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Abstract 

 Approximately 20% of youth develop chronic post-surgical pain (CPSP) that is 

associated with pain-related distress and co-morbid mental health outcomes, such as anxiety and 

depression. This dissertation examines youth and parent risk/protective factors associated with 

the development and maintenance of pediatric CPSP, including functional limitations. The three 

studies which comprise this dissertation (Rosenbloom et al., 2019; Rosenbloom et al., 2020; 

Rosenbloom et al., 2021) use data collected from a large sample of youth aged 8 to 17 years 

undergoing major orthopedic or general surgery and their parents (n = 264). Youth completed 

questionnaires at four time points over the course of 12 months (pre-surgery, in-hospital, 6- and 

12-months after surgery).  In-hospital physical activity was monitored using actigraphy. Youth 

and parents completed pain and psychological questionnaires. Study 1 results show that 12 

months after surgery, over a third of youth report moderate-to-severe post-surgical pain. 

Trajectory analyses of youth before and through to 12 months after surgery show that youth can 

be categorized into two main pain intensity and pain unpleasantness groups: high pain and low 

pain. Further this study revealed that pre-surgical general functional disability is the best 

predictor of post-surgical functioning, over and above psychosocial and surgery-related factors. 

Study 2 examined differential risk factors for pain-specific and general functional limitations 12 

months after major pediatric surgery. Hierarchical regression analysis showed that youth 12-

month pain-specific functional limitations were predicted presurgical youth (pain-related anxiety 

and worry factor) and parent factors (anxiety sensitivity, state-trait anxiety, pain anxiety). Youth 

12-month general functional limitations were predicted by youth general functional limitations 

and parent anxiety sensitivity. Study 3 examined the validity of the Tampa Scale of 
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Kinesiophobia (TSK) for use in youth after surgery. Results showed that the original 17-item 

TSK is not a valid measure for youth undergoing surgery, but a modified 13-item TSK has 

promising psychometric properties for this population. Taken together, these three studies 

advance our understanding of youth and parent risk/protective factors associated with the 

development and maintenance of pediatric chronic post-surgical pain and functional limitations. 
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Dissertation Synopsis 

 One in five Canadian children and adolescents live with chronic pain ("Census Profile. 

2016 Census.," 2016).  More than 80,000 pediatric surgeries are performed in Canada each year 

(Wright, Menaker, & Canadian Paediatric Surgical Wait Times Study, 2011) and approximately 

20% of youth develop chronic post-surgical pain (CPSP) that is associated with pain-related 

distress and co-morbid mental health outcomes, such as anxiety and depression (Rabbitts, Fisher, 

Rosenbloom, & Palermo, 2017). There is evidence that youth and parent pain-related 

psychological factors, depression, and avoidance are associated with increased levels of youth 

acute and chronic pain after surgery. However, few studies have examined the relationships 

between these variables in the transition from acute pain to CPSP in youth and thus there are few 

targeted interventions for reducing the suffering these youth experience.  

 To examine the transition from acute to chronic pain a growing number of studies in the 

field of perioperative pain have used trajectory analyses to show a range of pain trajectory 

outcomes in adults (Pagé et al., 2016; Pagé et al., 2015) and youth (Connelly et al., 2014; Pagé, 

Stinson, Campbell, Isaac, & Katz, 2013; Rabbitts, Zhou, Groenewald, Durkin, & Palermo, 2015; 

Sieberg et al., 2013). These studies indicate that it is important to examine both the risks and 

protective factors associated with CPSP as well as the course that pain takes over the months 

following surgery. However, the existing literature commonly uses small sample sizes (e.g., 

Rabbitts, Zhou, et al. (2015)) and do not evaluate multiple risk factors within the same sample 

(e.g., Birnie, Chorney, El-Hawary, and Group (2017)), which limits our ability to fully evaluate 

the development of CPSP. Further, even though the definition of CPSP highlights the impact of 

pain on quality of life, the majority of studies evaluate CPSP based on pain severity alone (e.g., 
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Rabbitts et al., 2017). A few studies (e.g., Chidambaran et al., 2017b; Pagé, Stinson, Campbell, 

Isaac, & Katz, 2013) also measured functional limitation, arguably a more meaningful measure 

of the extent to which youth struggle with CPSP in the long-term. However, there is not one 

study that examines the risk and protective factors for functional limitations in youth who 

develop CPSP. Thus, the overarching purpose of this dissertation is to examine youth and parent 

risk/protective factors associated with the development and maintenance of pediatric CPSP, 

including functional limitations. This dissertation specifically aims to:  

1. Determine the incidence and severity of 12-month CPSP in youth aged 8 to 17 years. 

2. Identify pain intensity and pain unpleasantness trajectories beginning before, through to 

12 months after, major orthopedic or general surgery. 

3. Identify pre-surgical factors that predict group pain and pain unpleasantness trajectory 

membership. Pre-operative factors include pre-existing chronic pain conditions, baseline 

pain thresholds to mechanical pressure, depression, youth and parent pain-related 

psychological distress. 

4. Examine pre-surgical factors that predict functional limitations 12-months after surgery. 

Pre-surgical factors include pre-existing chronic pain conditions, baseline pain thresholds 

to mechanical pressure, depression, youth and parent pain-related psychological distress. 

5. Evaluate the psychometric properties of the Tampa Scale for Kinesiophobia in youth aged 

8-17 years. 

To address these aims, three separate studies were conducted and published (Rosenbloom et al., 

2019, Rosenbloom et al., 2020, Rosenbloom et al., 2021).  

The first study (Study 1) included Aims 1, 2, and 3. This first study used a prospective 

longitudinal design to follow 264 youth and their parents pre-surgically, during surgery and 
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hospitalization, 6- and 12-months post-surgery. Results from this study showed that 35% and 

38% of youth experienced moderate-to-severe CPSP at 6- and 12-months after surgery. Growth 

mixture modeling revealed a two-class trajectory model for pain intensity (high pain, low pain) 

and pain unpleasantness (high pain unpleasantness, low pain unpleasantness) over 12 months. 

Pre-surgical functional disability and cumulative in-hospital opioid consumption predicted pain 

intensity class membership, whereas pre-surgical functional disability predicted pain 

unpleasantness class membership. Pre-surgical functional disability and pain unpleasantness 

trajectory membership predicted 12-month moderate-to-severe functional disability.  

The second study (Study 2) included aim 4. This second study was a secondary analysis 

of data obtained from the Study 1. The sample included 79 youth and parent dyads. Results 

indicated that parent pre-surgical anxiety sensitivity and youth pre-surgical functional disability 

significantly predicted 12-month Functional Disability Inventory outcomes, and that parent pre-

surgical anxiety sensitivity, trait anxiety, pain anxiety, as well as youth pain-related anxiety and 

worry significantly predicted 12-month PROMIS Pain Interference Scale outcomes. 

The third study (Study 3) included aim 5. This third study examined the psychometric 

properties of the Tampa Scale for Kinesiophobia (TSK), a measure commonly used among 

adults living with pain, among the sample of youth from study one. Results from this study 

revealed that the original 17-item TSK was not a meaningful measure of kinesiophobia in youth 

after surgery. However, a modified 13-item scale yielded a three-factor structure that is 

adequately valid and reliable.  

In the present dissertation, I will first provide an historical overview of pain as well as 

our current understanding of pain, followed by a discussion of pediatric chronic pain, its 

epidemiology and the development of chronic pain within a surgical context. I will then explore 
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theoretical models that describe the transition from acute to chronic pain and evaluate the risk 

factors for CPSP and functional limitations that have been examined in the literature. After this 

introduction, I will present the three studies that comprise this dissertation. Finally, I will 

conclude this dissertation with a general discussion of study findings and their implications for 

future research in the area of pediatric CPSP.  

 This three-study dissertation addresses the course of pain and functional limitations in 

youth undergoing major surgery in a large sample and examines the risk and protective factors 

for CPSP and its functional limitations up to 12 months after surgery. It also examines our ability 

to understand and predict pain and functional limitation outcomes by addressing our 

measurement of risk factors. This dissertation significantly contributes to our understanding of 

pediatric CPSP and paves a path forward for developing interventions targeted at preventing the 

onset of CPSP. 
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Chapter 1: Introduction 

Historical Context for Understanding Pain 

 Ronald Melzack and Patrick Wall (1965) revolutionized our understanding of pain 

mechanisms and management with their Gate Control Theory of Pain (Katz & Rosenbloom, 

2015). Melzack and Wall (1965) combined properties of the specificity theory with pattern 

response theory to develop a novel theory of pain that is still used today (Melzack & Katz, 2013; 

Moayedi & Davis, 2013). Specificity theory, the dominant explanation at the time for why we 

feel pain, proposed that there are dedicated pathways for each somatosensory experience. It 

hypothesized that injury activates pain receptors and pain fibers which then send neural signals 

to the spinal cord and on to a pain centre in the brain (Melzack & Katz, 2013). In contrast, 

pattern theory proposed that there are not specific nerve fibers for pain, but rather there is a 

convergence and summation of afferent nerve impulses from a multitude of sensory fibers in the 

dorsal horns of the spinal cord, which then send signals to the brain (Melzack & Katz, 2013). 

