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Abstract

Background and objective—The co-occurrence of chronic pain and post-traumatic stress
symptoms (PTSS) and post-traumatic stress disorder (PTSD) has gained increasing research
attention. Studies on associations among pain and PTSS or PTSD in youth have largely been
conducted in the context of acute injury or trauma. Less is known about the risk for co-occurrence
with paediatric chronic pain. In this review, we (1) propose a conceptual framework to outline
factors salient during childhood that may be associated with symptom severity, co-occurrence and
mutual maintenance, (2) present relevant literature on PTSS in youth with acute and chronic pain
and identify research gaps and (3) provide recommendations to guide paediatric research
examining shared symptomatology.

Databases and data treatment—Electronic databases (PubMed and Google Scholar) were
used to identify relevant articles using the search terms “child, adolescent, paediatric, chronic pain,
acute pain, post-traumatic stress symptoms and post-traumatic stress disorder’. Studies were
retrieved and reviewed based on relevance to the topic.

Results—Our findings revealed that existing biobehavioural and ecological models of paediatric
chronic pain lack attention to traumatic events or the potential development of PTSS. Paediatric
studies are also limited by lack of a conceptual framework for understanding the prevalence, risk
and trajectories of PTSS in youth with chronic pain.

Conclusions—Our new developmentally informed framework highlights individual symptoms
and shared contextual factors that are important when examining potential associations among
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paediatric chronic pain and PTSS. Future studies should consider bidirectional and mutually
maintaining associations, which will be aided by prospective, longitudinal designs.

1. Background and the importance of PTSS in the context of paediatric
chronic pain

The term post-traumatic stress symptom (PTSS) describes symptom-level responses (e.g. re-
experiencing, hyperarousal and avoidance) that can occur after a major life stressor or
traumatic event. Symptoms can emerge immediately after the event or be delayed several
months or years. Distinct from diagnostic criteria for post-traumatic stress disorder (PTSD)
or acute stress disorder (ASD), children do not need to be exposed to ‘actual or threatened
death, serious injury or sexual violence’ (American Psychiatric 2013) to have post-traumatic
stress symptomatology. Major stressors such as hospitalizations, separation from loved ones
and peer bullying can be classified as traumas that have the potential to precipitate PTSS.

The experience of trauma is common during childhood. Results of one large epidemiologic
study found that approximately 30% of youth experienced one or more traumatic events by
age 16, with 13% of those youth endorsing symptoms of post-traumatic stress (Copeland et
al., 2007). Researchers have examined factors that predict the development of PTSS in youth
and have identified previous trauma history, presence of an anxiety disorder and family
factors (e.g. parent PTSS and family adversity) (Copeland et al., 2007; De Young et al.,
2014) as conferring risk. A strong literature exists for understanding event-related trauma
reactions in children (e.g. natural disaster and motor vehicle accidents). Several risk factors
have been identified for heightened trauma reactions, including pre-trauma child
characteristics (e.g. age and psychological functioning), contextual factors auring the trauma
(e.g. perceived threat and level of exposure) and post-trauma variables (e.g. parental
responses, support and stressors) (La Greca et al., 1998). Although many of these factors
have also been shown to be associated with pain and disability in youth, existing
biobehavioural and ecological models of paediatric chronic pain do not incorporate the
experience of traumatic events or potential for development of PTSS or PTSD in these
youth.

Within the context of other serious or life-threatening medical conditions such as cancer,
PTSS and PTSD have been well studied. The lifetime prevalence of PTSD ranges 20-35%
in child cancer survivors and 27-54% in their parents (Bruce, 2006). Within this population,
several predictors of PTSS severity have been identified, including female sex (of both child
and parent) (Kazak et al., 1997; Fuemmeler et al., 2001), prior stressful events, family
functioning and social support (see review, Bruce, 2006). The rates of PTSS in other samples
of hospitalized or injured children vary widely (10-44%) depending on diagnosis and timing
of assessment (Landolt et al., 2003; De Young et al., 2014). This and other research on PTSS
in youth indicates that symptoms may not be the result of a single lifethreatening traumatic
event but rather emerge after experiencing several major stressors or traumas in the context
of other psychosocial difficulties.

