger proportion of college graduates in their neighborhood. These neighborhood level
characteristics relate to pain frequency, pain-related activity limitations, and a laboratory-based test of
physical function, above the effect of study group status and BMI percentile, suggesting that the built
environment may contribute additional unique variance to these outcomes. Negative attitudes about
physical activity also made important contributions to pain characteristics and other outcomes. Future
studies of risk for chronic pain should consider including assessment of neighborhood characteristics.
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Abstract: Chronic pain is a widespread problem in the field of pediatrics. Many interventions to
ameliorate pain-related dysfunction have a biobehavioral focus. As treatments for chronic pain
(e.g., increased movement) often stand in stark contrast to treatments for an acute injury (e.g., rest),
providing a solid rationale for treatment is necessary to gain patient and parent buy-in. Most pain
treatment interventions incorporate psychoeducation, or pain neuroscience education (PNE), as
an essential component, and in some cases, as a stand-alone approach. The current topical review
focuses on the state of pain neuroscience education and its application to pediatric chronic pain.
As very little research has examined pain neuroscience education in pediatrics, we aim to describe
this emerging area and catalyze further work on this important topic. As the present literature has
generally focused on adults with chronic pain, pain neuroscience education merits further attention
in the realm of pediatric pain in order to be tailored and implemented in this population.

Keywords: pain neuroscience education; psychoeducation; cognitive intervention; biopsychosocial
model; pediatric chronic pain

1. Introduction

Pediatric chronic pain has reached epidemic proportions with an estimated 1.7 million children
in the USA alone suffering from moderate to severe persistent pain [1]. With the high number of
children affected, it is of extreme importance to discover new, innovative methods of treatment
for the pediatric population. One approach that has been researched and implemented in adult
populations over the past several decades is psychoeducation, either as one element of a comprehensive
treatment program or as a stand-alone intervention. By explaining the scientific concepts that are
central to the pathogenesis and perpetuation of chronic pain, clinical providers hope to create lasting
change in the patient’s beliefs about pain, and in turn, increase their engagement in the biobehavioral
recommendations made for pain management and reduction. Pain education addresses patient
misconceptions about physiological phenomena and helps shift their perspective to the idea that pain
is dependent on biological, psychological, and social processes. One common message is that pain
is dependent on meaning [2], and that how the patient perceives their pain is key to how a patient’s
brain processes pain signaling [3]. Taken together, pain education programs center on an explanatory
model that understanding pain can modify pain itself.

Several terms have been coined in relation to pain education with each aiming to convey the
central idea of a given approach. They include psychoeducation, pain neuroscience education (PNE),
pain biology education, therapeutic neuroscience education, and Explain Pain (EP). For simplicity, we
will refer to these approaches broadly as pain neuroscience education (PNE) [4], unless describing
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a study where a specific approach was empirically tested. PNE can be taught as an intervention on
its own, as well as in combination with another form of therapy (such as cognitive-behavioral or
physical) [5]. Although it is likely that all patients suffering with chronic pain can benefit from a shift in
mindset provided via PNE, it might be critical for patients who suffer from a centralized pain problem
and/or struggle with maladaptive perceptions about their pain [6]. This paper reviews the current
state of the art in pediatric PNE. As most PNE research has been conducted in adult populations to
date, we discuss both adult and pediatric studies within each section, considering how adult studies
can inform future pediatric research, and presenting next steps for the pediatric pain field.

2. Why Pain Neuroscience Education?

2.1. Contextual Information about Pain Influences Pain Perception

When examining the concept of PNE, it is helpful to look to experimental research to determine
the theoretical efficacy of education in altering pain outcomes. When we educate patients about
pain, this new information alters the context in which they perceive their pain. In adult non-patient
populations, research has demonstrated that manipulation of information and context regarding a
stimulus can modulate pain. In one adult study using a cold pressor test (CPT), stimulus information
was manipulated by having one group read a threatening passage about frostbite, while another read
a passage about the safety of the test and how pain can be unrelated to tissue damage [7]. They found
that the group that read the threatening passage had a lower mean pain tolerance time. In another
adult study, investigators examined the idea that heat can be perceived to be more tissue-damaging
than cold [8]. A −25 ◦C metal stick was placed on participants’ necks after telling them that it was
either hot or cold. Those who were told that the metal bar was hot rated both the painfulness and
the damaging properties of the stimulus higher than participants who were told the metal bar was
cold. In a third adult study, it was shown that using the colors red and blue as visual cues before
presentation of a stimulus modulated pain intensity [9]. A red visual cue indicating heat resulted in
higher pain ratings than a blue visual cue indicating cold.

In pediatrics, the manipulation of information and context has also been shown to modulate pain
expectations and emotional response to pain. In one study [10], non-patient children completing
a CPT received either threatening CPT information (CPT described as very painful, high pain
expressions depicted) or non-threatening CPT information (standard CPT instructions provided,
low pain expressions depicted). Children in the high-threat condition expected more pain, perceived
the pain as more threatening, and catastrophized more about the pain. Parents of children in the
high threat condition also expected their child to experience more pain. In another, parent-focused
study [11], parents received either threatening information (stimulus described as painful and barely
tolerable, high pain expressions depicted) or non-threatening information (stimulus described as
slightly unpleasant, low pain expressions depicted) about a heat stimulus their child would receive.
Parents who received the threatening information showed stronger negative physiological responses
(EMG corrugator activity and fear-potentiated startle reflex) to cues of upcoming child pain. This was
particularly the case when the child’s pain facial expression was high, suggesting that parent beliefs
are impacted by information from the environment and from the child.

With regards to patient populations, many individuals suffering from chronic pain can develop
irrational beliefs and fears (including catastrophizing) about their pain. Many patients believe that
their pain is harmful to their bodies and associate it with danger, despite the absence of tissue damage.
These associations, similar to a red light visual cue or a passage about the dangers of frostbite, may
worsen their pain. In adult patient populations, it has been shown that exposing patients to inaccurate
information regarding illness may harm health outcomes and care [12]. Moreover, adult patients who
are unsure of the diagnosis of their pain problem or perceive their pain as enduring and mysterious
display higher levels of catastrophizing and are less likely to use coping strategies to deal with their
pain [13,14].
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In pediatrics, qualitative research also indicates a negative impact of diagnostic uncertainty
and inaccurate information provision on child and parent pain and medical experiences. Children
who are better informed about a forthcoming medical procedure are generally shown to have better
outcomes (lower distress and better adjustment) during and after the procedure [15]. For parents,
feeling uncertain with regards to their child’s chronic pain condition and prognosis is shown to relate
to parental feelings of helplessness and distress [16]. Studies are now needed to directly examine the
effects of information provision in pediatric clinical populations. Due to the important role of child and
parent beliefs and fears, it is crucial that healthcare professionals assess and appreciate these beliefs in
order to determine if PNE would be an appropriate and worthwhile intervention within the context of
pediatric pain.

2.2. Pain Neuroscience Education Provides a Common Language between Provider and Patient

A gap in understanding and communication between the patient and doctor can be a barrier
in the treatment of chronic pain. PNE may provide a common language to aid communication and
understanding. However, doctors’ expectations of patient understanding and actual patient ability to
understand must align for patients to receive helpful information about pain. A study with adults
used the Neurophysiology of Pain Test to assess the ability of patients and healthcare professionals to
accurately understand the neurophysiology of pain, as well as healthcare professionals’ perceptions
of the ability of patients to understand the concepts [17]. The results showed that after an education
session, both groups were able to understand the information, but healthcare professionals significantly
underestimated the ability of patients to do well on the Neurophysiology of Pain Test.

In pediatrics, discrepancies between doctors’ expectations of patient understanding and actual
patient ability to understand may be particularly pertinent, as patients’ cognitive capacity changes
across development, and does not always align with child age. The effect of age and cognitive
capacity on PNE efficacy is currently unknown. However, a 2007 review acknowledged the importance
of cognitive-developmental considerations within the provision of information regarding pediatric
medical procedures [15]. Research has also indicated communication issues between child chronic
pain patients and doctors, as well as discrepancies between doctor information provision and patient
needs. The oral testimonies of patients at the Pediatric Pain Clinic at UCLA revealed patient frustration
regarding the doctor’s lack of interest in their experience [18]. The testimonies suggested a fundamental
difference in the language and orientation of patients and doctors in regards to pain. While the child’s
orientation was experiential and emotional, the doctor’s was instructive and diagnostic. This suggests
that changes are needed in the communication models employed in treating pediatric chronic pain
so that information being exchanged between treatment providers and patients begins to resonate.
In addition, if providers assume their patients will not understand pain neuroscience information, they
will not attempt to include it in appointments or treatment sessions. Thus, it is necessary for providers
to be well-versed in PNE and to feel comfortable delivering that information in a developmentally
appropriate way.

3. Overview of Pain Neuroscience Education

3.1. Explanatory Models

There are several theoretical models that have emerged to explain chronic pain, many of which
have already been applied to a pediatric population. These models outline the concepts that are the
foundation of PNE, provide physicians with a way to conceptualize different aspects of the patient’s
pain (including the obstacles that patients must overcome), and offer scaffolding for researchers
formulating new research questions. As more information is learned over time about pain, the
components of these theoretical models have evolved. Here we describe each model in turn, before
presenting their pediatric application, where evident.
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Originally, pain was viewed within a biomedical model. This model assumes a one-to-one
correspondence between tissue damage, nociceptive input, and pain sensation. Thus, pain was
thought to be a direct response to injury, and psychological or behavioural issues were thought to
arise as a consequence of pain but not to influence the pain itself [19]. However, by the late 20th
century, scientists began to shift away from this idea and moved towards the concept that motivational,
affective, and cognitive processes can modulate pain, and can in some cases be the initial factor in
pain etiology [20]. This is especially relevant to those suffering from chronic pain, as the pain often
emerges despite seemingly normal biological functioning. The biomedical model has now largely been
replaced with a biopsychosocial model, which incorporates all of the aspects in a patient’s life that
converge and potentially maintain a cycle of pain [21]. This has been determined to be a more effective
conceptual and theoretical stance as it is suggested that pain cognitions are not only associated pain
intensity, but may also be barriers to effective treatment if left unaddressed [22].

The biopsychosocial model puts an emphasis on the fact that ‘pain itself is modulated by
beliefs . . . and can therefore be improved by modifying inaccurate beliefs’ [2]. In order for this
model to be successful, health-care providers need to convey the multi-dimensional causes of pain that
are to be tackled in the intervention. The biological component of the biopsychosocial model largely
revolves around the complex interplay of several cortical and subcortical brain regions involved in
sensory, motor, cognitive, affective, and motivational functions [23]; with recent data suggestive of
global brain connectivity reorganization among chronic pain patients [24]. This bombardment of
neural input is a key mechanism that leads to chronic pain, as the brain keeps sending pain signals
even in the absence of tissue damage. One theory that centers on the psychological aspect of the
biopsychosocial model, entitled The “Common Sense Model of Self-Regulation” [25] highlights health
beliefs and builds a hierarchical framework of patient cognition [26]. The model details the individual’s
representation of a health threat and the factors that contribute to this representation. It describes
the way in which a person responds to any given health threat, including cognitive and emotional
processes. Five dimensions of these cognitions have been identified and include: (1) identity (the
effort to evaluate symptoms and label the illness); (2) cause (the subjectively formulated belief of
what is causing the symptoms); (3) time-line (the patient’s perception of how long the problem will
last); (4) consequences (the patient’s predictions of how the illness will affect them in different areas
of their life); and (5) controllability (the patient’s belief regarding their outcome and personal ability
to change it) [2,3,27]. PNE, being closely tied to cognitive-behavioral treatments, shares significant
ideology with the Common Sense Model of Self-Regulation. PNE aims to help patients reevaluate
their pain problem, to target beliefs in order to develop more effective coping skills, and to ultimately
change each of the five cognitive dimensions to achieve a positive outcome. The Common Sense Model
has been said to be instrumental in the foundation of many cognitive treatments [26], and has been
used in a randomized controlled trial of pain education in adults with cancer [28].

In addition to the comprehensive biopsychosocial model, additional theoretical models have
emerged that highlight and attempt to explain in greater detail the different aspects of this larger
framework. John D. Loeser has described pain as an onion consisting of four layered components:
nociception, pain, suffering, and pain behavior [29] (Figure 1). The lower layers of suffering, pain, and
nociception are not visible on the outside, being private experiences that only the patient is subjected
to. The exterior of the onion is pain behavior, which is how the individual expresses his/her pain to the
public. This could be through words, actions, or expressions. The onion model illustrates that in order
to deliver effective treatment, the patient’s hidden layers must be acknowledged and understood.

Among several cognitive-affective processes at work in the context of chronic pain, none have
received greater research [30] and clinical attention [31] than pain-related fear. This is likely due to
the inherently adaptive nature of fear in response to a noxious stimulus. The Fear-Avoidance Model
(FAM) [30,32] details the cycle of pain-related fear and activity avoidance that ultimately leads to
functional disability. As we adopt a biopsychosocial stance on the persistance of chronic pain, fear is
argued to influence patient motivations, decisions, and well-being. For some individuals, breaking a
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vicious cycle of fear and avoidance will necessitate an extensive and thorough PNE. Through learning
new information about the biology of pain, patients may be able to rework their relationship to their
pain and change their maladaptive and fearful response to an adaptive and flexible one, eventually
leading to a better quality of life [33].

Figure 1. Loeser’s onion model displaying the four components of pain phenomena. Reprinted from
Loeser, J.D. Pain as a Disease [29].

Application of Explanatory Models to Pediatrics

The models described above are often used in pediatric clinical settings [34], although there is little
published research presenting adaptations of these models for pediatric delivery. The importance of the
biopsychosocial model was highlighted in a recent case study of a nine-year-old girl with functional
abdominal pain [35]. In this case, it was explained to the patient that pain does not necessarily
require a noxious stimulus and can be modulated by experience and context. By using diagrams and
age-appropriate metaphors (Figure 2), the complex scientific topics were put into simpler terms and
provided the patient and her family concrete reasoning for her persistent pain state.

Figure 2. Visual representation of the biopsychosocial model in the context of pediatric functional
abdominal pain. Adapted from Brown, L.K.; Beattie, R.M.; Tighe, M.P. Practical management of
functional abdominal pain in children [35].

The Common Sense Model has also been explored in youth with type 1 diabetes and sickle cell
disease, conditions which are often accompanied by frequent pain [36]. However, it has yet to be well
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applied to other pediatric chronic pain populations. Perhaps the most well-adapted model for pediatric
populations is the Fear Avoidance Model (FAM), which has been adapted [37] and validated [38] for
youth with chronic pain (Figure 3). In particular, the pediatric FAM considers the important influence
of parents for the child pain experience, including parental cognitions, affective responding, and
coping behaviors. In a first empirical study, child FA factors were shown to be a good predictor of
functional disability in youth with chronic pain [39]. Interestingly, duration of pain contributed to the
model for younger children, whereas pain-related fears were more influential for adolescent patients,
highlighting the importance of developmental factors in the application of explanatory models to
pediatric populations.

Figure 3. The interpersonal fear-avoidance model of chronic pain. Reprinted from Simons, L.; Smith, A.;
Kaczynski, K.; Basch, M. Living in fear of your child’s pain: The parent fear of pain questionnaire [38].

3.2. Current Evidence for PNE among Adults

There have been several systematic reviews conducted for adult PNE research that point to
potential areas for growth in the field. For example, in 2011 Clarke and colleagues [40] reviewed
studies of PNE specifically for chronic low back pain, for which they included only two randomized
controlled trials (RCTs). The review revealed very low quality evidence that PNE is beneficial for pain,
physical functioning, psychological functioning, and social functioning in this population, although
the authors acknowledge that the review was limited by the small number of studies. More recently,
Louw and colleagues [41] conducted an additional systematic review with a broader scope. Specifically,
they included 13 RCTs that examined the influence of PNE on chronic musculoskeletal pain conditions.
Five trials demonstrated positive effects in decreasing pain ratings, while three trials showed no
effectiveness. Interestingly, of the three studies that were identified to increase pain knowledge, two
of them showed an increase in pain knowledge, as well as a positive effect on pain catastrophization.
However, an increase in pain knowledge is yet to be shown to correlate with decreased pain and
disability [41].

Overall, the evidence for the effectiveness of PNE in adult patient populations is modest,
particularly for long-term outcomes. However, the field is rapidly gaining momentum with additional
studies being done each year. Moreover, it may be that the impact of PNE is better measured via its
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influence on mediators (e.g., pain catastrophizing, fear of pain) that ultimately influence outcomes.
Perhaps PNE does not demonstrate a direct impact on pain-related function, but rather exerts its
influence via these key mechanisms of change that have a demonstrated impact on outcomes in
the literature.

Current Evidence for Pain Neuroscience Education in Pediatrics

To date, there are few studies that examine the utility of PNE in pediatric populations. There
is preliminary evidence that psychoeducation may be efficacious for improving pediatric outcomes,
however, most studies have investigated educational programs focused on pain management rather
than explaining the biology and neuroscience of pain. In 2007, Abram and colleagues [42] randomized
pediatric headache patients to receive either a traditional neurological examination only, or the
examination alongside a group educational session. The education session comprised information
regarding stressors contributing to pain, pharmaceutical and behavioral treatments, and guided
relaxation skills practice. Patients receiving the additional educational session demonstrated greater
gains in headache knowledge and required slightly less physician face-to-face time. Both groups
experienced a sustained decline in headache-related disability. Whilst this study provides preliminary
evidence that psychoeducation can increase knowledge about pain management, the study did not
examine PNE specifically.

Perhaps unsurprisingly, many Cognitive-Behavioral Therapy (CBT) programs for pediatric chronic
pain are delivered within a psychoeducational frame. Interestingly, a small number of RCTs for
psychological therapies in pediatric chronic pain have used psychoeducation as a control intervention
(see [43]). These studies have typically revealed superiority of psychological therapies (CBT and
internet-based self-help training) over education for primary outcomes of functional disability and
pain symptoms. However, where information regarding education content was provided [44,45], it
is clear that education again focused on pain management rather than PNE specifically. Studies of
primary PNE interventions for pediatric populations, particularly with randomized controlled designs,
are greatly needed to advance understanding of the efficacy of PNE for pediatric populations.

3.3. New Applications of PNE: Preoperative Preparation and Cancer Pain Treatment

Adult PNE research has rapidly expanded over the past decade, and has branched into new areas
such as preoperative preparation and cancer treatment. For example, the Preoperative Neuroscience
Education Tool (PNET) targets adult patients undergoing lumbar radiculopathy [46]. The goal of
PNET is to reduce post-operative pain levels, catastrophizing, and disability, as well as increase
physical performance. Since postoperative rehabilitation is often ineffective in reducing pain levels,
preoperative education that addresses pain physiology by using illustrations (Figure 4), metaphors,
and explanatory examples has been of recent interest.

Figure 4. Example of illustration used in the PNET program to explain nervous system processes related
to persistent pain. Reprinted from Louw, A.; Puentedura, E.J.; Diener, I.; Peoples, R.R. Preoperative
therapeutic neuroscience education for lumbar radiculopathy: A single-case fMRI report [47].
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Similar to PNET is the program RIDcancerPain (The Representational Intervention to Decrease
Cancer Pain), that has been used as part of an RCT among adults with cancer pain [28]. RIDcancerPain
aims to address the patient’s current beliefs about pain before changing their perceptions through
a one-time educational program that introduces new concepts surrounding pain physiology and
coping strategies. Results showed that patients receiving RIDcancerPAIN reported greater decreases
in barriers to pain control and greater decreases in pain severity than those in the control group. This
study is similar to a previous program on cancer pain management, which showed a moderately
positive effect on pain intensity after patients watched an educational video and had an informal
discussion with a nurse [48]. Although some elements diverge between palliative care and chronic
pain management, the emphasis on doctor interaction and education on pain physiology highlighted
in these studies demonstrates where PNE converges across patient populations.

In pediatrics, Chambers and colleagues [49] conducted a randomized trial of a pain education
booklet for parents of children undergoing surgery. Parents receiving the pain education booklet, in
comparison to those receiving a pain assessment control or no pain education, had fewer concerns
about the use of analgesics for children, but there were no group differences in parents’ pain symptom
assessments on any of the three days following surgery. Again, the pain education booklet focused on
pain management strategies rather than explaining the neuroscience of pain. More recently, Tabrizi
and colleagues [50] investigated the use of an anesthesia education booklet to alleviate preoperative
anxiety in children ages 8–10 and their parents. Whilst parents and children receiving the education
intervention reported reduced preoperative anxiety, similar reductions were seen in a control group
receiving routine preoperative preparation without education.

3.4. A Combined Approach of Pain Neuroscience Education and Physiotherapy

It has been suggested that PNE sessions alone may not be sufficient to reach efficacious outcomes.
Multiple studies have thus examined the success of combining PNE with physical therapy and
exercise [51]. In a recent adult study [52], patients with chronic low back pain (CLBP) (n = 30)
underwent two sessions of PNE followed by 12 sessions of aquatic exercise, all in a small group setting.
The combination of both approaches resulted in statistically and clinically significant reductions in pain
and functional disability when compared to the control group (n = 32) that received only the aquatic
exercise sessions. This extends the results of a similar study in adult patients with fibromyalgia (n = 58)
where the combination of pool exercise and PNE was found to be more effective than physiotherapy
alone [53].

This combined approach is not limited to aquatic exercises. Land-based physiotherapy programs
have also been successful. This integrated approach has lowered pain and disability in a recent RCT
among adults with CLBP when compared to a control group [54]. While the control group (n = 28) only
received advice from their general practitioners, the experimental group (n = 29) had a four-week PNE
course that incorporated trunk muscle training and a standardized home-exercise program. Another
study (n = 41) was completed shortly after, and investigated the use of group or individual education
when used in combination with motor control training [55]. The individual education group showed
larger decreases in pain and disability than the control group. A similar program was implemented in
Brazil, where patients (n = 79) received one hour of stretching alongside a physiotherapist and one hour
of CBT-focused psychoeducation with a nurse and psychologist, weekly for eight weeks [56]. Over
the eight weeks, patients’ pain intensity and disability levels significantly decreased. Although the
latter study did not contain a control group and should thus be evaluated with caution, these studies
highlight that PNE within the realm of a multidisciplinary cognitive-behavioral pain management
program may enhance patient treatment in the future.

Not all trials have indicated better results when combining PNE with other treatments compared
with PNE alone. For example, one recent study among adult patients with LBP found greater decreases
in pain and increases in pain self-efficacy in patients who only received pain biology education (n = 18),
compared to those who also received group exercise classes (n = 20) [51]. Although this was an
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unanticipated finding, the authors suggested that an exercise-only group would be important to tease
apart findings in a future study.

Again, pediatric research on the combined effects of PNE and physiotherapy is lacking.
However, given promising findings from adult studies, and growing support for the effectiveness
of physiotherapy within an interdisciplinary program for treating children with chronic pain [57],
research in this area is warranted.

4. Delivery Methods

The way that pain education is delivered and presented to patients may be as important as the
content itself. Evaluating patients’ individual needs and capacities for understanding PNE is important
for PNE success. This may be especially pertinent in a pediatric setting, where PNE must be adapted
to match patients’ cognitive capacities. There are many modalities already in use in both adult and
pediatric clinical populations, giving healthcare professionals options in how to engage their patients,
and giving patients resources they can utilize outside of a doctor’s office. Below we examine common
PNE delivery methods, particularly considering their use in pediatric populations.

4.1. Metaphor

When educating patients about pain, creative ways of explaining biological processes are necessary.
This is especially relevant to the pediatric population, where traditional lectures or scientific models
may be ineffective. Metaphor or story-telling as a way of discussing pain phenomena can be a helpful
tool in PNE. A 2013 randomized controlled trial [58] found that adult chronic pain patients given a
book of metaphors and stories to explain pain biology, Painful Yarns [59], had a larger increase in
knowledge about pain biology and a larger decrease in pain catastrophizing compared to patients who
were given a book about pain management. Interestingly, patients in the metaphor group reported
reading an average of 82% of their book, as opposed to 47% for the control group, suggesting that
metaphor not only has the potential to alter perceptions, but it is also more engaging than more
traditional methods of delivery [58].

One metaphor proposed as a way of conceptualizing the pain problem for both patients and
healthcare professionals is the pain puzzle (Figure 5); a visual and conceptual metaphor that identifies
the multitude of factors that play into pain (nociception, affect/feelings, cognition/thoughts, and
behavior). It can be explained that different individuals may have different pieces of varying sizes that
make up their ‘personal pain puzzle’. The pain puzzle has been utilized in pediatric clinical settings
for patients with rheumatic disease [60].

Figure 5. The pain puzzle visual metaphor. Reprinted from Rapoff, M.A.; Lindsley, C.B. The pain
puzzle: A visual and conceptual metaphor for understanding and treating pain in pediatric rheumatic
disease [59].
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A recent commentary detailed an extensive collection of metaphors and analogies that have been
used by clinicians in multiple pediatric settings (Figure 6) [34]. They focus on four explanatory
categories: (1) the difference between acute and chronic pain; (2) pain transmission/spreading;
(3) factors that impact pain perception; and (4) pain rehabilitation. These metaphors have been
used by numerous professionals to explain pain biology, outline treatment goals, and to help patients
reconceptualize the pain problem.

 

Figure 6. Example metaphors for explaining chronic pain to children. Adapted from Coakley, R.;
Schechter, N.L. Chronic pain is like . . . the clinical use of analogy and metaphor in the treatment of
pain in children [34].

4.2. Books

Providing patients with written resources that they can utilize outside of the clinical setting can
be an instrumental factor in consolidating their reconceptualization of pain.

4.2.1. Adult Pain Books

Explain Pain and Protectometer: The book Explain Pain [61] is being recognized as an invaluable
resource for chronic pain patients and for professionals delivering PNE to patients. The book, written
by David Butler and Lorimer Moseley, details many facets of pain biology and pain management.
It is written in an approachable and engaging format, and includes illustrations throughout [61].
An education program based on the book was shown to result in lower pain scores at a three-month
follow up in a group of fibromyalgia patients compared to patients who received education about
activity management [62]. A pilot study also utilized the book in a session treating patients with
chronic whiplash, and revealed a significant decrease in disability and an increase in pain thresholds
at follow-up [63].

A recently published follow-up book, The Explain Pain Handbook: Protectometer [64], is a
patient-targeted handbook with updated information which includes an interactive pain treatment
tool. The ‘Protectometer’ is a tool that allows patients to map out their pain on a day-to-day basis and
identify stressors and what the authors call ‘DIMS’ (Danger(s) In Me) and ‘SIMS’ (Safety(s) In Me).
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There is also a ‘Protectometer’ iOS APP available (Figure 7) to build upon the activity in the handbook
and to provide patients with a user-friendly way to define their ‘personal pain formula’ [64].

Why Do I Hurt: Another recent series of patient education books was written by physical therapist
and clinical neuroscientist, Adrianne Louw. Why Do I Hurt? [65] is a basic patient pain neuroscience
manual for chronic pain, covering pain biology and nervous system phenomena. The material is
accessible for readers not already versed in the science, and includes illustrations, metaphors, and
examples. Other books in his PNE series are focused on specific chronic pain problems including
Why Pelvic Pain Hurts [66], Your Headache Isn’t All In Your Head [67], Whiplash: An Alarming Message
From Your Nerves [68], and more [69,70]. There is also a workbook in the series specifically for PNE
providers, Therapeutic Neuroscience Education: Teaching Patients About Pain [71]. This book is unique
in that it is geared towards clinicians and focuses on the best ways to explain pain and demonstrate
pain biology concepts. Louw has also developed the “Why You Hurt: Therapeutic Neuroscience Education
System”, a clinical tool including colorful educational flashcards, teaching cues, pain questionnaire
cards, and homework cards, all aimed at facilitating PNE [72]. The system provides an innovative way
to help providers execute PNE in clinical settings. Although not written for a pediatric audience, these
interactive resources hold great potential for engaging younger patients.

Figure 7. Example diagram of the ‘Protectometer’ tool provided in the available iOS app. Adapted
from Protectometer: iOS Application in Appliquette. Available online [73].

Despite the potential value of these materials to patients, they may not be sufficient to replace
in-person PNE. In a group of adult fibromyalgia patients, written education alone did not significantly
impact pain catastrophizing or functioning during daily tasks [74]. Even if patients may appreciate
receiving written PNE, for it to truly be an agent of change, it may need to be delivered in person
to provide an engaging, interactive format, or incorporated into a larger treatment plan that targets
multiple elements of the biopsychosocial model [75].
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4.2.2. Pediatric Pain Books

There is no book that exclusively focuses on PNE in pediatric pain. However, there are several
published books from the past decade that have been directed toward parents of youth with chronic
pain, a key audience for PNE. These books comprise multiple sections that often include: PNE,
education on treatment options, and an introduction to pain management skills (e.g., relaxation,
behavioral activation) that parents can foster in their children. For example, “Conquering Your Child’s
Chronic Pain” [76] introduces parents to valuable PNE topics and helpful relaxation and visualization
techniques. “Relieve Your Child’s Pain” [77] details ways that parents can reduce stress in the home
and properly evaluate their child’s pain, and addresses fears parents may have about their child’s
pain problem. More recent contributions include “Managing Your Child’s Chronic Pain” [78], which
provides parents with insight on CBT strategies as well as vignettes and stories of patient and family
experiences, and “When your child hurts,” [34], which provides extensive PNE (over 30 pages dedicated
to “Understanding What Pain is (and is Not)”) along with specific strategies geared toward breaking
the cycle of the child’s pain problem. The goal of these books is to provide valuable insight and relief
as parents struggle to help their child manage chronic pain. Despite the growth in these resources,
there are no published studies that examine their impact on parent and child function in the context of
child pain.

4.3. Group Education Models

When considering practical and efficient methods of delivering PNE to patients, group education
is a viable option. Group models allow for a more time- and cost-efficient platform to educate patients
with similar needs. The RCT by Abram and colleagues [42] described above delivered psychoeducation
within a group setting, and revealed some positive effects. A group model of education may be a
more efficient way to deliver information to patients instead of incorporating it into individual
appointments [42]. In addition to increasing efficiency, group PNE sessions may be advantageous
in that they give patients an opportunity to connect with other patients and even learn from others’
experiences. However, it has also been shown that a group model, as opposed to a one-on-one session,
may suffer in efficacy [51]. The group model has the potential to prevent patients from asking questions
or voicing concerns, and the one-on-one patient-clinician model may be vital for clinicians to assist
in a patients’ individual reconceptualization of pain. Moreover, there are several issues to consider
in relation to group composition that can potentially impact outcomes, such as size of the group,
homogeneity/heterogeneity, and age (see recent review [79]). It is likely that a combination of group
and one-on-one sessions may provide increased efficiency in a manner that does not sacrifice the
individually tailored care that may be essential for effective pediatric pain treatment.

4.4. Video

When presenting PNE to patients, especially in pediatrics, it is likely important to engage them
using multiple modalities to facilitate processing complex and novel information. One approach is
the use of short video clips. These videos are likely a familiar platform for patients to explore PNE in
their own time and in comfortable home environments. One video, created by the German Pediatric
Pain Center (Figure 8), explains pain for patients with migraines. Cartoons are used to explain why
some people have migraines, what they mean, and how one can manage them [80]. Another video
entitled “Understanding pain in less than 5 min” [81] uses active illustrations to present chronic pain
from a biopsychosocial perspective. It is available on YouTube in over ten different languages.
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Figure 8. Image obtained from the online video, ‘Migraine: how it works and how to get it under
control’ [80].

5. Developmental Considerations and Next Steps

Research examining PNE for pediatric chronic pain is somewhat uncharted territory. Despite
the clear relevance of PNE to children and young people, RCTs of PNE programs have typically been
conducted with adults, and most RTCs employing psychoeduation in pediatric populations have
examined psychoeducation only as part of a broader psychological treatment package and in many
cases focus on pain management versus pain neurophysiology. As described above, educational
resources that are appropriate for pediatric populations are currently available, such as Explain Pain,
The Protectometer [64], and online animated videos. However, given that the neuroscience of pain is
complex, resources that align with the child’s current state of cognitive and psychosocial development
will be essential. Of particular importance for pediatrics, children who are unwell or highly stressed
may also be functioning at lower cognitive levels than they otherwise would [15]. Materials must,
therefore, be tailored according to both the child’s cognitive-developmental stage and his/her physical
and affective state. Consideration of Piaget’s developmental stages may provide insight into the
appropriate adaptation for PNE materials and delivery across early and middle childhood. The review
by Jaaniste and colleagues [15] provides an excellent example of how to consider these conceptual
stages when providing children with information about forthcoming medical procedures, and these
examples could be usefully applied to PNE development. In order to appeal to youth at different
developmental stages, resources could also be available in multiple modalities. These may be in
the format of written resources, in-person dialogue models, or online animated videos and apps.
Metaphors and stories should be further utilized to create specific pediatric educational tools as they
provide a format for making complex concepts concrete and accessible. It is also important to consider
the changing parent-child relationship across development, and recognition of the impact of parents on
child learning and beliefs [82]. Most of the pain books developed for pediatric populations described
above are targeted at parents, and this may indeed be an ideal method of PNE transmission for younger
patients who frequently look to parents for learning opportunities.

6. Conclusions

PNE is receiving growing interest as an intervention in the field of chronic pain. Its potential
application is vast, ranging from preoperative prevention programs to cross-disciplinary chronic pain
management programs. Since PNE can be applied to multiple treatment scenarios and delivered
by a variety of health professionals, its potential influence on patients is broad. Pain neuroscience
education is in the midst of finding its place among a plethora of cognitive-behavioral treatments
for chronic pain. A necessary next step is the inclusion of pediatric populations. Rationale for PNE,
such as the detriment of irrational beliefs and maintenance of fear-avoidance, are equally relevant for
younger patients. Given existing evidence for PNE in adults, this topic deserves more attention in the
pediatric realm.
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Abstract: Primary pain disorders (formerly “functional pain syndromes”) are common, under-diagnosed
and under-treated in children and teenagers. This manuscript reviews key aspects which support
understanding the development of pediatric chronic pain, points to the current pediatric chronic
pain terminology, addresses effective treatment strategies, and discusses the evidence-based use of
pharmacology. Common symptoms of an underlying pain vulnerability present in the three most
common chronic pain disorders in pediatrics: primary headaches, centrally mediated abdominal
pain syndromes, and/or chronic/recurrent musculoskeletal and joint pain. A significant number of
children with repeated acute nociceptive pain episodes develop chronic pain in addition to or as a
result of their underlying medical condition “chronic-on-acute pain.” We provide description of the
structure and process of our interdisciplinary, rehabilitative pain clinic in Minneapolis, Minnesota,
USA with accompanying data in the treatment of chronic pain symptoms that persist beyond the
expected time of healing. An interdisciplinary approach combining (1) rehabilitation; (2) integrative
medicine/active mind-body techniques; (3) psychology; and (4) normalizing daily school attendance,
sports, social life and sleep will be presented. As a result of restored function, pain improves and
commonly resolves. Opioids are not indicated for primary pain disorders, and other medications,
with few exceptions, are usually not first-line therapy.

Keywords: chronic pain; interdisciplinary treatment; children; adolescents; biopsychosocial; primary
pain disorder; pediatric pain clinic

1. Introduction

Pediatric chronic pain is a significant problem with conservative estimates that posit 20% to 35%
of children and adolescents affected by it worldwide [1–3]. Pain experienced in children’s hospitals
is known to be common, under-recognized, and under-treated, with more than 10% of hospitalized
children showing features of chronic pain [4–7]. Although the majority of children reporting chronic
pain are not greatly disabled by it [8], about 3% of pediatric chronic pain patients require intensive
rehabilitation [9]. The total costs to society incurred by care for children and adolescents with moderate
to severe chronic pain has been extrapolated to $19.5 billion annually in the USA [10]. For a recent
systematic review of the etiology of chronic and recurrent pediatric pain not associated with disease,
see King et al., 2011 [2].
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The underlying pathophysiology of pain in children includes acute nociceptive pain
(i.e., pain arising from the activation of peripheral nerve endings, including somatic and visceral
pain), neuropathic pain (i.e., resulting from injury to, or dysfunction of, the somatosensory system),
psycho-social-spiritual-emotional pain, total pain and/or the topic of this paper, chronic pain. Pain
may originate from one, but more commonly involves a combination of these pathophysiologies.
Commonly accepted definitions of chronic pain describe pain that persists for three months; however,
the Rome IV criteria for functional abdominal pain disorders, for instance, typically require symptoms
to be present and persist for at least two months [11]. Like many pediatric pain programs, we define
chronic pain not necessarily by using arbitrary temporal parameters, but rather employ a more
functional definition such as “pain that extends beyond the expected period of healing” and “hence
lacks the acute warning function of physiological nociception” [12,13]. Simply put, pain lasting two
months and 29 days does not necessarily change from “acute” to “chronic” once it merely extends to a
period of three months in duration.

The 2012 American Pain Society Position Statement, “Assessment and Management of Children
with Chronic Pain”, indicates that chronic pain in children is the result of a dynamic integration
of biological processes, psychological factors, and sociocultural variables, considered within a
developmental trajectory [14]. Chronic pain includes persistent (ongoing) and recurrent (episodic) pain
in children with underlying health conditions (e.g., inflammatory bowel disease, sickle cell disease,
rheumatoid arthritis), and pain that is the disorder itself (e.g., primary headaches, centrally mediated
abdominal pain syndrome, musculoskeletal pain, complex regional pain syndrome), with a significant
number of children experiencing both entities, i.e., “chronic-on-acute” pain. Chronic pain affects
the entire nervous system, and the term central sensitization, which is an increased central neural
responsiveness to painful and non-painful stimuli, has been used to describe any central nervous
system dysfunction or pathology that may contribute to the development or maintenance of many
types of chronic pain [14,15].