Pattern theory posits that the information conveyed to the brain is proportional to the severity of 

the stimulus (Melzack & Katz, 2013). However, neither of these theories explained the presence 

of pain without apparent injury.  

The Gate Control Theory consists of three main components which interact with one 

another to modulate the experience of pain. First, it is hypothesized that the dorsal horn 

substantia gelatinosa of the spinal cord acts as a gate that modulates afferent nerve patterns 

before they reach the spinal transmission cells (T-cells) which project to the brain. Second, it is 

hypothesized that afferent input from neurons located in the dorsal column system control 

specific brain processes that then modulate, through descending projections, the function of the 
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gate control system. Third, through their projection to the action system, T-cells activate pain 

perception and pain response systems via neural mechanisms in the brain. The Gate Control 

Theory allowed researchers and clinicians to take into consideration that there is a specificity for 

peripheral nerve function, a pattern recognition for underlying peripheral and central processing 

of noxious information, and, most importantly for the time, an emotional and cognitive 

component that can have amplifying effects on nociceptive signals (Gatchel, Peng, Peters, Fuchs, 

& Turk, 2007). The Gate Control Theory was extended by Melzack and Casey (1968) to propose 

specialized systems in the brain that are involved in sensory-discriminative, motivational-

affective, and cognitive-evaluative dimensions of the experience of pain (Melzack & Katz, 

2013). The Gate Control Theory and the extended version of it opened the door for 

understanding the multidimensional nature of pain.  

The Neuromatrix Theory of Pain proposed that pain is a multidimensional experience 

produced by neuronal signals in a widely distributed brain neural network that is termed the 

“body-self neuromatrix” (Melzack, 2001). Melzack (2001) proposed that the body-self 

neuromatrix integrates inputs from sensory-discriminative, cognitive-evaluative, and 

motivational-affective components. The theory further proposes that the body-self neuromatrix 

engages three outputs, including pain perception, action programs, and stress-regulation 

programs. The body-self neuromatrix can function without direct sensory input, which is 

important for explaining pain phenomena such as phantom limb pain (Gatchel et al., 2007).  The 

Neuromatrix Theory of Pain reinforced and extended the Gate Control Theory of pain which 

paved the way for understanding pain from a biopsychosocial framework.    
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Defining Pain 

The International Association for the Study of Pain (IASP) recently re-defined pain as 

“an unpleasant sensory and emotional experience associated with, or resembling that associated 

with, actual or potential tissue damage” (Raja et al., 2020). Six explanatory notes accompany this 

definition. The first note emphasizes that pain is always a personal experience influenced by 

biological, psychological, and social factors. Broadly, the biopsychosocial model of pain asserts 

that pain is not simply a faithful representation of high intensity peripheral sensory neuronal 

activity (i.e., nociception) that is consciously interpreted by the brain but rather it is an interplay 

between biological factors (e.g., nociceptive impulses,  epigenetic, endocrine, immune), 

psychological factors (e.g., memories of pain experiences, affective components, cognitive 

interpretations, behavioural reactions), and external factors (e.g., context in which the unpleasant 

sensory and emotional experience occurs, attention from others, cultural expectations; Gatchel et 

al., 2007).  

Psychological factors associated with pain include cognitive appraisals (e.g., pain 

catastrophizing, self-efficacy, coping) and affective components (e.g., pain anxiety, depression, 

anxiety; Gatchel et al., 2007). For infants and children in pain, parental psychological factors 

(e.g., catastrophizing about their child’s pain) also influence the youth’s experience of pain. 

Williams and Craig (2016) described the importance of the social component of pain and 

proposed that pain be defined as “a distressing experience associated with actual or potential 

tissue damage with sensory, emotional, cognitive, and social components” (Williams & Craig, 

2016). Although the Williams and Craig (2016) definition of pain was not adopted by the IASP 
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taskforce that re-defined pain in 2020, first note of the new definition acknowledges that “social 

factors” are associated with pain. 

The second note explains that pain and nociception are different phenomena. 

Specifically, this note emphasizes that pain is not determined solely by neuronal activity (Raja et 

al., 2020). Third, individuals learn pain over the course of one’s lifetime. Fourth, a person’s 

report of pain should be respected (Raja et al., 2020). The fifth note explains that while pain can 

be adaptive, it can also have adverse effects on function and social and psychological well-being, 

especially when it becomes chronic (Raja et al., 2020). Finally, the last note explains that the 

inability to communicate does not negate the possibility that a person is experiencing pain (Raja 

et al., 2020). This point is particularly important for infants and young children or persons with 

intellectual or cognitive disabilities who may not be able to express, in words, that they are 

experiencing pain (Anand & Craig, 1996; Williams & Craig, 2016). These individuals rely on 

nonverbal forms of communication to express their pain (e.g., crying, grimacing).  

Classifying Pain 

From a neurobiological perspective, pain may be separated into three main classes. First, 

there is pain that serves as an early warning physiological system that acts to minimize 

interaction with damaging or noxious stimuli (e.g., touching a hot stove; Woolf, 2010). This type 

of pain is adaptive and protective. The second type of pain is also adaptive and protective as it 

acts to heighten sensory sensitivity after tissue damage. This heightened sensitivity promotes rest 

and discourages movement so that tissues can heal thereby preventing further damage (e.g., pain 

immediately after surgery, pain arising from a swollen, twisted ankle) (Woolf, 2010). The third 

type of pain is maladaptive and is the result of abnormal functioning of the nervous system and is 
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considered a disease state. It is pain in the absence of noxious stimuli or peripheral inflammatory 

pathology. This type of pain is the consequence of amplified sensory signals in the central 

nervous system and is considered a low threshold pain (e.g., pain that is elicited with little, or no, 

noxious stimuli). Examples of this pathological pain can include, but are not limited to, 

fibromyalgia, migraine, joint disease, and irritable bowel syndrome (Woolf, 2010).    

Another way that pain can be classified is according to time whereby pain is subdivided 

into acute and chronic pain. Acute and chronic pain can be thought of as existing on a time 

continuum with the key difference between being the length of time since the inciting painful 

event (Kent et al., 2017; Treede et al., 2015). Acute pain lasts for a short time (i.e., less than 

seven days; Kent et al. (2017)) but there are no ‘hard and fast’ rules about the outer limit. In 

some instances, acute pain can persist for up to 30 days after the inciting event, but rarely beyond 

90 days (Kent et al., 2017). Research identifies that the period between 30-90 days post-inciting 

painful event can be classified as “subacute” pain (Kent et al., 2017). Chronic pain is pain that 

lasts or recurs for longer than three months (Treede et al., 2015).  

Defining chronic pain based on duration alone ignores important features associated with 

pain (Katz, Rosenbloom, & Fashler, 2015). Chronic pain has historically been thought of as pain 

that persists beyond the usual tissue healing time or pain without a biological value (Merskey & 

Bogduk, 1994). However, there are chronic pain conditions that do not fit with this classification 

(e.g., rheumatoid arthritis that will likely never heal, migraine headaches that remit and recur; 

Katz et al., 2015) and therefore indicate that time is not the best defining feature for chronic pain. 

Another way to define chronic pain is by conceptualizing chronic pain, or pathological 

pain, as a pain alarm system that continues to send signals of danger when there is no apparent 

danger present (Coakley & Schechter, 2013). Chronic pain is associated with significant 
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emotional distress and/ or functional disability. It can be primary or secondary. Chronic primary 

pain represents chronic pain as a disease in and of itself whereas chronic secondary pain is 

chronic pain where the pain is a symptom of an underlying condition (Treede et al., 2015). The 

IASP Task Force for the Classification of Chronic Pain recently proposed a new classification 

for chronic pain in the International Classification of Diseases Eleventh Revision (ICD-11) 

(Treede et al., 2019). According to ICD-11, chronic pain is subdivided into seven categories 

based on clinical presentations, including: (1) chronic primary pain (chronic widespread pain, 

complex regional pain syndrome, chronic primary headache or orofacial pain, chronic primary 

visceral pain, chronic primary musculoskeletal pain); (2) chronic cancer-related pain; (3) chronic 

post-surgical or posttraumatic pain; (4) chronic neuropathic pain; (5) chronic secondary 

headache or orofacial pain; (6) chronic secondary visceral pain; and (7) chronic secondary 

musculoskeletal pain (Treede et al., 2015).     