The co-occurrence of chronic pain and post-traumatic stress symptoms (PTSS) and post-
traumatic stress disorder (PTSD) has gained increasing attention in the adult research
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literature. Studies in adult samples highlight high comorbidity and suggest that the presence
of pain can shape the PTSD experience (Page et al., 2009). This research also shows altered
pain processing in adults with PTSD (Geuze et al., 2007) and that the presence of even
subsyndromal PTSD symptoms is associated with greater pain complaints (Asmundson et
al., 2004). Several theoretical models describe shared vulnerabilities and/or mutually
maintaining factors (e.g. anxiety sensitivity, attentional bias and intrusive memories) that
contribute to the development and maintenance of comorbid symptoms of pain and PTSD
(Sharp and Harvey, 2001; Asmundson et al., 2002; Asmundson, 2014). Additionally, LiedI
and Knaevelsrud (2008) put forth the perpetual avoidance model (PAM), which describes
PTSD symptoms as contributing to the development of chronic pain through hyperarousal,
muscle tension and avoidance. Research shows support for bidirectional influences between
perpetual avoidance and pain, with PTSD symptom clusters of re-experiencing and arousal
immediately after a trauma predicting pain at 3 months, and pain at 3 months predicting
PTSD symptom clusters at 12 months (Liedl et al., 2010).

While these models have been tested in adults who have experienced trauma, they have not
yet been applied to paediatric populations. The influences of the developmental and
interpersonal contexts in which these problems occur and are maintained are relevant to
incorporate into a paediatric-specific model of PTSS and pain. Moreover, extant research in
paediatrics has identified the importance of pain-specific cognitive biases (e.g.
catastrophizing) in children’s pain experiences and may also serve a contributing role to the
co-occurrence or mutual maintenance of PTSS and pain symptoms.

The small body of literature that has examined the co-occurrence of pain and PTSS or PTSD
in youth has predominantly examined children’s exposure to physical and sexual abuse
(Zafar et al., 2012; Sonneveld et al., 2013) or an inciting trauma (e.g. sports injury and
accident) that temporally precedes the onset of pain and PTSS or PTSD symptoms. PTSS
has also been studied in the context of paediatric traumatic brain injury (TBI). These studies
showed that early symptoms of PTSD and depression predicted functional impairment 12
and 24 months after trauma (Zatzick et al., 2008) and that PTSD symptoms predicted pain 3
and 6 months after the TBI (Brown et al., 2014). Based on their findings, Brown et al.
(2014) presented a post-traumatic maintenance model which proposes that in youth with
TBI, distress following trauma influences pain, but pain itself does not predict the level of
post-traumatic distress.

Research conducted globally suggests that childhood adversities and trauma are linked to the
development of chronic pain in adulthood (Jones et al., 2009; Stickley et al., 2015),
emphasizing the need for clinical and research attention during earlier developmental
periods. Most of this work has been retrospective and failed to examine whether pain makes
individuals vulnerable to developing PTSS following trauma. Irrespective of the source or
timing of trauma, associated symptomatology may increase vulnerability to and maintenance
of chronic pain. Overall work in this area suggests that associations between PTSS and
chronic pain in youth are likely bidirectional and mutually maintaining.

In this topical review, we aim to (1) propose a conceptual framework to outline contextual
factors salient during childhood and adolescence that may be associated with symptom
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severity, co-occurrence and mutual maintenance of pain and PTSS in youth, (2) present
relevant literature on PTSS symptoms in youth with acute and chronic pain and identify
research gaps and (3) provide recommendations to guide paediatric research examining
potential shared symptomatology among PTSS and chronic pain. Throughout the review, we
highlight dynamic factors that may change across children’s development. Because the
presence of PTSS alone has been shown to negatively impact child outcomes (Kazak et al.,
2006), and in many youth with chronic pain a single life-threatening event may not have
occurred, we focus on the impact of PTSS rather than a clinical PTSD diagnosis. That said,
relevant PTSD literature is included as applicable.

To conduct this review, electronic databases (PubMed and Google Scholar) were searched to
identify relevant articles. Search terms used were ‘child, adolescent, paediatric, chronic pain,
acute pain, post-traumatic stress symptoms and post-traumatic stress disorder’. Studies were
retrieved and reviewed based on relevance to the topic. It is important to note that this article
is a topical review and the goal is to bring attention to a research area, highlight gaps and
spark future research. A systematic literature review was not conducted.

2. A new paediatric model conceptualizing associations among PTSS and

chronic pain

In Fig. 1, we present a new developmentally informed framework to highlight individual
symptoms and shared contextual factors in the potential associations among chronic pain
and PTSS in youth. With intention, the outer circles show the influences of the interpersonal
(parent, family and peer influences) and neurobiological (shared activation patterns and
impact of trauma on the brain) contexts on comorbidity. The pie diagram placed in the centre
of Fig. 1 outlines symptoms and factors that are probable contributors to comorbidity in
youth. These factors are likely to influence each other and to influence symptom and
diagnostic trajectories for children and adolescents. Our framework posits that associations
among PTSS and chronic pain in youth are likely bidirectional and mutually maintaining.
Moreover, symptoms and behaviours presented within the inner circle can reciprocally
influence contextual factors (e.g. parent—child relationships and cortical connectivity). The
factors in the pie diagram may represent direct, moderating, or mediating effects on
children’s outcomes over time. This new framework is needed because existing
biobehavioural and ecological models of paediatric chronic pain do not incorporate either
the experience of traumatic events or the development of PTSS. Furthermore, paediatric
studies are limited by the lack of a conceptual framework for understanding the prevalence,
risk and trajectories of PTSS in youth with chronic pain.