Chronic childhood and adolescent pain is not only an issue of importance for the clinical care of
pediatric patients, but also is a condition that exerts considerable bearing upon the medical, social and
economic sectors. We believe that an improved understanding, definition and approach to treating
chronic childhood and adolescent pain represent important steps toward both optimizing the clinical
care of pediatric pain patients, and in this way, diminishing the overall negative impact of chronic pain
on patients, medicine and society. In this light, and as an introduction to the Special Issue “Chronic
and Recurrent Pain” in Children edited by L.S. Walker and C.L. von Baeyer [16], the aim of this paper is
to highlight important key aspects in support of a fortified understanding of the development and
expression of chronic pain in children and adolescents, such as pain catastrophizing and fear of pain.
In addition, we aim to review the current pediatric chronic pain terminology and provide a brief
description of the approach to assessing and treating chronic pain as practiced in our interdisciplinary
pediatric pain clinic.

2. Children with Chronic Pain

2.1. Trajectory

Untreated chronic pain in children incurs a high risk for the subsequent development of pain
and psychological disorders later in life. Seventeen percent of adult chronic pain patients reported
a history of chronic pain in childhood or adolescence, with close to 80% indicating that the pain in
childhood continued and persisted until adulthood [17]. In the USA, adults with chronic pain have a
lower household income and higher risk of unemployment [18]. Studies of two birth cohorts from 1946
and 1958 showed that children with persistent abdominal pain and headaches go on to suffer more
physical symptoms, anxiety and depression in adult life than healthy children [19–22]. A prospective
study by Mulvaney and colleagues of 132 children with abdominal pain indicated long-term, high
level risk of (adult) symptoms and impairment for a cluster of patients who did not have the most

201



Children 2016, 3, 42

severe pain, but who had significantly more anxiety, depression, lower perceived self-worth, and more
negative life events at baseline [23].

In another three-year prospective cohort study [24] involving 1336 children and teens in pain
aged 11–14 years, Dunn et al. showed that 44% displayed a developmental trajectory for increased
pain disorders and conditions, primarily presenting as headaches, back pain, abdominal pain and
facial pain, and 12% presented with persistent pain. Individuals at highest risk to develop persistent
pain were predominantly female, demonstrated the highest level of somatization and depression
at both the start and end of the study period, and were least likely to be satisfied with their life.
As well, research has shown that extra-intestinal somatic and depressive symptoms at the
initial pediatric evaluation for functional abdominal pain were significant predictors of functional
gastrointestinal disorders in adulthood [25]. Pediatric patients with functional abdominal pain exhibit
long-term vulnerability to anxiety that begins in childhood and persists into late adolescence and
early adulthood, even if abdominal pain resolves [26]. The National Longitudinal Study of Adolescent
to Adult Health included more than 14,000 study participants and has shown that chronic pain in
adolescence is associated with higher rates of mental health disorders reported in adulthood with
anxiety (21.1% vs. 12.4% pain-free adolescents) and depressive disorders (24.5% vs. 14.1%) being most
common [27]. Van Tilburg and colleagues analyzed data from a longitudinal study of a nationally
representative sample of 9970 adolescents in the USA to show that adolescents with chronic pain and
depression are at increased risk for both suicidal ideation and suicide attempt [28].

2.2. Pain Catastrophizing and Fear of Pain

The fear avoidance model of pain with an emphasis on the maladaptive behaviors that lead to
activity avoidance has guided pediatric chronic pain research and clinical practice [29]. Certainly most,
if not all, people seek to avoid pain. Fear of pain and subsequent exacerbation of its effects is common
in both adults and children. Catastrophizing (or “Awfulizing”) is a key mechanism by which the
experience of pain can be exacerbated in children and adolescents. Catastrophizing represents a set of
negative cognitive/emotional processes that include magnification (amplification of the significance
of pain), rumination (anxious preoccupation with pain) and pessimism about pain sensations and
feelings of helplessness when in pain. There is a significant body of research showing a correlation of
children’s pain behaviors and their (as well as their parents’) extent of catastrophizing [30–32]. Pain
reduction through distraction is delayed by catastrophizing [33], is associated with greater pain in
children when either child or parent displays high pain catastrophizing [34]. Negative pain memory
bias is advanced by parental (more than children’s) pain catastrophizing and, in addition, expectations
as well as cognitions of parents influence child pain memory formation [35].

Both physical and psychological dysfunction in pediatric chronic pain is modulated and
upregulated by fear of pain [36]. Diminishing the fear of pain strongly correlates with positive
functional outcomes in children with primary pain disorders [36]. Further, there is a robust positive
association between pain-related fear and disability [37]. Consistent with the fear-avoidance model of
chronic pain, these findings suggest that pain-related fear may be an important therapeutic target for
approaches aimed at reducing pain-related disability.

2.3. Time for a New Name: “Primary Pain Disorder”

Many different chronic and recurrent pain syndromes in both adult and pediatric populations
are now considered to be manifestations of an underlying vulnerability or pain spectrum condition,
rather than being viewed as separate disorders [38]. Considerable evidence, especially from twin
studies, points to a role of shared biological sensitivity, “pain vulnerability,” “pain sensitivity,” or
“central sensitivity syndrome” [38–42]. Thus, conditions such as primary headaches (including tension
headaches), centrally mediated abdominal pain syndromes, localized or widespread musculoskeletal
pain (including “pain amplification syndrome,” “non-cardiac chest pain,” “costochondritis,”
“temporomandibular joint disorder,” “juvenile fibromyalgia,” etc.) are no longer regarded as
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separate entities with differing underlying pathophysiologies in need of different treatments. Instead,
these conditions are now generally regarded as pain manifestations of the same underlying condition
that present at varied locations.

The term primary pain disorder (formerly: functional pain syndrome) was first employed by
Schechter in 2014 [43]. It describes a chronic pain disorder that cannot be explained by appropriate
medical assessment(s) in terms of conventionally defined medical disease, as based on biochemical or
structural abnormalities. A primary pain disorder is associated with significant disruption of everyday
life and often leads to incapacitation. This disorder is not typically responsive to unimodal medical
therapy, and attempts at such management can consume significant time, medical resources and
finances. Persistent treatment failures can lead to pejorative implications such as patients perceiving
that their pain is not organic and therefore not real or serious, and/or stigmatization (i.e., patients’
symptoms may be characterized as fictitious or as evidence of malingering).

Toward advancing an improved understanding of primary pain disorder and its relation to
chronic pain in children and adolescents, the following section presents a review of the three most
prevalent symptoms, manifestations, and locations of a primary pain disorder (headaches, abdominal
pain, and/or musculoskeletal pain).

3. Pain Manifestations and Locations of a Primary Pain Disorder

3.1. Primary Headache: Tension Headaches and Migraines

Traditionally, headaches were classified using a bimodal construct: tension headaches (infrequent
episodic, frequent episodic, or chronic) versus migraines (with or without aura) [44]. In 2013 the
International Headache Society (IHS) [45] classified “primary headaches” as migraines, tension-type
headaches, trigeminal autonomic cephalalgias and “secondary headaches,” e.g., a headache attributed
to trauma or injury to the head, cranial or cervical vascular disorders, etc. Pediatric data
supports the notion that childhood headaches are a continuum, rather than discrete entities [46,47].
Recent findings [48] suggest that “migraine” and “tension-type” headaches might not be separate
diagnostic/disease entities, but rather represent a severity continuum for young adults 18–24 years of
age who experience chronic headaches more than 3–4 days per week. Two cross-sectional studies [48]
with more than 3400 headache patients revealed that those who are experiencing headaches at a
younger age (18–24 years old) and with higher frequency (more than 15 headache days/month)
displayed a unimodal distribution, suggesting the dimensional construct of a primary headache.
Conversely, patients who experienced a lower frequency of headaches and were of older age showed
bimodal headache distributions, which could be differentiated into “migraine” versus “tension-type”
headache. In addition, pressure pain thresholds over the temporalis, masseter, and frontalis muscles in
patients with headaches do not exhibit strong differences between migraine and tension headaches [49].
In other words, for pediatric patients who are headache-free most of the time and (only) experience
episodic headaches, the “bimodal” classification of “tension-type” versus “migraines” continues
to be clinically appropriate, as migraines (as opposed to tension-type) might be alleviated by a
medication regimen [50–52] (see Section 5). On the other hand, for patients who present with chronic,
daily headaches (or headaches that occur and persist more than 50% of the time) separation into
“tension-type headaches” and “migraines” appears to be a less helpful distinction. For clinical signs
that may require further workup of headache, see Table 1.

Medication overuse headaches (MOH) are not uncommon among pediatric patients with
chronic headaches and usually occur when patients are taking analgesics (including acetaminophen,
non-steroidal anti-inflammatory drugs (NSAIDs), or opioids), triptans, and/or ergotamine for more
than 10–15 days/month (depending on medication class) [53–55]. Effective treatment requires a
rapid discontinuation of medication [56]. In a case study of children and adolescents with daily or
almost-daily headache concomitant with daily or almost-daily analgesic intake, Hering-Hanit et al.
reported that a successful wean from analgesics was achieved without hospitalization or significant
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interference with daily life, and resulted in complete cessation of chronic daily headache
in 25 of 26 patients [57].

Table 1. Headache warning signals requiring further workup, including neuroimaging.

• Focal or abnormal neurological signs, ataxia
• Papilledema (including rule out pseudotumor cerebri)
• Age < 3 years
• “Worst headache of my life”
• Progressive worsening headaches
• Ventriculoperitoneal-shunt
• Neurocutaneous syndrome
• Immunocompromised → Cerebrospinal fluid? (check with Infectious disease, oncology or

transplant clinician)

Rule out: carbon monoxide toxicity; Obstructive sleep apnea.

3.2. Centrally Mediated Abdominal Pain Syndrome

In the 2016 revision of the Rome Criteria (now in its 4th iteration), the term “functional abdominal
pain” has been replaced by “centrally mediated abdominal pain syndrome” (CAPS), which occurs
as a result of central sensitization with disinhibition of pain signals, rather than increased peripheral
afferent excitability [58]. For example, when compared to healthy peers, pre-adolescent girls with
irritable bowel syndrome display impaired endogenous inhibition of somatic pain [59]. Adolescents
with irritable bowel syndrome (IBS) symptoms are also more likely to experience widespread
hyperalgesia [60]. CAPS in childhood and adolescence increases the risk for chronic primary
pain disorder (abdominal pain, migraine/tension headache, and chronic musculoskeletal pain) in
adulthood [61,62], and women with a pediatric history of functional abdominal pain display long-term
vulnerability to pain [63]. For clinical warning signs that may require further workup of abdominal
pain, see Table 2.

Table 2. Abdominal pain warning signals requiring further workup.

• Persistent right upper or right lower quadrant pain
• Pain that wakes child from sleep
• Dysphagia
• Arthritis
• Persistent vomiting
• Perirectal disease
• Gastrointestinal blood loss
• Involuntary weight loss
• Nocturnal diarrhea
• Deceleration of linear growth
• Unexplained fever

3.3. Musculoskeletal and Joint Pain

A systematic review by King et al. [2] reported that back pain is common in children and
adolescents, with one-month prevalence rates ranging from 18% to 24% in samples of English
and Swedish children [64,65]. Weekly or “at least weekly” back pain was reported in 9%–25% of
patients [3,64,66].

Stanford et al. have shown that parent- and youth-reported anxiety/depression were predictive
of start and end points of back pain trajectories [3]. Four studies reported a 9%–39% prevalence
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of musculoskeletal and/or limb pain in 3842 children and adolescents, depending on time period
of reporting [67–70]. The relation between musculoskeletal/limb pain and athletic participation
confounds findings in this area, as many participants reported that their pain was the result of a sports
injury. The majority of the studies reported that musculoskeletal pain is more common in girls than
in boys [2].

Diagnostic criteria for “fibromyalgia” are not validated in children and teenagers, and the term
“widespread musculoskeletal pain” is more commonly used instead. For clinical warning signs that
may require further workup in children presenting with musculoskeletal and/or joint pain, see Table 3.

Table 3. Musculoskeletal/joint pain warning signals requiring further workup.

• Arthralgia: Rubor, calor, edema
• Pain/stiffness in the morning
• Abnormal radiographic findings
• Pain at rest, relieved by activity
• Pain at night: Worsened by massage, analgesics ineffective
• Bony tenderness
• Poor growth
• Weight loss
• Abnormal blood results: Including complete blood count (CBC), C-reactive protein

(CRP), erythrocyte sedimentation rate (ESR)

3.4. Orthostatic Dysfunction as Part of the Chronic Pain Picture: From “POTS” and “Autonomic
Dysfunction”, to “Chronic Lyme Disease”

During initial intake, more than 50% of our chronic pain patients reveal in their medical history
that they experienced episodes of enigmatic symptoms of dizziness, fatigue, low energy, blurry vision,
“blacking out,” and/or tachycardia, which we usually interpret as a result of deconditioning; these
symptoms are frequently exacerbated by anxiety. We nearly always see this as a result of fear of pain
and deconditioning, and not as a unifying diagnosis of a medical condition.

In short, like the vast majority of pediatric pain centers, we do not support the notion that
“post-orthostatic tachycardia syndrome” (POTS), “autonomic dysfunction,” and/or “chronic Lyme
disease” (i.e., diagnosis of persistent infection with Borrelia burgdorferi despite negative titers calling
for long-term antibiotic treatment) [71] are either the underlying pathophysiology or a significant
contributor of a primary pain disorder. In fact, in nearly all of our patients, the clinical symptoms of
orthostatic dysfunction and other co-existing, enigmatic symptoms (following a reasonable negative
workup) disappear during our rehabilitative pain program.

3.5. Conversion Disorder

An estimated 5%–10% of patients referred to our pain clinic display clinical signs of a conversion
disorder, either singularly or more commonly in conjunction with a primary pain disorder. Conversion
disorder is a condition, in which the patient may present with numbness, paralysis, blindness, inability
to speak, and/or other neurologic symptoms that cannot be explained by medical evaluation and for
which diagnostic testing does not reveal any physical cause [72,73]. Often, the patient presents with a
debilitating symptom that begins suddenly, has a history of a psychological problem(s) that gets better
after the symptom appears, and shows lack of concern that would usually occur with symptoms of
such severity (e.g., a 12-year-old boy seen in our clinic who was not concerned by the fact that he could
not bear any weight on his limb and had been in a wheelchair for eight months).
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3.6. Children with Acute and Chronic Pain: Co-Existing Pain Entities Requiring Advanced
Treatment Strategies

Primary pain disorders also co-exist, or can even be triggered by underlying organic disease,
and pain symptoms do not necessarily represent inadequate treatment, flare-up, or recurrence.
As previously mentioned, approximately 5% of children and teenagers in the general population have
significant pain-related dysfunction [2]. As a result, we can expect that at least the same percentage of
children with recurrent painful episodes, such as that occurring in sickle cell disease, inflammatory
bowel disease, rheumatoid arthritis, congenital heart disease, or cancer, will display chronic pain
features in addition (i.e., co-existance) to their underlying somatic pain episodes, and that pain is not
necessarily caused by the organic disease itself.

The realization that a significant number of children with recurrent organic painful episodes
whose pain proves to be complicated to treat, have what is known as “chronic-on-acute” disease,
which may be potentially complicated even further by neuropathic and/or psycho-social-spiritual
pain. Such pain is important, and we believe it has beneficial, clinical implications. Namely, it reduces
over-investigation of the underlying organic disease, and over-treatment of pain (e.g., inappropriate
long-term opioid administration). Clearly, repeated acute pain episodes increase the risk of significant
pain-related dysfunction. For instance, chronic pain is significantly higher in survivors of childhood
cancer than in their healthy siblings [74]. Chronic post-surgical pain (CPSP), potentially a transition
from acute to chronic pain, has recently been described to occur in 12%–22% of children [75–77],
and is possibly associated with parental catastrophizing [78].

In practical terms, for treatment of acute tissue injuries (such as new vaso-occlusive sickle cell
disease or a flare-up of Crohn’s disease with bloody diarrhea), short-term administration of opioids
titrated to effect are in fact usually required for adequate analgesia as part of an advanced multimodal
analgesic strategy [79,80]. However, as discussed below (in Section 5.3), in patients with chronic daily
sickle-cell pain or chronic daily abdominal pain due to Crohn’s disease that is in clinical remission,
long-term daily administration of opioids would not be indicated.

4. Interdisciplinary Rehabilitative Pediatric Pain Program: Our Approach

Since 2006, our interdisciplinary rehabilitative pain clinic at Children’s Hospitals and Clinics of
Minnesota in Minneapolis, MN, USA, has been dedicated to the care of children and teenagers in pain.
A multidisciplinary bio-psycho-social rehabilitation and functional restoration approach has been
shown to effectively and efficiently improve function both in adults [81] and children/teenagers [82–86].
However, it remains unclear how long we can wait to send a child to a pain program, and it is also
unknown at what point clinical deterioration begins. Adult meta-data show that wait times for chronic
pain treatment of six months or longer are medically unacceptable and result in significant decreases in
both health-related quality of life and psychological well-being [87]. Two-thirds of USA pediatricians
felt it was not their primary responsibility to treat chronic pain [88]. The Pediatric Pain Screening Tool
(PPST) was recently validated to assist clinicians stratifying their pediatric pain patients to appropriate
interventions [89].

The three most commonly seen manifestations of a primary pain disorder in our pain clinic
are (1) primary headache (tension headaches/migraines); (2) centrally mediated abdominal pain
syndrome; and (3) chronic and recurrent musculoskeletal/joint pain, with the majority of patients
having at least two of those symptoms. The frequency of these conditions is followed closely by the
prevalence of Complex regional pain syndrome (CRPS) Type 1, with 11% of our patients presenting
with this condition (See Table 6).

Consistent with the treatment approach of the majority of pediatric pain clinics in the USA
and Canada [90], our clinic offers an interdisciplinary rehabilitative approach aiming at returning to
normal function.
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4.1. From Clinic Intake to the Exit Interview

In our clinic, children whose daily functioning is disrupted due to pain (e.g., are missing school,
displaying poor sleep, withdrawing from social life and/or having been assessed with anxiety or
depression) will be offered a 90-minute multidisciplinary intake (in the same room at the same time)
with the patient/parents and a physical therapist, psychologist, social worker/family therapist and a
pain physician or advanced nurse practitioner. Following this, the patient undergoes three individual
evaluations: clinical examination, a physical therapy evaluation, and a psychological evaluation.
Parents/caregivers meet separately with the social worker/family therapist for an evaluation of family
factors that may impact the child’s pain, including beliefs about pain and response to pain. Afterwards,
the clinical team meets to discuss findings and suggest recommendations, while the family is given a
short rest period/hiatus. Following the clinical team meeting, either the MD or NP meets with the
patient and his or her family for a 60-minute exit interview to present and explain recommendations
and treatment plan.

We found it most effective for a child with a primary pain disorder to return to normal function
first, and as a result of such functional reintegration, to then subsequently focus upon decreasing
pain subsequently. During the exit interview we reveal that we believe the child’s pain to be “real,”
and establish the expectation that as a first step we work toward “life gets back to normal,” and
then as a result—“the pain gets better”—and not the other way around. For patients with a primary
pain disorder, we set the expectation of becoming pain-free or mostly pain-free. We have found that
this positive expectation represents something of a self-fulfilling prophecy, and data support that
expectations predict chronic pain treatment outcomes [91]. In our clinic, only 16% of children at intake
reported that they believed they could ever be pain-free. Upon exit interview at the end of the first
visit, which represents the first formal intervention, 92% of children expressed the belief that they
could, in fact, become pain-free.

We put great importance on demystifying the problem: pain has lost its warning signal, and
using the affected body part does not result in greater harm. During the exit interview, we explain
in age-appropriate language how the pain “is real,” but “has lost its warning function”. Using
drawings on a flip-chart and age-appropriate examples, we then go into greater detail about the
concept of pain transmission and important modalities to down-modulate pain (so-called “OFF-Switch”
modulation) through activation of descending inhibiting pathways (DIP) from the “control-center”
periaqueductal grey (PAG), which are engaged by (1) physical therapy/exercise and (2) integrative
medicine/distraction. We also discuss up-regulation (so called “ON-switch” activation induced by
the prefrontal cortex which worsens pain through stress, negative mood, anxiety, depression, school
absenteeism, social withdrawal, insomnia, etc.) and which is mitigated by (3) psychological counseling;
and (4) normalizing activities of daily life. We then discuss the need to target both shutting off the
“ON-switch” and turning on the “OFF-switch” at the same time, explaining why all four modalities
are offered concurrently in our clinic, and why these modalities might not have worked in the past,
if and when administered separately.

4.2. Rehabilitative Pain Program Modalities

In order to enroll in our rehabilitative pain program, we expect children and their parents to
participate in all (i.e., not just some) of the following five modalities.

4.2.1. Physical Therapy

Physical therapy and exercise are key modalities in the treatment of pediatric patients with
primary pain disorder and/or CRPS [82,84–86,92–95]. Adolescents with chronic pain usually have a
lower physical activity level [96] and physical activity has been shown to reduce the risk for depression
in female adolescents [97]. In children and adolescents participating in a rehabilitative pain program,
the rate of improvement in function was significantly more rapid than the decrease in pain [92].
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In our clinic, a physical therapist (PT) facilitates restoration of movement and the reduction of
pain. PTs develop an individualized treatment plan that is based on each patient’s functional goals
(e.g., returning to a sport or age-appropriate play activity). PTs who work with children with chronic
pain utilize traditional therapeutic techniques (e.g., normalizing lost range of motion, strength, balance,
etc.) along with more pain-specific interventions (e.g., graded motor imagery [98], pain-physiology
education, etc.). The majority of chronic pain patients entering our clinic are found to be de-conditioned
upon physical therapy evaluation. Clinically, many of our chronic pain patients place a high value on
athletics, with the majority of patients participating in some form of sport. If pain disrupts physical
activity, it likely also impacts patients’ coping strategies as well as their socialization. Reasons we
assert to be important to refer pediatric/adolescent pain patients to physical therapy are provided
in Table 4.

The treatment goal we establish for and with our patients is to first return to function, and then to
secondarily attempt to decrease pain as a result of this functional restoration.

The initial assessment goals include determining if any neuro-musculoskeletal factors contribute
to pain, if any, and defining the patient’s movement goals. Treatment goals are aimed at normalizing
a patient’s environmental interactions and engagements, and addressing and mitigating those
neuro-musculoskeletal variables contributing to pain.

Table 4. Reasons to refer a pediatric chronic pain patient to physical therapy.

• Goals of returning to sport or activities
• Not participating in gym class
• Signs of weakness, poor balance, poor endurance, abnormal movement patterns, or poor posture, etc.
• Diagnoses associated with abnormal movement patterns or weakness: e.g., Ehlers–Danlos syndrome,

complex regional pain syndrome (CRPS), centrally mediated abdominal pain syndrome (CAPS), chronic
musculoskeletal pain, chronic headaches, etc.

4.2.2. Integrative Medicine: Active Mind-Body Techniques

Integrative modalities (sometimes referred to as complementary and alternative medicine)
that have been described as effective in the management of pediatric pain include hypnosis, yoga,
acupuncture, and massage [99–107]. Active mind-body techniques, such as guided imagery, hypnosis,
biofeedback, yoga, and distraction each and all evoke pain modulation by engaging a number of
mechanisms within the analgesic neuraxis. Techniques such as distraction and guided imagery appear
to modulate the release of endogenous opioids from the periaqueductal and periventricular grey
regions to disinhibit descending inhibitory pathways of the brainstem to suppress pain transmission
in the dorsal horn of the spinal cord [108–112]. As well, distraction has been shown to increase activity
of the orbitofrontal and perigenual anterior cingulate cortex, as well as periaqueductal grey and the
posterior thalamus to modulate pain at the supraspinal level [113,114].

In our clinic, integrative and active mind-body techniques are taught to patients, or to the parents,
when children are younger than school age, or cognitively impaired. Mind-body techniques focus on
intervention strategies that integrate cognitive and emotional processes with physiological functions
and experience in order to promote health. We expect all our patients (who are older than five years,
and cognitively capable) to learn at least one active integrative medicine technique and incorporate
this into their daily routine. Parents are offered training in the same techniques so that they can be
aware of what their child is learning, and can reinforce practice as needed. We also expect our patients
to learn in our clinic and practice daily at home or school at least one age-appropriate mind-body
technique of relaxation and self-regulation. Modalities our patients have reported to be helpful
include breathing strategies (e.g., diaphragmatic breathing, square breathing, and “snake”/slow
exhale breathing), aromatherapy, biofeedback, progressive muscle relaxation, autogenic training,
mindfulness, yoga, and/or self-hypnosis. In addition, we support and offer passive integrative
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modalities such as acupressure, acupuncture, and/or massage (as supplemental to, but not in place of,
self-directed techniques).

4.2.3. Psychological Intervention

Anxiety, depressive, and behavioral disorders are early risk factors of chronic pain (rather than
vice versa) [115]. At low levels of anxiety, higher pain is predictive of greater disability; however,
highly anxious adolescents tend to function poorly regardless of level of pain [116]. Psychological
treatments significantly reduce pain intensity that is reported by children and adolescents with
headache, abdominal pain, and musculoskeletal/joint pain [117,118]. Cognitive behavioral therapy
(CBT) led to significant improvements in pain coping, catastrophizing, and efficacy that were sustained
over time in adolescents with chronic pain [119]. CBT has been shown to increase grey matter in the
prefrontal cortex of patients with chronic pain, and this increase in prefrontal cortical grey matter has
been associated with reduced pain catastrophizing [120].

In our clinic, psychological intervention is a routine part of our treatment approach, and serves to
teach patients general coping skills and integrative medicine strategies, as well as help incorporate
these into a daily routine to promote consistent practice, and to promote normalization of a patient’s
daily life. Most patients in our clinic experience psychological distress due to disrupted functioning,
as secondary to pain, and not as a primary presenting concern. As such, our psychologists’ role is to
promote restoration of baseline functioning by teaching appropriate coping strategies and by targeting
pain-related fears and catastrophizing that may disrupt normal cognitive and behavioral functions.

4.2.4. Normalizing Life: “The 4 S’s”: Sports, Social, Sleep and School

As previously discussed, we explain to our patients that “first your life gets back to normal, then
your pain decreases—unfortunately it’s not the other way around.” We go on to explain “sometimes,
pain may even increase, before it gets better.” We explain that the “4 S’s”: sports, socialization, sleep
and school need to return to normal parameters before pain resolution could or should be expected.

• Sports: As mentioned in the previous section addressing physical therapy, we place strong
emphasis on restoring activity and returning patients to their normal regimen of physical activity,
exercise and/or sports.

• Social: When adolescents with chronic pain do not perceive their friends as providing support,
they tend to avoid social situations [121]. The social lives of the chronic pain patients in our
clinic are commonly disrupted for a variety of reasons, including inability to keep up with peers,
disruptions to sports/extra-curricular activities where social contacts occur, experience or fear of
being teased because of pain (“you are faking it”) or disability. In our clinic, the family therapist
and psychologist work with the patient and his or her family to develop strategies and tactics to
regain a balanced social life, provide validation of feeling misunderstood, and continuous medical
reassurance that pain is physiologically mediated or “real”.

• Sleep: The majority of children with chronic pain have sleep difficulties, including problems
with sleep initiation, sleep maintenance, and/or early morning awakening [122]. These sleep
problems tend to be persistent and are associated with negative impact for youths with chronic
pain [123]. Treatment of insomnia in youths with chronic pain may lead to improvements in
quality of life and reduction in healthcare cost. In our practice, the majority of patients’ parents are
successfully coached to assist their children in waking in the morning, having breakfast, attending
to personal hygiene, and leaving the house in time to attend the first class at school. We encourage
a “no nap” policy, and allow patients to “sleep in” one to two hours later (but no longer) on
weekends. We expect that illuminated screens (e.g., television, computer monitors, smart phones,
tablets, etc.) will not be used starting one hour before bedtime (or after bedtime), as studies have
shown that the blue light emitted by such screens can interfere with melatonin production and/or
release [124,125].
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• School: Parental catastrophizing and protective responses to their child’s pain predict school
attendance rates and overall school performance [126]. Long-term scholastic impairment results in
reduced occupational achievement, increased educational costs, and increased risk of developing
psychiatric disorders (e.g., anxiety, depression) [127–129]. In our clinic, the child’s social worker
and psychologist work closely with the patient, parent, and school (if and when permission is
granted) to develop a personalized school re-entry plan. Factors considered in developing a
re-entry plan include possible learning concerns, stigmatization, teasing and/or bullying by peers,
and secondary gain/special attention due to pain and/or disability behavior(s). We have found
that with close communication, most schools are supportive of having students take time-limited
breaks to practice integrative medicine strategies before returning to the classroom. We typically
work with schools for informal accommodations, instead of pursuing an Individualized Education
Plan (IEP) or a 504 plan (Section 504 of the USA Rehabilitation Act was developed to guarantee
that a child with a disability as identified under the law who is attending an elementary or
secondary educational institution will receive accommodations that insure equal capacity to
access the learning environment and achieve academic success) to underscore our expectation
that the student will return to baseline functioning without accommodation(s).

Parents are asked if they can consistently and successfully get their child/teenager to school
regardless of the patient’s report of their inability to go (due to chronic pain). The social worker helps
the parent to develop a plan to insure their child’s school attendance, inclusive of conjoining other
family members to such tasks, if and as necessary to assist parents.

We usually do not support online school or home schooling for children who have attended a
physical facility school prior to their pain.

4.2.5. Parent Coaching

Children with chronic pain often have a negative influence in and upon their family life, can pose
a financial burden, both in direct and indirect costs incurred from healthcare utilization and lost wages
due to parents taking time off work to care for the child, and the child in pain can exert considerable
emotional toll on family members. Families of children with chronic pain generally have poorer family
functioning, and pain-related disability is more consistently related to family functioning than pain
intensity [130]. Studies have shown that mothers of children with chronic abdominal pain show pain
bias when interpreting ambiguous emotional expressions, and such bias might possibly contribute to
parenting behaviors that maintain or enhance the child’s pain [131]. Children of parents with chronic
pain have been shown to display poorer outcomes in health, as well as psychological and familial
functioning [132], and show increased risk of developing anxiety and depression as teenagers [133].

Parents in our clinic tend to be hypervigilant and pay increased attention to their children’s pain
reports/behaviors, given that they commonly are asked to report on pain specifics and details during
routine medical consults. As such, parents may accidentally reinforce their child’s pain behaviors.
It is our clinical experience that parents are often defensive about their role in (maintaining) their
child’s pain. Normalizing parental protectiveness is a helpful first step toward shifting parents’ focus
to attend to healthy, adaptive behaviors, and decreasing their attention to their child’s pain behaviors.
We often ask parents to focus on their child’s functioning and ask about specific daily activities, instead
of attending to pain-related disruptions of their child’s functioning. Depending on the child's age
and developmental level, we may encourage parents to actively model mind-body and integrative
medicine strategies to help their child engage in active and appropriate coping.

Parents’ experiences of/with chronic pain and disability can influence their children’s pain beliefs
and behaviors. Parents’ pain experiences are openly addressed and discussed with both the child
and parent(s). The social worker discusses how the patient’s pain is different from the parent’s
disability and pain, and the expectation that the child can become pain-free. The message we seek to
communicate is that there is no reason to believe that they will be disabled like their parent.
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Parents are often taught some of the same skills that are taught to their child/teenager by the
psychologist. The social worker does this in order to teach the parents how to calm themselves when
their child is having a pain flare. The parent is encouraged to use such skills to avoid incurring
emotional escalations when dealing with their child. We believe that the parent is in an ideal position
to emotionally anchor their child and support the use of calming skills to reduce pain levels. It is
also important to teach parents to gently remind their child that normalization of daily functioning
must come first before pain starts to decrease, and that progress is measured initially by the patient’s
return to a normalized daily life for sports, social life, sleep and school. Indeed it is easy for both
the patient and parent to lose sight of this when the child continues to experience and present with
pain. While active engagement of the parent(s) is advocated when working with younger children, a
different approach is used when the patient is a teenager. Teenagers are taught and encouraged to
acquire, develop and employ such skills more independently, and to foster greater capabilities for
independence in activities of daily living. It has been our experience that parents are usually motivated
to change any maladaptive or deleterious behavior. Clearly, they are very distressed by both seeing
their child in pain and not knowing how to help them. The skills provided by our approach give
the parent focus and a set of tasks, which can reduce their sense of helplessness and decrease their
catastrophizing, while concomitantly helping their child.

5. Medications

In our pediatric pain practice we commonly find medications as a sole therapy for primary
pain disorders to be ineffective, especially if they are not accompanied by the aforementioned
modalities of our rehabilitative pain program. Still, it is important to consider the validity and
value of pharmacological interventions as part of an integrative approach to pediatric pain care. In this
regards some pharmacological considerations are included below.

5.1. Basic Analgesics: Acetaminophen and Ibuprofen

For mild, acute pain (i.e., associated with tissue injury), acetaminophen and ibuprofen are
the agents of choice [80]. No other NSAID has been sufficiently studied for efficacy and safety
in the pediatric population so as to be recommended as an alternative to ibuprofen. Although
there is evidence for the superior analgesic properties of ibuprofen versus acetaminophen, it is
considered to be of limited value because the studies were mostly performed in acute pain settings
and lack long-term safety data. Both acetaminophen and ibuprofen have potential toxicities.
There are concerns about renal and gastrointestinal toxicity, and bleeding with ibuprofen and other
NSAIDs, and risks of hepatotoxicity and acute overdose are associated with acetaminophen [80].
Celecoxib (a cyclooxygenase-2 (COX-2) enzyme inhibitor) might be considered, if classical NSAIDs
are contraindicated (e.g., owing to bleeding risks, or gastrointestinal side effects). Celecoxib does not
display less renal toxicity as compared to classic NSAIDs. Safety and efficacy have been established
only in children two years of age or older with juvenile rheumatoid arthritis, and for a maximum of six
months of treatment.

With the exception of ibuprofen’s proven efficacy in reducing pain at the onset of a migraine
episode [50–52], basic analgesics generally are not used to treat primary pain disorders in the absence
of new tissue injury. As discussed earlier, daily use of analgesics in headache patients incurs significant
risk of leading to medication overuse headaches (“rebound headaches”).

Fast-Acting NSAID: Ibuprofen-Sodium

Data have shown that when compared to ibuprofen, ibuprofen-sodium produced significantly
greater analgesia over 6 h, and required fewer re-medications than standard formulations [134].
In addition, 200 mg fast-acting ibuprofen (Numbers-needed-to-treat (NNT) 2.1; 95% confidence
interval (CI) 1.9–2.4) was as effective as 400 mg standard ibuprofen (NNT 2.4; 95% CI 2.2–2.5),
and produced a faster onset of analgesia. Meta-analysis showed that NSAID-salts display more
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rapid absorption, faster initial pain reduction, good overall analgesia in more patients at the same dose,
and probably evoke longer-lasting analgesia, without reports of adverse events [135]. For example,
in our practice, we suggest fast-acting ibuprofen plus acetaminophen as a first step, followed
by a triptan, if ineffective, be utilized within 10 min of onset of a migraine attack. In the USA,
ibuprofen-sodium is available over the counter for about $8–$10 for 80 tablets (containing 266 mg of
ibuprofen sodium, which is the equivalent to 200 mg of standard ibuprofen).

5.2. Opioids

The Center for Disease Control and Prevention’s recently published 2016 Guidelines for
Prescribing Opioids for Chronic Pain [136] do not apply to children and teenagers [137] and
encompass only “patients aged ≥18 years with chronic pain outside of palliative and end-of-life care.”
The guidelines state further that the “recommendations do not address the use of opioid pain
medication in children or adolescents aged <18 years”.

Opioids administered for primary pain disorders have low long-term efficacy, a poor safety
profile, and commonly a worse clinical outcome [133–139]. Thus, opioids should not be administered
to pediatric patients with primary pain disorders [43], i.e., chronic pain defined that extends beyond
the expected time of healing and hence lacks the acute warning function of physiological nociception.
Opioids may be more likely to cause more harm than benefit in the treatment of primary pain disorders,
which include conditions such as tension-type/migraines headaches, chronic musculoskeletal pain,
“chronic sickle cell pain” (pain that extends beyond the expected time of acute vaso-occlusive crisis)
and centrally mediated abdominal pain syndrome. In our practice, we do not prescribe opioids for
primary pain disorders in children or teenagers, as we consider them to be contraindicated. On the
other hand, in persistent pain conditions (i.e., long-lasting and/or repetitive nociceptive pain caused
by tissue injury, such as in children with junctional epidermolysis bullosa, osteogenesis imperfecta,
or advanced metastasized bone tumors (e.g., Ewing sarcoma)) opioids are important and effective for
long-term analgesic management.

5.3. Adjuvant Analgesics

Adjuvant analgesics (e.g., low-dose tricyclic antidepressants, gabapentinoids, α-agonists,
melatonin, etc.) may serve as valuable adjuncts. Although commonly used for primary pain disorders,
there is little evidence to support their use against pediatric pain. Most pediatric data for this
heterogeneous class of medications is derived from neuropathic and acute pain conditions [138–144].
The most commonly prescribed adjuvant analgesics in our pain clinic are melatonin, lidocaine 5%
patch, gabapentin, and low-dose amitriptyline (See Table 5).