Pediatric Chronic Pain and its Impact 

Chronic pain affects approximately 4% to 53% of children with pain problems ranging 

from headaches, post-surgical pain, abdominal pain, to back pain (King et al., 2011). Chronic 

pain presents a challenge for our health care system, accounting for $19.5 US billion annually in 

direct health care costs for adolescents aged 10-17 years (Groenewald, Essner, Wright, 

Fesinmeyer, & Palermo, 2014), and more when one includes indirect costs due to absenteeism, 

lost productivity and compensation (McCarberg & Billington, 2006; Tumin et al., 2018). The 

total annual cost associated with chronic pain in adolescents approaches £8,000 ($10,240 USD) 

per patient in the United Kingdom (Sleed, Eccleston, Beecham, Knapp, & Jordan, 2005). In 

Ontario, Canada, the estimated annual cost to the health care system is $1,663 CAD per 
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adolescent (12-17 years), which is $956 CAD more than their age-matched peers without chronic 

pain (Hogan, Taddio, Katz, Shah, & Krahn, 2016). The incremental cost of chronic pain for 

female adolescents ($1,396/ year) is approximately five times higher than for males ($260/ year). 

Importantly, pain severity does not appear to play a role in the incremental cost for moderate-to-

severe pain ($1,018/ year) as it is only a few dollars more than average pain severity ($956/ 

year). However, when pain is accompanied by any activity limitation, the incremental cost goes 

up to $1,548/ year – an increase of 62% over the average incremental cost.   

Pediatric chronic pain is also associated with greater odds of using specialty care, using 

complementary and alternative medicine, and using emergency care (Tumin et al., 2018). In 

addition to the economic and health care costs of pediatric chronic pain, it is associated with 

deleterious medical, physiological, and psychological consequences for the child and family 

affected, as well as disruptions in typical childhood development, including missed school days 

(Dahlquist & Switkin, 2003; Huguet & Miro, 2008; Konijnenberg et al., 2005; McGrath, 1999; 

Roth-Isigkeit et al., 2005).  

Chronic Post-Surgical Pain 

CPSP was first defined by Macrae and Davies (1999) as (1) pain that begins after a 

surgical procedure; (2) pain of at least 2 months’ duration; (3) other causes for the pain have 

been ruled out, including; (4) the possibility that the pain is continuing from a pre-existing 

problem (Macrae & Davies, 1999). Recently there have been some changes to the duration 

domain of this definition as it has been considered too short for appropriate healing from 

invasive surgeries and is misaligned with the IASP definition of chronic pain, which requires 

chronic pain be at least three months in duration (Kent et al., 2017; Treede et al., 2019). It has 
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therefore been proposed that the definition of CPSP be modified to describe pain that is present 

for at least three months after surgery (Treede et al., 2015; Werner & Kongsgaard, 2014). CPSP, 

specifically, is now defined as: pain that develops after a surgical procedure or increases in 

intensity after a surgical procedure, persists for at least three months after surgery and that affects 

quality of life, that is a continuation of acute post-surgical pain or develops after an 

asymptomatic period, that is localized to the surgical site or projected to a referred area, and for 

which other causes of the pain have been excluded (Schug et al., 2019; Werner & Kongsgaard, 

2014).  

CPSP is further classified into seven sub level diagnoses that include: chronic pain after 

amputation, chronic pain after spinal surgery, chronic pain after thoracotomy, chronic pain after 

breast surgery, chronic pain after herniotomy, chronic pain after hysterectomy, and chronic pain 

after arthroplasty (Schug et al., 2019). This level of specification was developed to be in line 

with pain states after certain common procedures that lead to chronic pain.  

Epidemiology of Pediatric Chronic Post-Surgical Pain  

Over the past decade there has been an increase in the number of prospective studies 

examining pediatric chronic post-surgical pain. Table 1 shows the incidence of chronic post-

surgical pain reported by prospective studies, highlighting the type of surgery, sample size, and 

definition of CPSP used by the authors. The earliest study evaluating the incidence of chronic 

post-surgical pain was conducted by Landman et al (2011) on patients undergoing spinal fusion 

surgeries for idiopathic scoliosis, one of the more common surgeries among adolescents. Seven 

subsequent studies have reported on the incidence of chronic post-surgical pain in children with 

half of them examining orthopedic and general surgeries combined and the other half focusing 
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on spinal fusion surgery. The 12-month incidence of chronic post-surgical pain ranges from 11% 

to 54%, which is similar to the adult literature (Katz & Seltzer, 2009). The variability in the 

incidence of CPSP is in part due to the type of surgery, intensity of pain use to meet criteria for 

CPSP (e.g., non-zero pain (Perello, Artes, Pascuets, Esteban, & Ey Batlle, 2017) versus 

moderate-to-severe pain (Chidambaran et al., 2017a; Pagé, Stinson, et al., 2013; Sieberg et al., 

2013b)) and the follow-up time (e.g., 6 months (Ocay et al., 2020), one year (Sieberg et al., 

2013b), 2 years (Landman et al., 2011)).  Very few prospective studies report the incidence of 

CPSP beyond one year. Landman et al (2011) showed that 52% of patients who had undergone 

spinal fusion reported mild to severe pain 2 years after surgery and Sieberg et al. (2013) reported 

an incidence of ~35% for moderate or severe pain five years after surgery. These alarmingly high 

statistics highlight the need to better understand the factors that contribute to pediatric CPSP.  

In terms of the nature of pediatric CPSP, Batoz et al (2016) reported that of the 11% of 

children with moderate-to-severe pain three months after a variety of surgical procedures, 7% 

had pain of neuropathic origin, assessed with the DN4. In a small study of 36 children who 

underwent surgery for idiopathic scoliosis, 47% had pain of neuropathic origin, assessed with the 

DN4, one year after surgery (Julien-Marsollier et al., 2017). To my knowledge, no other studies 

report on the incidence of neuropathic pain using validated measures, or clinical assessment, in 

the pediatric surgical population. Given the high incidence of neuropathic pain following surgery 

for scoliosis, more research is needed on the factors that are responsible for neuropathic pain. 
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Table 1. Incidence of chronic post-surgical pain (CPSP) in children and adolescents following 

various surgical procedures. 

 

Study Surgical 

Procedure 

N of patients 

(age range of 

patients) 

Follow-

up Time 

(months) 

Incidence 

of CPSP 

(%) 

Definition of 

CPSP 

Landman et al 

2011 

Spinal Fusion 295 (8-22 

years) 

12 

24  

53.6 

53.2 

Mild to severe 

range on the 

SRS-30 

Pagé et al 2013 Spinal Fusion 

Osteotomy 

Ravitch 

Nuss 

Laparotomy  

Thoracotomy 

83 (8-18 

years) 

6  

12  

23 

22 

 

Pain rated as≥ 4 

on a 0-10 NRS 

Sieberg et al 

2013 

Spinal Fusion 190 (8-21 

years) 

12  11 Moderate to 

severe range on 

the SRS-30 in 

the past month 

Rabbitts et al 

2015 

Major 

orthopedic 

surgery 

60 (10-18 

years) 

4  18.3 Late pain 

recovery 

trajectory 



15 

Batoz et al 

2016 

Orthopedics 

Thoracic  

Laparotomy/ 

Laparoscopic  

Uro/ Inguinal 

291 (6-18 

years) 

3  10.9 Pain rated as >2 

on the VAS 

(100 mm) 

Chidambaran 

et al 2017 

Spinal fusion 144 (10-18 

years) 

2-3  

12 

37.8 

41.8 

Pain rated as 

NRS >3 

Julien-

Marsollier et al 

2017 

Posterior 

fixation spinal 

surgery 

36 (mean age 

15, standard 

deviation 2) 

12 52.8 Pain rated as 

NRS >3 

Perello et al 

2017 

Surgical 

posterior 

vertebral fusion 

48 (10-18 

years) 

6  19.05  Pain rated as 

NRS > 0) 

Ocay et al 

2020 

Spinal fusion 106 (mean 

age = 15.4, 

standard 

deviation = 2) 

6 60.4 Moderate to 

severe range on 

the SRS-30 in 

the past month 

SRS-30, Scoliosis Research Scale – 30; NRS, Numeric rating scale 
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The Transition from Acute to Chronic Pain in the Context of Surgery 

Despite the impact that pediatric chronic pain has on the individual and families affected, 

as well as its economic costs, our understanding of the transition to chronic pain has been slow 

(McGrath & Ruskin, 2007). Given that all chronic pain was once acute (Katz, McCartney, & 

Rashiq, 2008; Katz & Pagé, 2010; Katz & Seltzer, 2009), it is important from a preventive 

perspective to understand the transitional process from acute to chronic pain. In elucidating this 

process, we can identify factors that predict who will go on to develop persistent pain. Once we 

understand this process, we can develop and implement prevention programs for those at risk of 

developing chronic pain and design targeted interventions for those with prolonged pain to help 

reduce their suffering.  

