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Abstract: Acute and chronic pain are highly prevalent and impactful consequences of 
surgery across the lifespan, yet a comprehensive conceptual model encompassing biopsy-
chosocial factors underlying acute to chronic pain transition is lacking, particularly in youth. 
Building on prior chronic postsurgical pain models, we propose a new conceptual model of 
biopsychosocial mechanisms of transition from acute to chronic postsurgical pain. This 
review aims to summarize existing research examining key factors underlying acute to 
chronic postsurgical pain transition in order to guide prevention and intervention efforts 
aimed at addressing this health issue in children. As pain transitions from acute nociceptive 
pain to chronic pain, changes in the peripheral and central nervous system contribute to the 
chronification of pain after surgery. These changes include alterations in sensory pain 
processing and psychosocial processes (psychological, behavioral, and social components), 
which promote the development of chronic pain. Patient-related premorbid factors (eg, 
demographic factors, genetic profile, and medical factors such as premorbid pain) may 
further modulate these changes. Factors related to acute injury and recovery (eg, surgical 
and treatment factors), as well as biological response to surgery (eg, epigenetic, inflamma-
tory, and endocrine factors), may also influence this process. Overall, longitudinal studies 
examining temporal pathways of biopsychosocial processes including both risk and resi-
liency factors will be essential to identify the mechanisms involved in the transition from 
acute to chronic pain. Research is also needed to unravel connections between the acute pain 
experience, opioid exposure, and sensory pain processing during acute to chronic pain 
transition. Furthermore, future studies should include larger and more diverse samples to 
more fully explore risk factors in a broader range of pediatric surgeries. The use of 
conceptual models to guide intervention approaches targeting mechanisms of transition 
from acute to chronic pain will significantly advance this field and improve outcomes for 
children and adolescents undergoing surgery. 
Keywords: chronic postoperative pain, CPSP, neurobiological, risk factors, resilience, 
quantitative sensory testing

Introduction
Acute and chronic pain are highly prevalent and impactful consequences of surgery. 
In pediatric populations, about half of children admitted after surgery experience 
moderate to severe pain in the hospital,1 with rates ranging from 54% to 91% 
following invasive surgeries (eg, spinal fusion, pectus repair).2,3 Continued pain at 
home during the subacute period has been shown to significantly affect recovery.4 

In a wide range of inpatient surgeries, moderate to severe postsurgical pain at one 

Correspondence: Jennifer A Rabbitts  
Seattle Children’s Hospital, 4800 Sand 
Point Way NE MB.11.500.3, Seattle, WA 
98105, USA  
Tel +1 206-987-2704  
Fax +1 206-987-3935  
Email jennifer.rabbitts@seattlechildrens. 
org

submit your manuscript | www.dovepress.com Journal of Pain Research 2020:13 3071–3080                                                                3071

http://doi.org/10.2147/JPR.S239320 

DovePress © 2020 Rabbitts et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research                                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0003-4800-1080
http://orcid.org/0000-0001-6036-6715
mailto:jennifer.rabbitts@seattlechildrens.org
mailto:jennifer.rabbitts@seattlechildrens.org
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


month was independently associated with greater than 
three-fold higher odds of experiencing a clinically signifi-
cant deterioration in both physical and psychosocial 
health, as well as in overall health-related quality of life 
after surgery.5

When acute pain persists after surgery, it can develop 
into a chronic pain condition. Chronic postsurgical pain 
(CPSP) is defined as pain localized to the surgical field, 
without other attributable causes, that continues for more 
than three months after surgery and impacts health-related 
quality of life.6,7 The majority of studies in the adult and 
pediatric literature focus only on the presence of pain three 
or more months after surgery, with rates ranging from 3% 
to 15% after outpatient pediatric surgeries8 and 11% to 
35% after major pediatric surgeries (eg, orthopedic, thor-
acic) requiring inpatient stays.9,10 Unfortunately, CPSP is 
not only common, but also associated with negative long- 
term consequences including functional disability and 
activity limitations,8,10–13 as well as low physical and 
psychosocial health,13 and has potential to generate sub-
stantial economic costs to healthcare organizations and 
individual patients.14,15 CPSP, when accordingly defined 
as persistent pain that impacts health-related quality of 
life, has predominantly been examined after major muscu-
loskeletal surgery and is estimated to occur in around 20% 
of these youth.16 With the recent expansion of literature 
focused on this condition, an increasing number of biop-
sychosocial risk factors have been identified as associated 
with CPSP in children and adolescents. However, the lack 
of a conceptual model encompassing these factors hinders 
our progress in identifying intervention targets and sub-
groups of patients in which to intervene in order to address 
this major health issue in children.