For migraines, only ibuprofen and triptans are supported by sufficient evidence to engender use
in pediatrics [50–52]. Medication to treat migraines in adolescents have a strong placebo effect, with
pain relief at 2 h in the placebo arms of seven randomized controlled trials ranging from 53% to 57.5%.
A meta-analysis of 21 randomized controlled trials (RCTs) of pediatric headache management [145]
revealed that placebo decreased headache frequency from 5.6 to 2.9 headaches/month, and also most
commonly used drugs had little to no evidence to support their use in children and adolescents.
Drugs shown to be ineffective included clonidine, flunarizine, pizotifen, propranolol, valproate,
and fluoxetine [145].
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5.4. Selective Serotonin Re-Uptake Inhibitors (SSRI)/Serotonin and Norepinephrine Reuptake Inhibitors (SNRI)

There is little evidence to support the use of SSRIs or SNRIs in children/teenagers with primary
pain disorders. An over-quoted, uncontrolled open-label case series for example has claimed that 21 of
25 children with recurrent abdominal pain improved following SSRI treatment [146]. However, placebo
effects were large with pediatric antidepressant trials in other settings, regression to the mean must be
expected, and there might be inherent bias at play. Efficacy studies for duloxetine in pediatric pain
patients are lacking. In our clinic practice, we add an SSRI (such as citalopram, sertraline, escitalopram)
in addition to (not in substitution for) individual psychotherapy to the treatment regimen of some
patients who present with an underlying mental health diagnosis of anxiety and/or depression.

5.5. Laxatives

Constipation is the most common diagnosis in children presenting with abdominal pain in the
emergency room [147], and in our practice, we see a surprisingly large number of children with
long-standing abdominal pain, who have constipation and/or overflow diarrhea despite having
been seen by many clinicians and reports that they have tried many laxatives. In our practice, we
nearly always employ a scheduled (not “as needed” or pro re nate “prn”)) regimen of (1) “Mush”
(stool softener such as lactulose or polyethylenglycol 3350); (2) “Push” (stimulant such as senna) and
(3) “Uncorking” (glycerin suppository for children <4 years, and bisodacyl suppository for older
children) if no stool has been evacuated in the previous 24 h. This regimen has proven to be highly
effective in resolving constipation, thereby decreasing or resolving abdominal pain [148].

5.6. Multimodal (”Opioid-Sparing”) Analgesia

Multimodal analgesia is an approach used to prevent and treat pain in children: multiple agents,
interventions, rehabilitation, and psychological and integrative therapies often act synergistically
to elicit more effective pediatric pain control with fewer side effects than a single analgesic or
modality [149]. Multimodal analgesic therapy (versus opioids alone) has been shown to reduce
the length of hospitalization in patients undergoing surgery [150].

Evidence-based, safe multimodal (i.e., opioid-sparing) analgesia may include one, several
or all of the following approaches: pharmacology (e.g., simple analgesia and/or opioids and/or
adjuvant analgesia), anesthetic interventions (e.g., neuroaxial analgesia, nerve blocks), rehabilitation
(e.g., physical therapy, occupational therapy, sleep hygiene), psychological counseling (e.g., cognitive
behavioral therapy), and age-appropriate positioning and integrative (non-pharmacological) therapies,
such as breathing techniques, self-hypnosis, and distraction.

6. From Mechanism and Classifications to Practice: Obligations for Care

Taken together, the use of these approaches has been shown to be highly effective in treating
primary pain disorder in our clinical experience. Our approach is based and built upon a growing body
of information that is both revising extant concepts of pain and pain modulation, and exploring new
approaches to the assessment and treatment of pain. To be sure, new insights and perspectives about
mechanisms and categorizations of pain in general, and pediatric pain in particular, are indubitably
important to provide better understanding of pathology and more precise nosology [151,152].
Large-scale initiatives, such as the ongoing, federally directed Brain Research through Advancing
Innovative Neurotechnologies (BRAIN) [153], and precision medicine initiatives, are developing more
finely grained approaches to research, which seek to better define the neurobiology and psychosocial
aspects of pediatric pain. Such knowledge must be appreciated and employed for its practical utility
toward improving diagnosis and treatment of the pain patient [154].

As we have stated previously, and reaffirm here: “ . . . we . . . study pain so that we may unravel
its mysteries and develop more and better ways of relieving pain...to restore and sustain . . . living a
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life unencumbered by suffering” [155]. Understanding the bio-psychosocial dimensions of pain—as
symptom, pathology and manifest illness—compels providing a more comprehensive and integrative
approach to both assessment and treatment [156,157]. Such an approach entails the coordinated use
of multiple disciplines, and engages both “high tech” and “low tech” means [158]. This enables
both a more thorough evaluation of each patient’s needs (in physiological, psychological and social
dimensions), and more personalized, evidence-based intervention(s) to lessen or eradicate pain,
and its manifest effects.

7. From Concepts to Practice: Our Experience at a Glimpse

Our interdisciplinary, rehabilitative pediatric pain clinic at Children’s Minnesota has been seeing
pediatric patients since 2006. Based on a 2007–2009 three-year prospective study (n = 145) and two
chart reviews (2010 and 2014, n = 135) by Desai et al. [159,160] the majority (74%) of our new patients
are female with an average age of 14 years (range ten-day-old infant to 17 years). The most common
presenting conditions are listed in Table 6.

Table 6. Presenting or accompanying pain conditions: Initial intake at interdisciplinary pediatric pain
clinic at Children’s Minnesota.

• 74% Chronic or recurrent musculoskeletal pain
• 61% Primary headaches (tension-type/migraines)
• 38% CAPS
• 11% CRPS type I
• 26% Additional or accompanying underlying conditions, including

Avascular necrosis
Caffe’s disease
Cerebral palsy/spasticity
Chiari-I-malformation with ventricular-peritoneal (VP) shunt
Chronic postsurgical pain
Conversion disorder
CRPS type 2
Erythromelalgi
Inflammatory bowel disease (Crohn’s disease, ulcerative colitis)
Irritable bowel syndrome
Juvenile rheumatoid/idiopathic arthritis (JRA/JIA)
Malignancy
Muscular dystrophy
Penilodynia
Phantom limb pain
Progressive neurodegenerative/metabolic conditions incl. mitochondriopathies
Sickle cell disease
Vulvodynia

On average, our patients’ pain began 2.4 years prior to intake and 57% of our patients had
an immediate family member with chronic pain. On a pain scale 0–10, with 10 being the worst,
our patients’ average daily pain was rated 5.6/10 (worst: 8.8/10, least bad 3/10). A total of 75% of our
pain patients also received a mental health diagnosis; 67% presented with anxiety (including general
anxiety disorder, panic episodes, anxiety disorder not otherwise specified (NOS)), and 30% presented
with depression (including major depression, and depressive disorder NOS) [160].

In reviewing our data from 2007 to 2009, 2010, and 2014, it appears that between 83% and 92%
of new patients chose to follow-up with the rehabilitative treatment recommendations provided
by our clinic after the initial intake. Of those, the majority (67%–79%) graduated successfully,
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(i.e., are pain-free or pain-free most of the time). Of the remaining, up to 26% were referred to
additional and/or separate services (e.g., inpatient or outpatient psychiatry, eating disorder program,
physical therapy/mental health provider closer to home) and of our most recent data review, 13%
were still in treatment 6–12 months later [159]. The patients who successfully graduated had seen
the physical therapist eight (mean; range 1–25) times, psychologist ten times (range 1–34), parents
the family therapist/social four times (range 1–16), and the physician/nurse practitioner 2.5 times
(range 1–7).

As previously noted, in our clinic at the first visit only 16% of children reported that they
believed they could ever become pain-free. However, at the exit interview following the first
visit, 92% of children asserted that they believed being pain-free was possible. The rehabilitative
interdisciplinary treatment approach does not only seem to be effective for patients with primary pain
disorders and CRPS, but also, in addition to other multimodal analgesia strategies, for the treatment
of chronic-on-acute pain or chronic-on-neuropathic pain patients (see Section 3.6), indicating the
significant overlap these conditions may have.

The work of our interdisciplinary team can be seen in a short movie, “Little Stars—Treating
Chronic Pain in Children [161].”

8. Conclusions

Primary pain disorder (what was formerly known as “functional pain syndrome”) is a common,
under-diagnosed and under-treated condition in pediatric patients. Primary pain disorder occurs as a
mechanistic vulnerability to multi-focal pain that can occur and be expressed at a number of bodily
sites. Common symptoms of this underlying pain vulnerability include primary headache, centrally
mediated abdominal pain syndrome, and chronic/recurrent musculoskeletal pain. A significant
number of children with repeated acute nociceptive pain episodes develop chronic pain in addition to
or as a result of their condition. Untreated chronic pediatric pain can increase the risk of pain, as well
as physical and psychiatric disorders in adulthood. These findings reinforce the importance, if not
obligation, to effectively address and treat pain in children and adolescents.

In our interdisciplinary pediatric pain management practice, we have shown that an integrative,
multidisciplinary approach combining rehabilitation, complementary therapies (e.g., distraction,
hypnosis, etc.), psychological counseling, and normalization of physical/sports activity, sleep,
socialization, and school attendance—together with the prudent use of pharmacological
agents—effectively mitigates and/or commonly resolves our patients’ pain. Of note, however, is that
opioids are not indicated for primary pain disorders, and other medications do not usually represent
first-line therapy.

Further Resources for Clinicians and Patients

(1) Pediatric Pain Clinics in USA and Canada (American Pain Society): http://americanpainsociety.
org/uploads/get-involved/PainClinicList_12_2015.pdf [162].

(2) Short Movie: Meet the Interdisciplinary Chronic Pain Clinic Team at Children’s Minnesota:
LittleStars TV https://www.youtube.com/watch?t=13&v=Bb1fHxfjdWI [161].

(3) Pain Bytes (Australia) [163].
(4) Persistent (Chronic) Pain 5-min video [164].
(5) Kiran Stordalen and Horst Rechelbacher Pediatric Pain, Palliative and Integrative Medicine Clinic

Tour [165].
(6) Elliot Krane (TED-Talk) The mystery of chronic pain [166].
(7) The Department of Pain Medicine, Palliative Care, and Integrative Medicine, Children’s Hospitals

and Clinics of Minnesota [167].
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Abstract: Over the past 20 years our knowledge about evidence-based psychological interventions for
pediatric chronic pain has dramatically increased. Overall, the evidence in support of psychological
interventions for pediatric chronic pain is strong, demonstrating positive psychological and
behavioral effects for a variety of children with a range of pain conditions. However, wide scale
access to effective psychologically-based pain management treatments remains a challenge for many
children who suffer with pain. Increasing access to care and reducing persistent biomedical biases that
inhibit attainment of psychological services are a central focus of current pain treatment interventions.
Additionally, as the number of evidence-based treatments increase, tailoring treatments to a child
or family’s particular needs is increasingly possible. This article will (1) discuss the theoretical
frameworks as well as the specific psychological skills and strategies that currently hold promise as
effective agents of change; (2) review and summarize trends in the development of well-researched
outpatient interventions over the past ten years; and (3) discuss future directions for intervention
research on pediatric chronic pain.

Keywords: chronic pain; pediatric; psychological intervention; parent; child; evidence-based;
empirically supported

1. Introduction

Current estimates suggest that up to one in four children will have an episode of chronic pain
lasting three months or longer [1]. This type of persistent pain is linked to significant physical,
psychosocial, and psychological burdens for children and families [2,3]. Chronic pediatric pain also
places a significant burden on our healthcare system, ranking among the most expensive pediatric
health problems in the United States and costing an estimated $19.5 billion dollars per year [4].
Psychological interventions for pain and pain-related functional deficits (i.e., school impairment,
sleep disruption, peer-based challenges, etc.) have been considered an integral part of treatment
for the recovery from chronic pain for almost twenty years [5,6]. Taken as a whole, psychological
skills and strategies such as cognitive reframing, biobehavioral relaxation, graded in vivo exposure,
and mindfulness are demonstrated to decrease pain, improve functioning, increase self-efficacy,
and reduce the daily stress that commonly co-occurs in children and adolescents with persistent
pain. Moreover, parent-based interventions that reduce maladaptive responses to child pain are
demonstrated to further promote a child’s recovery [7].

Presently, most psychological interventions for pain are designed with a multi-component
structure and are often concerned with evaluating the value-add to standard biomedical approaches to
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care, the “dose” needed to effect change, the effectiveness of novel delivery methods that can increase
access to care, and in many cases assessing how the direct involvement of systems such as parents
or families may enhance outcomes. However, the treatment of chronic pain is not a one-size fits all
solution and it is unlikely that a single intervention strategy will systematically work for all children
with pain. Psychological comorbidities, family-based influences, school environments, developmental
factors, functional disability, and underlying pathophysiology of pain all vary by individual. As such,
we need to develop various intervention strategies, with the goal of understanding how we can
maximally apply these skills and strategies to enhance recovery or coping with pain and to reduce the
stress and psychosocial burden for children and parents.

Despite the proven effectiveness of psychologically based strategies for pain, too few pediatric
patients referred to psychological services for pain management obtain services due to a lack of
available providers, scheduling conflicts, inadequate knowledge of efficacy, and financial or insurance
constraints [8,9]. These logistical barriers highlight the need to create models of care that can be flexible
in meeting the time, cost, and limited resource barriers that interfere with service acquisition [9].
Additionally, psychological interventions for pediatric pain must also be packaged and administered
in a format that is acceptable, attending closely to the common biomedical biases that may inhibit
initial engagement in services. For example, when parents perceive their child to have a solely physical
problem, they may dismiss or minimize the need for psychological intervention [8,10,11]. Fortunately,
gaining a foundational understanding of the biopsychosocial model of pain helps to illuminate how
psychological interventions can effectively foster recovery and may increase the likelihood of obtaining
targeted psychological services for pain [12].

Helping children and families to effectively manage pain may ultimately be similar to how we
help our children succeed in school; all children need to be taught the academic material as well as the
skills and strategies that help cement the learning process. How well any individual child succeeds
in school, however, is due to a variety of factors such as attentional capacity, intelligence quotient
(IQ), motivation, family reinforcement, etc. Children who have poor attention or low motivation,
may ultimately be identified as needing additional services such as individual tutoring, small group
instruction, or a more structured learning environment to obtain success. Similarly, one of our primary
goals in pediatric pain is to identify patient characteristics that may signal the need for more intensive
or focused intervention efforts that can help foster recovery [13]. As a corollary, considering that our
patients with pain are akin to students in school highlights how first line education and intervention
may be necessary, even if not sufficient to produce change for all children. Interventions that provide
the building blocks for effective pain management early in a child’s experience of pain—for example,
before functional deficits occur—may help to change a child’s long term trajectory in the same way
that obtaining a short course of tutoring before a child fails a class may ultimately help a child to
stay on pace with peers. Thus, in our current line of research and clinical practice we need to think
about generating evidence-based first line interventions, such as targeted pain education and cognitive
behavioral coping skills, while at the same time devising specialized or more intensive psychological
treatments for those with more entrenched difficulties.

This review includes an overview of pediatric chronic pain intervention research in the past
10 years. Our search terms and findings are presented in Table 1. This is not intended to be an
exhaustive list of all interventions tested for all chronic pain conditions, but rather to represent a broad
overview of what is being developed and tested for “chronic pediatric pain.” Based on a review of this
literature, we will present an overview of current theoretical frameworks that are currently guiding the
development of interventions in this field and highlight specific ways in which these frameworks map
onto pain-management skills and strategies. We will further evaluate current barriers and challenges
in clinical application, and discuss future directions for more seamlessly integrating psychological
interventions into the clinical management of pediatric pain.
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2. Theoretical Foundations

Pediatric pain interventions are based on the understanding that pain is a complex biopsychosocial
experience shaped not only by underlying pathophysiology but also by individuals’ thoughts,
feelings, and behaviors [43]. Interventions based in the foundational theories of cognitive
behavioral, biobehavioral, and acceptance-based models of care currently encompass the majority
of psychological interventions for children and adolescents with pain. However, these theoretical
approaches are not necessarily mutually exclusive, as many of the current interventions for
pediatric pain contain elements of two or more theoretical orientations. Collectively, these
theoretical approaches demonstrate promising improvements in self-efficacy, self-management, family
functioning, psychosocial well-being, pain severity, school attendance, anxiety, depression and feelings
of hopefulness [7,44,45]. The vast majority of evidenced-based interventions for pediatric pain are
designed as brief, goal-oriented treatments incorporating learning experiences that help to modify
negative cognitions about pain and eliminating dysfunctional behavioral patterns that occur as a
result of the pain. Psychological interventions for pain are also commonly designed to help un-link
the association between the sensory experience of pain and the cognitive affective evaluation of the
pain that triggers a fight or flight response, often referred to as a “pain alarm” [46]. Specifically, most
psychological treatments for pain are designed to address the negative or fearful thoughts about pain
(e.g., ‘it’s going to hurt too much’, ‘I can’t do this’) that produce physiological changes (e.g., racing
heart, shortness of breath, increased discomfort) and resultant behavioral changes (e.g., withdrawal
from activity, poor sleep). Interventions may also use strategies such as graded exposure to anxiety
producing stimuli and reinforcement for adaptive behaviors.

As pediatric pain is conceptualized as a biopsychosocial process, intervention efforts are ideally
targeted towards a systems framework inclusive of parents, families and schools. It has been well
documented that the way parents respond to their child’s pain is associated with pain severity,
functional disability and other somatic complaints [3,7,47]. Moreover, without targeted parent
support at home and school, it is more challenging for children and adolescents to make steady gains.
Parents can be collaborators in treatment when they are involved in the planning and reinforcement
of their child’s psychological intervention plan [48]. For example, parents may be taught how to
use relaxation techniques to help reinforce the use of these strategies at home, or may collaborate
by consistent provision of rewards or consequences for a child’s established behavior plan [17].
But perhaps more importantly, parents can be co-treated along with their child. For example, it’s
common for parents to become highly focused on their child’s pain. This attention to pain is known to
inadvertently reinforce a child’s focus on his or her own pain increasing disability [49,50]. In contrast,
when parents are taught how to reduce their focus on a child’s pain, a child’s pain and function
may improve [27]. Research also suggests that parent-focused treatments such as Problem Solving
Therapy (PST) may directly improve parent behaviour and parent psychological functioning [51],
an important outcome given that parents are known to experience significant stress in the context of
their child’s pain [52].

School performance has also been an identified target for intervention because functional
impairment in schools—including poor grades, absenteeism, and peer victimization—is
a well-documented problem for children with pain [53–55]. It’s easy to understand why pain can
reduce a child’s ability to cope with school demands and contribute to poorer grades. However, for
some children school pressures and peer victimization may also be a contributory factor to the onset of
pain, thus requiring intervention to reduce the underlying psychosocial stress.

3. Intervention Components

Psychologists typically teach a broad complement of cognitive, behavioral, and biobehavioral
strategies, often in the context of multidisciplinary treatments that might also incorporate physical
therapy and non-opioid medications. The literature includes many reports of effective multicomponent
Cognitive Behavioral Therapy (CBT) treatments for pediatric chronic pain (see Table 1). However, with

232



Children 2017, 4, 9

some notable exceptions for conditions such as headache pain, [5] there is little conclusive evidence
about which component parts of psychological intervention are most effective for which population
of children with pain. Many investigations have tried narrowing down this area of research by
investigating interventions via defined primary pain (e.g., abdominal, musculoskeletal, neuropathic),
developmental level (children vs. adolescents), pain severity, psychological comorbidities (e.g., anxiety,
depression) and other factors. Yet, in clinical practice, where the majority of children with chronic pain
have more than one pain condition and an array of psychological and psychosocial stressors [1], these
research-defined classifications may be less salient.

While randomized controlled trials (RCTs), both individually and collectively evaluated in meta
analyses, provide our best evidence that psychological strategies offer benefit to pediatric patients with
pain, a broader examination of the current research in this field may help us to better conceptualize new
directions in this field. Specifically, we can learn how evidenced-based psychological interventions are
being implemented across pediatric pain conditions, in various settings, using novel delivery methods
and unique combinations of skills and strategies.

Below we briefly review the most common outpatient intervention frameworks cited in the last
ten years (2005–2015), highlighting how a variety of skills and strategies may be applied in helping
children, adolescents, and parents in the management of pediatric pain.

3.1. Pain Education

Psychoeducation is a fundamental component of most interventions for pediatric pain.
Educational interventions provide a rationale for how and why psychological strategies can effectively
reduce pain and pain-related stress and improve daily function. The type of psychoeducation that
is empirically shown to improve chronic pain outcomes has been termed “Neuroscience Education
(NE).” NE is described as an educational intervention that clearly explains “the neurobiology and
neurophysiology of pain and pain processing in the nervous system” [56]. The goal of NE is to teach
patients about the basic neuroscience of pain—for example, nerve hypersensitivity, central sensitization,
neuroplasticity, and brain modulation of pain signals—to enhance a patient’s understanding that
pain experience does not necessarily represent ongoing harm to the body. Research suggests that
thinking about pain in this way can produce immediate and long term improvement in pain severity,
physical activity, fear, and catastrophic thinking [57–59]. Additionally, NE can provide clear evidence
regarding the bi-directional relationship between stress and pain and a rationale for how and why
cognitive-behavioural strategies can effectively reduce pain and restore function. NE has been well
studied in adults with chronic pain [56], but to date no pediatric pain investigations have examined an
exclusive NE approach.

3.2. Cognitive Reframing/Positive Self-Statements

Cognitive reframing refers to modifying one’s thoughts about a distressing situation so that
they are less focused on negative aspects of the situation. Typically, children are taught first to
identify their negative thoughts or ‘self-talk’ about pain, then to challenge these thoughts, for example,
by listing out evidence in support of the thought and evidence against it, and finally to modify these
thoughts to produce less negative emotional responses. A related technique, positive self-statements,
focuses on developing a set of statements that emphasize one’s ability to cope positively with
a challenging situation. These techniques are widely applied, as persistent negative thinking, referred
to as ‘catastrophizing’, is commonly associated with chronic pain [50,60–62] and can contribute to
increased pain and disability [63,64]. Modifying catastrophic thinking—for children with pain and
their parents—can help to foster adaptive recovery [51].

3.3. Graded Exposure and Psychological Desensitization

Exposure and psychological desensitization techniques involve gradually increasing exposure to
a feared stimulus over time while minimizing associated anxiety. Typically, systematic desensitization
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entails developing a hierarchy of anxiety-provoking situations ordered from least- to most-feared.
The goal is to encounter the situations safely, without the previously experienced distress, to unlink
them from associated anxiety. The clinician may teach the child to engage in positive coping strategies
(e.g., relaxation) during this desensitization process. Desensitization can also be used to reduce this
pain-avoidance pattern, decrease fear of pain, and help children to re-engage in activities, which can in
turn help to reduce pain [24,65].

3.4. Biobehavioral Relaxation Techniques

Relaxation is widely used in the treatment of chronic pain. Relaxation strategies focus on
acquiring specific skills that can be used to decrease pain perception by promoting a general
sense of physical and psychological well-being. The decreased physiological state of arousal that
results from the practice of different relaxation based strategies may also serve to diminish pain
and its related emotional symptoms. Relaxation approaches include diaphragmatic breathing,
progressive muscle relaxation (PMR), and guided imagery techniques. Hypnosis also relies heavily
on relaxation and has demonstrated benefit, especially for youth with IBS or functional abdominal
pain disorders [21,66]. In a meta-analysis published in 2010, Palermo and colleagues concluded that
relaxation asa stand-alone cognitive-behavioural treatment was effective in reducing pain across
studies of children and adolescents with a variety of chronic pain conditions including headache,
abdominal pain, and fibromyalgia [45]. Typically, however, relaxation strategies are incorporated into
multicomponent interventions.

3.5. Biofeedback/Biofeedback-Assisted Relaxation Training (BART)

Biofeedback is a therapeutic intervention that measures and ‘feeds back’ information about an
individual’s physiological activity (typically indicators of autonomic arousal) to increase awareness
of and control over one’s physiological processes. Biofeedback for pain management typically
incorporates a focus on respiration (pace and depth of breathing), muscle electromyography, peripheral
skin temperature, and blood flow or heart rate variability. The ‘feedback’ can be visual and/or auditory.
Children often find biofeedback engaging and benefit from the concrete, visual aspects of this technique.
While biofeedback is shown to have positive effects on pain severity [45], additional well-designed
studies are needed to compare biofeedback training to placebo conditions to determine whether there
is a potential influence of the novelty of this treatment approach.

3.6. Acceptance-Based Approaches

There is growing evidence that the cognitive practice of acceptance and “staying-in the-moment”
combined with the behavioral approach-based practice of actively engaging in valued activities may
be an important component of treatment for chronic pain. Research on these strategies demonstrates
their effectiveness in adult chronic pain populations [67,68]. At this time, there is a limited but growing
body of literature supporting the application of these skills in children with chronic pain [69].

3.7. Other

A few other treatment modalities including techniques from structural family therapy,
interpersonal therapy [17], coping skills training [14], social learning [37] and problem solving
therapy [70] have been used in the treatment of chronic pain. These have had fewer completed
investigations, but suggest that there may be additional interventions that may offer benefit.

4. New Developments in Evidence-Based Research

4.1. Primary Pain

The first generation of pain treatment interventions almost exclusively focused on
diagnostic-specific populations (e.g., gastrointestinal pain, headache, complex regional pain syndrome.
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Developing interventions that are specific to a presenting pain problem has helped to establish an
important foundation in pain management, ,but in some cases this diagnostic specific focus may
unintentionally obscure opportunities to more broadly address the psychological challenges that
universally impact recovery from chronic pain [71]. In contrast, treating chronic pain as a primary
disorder “promotes the conceptualization of chronic pain as a more generalized nociceptive process
with common functional limitations (e.g., sleep, school function, activity) and emotional correlates
(e.g., fear, worry, hopelessness, helplessness)” [72]. Additionally, a primary pain conceptualization
opens the door for the functional treatment of pain even when a clear biomedical etiology is not
determinable. From an intervention standpoint, conceptualizing pain as a primary disorder means that
interventions have the potential to serve a wide population base, inclusive of various pain disorders.
In the research reviewed, about 30% of the studies included multiple pain populations, suggesting
that viewing pain as a primary disorder may be a viable way to design and evaluate intervention
efficacy. For patients with more entrenched psychological or functional deficits, more comprehensive
interventions may be most effective when they specifically target psychological symptoms—for
example depression, anxiety, avoidance behaviors, family factors, or fear of pain—as opposed to
pain-specific etiologies [71].

4.2. Evaluating Intervention Delivery

With a growing evidence base demonstrating short and long-term benefits for psychological
intervention for pain, developing effective methods for disseminating these skills and interventions to
the millions of children and parents who need them most is part of the new frontier for this line of
research. The historical model of providing 1:1 individualized psychological intervention may not
be the most efficient model of care for pediatric pain for several reasons. First, as chronic pain is a
relatively new area of practice in pediatric psychology, there are too few pediatric psychologists to
meet the demand for intervention. In urban areas, this deficit can contribute to lengthy wait lists for
services and in rural areas there may not be any psychologists available to provide this relatively
specialized area of treatment. Second, while biomedical biases may continue to inhibit engagement in
traditional psychotherapy interventions, novel delivery methods that frame psychological intervention
as a component part of pain treatment or as a way to attain skills or support for a challenging problem,
may help to reduce this bias and increase patients’ view of the intervention as an integrated part of
their care. Third, traditional models of psychotherapeutic intervention commonly require weekly
or bi-weekly in-person visits. Chronic pain treatment can often be very costly and demanding on a
family’s schedule requiring frequent appointments such as physical therapy, occupational therapy,
tutoring, and physician visits. Developing psychological intervention platforms that can effectively
deliver evidence-based treatment in cost, time and resource efficient ways may enhance patient
engagement and outcomes.

4.2.1. Internet and Telehealth

There has been a recent emergence of Internet-based CBT interventions for pediatric pain [73].
Internet-delivered CBT for chronic pain has a number of advantages to traditional treatment
delivery models. It reduces waiting lists and scheduling conflicts, can be self-paced, and minimizes
stigma [74,75]. Moreover, while time-intensive and costly to develop, web-based programs can be
extremely cost and time efficient from a patient care perspective. Web-based protocols have been
found to be a promising way to introduce pain education, thought restructuring, relaxation training,
and other CBT skills. Additionally, some programs can teach parent-based strategies to reinforce
positive coping and improve parent-child communications [22]. Findings of a RCT demonstrate
significant reductions in pain and activity limitations post-treatment, with gains maintained at a
3-month follow-up. Several Internet-based CBT interventions for children with headaches have also
demonstrated reductions in pain and in pain-related negative thinking [19,30].
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Limitations to internet delivery methods include the automated aspects of this approach,
requirement of access to appropriate technology, and in the case of unguided approaches, a lack
of immediate response to individual needs [75]. Moreover, while some interventions have shown
benefit [76,77], other studies have high attrition rates suggesting it can be challenging to engage
children and adolescents via a home-based, self-administered program [19].

Telehealth treatments that can be personalized and delivered into a patient’s home via face-to-face
software programs (e.g., skype), personalized email or individualized phone contacts, has also
received increased attention in the pediatric pain research over the past 10 years. In most cases,
the telehealth portion of an intervention was designed to reinforce skills that were previously taught
via other modalities and to problem solve new situations. As intervention dissemination continues to
expand, additional telehealth, eHealth and mHealth technologies will likely become more available.
Whether these interventions will be sufficient as stand-alone treatments or will alternatively become a
valued adjunct to in-person therapies may also be a focus of future research.

4.2.2. Group Interventions

Group-based CBT interventions have been shown to be cost- and time-efficient and as effective
as individual treatment in numerous studies [28,78]. The group format also promotes psychosocial
support, a particularly salient factor for children with chronic pain who often feel alienated by their
condition [79]. Group therapy programs can also incorporate other family members in treatment
sessions to help modify pain responses within the family environment [40,80]. In the pediatric literature,
group CBT has already demonstrated effectiveness for a variety of pain-related problems such as
irritable bowel syndrome [15], headache [26] and pain-related school absenteeism [28]. The most
common limitations to group treatments include the possibility of missing sessions and therefore only
attaining a partial dose of the interventions. Relatedly, all of the group treatments in this review were
administered in person. Thus, access to group treatment may be a logistical barrier.

4.3. Inclusion of Psychosocial Systems

Overwhelmingly, the research on pediatric pain in the past ten years has incorporated parents
into treatment. This is an excellent example of how the foundation of our evidence- based research
has informed current practice. With strong evidence finding that for all psychological interventions in
pediatric pain, inclusion of parents in the treatment fosters better outcomes, it’s encouraging to see
that the vast majority of newly designed interventions are focused on treating parents. Though almost
70% of the studies we reviewed included parents in their target population, there was tremendous
variability in how parents were integrated into treatment. For example, some studies provided only a
session or partial session of treatment to parents [17], while other studies fully incorporated parents
into all aspects of the treatment [14].

Despite our understanding that other psychosocial systems such as family environments [51,52,81,82]
and schools [55,83–85] can influence a child’s pain and recovery, there remain few interventions
designed to address these broader systems. In our current review, only a single study included siblings,
parents, and peers [40] and no studies directly targeted schools. Part of the challenge may be that these
more contextual environments require more comprehensive models of care that may be considered too
logistically challenging or costly for wider scale clinical implementation. However, given that chronic
pain is among the most common and costly problems for children, evaluating whether or not targeted
modification of these systems may provide significant benefit may ultimately offer cost benefit.

5. Future Directions

Over the last ten years, our increased knowledge of the neurobiology of pain in combination with
a promising research foundation demonstrating that evidenced-based psychological intervention can
offer immediate and long-term benefit to children with chronic pain, has led to more nuanced questions
regarding the dose, application and dissemination of these interventions. For example, the majority of
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interventions have been designed as brief models of care (<8 h), increasing our confidence that positive
outcomes are possible within a relatively short duration and enhancing opportunities to treat more
patients. Effective group treatments similarly enhance opportunities to treat larger numbers of patients
while simultaneously providing social support. Moreover, new models of care including internet and
telehealth assisted delivery, suggest that our current technology affords opportunities to bring these
evidence-based skills and strategies into patients’ homes, eliminating many of the logistical barriers
to treatment.

Even with these advances, intervention research for pediatric chronic pain is still in its relative
infancy and there remain several gaps in our intervention research. For example, our review finds that
many interventions did not clearly specify the duration of treatment, leaving out important details
such as the number of sessions or the length of each session. Without this “dose” information, it can be
difficult to compare efficacy across interventions and challenging to determine how much treatment
might be needed for any particular child or family. The use of a tiered care approach to treatment,
whereby various levels of intervention intensity are recommended based on a child’s particular profile,
may emerge as a useful way to direct care. Thus, the availability of various “doses” of intervention is
highly relevant. In some cases, patients may first be directed through lower levels of intervention with
non-responders proceeding to more intensive interventions, though the use of rapid screening tools
(e.g., Pediatric Pain Screening Tool [86]) may also allow providers to identify patients who, according
to identified risk factors (i.e., functional disability, depression) need to be fast-tracked to higher levels
of intervention (e.g., Intensive Interdisciplinary Rehabilitation Therapy).

Within the current model of care there still remain too many patients who do not seek or
attain any psychological interventions for pain due to biomedical biases [8]. Continuing efforts
to disseminate basic neuro-science education and to arm children and parents with the necessary
skills and strategies early in a child’s experience of chronic pain, or even preventively, remains
a goal for intervention research. Interventions that use non-diagnostic titles such as “The Comfort
Ability” [80], “Web-Map” [76], “Teens Taking Charge” [77] or “Headstrong” [16] may help to reduce
patient bias [87,88]. Additionally, including psychological interventions as an integrated part of an
interdisciplinary treatment program can enhance acceptability. Recent success with social media efforts
to shift public opinion about the management of acute pain in children [89] suggests that beyond our
focus on patient bias, pediatric psychologists may also have a role to play in shifting general public
awareness towards a broader understanding of psychological intervention for managing pediatric
chronic pain.

When patients do demonstrate a willingness to engage in psychological intervention for chronic
pain, we still have too few options available for clinical use. To date, even with the proliferation of
research-based internet programs, there are no web-based protocols available for public use. Moreover,
only a handful of the interventions reviewed over the past ten years are maintained outside the research
arena as ongoing clinical services. Thus, we need to continue to focus efforts on how to effectively
share our knowledge and integrate evidence-based interventions into our current healthcare systems.
Programs such as The Comfort Ability, a one-day CBT workshop for children with pain and their
parents, is one such example. This program, inclusive of leaders’ manuals and patient and parents’
workbooks, is designed as a first-line intervention for pediatric pain. Now actively running at eight
healthcare institutions, it has demonstrated feasibility for transfer to other sites.

While evidence in the field suggests that many patients and parents benefit from first-line
education and intervention, there is also a need to become more specialized in our approach to
intervention for those who have high levels of disability or complex comorbidities. There is a need to
more fully establish a personalized medicine approach, enabling the identification of patient-specific
mood, cognitive, developmental and behavioral patterns that may map onto specialized or tailored
interventions leading to improved long-term pain-related outcomes. Without such efforts, patients may
become frustrated with trial and error approach or even become treatment resistant [71]. One such
example of a specialized approach to care is the “GET Living” intervention, designed to target
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pain-related fear [90]. With past research demonstrating that patients with high pain-related fear
may only partially respond to general CBT [91], more tailored or specialized treatment is warranted
for this patient subgroup. Graded in vivo exposure, a specific cognitive–behavioral technique that is
effective at improving function for individuals with pain-related fear is being evaluated as the hallmark
treatment of GET Living. Though this more intensive treatment is not needed for all pediatric patients
with pain, the specialization of this intervention may provide an important path forward for patients
with pain and high levels of associated fear.

6. Conclusions

In conclusion, pediatric chronic pain intervention research in the past ten years has made
tremendous gains. Collectively there is compelling research demonstrating meaningful gains in
reducing pain severity and improving functional outcomes for many brief, outpatient interventions.
Nevertheless, there remains a continued need to develop interventions that help to diminish biomedical
biases and reduce logistical barriers to care. Moreover, we need sustained efforts in identifying and
developing first-line interventions that have wide-scale applicability as well as more nuanced and
targeted treatment for patients with more psychophysiological complexities. Psychologists must also
consider how to translate our current research initiatives into routine practice for children with chronic
pain. Beyond developing interventions, we must continue to educate patients, providers and the
general public toward a comprehensive understanding of how and why these interventions can foster
adaptive recovery. As our knowledge of the neurobiology of pain continues to expand and we continue
to gain confidence in our intervention research, it will be increasingly possible to effectively implement
and facilitate the adoption of our evidence-based research.
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Abstract: The treatment of young people with chronic pain is a complex endeavor. Many of these
youth do not obtain adequate relief from available interventions. Psychological neuromodulatory
treatments have been shown to have potential benefit for adults with chronic pain. Here, we review
and summarize the available information about the efficacy of three promising psychological
neuromodulatory treatments—neurofeedback, meditation and hypnosis—when provided to young
people with chronic pain. A total of 16 articles were identified and reviewed. The findings from
these studies show that hypnotic treatments are effective in reducing pain intensity for a variety of
pediatric chronic pain problems, although research suggests variability in outcomes as a function of
the specific pain problem treated. There are too few studies evaluating the efficacy of neurofeedback
or meditation training in young people with chronic pain to draw firm conclusions regarding their
efficacy. However, preliminary data indicate that these treatments could potentially have positive
effects on a variety of outcomes (e.g., pain intensity, frequency of pain episodes, physical and
psychological function), at least in the short term. Clinical trials are needed to evaluate the effects
of neurofeedback and meditation training, and research is needed to identify the moderators of
treatment benefits as well as better understand the mechanisms underlying the efficacy of all three
of these treatments. The findings from such research could enhance overall treatment efficacy by:
(1) providing an empirical basis for better patient-treatment matching; and (2) identifying specific
mechanisms that could be targeted with treatment.