One of the most efficient ways to study the transition from acute to chronic pain among 

children is to examine in the context of a surgical intervention, which has been extensively 

studied in adults (Katz & Seltzer, 2009). Elective surgeries provide a predictable context for 

studying the course of pain because the injury (surgery) and ensuing pain is known in advance 

(Katz et al., 2008). While most children undergoing major surgeries, such as Ravitch procedure 

or spinal fusion, return to baseline functioning post-surgically, approximately 20% of children 

and adolescents go on to develop CPSP (Pagé, Stinson, et al., 2013; Rabbitts et al., 2017). Given 

the incidence of CPSP and the controlled nature of the surgery (i.e., which are often planned and 

in children otherwise healthy), it is an appropriate paradigm to evaluate the transition to CPSP.  

Pain Trajectories after Pediatric Surgery 

Several studies have evaluated the evolution of changes in pain intensity over time by 

conducting group-based trajectory analysis which evaluates the dynamic nature of pain across 
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the post-operative period within sub-groups of individuals with similar pain characteristics. For 

example, Sieberg et al (2013) found five pain trajectories up to five years after adolescent 

scoliosis surgery as measured by the Scoliosis Research Scale-30 (SRS-30) which included: a no 

pain group, a pain improvement group, a short-term pain group, a delayed pain group, and a high 

pain group. Similarly, Ocay et al (2020) found four trajectories using the SRS-30 but their study 

did not examine pain beyond the 6-month time point. Other studies have found support for a 

two-pain trajectory model (Connelly et al., 2014; Rabbitts, Zhou, et al., 2015). Although there is 

heterogeneity in the pain measures used, time frame, number of groups identified, type of 

trajectory analysis conducted, most children fall into a low pain intensity or mild pain intensity 

group. Each of the studies also identified a smaller trajectory group of patients with high pain, 

severe pain, or an increasing pain group, indicating the need to identify predictors of this pain 

trajectory and develop effective preventive measures or treatment approaches if pain cannot be 

prevented.  

Impact of CPSP on Functioning  

Pediatric CPSP interferes with quality of life and while more invasive surgeries, such as 

spinal fusion, involve a more prolonged recovery trajectory (e.g., months) than hernia repair 

(e.g., weeks), studies show that measures of quality of life remain low even at time points when 

patients are expected to have fully recovered (e.g., 12 months after surgery).  Chidambaran et al 

(2017b) showed a significant positive association between pain intensity and functional disability 

12 months after spinal surgery. The one study that failed to find a correspondence between CPSP 

intensity and disability was conducted by Pagé et al. (2013) who reported very low levels of 

disability in all participants 12 months after surgery, regardless of pain intensity. Given the new 
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definition of CPSP and the recent findings on CPSP severity, functional disability is an area for 

evaluation in the pediatric population.  

Models of the Transition from Acute to Chronic Pain  

Much of the literature to date that examines the transition to CPSP in children does so 

through the lens of the biopsychosocial model. This model includes child factors, such as 

genetics, sex, pre-surgical pain, sleep, anxiety, and pain catastrophizing, as well as parent factors, 

such as parent cognitive appraisals of their child’s pain (Williams, Howard, & Liossi, 2017) and 

parent pain catastrophizing (Pagé, Stinson, et al., 2013). It is predicated on the Diathesis-Stress 

Model of Chronic Pain and Disability (Turk, 2002), which posits that individuals are more likely 

to develop avoidance responses and subsequent pain-related disability following a trauma 

(stress) if they are highly anxiety sensitive (diathesis). The evaluation of both the 

biopsychosocial model and diathesis-stress model of chronic pain and disability within the 

context of surgery has provided mixed results thus far. For example, Pagé at al (2013) showed 

that parent, but not child, pain catastrophizing 48–72 hours after surgery predicted child pain 

intensity ratings 12 months later. Similarly, Rabbitts and colleagues (2015) found that parent 

catastrophizing about their child’s pain predicted late-pain recovery from major surgery 

(Rabbitts, Zhou, et al., 2015). Birnie and colleagues (2017), however, found that child, and not 

parent, pain catastrophizing predicted pre- and post-surgical pain following adolescent spinal 

fusion surgery (Birnie et al., 2017). While there are mixed results, likely due to different sample 

sizes and types of surgeries, these studies suggest that the presence of psychological 

vulnerabilities in both the child and the parent predispose a child to develop CPSP.  
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A less examined model of the transition to CPSP among children includes the Cognitive-

Behavioural Fear Avoidance Model of Chronic Pain. Originally the Cognitive-Behavioural Fear- 

Avoidance Model of Chronic Pain (Lethem, Slade, Troup, & Bentley, 1983; Vlaeyen, Kole-

Snijders, Boeren, & van Eek, 1995; Vlaeyen & Linton, 2000) proposed that pain may be 

perceived as a threat and that pain-related fears, including pain catastrophizing, dominate thought 

processes. These pain-related fears then lead to avoidance behaviours as well as hypervigilance 

to somatic symptoms, like pain. The model then proposes that avoidance and hypervigilance play 

roles in long term disability and depression, which feed back into the pain experience and thus a 

reiterative cycle begins. More recently, Asmundson and colleagues (2012) proposed that this 

cycle involves parents, such that parents’, or caregivers’, psychological responses to their child’s 

psychological pain responses directly and indirectly impact their child’s escape avoidance 

behaviours, which then feeds back into a never-ending cycle (Figure 1; Asmundson, Noel, Petter, 

& Parkerson, 2012). 

 

 

 

 

 

 

 

 

 

 



20 

Figure 1. The Pediatric Fear-Avoidance Model of Chronic Pain.  

 

Defining Risk/Protective Factors 

Risk is defined as the probability of an outcome occurring in a particular population (e.g., 

the risk of CPSP among pediatric surgical patients; Kraemer, et al., 1994). A risk/protective 

factor, on the other hand, refers to an agent or exposure that alters the probability of an outcome 

occurring in a particular population (Kraemer et al., 1994). More specifically, a risk/protective 

factor is a measurable construct that can be used to classify patients along a continuum of risk for 

developing an outcome of interest (e.g., CPSP; Weinrib, et al., 2017). Operationally, a risk factor 
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refers to a factor that is associated with an increased probability of an event occurring whereas a 

protective factor is associated with a reduced risk of an event occurring. Risk/protective factors 

must have been measured before the outcome occurs (Weinrib et al., 2017). Risk/protective 

factors can be classified according to different dimensions (e.g., causality, modifiability). A 

risk/protective factor is identified as causal by fulfilling two criteria: (1) the risk/protective factor 

occurred temporally before the outcome and (2) manipulation of the risk/protective factor 

changes the risk of the outcome occurring (Weinrib, et al, 2017). If a risk/protective factor does 

not fulfill these criteria, then it can be considered a correlated risk/protective factor. The goal of 

this dissertation is to identify causal, modifiable risk/protective factors for CPSP that can be 

targeted in subsequent interventions aimed at reducing the likelihood that acute pain becomes 

chronic. 

Risk Factors Associated with the Development of Youth CPSP  

Surgical Factors. There is little evidence that intraoperative factors, such as type of 

surgery, instrumentation used, and duration of anesthesia, are associated with chronic post-

surgical pain outcomes, especially when psychosocial factors are included in the statistical model 

(Batoz et al., 2016; Connelly et al., 2014; Julien-Marsollier et al., 2017; Landman et al., 2011; 

Ocay et al., 2020; Pagé, Campbell, Isaac, Stinson, & Katz, 2013; Pagé, Stinson, et al., 2013b; 

Rabbitts, Zhou, et al., 2015; Rosenbloom et al., 2019; Sieberg et al., 2013). The sole exception is 

the study by Chidambaran et al. (2017b) showing that every hour increase in the duration of 

surgery was associated with an increase of 2.16 in the odds of developing one-year chronic post-

surgical pain. 
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In adults, the surgery type (e.g., amputation, thoracic surgery, CABG surgery) is a risk 

factor for post-operative pain outcomes particularly as it relates to the development of 

neuropathic pain (Katz & Seltzer, 2009). The lack of evidence in the pediatric field is due to 

insufficient information since the majority of studies have examined select pediatric surgeries 

(Table 1) such as spinal fusion for scoliosis, osteotomies and thoracotomy. 