The aims of this review are therefore: 1) to present 
a conceptual model of biopsychosocial mechanisms of 
transition from acute to chronic postsurgical pain; 2) to 
summarize the evidence base for key factors (premorbid, 
injury-related, psychosocial, sensory, and biological fac-
tors) in the model that predict either incidence or severity 
of CPSP in children and adolescents; and 3) to identify 
gaps and opportunities for further investigations of the 
transition from acute to chronic postsurgical pain in chil-
dren that can inform prevention and intervention 
strategies.

Katz and Seltzer introduced a model of processes 
involved in the development of CPSP and pain disability 
in adults, highlighting premorbid patient-related factors 
(age, sex, pain), surgical factors (surgery duration, surgery 

approach), and psychological and social factors (catastro-
phizing, anxiety, social support), as well as the role of 
genetics, inflammation, and nerve damage.17 More 
recently, Elman and Borsook took a broader approach, 
drawing from addiction neurobiology research to present 
a model of evolution from tissue or nerve injury (inciting 
event), as detected by nociceptors (acute pain), ultimately 
transitioning to chronic pain. This model highlights con-
tributory processes in the peripheral and central nervous 
system, including sensory, psychological, behavioral, and 
social components.18 While no pediatric model has been 
proposed for acute to chronic postsurgical pain transition, 
pediatric models of chronic pain have described processes 
promoting adjustment to or maintenance of chronic pain 
and disability. For example, the fear avoidance model 
applied to pediatric pain19 highlights a pathway of pain 
catastrophizing, pain-related fear, and avoidance leading to 
functional disability and maintenance of pain. However, 
limited focus has been given to precipitating factors that 
confer risk for development of pediatric pain. Building on 
the framework of acute to chronic pain transition proposed 
by Elman and Borsook,18 we incorporate perioperative 
factors from the model of CPSP developed by Katz and 
Seltzer17 to propose a new conceptual model of biopsy-
chosocial mechanisms of transition from acute to chronic 
postsurgical pain, highlighting factors relevant in children 
and adolescents.

A Conceptual Model of Biopsychosocial 
Mechanisms of Transition from Acute to Chronic 
Postsurgical Pain (Figure 1).

As pain transitions from acute nociceptive pain follow-
ing surgery to chronic pain and associated impairment in 
health-related quality of life (CPSP), changes in the per-
ipheral and central nervous system contribute to the chron-
ification of pain.18 Alterations in pain processing may lead 
to amplification of the sensory component of pain, and 
alterations in psychological, behavioral, and social compo-
nents may promote evolution of chronic pain. In children, 
salient psychological, behavioral, and social components 
include emotional distress (eg, mood and affect), cogni-
tions (eg, fear of pain, catastrophizing), behaviors (eg, 
sleep), and parent and family factors (eg, family function-
ing). Patient-related premorbid factors, such as age, sex, 
genetic profile, and medical factors (eg, premorbid pain), 
may modulate changes in sensory and psychosocial pro-
cesses in response to the acute injury. After the inciting 
event, factors related to the acute injury (eg, the surgical 
approach) and recovery (eg, treatment factors) influence 
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this process. Further, the biological response to surgery, 
including changes in epigenetic, endocrine, and inflamma-
tory factors, may play an important role in resultant per-
ipheral and central nervous system adaptations.