Keywords: pediatric chronic pain; psychological neuromodulatory treatments; hypnosis; meditation;
mindfulness; neurofeedback; efficacy

1. Introduction

Pediatric chronic pain is a common problem worldwide. Although the reported prevalence rates
vary as a function of how chronic pain is defined and the reporting period used, the available evidence
indicates that pediatric chronic pain is a serious public health problem: prevalence rates range from
6% to 37% [1–3]. The most common pediatric chronic pain problems are headaches, abdominal pain
and musculoskeletal pain.
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Chronic pain has been defined as “pain without apparent biological value that has persisted
beyond normal tissue healing time” [3]. It is a complex experience resulting from the interaction
of biological, cognitive, emotional, behavioral, and cultural factors. Chronic pain is known to have
significant negative effects on the lives of children and adolescents. For example, research has shown
that young people with chronic pain have more cognitive and emotional problems and pain-related
worries than their peers without pain [4,5]. Young people with chronic pain also experience more sleep
problems [6,7], disability [8,9], impaired social relations [10,11], problems in school function [12,13]
and, in general, poorer perceived quality of life [14,15] than their otherwise healthy peers. Moreover,
the negative effects of chronic pain also extend to others who live with these youth. For example,
family members of children with chronic pain experience more emotional distress, limitations in daily
functioning, and problems in marital and social relationships [16,17] than family members of children
without chronic pain. Chronic pain also has a significant financial cost, including both direct (e.g., cost
of analgesics) and indirect costs (e.g., loss of productivity because one of the parents must stay at home
to care for the youth with chronic pain) [18].

Biomedical treatments, consisting primarily of analgesics, are the most common therapeutic
strategy used to manage pediatric chronic pain. However, even with the most sophisticated biomedical
interventions, many youths continue to experience significant chronic pain and its negative effects [19].
In fact, many of the compounds used in the treatment of pediatric populations with chronic pain have
not been licensed for that particular purpose or for the specific pain indication for which they are used
with youth [20].

Non-pharmacological treatment options are also sometimes offered to children with chronic
pain, although such treatments have traditionally been used as a secondary option (i.e., secondary
to the biomedical approach) or as a “last resort” when biomedical treatments are not found to be
effective [21]. However, the understanding that chronic pain results from the interaction of biological,
emotional, cognitive, behavioral and social factors has led to the promotion of biopsychosocial
interventions that address each of these factors [20,22–24]. Furthermore, with the conceptualization
of pain as a multidimensional and biopsychosocial phenomenon, and the recognition that pain is
ultimately created by the brain (i.e., it is the result of the cortical processing of sensory information in
combination with an individual’s learning history and evaluations of those sensations), there has been
an increased interest in interventions that target brain activity directly to reduce pain and pain-related
suffering—so-called psychological neuromodulatory interventions.

There are a number of psychological neuromodulatory treatments that have demonstrated efficacy
in adults with chronic pain, and there is a growing number of clinical trials evaluating their efficacy in
pediatric populations [25]. The objective of this review paper is to summarize the state of knowledge
about the efficacy of three of these psychological neuromodulatory treatments when used with youth
with chronic pain: neurofeedback, meditation, and hypnosis. In the sections that follow, and for each
of these treatments, we provide a definition and description of the treatment, and then a review of the
available evidence regarding its efficacy in youth with chronic pain. The paper ends with a discussion
of the clinical implications of the findings and potential avenues for future research.

In order to identify the research studies in this area, we searched the PsycINFO, MEDLINE,
PsycARTICLES, Health and Psychosocial Instruments, CINAHL, Scopus and ProQuest Dissertations
and Theses databases from their inception to July 2016, using the search terms “((neurofeedback OR
meditation OR hypnosis) AND chronic pain AND (child* OR adolescent OR infant OR pediatric OR
paediatric OR young OR youth) AND (treatment OR management))”. We focused on empirical articles
that dealt with chronic non-cancer pain. We also identified systematic reviews which would help
to provide the most updated and comprehensive information possible on the topic, both through
the original electronic search and through the reference lists of the identified articles. Studies with
participants up to 21 years of age are included in this review.
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2. Neurofeedback

2.1. Definition and Procedures

Neurofeedback (NF) is a type of biofeedback treatment that provides real-time information to
the patient about his or her brain activity, allowing patients to learn how to directly change this
activity in ways that are thought to be healthier, more efficient, or provide comfort. As stated by the
International Society for Neurofeedback and Research [26], what distinguishes NF from other forms of
biofeedback is its focus on the central nervous system; in particular the brain. The assessment of brain
activity is performed either through Electroencephalography (EEG) or functional Magnetic Resonance
Imaging (fMRI) [25]. The EEG alternative is used much more often because of practical and economic
reasons [25]. No studies have examined the efficacy of fMRI-based biofeedback in youth with chronic
pain. Therefore, in this review, all references to NF are references to EEG biofeedback.

Although there are a variety of NF protocols, they share the same basic procedures, which are
based on operant learning principles [27]. All NF procedures use a Brain Computer Interface; that is,
a communication system between the brain and some external device [28]. Briefly, with NF, one or
more electrodes is/are placed on the patient’s scalp to assess his or her electrical brain activity. The raw
electrical signal (which represents the collective activity of hundreds of thousands of neurons in the
cortex just below the electrode) is digitalized and the amplitudes of activity in specific frequency
bandwidths (e.g., alpha activity, in the 8–12 Hz range) are displayed on the therapist’s monitor.
Depending on the bandwidths that are the target of treatment—usually bandwidths thought to
represent dysfunctional activity—a specific treatment protocol is developed. This protocol is designed
to enhance (or inhibit, as appropriate) the power or amount of specific oscillations in order to achieve
the therapeutic goals (e.g., increase alpha activity to facilitate perceived relaxation, increase beta or
gamma bandwidth activity over the motor cortex to facilitate the inhibition of sensory signals, increase
theta or alpha activity over the sensory cortex to inhibit the processing of sensory information, etc.).

Activity in the targeted bandwidth is then “fed back” to the patient, along with instructions to
increase or decrease that activity. In children, the feedback is often presented as a game. For example,
they are instructed to “fly the rocket” and the software is written to provide the patient with an image
of a flying rocket if and when the brain activity changes or maintains in the direction of the training
criteria established by the therapist. This feedback enables the patient to influence and progressively
change brainwave patterns via operant conditioning [27,29,30]. There are a variety of treatment
protocols that are usually named based on the frequencies they intend to alter (e.g., a “Beta protocol”
would be one aimed at modifying beta oscillations). It can take a relatively long time for brain activity
changes to occur with NF treatment; a full course of NF treatment is normally comprised by 15 to
50 sessions of 20–40 min each [29–31].

Individuals with chronic pain show patterns of EEG activity that differ from those without chronic
pain. For example, Pinheiro and colleagues [32] found that individuals with chronic pain display
increased alpha and theta frequencies at rest, relative to those without chronic pain [32]. NF treatment
for pain usually targets these and other bandwidths in order to: (1) decrease the processing of sensory
information; (2) increase activity in areas of the brain that operate to inhibit sensory information;
and/or (3) increase perceived relaxation [25]. The electrode placement sites used in the treatment of
pain vary, and depend on the specific brain activity patterns thought to underlie a patient’s unique
pain problem. Electrode placement sites often include central and temporal areas of the cortex [33],
but can include as many as 19 different sites in the course of a patient’s treatment program [34].

The typical NF session begins with a 2–3 min resting condition to assess baseline EEG activity,
which is then followed by several training trials spaced by small breaks. During the training trials,
the parameters are set such that one (or more) oscillation bandwidth is reinforced and/or one (or more)
oscillation bandwidth is “inhibited” (i.e., the patient needs to demonstrate a decrease in activity in
that bandwidth in order to receive the reinforcement). For example, in one recent study evaluating the
efficacy of NF to treat chronic neuropathic pain in adults, the investigators reinforced alpha frequency
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bandwidth (8–12 Hz) activity, and inhibited theta (4–8 Hz) and higher beta (20–30 Hz) bandwidth
activity [33]. Reward thresholds are progressively adjusted so that the visual and/or auditory feedback
reward is provided to the patient 60%–70% of the time [29].

2.2. Effects

To the best of our knowledge, only two studies have reported on the effects of NF when used for
the treatment of youth with chronic pain. Although there are a number of studies that have included
adolescents in their samples (e.g., [35,36]), the way in which the data are reported in these studies does
not allow us to evaluate the results separately for the children versus adults. Therefore, they were not
included in this review.

Siniatchkin and colleagues [37] examined the efficacy of Slow Cortical Potentials NF in a very
small sample (n = 10) randomized controlled trial of children with migraine without aura. Participants
in this trial (which included two control groups; see Table 1) were provided visual feedback in
the form of a bar. The protocol was established so that the bar became longer with brain activity
thought associated with increased autonomic muscular tension, and shorter with brain activity thought
associated with increased relaxation (i.e., soothing thoughts and a restful state). The participants in this
study were also asked to pay attention to the thoughts or body sensations that helped them to perform
the task. After 10 sessions provided over an eight-week period, the treatment group showed significant
reductions in the number of days with migraine per month and the duration of migraine episodes;
effects that were not found in the control groups. However, no statistically significant improvements
were found in the treatment group on measures assessing the intensity of the migraine headaches,
the use of headache medications or other migraine-related symptoms.

In a case series (uncontrolled) study, Stokes and Lappin [38] treated 37 patients with migraine with
a combination of NF, passive infrared hemo-encephalography (pIR-HEG), and thermal biofeedback.
Thirteen of the study participants were up to 21 years of age, and here we report the results from this
subset of patients. The treatment consisted of an average of 40 sessions and included an average of
30 frequency-based NF sessions and an average of 10 pIR-HEG or hand-warming biofeedback session
provided over the course of six months. NF training aimed to reduce the amplitude of the frequencies
which were assessed at baseline and determined to be “excessive”; that is, treatment was tailored to
each participant and was not standardized. The use of a combination of treatments as well as the lack
of a control condition does not allow us to determine how much of this benefit was due to the specific
effects of NF treatment, how much was due to the specific effects of the other treatment components,
and how much was due to non-specific effects (e.g., time, outcome expectancies, therapist attention, etc.).

2.3. Conclusions

NF is an intervention still under development and evaluation for chronic pain. Despite some
preliminary encouraging results in adults [25], the lack of controlled trials does not allow us to conclude
that NF is an effective treatment for chronic pain in adolescents and children with chronic pain.
Nevertheless, the two studies identified do provide preliminary evidence indicating the possibility
that NF may benefit young people with chronic pain. Controlled trials are needed to evaluate this
possibility. If found to be effective, research is also needed to: (1) understand which NF treatment
protocols (number of sessions, electrode training sites, oscillations to reinforce and inhibit, necessity
of “booster” treatment sessions, etc.) produce the best results; (2) understand the mechanisms that
explain treatment benefits; and (3) identify the patient factors that predict positive treatment responses.

3. Meditation

3.1. Definition and Procedures

Meditation has been defined as “a family of complex emotional and attentional regulatory
strategies developed for various ends, including the cultivation of well-being and emotional
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balance” [39]. Traditionally, meditation procedures have been classified into two types: focused
attention meditation and open monitoring meditation [39]. Focused attention meditation includes
focusing and sustaining the attention on a specific object (e.g., a flame) or an internally generated image
or sound (e.g., image of a flame or mantra), noting when attention begins to wander from that object,
and then refocusing attention back onto the object. Open monitoring meditation promotes focusing
on and being aware of and accepting without judgment all elements of one’s “present experience”
without purposefully focusing on any one image or object.

Mindfulness, which is a type of monitoring meditation, is the strategy that has been studied the
most in relation to the management of chronic pain in both youths and adults [25]. This procedure
has been defined by Kabat-Zinn [40] as “the awareness that emerges through paying attention on
purpose, in the present moment, and non-judgmentally to the unfolding of experience, moment
by moment”. Three common standardized interventions that include mindfulness practice are:
(1) Mindfulness–Based Stress Reduction (MBSR) [41]; (2) Mindfulness-based Cognitive Therapy
(MBCT) [42]; and (3) Acceptance and Commitment Therapy (ACT) [43].

Mindfulness-based interventions have been described as effective approaches to manage chronic
health conditions in young people [44,45], such as in cancer [46] or depression [47]. There are fewer
studies evaluating the efficacy of mindfulness in pediatric populations with chronic pain than in adult
populations [48,49], although the number of studies using youth samples is growing. In the section
that follows, we focus in the results from studies of mindfulness related interventions when used to
manage chronic pain in pediatric populations.

3.2. Effects

Mindfulness approaches have been recently used with adolescents with chronic pain, either
by using an adaptation of the MBSR program that was original developed for adults [50–52] or as
a part of ACT treatment (although mindfulness training is just one of several treatment components
of ACT) [53,54]. These interventions have all been implemented in a group format. The available
studies have mostly sought to examine the feasibility and acceptability of these treatments; preliminary
efficacy data are only reported in a few cases.

It is difficult to compare the results of the available studies due to methodological differences,
such as the type of study design (case series versus randomized clinical trial), the content of the
mindfulness treatment component, the inclusion of non-mindfulness-based treatment components,
the number of treatment sessions provided, and the amount of time of recommended home meditation
practice (see Table 1 for a detailed description of the studies reviewed here). Generally speaking,
these interventions that include training in mindfulness meditation are well accepted by adolescents
with chronic pain, as reflected by the high attendance rates to sessions and high compliance with
home practice recommendations. For example, 81% of the participants in one study [52] and 75% in
another [50] completed the interventions.

Preliminary results suggest that the MBSR program has significant potential for efficacy
(see Table 1). To the best of our knowledge, the first randomized controlled trial using MBSR with
pediatric populations with chronic pain was conducted by Jastrowski and colleagues [51]. This study
included a very small sample of participants, with four children in a MBSR condition and two in
a psychoeducation group. They found that all six participants, regardless of treatment condition,
reported increases in mindfulness self-efficacy, but they found inconsistent results regarding the other
outcome variables. For example, only three of the participants (two in the mindfulness condition
and one in the psychoeducation condition) reported improvements on the total score of a measure
assessing physical, emotional, social, and school function.

Two additional studies have adapted the MBSR to be used with adolescents. In one of these studies,
Hesse and colleagues [50] conducted a case series study with 20 adolescents with recurrent headache.
After eight weeks of treatment, the participants reported a reduction in depressive symptoms and
an increase in “pain willingness”; that is, an increase in the belief that pain control is not as important
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as other life goals. However, no significant pre- to post-treatment differences were found in the other
outcome domains, including disability, or anxiety or physical, emotional, social, and school function.

Ruskin and colleagues [52] also adapted MBRS treatment for adolescents with chronic pain
and implemented it in a sample of 16 adolescents with a variety of chronic pain conditions
(e.g., musculoskeletal pain, abdominal pain). At the end of the treatment, the study participants
reported that the treatment helped them to cope better with their pain and to manage their emotions.
These results were based on qualitative interviews with the small number of participants who
completed the whole program and the assessment at follow-up (see Table 1 for additional details).

Mindfulness techniques have also been used with adolescents with chronic pain as a component
of an ACT program [53,54]. Gauntlett-Gilbert and colleagues [53] used a case series study to evaluate
changes that occurred following an ACT residential pain management program in a sample of
98 adolescents with chronic pain. The results showed pre- to post-treatment improvements in
most of the outcome variables, such as, physical and social disability, pain-related anxiety or pain
acceptance, which were maintained for the most part, at the three-month follow-up (see Table 1 for
detailed information).

In a more recent study, Martin and colleagues [54] examined changes in outcomes following three
two-hour sessions over two days of ACT treatment, which included a number of mindful procedures
such as mindful breathing, in a sample of 10 adolescents with neurofibromatosis type 1 and chronic
pain. After completion of treatment, the study participants reported significant reductions in pain
intensity and pain interference, which maintained at the three-month follow-up assessment point.
However, no significant pre- to post-treatment improvements were observed in other outcomes such
as pain acceptance, anxiety, and depression.

3.3. Conclusions

Taken as a whole, the findings from research on meditation approaches when used with young
people with chronic pain support their feasibility and acceptability. However, data regarding the
efficacy of this treatment approach are almost non-existent. The preliminary uncontrolled findings
suggest the possibility that mindfulness may help adolescents with chronic pain to improve some
(but not all) quality of life domains, including functional status. However, there remain significant
methodological limitations that should be addressed in future research. One noteworthy limitation,
common for most of the studies, is the small sample sizes. Another related limitation is the quality
of the study design. Only one randomized controlled trial has been published [51], but this study
was conducted with an extremely small sample, severely limiting the conclusions that can be drawn
from the findings. In addition, in many of the studies performed to date, mindfulness training is just
one component of a multi-component treatment “package” (e.g., ACT). While it might be argued that
the MBSR is at its core a mindfulness training program, we were only able to identify three studies
that examined the effects of MBSR (see Table 1). Two of these were case series studies and one was
a randomized trial with very few (n = 6) subjects. Thus, there is a need for more studies to examine
the specific effects of training in mindfulness practice. Furthermore, studies using other meditation
procedures, like focused attention meditation, are also needed.

Moreover, the field still needs to reach a consensus regarding how best to adapt mindfulness-based
interventions for young people with chronic pain. For example, it would be important to establish
the number of sessions needed to maximize any benefits, as well as the number of home-practice
hours needed in order to assimilate and integrate the meditation practice into the lives of these youth.
In addition, research is also needed to identify the person variables, both internal and external personal
characteristics, that facilitate the acquisition of knowledge and skills required in meditation practice.
Furthermore, the current research is also limited by the use of participants who are 10 years old or
older; future research is needed to evaluate the feasibility and efficacy of meditation practices in
children younger than 10 years old.

249



Children 2016, 3, 41

4. Hypnosis

4.1. Definition and Procedures

Division 30 of the American Psychological Association (APA) defines hypnosis as a “State
of consciousness involving focused attention and reduced peripheral awareness characterized by
an enhanced capacity for response to suggestion” [55]. Hypnotic procedures usually start with
a hypnotic “induction” (thought to increase the patient’s response to suggestions), followed by specific
suggestions that target the presenting problem. A hypnotic induction can include a number of
strategies (e.g., suggestions for relaxation, counting methods) [56,57]. In pediatric chronic pain it is
common to use relaxation and/or imagery as induction techniques [58].

In the context of pain management, a typical hypnotic protocol can include suggestions for greater
comfort or for coping more adequately with pain, ranging, for example, from direct instructions
(e.g., “You are noticing where in the body you feel the greatest comfort, and can allow this sense of comfort
to expand . . . ”) to metaphors (e.g., “You might visualize any uncomfortable sensations as an image or
object, such as a fire or tightly knotted rope,... and now notice how that object changes and as you notice
these changes, your experience changes... becoming more and more comfortable”), to general comfort
images (e.g., “ . . . floating like a big comfortable cloud”) or specific suggestions for the problem that
is being addressed (e.g., for abdominal pain it can be suggested to patients to “Feel your hands as
warm and place both hands on your abdomen, imagining the warmth spreading into and throughout the
abdomen . . . ”) [25,58,59]. Treatment also often includes post-hypnotic suggestions given at the end of
the hypnotic sessions which are designed to maintain and extend the therapeutic benefits achieved
during the sessions into the patient’s daily life. Often, patients are given an audio recording of the
sessions to facilitate home practice [58,60].

4.2. Effects

Previous reviews summarizing the findings from randomized controlled trials (RCTs) [58,59],
and case studies and non-controlled studies [61], have shown the positive effects of hypnosis when
used in the treatment of youth with chronic pain. Most studies for chronic non-cancer related pain have
been conducted in samples if children with headache or functional abdominal pain. The results are
generally positive, either as presented in uncontrolled case series studies using hypnosis only [62–64]
or in combination with other treatments such as acupuncture [65]. The most consistent beneficial
effects are found for pain intensity [66–68] and pain frequency [67–69] in samples of children with
abdominal pain. These benefits maintain at up to five-year follow-up (see a description of reviewed
studies in Table 1) [68].

However, the findings are not as consistently positive in samples of young people with headache.
For example, Olness and colleagues [70] found that a hypnotic protocol consisting of standard
progressive relaxation exercise, imagery and hypnotic suggestions (e.g., hand anesthesia) significantly
reduced the number of headaches but did not decrease headache pain intensity. Positive effects in
controlled studies have been also found in samples of children with abdominal pain, in the reduction
of disability [66] and school absenteeism [69], although not all studies have reported significant effects
on absenteeism [66–68].
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4.3. Conclusions

On the basis of the available research, summarized here, it appears that the use of hypnosis
for the management of pediatric chronic pain is promising, although its efficacy also appears
to vary as a function of the pain condition studied. For example, the efficacy of hypnosis as
a treatment for youth with chronic abdominal pain has strong research support whereas its use
in the management of headaches only has modest support (based on the criteria proposed by the
Society of Clinical Psychology, Division 12 of the American Psychological Association [71], recently
updated, see https://www.div12.org/faq/). There are a variety of hypnotic strategies available which
can target a variety of outcomes and mechanisms. However, there is not yet any evidence regarding
which protocols are most effective for whom and under what circumstances. There is a general belief,
however, that treatment should be tailored to the age of the patient for best results [72].

Future research is needed to identify which hypnosis treatment protocols are most effective,
and if the efficacy of protocols are moderated by type of pain and age of the patient or other
factors. In addition, many investigators and clinicians have expressed the belief that hypnotic
suggestions should target the multidimensional experience and effects of pain, including pain intensity,
psychological distress (e.g., anxiety), maladaptive thoughts (e.g., catastrophizing), as well as other
domains known to be influenced by pain, such as analgesic intake and sleep quality [73–75]. Research
is needed to evaluate this assumption, and to identify which outcome domains are most responsive to
hypnotic treatment.

5. Conclusions and General Discussion

The results from this review indicate that psychological neuromodulatory treatments are
promising treatments for young people with chronic pain. However, there are more findings supporting
the efficacy of hypnosis—in particular for chronic abdominal pain—than for either neurofeedback
or meditation. In this review, we limited our focus to non-cancer chronic pain-related problems.
However, the conclusions from this review—at least those conclusions with respect to the efficacy
of hypnosis—are consistent with those from reviews of studies in youth with cancer-related pain
(e.g., [58,76]), providing even more support for the efficacy of hypnosis. An additional finding
supporting the use of hypnosis for chronic pain in youth—even as a potential “first line treatment”—is
its side effect profile; that is, the benefits noted appear to occur in the absence of any significant
negative side effects, other than perhaps the effort and time it takes to learn the self-hypnosis skills
taught [58].

Not all patients benefit from hypnotic treatment, however. For example, the rates of children who
benefited from hypnosis as reported in the studies reviewed here ranged from 67% to 96% (see Table 1).
Moreover, we still do not understand the factors that predict outcome. We still do not know for
whom hypnotic treatment works best, and which of the many possible hypnotic protocols produce
the most benefit. There is a belief among those who are not familiar with hypnosis research that trait
hypnotizability predicts response to hypnosis treatment. However, while the association between
measures of hypnotizability and hypnosis treatment in adults tends to be positive, the strength of
those associations also tends to be weak [77]; high levels of trait hypnotizability do not appear to be
necessary to obtain benefits from hypnotic treatments. On the other hand, there is some evidence that
adult patients with neuropathic pain may respond better to hypnosis treatment than patients with
non-neuropathic chronic pain conditions [25]. However, the generalizability of this finding to children
is not known. In short, even as the field continues to evaluate the efficacy of hypnosis for chronic pain
conditions in youth, there is also a need to better understand the mechanisms and moderators of the
treatment benefits that are found.

With respect to mindfulness meditation and NF in pediatric populations with chronic pain, there
are too few clinical trials to be able to draw firm conclusions regarding efficacy. Preliminary data
indicate that these treatments are well tolerated, and may be associated with improvements in some
important pain outcome variables (e.g., pain intensity, frequency of pain episodes, well-being, physical
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function) in some populations. However, the long-term benefits of these treatments are not known.
Critically, there is a lack of adequately designed randomized clinical trials evaluating the specific
effects of these treatments. On the other hand, the side effect profiles of these treatments are positive;
studies about meditation and NF do not report many (if any) significant negative effects associated to
these treatments.

An additional important advantage of all of these psychological neuromodulatory treatments is
that they promote and reinforce self-efficacy and encourage self-care. However, these advantages need
to be weighed against the fact that these treatments require the involvement and motivation of the
patient. Another disadvantage of NF treatment specifically is that it requires many sessions (as many
as 40 or more) and special equipment, both of which increase the cost of this intervention.

We are far from having an adequate level of evidence to provide strong recommendations that
hypnosis, NF, and training in meditation should be offered to all youth with chronic pain. However,
the preliminary evidence reviewed here is promising, and supports the idea that additional studies
about the efficacy of psychological neuromodulatory treatments are warranted. These future studies
should include larger samples, use more robust methodologies (i.e., randomized controlled trials),
and use manualized (i.e., standardized) interventions to develop an empirical foundation from which
to make informed decisions about which treatment(s) should be offered to which patient(s). Ideally,
these studies would be conducted in samples of children with a variety of chronic pain problems.
For example, although we can conclude based on the available evidence that hypnotic treatment is
efficacious for the management of chronic abdominal pain and has moderate evidence in relation to
chronic headaches, studies in other chronic pain problems are needed.

Moreover, future research is needed to expand the criteria used to assess the efficacy of these
treatments from a focus on pain-related domains (intensity, frequency or duration) to measures
of function. The Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(PedIMMPACT; [78]) recommended a group of common outcome domains and measures for clinical
trials, and it would be useful if all those future trials include as many as these domains as possible
(i.e., pain intensity, global judgment of satisfaction with treatment, symptoms and adverse events,
physical functioning, emotional functioning, role functioning, sleep, and economic factors).

As research in this area expands, and more is known regarding the efficacy and mechanisms of
hypnosis, NF, and meditation training and practice in youths with chronic pain, we anticipate that
it will provide the necessarily empirical basis for making treatment decisions and recommendations.
This should increase the treatment options available to children, which will ultimately result in
an improvement in the comfort and overall quality of life of these individuals.
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Abstract: Children and adolescents with highly disabling chronic pain of high intensity and frequency
are admitted to specialized pain rehabilitation programs. Some barriers to obtaining this specialized
care include a lack of availability of treatment centers, a perceived social stigma and individual
barriers such as socioeconomic status. Specialized rehabilitation programs for severe disabling chronic
pain worldwide have similarities regarding admission criteria, structure and therapeutic orientation.
They differ, however, regarding their exclusion criteria and program descriptions. The short- and
long-term effectiveness of some rehabilitation programs is well documented. All countries should
promote the establishment of future pediatric pain centers to improve the health care of children
and adolescents suffering from severe chronic pain. Standardized reporting guidelines should be
developed to describe treatments and outcomes to enable comparability across treatment centers.

Keywords: chronic pain; indication; rehabilitation programs; specialized pain treatment;
pediatric; effectiveness

1. Introduction

Approximately 3% to 5% of children and adolescents experience strong negative consequences of
chronic pain [1]. They miss a significant amount of school and experience a decline in their grades,
a considerable reduction in their quality of life and psychological distress [1–5]. The long-term
prognosis of these children and adolescents is poor. Without effective treatment, their chronic pain is
likely to continue into adulthood [6–8]. This process of chronification can potentially be interrupted
with specialized pain treatments. However, not all children and adolescents seek treatment when they
suffer recurrent pain [9,10]. One important and very robust predictor of health care utilization is high
pain-related disability [1,10–12]. Additional factors associated with health care utilization include pain
characteristics, such as high pain frequency or high pain intensity [1,10–12].

In many health care systems, the first point of contact is typically primary care, with subsequent
referrals to secondary or tertiary care [13,14]. However, some health care systems, e.g., those in the
USA, do not follow this structured approach; in these types of settings, patients may self-refer and
enter the system at any level [13]. Some of the children and adolescents who visit a primary care
physician for recurrent or constant functional pain are referred to specialized pain treatment centers,
while many patients are (mistakenly) referred to other specialists such as rheumatologists, neurologists,
gastroenterologists or orthopedic surgeons [11,15–17]. Before presenting to specialized pediatric
pain treatment centers, patients undergo a substantial number of medical visits and pain-related
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hospital stays [2,11,17,18]. Furthermore, other barriers to accessing specialized pain care exist, such as
availability of care [19–21] and socioeconomic status [19,20]. A lack of understanding in society
and among friends, family or even primary care physicians due to the invisible nature of pain
may also present a barrier to specialized care [22]. In addition, the perceived stigma associated
with psychological therapy can prevent patients from seeking specialized care with a psychological
focus [22,23], especially if the patients believe that their problem is a physical one [23]. Pain location
can represent a barrier to accessing specialized care as well, as not all pediatric pain programs treat all
types of pain.

Specialized pain care provides treatment options with different levels of intensity. For patients
with a moderate level of functional and emotional impairment, outpatient chronic pain treatment with
limited intensity may be sufficient [24–27]. For severely disabled children and adolescents with chronic
pain, an intensive specialized rehabilitation program is indicated. Figure 1 displays the usual course of
health care utilization due to chronic pain.

Figure 1. Usual course of health care utilization due to chronic pain. § e.g., rheumatologists,
neurologists, gastroenterologists, orthopedic surgeon. a e.g., [1,10–12]; b e.g., [11,15–17]; c e.g., [19–21];
d e.g., [19,20]; e e.g., [26]; f e.g., [25–27]; g e.g., [28].

Currently, there are specialized pediatric pain centers in many countries around the world.
According to the International Association for the Study of Pain [29], specialized pain clinics are
characterized by the concurrent efforts of an interdisciplinary clinical team that is able to treat any
type of pain disorder. The patient-centered treatment provided in these clinics is based on the best
available evidence, and these clinics implement quality improvement efforts, for example, by routinely
monitoring patient characteristics and outcomes (see [30] for an example of a successful implementation
of such methods). Specialized pain centers also engage in research and academic teaching. According
to the bio-psycho-social model of chronic pain, chronic pain treatment should always include medical,
psychological and social treatment methods. There are pain clinics that specialize in only one pain
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disorder but fulfill all of the other criteria defined by the IASP. The American Pain Society additionally
defined parent inclusion and school reintegration as particular requirements of specialized pediatric
pain treatment [31]. The overall goal of pediatric chronic pain treatment is to assume an active
self-management approach in coping with pain [32,33] and to enable age-appropriate daily activities
despite pain [33–35].

In this review, we focus on specialized pain rehabilitation programs in particular and do not
address specialized outpatient treatment. A recent systematic review showed strong positive results
regarding the short-term effectiveness of specialized pain rehabilitation programs [36]. Here, we aim
to provide a comprehensive overview of existing pain rehabilitation programs, their structure and
their short- and long-term effectiveness. First, we present the criteria that suggest that intensive
pain treatment is indicated. Second, we take an international perspective on the structure and
the components of different pain rehabilitation programs worldwide to note their differences and
similarities. Third, we provide a summary of the results regarding short- and long-term outcomes
of pain rehabilitation programs. With the results presented in this review, we aim to promote the
development of further specialized pain programs, to place single programs within a larger context
and to advance global networking.

2. Method

We conducted a literature search based on a recent systematic review of intensive interdisciplinary
pain treatment [36] initiated by our research group. This published systematic review integrated
results from ten studies and had a strong focus on the outcomes of chronic pain treatment. In this
review, we concentrated more on providing a comprehensive description of existing specialized
rehabilitation programs and therefore further included referenced studies that were excluded from the
systematic review, for example due to overlapping samples [25,37–42]. Additionally, we identified five
more recent studies on this topic through a nonsystematic search in Medical Literature Analysis and
Retrieval System Online (MEDLINE) and by conducting a manual search [16,28,34,43–45]. Overall,
information about nine different rehabilitation programs from the USA, the UK, Australia and
Germany was available. We extracted information from the included studies concerning the admission
criteria of the rehabilitation programs and their structure, therapeutic orientation and treatment
components. We further extracted information regarding outcomes according to the core outcome
domains listed in the Pediatric Initiative on Methods, Measurement, and Pain Assessment in Clinical
Trials (PedIMMPACT) recommendations [46].

3. Results

3.1. Indications for Specialized Rehabilitation Programs

The criteria for admission to specialized rehabilitation centers vary slightly between the
rehabilitation programs worldwide. The inclusion criteria showed considerable similarities.
Most programs agree that the most important criteria is for the pain to be persistent with a high intensity
for at least three months [33,35,47] and for children and adolescents to be severely impaired by the
pain in daily activities such as school attendance, sports or leisure activities [32,33,35,47–49]. As family
environment may be an important factor in the development or maintenance of pain, patients’ and
their parents’ motivation for and compliance with treatments are important requirements [35,47–49].
In addition, failure of prior outpatient treatment is often mentioned as a necessary admission
criterion [32,47,49]. This factor is important for avoiding overtreatment. The exclusion criteria vary
widely between the rehabilitation programs. Patients with specific psychiatric needs requiring further
treatment are often excluded [32,35,49], as are patients requiring further medical assessments [33,35]
and patients with a medical pathology/underlying disease [32,48] or a malignant disease [47,48].
If other effective medical options are available, this can also be an exclusion criteria [48]. Table 1

269



Children 2016, 3, 33

provides an overview of the criteria for the different rehabilitation programs introduced in
the literature.

Table 1. Admission criteria for specialized rehabilitation programs.

Criteria Specialized Rehabilitation Programs

Inclusion
AUS UK UK GER USA USA USA USA USA

1 2 3 4 5 6 7 8 9

Pain for more than 3 months x x x
High pain-related disability x x x x x x

Patient and parent motivation x x x x
Failure of outpatient treatment x x x

Exclusion 1 2 3 4 5 6 7 8 9

Psychiatric needs x x x
Further assessment required x x

Medical pathology/underlying disease x x
Active malignant disease x x
Effective medical options x

Only criteria explicitly reported in the literature are included for each rehabilitation program, i.e., a missing “x”
does not mean that this criterion does not apply to this rehabilitation program, but that it is not reported in
the literature; 1: Melbourne, AUS [50]; 2: Bath, UK [35]; 3: Bath, UK [48]; 4: Datteln, GER [41,45,47]; 5: Boston,
MA, USA [32,51]; 6: Baltimore, MD, USA [49]; 7: Rochester, MN, USA [33]; 8: Cleveland, OH, USA [34,43];
9: Philadelphia, PA, USA [28].

3.2. Treatment Components of Specialized Rehabilitation Programs

Specialized rehabilitation includes inpatient chronic pain treatment and intensive day-hospital
approaches [36]. Most of these programs treat all types of pain disorders, although some specialize only
in musculoskeletal pain [28,32]. Similar to the admission criteria described above, the rehabilitation
programs vary slightly around the world; however, they agree on a number of core contents and
structures. These programs mainly include operant and cognitive behavioral techniques, as well as
some acceptance and commitment therapy-based approaches, and they consist of a number of different
medical, psychological and social modules delivered by interdisciplinary teams [28,32–35,41,48–50].
The psychotherapy contents are mainly delivered in one-on-one sessions, but they are also delivered
in group or family sessions [28,32–34,41]. Treatment typically lasts three weeks, with approximately
eight hours of treatment per day, whether in inpatient or day-hospital treatment settings [32–34,41,48].

One important rehabilitation module is chronic pain education [16,35,41,49], i.e., informing
patients about the bio-psycho-social model of chronic pain, the possible etiological causes and
factors associated with the maintenance of pain, the consequences of inactivity and the benefit
of activity despite pain. Regarding pain management, various strategies are taught, such as
relaxation techniques [32–34,41,49,50], attention defocusing techniques [33,41,49], imagery [32,41,43,49],
active daily structures [28,32–35,41,48–50], stress management [32,33,45,49] and problem-solving
activities [32,43,49]. Physical therapy [28,32–35,41,48–50], biofeedback [32,33,45,49] and therapy for
psychological comorbidities [33,41] such as depression or anxiety are also included in rehabilitation.
In family sessions, parents actively participate in the treatment [28,32–35,41,48,49]; they are informed
about how to support their children or adolescents in active pain management and how to avoid
reinforcing inappropriate pain behavior. In addition, familial stress factors can be identified and
worked on with the parents. Some programs also incorporate parent-only sessions [28,33,35,48].
Medical interventions include providing medical examinations [32,34,41,49] and tapering off or
changing medications [28,33,41,49,50] if necessary and appropriate. Further treatment components
incorporated by some of the programs address occupational therapy [28,32–35,41,49], recreational
therapy [16,33,49], acupuncture/acupressure [34,49,50], diet [33,34], sleep hygiene [33,44,49], music
therapy [28,41,43] and art therapy [16,28,41]. In some programs, the patients also attend some
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type of hospital school program [32,34,47]. To consolidate treatment strategies, the treatment plans
incorporate therapeutic homework and practice [32,35,47]. Relapse prevention is an important part of
therapy [32,34,41,49]. This stage is composed of stress tests, reintegration into the patient’s home and
school routine, and arrangement of outpatient psychotherapy.

Some of the rehabilitation programs offer follow-up care, in which the patient’s status and goal
attainment are evaluated and treatment is resumed if necessary [24,49,51]. Table 2 provides an overview
of the different rehabilitation programs and their specific components. Only components reported by
two or more programs in the literature are included.

Table 2. Structural and therapeutic components of the specialized rehabilitation programs.

Components Specialized Rehabilitation Programs

AUS UK UK GER USA USA USA USA USA

Structure 1 2 3 4 5 6 7 8 9

Inpatient x x x x x
Day-hospital x x x x x x

Interdisciplinary team x x x x x x x x x

Psychotherapy Approach 1 2 3 4 5 6 7 8 9

Operant and cognitive behavioral therapy x x x x x x x x x
Acceptance and commitment therapy x x x

Medical Interventions 1 2 3 4 5 6 7 8 9

Medication x x x x x
Medical examination x x x x

Physical therapy x x x x x x x x x
Biofeedback x x x x

Psychological Interventions 1 2 3 4 5 6 7 8 9

Education x x x x
Relaxation techniques x x x x x x
Attention defocusing x x x

Imagery x x x x
Active daily structure x x x x x x x x x

Stress management x x x x
Problem-solving x x x

Addressing psychological comorbidities x x

Social Interventions 1 2 3 4 5 6 7 8 9

Family sessions x x x x x x x x
Parent-only sessions x x x x x
School reintegration x x x x x

Patient group sessions x x x x x

Other 1 2 3 4 5 6 7 8 9

Occupational therapy x x x x x x x
Recreational therapy x x x

Hospital school program x x x
Acupressure/acupuncture x x x

Diet x x
Sleep hygiene x x x
Music therapy x x x

Art therapy x x x
Therapeutic homework and practicing x x x

Relapse prevention x x x x
Follow-up care x x x

Only components explicitly reported in the literature for two or more rehabilitation programs are included in
this table, i.e., a missing “x” does not mean that this component is not included in this rehabilitation program,
but that it is not reported in the literature; 1: Melbourne, AUS [50]; 2: Bath, UK [35]; 3: Bath, UK [48]; 4: Datteln,
GER [41,45,47]; 5: Boston, MA, USA [32,44,51]; 6: Baltimore, MD, USA [49]; 7: Rochester, MN, USA [33];
8: Cleveland, OH, USA [16,34,43]; 9: Philadelphia, PA, USA [28].
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3.3. Outcomes of Specialized Rehabilitation Programs

A recent systematic review of rehabilitation programs integrated the results of ten studies
regarding the short-term effectiveness two to six months after treatment [36]. We complement these
results with more recent studies and with long-term outcomes. The results are presented according to
the core outcome domains from the PedIMMPACT recommendations [46].