Pain-Related Factors. There is substantial evidence in the adult literature that the most 

robust predictor of CPSP is prior pain (Katz, 2012; Katz & Seltzer, 2009). This relationship has 

also been shown in the pediatric literature. For example, the presence or intensity of pain before 

surgery (Batoz et al., 2016; Chidambaran et al., 2017b; Julien-Marsollier et al., 2017), moderate-

to-severe pain intensity trajectory group membership immediately following surgery (Ocay et al., 

2020), higher pain in the immediate postoperative period (Chidambaran et al., 2017b), and high 

levels of pain unpleasantness immediately following surgery (Pagé, Stinson, et al., 2013b) have 

all been found to uniquely predict pain two to 12 months after surgery. Moreover, high analgesic 

requirements while in hospital, typically a proxy for intense pain, also predicts pain 12 months 

after surgery (Chidambaran et al., 2017b; Julien-Marsollier et al., 2017). 

Given that 35-62% of children and adolescents report moderate-to-severe pain intensity 

prior to surgery (Batoz et al., 2016; Sieberg et al., 2013), it is important to control for pre-

operative pain status or intensity in predictive models. It is also important to evaluate early post-

operative pain experiences. Pagé et al (2013) found that pain two weeks after surgery predicted 

the development of moderate-to-severe pain one year later. Specifically, children who had a pain 

score of three or more (on a 0-10 NRS-pain intensity and NRS-pain unpleasantness) two weeks 

after surgery were ~2.5 times more likely to go to develop and report moderate-to-severe CPSP 

one year later than kids whose two-week pain scores were less than 3/10. Additionally, Julien-
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Marsollier et al. (2017) pre-operative pain and acute post-operative opioid consumption 

predicted 12-month neuropathic pain (Julien-Marsollier et al., 2017). While this study used a 

small sample size (n = 36), it highlights that pain predicts pain, including neuropathic pain.  

Child Psychosocial Factors. A number of child psychosocial factors have been evaluated 

in the prediction of the transition from acute to CPSP. These factors span the domains of pain-

related anxiety (pain anxiety, pain catastrophizing, fear of movement), anxiety sensitivity, pain 

self-efficacy, chronic pain acceptance, symptoms of posttraumatic stress disorder, symptoms of 

depression, and general anxiety.  

Child pain catastrophizing, or the tendency to magnify, ruminate about, or feel helpless in 

the presence of pain (Theunissen, Peters, Bruce, Gramke, & Marcus, 2012), has been evaluated 

in as a predictive factor in most child surgical studies on pain (Birnie et al., 2017; Chidambaran 

et al., 2017b; Pagé, Stinson, et al., 2013; Rabbitts, Zhou, et al., 2015). However, only one study 

found a significant relationship between child pain catastrophizing and pain outcomes (Birnie et 

al., 2017). The weak relationship between preoperative pain catastrophizing and post-operative 

pain outcomes (Birnie et al., 2017; Chidambaran et al., 2017b; Pagé, Stinson, et al., 2013; 

Rabbitts, Zhou, et al., 2015) suggests that child pain catastrophizing does not play a significant 

role, which is unlike the adult literature (Katz & Seltzer, 2009) but see Katz (2015). Katz (2015a) 

argues that youth, prior to surgery, would have experienced typical childhood pain exposures 

(e.g., cuts, bruises) and thus evaluating the youth’s pre-surgical level of pain catastrophizing 

reflects these experiences. He hypothesized that the pre-surgical measure of pain catastrophizing 

changes as a function of their surgical pain experience. Therefore, youth pain catastrophizing 

might be a predictor of long-term outcomes if measures a few days after surgery once they have 

experienced a heightened painful event.  
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Parent psychosocial factors. The pediatric fear-avoidance model of chronic pain is the 

predominant model used to explain the development and maintenance of chronic pain in children 

(Asmundson, Noel, Petter, & Parkerson, 2012). Importantly, it identifies caregiver psychological 

responses and caregiver pain management as having an influence on their child’s development 

and maintenance of chronic pain. However, to my knowledge, only five prospective studies of 

CPSP have included parent variables in their modeling of the transition from acute to chronic 

postsurgical pain (Birnie et al., 2017; Pagé, Campbell, et al., 2013; Pagé, Stinson, et al., 2013; 

Rabbitts, Zhou, et al., 2015) and not one has tested the entire model. 

Pagé, Campbell, et al. (2013) found that parent pain catastrophizing (i.e. catastrophizing 

about their own pain) two to three days after their child’s surgery predicted child pain intensity 

one year after surgery. Rabbitts, Zhou, et al. (2015) found that before their child’s surgery, 

parental pain catastrophizing (i.e. catastrophizing about their child’s pain) predicted their child’s 

late pain recovery 12-months after surgery. In contrast, Birnie et al. (2017) found that child, but 

not parent, pain catastrophizing was related to child pain outcomes. The authors evaluated the 

dyadic cross sectional and longitudinal relationships between child pain, child pain 

catastrophizing, and parent catastrophizing about their child’s pain prior to surgery, 4-6 weeks 

after surgery, and then again 3, 6, and 12 months after surgery. The results showed that baseline 

child, but not parent, pain catastrophizing, was associated with child pain intensity pre- and post-

surgery (Birnie et al., 2017). The authors also noted that the strength of the relationship between 

child pain catastrophizing and post-surgical pain was strongest in the acute post-operative period 

and that it faded over time. They caution researchers and clinicians not to classify children and 

parents as pain catastrophizers based on their pre-operative pain catastrophizing status because 

pain catastrophizing is a dynamic process during the pre- to post-surgical time (Birnie et al., 
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2017).  Their caution is line with that of Katz (2015a) who suggested that pain catastrophizing 

may change over time and especially from before to after surgery due to the intense acute post-

operative pain experience associated with surgery – most likely of such an intensity that exceeds 

anything experienced before.  This would have the effect of changing the child’s frame of 

reference with respect to pain and pain catastrophizing and render the baseline ratings irrelevant 

and no longer potentially predictive of later pain ratings. 

Current Dissertation 

Understanding the course of pain after pediatric surgery is a growing area of research. 

Little is known about the long-term functional limitations associated with pain after surgery. 

Additionally, the risk factors of pain and functional limitations are not well understood. This 

dissertation aims to examine the course of pain and functional limitations in youth undergoing 

major surgery and identify the risk and protective factors for CPSP and associated functional 

limitations up to 12 months after surgery. It also examines our ability to understand and predict 

pain and functional limitation outcomes by addressing our measurement of risk factors.  

This dissertation is comprised of three studies. The first study (Chapter 2; Rosenbloom et 

al., 2019) uses a prospective longitudinal design to follow 264 youth and their parents pre-

surgically, during surgery and hospitalization, 6- and 12-months post-surgery. Study 1 aims to 

determine the incidence and severity of 12-month CPSP in youth aged 8 to 17 years, identify 

pain intensity and pain unpleasantness trajectories beginning before, through to 12 months after, 

major orthopedic or general surgery, and identify pre-surgical factors that predict group pain and 

pain unpleasantness trajectory membership. Finally, it aims to examine pre-surgical factors that 

predict functional limitations 12-months after surgery. The second study (Chapter 3; 
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Rosenbloom et al., 2021) uses a subsample from Study 1 to evaluate the risk factors associated 

with general and pain-specific functional limitations 12-months after surgery. The third study 

(Chapter 4; Rosenbloom et al., 2020) aims to evaluate a specific risk factor not previously 

studied in youth undergoing surgery. Specifically, Study 3 aims to evaluate the psychometric 

properties of the Tampa Scale for Kinesiophobia in youth aged 8-17 years. There are bridging 

paragraphs between Studies 2 and 3.  
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Chapter 2: Pediatric Chronic Post-Surgical Pain And Functional Disability: A Prospective 

Study Of Risk Factors Up To One Year After Surgery 
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Chapter 3: Differential Risk Factor Profiles In The Prediction Of General And Pain -

Specific Functional Limitations 12 Months After Major Pediatric Surgery 

 The aims of Study 1 (Chapter 2) were to determine the incidence and severity of chronic 

post-surgical pain in youth undergoing major surgery. Results showed that over a third of youth 

report moderate-to-severe post-surgical pain. The second aim of this study was to identify pain 

intensity and pain unpleasantness trajectories over the course of a 12-month timeframe. I show 

that there are two pain trajectories: high pain and low pain. These results indicate that those 

youth who have high pain intensity/unpleasantness early in their surgical journey continue to 

have high pain intensity/unpleasantness 12 month after surgery. Study 1 also examined factors 

that predicted group pain intensity and pain unpleasantness trajectory membership. Results 

showed that in-hospital opioid consumption and pre-surgical functioning predict pain group 

membership and that pre-surgical functioning predicts pain unpleasantness group membership. 