Premorbid Factors
Demographic Factors
Demographic factors, including the child’s age, sex, race 
and ethnicity, and socioeconomic status, may affect the 
child’s experience of postsurgical recovery and pain. 
Several studies have found that older child age20,21 and 
female sex3 are associated with higher acute pain and pain 
unpleasantness, as well as with poorer health-related qual-
ity of life5,16 after surgery. Pediatric chronic pain research 
in non-surgical samples similarly suggests that older age 
and female sex are related to higher chronic pain severity 
and impact.22–25 Yet, across pediatric perioperative stu-
dies, no associations have been found between pediatric 
CPSP and child age,13,26,27 sex,13,26,28 or socioeconomic 
factors (eg, family income13,26 and parents’ education).16 

However, small sample sizes with wide age ranges, as well 
as limited diversity within samples (eg, inclusion of 

predominantly white, high-income families) limit our 
understanding of sociodemographic predictors of CPSP. 
The inclusion of larger and more diverse samples may 
expose potential relationships between sociodemographic 
factors and CPSP.

Genetic Factors
Emerging research implicates genetic mechanisms in mod-
ulating susceptibility to CPSP. Potential genetic mechan-
isms include both structural DNA sequence variations 
(single-nucleotide polymorphisms [SNPs]), which can be 
considered premorbid genetic factors, and changes in 
DNA function (ie, epigenetic factors such as DNA methy-
lation), which may occur before surgery or as part of the 
biological response to surgical injury/pain.29 A large body 
of adult perioperative literature points to the role of the 
catechol-O-methyltransferase (COMT) gene in modulating 
pain sensitivity and the incidence of chronic pain.30–34 One 
pediatric study found significant relationships between 
three COMT SNPs and acute postsurgical pain 
intensity,35 suggesting a potential role in interindividual 
variation in postoperative pain perception. Two studies 
investigated the association between DNA methylation in 
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Figure 1 Conceptual model of biopsychosocial mechanisms of transition from acute to chronic postsurgical pain.
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pain-related genomic pathways, measured before surgery, 
and the incidence of chronic pain after spinal fusion sur-
gery in adolescents. In one study, increased methylation at 
the promotor for the mu−1 opioid receptor (OPRM1) gene 
was associated with persistent pain at two to three months 
postoperatively.36 In addition, utilizing a global bioinfor-
matics-based approach to compare DNA methylation pro-
files, this same research group found that enrichment of 
differentially DNA methylated positions in GABA recep-
tor and dopamine pathways related to pain was associated 
with CPSP.37 Notably, enrichment of these DNA methyla-
tion profiles was also associated with greater anxiety sen-
sitivity, a psychosocial factor related to CPSP,38 

highlighting that further research is needed to disentangle 
these complex interrelationships. Further reasearch in 
adults has also identified relationships between KCNS1 
gene variants in the potassium channel family and chronic 
postoperative pain.33,39–42 Future studies should seek to 
expand on this adult literature to identify genetic risk 
factors specific to the development of pediatric CPSP.

Medical Factors
Pre-existing medical factors, such as preoperative pain 
and medical history, influence acute and chronic postsur-
gical pain. The most studied premorbid factor is the pre-
sence and severity of preoperative pain, which 
consistently predicts the severity of acute postoperative 
pain.16,43,44 However, studies focused on the transition to 
chronic postoperative pain are less clear and point to pain 
measurement issues. The majority of studies that mea-
sured preoperative pain at a single timepoint or based on 
children’s retrospective recall found that intensity of bod-
ily pain before surgery was associated with the incidence 
of CPSP.9,12,26,27,45,46 However, studies that better cap-
tured the preoperative pain experience through prospec-
tively recorded daily pain scores over multiple days 
preoperatively found no relationship with development 
of CPSP.13,16 Several studies have also examined preo-
perative pain distribution and centralized pain symptoms 
(fibromyalgia symptoms), dimensions of pain that have 
garnered a lot of attention in adult surgical 
populations,47–50 as risk factors for pediatric CPSP. 
Children’s fibromyalgia symptoms (ie, greater pain loca-
tions and symptom severity before surgery) predicted 
more severe acute and chronic postsurgical pain when 
examined as part of a “high symptom cluster”.51,52 

However, when considered as an independent factor, num-
ber of preoperative pain locations was not associated with 

subsequent acute or chronic postoperative pain.16 The 
discrepancies between these results emphasize the need 
for greater rigor and consistency in the measurement of 
preoperative pain and suggest that a comprehensive 
assessment of pain characteristics, including not only 
pain intensity but also pain distribution and location, 
pain quality, and pain sensitivity, should be further 
explored.