2.1 Interpersonal context: the roles of parents, family and peers

2.1.1 Potential parent and family influences on symptom co-occurrence—
Parent and family factors have received considerable attention in the child anxiety, PTSS and
child pain literatures. Parent and family influences have been identified as important
determinants of children’s adaptation at the time a traumatic event occurs and immediately
afterwards, both influencing children’s interpretation of the event and subsequent adaptation.
For example, high levels of PTSS symptoms in parents of injured children are associated
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with poorer child recovery (Landolt et al., 2012) and perceptions of child health (Kassam-
Adams et al., 2009). Maternal factors (e.g. emotional sensitivity) have also been shown to
predict PTSD symptoms in a longitudinal study of young children who experienced a life-
threatening trauma (Scheeringa et al., 2015). Witnessing high parental distress increases
children’s own PTSS (Fairbrother et al., 2003; Wilson et al., 2010), and specific parent
behaviours (e.g. overprotectiveness and coping assistance) are associated with maladaptive
child reactions (Bokszczanin, 2008). Conversely, other studies have shown that parent and
child PTSS reactions can be independent. In a study of youth with chronic illnesses, there
were no associations found between reported symptoms of PTSS in parents and in children
(Landolt et al., 2003). That said, in this same study, children’s functional status predicted
PTSS levels in parents and children, indicating that specific factors can influence or
contribute to shared symptom presentation.

In paediatric chronic pain, parent cognitions, emotions and behaviours towards children’s
pain can influence child coping and adaptation and are dynamic over the course of children’s
development (Palermo et al., 2014). Moreover, parental distress is associated with child
distress and maladaptive behaviours. Parents of youth with chronic pain can directly
influence their child’s avoidance behaviour (e.g. removing them from pain-inducing
activities), and this may be particularly likely during earlier developmental periods
(Asmundson et al., 2012). Poorer family functioning (e.g. higher levels of stress and
conflict) in families of youth with chronic pain has also been associated with greater child
pain and pain-related disability (Lewandowski et al., 2010). This research highlights the
importance of examining functioning of the family unit as well as dyadic relationships in
chronic pain populations, particularly as family dysfunction is associated with poor
outcomes.

We propose that baseline parent—child relationship quality and ongoing parent—child
interactions influence the co-occurrence of PTSS and chronic pain. Dyadic factors such as
communal coping or catastrophizing, parent and child threat appraisal and parent—child
communication and relationship variables (Robbie Rossman et al., 1997; Muris and Field,
2010; Vervoort et al., 2012; Lynch-Jordan et al., 2013) are important to consider as they are
likely to impact the persistence of pain problems, PTSS and related behavioural patterns
such as avoidance. Moreover, the relationship between child and parent coping styles is
dynamic across children’s development, and dyadic processes occur in the context of the
broader family environment. In samples of youth with co-occurring chronic pain and PTSS
symptoms, PTSS in both children with chronic pain and their parents will be critical to
assess to determine directionality of these relationships.

2.1.2 Peer difficulties as potential risk factors—The reliance on and influence of
parents versus peers is expected to change as children age and acquire increasing autonomy.
Over childhood, peer interactions play an increasingly important role in the child’s social
environment and thus may play an influential role in chronic pain and PTSS co-occurrence.
Within both the pain and PTSS literatures, the impact of peer difficulties (e.g. teasing and
bullying) has been documented and is becoming an increasingly important focus in chronic
pain research. Children with chronic pain are often isolated from peers (Forgeron et al.,
2013) and at-risk for bullying, victimization and friendship difficulties (Greco et al., 2007;
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Forgeron et al., 2010). In adolescent PTSS samples, symptomatology has been associated
with peer victimization, with bullying identified as a specific risk factor for PTSD (Mynard
et al., 2000; Idsoe et al., 2012). Specific to chronic pain, longitudinal studies are needed to
understand whether peer difficulties precede or follow chronic pain onset, and how bullying
or teasing may be a risk factor for PTSS development.