Fourth, this study identified pre-surgical risk factors that predict functional limitations 12-months 

after surgery. Results show that pre-surgical functional disability predicts post-surgical 

functioning, over and above psychosocial and surgery-related factors. Importantly, Study 1 

showed that over 30% of youth undergoing major surgery went on to develop moderate-to-

severe functional disability as measured by the Functional Disability Inventory. It was not clear 

from this first study, however, whether there would be a difference in risk factors for general 

versus pain-specific functional limitations. Therefore, the aim of Study 2 (Chapter 3) was to 

examine differential risk factor profiles for general and pain-specific functional limitations 12-
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months after major pediatric surgery. 
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Chapter 4: Fear Of Movement In Children And Adolescents Undergoing Surgery: A 
Psychometric Evaluation Of The Tampa Scale For Kinesiophobia 

The aim of Study 2 (Chapter 3) was to compare the risk factors for pain-related 

functional limitations to those for general functional limitations. Study 2 used a subsample from 

Study 1 (Chapter 2) that consisted of 79 dyads of youth undergoing major surgery and their 

parents. The results of Study 2 revealed that while the PROMIS Pediatric Pain Interference Scale 

(PPIS) and Functional Disability Inventory (FDI) are highly correlated both before surgery and 

12 months after surgery, they have slightly different risk factor profiles. The PPIS was predicted 

by a combination of presurgical youth (pain-related anxiety and worry factor) and parent factors 

(anxiety sensitivity, state-trait anxiety, pain anxiety), whereas the FDI was predicted by youth 

FDI and parent anxiety sensitivity.  

Interestingly, the Tampa Scale for Kinesiophobia (TSK) was not a significant predictor of 

post-surgical functional limitations in the multivariate models of Study 1 or Study 2. The TSK 

measures kinesiophobia, or the “excessive irrational, and debilitating fear of physical movement 

and activity resulting from feeling a vulnerability to painful injury or re-injury” (Kori et al., 

1990). The findings from Study 1 and 2 beg the question of whether kinesiophobia plays a role in 

perioperative pain among youth or whether the construct is currently limited by the original 

measure used in each of the studies. The TSK was designed for adults with chronic pain (Kori et 

al, 1990) and was proposed to predict the development of pain-related functional limitations or 

disability (Vlaeyen et al, 1995). It is possible that kinesiophobia is involved in post-surgical 

functioning. To better understand this potential risk factor, the goal of Study 3 (Chapter 4) was to 

evaluate the psychometric properties of the TSK among youth undergoing major surgery.  
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Chapter 5: General Discussion 

This dissertation contributes to our understanding of youth and parent risk/ protective 

factors associated with the development and maintenance of pediatric chronic post-surgical pain 

and functional limitations. The three studies which comprise this dissertation use data collected 

from a large sample of youth aged 8 to 17 years undergoing major orthopedic or general surgery 

and their parents (n = 264). Youth completed questionnaires at four time points over the course 

of 12 months (pre-surgery, in-hospital, 6- and 12-months after surgery) and, while in hospital, 

underwent daily pressure algometer assessments and wore an Actical which continuously 

monitored physical activity. Parents of these youth completed questionnaires at two time points 

(pre-surgery, 12-months post-surgery).  

The first study aimed to determine the incidence and severity of chronic post-surgical 

pain in youth undergoing major surgery. Results showed that 12 months after surgery, over a 

third of youth report moderate-to-severe post-surgical pain, which indicates that this is an area of 

clinical care that requires research. The second aim of this study was to identify pain intensity 

and pain unpleasantness trajectories beginning before, through to 12 months after, major surgery. 

I show that there are two pain trajectories: high pain and low pain. Third, this study examined 

factors that predicted group pain and pain unpleasantness trajectory membership. Results show 

that in-hospital opioid consumption and pre-surgical functioning predict pain group membership 

and that pre-surgical functioning predicts pain unpleasantness group membership. Fourth, this 

study identified pre-surgical factors that predict functional limitations 12-months after surgery 

within the large sample. This is the first study to demonstrate that pre-surgical functioning is the 
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best predictor of post-surgical functioning, over and above psychosocial and surgery-related 

factors, not a surprising finding but one that others have missed or not examined.  

The second study focused on a subsample of youth and their parents from the first study 

to identify differential pre-surgical predictors of functional limitations using two measures of 

functional limitations, one a pain-related measure [PROMIS Pediatric Pain Interference Scale 

(PPIS)] and the other a general measure [Functional Disability Index (FDI)]. Findings from this 

study show that parents play an important role in their youth’s 12-months post-surgical 

functional limitations outcomes. Specifically, it was found that youth 12-month pain-related 

functional limitations were predicted presurgical youth (pain-related anxiety and worry factor) 

and parent factors (anxiety sensitivity, state-trait anxiety, pain anxiety). Youth 12-month general 

functional limitations were predicted by youth general functional limitations and parent anxiety 

sensitivity. These results are important for driving theory forward on the transition from acute to 

chronic pain in pediatric samples.  

The aim of the third study was to evaluate the psychometric properties of the Tampa 

Scale for Kinesiophobia (TSK) among youth prior to their surgery. I showed that the original 17-

item TSK is not a valid measure for youth undergoing surgery, but that a modified 13-item TSK 

has promising psychometric properties for this population.  

These three studies advance our understanding of perioperative factors that are associated 

with long-term pain and functional limitation outcomes after major surgery. Youth’s functional 

limitations are rarely evaluated in the surgical literature and this dissertation shows that 

functioning is an important factor that needs to be considered in predicting post-surgical 

outcomes. Further, I show that parent’s pre-surgical anxiety sensitivity is a factor in their youth’s 

post-surgical functioning. These two novel findings have implications for both research and 
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clinical work. In the sections that follow, a summary of findings from each study are discussed. 

An integrated synthesis of all three studies is presented as well as a review of general study 

limitations, clinical implications, and directions for future research.  

Summary of Findings from Study 1 

The incidence of 12-month pediatric chronic post-surgical pain to varies from 11 to 60% 

(Chidambaran et al., 2017; Julien-Marsollier et al., 2017; Landman et al., 2011; Ocay et al., 

2020; Pagé, Stinson, et al., 2013; Sieberg et al., 2013). The rates likely vary due to differences in 

measurement, “caseness” (e.g., non-zero pain versus moderate-to-severe pain), and the presence 

or absence (and intensity) of pre-surgical pain. Study 1 of this dissertation revealed that 35% and 

38% of youth undergoing major surgery report moderate-to-severe chronic post-surgical pain six 

and 12 months after surgery, respectively. This study collected data from a sample of youth 

undergoing major surgery which was nearly double the size of previous studies. The rates are 

similar to those reported by Chidambaran et al. (2017) who found, in a smaller sample of youth 

aged 10-18 years undergoing spinal fusion surgery, that one year later, 41.8% rated their pain at 

a three or more on an 11-point numeric rating scale.   

The rate of change in pre- to post-surgical pain intensity has been evaluated by four 

research groups in North America with different results. For example, Sieberg et al (2013) found 

five different pain trajectories following spinal fusion surgery as measured by the Scoliosis 

Research Scale-30 (SRS-30). Ocay et al. (2020) found four trajectories with the same measure. 

Other studies using the numeric rating scale (NRS) or visual analogue scale (VAS) have found 

two pain trajectories (Connelly et al., 2014; Rabbitts et al., 2015). Using the NRS to measure 

pain intensity, Study 1 also identified two main trajectories consisting of a high pain group and a 
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low pain group which follow a quadratic function. Consistent with the literature, Study 1 found 

that most youth fell within a low or mild pain group and a smaller subset of youth were classified 

in a high or severe pain group that increased in intensity over time. Study 1 also evaluated pain 

unpleasantness through trajectory analysis to find two groups (high pain unpleasantness and low 

pain unpleasantness), indicating an area for further examination and replication. 

The prediction of pain intensity and pain unpleasantness trajectory group membership is 

important for identifying areas for clinical interventions. Greater functional disability prior to 

surgery and cumulative 5-day in-hospital opioid consumption significantly predicted 

membership in the moderate-to-severe pain intensity group. Greater functional disability prior to 

surgery predicted membership in the moderate-to-severe pain unpleasantness group. Unlike 

Rabbitts et al. (2015), who found that parent pain catastrophizing predicted membership into a 

late pain recovery group, Study 1 did not find that parent pre-surgical catastrophizing predicted 

trajectory group membership.  

Over a third of the youth in Study 1 reported moderate-to-severe functional limitations as 

measured by the FDI. Functioning after surgery is critical for youths’ social, emotional, physical, 

and cognitive development and, therefore, it was important to evaluate how pre-surgical factors 

as well as pain intensity and pain unpleasantness trajectories predicted 12-month functional 

limitations. Results indicated that while holding other psychological variables constant (i.e., pre-

surgical anxiety, pre-surgical pain-related anxiety and worry, pre-surgical depression, pre-

surgical chronic pain acceptance, pain intensity trajectory group membership), pre-surgical 

functional limitations and membership in the moderate-to-severe pain unpleasantness group 

trajectory significantly predicted moderate-to-severe functional limitations 12 months after 

surgery. Rabbitts et al. (2015) found that membership in a late pain recovery group was related to 
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poorer health related quality of life as well as activity limitation 12-months after surgery. Taken 

together it is clear that pre-surgical functional limitations play an important role in both pain, 

pain unpleasantness, and functional limitations up to 12 months after surgery. None of the 

surgical factors, pain-related psychological constructs (e.g., pain catastrophizing), or general 

psychological constructs (e.g., anxiety, depression) predicted 12-month functional outcomes 

after surgery as measured by the FDI.  