Several studies have examined the association between 
medical comorbidities, chronic conditions unrelated to the 
planned surgery, prior chemotherapy use, and prior surgery 
on the incidence of CPSP,9,53 finding weak associations. 
Similarly, no relationship has been found between chil-
dren’s preoperative weight/body mass index and subse-
quent development of CPSP.8,26,27,46,53 However, given 
the limited investigation of the role of medical factors on 
the development of CPSP, this is an area that requires 
further study before conclusions can be drawn.

Injury and Recovery
Factors Related to Injury (Surgery)
A large body of adult literature supports the association 
between factors related to the surgery itself, such as 
surgical type and duration, and the incidence of CPSP, 
potentially due to nerve injury and the subsequent inflam-
matory response.32 However, pediatric studies generally 
fail to find this relationship. Given that the bulk of 
pediatric literature focuses on select orthopedic surgeries, 
it is possible that there has not been enough variation in 
surgical factors to discern a relationship with CPSP. 
Several studies examining the incidence of CPSP follow-
ing major pediatric surgery found that the type of sur-
gery, and emergency versus planned surgery, did not 
predict CPSP.9,10,13,28 Studies focused on spinal fusion 
surgery also largely failed to identify relationships 
between surgical factors and pain outcomes: surgical 
approach, curve parameters (eg, Cobb angle, curve flex-
ibility, shoulder height difference), and indicators of 
the extent of surgery (spinal fusion length, lowest 
instrumented vertebrae, scar size, and percent of 
spinal curve corrected) were not associated with 
CPSP.9,12,26,27,45,51,53 Studies examining surgical dura-
tion as a proxy for extent of spine surgery in youth also 
have not identified a relationship with CPSP.26,51 Larger 
studies are needed in pediatric populations to more fully 
explore associations between surgical factors and CPSP 
in a broader range of surgeries.
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Factors Related to Acute Postoperative 
Recovery
The acute phase of postoperative recovery is a period 
encompassing physiological changes, rapid symptom 
recovery, and acute pain treatment, all of which may 
impact long-term postsurgical outcomes. Three studies 
using nuanced approaches to characterize the acute pain 
trajectory over multiple postoperative days found that 
higher levels of pain in the hospital and during the initial 
days at home were associated with a higher incidence of 
CPSP.4,38,44 Acute pain treatment may impact acute recov-
ery, and is integrally related to the acute pain experience. 
However, studies examining in-hospital pain treatment 
have not identified a relationship with subsequent CPSP. 
For example, cumulative in-hospital opioid consumption 
was not related to the incidence of CPSP after spinal 
fusion surgery.26,54 Similarly, use of regional anesthesia, 
including neuraxial bocks (eg, epidural, intrathecal/spinal) 
for postoperative pain control, was not associated with the 
odds of developing CPSP in observational studies of chil-
dren undergoing major surgery.9,10,51

Looking beyond hospital discharge, studies examining 
recovery during the initial weeks at home identified sig-
nificant relationships between subacute pain with subse-
quent chronic pain.4,16,28 In general, studies have relied on 
self-report measures and data from the electronic medical 
record to assess acute recovery. Future studies should 
apply more granular monitoring (such as daily pain dia-
ries) and employ objective measures (eg, actigraphy mon-
itoring of activity, electronic medication monitoring of 
opioid use) to better capture acute recovery.4 Such studies 
may help to unravel the connections between the acute 
pain experience, pain treatment, and opioid exposure that 
play a role in acute to chronic pain transition. Further, 
mechanistic studies will be essential in understanding 
physiological perturbations tied to acute recovery that 
may contribute to the transition from acute to chronic 
postsurgical pain.