While no studies have examined peer difficulties in children with co-occurring chronic pain
and PTSS, it is possible that the presence of social problems may be heightened in this
population given additional stressors associated with bullying, teasing and relational
aggression. It is also possible that achieving typical developmental milestones such as
establishing positive peer relationships and individuating from parents is less likely to be
achieved in youth with chronic pain. Whether negative or absent peer interactions precede
pain onset or develop in response to pain, they may play a key role in shaping a child’s
psychological responses to stress and the availability of coping resources. Peers may also
influence the development and reframing of pain memories potentially influencing the
expression of pain and PTSS.

2.2 Neurobiological context

The neurobiological context is also a critical component of the paediatric framework
presented in Fig. 1. Chronic pain and PTSD are both complex experiences that involve
multiple neural networks, and neuroimaging research increasingly highlights the importance
of shared brain regions and similarities in activation patterns. The majority of heuroimaging
research examining pain responses in PTSD or PTSS samples has been in adults. Imaging
studies of adults with PTSD have focused on the amygdala, medial prefrontal cortex (mPFC)
and the hippocampus, with findings revealing increased connectivity and activation during
states of hyperarousal and symptom re-experiencing (Shin et al., 2006; Dunkley et al., 2014;
Sadeh et al., 2014). Studies of adults with PTSD also show altered brain activation to
laboratory-based heat pain stimuli (Geuze et al., 2007; Strigo et al., 2010). Specifically
Geuze’s study showed that compared with controls, adults with PTSD showed: (1) /increased
left hippocampus activation and decreased activation in both the ventrolateral prefrontal
cortex and the right amygdala during a fixed temperature (43 °C) task, and (2) increased
activation in the bilateral insula and right putamen and decreased activity in the right
precentral gyrus and right amygdala during individually determined temperature task (Geuze
et al., 2007). In Strigo’s female-only sample, women with PTSD had greater activation of
right middle insula and right dorsolateral prefrontal cortex during an initial heat pain task.
However, with repeated exposure to heat pain stimuli, participants had an attenuation of
activation within the right anterior insula and reported /ower subjective pain intensity.
Attenuation was associated with avoidance symptoms of PTSD (Strigo et al., 2010).

Imaging research with paediatric pain populations is in its infancy, although there is
emerging work. For example, one research group has examined the changes in grey matter
and functional connectivity in youth from pre- to post-treatment in an intensive pain
treatment programme (Erpelding et al., 2014; Simons et al., 2014). These studies focused on
pain-related fear as a potential mechanism, finding greater amygdala connectivity in youth
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with higher levels of pain-related fear, and as pain-related fear decreased over treatment,
connectivity patterns changed.

Similar amygdala networks have been associated with self-reported trauma symptoms in
adolescents (without psychiatric diagnoses), suggesting that the same neurological networks
involved in chronic pain may also be influenced by trauma (Nooner et al., 2013). Together
these data suggest that imaging studies are needed to explore whether alterations in brain
networks due to trauma might predispose a child to developing chronic pain or to
experiencing increased pain-related fear. Alternatively, it is also possible that chronic pain
might lead to brain alterations that put a child at increased risk for developing PTSS.

2.3 Potentially shared symptomatology and mutually maintaining processes in PTSS and
chronic pain

2.3.1 Trauma and pain-related factors—Characteristics of trauma (perceived threat
and level of exposure) and the pain experience are intricately associated and together shape
an individual’s psychological responses and impairment. Pain is interpreted by the
individual as a threat to homeostasis and resultant automatic physiological responses occur
(changes in blood pressure and heart rate). Additionally, the experience of pain can invoke
fear and helplessness, which are central features of PTSS. The Threat Imminence Model (in
animals) describes innate defensive responses to threats (selective attention and escape
behaviour) that depend on the proximity to the danger. Hamm et al. (2014) applied this
model to panic disorder, suggesting that autonomic arousal (e.g. racing heart and sweaty
palms) and fear can trigger panic and defensive/escape behaviours. Following a panic attack,
mild bodily sensations can become conditioned such that over time, through alterations in
brain circuitry, these sensations trigger threat and lead to increased hypervigilance. As these
bodily sensations become more intense, more extreme fear/defensive responses (e.g. panic
attack) can be evoked. This model might be applied to pain populations, where following a
trauma, internal physiologic signals are triggered by distal threat cues and, in conjunction
with activated brain circuitry, contribute to arousal and perception of pain. Moreover, arousal
may trigger pain perception even in the absence of threat cues and pain may serve to further
fuel fear responses. Research in adults has also shown that innate physiological responses to
fear are automatic and that individuals with higher negative affect (including PTSD) have
higher magnitude startle responses and greater startle sensitivity (Lang et al., 2000). These
data suggest that psychological factors can impact sensitivity to threatening physiological
stimuli and that individuals who have experienced trauma may be primed for higher pain
reactivity by virtue of having a lower threshold for deployment of automatic defensive
responses when pain is experienced.