Overall, these results show that almost 40% of youth undergoing major surgery 

experience moderate-to-severe chronic post-surgical pain and just over 30% experience 

moderate-to-severe functional limitations. Study 1 also reveals the importance of pre-surgical 

moderate-to-severe functional limitations 12-months after surgery. This strongly implies that 

interventions need to start prior to surgery.  

Summary of Findings from Study 2 

The goal of Study 2 was to compare the risk factors for pain-related functional limitations 

(as measured by the PROMIS Pediatric Pain Interference Scale (PPIS)), to those for general 

functional limitations (as measured by the Functional Disability Index (FDI)). This is the first 

study to investigate pain-related functional limitations in youth undergoing major surgery. Study 

2 used a subsample from Study 1 that consisted of 79 dyads of youth undergoing major surgery 

and their parents. The results revealed that while the PPIS and FDI are highly correlated both 

before surgery and 12 months after surgery, they have slightly different risk factor profiles. Two 

sets of hierarchical regression analyses were conducted: one for 12-month PPIS scores and the 

other for 12-month FDI scores. The PPIS was predicted by a combination of presurgical youth 

(pain-related anxiety and worry factor) and parent factors (anxiety sensitivity, state-trait anxiety, 



107 

pain anxiety). The FDI, on the other hand, was predicted by youth FDI and parent anxiety 

sensitivity.  

Study 2 analysis highlights the role that parents play in their youth’s functional 

limitations post-surgery and reinforces the theory that chronic pain and pain related disability are 

a family issue associated with intergenerational transmission (Donnelly et al., 2020; Stone & 

Wilson, 2016). This is the first time that parent anxiety sensitivity has been measured in the 

literature examining youth transition from acute to chronic pain and it was found that both the 

PPIS and FDI are predicted by parent anxiety sensitivity. This result suggests that parent’s with 

higher levels of anxiety sensitivity may shape the development of their youth’s functional 

limitations over the year following their surgery. This extends the pediatric fear avoidance model 

of chronic pain (Asmundson et al., 2012) to propose that parents with elevated levels of anxiety 

sensitivity may be on high alert for signs of pain or anxious distress in their offspring. In high 

anxiety sensitive parents, the ensuing anxiety triggers alarm and so they search for ways to avoid 

or escape from their own anxiety by removing the cause of their anxiety and encourage 

avoidance behaviours in their offspring (e.g., encouraging their child to functionally limit their 

behaviours and activities). As this is a novel finding, replication is warranted, and future research 

should include parent anxiety sensitivity in studies evaluating risk factors for the transition from 

acute to chronic pain.  

Summary of Findings from Study 3 

 Kinesiophobia is defined as “an excessive irrational, and debilitating fear of physical 

movement and activity resulting from feeling a vulnerability to painful injury or re-injury” (Kori 

et al., 1990). Kinesiophobia is proposed to predict the development of pain-related functional 
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limitations or disability (Vlaeyen et al., 1995). The Tampa Scale for Kinesiophobia (TSK) has 

been used widely in the adult pain literature, however, it has been rarely used in pediatric settings 

and therefore it is not known the extent to which kinesiophobia may be an important predictor of 

chronic pain in youth. Study 1 showed that at a univariate regression level, pre-surgical youth 

TSK scores were predictive of pain unpleasantness trajectory group membership, however, pre-

surgical TSK scores were no longer significant at the multivariate level when pre-surgical 

general functioning was included in the analysis. This finding suggests that the TSK is related to 

pain unpleasantness to a certain extent, but it is unclear whether the TSK was a valid measure for 

youth undergoing surgery. Therefore, the goal of Study 3 was to evaluate the psychometric 

properties of the TSK among youth undergoing major surgery.  

 Exploratory factor analysis showed a poor model fit with a one-factor model (17-items) 

TSK and a slightly better fit with a two-factor model that separated four reverse scored items 

from the remaining 13 positively scored items. The model fit indices were not ideal for a two-

factor model, which was consistent with the studies conducted in adults (Clark et al., 1996; 

Goubert et al., 2004; Swinkels-Meewisse et al., 2003). The reverse scored items were removed 

and an exploratory factor analysis on the 13-item TSK showed a stronger model fit with three 

factors defined. The three factors included: Fear of injury (fear of moving due to the risk of re-

injury), bodily vulnerability (belief that the body is vulnerable to pain and injury), and activity 

avoidance (belief that activities should be avoided).  

 The 13-item TSK yielded adequate internal consistency. It had weak convergent validity 

with measures of pain intensity, pain unpleasantness, and pain avoidance while in hospital after 

surgery. The 13-item TSK was shown to be distinct from a measure of general anxiety, showing 

some discriminant validity. However, it was not distinct from a measure of depression or the 
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avoidance subscale of pain-related anxiety, and it was not correlated with actual acute 

postoperative physical movement on the second day after surgery. The 13-item TSK showed 

adequate predictive validity for pain-related disability 12-months after surgery. It is possible that 

the 13-item TSK would yield stronger convergent, divergent, discriminant, and predictive 

validity if measured after the youth’s experienced the pain from surgery.  

 The results from this psychometric analysis of the TSK provide initial support for the use 

of the 13-item TSK in youth undergoing surgery. It also supports the association between fear of 

movement/ re-injury and subsequent disability. These findings are consistent with the cognitive-

behavioural fear-avoidance model of chronic pain (Vlaeyen et al., 1995; Vlaeyen & Linton, 

2000).  

Integrative Synthesis  

 Over the last decade, the field of pediatric perioperative pain has grown. Nine prospective 

longitudinal studies have been conducted using various measures and timepoints to assess post-

surgical pain. Generally, these studies have used small sample sizes and evaluated a limited 

number of youth risk factors for the development of post-surgical pain to the exclusion of parent 

factors. With methodology and risk/protective factors informed by the adult perioperative pain 

literature (Katz & Seltzer, 2009) and the pediatric fear-avoidance model of chronic pain 

(Asmundson et al., 2012), this dissertation contributes significantly to filling this gap in our 

literature and understanding the course of perioperative pain in youth undergoing major surgery 

as well as the risk/protective factors for the development of pediatric chronic post-surgical pain 

and functional limitations. The first study showed that 35% and 38% of youth undergoing major 

surgery report moderate-to-severe chronic post-surgical pain six and 12 months after surgery, 
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respectively. It also revealed two trajectories for pain intensity and pain unpleasantness 

(moderate-to-severe pain intensity/ unpleasantness versus none-to-low pain intensity/ 

unpleasantness). The results showed that just over 30% experience moderate-to-severe functional 

limitations, which is an important finding because when pain is accompanied by any activity 

limitation, the incremental cost is $1,548/ year as compared to average pain intensity incremental 

costs of $956/ year (Hogan et al., 2015). These incidence rates and trajectories indicate that 

evaluating the factors contributing to the transition from acute to chronic post-surgical pain in 

children and adolescents is crucial for improving outcomes.  

This dissertation examined several risk/protective factors for group pain intensity and 

pain unpleasantness trajectory membership and 12-month functional limitations, which included 

youth general anxiety, youth depression, youth pain-related anxiety and worry, youth symptoms 

of posttraumatic stress, youth functioning, youth fear of movement/ re-injury, parent general 

anxiety and worry, parent pain-related anxiety and worry, parent depression, parent pain 

flexibility. Greater functional disability prior to surgery and cumulative 5-day in-hospital opioid 

consumption significantly predicted membership in the moderate-to-severe pain intensity group. 

A unique contribution to the field was the finding that greater functional disability prior to 

surgery predicted membership in the moderate-to-severe pain unpleasantness group. The second 

study showed that there are differential predictor profiles for general versus pain-related 

functional limitations 12-months after surgery. Namely, general functional limitations are best 

predicted by youth pre-surgical general functional limitations and parent baseline anxiety 

sensitivity whereas pain-related functional limitations are best predicted by a combination of 

presurgical youth (pain-related anxiety and worry factor) and parent factors (anxiety sensitivity, 

state-trait anxiety, pain anxiety).  
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However, as found in Study 3, we are limited by the measurement tools available to 

assess psychological constructs in youth perioperatively. The TSK is one such example of this 

limitation, where a modified 13-item version of the tool is a psychometrically better 

measurement of a fear of movement/ re-injury than the original 17-item TSK. Overall, second 

and third study highlight the need for researchers and clinicians to be thoughtful about which 

measures they use to evaluate risk/ protective factors as well as outcome measures within the 

context of pediatric chronic post-surgical pain.  