Psychosocial Factors
Emotional and Cognitive Factors
A growing body of literature examining the influence of 
children’s psychological health on the development of 
CPSP has begun to shed light on cognitive, emotional, 
and behavioral factors that may confer risk for persistent 
pain. Both general and pain-specific psychological factors 
have been implicated in pain persistence.55 Data exploring 

general psychological constructs of emotional distress 
(anxiety, depression) and symptoms of post-traumatic 
stress disorder have yielded mixed findings. Three studies 
found that higher baseline anxiety levels before surgery 
and in the hospital after surgery predicted risk for devel-
opment and maintenance of CPSP,26,28,38 and one more 
recent study demonstrated that higher depressive symp-
toms in the week before surgery predicted CPSP in 
youth undergoing major musculoskeletal surgical 
procedures.16 However, other studies did not identify rela-
tionships between these constructs and CPSP.10,11

Studies of pain-specific psychological factors include 
presurgery or immediate postsurgery pain anxiety, pain 
catastrophizing, pain-related fear, and pain vigilance, as 
well as protective (resiliency) factors such as pain coping 
efficacy and pain acceptance; these studies have examined 
relationships between these factors and acute and chronic 
postsurgical pain. Studies of acute postsurgical pain in 
youth consistently support the association between higher 
levels of pain catastrophizing and pain anxiety and higher 
ratings of subsequent acute postoperative pain 
intensity.3,56,57 However, these studies assessed only 
acute pain; thus, it is unclear whether there is an associa-
tion with longer term pain outcomes. Only one study 
found a relationship between pain-related anxiety, mea-
sured one week after surgery, and subsequent CPSP.11 

The majority of studies found no association between 
pain-related anxiety or pain catastrophizing, measured 
before surgery, and CPSP;10,13,16 pain vigilance and fear 
of movement were also unrelated to persistent pain.10,11 In 
contrast, in one study including resiliency factors (eg, pain 
coping efficacy before surgery), a relationship was found 
between higher resiliency and more rapid pain recovery 
over six months following surgery.26

Katz and Seltzer17 proposed that different psychologi-
cal processes may underlie the transition from acute to 
chronic pain: while some factors may play a role in initial 
transition to chronicity after an injury (ie, initiating fac-
tors), other factors may be more salient for the mainte-
nance and impact of established chronic pain (ie, 
maintaining factors).16 Pediatric studies point to a more 
consistent relationship between pain-related psychological 
factors and acute postsurgical pain, whereas more general 
psychological constructs were associated with CPSP. 
However, distinguishing these processes necessitates 
repeated assessment of psychological factors before and 
after surgery, as well as measurement of both acute and 
chronic postsurgical pain. Overall, future pediatric studies 
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are needed using research designs that allow for examining 
temporal pathways of psychological processes (risk and 
resiliency factors) involved in acute to chronic pain 
transition.

Behavioral Factors
Recent research has investigated the role of behavioral 
factors, such as functional disability and sleep, on the 
development of CPSP. One study identified the level of 
functional disability before surgery as a predictor of 
CPSP.10 Sleep has also emerged as an important risk 
factor, with longitudinal research finding that insufficient 
sleep before surgery places youth at risk for more severe 
acute pain and higher incidence of CPSP.16,57 Sleep after 
surgery continues to play a role in recovery: poor subjec-
tive sleep quality during the weeks and months following 
surgery was associated with higher chronic pain 
intensity.58 Further research applying objective sleep mon-
itoring during the months following surgery and examin-
ing underlying neurobiological mechanisms is needed to 
gain understanding of how sleep–pain relationships evolve 
over time and influence acute to chronic pain transition.

Parent and Family Factors
Limited studies have examined the impact of parent and 
family factors on the incidence of pediatric CPSP. Two 
studies found a relationship between a specific parent 
factor (parental pain catastrophizing) and CPSP.13,59 

However, more recent studies found that CPSP was not 
associated with parental pain anxiety, pain catastrophizing, 
pain flexibility, anxiety sensitivity, or depression, or with 
overall family functioning.10,16,38 In contrast, parent fac-
tors have been consistently related to outcomes associated 
with other types of pediatric chronic pain.60 In general, 
more research is needed to explore the relationships 
between a range of parent and family factors and pediatric 
CPSP. In particular, future research should examine parent 
behaviors and emotional functioning, the parent–child 
dyadic relationship, and global family functioning at base-
line and over time to better understand possible influences 
on CPSP.61–64

Overall, the literature relating psychosocial factors to 
the development of CPSP in children and adolescents is 
inconsistent. Although there have been a fair number of 
studies focused on these relationships, studies differ in 
how and when psychosocial variables are measured, as 
well as in which psychosocial constructs (eg, inclusion 
of parent variables) are included in multivariate models. 