Importantly, pain can also lead to systematic distortions of memory in the context of chronic
pain (Meyer et al., 2015), which might make individuals more susceptible to re-experiencing
symptoms that are characteristic of PTSS. Higher pain intensity and inadequate pain
management have also been found to be associated with increased PTSD symptoms in youth
hospitalized for acute burn-related injuries (e.g. due to unintentional trauma such as house
fires and hot water spills) (Saxe et al., 2001, 2005). In their 2008 review examining the
impact of unintentional trauma on children, Gold et al. (2008) emphasized early
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identification of pain and acute stress symptoms as important for preventing the
development of PTSD.

2.3.2 Cognitive biases—Cognitive biases include attentional and memory biases, threat
appraisal and catastrophizing. Attentional biases towards pain and trauma-related cues are
posited to underlie the development and maintenance of both chronic pain and PTSD in
adults (Sharp and Harvey, 2001; Asmundson et al., 2002). The role of attentional biases in
chronic pain is well studied in adults (e.g. Crombez et al., 2005, 2013; Liossi, 2012) but is
just emerging in children. Attentional biases towards pain-related information may facilitate
a focus on symptoms and potential threat, thus increasing the risk for PTSS in youth. For
example, research conducted in a clinical sample of youth with functional abdominal pain
indicates preferential attention towards pain-related information (Beck et al., 2011).
However, research with children suggests that attentional bias away from threat may also be
maladaptive, which is seen in chronic pain and in PTSS. Indeed, children with higher pain
catastrophizing tend to shift attention away from pain, exhibit more avoidance behaviour and
have parents who also catastrophize more about their pain (Mervoort et al., 2013). Pain
catastrophizing has also been shown to be associated with disability at 6-month follow-up
(Vervoort et al., 2009).

Parents’ attentional biases should also be considered as they play a role in shaping children’s
responses to contextual threat. Parents who catastrophize about their child’s pain may
engage in attentional avoidance and attempt to control their child’s pain to reduce their own
distress (Caes et al., 2011; Vervoort et al., 2011, 2014), thus influencing the child’s pain-
related cognitions and behaviours. Parents’ attentional biases related to child trauma have
not been specifically studied. However, parents can experience clinically significant levels of
PTSS related to their child’s trauma experiences (Alderfer et al., 2005; Hall et al., 2006;
Martin-Herz et al., 2012), and parental PTSS influences children’s outcomes over time
(Scheeringa et al., 2015). Thus, it is likely that parental attentional biases related to trauma
cues influence the child’s cognitive responses to traumatic events and this is an important
area of future study.

Another area of cognitive bias that is relevant to the co-occurrence of PTSS and pain is
memory. Re-experiencing, a core symptom cluster of PTSD, is characterized by intense and
threatening memories of the traumatic event, and PTSD is associated with memory
disruption, fragmentation and distortion (Coles and Heimberg, 2002; Bedard-Gilligan and
Zoellner, 2012). Catastrophic thinking about pain and anxiety has been shown to influence
the development of children’s expectancies and memories of pain, with higher
catastrophizing and anxiety linked to increasingly distressing pain memories over time (Noel
etal., 2012a, 2015). Once developed, these pain memories are related to increases in distress
during subsequent pain experiences (Noel et al., 2012b) and have been implicated in the
development and maintenance of pain chronicity (Flor, 2012). Once pain becomes chronic,
pain can further fuel memory biases (Meyer et al., 2015). Taken together, memory biases
might make youth vulnerable to developing PTSS and chronic pain as well as serve to
maintain both conditions. Given their malleable nature, they might also be fruitful targets for
intervention aimed at reducing co-occurrence and resulting disability.
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2.3.3 Avoidance and activity limitations—Avoidance of thoughts, feelings and
external reminders (e.g. people and places) connected to trauma are characteristic of PTSS
(American Psychiatric 2013). In children exposed to trauma, effortful avoidance has been
shown to be associated with impairment (Kassam-Adams et al., 2010). Children’s avoidance
of pain is also important to consider in the development and/or maintenance of PTSS. In the
context of pain, avoidance may heighten risk for pain chronicity (Sharp and Harvey, 2001;
Asmundson et al., 2012). Specifically the Pediatric Fear Avoidance Model posits that a
child’s fear of pain leads to a self-perpetuating cycle of avoidance and activity limitations,
fuelled by psychological factors such as catastrophizing and depression (Asmundson et al.,
2012). Avoidant coping in youth with chronic pain has been associated with activity
disengagement, self-isolation, depressive symptoms, disability and low perceived school and
social competence (Claar et al., 2008; Walker et al., 2008). In youth with chronic pain,
cognitive biases can lead to behavioural avoidance and activity restriction, which in turn
contribute to adverse functional and economic impacts on the entire family (Eccleston and
Clinch, 2007).