• Pain intensity. The systematic review showed large short-term reductions in pain intensity [36].
More recent studies confirm these short-term reductions in pain intensity [28,34,43]. Several
studies also provide evidence for long-term reductions (12 to 24–42 months after treatment) of
pain intensity [16,28,34,47,52,53].

• Satisfaction with treatment, symptoms and adverse events. None of the studies
investigated satisfaction with treatment or treatment-emergent symptoms and adverse events as
outcome measures.

• Physical functioning. There was a large effect for the reduction of pain-related disability
described in the systematic review [36]. Significant short-term effects were also found in more
recent studies [28,43]. Studies also reported positive long-term effects (12 months after treatment)
of rehabilitation programs on pain-related disability [28,47,52,53].

• Emotional functioning. The systematic review revealed a moderate effect for reduction in
general anxiety, a large effect for reduction in pain-specific fear and a small to moderate effect
for the reduction in depressive symptoms [36]. Benore et al. [43] replicated the short-term
effects of specialized rehabilitation programs on general anxiety and on pain-specific anxiety.
Sherry et al. [28] found positive short-term effects on emotional functioning that remained stable
up to one year after treatment. Two more studies reported significant long-term reductions
(12 months after treatment) in anxiety and depression [52,53].

• Role functioning. According to the systematic review, school attendance as the recommended
measure of role functioning [46] was significantly improved by intensive treatment with moderate
to large effect sizes [36]. Recent studies replicated these short-term effects [28,34,43]. Several
studies further supported the long-term effectiveness (12 to 24–42 months after treatment) of
intensive pain treatment on reducing school absence [28,34,47,52,53].

• Sleep. Only three studies used sleep as an outcome measure. All reported improvements in sleep
disturbances [44,49,50]. One study further found stable short-term improvements in sleep onset
delay, sleep duration, night waking and daytime sleepiness and an overall reduction in the use
of sleep medication [44]. However, these results were based on self-report and not on validated
objective measures such as actigraphy or sleep recording [46].

• Economic factors. A small number of studies investigated the economic effects of intensive
pain treatment in terms of health care utilization and indirect costs. Significant reductions
were found for health care utilization, in both the short and long term (12 to 24–42 month after
treatment) [16,34,48,52]. Indirect costs, such as lost work days [16,34,52] and parental subjective
financial burden [52], also showed significant reductions. Evans et al. [16] concluded that chronic
pain rehabilitation is a cost-effective treatment for pediatric chronic pain.

• Regarding moderators of treatment outcome, the results indicated that sex [38,47], fear of
pain [51], pretreatment functional impairment [53], psychological comorbidities [43,53], sleep
habits [44] and patients’ readiness to self-manage pain [37] were associated with treatment
outcomes. Poorer treatment outcomes were associated with female sex [38,47], high levels of fear
of pain [51], low levels of school absence before treatment [53] and high levels of anxiety and
depression [53]. Furthermore, decreases in anxiety [43], increases in readiness to self-manage
pain [37] and improvements in sleep habits, such as sleep duration, night-waking or sleep onset,
showed associations with better treatment outcomes [44].
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4. Discussion

In this review, we aimed to provide a summary of the published specialized rehabilitation
programs around the world regarding their admission criteria, treatment components and outcomes.
Specialized rehabilitation programs for chronic pain in children and adolescents seem to have certain
similarities around the world and have proven to be effective in treating disabling chronic pain
disorders. There are many similarities regarding the admission criteria for specialized rehabilitation
programs, of which pain-related disability and patient and parent motivation seem to be the most
important. The different programs around the world also showed substantial similarities in structure,
therapeutic orientation and individual components. All programs consist of an interdisciplinary team
and include operant and cognitive-behavioral therapy, physical therapy and an active daily structure.
Most of the programs address medications, use relaxation techniques and occupation therapy and
have family sessions as an integral component of the treatment. The results for most of the outcome
domains are comparable across all studies and indicate high short- and long-term effectiveness of
specialized rehabilitation programs in pain intensity and physical, school and emotional functioning.
There are, however, outcome domains, such as sleep and economic factors, for which the conclusions
are rather preliminary. None of the studies investigated satisfaction with treatment or symptoms and
adverse events.

4.1. Indications for Specialized Rehabilitation Programs

Three rehabilitation programs did not provide admission criteria. The other rehabilitation
programs differed mainly in their exclusion criteria. There are large differences regarding medical
issues, for example, whether patients with an underlying or active malignant disease are excluded.
Furthermore, some programs include children and adolescents with psychiatric comorbidities, while
others do not. This difference accounts for certain differences in treatment components. Programs
that include children and adolescents with comorbidities need to be more intensive, especially
concerning psychological interventions and the need to treat these comorbidities. These different
exclusion criteria may further impede the comparability of the rehabilitation program outcomes,
since psychological comorbidities are a risk factor for treatment failure [53]. Programs that exclude
patients with comorbidities may achieve larger effects in pain-related outcome domains. Therefore,
it is important that all specialized rehabilitation programs report their admission criteria to ensure that
the outcomes can be interpreted accordingly.

4.2. Treatment Components of Specialized Rehabilitation Programs

Despite the considerable similarities between the program components, it is difficult to compare
the rehabilitation programs due to the way they are described in the literature. Some programs are
described in abundant detail, while others lack basic information. The descriptions of many programs
are not comprehensive. Therefore, the overview of structural and therapeutic components in this
review may not be considered absolute, and more similarities or even further components could
arise from a more detailed and standardized description of the programs. The medical components,
for example, may be considered obvious by most authors, which may be one reason why not all
programs reported ongoing medical examinations. In addition, physicians are responsible for a
large part of the education process to reduce the somatic fixation of the patients, and although this
was not reported, it is likely an important module of most rehabilitation programs. A standardized
method of reporting treatments and treatment components is desirable for investigating the similarities
and differences between programs. We recommend including a detailed description in at least one
publication per rehabilitation program of the characteristics outlined in Table 2, i.e., the structure,
psychotherapy approach and the medical, psychological, social and other interventions. For the
medical, psychological, social and other interventions, components that are essential and usually
implemented should be reported.
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In addition to the differences in the components, differences between the programs could
arise from the interdisciplinary team (e.g., composition, professional qualifications) or from the
standardization of therapy. This information is essential and needs to be reported because a description
of the components alone may not capture the core aspects of treatment. Although the rehabilitation
programs can be disassembled into separate components, these components are not meant to be simply
checked off to create an effective treatment. The effectiveness may instead arise from non-linear effects
resulting from the strong interactions within the interdisciplinary team and from interactions between
the team, the parents and the patients. These mechanisms need to be studied to precisely understand
the drivers of program effectiveness to improve and strengthen existing pain centers and establish
new ones.

4.3. Outcomes of Specialized Rehabilitation Programs

Though the short-term effectiveness of specialized rehabilitation programs has largely been
demonstrated, reliable evidence regarding the long-term effectiveness over several years is lacking.
One problem that arises in longitudinal clinical studies of complex interventions involves the inclusion
of an appropriate control group. It is not ethically acceptable to deny severely disabled pediatric
patients an effective treatment for such a long time or to provide a treatment that is clearly less
effective. Randomized controlled trials (RCTs) have been conducted on psychological interventions,
i.e., a subset of components of the rehabilitation programs [54,55], and one RCT has even been
conducted on an entire program using a waiting-list control design [52]. However, this design only
allows for short-term conclusions regarding efficacy. These RCTs have certainly contributed to good
progress in the field, but there remains a need for more and stronger evidence, especially concerning
long-term outcomes. One Dutch study conducted a ten-year follow-up of young adults who had
received inpatient rehabilitation for chronic pain or fatigue at one of five rehabilitation centers and
found that the majority of these former pediatric patients had a paid job and a moderate to good
health-related quality of life [56]. However, their quality of life was somewhat lower than that of the
normal population. Further long-term studies similar to the Dutch analysis are needed. Additionally,
reliable evidence regarding the moderators of treatment is also needed. The existing results should be
interpreted with caution due to the comparatively small sample sizes. Hirschfeld et al. [12] showed, that
in regression analyses, reliable results can only be achieved with samples of several hundred patients.
Such large samples require an extremely long recruitment period or a multicenter data collection
process. Collaborative multicenter data collection for complex data analyses and the comparability of
effectiveness of different rehabilitation programs are important areas for future research. Multicenter
studies also require that comparable treatments be used at each center. Currently, this cannot be
assumed, despite a certain overlap across treatment sites.

Regarding the comparability of effectiveness, an important issue concerns the outcome measures
used to indicate effectiveness. In 2008, McGrath et al. defined the PedIMMPACT recommendations
for the core outcome domains and measures for pediatric acute and chronic/recurrent pain clinical
trials [46]. The aim of these recommendations was to standardize the outcome domains and measures
assessed in studies to facilitate their comparability and interpretation. However, not all studies adhere
to these recommendations. There are, for example, huge differences in assessing pain intensity in the
studies mentioned above. Although it is one of the core outcome domains, some studies do not report
pain intensity [25,49]. Furthermore, some studies report pain intensity in the present moment [28,32,33],
while others report pain intensity in the last 24 h [34], the last seven days [35,47,48], or the last four
weeks [24]. Thus, the time period varies greatly between studies. For chronic pain, short time periods
are not appropriate because chronic pain is not necessarily persistent or present each day. Thus, the
time period should be long enough to also account for pediatric migraine patients, who sometimes
experience attacks only once a month. Using a measure of pain intensity of less than one month
may lead to distorted results. In addition, the different time periods impede the comparability of
study outcomes and thereby of the effectiveness of different rehabilitation programs. The different
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studies also vary greatly in terms of how many outcome domains they cover. Furthermore, there are
outcome domains that have not yet been investigated, despite being recommended as core outcome
domains [46], such as satisfaction with treatment and symptoms and adverse events. However, to date,
no validated measures exist for these domains.

Another important issue in effectiveness studies of chronic pain patients concerns the definition
of what is considered effective. Is a treatment effective if the patients show statistically significant or
clinically relevant changes or if the patients return to a normal functional level after treatment? In other
words, what is more important: the degree of change or the status of the patient after treatment?
Most studies to date have focused on the change from pre- to post-treatment or to follow-up, but what
use is a significant or clinically relevant change when the patient is still severely impaired and far from
normal? We may need to rethink and redefine the criteria that have to be fulfilled for the treatment to
be considered effective or a success.

4.4. Recommendations for Future Research and Patient Care

Several areas of research need to be emphasized according to the results of this review. First,
we need to devote more effort into standardizing the reporting of rehabilitation programs and outcomes
to enable global comparisons of programs and their effectiveness. This review provides a set of
important criteria for reporting. Furthermore, efforts should be made to report outcomes according
to the PedIMMPACT recommendations in order to increase comparability. This also requires the
development of valid outcome measures for different languages. Reporting a wide range of outcomes
over a long follow-up gives proper consideration to the complexity of chronic pain, e.g., in some
patients, certain pain symptoms may remain while pain-related disability may be substantially reduced
in the long term. Additionally, we need further progress regarding long-term effectiveness, moderators
of treatment outcome and mechanisms of change. Therefore, collaborative multicenter data collection
may play an important role in advancing research in this field and in improving worldwide networking.
Improved collaborations between pain centers and the establishment of new centers are similarly
important to overcome barriers to health care utilization. The limited availability of pediatric pain
clinics and centers bears the risk of additional barriers to health care. Thus, nationwide availability
of appropriate health care for children and adolescents with different chronic pain conditions is one,
if not the most important, goal for all countries to address pediatric chronic pain. Recently developed
internet-delivered or phone-based treatment approaches may be an alternative for patients with
long travel distances [57,58]. However, these programs only consist of a few of the components of
specialized rehabilitation programs such as cognitive-behavioral techniques and do not replace the
complexity of intensive rehabilitation programs. Thus, the establishment of new pain centers remains
essential. However, training primary care providers or nurses in psychoeducation or coping skills to
initiate some form of treatment before referral to specialized rehabilitation may be a good possibility
to bridge the long waiting times for treatment. Comparable evaluation research is needed for quality
assurance and for further development of treatment options.

4.5. Limitations

The results of this review should be interpreted in light of the following limitations. This review
was restricted to descriptions of the structure and outcomes of specialized pain treatment programs that
have been published, i.e., the programs of specialized pain centers. However, a considerable number
of specialized pain clinics do not necessarily engage in research and thus do not conduct or publish
studies on their programs. There may be differences in the structure or outcomes between published
and unpublished specialized treatment programs. In addition, we did not conduct a systematic
literature search. However, we assume that the included articles are nearly exhaustive because our
review is based on a systematic review [36].

275



Children 2016, 3, 33

Author Contributions: Lorin Stahlschmidt contributed to the writing and editing of the manuscript.
Boris Zernikow contributed to the writing and editing of the manuscript. Julia Wager contributed to the writing
and editing of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Huguet, A.; Miro, J. The severity of chronic paediatric pain: An epidemiological study. J. Pain 2008, 9,
226–236. [CrossRef] [PubMed]

2. Zernikow, B.; Wager, J.; Hechler, T.; Hasan, C.; Rohr, U.; Dobe, M.; Meyer, A.; Hübner-Möhler, B.; Wamsler, C.;
Blankenburg, M. Characteristics of highly impaired children with severe chronic pain: A 5-year retrospective
study on 2249 pediatric pain patients. BMC Pediatr. 2012, 12, 54. [CrossRef] [PubMed]

3. Logan, D.E.; Simsons, L.E.; Stein, M.J.; Chastain, L. School impairment in adolescents with chronic pain.
J. Pain 2008, 9, 407–416. [CrossRef] [PubMed]

4. Wager, J.; Hechler, T.; Darlington, A.S.; Hirschfeld, G.; Vocks, S.; Zernikow, B. Classifying the severity
of paediatric chronic pain—An application of the chronic pain grading. Eur. J. Pain 2013, 17, 1393–1402.
[CrossRef] [PubMed]

5. Voerman, J.S.; de Klerk, C.; Vander Heyden, K.M.; Passchier, J.; Idema, W.; Timman, R.; Jolles, J. Pain
is associated with poorer grades, reduced emotional well-being, and attention problems in adolescents.
Clin J. Pain 2016. [CrossRef] [PubMed]

6. Brna, P.; Dooley, J.; Gordon, K.; Dewan, T. The prognosis of childhood headache: A 20-year follow-up.
Arch. Pediatr. Adolesc. Med. 2005, 159, 1157–1160. [CrossRef] [PubMed]

7. Hestbaek, L.; Leboeuf-Yde, C.; Kyvik, K.O.; Manniche, C. The course of low back pain from adolescence to
adulthood: Eight-year follow-up of 9600 twins. Spine (Phila Pa 1976) 2006, 31, 468–472. [CrossRef] [PubMed]

8. Walker, L.S.; Dengler-Crish, C.M.; Rippel, S.; Bruehl, S. Functional abdominal pain in childhood and
adolescence increases risk for chronic pain in adulthood. Pain 2010, 150, 568–572. [CrossRef] [PubMed]

9. Ellert, U.; Neuhauser, H.; Roth-Isigkeit, A. [pain in children and adolescents in Germany: The prevalence
and usage of medical services. Results of the german health interview and examination survey for children
and adolescents (KiGGs)]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 2007, 50, 711–717.
[CrossRef] [PubMed]

10. Perquin, C.W.; Hunfeld, J.A.; Hazebroek-Kampschreur, A.A.; van Suijlekom-Smit, L.W.; Passchier, J.;
Koes, B.W.; van der Wouden, J.C. Insights in the use of health care services in chronic benign pain in
childhood and adolescence. Pain 2001, 94, 205–213. [CrossRef]

11. Toliver-Sokol, M.; Murray, C.B.; Wilson, A.C.; Lewandowski, A.; Palermo, T.M. Patterns and predictors of
health service utilization in adolescents with pain: Comparison between a community and a clinical pain
sample. J. Pain 2011, 12, 747–755. [CrossRef] [PubMed]

12. Hirschfeld, G.; Wager, J.; Zernikow, B. Physician consultation in young children with recurrent pain—A
population-based study. PeerJ 2015, 3, e916. [CrossRef] [PubMed]

13. Grumbach, K.; Bodenheimer, T. The organization of health care. JAMA 1995, 273, 160–167. [CrossRef]
[PubMed]

14. Mossialos, E.; Wenzl, M.; Osborn, R.; Anderson, C. International Profiles of Health Care Systems, 2015;
The Commonwealth Fund: New York, NY, USA, 2016.

15. Groenewald, C.B.; Essner, B.S.; Wright, D.; Fesinmeyer, M.D.; Palermo, T.M. The economic costs of chronic
pain among a cohort of treatment-seeking adolescents in the united states. J. Pain 2014, 15, 925–933.
[CrossRef] [PubMed]

16. Evans, J.R.; Benore, E.; Banez, G.A. The cost-effectiveness of intensive interdisciplinary pediatric chronic
pain rehabilitation. J. Pediatr. Psychol. 2016, 41, 849–856. [CrossRef] [PubMed]

17. Kaufman, E.L.; Tress, J.; Sherry, D.D. Trends in medicalization of children with amplified musculoskeletal
pain syndrome. Pain Med. 2016. [CrossRef] [PubMed]

18. Ho, I.K.; Goldschneider, K.R.; Kashikar-Zuck, S.; Kotagal, U.; Tessman, C.; Jones, B. Healthcare utilization
and indirect burden among families of pediatric patients with chronic pain. J. Musculoskelet. Pain 2008, 16,
155–164. [CrossRef]

276



Children 2016, 3, 33

19. Ruhe, A.; Wager, J.; Hirschfeld, G.; Zernikow, B. Household income determines access to specialized pediatric
chronic pain treatment in Germany. BMC Health Serv. Res. 2016, 16, 140. [CrossRef] [PubMed]

20. Wager, J.; Ruhe, A.; Hirschfeld, G.; Wamsler, C.; Dobe, M.; Hechler, T.; Zernikow, B. Influence of parental
occupation on access to specialised treatment for paediatric chronic pain: A retrospective study. Schmerz
2013, 27, 305–311. [CrossRef] [PubMed]

21. Peng, P.; Choiniere, M.; Dion, D.; Intrater, H.; LeFort, S.; Lynch, M.; Ong, M.; Rashiq, S.; Tkachuk, G.;
Veillette, Y.; et al. Challenges in accessing multidisciplinary pain treatment facilities in Canada. Can. J. Anaesth.
2007, 54, 985–991. [CrossRef] [PubMed]

22. Stinson, J.; White, M.; Isaac, L.; Campbell, F.; Brown, S.; Ruskin, D.; Gordon, A.; Galonski, M.; Pink, L.;
Buckley, N. Understanding the information and service needs of young adults with chronic pain: Perspectives
of young adults and their providers. Clin. J. Pain 2013, 29, 600–612. [CrossRef] [PubMed]

23. Stinson, J.N.; Lalloo, C.; Harris, L.; Isaac, L.; Campbell, F.; Brown, S.; Ruskin, D.; Gordon, A.; Galonski, M.;
Pink, L.R. iCcanCope with Pain™: User-centred design of a web-and mobile-based self-management program
for youth with chronic pain based on identified health care needs. Pain Res. Manag. 2014, 19, 257–265.
[CrossRef] [PubMed]

24. Hechler, T.; Wager, J.; Zernikow, B. Chronic pain treatment in children and adolescents: Less is good, more is
sometimes better. BMC Pediatr. 2014, 14, 262. [CrossRef] [PubMed]

25. Simons, L.E.; Sieberg, C.B.; Pielech, M.; Conroy, C.; Logan, D.E. What does it take? Comparing intensive
rehabilitation to outpatient treatment for children with significant pain-related disability. J. Pediatr. Psychol.
2013, 38, 213–223. [CrossRef] [PubMed]

26. Claar, R.L.; Kaczynski, K.J.; Minster, A.; Donald-Nolan, L.; LeBel, A.A. School functioning and chronic
tension headaches in adolescents: Improvement only after multidisciplinary evaluation. J. Child. Neurol.
2013, 28, 719–724. [CrossRef] [PubMed]

27. Hechler, T.; Martin, A.; Blankenburg, M.; Schroeder, S.; Kosfelder, J.; Hölscher, L.; Denecke, H.; Zernikow, B.
Specialized multimodal outpatient treatment for children with chronic pain: Treatment pathways and
long-term outcome. Eur. J. Pain 2011, 15, 976–984. [CrossRef] [PubMed]

28. Sherry, D.D.; Brake, L.; Tress, J.L.; Sherker, J.; Fash, K.; Ferry, K.; Weiss, P.F. The treatment of juvenile
fibromyalgia with an intensive physical and psychosocial program. J. Pediatr. 2015, 167, 731–737. [CrossRef]
[PubMed]

29. International Association for the Study of Pain. Pain Treatment Services; 2009. Available online:
http://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1381 (accessed on 1 August 2016).

30. Lynch-Jordan, A.M.; Kashikar-Zuck, S.; Crosby, L.E.; Lopez, W.L.; Smolyansky, B.H.; Parkins, I.S.;
Luzader, C.P.; Hartman, A.; Guilfoyle, S.M.; Powers, S.W. Applying quality improvement methods to
implement a measurement system for chronic pain-related disability. J. Pediatr. Psychol. 2009, 35, 32–41.
[CrossRef] [PubMed]

31. American Pain Society—Pediatric Chronic Pain Task Force. Assessment and Management of Children with
Chronic Pain—A Position Statement from the American Pain Society; 2012.

32. Logan, D.E.; Carpino, E.A.; Chiang, G.; Condon, M.; Firn, E.; Gaughan, V.J.; Hogan, M.; Leslie, D.S.;
Olson, K.; Sager, S. A day-hospital approach to treatment of pediatric complex regional pain syndrome:
Initial functional outcomes. Clin. J. Pain 2012, 28, 766–774. [CrossRef] [PubMed]

33. Weiss, K.E.; Hahn, A.; Wallace, D.P.; Biggs, B.; Bruce, B.K.; Harrison, T.E. Acceptance of pain: Associations
with depression, catastrophizing, and functional disability among children and adolescents in an
interdisciplinary chronic pain rehabilitation program. J. Pediatr. Psychol. 2013, 38, 756–765. [CrossRef]
[PubMed]

34. Banez, G.A.; Frazier, T.W.; Wojtowicz, A.A.; Buchannan, K.; Henry, D.E.; Benore, E. Chronic pain in children
and adolescents: 24–42 month outcomes of an inpatient/day hospital interdisciplinary pain rehabilitation
program. J. Pediatr. Rehabil. Med. Inderdiscip. Approach 2014, 7, 197–206.

35. Eccleston, C.; Malleson, P.; Clinch, J.; Connell, H.; Sourbut, C. Chronic pain in adolescents: Evaluation of a
programme of interdisciplinary cognitive behaviour therapy. Arch. Dis. Child. 2003, 88, 881–885. [CrossRef]
[PubMed]

36. Hechler, T.; Kanstrup, M.; Holley, A.L.; Simons, L.E.; Wicksell, R.; Hirschfeld, G.; Zernikow, B. Systematic
review on intensive interdisciplinary pain treatment of children with chronic pain. Pediatrics 2015, 136,
115–127. [CrossRef] [PubMed]

277



Children 2016, 3, 33

37. Logan, D.E.; Conroy, C.; Sieberg, C.B.; Simons, L.E. Changes in willingness to self-manage pain among
children and adolescents and their parents enrolled in an intensive interdisciplinary pediatric pain treatment
program. Pain 2012, 153, 1863–1870. [CrossRef] [PubMed]

38. Hechler, T.; Kosfelder, J.; Vocks, S.; Mönninger, T.; Blankenburg, M.; Dobe, M.; Gerlach, A.L.; Denecke, H.;
Zernikow, B. Changes in pain-related coping strategies and their importance for treatment outcome following
multimodal inpatient treatment: Does sex matter? J. Pain 2010, 11, 472–483. [CrossRef] [PubMed]

39. Hechler, T.; Dobe, M.; Damschen, U.; Blankenburg, M.; Schroeder, S.; Kosfelder, J.; Zernikow, B. The pain
provocation technique for adolescents with chronic pain: Preliminary evidence for its effectiveness. Pain Med.
2010, 11, 897–910. [CrossRef] [PubMed]

40. Hechler, T.; Dobe, M.; Kosfelder, J.; Damschen, U.; Hübner, B.; Blankenburg, M.; Sauer, C.; Zernikow, B.
Effectiveness of a three-week multimodal inpatient pain treatment for adolescents suffering from chronic
pain: Statistical and clinical significance. Clin. J. Pain 2009, 25, 156–166. [CrossRef] [PubMed]

41. Dobe, M.; Damschen, U.; Reiffer-Wiesel, B.; Sauer, C.; Zernikow, B. [Multimodal inpatient pain treatment in
children—Results of a three-week program]. Schmerz 2006, 20, 51–60. [CrossRef] [PubMed]

42. Dobe, M.; Hechler, T.; Behlert, J.; Kosfelder, J. [Pain therapy with children and adolescents severely disabled
due to chronic pain—Long-term outcome after inpatient pain therapy]. Schmerz 2011, 25, 411–422. [CrossRef]
[PubMed]

43. Benore, E.; D’Auria, A.; Banez, G.A.; Worley, S.; Tang, A. The influence of anxiety reduction on clinical
response to pediatric chronic pain rehabilitation. Clin. J. Pain 2015, 31, 375–383. [CrossRef] [PubMed]

44. Logan, D.E.; Sieberg, C.B.; Conroy, C.; Smith, K.; Odell, S.; Sethna, N. Changes in sleep habits in adolescents
during intensive interdisciplinary pediatric pain rehabilitation. J. Youth Adolesc. 2015, 44, 543–555. [CrossRef]
[PubMed]

45. Dobe, M.; Zernikow, B. Practical Treatment Options for Chronic Pain in Children and Adolescents:
An Interdisciplinary Therapy Manual; Springer: Berlin/Heidelberg, Germany, 2013; Volume 1, pp. 1–268.

46. McGrath, P.J.; Walco, G.A.; Turk, D.C.; Dworkin, R.H.; Brown, M.T.; Davidson, K.; Eccleston, C.; Finley, A.G.;
Goldschneider, K.; Haverkos, L.; et al. Core outcome domains and measures for pediatric acute and
chronic/recurrent pain clinical trials: Pedimmpact recommendations. J. Pain 2008, 9, 771–783. [CrossRef]
[PubMed]

47. Hechler, T.; Blankenburg, M.; Dobe, M.; Kosfelder, J.; Hübner, B.; Zernikow, B. Effectiveness of a multimodal
inpatient treatment for pediatric chronic pain: A comparison between children and adolescents. Eur. J. Pain
2010, 14, 97.e1–97.e9. [CrossRef] [PubMed]

48. Gauntlett-Gilbert, J.; Connell, H.; Clinch, J.; McCracken, L.M. Acceptance and values-based treatment of
adolescents with chronic pain: Outcomes and their relationship to acceptance. J. Pediatr. Psychol. 2013, 38,
72–81. [CrossRef] [PubMed]

49. Maynard, C.S.; Amari, A.; Wieczorek, B.; Christensen, J.R.; Slifer, K.J. Interdisciplinary behavioral
rehabilitation of pediatric pain-associated disability: Retrospective review of an inpatient treatment protocol.
J. Pediatr. Psychol. 2010, 35, 128–137. [CrossRef] [PubMed]

50. Chalkiadis, G.A. Management of chronic pain in children. Med. J. Aust. 2001, 175, 476–479. [PubMed]
51. Simons, L.E.; Kaczynski, K.J.; Conroy, C.; Logan, D.E. Fear of pain in the context of intensive pain

rehabilitation among children and adolescents with neuropathic pain: Associations with treatment response.
J. Pain 2012, 13, 1151–1161. [CrossRef] [PubMed]

52. Hechler, T.; Ruhe, A.; Schmidt, P.; Hirsch, J.; Wager, J.; Dobe, M.; Krummenauer, F.; Zernikow, B.
Inpatient-based intensive interdisciplinary pain treatment for highly impaired children with severe chronic
pain: Randomized controlled trial of efficacy and economic effects. Pain 2014, 155, 118–128. [CrossRef]
[PubMed]

53. Hirschfeld, G.; Hechler, T.; Dobe, M.; Wager, J.; Blankenburg, M.; Kosfelder, J.; Zernikow, B. Maintaining
lasting improvements: One-year follow-up of children with severe chronic pain undergoing multimodal
inpatient treatment. J. Pediatr. Psychol. 2013, 38, 224–236. [CrossRef] [PubMed]

54. Eccleston, C.; Palermo, T.M.; De C Williams, A.C.; Lewandowski, A.; Morley, S.; Fisher, E.; Law, E.
Psychological therapies for the management of chronic and recurrent pain in children and adolescents.
Cochrane Database of Syst. Rev. 2012, 12, CD003968.

278



Children 2016, 3, 33

55. Fisher, E.; Heathcote, L.; Palermo, T.M.; de, C.W.; Lau, J.; Eccleston, C. Systematic review and meta-analysis:
Psychological therapies for children with chronic pain. J. Pediatr. Psychol. 2014, 39, 753–762. [CrossRef]
[PubMed]

56. Westendorp, T.; Verbunt, J.; Remerie, S.; Blécourt, A.; Baalen, B.; Smeets, R. Social functioning in
adulthood: Understanding long-term outcomes of adolescents with chronic pain/fatigue treated at inpatient
rehabilitation programs. Eur. J. Pain 2016, 20, 1121–1130. [CrossRef] [PubMed]

57. Palermo, T.M.; Wilson, A.C.; Peters, M.; Lewandowski, A.; Somhegyi, H. Randomized controlled trial of
an internet-delivered family cognitive-behavioral therapy intervention for children and adolescents with
chronic pain. Pain 2009, 146, 205–213. [CrossRef] [PubMed]

58. Palermo, T.M.; Law, E.F.; Fales, J.; Bromberg, M.H.; Jessen-Fiddick, T.; Tai, G. Internet-delivered
cognitive-behavioral treatment for adolescents with chronic pain and their parents: A randomized controlled
multicenter trial. Pain 2016, 157, 174–185. [CrossRef] [PubMed]

© 2016 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

279



children

Review

Acceptance and Commitment Therapy for Pediatric
Chronic Pain: Theory and Application

Melissa Pielech 1,*, Kevin E. Vowles 1,* and Rikard Wicksell 2

1 Department of Psychology, University of New Mexico, Albuquerque, NM 87131, USA
2 Department of Clinical Neuroscience, Karolinska Institutet, SE-171 76 Stockholm, Sweden;

rikard.wicksell@karolinska.se
* Correspondence: melissapielech@gmail.com (M.P.); k.e.vowles@gmail.com (K.E.V.);

Tel.: +1-505-277-1394 (K.E.V.)

Academic Editor: Lynn S. Walker
Received: 4 October 2016; Accepted: 25 January 2017; Published: 30 January 2017

Abstract: Acceptance and Commitment Therapy (ACT) is a third wave behavior therapy approach
which aims to increase engagement in activities that bring meaning, vitality, and value to the lives of
individuals experiencing persistent pain, discomfort, or distress. This goal is particularly relevant
when these aversive experiences cannot be effectively avoided or when avoidance efforts risk their
exacerbation, all of which may be common experiences in children and adolescents with chronic pain
conditions. The primary aim of the present paper is to review and summarize the extant literature
on the application, utility, and evidence for using ACT with pediatric chronic pain populations by:
(1) defining the theoretical assumptions of the ACT model; (2) summarizing research study findings
and relevant measures from the published literature; and (3) critically discussing the strengths,
limitations and areas in need of further development.

Keywords: Acceptance and Commitment Therapy; ACT; children; adolescents; pediatric; chronic
pain; pain acceptance

1. Introduction

A significant percentage of young people experience chronic pain, generally defined as pain that
persists for three months or longer [1]. A subset of these patients report marked deficits in healthy
functioning [2] and commonly experience comorbid mental health difficulties that can persist into
adulthood [3]. Treatment efforts for chronic pain often highlight the primacy of pain reduction or
elimination. Such efforts to minimize current pain and avoid it in the future are perfectly natural.
In acute cases, efficient pain escape and avoidance behaviors can have genuine adaptive value, as they
minimize risk of morbidity and mortality by allowing for efficient detection and response to painful or
potentially painful situations [4–6].

In the case of chronic pain, however, these perfectly natural responses may not be the most
adaptive. In fact, when persistent, avoidance behaviors can be reliably associated with significant
disruptions in physical, social, and emotional functioning across the lifespan, often without any
corresponding decrease in pain. A prime and well-established example of these findings is the
fear-avoidance model, which consistently indicates that more persistent and widespread efforts to
avoid pain are associated with worse current and future functioning in both pediatric and adult
settings [7–11]. In youth, the role of caregiver responses to pain is also highly relevant, as high
fear-avoidance in parents or responses to the child’s pain that reinforce avoidance are related to
greater levels of child distress and disability [12–14]. Thus, when pain avoidance is a primary goal in
youth and their caregivers, there appears to be a heightened risk that pain will be more disruptive in
important areas of physical and psychosocial functioning [15,16].
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Youth with chronic pain and their family systems are therefore likely in need of treatments that
emphasize effective responding to pain, with less reliance on pain control. It is possible that effective
responding to chronic pain requires somewhat paradoxical responses to pain. Such paradoxical
responses might include, for instance, decreasing pain avoidance attempts, particularly when they
are ineffective at avoiding pain over the longer term or when they negatively impact important
functioning. Further, effective responding to pain may actually include “approach” behaviors, such
as participation in meaningful activities even when pain is present. Importantly, adoption of such
strategies requires careful consideration regarding whether one is willing to experience pain in the
service of engagement in meaningful activities. Acceptance and Commitment Therapy [17] aims
to improve the ability to act in alignment with personal values while in the presence of potentially
interfering pain and distress, a response pattern defined as psychological (or behavioral) flexibility.
As part of this process, the individual is encouraged to explore and challenge the utility of avoidance,
as well as acceptance-oriented strategies, in managing chronic pain. The primary aim of the present
paper is to provide a narrative review and summary of the extant literature on the application
and utility of ACT specifically for pediatric chronic pain. First, we review the primary goals and
theoretical assumptions of the ACT model. Second, we summarize treatment outcomes and relevant
measures from the published literature. Finally, we discuss strengths, limitations, and areas in need
of development.

1.1. The ACT Model

While a full review of the theoretical and philosophical assumptions of the ACT model is beyond
the scope of the present review (see Hayes et al. [17] for more information), it is important to highlight
a few key points. The first is to emphasize the overarching goal of ACT, which is to increase successful
engagement in activities that bring meaning, vitality, and importance to the lives of individuals
experiencing persistent pain, discomfort, or distress. This goal is particularly relevant when these
aversive experiences cannot be effectively avoided or when avoidance efforts risk their exacerbation,
as is often the case with persistent pain. Each of the following conceptual assertions circle back to this
overarching goal.

ACT is based on the philosophical positions of both pragmatism and functional contextualism [18].
Its pragmatic goal is “effective action,” meaning it aims to facilitate the effectiveness of behavior in
achieving adaptive and functional goals over the longer term. At the level of actual clinical interaction,
this goal is described in terms of greater engagement in valued actions. The functional contextual
orientation of ACT allows one to define two primary aims: (1) accurate prediction and (2) useful
influence on behavior [19]. The pursuit of these aims requires one to attend to the relevant contextual
events in any analysis of behavior, including historical events giving rise to the behavior as well
as relevant ongoing events in the person’s environment. Practically, ACT seeks to undermine the
influence of key current and historical stimuli that contribute to ineffective responses to pain, such as
persistent avoidance, and bolster the influence of those that contribute to more effective responses,
such as the specification and pursuit of desired valued outcomes. These aims of “accurate prediction”
and “useful influence on behavior” are concordant with the operant behavioral roots of both ACT and
Cognitive-Behavioral Therapy (CBT; [18,19]).

Much discussion has occurred regarding the similarities and differences amongst ACT and other
forms of psychotherapy, principally Cognitive Behavioral Therapy (CBT; for information regarding
applications of CBT for pediatric chronic pain, please refer to [20,21]). We suggest that there are
two key differences between these approaches. The first is the central focus on the facilitation of
values-based actions in ACT. While such a focus is both fully compatible and at times apparent within
CBT (e.g., [18,19]), its centrality in ACT is distinctive. The second key difference pertains to working
with human language and cognition. In brief, ACT seeks not to directly alter the occurrence of certain
instances of human cognition (e.g., catastrophic thinking) and sensation (e.g., pain intensity), but to
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increase the repertoire of responses to these cognitions and sensations, as well as the flexible use of
them, to facilitate actions more in line with valued activities over the longer term.