Notably, psychosocial variables have largely been mea-
sured at isolated timepoints before or after surgery using 
retrospective measures. However, one study that com-
bined multiple general and pain-specific psychological 
and behavioral risk factors (pain catastrophizing, pain 
interference, depression, fatigue) to identify a “high 
symptom cluster” of adolescents preparing for surgery 
found that this subgroup was more likely to develop 
chronic pain.51 This demonstrates that despite inconsis-
tencies in the literature, it is likely that overall, psycho-
social distress puts youth at elevated risk for CPSP.

Sensory Processing
Surgery produces an injury, which is processed on 
a sensory level by nociceptors that detect tissue or nerve 
damage and transmit this sensory information via the 
dorsal horn of the spinal cord. This information is subject 
to both amplification and modulation before reaching the 
cortical and subcortical regions of the brain.17,18,65 

Limited pediatric perioperative studies have examined 
the influence of sensory processing on postoperative 
pain. One study examined the relationship between central 
nervous system catecholamines, which are known to be 
involved in descending pain modulation,66 and subacute 
postoperative pain, finding that elevated baseline levels of 
norepinephrine in cerebral spinal fluid and plasma were 
associated with higher pain intensity at six weeks.2 In 
adult studies, quantitative sensory testing (ie, application 
of standardized mechanical, thermal, and other sensory 
stimuli to quantify self-reported sensory perception) has 
been used to examine the relationship between pain mod-
ulation and subsequent acute and chronic pain. 
Specifically, inefficient conditioned pain modulation 
(CPM) was associated with greater morphine consumption 
and heightened pain sensitivity in the acute postoperative 
period,67 and with an increased rate of transitioning to 
chronic pain after major surgeries.68–70 Postsurgical litera-
ture in adults also highlights the importance of the periph-
eral nervous system in the development of postoperative 
pain, demonstrating associations between peripheral sen-
sitization and CPSP.71–73 To our knowledge, no published 
studies have applied quantitative sensory testing to exam-
ine the relationship between sensory processing and the 
development of CPSP in youth. However, these studies 
are needed to better understand the possible role of sen-
sory processing in the transition from acute to chronic 
pain in this population.
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Biological Factors
Inflammatory and Endocrine Response
Studies exploring risk factors for CPSP in adults have 
emphasized the influence of the inflammatory response 
on postoperative pain. Immune cells and inflammatory 
molecules have been cited as a possible factors involved 
in the transition from acute to chronic postsurgical 
pain,74,75 and circulating markers such as the neutrophil 
to lymphocyte ratio and C-reactive protein have been 
associated with CPSP76,77 in adults. In the acute postsur-
gical literature, a single available pediatric study did not 
find a relationship between preoperative salivary cortisol 
concentrations and acute postoperative pain.43 However, 
the role of inflammatory factors on CPSP has yet to be 
fully studied in pediatric surgery populations. The dearth 
of information regarding the effect of inflammatory and 
endocrine responses on pediatric CPSP highlights a novel 
avenue for investigation: future studies are needed to elu-
cidate how these biological factors may be related to the 
development of CPSP in children.

Epigenetic Factors
In addition to the premorbid genetic profile, changes in 
gene function through DNA methylation, histone modifi-
cation, and micro-RNA (miRNA) interference can occur in 
response to acute injury. For example, inflammation, nerve 
injury, drugs, and psychological stressors can induce 
changes in epigenetic processes that alter the expression 
of genes involved in immune/inflammatory, pain, and 
opioid receptor pathways, which in turn may influence 
the development of CPSP.29 This is an area of growing 
research interest, and these complex pathways have been 
extremely understudied in children.