2.3.4 Hyperarousal—Hyperarousal (including sleep disturbance and hypervigilance) is a
key feature of PTSS and one of four symptom clusters used in PTSD diagnosis (American
Psychiatric 2013). Autonomic arousal leads to increased attention and information
processing, which can influence memory encoding and recall for traumatic events (Critchley
et al., 2013). In non-pain samples, hyperarousal is found in youth exposed to traumatic
events and abuse (Horowitz et al., 1995; Chaffin et al., 1997). Heightened arousal is also
particularly relevant to paediatric pain, as hyperarousal to bodily sensations is incompatible
with sleep and potentially increases pain sensitivity, lowers pain tolerance and decreases a
child’s ability to cope (Lewin and Dahl, 1999; Palermo et al., 2011). In adults with chronic
pain, pain can trigger hyperarousal (Page et al., 2009), and both pain and hyperarousal are
associated with poorer functioning (Cho et al., 2011). Moreover, hyperarousal increases AS,
leading to pain catastrophizing and fear avoidant behaviours (Lopez-Martinez et al., 2014).
Research examining hyperarousal and PTSS in paediatric chronic pain samples is needed, as
PTSS may further contribute to arousal-related sleep disturbances, pain sensitivity,
catastrophizing and avoidance.

2.3.5 Anxiety sensitivity—Anxiety sensitivity (AS) or fear of anxiety-related sensations
as signalling physical, psychological and social threat (Reiss and McNally, 1985) is
associated with PTSD in youth exposed to trauma (Hensley and Varela, 2008; Leen-Feldner
et al., 2008). AS develops early in life and is shaped by vicarious (e.g. modelling illness) and
instrumental (e.g. reinforcement of sick behaviours) learning that involves interactions with
parents (Watt et al., 2008). Among youth with chronic pain, AS predicts greater pain-related
fear and anxiety (Martin et al., 2007) and poorer health (Tsao et al., 2007), social
functioning (Tsao et al., 2007) and quality of life (Mahrer et al., 2012). AS also has been
shown to predict persistent post-surgical pain 6-12 months following surgery (Page et al.,
2013). While research has not examined associations among PTSS and AS in paediatric pain
samples, AS is implicated in the development and maintenance of PTSD in adults with
chronic pain. AS increases catastrophic cognitions (Sharp and Harvey, 2001; Asmundson et
al., 2002), which promotes avoidance (see review, (Ocanez et al., 2010). We propose that AS
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may serve a similar role in paediatric chronic pain. We conceptualize AS as a dispositional
variable that can be shaped by interpersonal influences and view it as a risk factor for
developing and maintaining pain and PTSS symptoms.

2.3.6 Depression—Comorbidity among depressive symptoms and PTSS in youth has
largely focused on refugee populations, children who have experienced abuse or youth in
foster care. Adult research demonstrates that depression is a common factor underlying both
PTSD and chronic pain (e.g. Sharp and Harvey, 2001), with activity restriction and fatigue
characteristic of depression hypothesized to maintain both disorders by fuelling disability
and impeding exposure to avoided stimuli. Given depressive symptoms are elevated in youth
with chronic pain (Blaauw et al., 2014; Coenders et al., 2014), and predict pain persisting
into adulthood (Horst et al., 2014), we posit that depression in youth may confer risk for
PTSS and pain-related disability. Parental depression has recently been implicated in the
development of paediatric chronic pain and severity of PTSS in youth (Coenders et al.,
2014), indicating that parental psychological functioning may also play a role in this co-
occurrence. Results of a meta-analysis also show that parental depressive symptoms and
parental PTSS were associated with child PTSS symptomatology (Morris et al., 2012). More
research is needed to understand whether depression is an antecedent, consequence or
mechanism underlying both PTSS and chronic pain.

2.3.7 Perceived injustice—In adults, perceived injustice is defined as a person’s feelings
of loss, blame and unfairness, including negative appraisals of the severity and irreparability
of limitations (Sullivan, 2008). This concept may also be important to examine in the context
of paediatric chronic pain and PTSS. Relevant to chronic pain, feelings of perceived
injustice (e.g. ‘why me?’; ‘my life is changed forever’) may perpetuate arousal and a focus
on pain symptoms, thereby leading to an increase in psychological symptoms or functional
limitations. In the adult literature, perceived injustice has been identified as a risk factor for
the development or persistence of chronic pain in people with whiplash injuries (Ferrari,
2014), and as a predictor of disability, and PTSS following injury and surgery (Sullivan et
al., 2009; Yakobov et al., 2014). Longitudinal associations have also been found with
perceived injustice predicting pain intensity, severity of depression and both the presence
and intensity of PTSD symptoms 12 months following motor vehicle accidents (Trost et al.,
2015). Among children who have experienced trauma (motor vehicle accidents), perceived
injustice was associated with increased PTSS symptomatology (Stallard and Smith, 2007).
While perceived injustice has not been examined in paediatric chronic pain populations, it
may similarly perpetuate arousal and pain focus in youth and may be influenced by parent
responses.