The experimental pain literature provides several examples regarding the utility of altered
responding to human cognition and sensation in adults. One of the earliest experimental trials
of acceptance involved an acute pain induction task, where participants were asked to submerge a
hand into an ice water bath and were randomized to a pain control (e.g., keep your pain under control;
don’t let it increase) or pain acceptance (e.g., let your pain be; don’t let it control your responses) set
of instructions [22]. Results indicated that tolerance time for participants in the latter condition were
significantly longer than the former. Importantly, participants in the pain acceptance condition viewed
pain and thoughts about pain as less influential than those in the pain control condition. This pattern
of results has been replicated several times in studies with experimentally induced pain and healthy
controls [23–27], as well as in adults with low back pain [28]. Furthermore, laboratory studies suggest
that the inclusion of values in experimental pain settings is important. For example, when a pain task
is paired with a personally important reason for experiencing the pain, tolerance times tend to be
increase and the experience of pain is viewed as a less important determinant of behavior [27,29].

The clinical model of ACT specifies several related treatment processes, each of which is intended
to help facilitate more effective responding to difficult or aversive experiences. For example, the
central overarching process has been termed “psychological flexibility,” which can be simply defined
as effectively and flexibly responding to aversives such that engagement in important areas of living
is maintained at a level that is sufficient for the needs of the individual [17,30]. Thus, an instance of
psychological flexibility in an adolescent with chronic pain may be maintenance of social and scholastic
engagement even with the ongoing experience of chronic pain and including times when pain is low as
well as when it is high (see Wicksell et al. [31], summarized below, for description of a case example).

Underlying this overarching process of psychological flexibility are three pairs of “sub”
processes [17]. These three pairs include (1) acceptance and defusion; (2) moment-to-moment
awareness and a transcendent sense of self; and (3) clarity and committed action in pursuit of
valued activities (e.g., see [17] for details, as well as [32] for an empirical evaluation of this model
in chronic pain). Acceptance and defusion refer to patterns of responding to pain that involve
acknowledgement that pain and suffering are a normal part of life many times and choosing to work
with these experiences rather than try to avoid or control them [33–35]. Moment-to-moment awareness
and a transcendent sense of self refer to aspects of mindfulness that seek to increase consistent,
nonjudgmental attention to the present moment, less struggling with present experiences, and the
facilitation of a stable sense of self as a person having experiences, rather then an unstable sense of self
as a person who is defined by the experiences themselves (see [36,37]). Finally, clarity and committed
action in relation to values includes a definition of useful, valued directions to help guide behavior
while in the midst of difficult circumstances, as well as a flexible commitment to these values such that
behavior can be adjusted over time to facilitate consistent movement towards them [38].

Thus, treatment success in ACT for pediatric chronic pain could be defined as the occurrence of
effective responding to the natural variations in pain intensity that occur, such that personal needs and
goals are being met or progressed. Furthermore, the model assumes that such treatment success is
most likely to occur when one is (1) aware of pain when it is occurring, but is not consumed by that
experience to the exclusion of other things happening; (2) aware of present experiences as they are
occurring and able to let these experiences come and go; and (3) clear on valued areas and engaged in a
flexibly persistent pattern of behaviors to pursue these areas. Overall, the relevance of these processes
in adult chronic pain is reasonably well-established in that measures of these processes are reliably
and significantly related with pain-related distress, disability, and healthcare use [39–41].

In the case of pediatric pain treatment specifically, this model applies to both caregiver and child.
Much like caregiver responses are important in the fear-avoidance model, greater caregiver acceptance
of pain and discomfort is associated with less restricted functioning in children [42,43]. Thus, it can be
hypothesized that parental support of the child’s engagement in valued activities in the presence of
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pain via operant approaches may be helpful to the child’s overall success in adapting effectively to a
chronic condition.

1.2. Developmental Considerations

ACT has been successfully adapted and implemented for use with a wide range of pediatric
populations including youth with chronic pain (e.g., [44]), cystic fibrosis [45], and anxiety disorders [46],
as well as medical conditions that involve pain as a primary symptom [47]. For a review of the
application of ACT more broadly with pediatric populations with physical health conditions, please
refer to [48]. Given the inherent level of abstraction in some ACT concepts, developmentally sensitive
modifications in the language and delivery of treatment may be necessary. Adaptations should
be made based on clinical judgment and awareness of the patient’s level of cognitive, social, and
psychological functioning, as well as abstraction abilities (refer to [49] for a discussion of adapting
ACT interventions for adolescent populations). Briefly, adaptations may include age-appropriate
simplification of language of complex concepts, such as referring to distressing, pain-related thoughts
as coming from a “pain monster” whose advice may serve to restrict functioning and effective
engagement in valued activities [31]. Concrete strategies can be used for teaching abstract concepts,
like facilitation of values identification by using a heart shaped box that is filled with slips of paper
describing patient values or teaching mindfulness via a walking exercise [50]. There are also numerous
ACT metaphors that are developmentally relevant for use with adolescents, though it is recommended
that use of metaphors be chosen with consideration to the patient’s social context and interests. It can
also be helpful to reiterate and repeat important topics to reinforce understanding. Additionally, the
importance of family factors and inclusion of parents/caregivers in pediatric pain treatment is of
clear importance [14,31,51]. From an ACT perspective, more traditional behavioral strategies such
as contingency management may favorably be combined with interventions aimed at improving the
parent’s ability to self-manage distress, which otherwise may interfere with effective coaching [33].

2. The Evidence-Base for ACT with Youth with Chronic Pain

2.1. Search Criteria

Relevant treatment outcome papers using ACT published through December 2016 were identified
through searches on PubMed and PsychInfo using search terms such as ‘Acceptance and Commitment
Therapy’ or ‘ACT’ and ‘children,’ ‘adolescents,’ ‘youth,’ or ‘pediatric’ and ‘chronic pain.’ The evidence
base for using ACT with youth for chronic pain is modest, and includes one case study, one case
series, two randomized controlled trials, and three prospective cohort studies. Each of these studies
is reviewed below. In addition, a fourth cohort study is also reviewed. While the study described a
CBT-based intervention, mediation analyses were done using a measure of pain acceptance, thus the
outcomes seem relevant to include.

2.2. Case Study and Case Series

The first study in the field of ACT for pediatric chronic pain is a case study by Wicksell et al. [33]
that facilitated development of ACT treatments for youth with chronic pain and was helpful in
distinguishing between ACT and CBT in the context of chronic pain rehabilitation. The patient was a
14-year-old female, who had been experiencing persistent pain for three years. Her array of symptoms
were conceptualized as “musculoskeletal pain syndrome” and included generalized joint and body
pain, persistent headaches, and features of panic attacks with subsequent school absence, social
isolation from friends, and withdrawal from valued activities. Treatment was rehabilitative in nature
and primarily consisted of exposure to stimuli related to pain and distress, including avoided activities
and places, as well as significant values clarification exercises. Treatment comprised a total of 13
sessions over a six-month period, with three of the 13 sessions including both patient and parents.
At discharge, improvements were noted in functional disability, engagement with valued activities,
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scholastic involvement, and avoidance of emotions. Importantly, these improvements were sustained
during a six-month follow up period.

In 2007, a follow-up case series was published describing findings from an individual ACT-based
treatment approach used with 14 adolescents (11 females, mean age = 17 years, standard deviation
(SD = 2.1) with chronic pain and high levels of pain-related disability [52]. Primary outcome
variables were disability and school attendance. Treatment emphasized exposure to private events
and previously avoided activities, values clarification and use of values as guiding principles for
engagement in exposure, as well as acceptance of distressing and negative feelings. Treatment length
varied from 5–29 weekly sessions and included individual sessions with parents, as needed. Significant
improvements were observed in the primary outcomes variables, which were maintained through 3
and 6-month follow-ups. Significant improvements were also observed in levels of pain catastrophizing,
pain intensity, and pain interference.

2.3. Randomized Controlled Trials (RCT)

Following the case study and pilot case series, Wicksell et al. [44] published the first RCT
evaluating the effectiveness of an ACT-based treatment for children and adolescents with chronic pain.
ACT was compared to a multidisciplinary treatment (MDT) including amitriptyline medication. The
primary components of the 10-week ACT-oriented treatment group were acceptance strategies and
exposure, with sessions occurring weekly. A total of 32 youth participated (mean age = 14.8 years,
SD = 2.4) with 16 patients randomized to each condition. Patients in the ACT condition improved
significantly in multiple domains (e.g., functional disability, health related quality of life) and changes
were sustained through follow up, as evidenced by multiple large effect sizes. Patients in the
MDT group improved in many domains, as well, but across conditions, patients who received ACT
improved significantly more in levels of pain-related fear, overall quality of life, pain intensity, and pain
interference. A prolonged treatment period in the MDT condition complicated comparisons at follow
up, but results demonstrated the relative utility of ACT in comparison to a multidisciplinary treatment.

In a planned set of post-hoc analyses, Wicksell et al. used data from this same RCT to identify
mediators of treatment outcome [41]. Tested mediators were pain intensity, as well as both CBT- and
ACT-consistent variables, including self-efficacy, catastrophizing, kinesiophobia, pain-impairment
beliefs, and pain reactivity. Only these last two variables, which were argued to be representative of
a more flexible and willing pain response style, were shown to be significant mediators of change.
Furthermore, in subsequent analyses these same two mediators were independent predictors of
outcomes at follow-up for the ACT condition only. Although tentative, the pattern of results suggests
that variables consistent with psychological flexibility mediate the effects of ACT-based interventions
to improve functioning in patients with chronic debilitating pain.

In a more recent study, Ghomian and Shairi [53] compared an ACT based treatment (n = 10) with
a control condition (n = 10) in children ages 7 to 12 with chronic pain. Details regarding treatment
components or the control condition were not provided (Note. the study authors were emailed a
request asking for further details regarding treatment and control conditions and no response was
received). Data was collected at four time points: pre-treatment, discharge, and 3.5 and 6.5 months
post-treatment. Regarding results, patients in the ACT condition reportedly demonstrated significantly
greater improvements in functional disability at the end of treatment and through the follow up
time points.

2.4. Prospective Cohort Studies

Gauntlett-Gilbert et al. [54] evaluated outcomes from a 3-week residential, interdisciplinary
ACT-based program (~90 h of treatment) for adolescents (n = 98) with chronic pain. The program,
comprised of physical conditioning, activity management, and psychology, also included parent
involvement in most sessions, with the exception of a four-day period where parents received therapy
separately from their child. Data on self-reported functioning (e.g., depressive and anxious symptoms,

284



Children 2017, 4, 10

levels of pain acceptance) and objective physical ability was collected from child and parent across three
time points: baseline, three weeks after discharge from treatment, and at a three-month follow up time
point. Patients improved across all domains of functioning in a manner that was theoretically consistent
with ACT whereby improvements occurred without efforts to control pain or manipulate cognitions.
Additionally, improvements in pain-related acceptance were associated with better treatment outcomes,
suggesting a key role of acceptance in pediatric pain rehabilitation.

Martin et al. [55] published outcomes of a feasibility trail of ACT for adolescents with chronic
pain and Neurofibromatosis type 1 (NF1), an autosomal disorder. The sample included 10 adolescents,
who averaged 17 years of age and seven parents, who participated in a two day group intervention
provided in a “workshop” format. At a three-month follow-up, significant declines in pain interference
were reported by both patients and parents, while patients only reported decreased pain intensity.
The authors suggested that the obtained data supported the feasibility of ACT in young people
diagnosed with NF1.

Prospective Studies with Parents

Recently, Wallace et al. [56] published the first pilot study examining the application of an
eight-week, ACT-based group intervention with parents (n = 8; 6 completed the study) of youth
with chronic pain. The primary treatment target was to increase parental psychological flexibility,
specifically for parents to identify areas of ineffective action or stuckness within themselves and their
family unit, as well as develop strategies to support pursuit of values-based action. Sessions were
delivered once a week, on an outpatient basis, and were 75 min long (session by session content is
detailed by the authors in the manuscript [56]). Measures of parent psychological flexibility, responses
to child pain symptoms, and levels of pain interference were collected during treatment and at three
follow up time points, up to six months post treatment. Overall, parents were highly satisfied with the
intervention. Furthermore, parent levels of psychological flexibility increased during treatment, as well
as through follow up. During follow up, parent protective responses and adolescent-reported levels
of pain interference decreased significantly. The authors hypothesize that the delayed improvements
observed in parental responses may indicate a potential mediating effect of psychological flexibility on
parental responses.

A final study examined changes in pain-acceptance following CBT for chronic pain. While this
study was not strictly an application of ACT, the treatment description suggests that there were
some goals that were concordant. For example, the authors of the study noted that participants and
their parents were told that the goal of treatment was not decrease pain, but to “increase coping
skills, functioning, and quality of life” [34]. Thus, it seemed appropriate to include this study
within the present review, particularly because it examined how changes in acceptance over the
course of the treatment were related to changes in distress and disability. A total of 112 youth, aged
11–18, participated in the treatment program, which included daily relaxation training, physical
therapy, occupational therapy, recreation therapy, family therapy, and psychotherapy groups. Levels of
acceptance significantly increased during treatment, while levels of depression, pain catastrophizing,
and functional disability significantly decreased. Importantly, changes in acceptance significantly
predicted changes in all psychosocial variables and functional disability.

3. Measures of ACT Processes in Youth with Chronic Pain and Their Families

Table 1 describes self-report measures for youth and their caregivers that assess constructs relevant
to ACT processes and their relation with other psychosocial measures of pain-related functioning.
In brief, to date there are four measures that explicitly measure ACT processes in children and
adolescents, and three questionnaires developed for use with caregivers either as a proxy report (n = 1)
or a report of the caregiver’s own experience and behaviors (n = 3). Three measures not specifically
validated with pediatric chronic pain populations were included due to their utility in assessing ACT
processes [57–59]. Further research and evaluation on all of the measures is warranted, as the statistical
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properties have only been preliminarily validated. Notably, however, findings from the published
cross-sectional studies with pediatric samples are consistent with similar studies in adults and illustrate
that ACT-relevant processes are related to functioning in a manner consistent with the underlying
theory of ACT (e.g., greater pain acceptance is associated with better emotional and physical status).

Table 1. Measures of Acceptance and Commitment Therapy (ACT) processes in pediatric chronic pain.

Measures Description Relations

Child Specific

Chronic Pain Acceptance
Questionnaire: Adolescent version
(CPAQ-A; [60,61])

20 item self-report measure,
adapted from the adult version
[33]. Assesses two aspects of pain
acceptance: (1) Activity
Engagement and (2) Pain
Willingness. Response options
range from (0) never true to (4)
always true.

Correlated with disability, depression,
anxiety, self-efficacy. Not correlated
with pain-specific variables
(e.g., pain duration).

Child and Adolescent Mindfulness
Measure (CAMM; [58]) *

10 item measure of mindfulness
skills. Normed on four samples of
school age children and
adolescents. Response options
range from (0) never true to (4)
always true.

Correlated with quality of life, school
and social functioning and
mindfulness-inconsistent processes
(e.g., externalizing behavior).

Avoidance and Fusion
Questionnaire for Youth
(AFQ-Y; [57]) *

17 item measure of psychological
inflexibility for youth. There is
also a validated eight-item short
form of the AFQ-Y.

Scores for both versions correlated
with child anxiety, somatic complaints,
mindfulness, quality of life, and
scholastic functioning.

Parent specific

Parent psychological flexibility
measure (PPFQ; [43,62])

24 item measure to assess parental
levels of psychological flexibility
in responses to child’s pain
symptoms. Items range from (0)
never true to (6) always true.

Scores correlated with child disability,
depression, and pain acceptance, as
well as with parental response
behaviors, as assessed by the Adult
Responses to Child Symptoms (ARCS)
measure [63].

Chronic Pain Acceptance
Questionnaire: Parent report
(CPAQ-P; [64])

16 item self-report measure of
parent perceptions of child’s
acceptance of pain, adapted from
the adult CPAQ [33]. Same two
subscales as the CPAQ-A.
Response options range from (0)
never true to (6) always true.

Scores correlated with child pain
intensity and disability, as well as
parent pain catastrophizing,
pain-related fear, and maladaptive
protective responses.

Parent Pain Acceptance
Questionnaire (PPAQ; [42])

15 item self-report measure of
parent’s own levels of acceptance
towards their child’s pain.
Adapted from the CPAQ-P [64].
Two sub-scales: (1) Activity
Engagement and (2) Pain-related
Thoughts and Feelings.

Scores correlated with child pain
acceptance, pain-related fear, and pain
catastrophizing, as well as parental
maladaptive responses to pain and
pain catastrophizing

Parental Acceptance and Action
Questionnaire (PAAQ [59]) *

15 item self-report measure of
experiential avoidance in relation
to parenting. Two subscales: (1)
Inaction and (2) Unwillingness

In preliminary validation, the PAAQ
correlated with symptoms of child
psychopathology and measures of
controlling parental behaviors and
affective expression. Predicted
significant amounts of variance in
parent and clinician ratings of child
anxiety symptoms.

* Not a pain specific ACT measure.
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4. Strengths, Limitations, and Future Directions

ACT takes a pragmatic and flexible approach to the treatment of pediatric pain. The overarching
goal of ACT is to decrease ineffective struggles for control of pain or distressing emotions and increase
adaptive responses to pain and facilitate consistent re-engagement with valued activities. Theoretically,
the probability of this occurring is assumed to be more likely when one approaches aversive experiences
with more openness and fewer struggles for control, and when one is more aware of both one’s personal
values and currently available opportunities to engage in valued activities.

Although preliminary, the growing body of evidence regarding ACT for pediatric pain is
promising and results from existing studies are consistent, offering some support regarding validity
and utility. Notably, and unfortunately, the number of studies on ACT for pediatric pain patients
is considerably smaller than the body of research and strong evidence for using ACT for adult
chronic pain [65]. Furthermore, beyond a small number of studies, the literature on ACT for children
and adolescents suffers from either an absence of or poorly defined control conditions, and small
sample sizes. Thus, there is a need for more studies and those of higher quality in terms of study
design, evaluation across settings (e.g., outpatient, day hospital, individual vs. group), and further
identification and replication of the mechanisms by which improvements in functioning occur during
treatment. Formal inclusion of parents in treatment and assessment of parent pain-related functioning
is also needed to illuminate and optimize their role in their child’s pain rehabilitation.

At present, there is also a need for precise measurement of ACT treatment processes in youth
with chronic pain. The adult chronic pain literature boasts numerous measures of ACT constructs,
such as psychological flexibility [66,67], pain acceptance [33], engagement in valued activities [68–70],
and committed action [38], which could potentially be adapted for use with pediatric populations.
While there is one measure of pain acceptance for youth, it is curious that no measure of values or
assessments related to other aspects of the model have been developed yet for pediatric chronic pain
populations. Given the focus within ACT on improvements in values-based actions, the development
of a robust measurement method in young people with chronic pain appears highly important.
In particular, valued domains in adults may be different than in youth and these differences may
require a carefully considered assessment. Furthermore, clinical experience suggests that certain times
in one’s life, for example, adolescence, are a time of personal determination of what is of personal value.
For example, there can be consideration and weighing of socially-constructed values (e.g., be popular)
in relation to those that are more personal in nature (e.g., be kind to others). The adult literature on
values assessment offers little to no guidance on the assessment of “values formation” (for lack of
a better term) and this seems a distinct and important opportunity for those that work in pediatric
settings. In addition, further specification of the unique and interactive effects of caregiver and child
responses to pain within an ACT framework appears to present an important opportunity for further
work. Thus, while some aspects of the ACT model may be appropriate to assess via a process of
“downward” extension from adults to youth, there may be particular facets of the pediatric setting that
are deserving of careful consideration.

There are several additional considerations in relation to the use of ACT in the treatment of
pediatric chronic pain. First, there is little guidance on ages that are appropriate or inappropriate
for ACT; notably, only two of the ten studies reviewed explicitly made mention of developmental
adaptations or considerations taken into their protocol [31,55]. In particular, it is not currently known
if there is a minimum age, or minimum set of developmental milestones that must have been met,
for successful treatment participation. The authors’ clinical experience suggests somewhere in the
8–10 range may be a lower age limit, but this intuition is in need of empirical examination. Second,
there is little guidance on the selection of type of psychological treatment, for example, use of ACT
instead of CBT. Given the overlap between approaches, it may be that firm data-based rubrics are
unlikely in the near future. Furthermore, given the distinctions between ACT and CBT, as detailed in
the first major section of this paper, perhaps ACT is more relevant for use in individuals with significant
deficits in values clarity and pursuit of values-based directions, or in those who are so paralyzed by
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pain and associated cognitions that cognitive methods are unlikely to work in an efficient manner.
Third, while caregiver involvement in treatment is important and there is evidence demonstrating
that caregiver responses and functioning impact child outcomes, the exact type or duration of such
involvement is not clear. For example, is it sufficient to simply have caregivers sit in on some or all
treatment sessions, or is it necessary for caregivers to receive treatment specific to their particular
needs? Again, clinical experience suggests that the latter is more likely to be of use, but, to our
knowledge, there are no data to use for guidance. It seems fair to note that these three issues are
important for psychological interventions for pediatric chronic pain writ large and seem necessary to
address for the field to move forward to firmer empirical ground.

5. Conclusions

To conclude, a primary goal of ACT for pediatric chronic pain is to support youth in healthy
functioning and aid them in the process of re-engagement in valued activities so that their focus may
shift back to age- appropriate activities, rather than predominantly on pain control or pain avoidance.
The theoretical principles of ACT provide a framework for the structure of such treatment. While the
extant data is promising, much more work needs to be done to augment the evidence base for the
application of ACT with pediatric pain populations and to ensure that clinical practice is consistent
with the hypothesized theoretical principles of ACT.
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Abstract: Pediatric chronic pain is common and can result in substantial long-term disability.
Previous studies on acceptance and commitment therapy (ACT) have shown promising results
in improving functioning in affected children, but more research is still urgently needed. In the
current clinical pilot study, we evaluated an ACT-based interdisciplinary outpatient intervention
(14 sessions), including a parent support program (four sessions). Adolescents were referred to the
clinic if they experienced disabling chronic pain. They were then randomized, along with their parents,
to receive group (n = 12) or individual (n = 18) treatment. Adolescent pain interference, pain reactivity,
depression, functional disability, pain intensity and psychological flexibility, along with parent
anxiety, depression, pain reactivity and psychological flexibility were assessed using self-reported
questionnaires. There were no significant differences in outcomes between individual and group
treatment. Analyses illustrated significant (p < 0.01) improvements (medium to large effects) in pain
interference, depression, pain reactivity and psychological flexibility post-treatment. Additionally,
analyses showed significant (p < 0.01) improvements (large effects) in parent pain reactivity and
psychological flexibility post-treatment. On all significant outcomes, clinically-significant changes
were observed for 21%–63% of the adolescents across the different outcome measures and in 54%–76%
of the parents. These results support previous findings and thus warrant the need for larger,
randomized clinical trials evaluating the relative utility of individual and group treatment and
the effects of parental interventions.

Keywords: cognitive behavior therapy (CBT); acceptance and commitment therapy (ACT); treatment;
intervention; pain disability; persistent pain; adolescent

1. Introduction

Chronic pain is common among children and adolescents and is related to disability for up to 80% of
those affected, for example negatively affecting leisure or school activities [1,2]. Pediatric chronic pain is
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related to poorer family functioning and may lead to an economic burden for parents and society [3,4].
Hence, there is a great need for interventions that effectively improve patient and family functioning.
Although current medical treatment has often proven to be insufficient in reducing symptoms and
improving functioning in pediatric chronic pain patient, systematic review findings support the
use of psychological treatments, particularly those based on cognitive behavior therapy (CBT) [5].
CBT commonly includes a broad spectrum of interventions, based on different theoretical perspectives
and models, aimed at both reductions in pain and distress, as well as improvement in overall
functioning. Although there is evidence for the efficacy of CBT to treat pediatric chronic pain,
debilitating symptoms can still remain for a number of patients, and therefore, there is a need to
better understand change processes. Furthermore, considering the need for further research of the
effects on functioning and mood [5], interventions aimed at decreasing pain interference (i.e., the impact
of pain on functioning) and emotional reactivity to the pain experience, are crucial. Acceptance and
commitment therapy (ACT) constitutes such a development within CBT [6]. From an ACT perspective,
a primary source of disability and reduced quality of life is the inflexible use of avoidance strategies
(psychological inflexibility), especially in the presence of pain and distress. Therefore, the key treatment
target in ACT is to increase psychological flexibility (i.e., the ability to actively choose and act in line
with long-term goals and values, even when in the presence of disturbing symptoms), by undermining
the dominance of distressing thoughts, emotions and physical sensations, using various techniques,
such as defusion and acceptance [6]. This specific focus on increasing behaviors in the direction of
functionality in important life areas despite ongoing pain is consistent with the Pediatric Initiative on
Methods, Measurement, and Pain Assessment in Clinical Trials (PedIMMPACT) recommendations [7],
which emphasize the importance of targeting pain-related functioning in physical, emotional and
social domains for treatments of pediatric chronic pain. Today, the empirical support for ACT for
adult, unspecific chronic pain is strong [8]. However, only a few studies so far have been conducted
analyzing children and adolescents.

Of these studies, findings from three ACT-based outpatient interventions for pediatric chronic pain
by Wicksell et al., include an RCT consistently illustrate improvements in functioning [9–11]. In the RCT
it was shown that these improvements in functioning at follow-up were mediated by improvements
in pain impairment beliefs and pain reactivity, which are two variables strongly associated with
psychological flexibility [12]. Similarly, results from a study evaluating an ACT-based intensive
inpatient-program [13] showed that adolescents reported improved functioning along with increased
levels of acceptance. A recent study by Ghomian and Shairi [14] on ACT for young children with
chronic pain found increased functional ability after treatment compared with the control group.
Furthermore, a pilot study on pediatric patients suffering from chronic pain and neurofibromatosis
type 1 [15] showed that ACT may decrease pain interference.

Notably, previous interventions for adolescents have been delivered both individually [9–11]
and in a group format [13,15], but to date, there is no scientific evaluation comparing the relative
utility of these treatment formats. Furthermore, despite the evident relationship between pediatric
chronic pain and family functioning, studies evaluating the effects of parental support programs on
parent behaviors and distress are scarce [16]. Recent studies suggest the importance of ACT-consistent
behaviors in parental management of pediatric chronic pain. For example, parental psychological
flexibility has been found to correlate positively with adolescent acceptance and negatively with
an adolescent pain-related impact on functioning and dysfunctional parental responses [17]. Therefore,
parent psychological flexibility is suggested to be a potentially important target for the treatment of
children and adolescents with chronic, debilitating pain [17,18]. In addition, considering the impact
of pain on family functioning [3], parent emotional reactivity to child pain should also be explored.
To date, one study has explored the utility of ACT for parents of children suffering from chronic
pain [15], and the results suggest that interventions may improve parent acceptance.

Thus, there is preliminary support for the use of ACT to treat pediatric chronic pain, but more
research is needed to further investigate the effects of ACT interventions in children and adolescents
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with chronic pain conditions. Furthermore, more studies are needed to evaluate the effects of
ACT-based parental support programs. Positive effects have been seen in both individually- and
group-delivered ACT interventions although these formats have not been compared using the same
protocol. This is an important clinical question, as services might be providing both formats. Hence,
the aims of the present clinical pilot study were to preliminarily evaluate the effects of (1) an ACT-based
intervention provided in a group or in an individual format to adolescents with disabling chronic pain
conditions, on functioning (i.e., pain interference, pain reactivity, depressive symptoms and functional
disability), pain intensity and psychological flexibility; and (2) an ACT-based parental support program
on parent emotional functioning, pain reactivity and psychological flexibility.

2. Methods

2.1. Study Setting and Design

This pilot study was performed by a team of five psychologists, two pain physicians and one
physiotherapist, at a tertiary pain specialist clinic in Stockholm, Sweden. Patients between 12 and
18 years referred to the clinic due to chronic debilitating pain and their parents were considered
eligible for inclusion in this study. Participants were randomized to either group (n = 24) or individual
(n = 24) ACT treatment. The randomization sequences were generated via an online randomization
service accessible at https://www.random.org/. An administrator who was not involved in treatment
delivery randomized the participants, placed the information in coded sealed envelopes and informed
the participants about which condition they had been assigned to by opening the envelopes in their
presence. Data collection began in 2009 and ended in 2012. Pre-treatment assessments from study
participants were included as part of previously-reported cross-sectional studies [19,20]. This clinical
pilot trial was not registered.

2.2. Participants

Inclusion and exclusion criteria were assessed in semi-structured clinical interviews during the
first visit to the clinic. Patients were included if they (1) were referred to our tertiary care pain clinic;
(2) were between 14 and 18 years old (initial criterion 12 and 18 years, see below); (3) had suffered from
pain >6 months; (4) reported insufficient effects of previous pain treatments; (5) reported substantial
pain-related disability. They were excluded if (1) improvement was expected without treatment
(e.g., had improved between referral and assessment); (2) psychiatric co-morbidity was considered
the main reason for disability, required immediate intervention or was assumed to interfere with the
planned intervention; (3) there was a substantial risk for suicide; (4) they had substantial cognitive
dysfunction or reduced proficiency in Swedish; (5) they had other on-going or planned treatments
(i.e., within the next 6 months); (6) pain was recurrent rather than continuous (defined as ≥4 completely
pain-free days per week); and (7) pain was fully explained by a pathophysiological process, e.g., cancer.
Adolescents not eligible for the study, who declined participation (e.g., those who did not want to
take part in randomization) or who dropped out (e.g., those who changed their mind after being
randomized to group treatment), were offered standard treatment at the clinic.

Parents of included adolescents were invited to participate in the parent support program, and all
included adolescents had at least one parent who participated in the study. Parents data were collected
from the same parent at all time points, although both parents, if applicable, were participating in the
parent sessions.

As shown in Figure 1, 48 adolescent-parent dyads were randomized (24 participants randomized
to individual treatment and 24 participants to group treatment). Attrition rates were 6 and 12 participants
for the individual treatment condition and group treatment condition, respectively. Reasons for attrition
are reported in the flow chart (Figure 1). The group condition included four groups, with 2–4 participants
per group at post-treatment. At post-treatment assessment, 30 adolescents remained in the study, and these
were included in the analyses. Out of all included parents, 28 parents provided data. Six parents were
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excluded from analysis because ratings were performed by different parents at different time-points
(i.e., mother ratings at pre- and mid-, but father ratings at post-assessment). Therefore, data of
22 parents were included in the analyses.

Figure 1. Flow diagram. Changed age criteria: researchers initially aimed to include participants from
the age of 12 years, but due to low inflow of younger adolescents, the age range was set to 14–18 years,
and three randomized participants were excluded.

2.3. Intervention

The intervention consisted of an interdisciplinary ACT-based outpatient treatment based on
a protocol from a previous RCT with 10 adolescent sessions and one to two parent sessions [10].
In the current protocol, we increased the involvement of the pain physician, included two sessions
with a physiotherapist to address pain interference in regard to physical activity, and added sessions
conducted by the psychologists for both adolescents and parents. This resulted in a total of 18 sessions
(Table 1). The majority of sessions were conducted by a psychologist.

The treatment can be divided into four phases with different, although related, treatment
objectives: (1) preparing for behavior change (including pain education, conducted separately with
parents and adolescents by a pain physician); (2) shifting perspective (i.e., changing the focus from
pain reduction to a valued life); (3) acceptance (i.e., willingness to experience symptoms and thoughts
without trying to change them) and cognitive defusion (i.e., have a perspective on and step back from
thoughts and feelings); and (4) values-oriented behavior activation (i.e., behavior change in the service
of living a meaningful life). All phases included the use of age-appropriate metaphors and experiential
exercises and an emphasis on functional restoration and behavior activation. Importantly, although
two sessions focused specifically on the processes of acceptance and defusion, these behavioral
strategies were addressed and practiced continuously during all phases of the treatment. In every
session, participants were given individualized home assignments related to the treatment content
and to their own specific challenges, and these outcomes were discussed in the beginning of the
following session.
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The parent support program was embedded in the treatment and comprised of four sessions
(Sessions 3, 6, 11 and 12). Session 12 was a joint session, with both adolescents and parents participating
in continued pain education and discussion about pain and symptoms, in relation to values-oriented
behavioral activation. In short, the objective of the parent support program was to improve the parents’
ability to use values- and acceptance-based coaching behaviors, in order to support their child to
increase functioning, even in the presence of pain and distress. Parents were given home assignments
between Parent Sessions 6 and 11.

Table 1. Interdisciplinary ACT-based outpatient treatment

Prior to treatment: Assessment of pain and pain-related disability through semi-structured screening interviews
with psychologist, pain physician and physiotherapist (3 × 1 h) followed by team discussion regarding suitability
for treatment; feedback to the patient and a joint decision regarding the initiation of treatment.

Pre-treatment assessments

Adolescent session Parent session

Sessions 1–3:
Preparing for
behavior change.

(1) Introduction to behavior analysis of difficult pain-related
situations, such as ABC-analysis * with antecedent
(2) Pain education with physician directed towards
adolescents (e.g., information about the pain system and
differences between adaptive avoidance reactions to acute
pain and potentially dysfunctional avoidance reactions to
long-term pain).

(3) Pain education with
physician directed
towards parents.

Sessions 4–6:
Shifting perspective.

(4) Individual life values: What is important in life? How have
previous strategies to avoid pain and distress led away from
a valued life?
(5) Introduction to the concept of increased functioning also in
the presence of persisting pain.

(6) Introduction to
ABC-analysis of difficult
pain-related parent-child
situations.
Pain reduction as
opposed to valued living.
Clarification of parental
values. Being an effective
coach to your child.
Home assignment:
practice ABC-analyses on
parent-child interactions.

Mid-treatment assessments

Sessions 7–8:
Acceptance and
cognitive defusion.

(7) Evaluation of previous strategies and creative hopelessness
(i.e., how have previous attempts at symptom reduction
prevented a valued living).
(8) Acceptance and cognitive defusion.

Sessions 9–17:
Values-oriented
behavioral
activation.

(9) Goal setting, gradual behavior activation and exposure to
previously-avoided situations, in line with life values.
(10) Physiotherapist: Goal setting focused on physical
activities in line with chosen values.
(12) Physician: Joint session. Continued pain education and
discussion about symptoms in relation to behavior change.
(13) Exposure, continued.
(14) Physiotherapist: Evaluation and gradual increase of
values oriented physical activities.
(15) Exposure, continued.
(16) Recruiting family and friends for support.
(17) Formulating individual plan for relapse prevention and
summary of treatment.

(11) Practice of
acceptance and defusion
in order to facilitate
behaviors in line with
long-term goals and
values also in the
presence of own worry
and distress. Follow up
on parent-as-coach.
(12) Physician:
Joint session.

Post-treatment assessments: Concluding team session together with both adolescent and parent.

* ABC-analysis: (A) antecedent, (B) behavior, (C) short- and long-term consequences.

The intervention was carried out either individually or in a small-group format, with the same
treatment content in both conditions. Group sessions were 2 h including a break, and individual
sessions were 45 min. Group sessions were longer, in order to allow participation from all group
members. Both adolescent and parent sessions were conducted in a parallel format (i.e., parents in
the group treatment arm received group-based parent support sessions, and parents in the individual
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treatment arm received individual parent support sessions). If a participant in either condition missed
a session, a short summary was individually given before the start of the next session.

Treatment fidelity was assured via the use of the detailed protocol, and all five psychologists
involved in delivering treatment had formal training in CBT and ACT, with varying years of experience
working with pediatric chronic pain patients. All psychologists were continuously supervised by
a senior researcher with extensive experience using ACT for pediatric chronic pain.

2.4. Assessment

Data collection took place at pre-, mid- and post-assessment. Demographic and medical
information (e.g., pain duration, pain location, temporal aspects of pain and pain medication) was
collected in semi-structured screening interviews. Parents provided background information regarding
educational status and work, through a self-reported questionnaire. Adolescent and parent functioning
was assessed through self-reported questionnaires at all time points.

2.4.1. Adolescent Measures

2.4.1.1. Pain Intensity

Current pain intensity for all time points was rated on a numerical rating scale from 0 (no pain at
all) to 6 (extreme pain).

2.4.1.2. Pain Interference Index (PII)

The Pain Interference Index (PII) was used to assess the influence of pain on behaviors, or to what
extent pain impacts everyday functioning. PII consists of six items, concerning whether pain has made
it difficult to do schoolwork, leisure activities, spend time with friends, has affected mood, physical
activities or sleep. Items are rated on a scale from 0 (not at all) to 6 (completely), and the maximum
score is 36. The Swedish version of PII has shown sensitivity to change [10], along with satisfying
reliability and internal consistency [20]. It has also been used in an English version for parents,
providing further support for the consistency and validity of the instrument [21]. At pre-treatment
assessment, Cronbach’s alpha for PII in this sample was 0.82.

2.4.1.3. Pain Reactivity Scale (PRS)

The Pain Reactivity Scale (PRS) measures worry and general emotional reactivity to pain [10].
It contains five items: (1) How often do you worry about your pain? (2) How often are you worried
that you will not be able to do things because of your pain? (3) How often are you worried that you
will not be able to do things in the future because of your pain? (4) How difficult do you think it is
to think about things that are related to your pain? (5) How often are you angry or said because it
hurts? PRS is rated on a scale from 0 (never/not at all) to 6 (always/very much), with a maximum total
score of 30. The instrument has shown sensitivity to change in ACT-treatment [10]. At pre-treatment
assessment, Cronbach’s alpha for PRS in this sample was 0.83.

2.4.1.4. Center for Epidemiological Studies Depression Scale Children (CES-DC)

The Center for Epidemiological Studies Depression Scale Children (CES-DC) [22,23] was used to
assess depressive symptoms. The scale consists of 20 items concerning feelings and actions relevant
for depressive disorder, and they are rated on a scale from 0 (not at all) to 4 (a lot), with four reversed
items. The maximum score is 60. CES-DC has shown adequate psychometric properties and the ability
to discriminate depressive disorder in a Swedish population of adolescents, where a cut-off of 24 was
proposed [24]. At pre-treatment assessment, Cronbach’s alpha for CES-DC in this sample was 0.90.
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2.4.1.5. Functional Disability Index (FDI)

The Functional Disability Index (FDI) [25] was used to assess child functioning. FDI has been
evaluated for pediatric patients with chronic pain, with evidence of reliability and validity [26], and
it is recommended by the PedIMMPACT as a core outcome measure of physical functioning [7].
The instrument has 15 items rated on a scale from 0 (no problems) to 4 (impossible), and the maximum
score is 60. There are established cut-off scores for the FDI, with 0–12 indicative of no/minimal
disability, 13–20 indicative of mild disability, 21–29 indicative of moderate disability and scores of 30
or over indicative of severe disability [27]. In the present study, we used the parent version, which has
been found to correlate significantly with child ratings [26]. At pre-treatment assessment, Cronbach’s
alpha for FDI-P in this sample was 0.93.