Future Directions
Considerable gaps and opportunities exist for further 
investigations focused on mechanisms underlying the tran-
sition from acute to chronic postsurgical pain in children to 
inform prevention and intervention strategies. Future 
research must address limitations in the current literature. 
First and foremost, a focus on the presence of persistent 
pain, without consideration of severity or impact, makes 
the relevance of study findings unclear. It is imperative 
that future studies apply a unifying definition of CPSP 
which includes impact on quality of life, as set forth by 
the International Association for the Study of Pain,6,7 in 
order to allow comparison and pooling of data. Available 

validated measures of quality of life that have been used in 
the pediatric surgery population include the Pediatric 
Quality of Life Inventory (PedsQL) and the Scoliosis 
Research Society (SRS) measures.64 The inclusion of 
core acute and chronic pain outcomes highlighted in the 
Pediatric Initiative on Methods, Measurement, and Pain 
Assessment in Clinical Trials (PedIMMPACT) recommen-
dations, such as physical, emotional, and role functioning, 
as well as sleep and economic factors, will also be critical 
to guide intervention research focused on improving out-
comes in this population.78 Furthermore, most studies 
measure risk factors and outcomes at isolated timepoints. 
In order to implicate biopsychosocial processes as poten-
tial mechanisms, it is necessary to show temporal relation-
ships between changes in these processes and the 
development of chronic pain over time. Longitudinal 
assessment of risk factors and pain over the transition 
from acute to chronic postsurgical pain presents an impor-
tant avenue of potential investigation. Ideally, such studies 
would conduct repeated assessments up to at least six 
months after surgery in order to fully capture the transition 
to CPSP.

Whereas most studies have focused on psychosocial 
risk factors for CPSP, there are several important gaps in 
the understanding of other biobehavioral factors. In parti-
cular, there are opportunities for future research to exam-
ine psychosocial resiliency factors and to apply 
quantitative sensory testing to examine how changes in 
sensory and psychosocial processes after surgery relate to 
the transition to chronic pain. Similarly, the relationships 
between sleep and pain during the transition from acute to 
chronic pain comprise another understudied area in the 
literature. Early studies have identified subjective sleep 
quality as a potential promotor of chronic pain, but it 
will be important to employ objective measures of sleep 
to gain deeper insights into the possible mechanistic role 
of sleep deficiency. Such research may inform interven-
tions targeting sleep during recovery. In addition, biologi-
cal factors, including inflammatory, endocrine, and 
epigenetic responses to surgery, present an opportunity 
for further mechanistic studies in pediatric populations. 
Finally, the inclusion of larger and more diverse samples 
is necessary to understand the impact of social determi-
nants of health on the transition to chronic pain.

While pediatric studies focusing on CPSP are expand-
ing, further application of this model of acute to chronic 
pain transition to non-surgical injury populations, such as 
pediatric trauma and burns, could further expand our 
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understanding of the development of chronic pain in other 
contexts.

Future research is also needed to test intervention stra-
tegies stemming from our conceptual model of biopsycho-
social mechanisms of transition from acute to chronic 
postsurgical pain. A range of behavioral and pharmacolo-
gical intervention strategies that target currently identified 
mechanisms and risk factors, such as sleep deficiency, 
psychosocial distress, and acute pain and recovery, could 
be developed and studied. The use of conceptual models to 
guide intervention approaches will significantly advance 
this field.

Conclusion
CPSP is a common and impactful condition affecting 
youth after surgery. As pain transitions from acute to 
chronic, alterations in sensory pain processing and in 
psychosocial processes may promote the evolution of 
chronic pain, while premorbid and injury-related factors 
may influence this process. Longitudinal studies are 
needed to elucidate key psychosocial and sensory mechan-
isms underlying risk for chronic pain. Studies examining 
response to surgery, both in the peripheral and central 
nervous systems and in other biological systems, will be 
critical to understanding how changes in these systems 
may promote the transition from acute to chronic pain. 
Future research is critically needed to test intervention 
strategies stemming from this conceptual model of biop-
sychosocial mechanisms of transition from acute to 
chronic postsurgical pain.
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