3. Consideration of the developmental context

It is important to highlight that in paediatric populations consideration of the developmental
context is critical. Notably, cognitive and social abilities undergo dramatic development and
change over the course of childhood; therefore, associations among PTSS and chronic pain
presented in Fig. 1 will likely depend on age and cognitive functioning. Over the course of
development, children gain skills in understanding pain and in their cognitive and affective
abilities to modulate pain (Palermo et al., 2014). Young children relate their pain experience
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almost exclusively to external cues or the situational context, whereas older children and
adolescents have a basic understanding of the physiological nature of pain and the
contribution of affective states and thoughts to the pain experience (e.g. Harbeck and
Peterson, 1992).

As described above, both PTSS and chronic pain are conditions that involve distortions in
memory (Koutantji et al., 1999; Moradi et al., 2000). Given memories for pain are strongly
influenced by developmental factors (Noel et al., 2015), it is important to consider that
children’s memories are susceptible to suggestibility and vulnerable to distortion during
early developmental periods (e.g. preschool-aged years). Moreover, with age and cognitive
development, children’s ability to use cognitive coping strategies increases. These coping
strategies can be adaptive (e.g. distraction and positive self-statements) or maladaptive (e.g.
catastrophizing). As children enter adolescence and progress towards adulthood, their ability
to intentionally and capably engage in these self-regulatory processes improves and they
become less reliant on external sources to cope (Skinner and Zimmer-Gembeck, 2007).

4. Future directions

Review of the literature presented above highlights gaps in knowledge of the prevalence, risk
factors, course/trajectory or potential co-occurrence of chronic pain and PTSS in youth.
Given that the prevalence of both PTSD and chronic pain increases throughout childhood
and adolescence and both diagnoses are more common in females than males (Merikangas et
al., 2010; King et al., 2011), these research gaps are striking. Furthermore, given the high
co-occurrence of PTSD and chronic pain in adulthood (e.g. Asmundson et al., 2002;
McWilliams et al., 2003; Otis et al., 2003) and the fact that chronic pain often first emerges
in adolescence (King et al., 2011) and is linked to the development of anxiety disorders
(Shelby et al., 2013), research examining this co-occurrence is warranted.

To target this gap in knowledge, descriptive studies are needed including those using
standardized assessment of PTSS in paediatric pain samples and those using qualitative
research methods. Well-validated measures of PTSS and PTSD (including clinical structured
interviews) are available for assessment of children (e.g. www.ptsd.va.gov/). Use of such
tools to systematically assess PTSS in youth newly presenting with chronic pain would help
to establish prevalence rates, formulate case conceptualization and ultimately inform
treatment planning. At this time, we do not know if rates of PTSS in youth with chronic pain
differ from those found in healthy samples. Screening for PTSS could lead to better
identification of children and families in greatest need of psychological intervention.

Importantly, psychosocial functioning or contextual factors relevant to paediatric chronic
pain may not be captured with traditional PTSS measures. Qualitative research and the
development of PTSS measures that appropriately capture the potentially diverse trauma
experiences of youth with chronic pain are needed. Specifically, it is important to understand
the range of traumatic events experienced by these youth and their parents, whether or not
traumatic events are related to the pain condition, and how the experience of trauma may
differ by aetiology of the pain problem (injury, idiopathic, disease-related, etc.) or type of
pain. Strategies to prevent ‘focusing effects’, such as not priming individuals to focus on
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trauma specifically related to pain, in the measurement of trauma symptoms and use of
control groups are important to consider to avoid overestimating rates of occurrence (Phipps
etal., 2014).

Informed by the conceptual framework presented in Fig. 1, research in the following areas
may help us to better understand associations among pain and PTSS in children.

4.1 Examine PTSS presentation in youth with chronic pain at different points during
childhood and adolescence

Research suggests clustering of PTSD symptoms changes during childhood, with greater
aggregation in later puberty (Carrion et al., 2002). Given that prevalence for chronic pain
also peaks in adolescence (King et al., 2011), it will be important to examine how PTSD and
PTSS symptom aggregation may occur in the context of chronic pain across childhood and
adolescence. We hypothesize the factors contributing to and influencing co-occurrence of
pain and PTSS would be dynamic during different stages of childhood and adolescence,
particularly as they relate to peers and parental influences. Studies examining how these
potential shared symptoms and mutually maintaining processes shown in Fig. 1 (e.g.
depression, avoidance and perceived injustice) present at different stages can be later used to
inform treatment strategies.