2.4.1.6. Psychological Inflexibility in Pain Scale (PIPS)

The Psychological Inflexibility in Pain Scale (PIPS) is a measure of psychological inflexibility
(i.e., the inability to carry out behaviors in line with a valued life when pain, unpleasant thoughts or
emotions are present) [6]. PIPS consists of 12 items rated on a scale from 1 (never true) to 7 (always
true), and the maximum score is 84. Examples of items are: “I would do almost anything to get rid
of my pain” and “it’s not me that controls my life, it’s my pain”. Previous research with adults with
chronic pain supports the psychometric properties and the use of PIPS as a process measure to assess
changes in pain-related disability after ACT-based treatment [28–30]. At pre-treatment assessment,
Cronbach’s alpha for PIPS in this sample was 0.85.

2.4.2. Parental Measures

2.4.2.1. Hospital Anxiety and Depression Scale (HADS)

The Hospital Anxiety and Depression Scale (HADS) [31] was used to measure parental levels
of anxiety and depressive symptoms. The scale consists of 14 items divided into two subscales,
HADS-A and HADS-D, with seven items respectively. Agreement is rated on a scale from 0 to 3,
for example “I still enjoy the things I used to enjoy” most of the time (0), a lot of the time (1), from
time to time, occasionally (2) or not at all (3). A score between 0 and 7 on each subscale respectively
indicates non-cases of anxiety or depressive disorder; a score between 8 and 10 indicates possible cases;
and scores of 11 and above indicate probable cases (i.e., a score >8 on each scale respectively defines
caseness) [32]. HADS has been used extensively across both patient and general populations with
results in favor of using the instrument for both identification of caseness and of symptom severity [32],
and results from a study in the general population support the validity of the Swedish version used in
this sample [33] At pre-treatment assessment, Cronbach’s alpha for HADS in this sample was 0.82.

2.4.2.2. Pain Reactivity Scale Parent (PRS-P)

The Pain Reactivity Scale described above was also used for parents (PRS-P) to measure their
emotional reactivity to their child’s pain. Parents were asked the same questions as in PRS, but in
relation to their child, e.g., “How often do you worry about your child’s pain”. At pre-treatment
assessment, Cronbach’s alpha for PRS-P in this sample was 0.91.

2.4.2.3. Parent Psychological Flexibility Questionnaire (PPFQ)

The Parent Psychological Flexibility Questionnaire (PPFQ) was developed with the aim of
measuring parental psychological flexibility in the context of pediatric chronic pain [17]. Further
development of the instrument supported the validity and reliability of a shorter, 17-item version,
and the authors suggest its potential for assessment of parent psychological flexibility in treatment
interventions for pediatric patients with chronic pain [18]. Items are rated on a scale from 0 (never true)
to 6 (always true), and examples of items are: “Even though my child has pain we can continue
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to do things that are important and enjoyable” and “My child’s pain makes it impossible to focus
on anything else” (reversed scoring). In this study, we used a 10-item version of the instrument,
with seven reversed items and a maximum score of 60, on the basis of a psychometric evaluation and
factor analysis of a Swedish version of the instrument [34]. At pre-treatment assessment, Cronbach’s
alpha for PPFQ in this sample was 0.82.

2.5. Data Management

Throughout the whole dataset, 12 (<1%) items were missing completely at random (MCAR).
These were manually imputed via person mean imputation, in order to maximize n for all analyses.

2.6. Data Analysis

Due to the fact that the data was non-normally-distributed, a non-parametric approach was
applied. For a comparison of non-completers versus completers, and for comparisons of conditions
(group versus individual) across all assessments, Mann–Whitney U tests were used. To assess when
changes occur (pre–mid-assessment, mid–post assessments and pre–post-assessment), Wilcoxon
signed-rank tests were used. Effect sizes were calculated from z-scores and the number of total
observations by use of r [35]. Correlational effect sizes above 0.10 indicate a small effect, above 0.30
a medium effect and above 0.50 a large effect, according to Cohen [36]. Mean-based statistics were
used to calculate clinically-significant changes for all significant outcome variables and pain intensity
using the 1991 Jacobson–Truax method for reliable change, where a change of two standard deviations
(SD) in the direction of functionality from the mean of the population under investigation is considered
clinically significant [37,38]. Pairwise deletion was chosen for all analyses, and all analyses were
conducted with SPSS 23 and Excel 2011 for Mac. The significance level was set at a conservative level
of p < 0.01 to account for multiple comparisons.

2.7. Ethical Considerations

All participants (parents and children) were given oral and written information about the study
and provided signed informed consent. The study was approved by the Ethical Review Board in
Stockholm, Sweden (2009:815:31/4, approved 2009/4:6).

3. Results

3.1. Initial Analyses

To assess potential differences between completers and non-completers/exclusions at pre-treatment
assessment (n = 48), a series of Mann–Whitney U tests was performed. No statistically-significant
differences in the pre-treatment assessments were found between children and parents who dropped
out or were excluded, and children and parents who completed the study for any of the variables
included in further analyses (PII, PRS, CES, FDI-P, PIPS, actual pain intensity and pain duration and
parent HADS (total and subscales), PRS-P, PPFQ and parent chronic pain). All further analyses are
based on the final sample of completers (n = 30).

3.2. Descriptive Statistics

The final sample included 30 adolescent participants (24 girls), with a mean age of 16 years and
mean pain duration of more than four years. The majority of adolescents reported continuous pain
from multiple sites. The parent sample included 28 parents (24 mothers), with a mean age of 47 years.
Demographic and medical information is provided in Table 2.

299



Children 2016, 3, 30

Table 2. Demographic and medical data for adolescents and parents.

Total Sample Group Condition Individual Condition

Children 30 12 18

Age m (SD) 16.0 (1.6) 16.3 (1.5) 15.8 (1.6)

Gender

Girls n (%) 24 (80.0) 11 (91.7) 13 (72.2)
Boys n (%) 6 (20.0) 1 (8.3) 5 (27.8)

Pain characteristics

Head n (%) 27 (90.0) 10 (83.0) 17 (94.0)
Abdominal n (%) 12 (40.0) 4 (33.0) 8 (44.0)
Back n (%) 13 (43.0) 7 (58.0) 6 (33.0)
Joint n (%) 5 (17.0) 4 (33.0) 1 (5.5)
Other (e.g., parts of limbs) n (%) 18 (60.0) 9 (75.0) 9 (50.0)
CRPS a n(%) 1 (3.3) - 1 (5.5)
Widespread n (%) 6 (20.0) 4 (33.0) 2 (11.0)
Pain locations > 3 n (%) 16 (53.0) 8 (67.0) 8 (44.0)
Pain duration in months m (SD) 57.87 (49.5) 43.18 (36.3) 67.35 (55.4)
Pain duration ≥36 months m (SD) 17 (60.7) 6 (54.5) 11 (64.7)
Current pain intensity (0–6) m (SD) 3.31 (1.4) 3.75 (1.0) 3.00 (1.7)
Continuous pain n (%) 22 (73.3) 10 (83.3) 12 (66.7)
Pain every day n (%) 5 (16.7) 2 (16.7) 3 (16.7)
Pain every week n (%) 3 (10.0) - 3 (16.7)

Current pain medication n (%) 15 (50.0) 6 (50.0) 9 (50.0)

School absence n (%)

None 4 (13.3) 3 (25.0) 1 (5.6)
Moderate 16 (53.3) 4 (33.3) 12 (66.7)
Extensive (>1 day/week) 4 (13.3) 3 (25.0) 1 (5.6)
Total absence 4 (13.3) 1 (8.3) 3 (16.7)
N/A 1 (3.3) 1 (8.3) 1 (5.6)

Parents 28 12 16

Mothers n (%) 24 (86.0) 10 (83.3) 14 (87.5)
Age m (SD) 47.3 (4.8) 48.42 (4.5) 46.5 (5.0)
Parent pain duration ≥1 year n (%) 16 (57.1) 7 (58.3) 9 (56.2)

Marital status n (%)

Married 14 (50.0) 6 (83.0) 8 (50.0)
Co-habiting 6 (21.4) 2 (16.7) 4 (25.0)
In a relationship 2 (7.1) 1 (8.3) 1 (6.3)
Single 6 (21.4) 3 (25.0) 3 (18.8)

Educational status n (%)

Basic/high school 16 (57.1) 5 (41.7) 11 (68.8)
University studies 12 (42.9) 7 (58.3) 5 (31.3)

Occupational status n (%)

Full time work/study 20 (71.4) 9 (75.0) 11 (68.8)
Part time work/study 5 (17.9) - 5 (31.3)
Not working/studying 3 (10.7) 3 (25.0) -

a CRPS = Complex Regional Pain Syndrome; m = mean; SD = standard deviation.

3.3. Initial Analyses: Comparison of Group and Individual Treatment

For adolescents, no statistically-significant differences were found between the conditions at
baseline regarding pain duration (p = 0.409) or prevalence of parent chronic pain (p = 0.209). Similarly,
there were no significant differences between the conditions in any of the outcome variables at any
of the time points (pain interference, pain reactivity, depression, functional disability, psychological
inflexibility and pain intensity, p = 0.109–1.00). For parents, no statistically-significant differences were
found between the conditions for any of the outcome variables at any of the time points (anxiety and
depression and parent pain reactivity and psychological flexibility, p = 0.022–0.961). Table 3 shows
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median and min-max values for the total sample and group and individual conditions, respectively,
for each time point. Further evaluations of treatment effects concern the total sample (n = 30) if not
stated otherwise.

Table 3. Median (Md) and min–max scores for adolescent and parent variables at pre-, mid- and
post-treatment assessment.

Outcome Variable
Pre-Md

(Min–Max)
Mid-Md

(Min–Max)
Post-Md

(Min–Max)

Children

PII (0–36)
Total 24.5 (5–35) 20.0 (4–35) 12.5 (1–35)

Group 24.5 (11–35) 22.5 (9–35) 13.5 (6–35)
Individual 22.5 (5–34) 18.0 (4–30) 11.0 (1–32)

PRS (0–30)
Total 21.5 (13–29) 21.0 (10–30) 13.0 (0–29)

Group 20.0 (14–27) 21.5 (11–30) 15.0 (8–29)
Individual 23.0 (13–29) 16.0 (10–29) 10.0 (0–28)

CES-DC (0–60)
Total 28.0 (10–47) 27.0 (15–52) 20.0 (6–47)

Group 26.0 (10–47) 30.5 (15–52) 22.0 (9–47)
Individual 28.5 (12–45) 26.0 (16–46) 17.0 (6–46)

FDI-P (0–60)
Total 15.5 (3–57) 10.5 (0–37) 6.0 (0–39)

Group 19.0 (9–39) 9.5 (6–36) 6.5 (0–34)
Individual 15.0 (3–57) 11.0 (0–37) 6.0 (0–39)

PIPS (12–84)
Total 54.0 (27–81) 49.5 (33–72) 37.0 (17–75)

Group 54.0 (27–81) 51.0 (33–72) 40.5 (17–45)
Individual 55.5 (38–76) 48.0 (35.50–71) 32.5 (22–65)

Pain intensity (0–6)
Total 4.0 (0–6) 4.0 (1–6) 3.0 (0–6)

Group 4.0 (2–6) 4.0 (3–6) 4.0 (1–5)
Individual 3.0 (0–6) 3.0 (1–6) 2.0 (0–6)

Parents

HADS (0–42)
Total 15.0 (0–31) 17.0 (0–30) 13.5 (0–32)

Group 13.5 (4–19) 12.5 (0–28) 17.0 (0–23)
Individual 17.0 (0–31) 20.0 (6–30) 10.5 (0–32)

HADS-A (0–21)
Total 9.0 (0–17) 9.5 (0–18) 7.5 (0–16)

Group 7.5 (4–13) 6.0 (0–17) 6.5 (0–15)
Individual 11.0 (0–17) 10.5 (3–18) 7.5 (0–16)

HADS-D (0–21)
Total 5.5 (0–14) 8.5 (0–15) 3.5 (0–16)

Group 4.5 (0–12) 6.0 (0–11) 7.0 (0–12)
Individual 5.5 (0–14) 9.0 (0–15) 3.0 (0–16)

PRS-P (0–30)
Total 22.5 (5–30) 20.0 (4–30) 15.0 (1–28)

Group 22.0 (13–30) 15.0 (5–23) 14.0 (5–28)
Individual 22.5 (5–30) 24.0 (4–30) 15.0 (1–28)

PPFQ (0–60)
Total 32.0 (9–51) 38.0 (6–48) 42.0 (15–55)

Group 34.5 (19–51) 40.0 (31–47) 42.0 (23–55)
Individual 24.5 (9–46) 25.5 (6–48) 41.5 (15–54)

Measurement abbreviations: PII, Pain Interference Index; PRS, Pain Reactivity Scale; CES-DC, Center for
Epidemiological Studies Depression Scale Children; FDI-P, Functional Disability Inventory Parent rating;
PIPS, Psychological Inflexibility in Pain Scale; HADS, Hospital Anxiety and Depression Scale; HADS-D,
depression subscale; HADS-A, anxiety subscale; PRS-P, Pain Reactivity Scale Parent; PPFQ, Parent Psychological
Flexibility Questionnaire.

3.4. Effects of ACT-Treatment on Adolescent Functioning, Psychological Flexibility and Pain

Pain interference was significantly higher at pre- than at post-treatment assessment, median
(Md) = 24.5 versus Md = 12.5, respectively, p < 0.001. The effect size was large (r = 0.51). Pain reactivity
was significantly higher at pre- than at post-treatment assessment (Md = 21.5 versus Md = 13.0,
respectively, p < 0.001), with a medium effect size (r = 0.49). Depressive symptoms were significantly
higher at pre- than at post-treatment assessment (Md = 28.0 versus Md = 20.0, respectively p = 0.004),
with a medium effect size (r = 0.37). FDI-P-scores did not change significantly from pre- to post-treatment
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assessment (Md = 15.5 versus Md = 6.0, respectively, p = 0.032), but a medium effect size was seen
(r = 0.35). Psychological inflexibility was significantly higher at pre- than at post-treatment assessment
(Md = 54.0 versus 37.0, respectively, p < 0.001), with a large effect size (r = 0.59). As expected, given the
treatment objective in ACT, there were no significant changes in pain intensity at any of the time points
(p > 0.608). Details on median and min–max values are provided in Table 3, and z-scores, p-values and
effect sizes are listed in Table 4.

3.5. Effects of ACT-Treatment on Parent Anxiety, Depression, Pain Reactivity and Psychological Flexibility

No significant changes were seen in parent emotional functioning overall or anxiety and
depression separately (p > 0.413). Improvement was seen in parent pain reactivity, with significantly
higher ratings at pre- than at post-treatment assessment (Md = 22.5 versus Md = 15.0, respectively,
p < 0.001), illustrating a large effect size (r = 0.57). Parent psychological flexibility was significantly
increased from pre- to post-treatment assessment (Md = 49.5 versus Md = 67.0, respectively, p < 0.001)
with a large effect size (r = 0.62).

Table 4. Treatment effects for the total sample, for all time points, including z-scores, p-values,
effect sizes and clinically significant changes.

Outcome
Variable

Wilcoxon
Signed Rank
Test Pre–Mid

Change

Wilcoxon
Signed Rank

Test Mid–Post
Changes

Wilcoxon
Signed Rank
Test Pre–Post

Changes

Effect Size
(r) a

Pre–Post

Clinically
Significant
Change b

Pre–Post

Deterioration c

Pre–Post

Children

PII
z = −2.203,
p = 0.026

z = −2.962,
p = 0.002 *

z = −3.949,
p < 0.001 * r = −0.51 14 of 30 -

PRS
z = −0.930,
p = 0.362

z = −3.651,
p < 0.001 *

z = −3.765,
p < 0.001 * r = −0.49 14 of 29 2 of 29

CES-DC
z = −1.264,
p = 0.213

z = −3.597,
p < 0.001 *

z = −2.788,
p = 0.004 * r = −0.37 11 of 28 2 of 28

FDI-P
z = −2.584,
p = 0.008 *

z = −0.142,
p = 0.901

z = −2.134,
p = 0.032 r = −0.35 4 of 19 2 of 19

PIPS
z = −2.199,
p = 0.027

z = −4.314,
p < 0.001 *

z = −4.607,
p < 0.001 * r = −0.59 19 of 30 -

Pain
intensity

z = −0.525,
p = 0.697

z = −1.206,
p = 0.255

z = −0.980,
p = 0.346 r = − 0.13 4 of 26 1 of 26

Parents

HADS
z = −0.299,
p = 0.777

z = −0.142,
p = 0.899

z = −0.222,
p = 0.838 - - -

HADS-A
z = −0.916,
p = 0.373

z = −0.234,
p = 0.836

z = −0.843,
p = 0.413 - - -

HADS-D
z = −0.643,
p = 0.537

z = −0.114,
p = 0.933

z = −0.694,
p = 0.508 - - -

PRS-P
z = −2.138,
p = 0.031

z = −2.987,
p = 0.001 *

z = −3.672,
p < 0.001 * r = −0.57 16 of 21 -

PPFQ
z = −2.315,
p = 0.019

z = −3.144,
p = 0.001 *

z = −4.117,
p < 0.001 * r = −0.62 12 of 22 -

a for r, effect sizes >3 are considered of medium size and >5 large; b clinically-significant changes are defined
as a change of >2 SD in the direction of functionality; c deterioration is defined as a change of >2 SD in the
direction of dysfunction; * p < 0.01, two-tailed.

3.6. Analyses of Temporal Change Patterns

Significant changes from pre- to mid-treatment assessments were only found for functional
disability (pre–mid change p = 0.008). From mid- to post-assessments, however, the changes were
significant in all other variables with significant overall treatment effects. Thus, the pattern of results
illustrates more significant changes from mid- to post- than from pre- to mid-treatment assessments.
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3.7. Clinically Significant Changes

3.7.1. Adolescents

Table 4 shows the number of participants who have a clinically-significant change (≥2 SD)
in the direction of functionality. A clinically-significant change in pain interference from pre- to
post-treatment assessments was found for 47% of the participants, and a clinically-significant change
in pain reactivity was found for 48%. Clinically-significant reductions of depressive symptoms
were reported by 39%. For functional disability, improvement was seen in 21% of participants,
and for pain intensity, 15% reported a clinically-significant reduction. Finally, 63% of participants
reported a clinically-significant change in psychological flexibility. There were no significant differences
between the conditions regarding the number of participants with clinically-significant improvement
from pre- to post-treatment assessment for any of the variables (p between 0.083 and 1.00), but for
depressive symptoms, there was a trend towards a significant difference (z = −2.41, p = 0.028),
with more participants reporting clinically-significant reductions in depressive symptoms in the
individual condition.

3.7.2. Parents

Parent reactivity to child’s pain changed to a clinically-significant degree in the direction of
functionality for 76% of the parents (Table 4). Similarly, 54% of parents reported clinically-significant
increases in psychological flexibility. There were no significant differences between the conditions
regarding the number of participants with clinically-significant improvement in neither parent pain
reactivity nor psychological flexibility (p = 0.198).

3.8. Deterioration from Pre- to Post-Treatment Assessment

As seen in Table 4, a few adolescent participants reported deterioration (i.e., a change of ≥2 SD
from pre- to post-treatment assessment). Deterioration in pain reactivity was reported by 7% of
participants. In depressive symptoms, 7% also reported deterioration, and in functional disability,
deterioration was seen in 11% of the adolescents. Deterioration in pain intensity was reported
by 4% of participants. However, deterioration was not reported in parent pain reactivity or
psychological flexibility.

4. Discussion

This clinical pilot study aimed to evaluate (1) the effects on functioning of an ACT-based
intervention provided in a group or in an individual format to adolescents with disabling
chronic pain conditions; and (2) the effects of a parental support program on parent functioning.
Results showed improvements in adolescent functioning, as well as in parent psychological flexibility,
with clinically-significant changes in the direction of a better functionality for a large portion of both
adolescent and parent participants. Taken together, our findings of improved functioning in adolescents
are consistent with previously-published studies on ACT for pediatric chronic pain conducted by our
research group, as well as by researchers in other settings [9–15]. They are also in line with findings on
improved functioning post-treatment in a systematic review on psychological therapies for pediatric
chronic pain primarily based on CBT (including 37 studies, but only one ACT study) [5].

In addition to our aims, a preliminary comparison of treatment formats was conducted, which
did not show any significant differences in effects between group and individually-delivered ACT
treatment. However, as the sample is too small for an adequately-powered study with a non-inferiority
design, the results should be seen as highly tentative, and larger studies are warranted in order to
investigate the relative utility of these treatment formats. The pattern of changes between assessment
points illustrated that changes occurred primarily from mid- to post-assessments. These results are
interesting, as they suggest that treatment may be effective also when no or marginal improvements
are seen in the first place. However, the design of the present study does not allow for any causal

303



Children 2016, 3, 30

interpretation, and this pattern should merely be seen as indicative of the importance for future studies,
including component analyses of treatment content, as well as the dose-response relationship.

In treatment of pediatric chronic pain, an overarching goal should be to decrease the impact of pain
on a wide array of functioning outcomes [7,39]. The reported pre- to post-treatment assessment changes
in pain interference scores and pain reactivity scores are in line with this goal. Similarly, the decreases
in depressive symptoms from high pre-assessment scores in the current study (CES-DC Md = 28,
which can be compared to the recommended cut-off of 24 for depressive disorder [24]) fits this pattern.
Depression and functional disability commonly co-occur in chronic pain [40,41], and treatments that
successfully target depressive symptoms are likely to have an important impact on overall pain-related
functioning. Findings from recent systematic reviews on treatment for pediatric chronic pain [5,42]
highlight the limited evidence for effects on depression in both psychological therapies overall and
in intensive interdisciplinary treatment. Our results support previous findings from our research
group regarding improvement in depressive symptoms (medium effect sizes) [10], suggesting that
ACT treatment may hold promise in effectively targeting pain-related emotional dysfunction.

In this study, significant changes were only observed from pre- to mid-treatment assessment in
functional disability (FDI-P), with baseline scores being relatively low as compared to PII-scores. This is
consistent with previous findings [20] and suggests that FDI due to item content (e.g., “difficulties
watching TV”) does not fully capture pain-specific concerns experienced by many patients. Adolescents
in our study also reported significant changes in psychological flexibility, indicating that they were
dealing with private events, such as pain and emotional distress in a more efficient way post-treatment.
For example, instead of shutting the blinds and taking a rest, an adolescent with headache, fatigue and
the thought “I can’t do it, I’d better wait until I feel better” (pain, distress and thoughts that dictate
avoidance) observes these private events, decides not to act in accordance with short-term symptom
relief and instead accepts symptom presence and chooses to pick up the phone and call a friend
(exposure to previously-avoided situation and achievement of behavioral goal) because friendship is
important (life value) and therefore worth pursuing.

This study provides an important contribution to the existing body of research on ACT-treatment
for pediatric chronic pain, through the examination of clinically-significant changes in outcomes.
In line with PedIMMPACT recommendations [7], pain intensity was included as a treatment outcome.
While our finding for paint intensity, namely that changes in pain were not seen post-treatment,
are in contrast to psychological therapies overall [5], they are still consistent with ACT-specific
predictions [43]. Additionally, using the literature suggested cut-off of 2 SD in the direction of
functionality [37], a large proportion of patients reported clinically-significant outcomes. It should be
considered, however, that this cut-off is arbitrary and, in light of the severity of functional impairment
and high chronicity of the population under investigation, may be seen as conservative. For example,
a cut-off set at 1 SD, as suggested in adult chronic pain trials [44], would have rendered different
results. What constitutes a clinically meaningful improvement in functioning for an adolescent with
longstanding, debilitating pain should be further discussed and addressed in future trials.

The inclusion of parents in psychological therapies for pediatric chronic pain is encouraged,
both on the basis of related family impact and dysfunction [3,4], and on the basis of existing evidence
on child outcomes, but also because there is a need for more research concerning parent mental
health and parent behavior outcomes [16,45]. That is, in addition to evaluating the importance of
both overt parent behaviors and parent psychological states in relation to child dysfunction, such
as observable dysfunctional parent behaviors [46] and self-reported parent behaviors and parent
distress that are predictive of child distress and functioning over time [47], more studies are needed
that specifically examine parent outcomes after treatment. One recent and important contribution
is an Internet-delivered evaluation of family-based CBT for adolescents with chronic pain and their
parents, where increased parent mental health and decreased dysfunctional parent behaviors were
seen [48]. Similar to psychological therapies overall, there are only a few ACT studies evaluating
parent support for parents of children and adolescents with physical health concerns [49], but findings
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indicate that ACT can be beneficial regarding parental adjustment for parents of children with
autism [50] and can improve both child and parent outcomes in families where the child has traumatic
brain injury [51] or cerebral palsy [52]. An adapted ACT-parent support program was carried out
with parents of children with life-threatening illness, and parents reported decreased distress and
increased psychological flexibility and mindfulness after participation [53]. Although parents have
been involved in previous trials of ACT for pediatric chronic pain, to our knowledge, only one
previous study exists specifically examining the effects of ACT support for parents of pediatric chronic
pain patients [15]. Our study, evaluating the effects of a brief and structured ACT-based parent
support program on parent mental health, parent pain reactivity and parent psychological flexibility,
is therefore an important addition and extends previous findings. A majority of parents in our
study reported clinically-significant improvements in dealing with their child’s pain post-treatment,
indicating that both the novel variable parent pain reactivity and parent psychological flexibility,
which have previously been reported on [17,18], in relation to child’s pain may be important treatment
targets for enhancing effective parent behaviors. Regarding parent mental health, the parents in our
study tended to be in the “possible cases” range of HADS at pre-treatment assessment (i.e., possibly
suffering from anxiety) [32]. They reported no significant changes over the course of treatment.
Future studies could include treatment content more specifically aimed at parent depressive or anxious
symptoms, as such problems are commonly reported by parents of children with chronic pain [45,54]
and potentially hamper effective parent behaviors for a subset of parents. Furthermore, chronic pain
is common in parents of children with chronic pain [55], which is also seen in our sample, and the
interference of parent chronic pain on parent behavior [56] and parent mental health should therefore
be examined further.

A number of limitations should be considered when interpreting the results from this clinical
pilot study. Due to the small sample, there was not enough power to adequately evaluate the relative
effects from group versus individual treatment, and we suggest this as a focus for future studies.
As in most clinical trials, improvements may partially be due to spontaneous recovery or other
unspecific factors. However, spontaneous improvements in functioning for this sample with their long
mean pain duration (>4 years) and level of disability would not be expected. Notably, our sample is
similar regarding, e.g., pain duration as seen in other studies, which indicates representativeness and
generalizability [42]. Furthermore, the adolescents in our study presented with relatively higher scores
of depressive symptoms [57]. The representativeness of the sample was also seen in parents, as they
appear similar to parent samples in other studies on pediatric chronic pain in tertiary care, regarding
age and gender [13], as well as in anxiety and depression [54]. Problems with recruitment and retention
in clinical trials have been described in the literature [58] and account also for this study where attrition
was very high. In the present study, unexpected difficulties occurred after randomization to individual
and group treatment, with two participants changing their mind after being allocated to the group
condition and, thus, not initiating treatment. In addition, some parent assessments had to be excluded
from the analyses due to different parents completing the questionnaires (i.e., when analyzing data,
it was found that the mother conducted the rating at baseline and the father at post-assessment).
Apart from following a structured protocol and regular supervision, no fidelity checks were performed
in this clinical study, e.g., analyses of videotaped sessions. This is advisable for future studies to ensure
protocol adherence and that sessions are performed in accordance with ACT theory. Furthermore,
for adolescent pain interference and functional disability, the adolescent version of the PII and the
parent version of the FDI were used when ideally both parent and adolescent ratings of both these
outcomes should have been included. Finally, instead of measuring current pain intensity, a more
expanded assessment, e.g., using a daily pain diary for a shorter period, would have given more detail
and thereby also more confidence in regards to findings.

Compared to medical or surgical interventions aimed at pain relief, the potential harms from
psychological treatments, such as ACT, are presumably low. However, the treatment objective or other
related factors might induce negative feelings and expectations, highlight the fact that pain has had
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a major negative impact on life, and for some even provoke pain. In the present study, this might be
the case for those five participants reporting clinically-significant deterioration for one or two of the
variables PRS (two reports) CES-DC (two reports), FDI-P (two reports) and pain intensity (one report).
This together with the wide range of values observed in most variables at all assessment points
illustrates clinical challenges and a need to identify subgroups of non-responders, as well as the need
to develop individually-tailored interventions and conduct careful follow-up. Our findings further
support the notion that future research should address the questions of what works for whom [59,60].
As seen in our evaluation of clinically-significant changes, it is evident that some adolescents and
parents benefit greatly from the interventions, whereas some do not. In a recent study of pain and
functional disability trajectories during Internet-delivered CBT-treatment in an adolescent sample with
chronic pain, the authors also note improvements for some participants and worsening or minimal
improvements for others [61]. To date, we lack sufficient evidence for which components of treatment
are related to change or which characteristics of pediatric patients suffering from chronic pain predict
or moderate outcomes of both traditional CBT- and ACT-based interventions. Designing future studies
to assess the details regarding change processes, including mediators and moderators of treatment
outcome, is important. On a final note, it is crucial to conduct long-term follow-up. Currently, the
evidence for the maintenance over time of short-term improvements in pediatric pain and disability
is limited for psychological therapies overall [5], and although improvements seen post-treatment
have been sustained at follow-up in previous ACT-studies [9–11,13,14], no study including pediatric
participants with chronic pain has been conducted following up on ACT-treatment outcomes >1 year.

5. Conclusions

Significant improvements following an ACT-based interdisciplinary outpatient program were
seen in adolescent pain interference, pain reactivity, depressive symptoms and psychological
flexibility post-treatment. Furthermore, their parents reported decreased pain reactivity and increased
psychological flexibility after completing a brief ACT-based parental support program. Clinically
significant changes occurred for a large proportion of participants. Similar effects were seen for
individual and group formats. Though tentative due to the study design, our findings provide further
support for the utility of ACT to improve adolescent and parent functioning in pediatric chronic pain.
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Abstract: In pediatric chronic pain, research indicates a positive relation between parental
psychological flexibility (i.e., the parent’s willingness to experience distress related to the child’s pain
in the service of valued behavior) and level of functioning in the child. This points to the utility of
targeting parental psychological flexibility in pediatric chronic pain. The Parent Psychological
Flexibility Questionnaire (PPFQ) is currently the only instrument developed for this purpose,
and two previous studies have indicated its reliability and validity. The current study sought to
validate the Swedish version of the 17-item PPFQ (PPFQ-17) in a sample of parents (n = 263) of children
with chronic pain. Factor structure and internal reliability were evaluated by means of principal
component analysis (PCA) and Cronbach’s alpha. Concurrent criterion validity was examined by
hierarchical multiple regression analyses with parental anxiety and depression as outcomes. The PCA
supported a three-factor solution with 10 items explaining 69.5% of the total variance. Cronbach’s
alpha (0.86) indicated good internal consistency. The 10-item PPFQ (PPFQ-10) further explained
a significant amount of variance in anxiety (29%), and depression (35.6%), confirming concurrent
validity. In conclusion, results support the reliability and validity of the PPFQ-10, and suggest its
usefulness in assessing psychological flexibility in parents of children with chronic pain.

Keywords: psychological flexibility; validation; pediatric chronic pain; parents; anxiety; depression;
distress; Acceptance and Commitment Therapy (ACT)

1. Introduction

Psychological flexibility, the core treatment target in Acceptance and Commitment Therapy
(ACT) [1], is conceptualized as the ability for adaptive, values-oriented behavior in the presence of
distressing experiences [2]. Psychological flexibility has also been described as a “fundamental aspect
of health”, with high relevance to distress, such as anxiety and depression, where there is typically
a lack of flexibility [3]. Current research further indicates that parental psychological flexibility may
act as a possible moderator in the relationship between parent- and child-distress [4], and also that
psychological flexibility within the parenting role is associated with adaptive parenting behavior in
non-clinical samples [4,5].
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There is emerging evidence for the utility of ACT in pediatric chronic pain [6–9]. In the context
of pediatric chronic pain, parental psychological flexibility is defined as the parent’s willingness to
experience distress related to the child’s pain, in the service of long-term values and related behavioral
goals for both parent and child [10,11]. Research on parents of children with chronic pain has also
shown a positive relationship between parental psychological flexibility and level of functioning in
the child, and has pointed to the utility of targeting parental psychological flexibility in treatments
with ACT for pediatric chronic pain, in order to potentially improve child treatment effects [10,11].
There is also mounting evidence concerning the association between parental distress, such as anxiety,
fear, catastrophizing, and depression, and functional disability in children with chronic pain [12–14],
even at subclinical levels of parental distress [15]. For example, research shows that parental distress
influences parent behavior toward more protecting and monitoring, which contributes to the child’s
distress, fear, catastrophizing, and avoidance behaviors; factors with a direct impact on pain related
functional disability in the child [16–18].

Psychological flexibility appears to be a context specific construct, in terms of the area of
study (e.g., pain, parenting, workplace, or other), and therefore needs to be assessed as such [4,19].
This implies the need for reliable and valid instruments to assess parental psychological flexibility
within the context of pediatric chronic pain. To date, only one such instrument has been specifically
developed, the Parent Psychological Flexibility Questionnaire (PPFQ) [10,11]. However, the PPFQ
has not yet been validated in a Swedish sample. The first study by McCracken and Gauntlett-Gilbert
included development of the PPFQ by generating a set of items constructed to reflect aspects related
to psychological flexibility (e.g., acceptance, cognitive defusion, and values-based action), of which
24 of the original 31 items were retained for analysis. Results supported internal reliability for the
preliminary instrument and suggested concurrent validity through associations with child functioning
and parent responses to child pain [11]. The second study by Wallace et al. [10] aimed to further
refine and examine the reliability and validity of the 24-item PPFQ (PPFQ-24). This resulted in
a 17-item questionnaire (PPFQ-17) with four factors: (1) values-based action (VBA); (2) emotional
acceptance (EA); (3) pain acceptance (PA); and (4) pain willingness (PW). The subscales and the full
measure generally had adequate internal reliability (though weaker for the three-item PW subscale),
and demonstrated adequate correlations with adolescent-reported measures of pain, functioning,
pain acceptance, and distress. The authors concluded the PPFQ-17 to be a reasonably reliable and valid
measure for clinical use and further research. However, it was also noted that the PA subscale, with few
significant correlations and “no unique contributions within the measures included”, should be further
investigated in future studies designed to test, for example, parental distress, which may result in
a briefer measure excluding the PA subscale [10]. Therefore, the objectives of the current study were
to (1) explore the factor structure and reliability of the Swedish version of the PPFQ-17 in a sample
of parents of children referred to a tertiary pain clinic for chronic pain; and (2) to investigate the
concurrent validity of the PPFQ by analyzing its relation to parental distress (anxiety and depression)
among parents of children and adolescents with chronic debilitating pain.

2. Materials and Methods

2.1. Procedure and Participants

The study utilized a cross-sectional design including 263 parents of children with chronic pain
who had been consecutively referred to a tertiary care pain clinic in Stockholm County, Sweden.
Participants were recruited during a period of four years, and were excluded from the study if they
were non-Swedish speakers. Mean age for the participating parents was 44.4 years, and the sample
consisted of 81% women. A majority of the participating parents (53%) reported having studied at the
university level. The regional ethical review board in Stockholm (Regionala etikprovningsnamnden
i Stockholm; FE 289; 171 77; Stockholm, Sweden) approved of the study and participants provided
written and informed consent. Assessments of the children were also collected, and analyses and
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results based on these assessments have been previously reported [20,21]. In brief, most children
reported multisite pain (76%), the mean pain duration was four years, the majority of the children
were girls (72%), and the mean age was 14 years (SD = 2.64).

2.2. Assessments

Data was collected by means of self-report questionnaires by the parent accompanying the child
to the first visit at the clinic prior to any assessment or intervention.

2.2.1. Demographic Variables

Demographic variables included parental age, parental gender, and parental level of education
divided into two categories: basic education/high school and university studies.

2.2.2. Distress (Anxiety and Depression)

The Hospital Anxiety and Depression Scale (HADS) was used to assess anxiety and depression in
parents. The two subscales, anxiety (HADS-a) and depression (HADS-d), each consist of seven items
rated on a four-point Likert scale (0–3) [22]. The scale has established clinical cutoffs at a score of 8
for each scale [23], and the HADS is one of the most widely used measures of anxiety and depressive
symptoms in general medical settings and has been used with a wide variety of medical patients [24].
It has also been used in a number of validation, intervention, and correlational studies concerning
acceptance and psychological flexibility, in relation to chronic pain, but also for other conditions as
well [25–31]. Furthermore, it has been used with parents of adolescents with chronic illness and,
compared with other measures of anxiety or depression, it excludes symptoms that might be somatic
aspects of physical illness, such as, for example, insomnia or fatigue [32]. In the current sample,
Cronbach’s alpha was 0.88 for both subscales (HADS-a and HADS-d).