4.2 Longitudinal research should be conducted to examine trajectories of co-occurrence of
pain and PTSS over time

This review highlights the dearth of knowledge available on the trajectories of symptom co-
occurrence in children and adolescents. Prospective, longitudinal studies (similar to those on
youth with TBI and burn injuries) are needed to assess PTSS trajectories in youth with
chronic pain complaints. It is unknown whether PTSS symptoms remain elevated over the
course of coping with a chronic pain condition or whether they remit over time as children
and families develop stable patterns of coping with symptoms. Research to understand the
role of individual and interpersonal factors presented in Fig. 1 in predicting trajectories is
needed. Specific models of mechanisms by which PTSS and pain influence each other over
time might also be tested in youth, as has been done in adults (Liedl et al., 2010).

4.3 Assessment of PTSS in parents of youth with chronic pain

PTSS has been shown to occur in parents of children with other medical problems (Kazak et
al., 2006), and studies examining symptomatology among parents of youth with chronic pain
are also needed. This is particularly relevant given the significant role of parent behaviours
in shaping children’s chronic pain and functional outcomes. Specifically, these studies could
examine correspondence between parent PTSS and child PTSS in child pain samples and
how PTSS in parents may be associated with child symptomatology.

4.4 Imaging studies of youth with and without co-occurring symptoms

Additional imaging studies are needed to further understand the neurobiological context and
explore whether alterations in brain networks due to trauma might predispose a child to
develop chronic pain or to experience increased pain-related fear. Imaging research with
youth with chronic pain may help to elicit if persistent pain might lead to brain alterations
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that put a child at increased risk for developing PTSS. Experimental designs in which youth
with PTSS undergo pain tasks in the scanner should also be considered to determine if brain
activation patterns to pain stimuli are similar or different as compared to those found in
adults. Finally, imaging studies should use longitudinal designs and samples of children
across stages of development to help in understanding how age and development impacts
brain—-behaviour associations.

4.5 Developing dually targeted interventions for paediatric populations

If future research indicates co-occurrence among PTSD or PTSS and chronic pain in youth,
dually targeted interventions may be needed. Combined intervention for PTSD and chronic
pain has shown efficacy in several adult populations. For example, in veterans, Plagge et al.
(2013) adapted an existing PTSD behavioural activation treatment to include education
about pain and a focus on movement and exercise. Another intervention programme
included both components of cognitive processing therapy (CPT) for PTSD and cognitive
behavioural therapy (CBT) for chronic pain management for veterans (Otis et al., 2009).
Interoceptive exposure in combination with trauma-related exposure therapy has also shown
preliminary efficacy in treating adults with comorbid PTSD and chronic pain injured in
automobile accidents (Wald et al., 2010). In paediatric pain populations, interoceptive
exposure [as a component of the pain provocation technique (PPT)] has shown preliminary
effectiveness in reducing pain intensity and school avoidance (Hechler et al., 2010). Further
definitive trials are needed to understand the potential benefit of interoceptive exposure
strategies for co-occurring chronic pain and PTSS.

Overall, our framework suggests that treatments targeting youth with co-occurring PTSS and
chronic pain need to take into account developmental status and incorporate a focus on
interpersonal and social factors (e.g. parent behaviours). Moreover, given that many of the
mutually maintaining factors presented in Fig. 1 are malleable (e.g. activity limitations and
attentional biases), these factors might also be important intervention targets.

5. Conclusion

Limited work has been conducted to understand the prevalence, risk and trajectories of
PTSS in children and adolescents with chronic pain. Investigators have not yet applied
conceptual frameworks to examine how individual and interpersonal factors may confer risk
for PTSS and paediatric chronic pain. We strongly encourage research concerning the co-
occurrence of chronic pain and PTSS in children and adolescents. We hope that our
proposed framework (Fig. 1) and recommendations presented above may provide a
springboard for identifying developmentally relevant processes that can be studied in
paediatric pain and guide future studies to address these important research gaps.
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What does this review add?

This review presents relevant literature on pain and PTSS in youth and
proposes a conceptual framework to examine factors salient during childhood
that may be associated with symptom severity, comorbidity and mutual
maintenance of chronic pain and PTSS in paediatric populations.

We highlight dynamic factors that may change across children’s development
and provide recommendations to guide paediatric research examining
potential associations among PTSS and chronic pain.
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Figure 1.
Proposed framework for examining potential associations among chronic pain and PTSS in

youth.
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