2.2.3. Parental Psychological Flexibility

The PPFQ aims to assess parents’ ability to effectively manage their own distress concerning their
adolescent’s pain, while keeping actions directed towards goals and values [10,11]. The version used in
the current study contained the 17 items as proposed by Wallace et al. [10] and four subscales (factors)
as described above, and parents responded to each item using a seven-point scale ranging from
0 = never true to 6 = always true. Items were developed to reflect aspects of relevance to psychological
flexibility [2], namely acceptance, cognitive defusion, and values-based action. Cronbach’s alpha for the
original 24-item scale was 0.91, and this scale was validated by comparison with demographic variables,
pain related variables, adolescent functioning, and parent responses to child pain. Initial analyses
suggested the reliability and validity of the scale regarding parent behavior, as well as its potential
importance in relation to adolescent functioning [11]. Cronbach’s alpha for PPFQ-17 was 0.87 in the
original study by Wallace et al. [10] and 0.90 in the current sample.

2.3. Translation and Swedish Adaptation

Permission to translate and validate the PPFQ from the English version, originally developed
by McCracken et al. [11], to Swedish, was obtained from the authors of the original PPFQ. Based on
standards for self-report translation and cross-cultural adaption processes [33], the PPFQ was translated
by a clinical psychologist specialized in chronic pain and ACT, with a PhD in clinical psychology,
and back-translated by two proficient English speakers. Prior to the study, the pre-final version
was administered to a group of parents of children with chronic pain. They provided input on
the wording and content of the questionnaire and were asked about possible difficulties related to
understanding item-content.
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2.4. Analytical Approach

2.4.1. Data and Missing Values Analysis

All analyses were computed using SPSS Statistics (Version 22; IBM: Armonk, NY, USA, 2013).
Frequency distributions were analyzed to ascertain multivariate normality of data. Analysis of missing
values was performed, and the Expectation-Maximization algorithm (E-M) for imputing missing data
was employed.

2.4.2. Factor Structure and Internal Consistency

Initial analyses included inter-item correlations, sampling adequacy, and factorability of the
PPFQ-17 [34]. In line with the aim of further exploration, rather than testing the model fit of the existing
factor solution, a principal components analysis (PCA) was performed to examine the underlying
factor structure of PPFQ items, and to optimize the possibility for data reduction [34]. Both varimax
(orthogonal) and direct oblimin (oblique; with delta = 0) rotations of the factor loading matrix were
used to achieve the simplest factor structure possible [35], before deciding on a rotation for the final
model. The rotated factor structure was examined for items with poorer extraction (communality;
lower than 0.4) within the factor structure or cross-loadings (higher than 0.32 on a second factor) to
determine the most simple solution with clear and meaningful factors [35]. The internal consistency
of the total scale and the respective subscales was calculated using Cronbach’s alpha in an iterative
process in order to identify items that did not contribute, or had a negative contribution, to the scales’
alpha. Items with a negative impact were subsequently removed. The strength of Cronbach’s alpha
was determined according to the reliability matrix for research in psychology by Ponterotto and
Ruchdeschel [36].

2.4.3. Concurrent Criterion Validity

The concurrent criterion validity of the PPFQ (subscales and total scale) was investigated by
analyzing the relationship with anxiety (HADS-a) and depression (HADS-d). Pearson product-moment
correlation coefficients were calculated between demographic variables, psychological flexibility,
anxiety, and depression. A correlation r = ±0.00–0.29 was considered weak, r = ±0.30–0.49, moderate,
r = ±0.50–0.89, strong, and r ≥ ±0.90, very strong [37]. Following correlations, two hierarchical
regression analyses were performed to investigate the variance explained by PPFQ in anxiety and
depression respectively. Age, gender, and education were included as control variables in the first step
(step 1), followed by the PPFQ (step 2).

3. Results

3.1. Data and Missing Values Analysis

Of the 280 participants recruited, 94% (n = 263) had data on the main variables included
(i.e., PPFQ and HADS) and could therefore be used for the analyses. Across all parent forms, 30 data
points were missing for the PPFQ (0.8% of possible responses), and 18 data points were missing for
HADS (0.5% of possible responses). Missing data was found to be missing completely at random
(MCAR) [38]. Visual inspection of histograms, Q-Q plots, and box plots showed that the scores on the
main variables were approximately normally distributed.

3.2. Exploratory Factor Analysis

All 17 PPFQ-items correlated at least 0.3 with at least one other item, and no item correlated
with another item above 0.8, suggesting reasonable factorability. Communalities were all above 0.3,
indicating that items shared some common variance with other items. The Kaiser-Meyer-Olkin
measure of sampling adequacy was 0.89, and Bartlett’s test of sphericity was significant
(χ2 (136) = 2263.964, p < 0.000). The diagonals of the anti-image correlation matrix were all over 0.5.
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All 17 PPFQ-items were subjected to a PCA. Three components achieved eigenvalues greater
than 1 (the initial five eigenvalues were 6.68, 2.23, 1.38, 0.94, and 0.84), and inspection of the scree plot
also suggested a three-factor solution. Based on previous research resulting in four factors, three- and
four-factor solutions were examined using both varimax and oblimin rotations of the factor loading
matrix. The three-factor solution, which explained 60.5% of the variance in the PPFQ-17, was finally
chosen based on eigenvalues and the pattern in the scree plot, and because there were an insufficient
number of primary loadings and difficulties in interpreting the fourth factor. We subsequently repeated
the analysis with a forced extraction of three factors. Since there was little difference between the
varimax and oblimin solutions, we decided on an oblimin rotation for the final solution, assuming that
the latent factors would be related [34].

In order to determine as simple a solution as possible, with clear and meaningful factors and
best possible internal consistency, items were then sequentially eliminated due to loading on multiple
factors, poorer extraction (communality) within the factor structure, or negative contribution to each
subscale’s alpha, according to the criteria detailed in Section 2.4.2. This process resulted in a 10-item
measure (PPFQ-10) with three factors that explained 69.5% of the variance (Table 1). All factor loadings
were greater than 0.68, and each subscale had a number of items loading strongly upon it. Three of the
four-factor labels proposed by Wallace et al. [10], VBA, PW, and EA, suited the three extracted factors
perfectly and were subsequently retained. In line with the previous discussion in Wallace et al. [10],
one of the factors, PA, was eliminated in the process. Internal consistency for each of the scales was
examined using Cronbach’s alpha, taking into account the number of items [36]. The subscales had
fair, moderate, and excellent internal consistency (PW, VBA, EA, respectively, α between 0.73 and 0.87),
and the full measure had good internal consistency (α = 0.86). The skewness and kurtosis were within
a tolerable range for assuming a normal distribution, and examination of the histograms further
suggested that the distributions were approximately normal. Alpha values and descriptive statistics
are presented in Table 2.

Table 1. Factor loadings and communalities, based on a principle components analysis (PCA)
with oblimin rotation, for 10 items from the 17-item version of The Parent Psychological Flexibility
Questionnaire (PPFQ-17; n = 263).

Item No. a Item a

Factor Loadings b

EA PW VBA
Communality
(Extraction)

7
Despite my child’s pain, we are able to pursue
activities that are important to our family. 0.157 0.820 0.721

8
When my child has pain episodes, I am able to
remain aware of our goals and other things that
are important to us as a family.

0.271 −0.113 0.715 0.696

11
It is possible to live a normal life while my child
suffers with pain. 0.814 0.652

9r I avoid situations where my child will have pain. 0.756 0.124 0.607

13r Pain control must come first whenever my child
does activities. 0.780 −0.138 0.698

24r My child must avoid activities that lead to pain. 0.826 0.683

22r I suffer terribly from my child’s pain and need to
make this suffering stop. 0.830 0.744

26r My child’s pain makes it impossible to focus on
anything else. 0.683 0.243 0.717

28r I am overwhelmed by worry over my child’s pain. 0.845 0.753

31r I struggle with my own thoughts and feelings
about my child’s pain. 0.853 0.681

a From the original PPFQ by McCracken et al. [11]; r = reversed scored item. Values are reported from the
pattern matrix, sorted by subscale; total variance explained = 69.5%; Factor loadings < 0.1 are suppressed;
b Extraction method: PCA, with oblimin as the rotation method (kaiser normalized; rotation converged in
five iterations); EA, emotional acceptance; PW, pain willingness; VBA, values-based action.

314



Children 2016, 3, 32

Table 2. Descriptive statistics for the 10-item PPFQ (PPFQ-10) subscales and full scale (n = 263).

Scale No. of Items Mean (SD) Skewness Kurtosis Alpha

VBA 3 10.41 (4.06) −0.208 −0.363 0.76
PW 3 7.23 (4.32) 0.269 −0.698 0.73
EA 4 12.48 (5.97) 0.166 −0.741 0.87

Full scale 10 30.12 (11.45) −0.059 −0.306 0.86

3.3. Concurrent Criterion Validity

3.3.1. Descriptive Analyses and Correlations

Means, standard deviations, and bivariate correlations for all variables are presented in Table 3.
Regarding parental distress, as measured by the HADS (with clinical cutoffs of 8 for each scale) [23],
35% of parents reported levels of anxiety symptoms at 8 or above and 21% reported depressive
symptoms at 8 or above.

There was a significant positive relationship between the PPFQ-17 and the PPFQ-10 versions
(r = 0.96, n = 263, p < 0.000). This correlation was very strong. All three PPFQ-10 subscales
had a significant positive and strong correlation with both the PPFQ-10 and PPFQ-17 full scales.
Furthermore, results revealed significant negative correlations between psychological flexibility and
anxiety (PPFQ-17: r = −0.48, n = 263, p < 0.000; PPFQ-10: r = −0.52, n = 263, p < 0.000), and between
psychological flexibility and depression (PPFQ-17: r = −0.49, n = 263, p < 0.000; PPFQ-10: r = −0.53,
n = 263, p < 0.000). Lower psychological flexibility was associated with higher levels of anxiety and
depression. These correlations were moderate for PPFQ-17 and strong for PPFQ-10. Concerning
the three PPFQ-10 subscales; there was a significant strong negative correlation between EA and
both anxiety and depression, a significant moderate negative correlation between PW and anxiety,
a significant weak negative correlation between PW and depression, and furthermore significant
moderate negative correlations between the VBA subscale and both anxiety and depression.

3.3.2. Regression Analyses

Hierarchical regression analyses illustrated that PPFQ-10 contributed significantly to the
prediction of both anxiety (p < 0.000) and depression (p < 0.000). The PPFQ-10 further accounted for 29%
of the variation in HADS-a, and 35.6% of the variation in HADS-d when age, gender, and education
were controlled for. Concerning the individual contributions of the PPFQ-10 subscales, VBA obtained
significant beta coefficients for both anxiety and depression, with a larger unstandardized beta
coefficient value for depression; EA obtained significant beta coefficients for both anxiety and
depression with equally large unstandardized beta coefficient values; and PW did not obtain any
significant beta coefficients for either criteria variable. The results from the hierarchical regression
analyses are presented in Table 4.
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4. Discussion

The present study assessed the adequacy of the Swedish translation of the PPFQ and evaluated
the factor structure of the PPFQ-17 in a Swedish sample of 263 parents of children with chronic pain.
Exploratory factor analysis with PCA supported a three-factor solution. Seven items were removed in
an iterative process due to poorer extraction, significant cross loadings, or negative contributions to the
overall reliability of the scale, resulting in a final version with 10 items. Notably, the three factors in the
final version matched three of the four labels proposed by Wallace et al. perfectly and were retained.
One of the factors, PA, was eliminated in the process, in line with author discussions in the first
factor study [10]. The suggested final version of the questionnaire has three theoretically discernible
subscales: VBA, PW, and (EA) [10], demonstrating fair to excellent internal consistencies. In addition,
the PPFQ-10 correlated very strongly with the PPFQ-17 and was able to explain a significant amount
of variance in parental anxiety and depression. Some differences regarding the subscales’ individual
contributions were seen, where VBA and EA obtained significant beta coefficients, while PW did
not. This result is in line with the study by Wallace et al. [10], which described the PW subscale
as “the most divergent from the total”, in the sense that it had unique correlations with other main
variables included in that study which the other subscales did not have. Consequently, the results from
the current study are promising in their similarity to the results by Wallace et al. [10], and confirm the
construct validity of the instrument when used in a different country and different language. The fact
that the construct of parental psychological flexibility displays such consistency across samples and
countries, points to the fact that parents’ distressing experiences in relation to their child’s pain may be
of direct clinical importance. However, future studies should evaluate the psychometric properties
and utility of the PPFQ-10 in different subgroups, cultures, and languages.

The levels of anxiety and depression were elevated in the current sample compared to Swedish
and German normative samples [39,40]. These results are consistent with previous research on parents
of children with chronic pain [15,41], and serve as yet another indication of pediatric chronic pain
not only being a matter of the child, but also a family concern [42], and further point to the need
for targeted parental interventions in the specific context of pediatric chronic pain. For example,
earlier studies on parental distress in pediatric chronic pain have reported parents feeling a lack of life
control, being caught in a pattern of short-term avoidance behaviors, and unable to change a style of
parenting that they know is not appropriate in relation to their child’s age [43]. Although the correlation
and regression analyses between parental distress and parental psychological flexibility in the current
study had the primary objective of concurrent criteria validation, the results nevertheless provide
further insight on the interrelation between these variables in parents of children with chronic pain.
One possible explanation for the interrelationship seen in this study could be that lower psychological
flexibility in a parent of a child with chronic pain potentially increases the risk for less adaptive
and values incongruent parental behaviors, which may eventually lead to parental rumination and
depression [17,43].

There are, however, a number of limitations that need to be taken into account when interpreting
the findings of the current study. With a cross-sectional design, the direction of causality between
parental depression and psychological flexibility remains inconclusive. A second potential restriction
is that all data are based on self-report and other sources of verification of psychiatric diagnoses of
parents are lacking. Further research could, for example, make use of health care records to cross-check
results for parental illness. Moreover, the choice of HADS as the sole variable for concurrent criterion
validation is not comprehensive, and future validation analyses of the PPFQ-10 could benefit from
using a broader set of measures, including parental acceptance, parental reactivity to the child’s pain,
observational data on relevant parent and child interactions, and possibly also parental cognitive
flexibility and executive function. Measures of parental encouragement of the child’s illness behavior
could also be helpful in establishing discriminant validity. Furthermore, some differences between the
subscales’ individual contributions were seen, and the relative merits of the subscales could benefit
from further examination with other samples, in outcome studies as well as in mediation analyses. Also,
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longitudinal or experimental designs are required to evaluate the predictive utility of the instrument
for child treatment outcomes, and also to establish if treatment interventions specifically targeted at
increasing parental psychological flexibility may ultimately benefit both parent and child outcomes.

In conclusion, the factor structure and reliability of this revised and shortened version of the
original PPFQ are supported within our results. Results also illustrate the importance of the PPFQ-10
in explaining variance in parental anxiety and depression, supporting criterion validity. Based on the
existing data, the PPFQ-10 could serve as a useful tool to assess psychological inflexibility in parents of
children with chronic pain, simultaneously reducing the burden of research and assessment.
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Abstract: Chronic pain is a significant problem in children and teens, and adolescents with
chronic pain often struggle to attend school on a regular basis. We present in this article a novel
program we developed that integrates attendance at a group cognitive-behavioural chronic pain
self-management program with earning high school credits. We collaborated with Alberta Education
in the development of this course, Chronic Pain 35. Adolescents who choose to enroll are invited
to demonstrate their scientific knowledge related to pain, understanding of and engagement with
treatment homework, and demonstrate their creativity by completing a project, which demonstrates
at least one concept. Integrating Chronic Pain 35 into an adolescent’s academic achievements is
a creative strategy that facilitates the engagement of adolescents in learning and adopting pain
coping techniques. It also helps teens to advocate for themselves in the school environment and
improve their parents’ and teachers’ understanding of adolescent chronic pain. This is one of the
first successful collaborations between a pediatric health program and provincial education leaders,
aimed at integrating learning and obtaining school credit for learning about and engaging in health
self-management for teens. The authors hope this paper serves as an effective reference model
for any future collaborating programs aimed at supporting teens with chronic pain to obtain high
school credits.

Keywords: chronic pain; adolescent; school; cognitive-behavioural therapy

1. Introduction

Chronic pain is a significant problem in the pediatric population. Chronic pain is defined as
any prolonged pain that lasts longer than the expected healing time or any recurrent pain that occurs
at least three times during a three-month period [1,2]. Common pain diagnoses in children and
adolescents include headaches, chronic abdominal pain, back pain, and musculoskeletal pain [3].
The pain may result from a disease, injury, a trauma, or surgery. For a significant number of children,
there are no identifiable causes for the reported pain. Increasingly, this type of pain is discussed as a
result of neurobiological changes that result in pain syndromes including pain centralization and pain
amplification [4,5]. Population studies demonstrate that 20%–35% of children and adolescents report
symptoms meeting research definitions of chronic pain [1,2,6]. It is estimated that between 5%–8%
of children with chronic pain will develop significant pain-related disability [7,8]. This pain-related
disability is known to affect children’s functioning including their ability to attend school on a regular
basis [9]. These children often require an interdisciplinary team to help manage chronic pain and
pain-related disability.
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Research has demonstrated that adolescents with chronic pain report being less socially developed
than their peers [10] and that they may avoid social situations with peers [11]. Lower social functioning
can contribute to school impairment, and therefore having children socially connected to their peers
can limit the detrimental effects on school functioning [12].

As mentioned, evidence demonstrates that children and adolescents with chronic pain often
struggle to attend school on a regular basis [9]. In one study, 44% of students with chronic pain missed
at least 25% of school days, and 20% missed more than one half of school days [13]. In addition,
44% of the students reported a decline in grades. A study comparing school absences of children
with functional abdominal pain (FAP), inflammatory bowel disease (IBD), and healthy controls found
that children with both IBD and FAP missed significantly more school than healthy controls [14].
In the Pediatric Pain Program at the Stollery Children’s Hospital (Edmonton, AB, Canada), our records
suggest that a majority of individuals presenting with chronic pain miss at least one half to two days
per week on average, and approximately 15%–20% of adolescents are either no longer attending school
on a regular basis or have stopped attending in person and complete their studies in a correspondence
program. In addition, chronic pain is shown to affect children’s cognitive function, but more research
is required to determine the long-term effects of this cognitive dysfunction on the developmental
trajectory of young people with chronic pain [15].

Given the prevalence of chronic pain, and the magnitude of its effects on adolescents’ social
development and school functioning, it is critical that teens be provided with the opportunity to
continue to learn. Additionally, young people in our program report that it is important to their mental
health and self-concept to make progress in their educational programming and pursuit of their school
and life goals, despite experiencing ongoing pain. It is also important to maintain contact with a peer
group, in order to support normal social adolescent development.

2. Managing Chronic Pain: Biopsychosocial Approach

Adolescents with chronic pain benefit from multimodal approaches to improve their function
and return to regular activities, including school. Interventions that include the 3Ps—physical,
psychological and pharmacological approaches—are more likely to be successful than single
interventions. One of the most effective treatments for chronic pain is cognitive-behavioural therapy
(CBT), which has been shown to be effective in managing headache, recurrent and functional abdominal
pain in children [16], sickle cell disease [17], and juvenile fibromyalgia [18]. CBT strategies for chronic
pain management address pain education, and teach active coping strategies such as relaxation
and imagery, stress management, cognitive restructuring, goal setting, and relapse prevention [19].
Treatment approaches that enhance self-efficacy, or increase confidence to function despite pain, have
been suggested as helpful for youth with headaches [20,21].

A group intervention for adolescents with chronic pain (n = 40) and their parents, called “Coping
with Pain School” in Boston, MA, USA, by Logan and Simons [22] provided either four sessions of
CBT or a day long CBT session aimed at improving school function. The study found the program was
feasible, families who participated were satisfied with the program and school attendance improved
after completion of the sessions; however, enrollment challenges were a significant problem identified
by the authors in the study. They recommended the need to develop treatments focusing on school
functioning and involving school personnel in future studies.

3. The Stollery Experience

The Pediatric Chronic Pain Program at the Stollery Children’s Hospital opened in 2008, to provide
treatment for children and adolescents with chronic, difficult to manage pain. The large geographical
catchment area includes northern Alberta, the Northwest Territories, and North Eastern British
Columbia. Children from Saskatchewan and Manitoba have also been included. All patients must be
referred to the clinic by a physician or nurse practitioner and must meet the clinic’s referral criteria (
tab:children-03-00031-t001).

322



Children 2016, 3, 31

Table 1. Stollery Chronic Pain Clinic referral criteria.

Request for
Consultation: Referral
by Physician/Nurse
Practitioner only

The goal of this service is to treat and care for children 17 years and under who
are experiencing chronic, difficult-to-manage pain. Children should always have
been seen and assessed first by the appropriate pediatric services prior to being
referred to the Pediatric Chronic Pain Clinic.

Inclusion criteria

• 0–17 years, 11 months
• chronic pain of at least three months’ duration
• chronic pain as primary complaint
• chronic pain which impacts activities of daily living, school attendance, sleep,

quality of life or family functioning

The family attends an intake appointment in person with the full interdisciplinary team to
share their pain experience. The team consists of a chronic pain physician, a nurse practitioner,
a physiotherapist and a psychologist. The initial appointment takes up to two hours to complete
a comprehensive physical and psychosocial history, physical examination and development of a
treatment plan with input from the child and family. For many of the children, participation in group
cognitive behavioural therapy becomes part of the treatment plan. This program, called Pain 101,
consists of 10 sessions, provided jointly by the psychologist and nurse practitioner. Pain 101 is a
treatment program provided by our clinic to children 12–18 years old. Although the treatment is
offered for a broad range of ages, due to the careful screening process that takes place prior to Pain 101
admission, we have yet to experience significant issues associated with developmental differences in
participant responses.

Participants are invited to attend the sessions in person or by telehealth (secure videoconferencing).
Given the large catchment area of our program, telehealth is offered to children who reside outside
of the city, which makes attending the program much more feasible, especially to children whose
school has access to this secure videoconference service. Pain 101 classes take place in the afternoon
to best accommodate high school students who can set their schedule to avoid missing core classes.
Group sizes for the class range from 5–15 participants for each 10-session block. Teens who participate
are expected to attend all sessions and complete the homework as outlined. In addition to the
classes for teens, sessions for parents are offered and provided by the nurse practitioner. The
purpose of these sessions is to help parents understand the science of chronic pain, factors that
exacerbate pain, and self-management techniques aimed at promoting increased function, mental
health, coping, self-efficacy, mindfulness, acceptance, and self-compassion. Attendance for these
sessions is encouraged but not required for the program, and consequently attendance of the parent
session varies. However, since implementing a parallel course, Chronic Pain 35 (see Section 4), we have
noted an increase in the number of parents who attend, as well as requests for additional sessions to
be held. For parents, sessions aim to teach them appropriate developmental expectations, strategies
to facilitate children’s self-management and parent coping all with a global aim help their child
function despite pain. It is important that parental behaviours, especially protectiveness [23] and
parent pain–related fear [24], be addressed in order to facilitate the return to school for the small but
significant number of students who miss extensive amounts of school.

3.1. Pain 101 Session Content

3.1.1. Pain Education

The biopsychosocial model of chronic pain is introduced (Figure 1), and this model is reviewed
throughout Pain 101. Pain pathways in the body are reviewed, including how pain messages are
sent from the periphery and received by the brain. Participants learn how chronic pain differs from
acute pain. The Gate Control Theory of Pain is introduced and up-to-date scientific information on
our understanding of this theory is discussed. For homework, participants are asked to complete
specific questionnaires.
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Biopsychosocial model

Bio-

-psycho-

-social

(A) (B)

Figure 1. (A) Biopsychosocial model—the example of a three-legged stool is often used to discuss this
topic with the participants, focusing on the concept that all three legs are needed to be able to sit on the
stool; (B) this image, created by a student of the Pain 101 course entitled “Untitled”, is often used to
assist in the explanation of the biopsychosocial model, in order to explain pain locations in the brain
to participants.

3.1.2. Tension and Relaxation

Participants learn how tension opens pain gates and thereby increases pain and how relaxation
strategies have the potential to modify the pain experience. Relaxation exercises including progressive
muscle relaxation, guided imagery and diaphragmatic breathing are taught and practiced with
the group. For homework, participants are asked to complete relaxation diaries and practice the
techniques daily.

3.1.3. Pacing

Participants learn how activity avoidance and activity cycling can open pain gates and lead to
disability in chronic pain. Methods to break this downward cycle are reviewed. Participants are
expected to complete activity goals for themselves. The goals are broken down from long-term goals
to intermediate goals to mini goals. Activity tolerance times are calculated, and then, from this time,
baseline activity times are calculated. Participants are then expected to meet their baseline activity
goals on a daily basis. For homework, participants are asked to develop a specific, measurable,
achievable, relevant and time dependent (S.M.A.R.T.) goal and determine tolerance and baseline for
individual activities.

3.1.4. Dealing with Negative Thoughts

Participants learn how living with chronic pain can be associated with negative thoughts and
negative moods, including sadness or being overwhelmed, and may even contribute to depression or
unhealthy, negative coping behaviours. Methods to challenge these negative thoughts are reviewed
including active and positive coping strategies, reframing thoughts, recognition of feelings and
challenging unhelpful thoughts. For homework, participants are asked to complete the daily
thought diary.

3.1.5. Mindfulness

Participants review the theory of mindfulness-based stress reduction. Practice activities for
mindfulness are completed in class. Participants are encouraged to practice various daily activities in a
mindful way, such as taking the bus, exercising, and completing chores. For homework, participants
are asked to complete one mindfulness activity daily.
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3.1.6. Sleep and Nutrition

Participants review the importance of sleep in managing chronic pain and closing pain gates.
Healthy sleep practice strategies that support restorative sleep are reviewed, including cognitive,
behavioural, and environment modification sleep practices. Dietary habits that affect pain and sleep,
including caffeine and energy drinks are also reviewed. For homework, participants are asked to
perform a practical application of sleep hygiene strategies and a minimum of one dietary change.

3.1.7. Stress and Anxiety

In this session, we discuss how stress and anxiety lead to biological responses that affect pain
gates, mood, and sleep, thereby exacerbating pain. Participants review stressors, such as school,
homework, dealing with others, and chores. Fear of pain and how that fear contributes to disability
are also reviewed. Recognizing the physical effects of stress and anxiety, including physical reactions
(fight or flight response) and emotional reactions are discussed. Additionally, methods to decrease
stress and anxiety are reviewed, such as recognition and coping strategies that include relaxation
and pacing activities. For homework, participants are asked to recognize personal stressors and find
coping strategies.

3.1.8. Communication

Pain behaviours and communication are reviewed. Participants learn about both verbal and
non-verbal communication messages and discuss how the messages may be interpreted by others.
This session includes a video demonstrating how society sees what they are conditioned to see.
Discussion takes place regarding how strategies can be practically applied to teach family, friends, and
others about pain. For homework, participants are asked to complete a communication diary.

3.1.9. Setback Planning (Relapse Prevention)

Participants learn how to develop their own personal setback plan to be utilized whenever they
have a flare in their pain. This plan includes recognizing the flare early, implementing the various
strategies reviewed through the course—relaxation, pacing, thoughts, sleep, stress, and communication.
For homework, participants are asked to complete their setback plan worksheet.

3.1.10. Life with Pain

This final session includes strategies to live life to the fullest despite having pain. Concrete
methods include simplifying activities of daily living such as school work and activities, chores, work,
social activities, and other activities of daily living. We review how strategies that have previously
been covered in Pain 101 can be applied to each of these life activities, structuring activities to allow
for breaks while still meeting goals. Individual setback plans are reviewed and participants are asked
to provide a copy of their set-back plan to the pain clinic staff. For homework, participants are asked
to submit the written set-back plan, along with submission of their Chronic Pain 35 project for those
who are registered in the parallel course. An example of participant work from this session can be seen
in Figure 2.
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Figure 2. “A flower can grow” created by a Pain 101 participant, A.F.H.

3.2. Participant Measures

All participants who attend Pain 101 are requested to complete questionnaires (
tab:children-03-00031-t002) as per the Pediatric Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (PedIMMPACT) recommendations [25]. These data are used for the
establishment of a clinical baseline, monitoring, and, for those who consent, research. The two
primary findings from our analyses that have been continually replicated are significant reductions in
pain-related disability (p < 0.001) and anxiety (p < 0.005).

Table 2. Questionnaire measurements.

Pain History and
Demographics

Details including age, school grade, gender and school absences are recorded.
Additionally, information on pain experience, chronicity, frequency, location and
intensity are entered.

Visual Analogue
Scale

The child is instructed to illustrate, by drawing a line on a scale from 0–10 (0 = no pain,
10 = worst possible pain), the intensity of pain felt in the past week [26].

Pediatric Quality
of Life Inventory

Participants are asked to report how their pain has impacted their quality of life,
including their activities, feelings, social interactions and school performance. Parents
are asked to fill out the parent version of this scale which includes the same questions,
but reporting their observations of their child’s quality of life [27].

Children’s
Sleep Habits
Questionnaire

The child is asked 26 questions about own bedtime habits, sleep behaviour and
daytime sleepiness. The parent form is constructed of 33 questions on child’s bedtime
habits, sleep behaviour, waking during the night, morning waking, and daytime
sleepiness [28].

Functional
Disability Index

Child and parent(s) are asked to report the child’s level of physical trouble or difficulty
when performing various tasks [29].

Tampa Scale of
Kinesiophobia for
Children

A self-report form asking the child to identify how they cope with pain. This measure
records the child’s somatic focus and activity avoidance [30].

Revised Child
Anxiety and
Depression Scale

This 47-item self-report measure assesses the symptoms of separation anxiety, general
anxiety, panic, social phobia, obsession/compulsion, and depression. The child is
asked to report the frequency (from ‘never’ to ‘always’) of various worrying and sad
thoughts [31].

The Children’s
Chronic Pain
Stigma Scale
(CCPSS)

This scale is also currently being developed and validated in our program based on the
adult Chronic Pain Stigma Scale [32]. This measure explores perceived stigma from
physicians, family members and the general public associated with chronic pain.
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3.3. Session Completion

The questionnaire measurements are completed prior to the start of Pain 101, at the end of
Pain 101 (three months later), and again at the six- and 12-month post-group completion milestones,
and then annually at the five-year mark, post-group completion. Additionally, we have begun tracking
education outcomes and the number of school days missed in comparison to pre- and post-completion
of Pain 101.

4. Chronic Pain 35

In 2010, our healthcare team from the pediatric chronic pain clinic, along with several teens,
started to work on ways to consistently obtain high school credits for completing the program and
demonstrating their learning. Prior to that point, some students had been granted high school credit
for completing Pain 101, but the number of credits granted and the categorization of those credits
was highly variable between students. It was up to each student to advocate for themselves at their
local school, with support from our team, to obtain credits. Several students were able to obtain
between one and three credits, but we lacked consistency at a local or provincial level. In 2014,
we approached Alberta Education, which is the provincial government agency responsible for public
education in Alberta. We explained the program that we were providing and shared samples of the
projects completed by students for successful credits at their local school. Together with educational
consultants at Alberta Education and the Alberta Distance Learning program (a provincial online
school), we developed the course syllabus. This course syllabus included specific learner outcomes for
each of the classes that must be demonstrated for successful completion of the course. Examples of
outcomes include: Pain Education—identify two methods by which pain gates in the body are opened;
Pacing—develop a S.M.A.R.T. goal for a physical activity and demonstrate following through on that
goal; Negative Thoughts—identify at least one cognitive distortion and modify negative thoughts
associated with the noted distortion. The course was submitted to the Alberta Education curriculum
board, and, in February 2015, it was approved as a locally developed course called Chronic Pain 35.
Students who successfully complete the course obtain three credits at the Grade 12 (senior year) level
in Alberta. In order to obtain a high school diploma in Alberta, students must complete courses which
total 100 credits.

Participants attending Pain 101, enrolled in Grades 10–12 (ages 14–18 years old) are eligible to
enroll for the course Chronic Pain 35, in order to earn high school credits. Although junior high
school students are allowed to attend Pain 101, there is not a credit program in Alberta for grades 7–9,
and therefore the Chronic Pain 35 course is restricted to high school students only. The course is only
open to students who are followed in our clinic, as parallel attendance in Pain 101 is required. Not
all teens who attend Pain 101 register for Chronic Pain 35, since many teens do not need the credits,
live outside of Alberta, or are younger than high school age. Enrollment requires completion of the
Alberta Distance Learning (ADL) registration form and written consent of a parent/guardian. Prior to
registering, we provide the family with a written outline of the course and completion requirements.
Additionally, before registration, teens and their parents choosing to enroll are informed that credits for
the course “Chronic Pain 35” will appear on their official transcripts. Any ethical concerns expressed
regarding this are discussed with the teen and family directly prior to enrollment. To date, only one
student expressed concern over the course name appearing on the transcripts, although the student
chose to continue and receive credits.

Students who enroll are required to attend all Pain 101 sessions, submit weekly homework
assignments, including completion of relaxation diaries, thought challenging worksheets, development
of S.M.A.R.T. goals, and a written setback plan for managing pain flares. Any missed sessions must be
made up. Additionally, students must complete a project that demonstrates their learning of at least
one concept related to the sessions. Projects have been produced using a variety of media, including
written work such as essays, personal reflections and poetry. Other projects have used visual arts,
such as collages, story boards, paintings, sculptures, and a host of other genres. A small number of
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students have composed and produced various forms of music. The course mark is 20% for attendance,
participation and homework, and 80% for completion of the project. A certified teacher in the province
of Alberta has been assigned to the program and grades all course projects. The teacher attends several
sessions to meet the students and answer any questions they may have related to the planned project.
She is also available via the online distance learning site to discuss projects with the students.

As of July 2016, 35 students have enrolled in Chronic Pain 35. Of these, 32 students have
completed the course and received school credits, since three students completed Pain 101, but chose
not to complete the course requirements for Chronic Pain 35. Samples of the participant’s work can be
found in the Supplementary Material. Feedback from students thus far has been very positive, and
attendance and homework completion consistency have markedly risen since the formalization of
Chronic Pain 35. To quote one of the 17-year-old student participants: “Without this class I would be
short credits to graduate. I used to miss a few days of school each week, but now I barely miss any.”
In addition to obtaining school credits, several students have discussed the importance of having the
opportunity to meet and learn with other students who have chronic pain, and to be with others who
understand what it is like to live with chronic pain. These students motivate each other to incorporate
the strategies into their own lives and help support each other in achieving goals. These students have
reported that one of the most important aspects of the group work is the opportunity to continue to
meet with other teens who “get them”; who truly understand what it is like to live with chronic pain.
As demonstrated by Forgeron [33], the majority of students who attend group CBT for chronic pain
self-management are interested in friendships with their class peers for emotional support.

5. Discussion

This paper highlights our unique program that incorporates attendance at a group CBT program
for chronic pain and the provision of high school credits for the completion of a course that is provided
in a health care setting. Our CBT program includes many recommendations from previous research
studies that have addressed multiple facets of the chronic pain experience while helping young people
return to school. School avoidance and absences arise from multiple personal and psychosocial factors.
Addressing these factors in a group setting can help youth return to school and thereby improve school
performance. In a study of 349 youth treated in a chronic pain clinic, Khan et al. [34] found that anxiety
played an important role in both school attendance and function while at school. Addressing anxiety,
enhancing self-confidence and self-efficacy, and assisting teens in developing methods to manage
anxiety using CBT, are all pillars of practice that are incorporated into our program. Additionally,
in a study of 47 adolescents with chronic headache, Claar et al. [35] suggest that having the health care
team address methods to return to school can help decrease the frequency and duration of headaches.
In several sessions of our program, teens are taught concrete techniques to return to function, such
as pacing and goal setting. Additionally, by receiving school credits for completion, the student is
increasingly empowered to continue to attend school.

In a study by Logan and Curran [36], 38 teachers were interviewed about their needs when dealing
with an adolescent with chronic pain. The study revealed that teachers needed to further understand
chronic pain and how to manage pain-related behaviours. In our program, we offer a specific class in
which we discuss ways to communicate and how to ask others to help in managing pain, including
school personnel. Teachers are further supported by the Alberta Education Chronic Pain 35 curriculum
guide, in which teachers can access the relevant information on our program and learn how it can
help students succeed. Therefore, the completion of Chronic Pain 35 has opened communication with
teachers and school administrators that may not have otherwise occurred. Having a certified teacher
involved in the program, who is available to intervene with the teens at a school level, also serves to
increase understanding of chronic pain in schools across the province.

As identified by Boutilier and King [37], school sites have been undervalued in helping children
with chronic pain management, along with the inherent additional challenges. They recommended
increased interdisciplinary collaboration between schools and health care teams. Our program directly
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meets this recommendation by working with Alberta Education at a local and provincial level to
best meet the needs of our students. The program has been endorsed by both the Alberta provincial
Education Minister and Health Minister.

Future Directions

Given that up to 50% of adolescents with chronic pain miss several school opportunities, days
of classes, and social involvement with peers, it is essential that programs providing services to
these children incorporate school functioning efforts into their treatment plans. As recommended
by Gorodzinsky et al. [38], measurement of school functioning should include the assessment of
absenteeism, academic performance, and cognitive function within a developmental framework.
Our program will continue to use outcome measures to determine both short-term and long-term
results in adolescents who complete Chronic Pain 35, including tracking school absences and school
functioning. We will continue to request permission from the students to share their projects which
demonstrate their learning. It is hoped that other jurisdictions can work with their educational boards
at a local, provincial (or other) level to develop similar programs. Most importantly, we will continue
to advocate for students to be able to return to the classroom and continue with their education, and
we encourage other programs to contact us if they are interested in modeling our program or learning
more about our work. Children are the future of our societies and children with chronic pain require
unique support from teams, including the collaboration of health care providers and teachers, to meet
their goals of learning, graduating, gaining fulfilling employment, and contributing to society.

Supplementary Materials: The following figures are available online at http://www.mdpi.com/2227-9067/3/4/
31/s1, Figure S1: “Shoes” by B.V.; Figure S2: “Dear Non-Believers” by C.S.; Figure S3: “Pain” by A.S.
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