Research & Clinical Implications  

There are several research and clinical implications to these three studies. First, youth 

with moderate-to-severe pain intensity/unpleasantness prior to surgery are likely to stay on a 

moderate-to-severe pain intensity/unpleasantness trajectory up to 12-months after surgery. This 

finding is in line with previous studies that conducted trajectory analyses showing that there are a 

small group of patients with high pain intensity who maintain a high pain intensity for up to a 

year after surgery (Connelly et al., 2014; Rabbitts et al., 2015; Sieberg et al., 2013) however they 

did not also measure (or report) pre-surgical functional limitations. One of the original and novel 

findings of this dissertation is that pre-surgical general functional limitations predict post-

surgical general functional limitations. That is, without intervention, greater pre-surgical 

functional limitations are associated with moderate-to-severe functional limitations 12-months 

after surgery. Replication of these findings is important; therefore, future studies should include 

a measure of functional limitations in their assessment of risk factors for chronic-post surgical 

pain and chronic functional limitations. Clinically, it will be helpful to set expectations of 

recovery for patients and their families because, based on their pre-surgical pain and functional 



112 

limitations pain, and pain and functional limitations can be predicted up to one year after 

surgery.  

Second, since Pagé, Campbell, et al. (2013), this was the first study to include multiple 

measures of parent psychological distress and functioning, including measures of anxiety, 

depression, pain flexibility, and pain-related anxiety and worry. Specifically, the role of 

parent/caregiver psychological responses to their youth’s pain experience was evaluated. The 

second study showed that parent anxiety sensitivity plays a significant role in youth 12- month 

post-surgical functional limitations (general and pain-related). While data collection for this 

dissertation began prior to the inception of the pediatric fear-avoidance model of chronic pain 

(Asmundson et al., 2012), the results provide support for the notion that parents do influence 

their youth’s pain-related functional outcomes after surgery. The empirical evidence gleaned 

from this study supports the need to fully test the pediatric fear-avoidance model of chronic pain 

within the context of major surgery.   

Third, the third study of this dissertation provides promising results for the validation of a 

modified Tampa Scale for Kinesiophobia (TSK-13) that can be used in future studies. With this 

new measure, it is possible to test the fear of movement/ re-injury construct among children and 

adolescents. This is an important step in understanding whether, and to what extent, a fear of 

movement/ re-injury plays a role in the development and maintenance of pediatric chronic post-

surgical pain.  

General Limitations 

 There are several limitations to this dissertation. First, the generalizability of the large 

study is affected by the sample used. While this study recruited 34% of participants from diverse 
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racial backgrounds and this is the most diverse samples studied in this area of research, the 

sample consisted of primarily White and Caucasian youth and their parents. Nafiu et al. (2020) 

found that being African American was associated with an increased likelihood of a youth 

experiencing post-surgical complications and mortality. The generalizability of this study is 

limited by the immigration status of the sample (i.e., participants were required to speak and read 

English) and self-selection bias with both the youth and parent agreeing to be followed pre-

surgically to a year following surgery. Future studies should strive for a more inclusive and 

representative sample of youth undergoing major surgeries and their parents. Second, as with all 

other studies in this area, we did not conduct physical examinations on the youth pre- and post-

surgically which means that we cannot be certain of the percentage of youth whose chronic post-

surgical pain developed post-operatively or whose pain started prior to surgery. Third, this study 

measured parent psychosocial factors pre-surgically and 12-months after surgery. It is possible 

that their cognitive appraisals and emotional reactions change over time and with the experience 

of their youth having major surgery. Future studies should more closely examine the role that 

parent’s play in their youth’s pain and functional outcomes following surgery. Finally, although 

Studies 1 and 3 use the full sample (n = 264), Study 2 is limited by its smaller size and therefore 

more sophisticated analyses, such as structural equation modelling, that could evaluate the 

indirect relationship between parent anxiety sensitivity and youth 12-month functional 

limitations were not conducted. However, even with a small sample size, parent factors were 

shown to play a role in youth pain-related and general functional limitations, therefore future 

studies should aim to have a larger sample size with more frequent assessment timepoints to 

fully examine the influence that they have on their youth’s outcome. 
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Directions for Future Research 

 This dissertation promotes two main directions for future research within the field of 

pediatric pain.  

First, given that the third study provided initial validation of the 13-item Tampa Scale for 

Kinesiophobia (TSK-13), it will be important for future studies evaluate the psychometric 

properties of this new scale. Specifically, the factor structure of the TSK-13 has to be confirmed 

through, for example, a confirmatory factor analysis conducted in a sample of youth undergoing 

surgery. The validity of the TSK-13 could also be strengthened by testing face validity among 

youth undergoing major surgery as well as through in chronic pain clinics. Further, evaluating 

the test-retest reliability will be helpful to understand if a fear of movement/ re-injury is a 

construct that is stable over time or whether it changes as a function of experience (e.g., pre- to 

post-surgery).  

Second, youth anxiety and worry as well as parent anxiety sensitivity were found to be 

significant predictors of chronic post-surgical pain and pain-related functional outcomes. The 

association seen between these factors is commonly seen in children with chronic pain. To the 

extent that these risk factors are causal, it is reasonable that the next step in this area is to develop 

a perioperative intervention for reducing the impact that anxiety, worry, and anxiety sensitivity 

have on pain-related outcomes after surgery. Preventing chronic post-surgical pain is a top 

priority for youth in need of surgery, as well as for provincial and federal healthcare systems 

(Birnie et al., 2019). Early pain interventions can reduce progression of chronic pain, pain 

severity, disability, and healthcare costs (Groenewald et al., 2014; Huguet & Miro, 2008). For 

pediatric chronic pain, the optimal treatment model is an interdisciplinary “3-P” approach 
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(pharmacological, physical, psychological; Peng et al. (2007)) that reflects the fact that that pain 

is a biopsychosocial phenomenon (Simons et al., 2011; Stone & Wilson, 2016). A 3-P approach 

is in line with Transitional Pain Services (TPS; tertiary care interdisciplinary health service 

models designed for the prevention of the transition from acute to chronic pain) for adults that 

have preliminary support for their effectiveness (Azam et al., 2017; Katz et al., 2015; Weinrib et 

al., 2017). In light of this dissertation’s finding that parents play a role in pediatric perioperative 

pain outcomes, it is likely that a “4-P” approach, including parent factors, is fitting for treatment. 

The psychological component for youth of this service is also important, as it works to reduce 

suffering from pain and to enhance what is being offered by physicians, nurses, and 

physiotherapists. Specific goals of psychological intervention could include pain management 

planning, treatment of distress and associated mental health issues that have the potential to 

amplify pain and increase opioid use, and enhancing values-based activities thereby reducing 

pain-related disability (Katz et al., 2015). Psychological perioperative intervention, as part of a 

TPS and as a stand-alone treatment (Davidson et al., 2016; Williams et al., 2017), has not yet 

been developed for pediatric patients—a major gap in both research and clinical care that is 

leaving thousands of young people with post-surgery chronic pain.  

Conclusions 

Research on the transition from acute to chronic pain is an area of growth in the pediatric 

pain field. This dissertation presents the results of three studies based on a large sample of youth 

undergoing major orthopedic and general surgery and the youth’s parent. It evaluates the course 

of pain experienced by youth, predictors of the transition to pain chronicity, and the 

measurement of a commonly used risk factor scale in adults. Results indicate that this is an at-
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risk population for chronic pain, with 35% and 38% of youth reporting moderate-to-severe 

chronic post-surgical pain six and 12 months after surgery, respectively. Importantly, this 

dissertation shows that 30% of youth undergoing surgery have moderate-to-severe general 

functional limitations 12 months after surgery. This deleterious outcome is best predicted by pre-

surgical functional limitations and parent pre-surgical anxiety sensitivity. Pain-related functional 

limitations are predicted by a combination of presurgical youth (pain-related anxiety and worry 

factor) and parent factors (anxiety sensitivity, state-trait anxiety, pain anxiety). These results 

indicate that there are areas for pre-surgical intervention that include both youth and their parent.  

Further, this dissertation found that the measurement for a fear of movement/ re-injury is 

better served by a modified Tampa Scale for Kinesiophobia that includes 13 items, not the 

original 17 items. There is psychometric promise for this scale, but it requires additional 

validation and reliability testing in similar pediatric surgical populations as well as chronic pain 

populations.  

This dissertation provides information about the transition from acute to chronic pain. 

Specifically, it improves our understanding of youth and parent risk/protective factors associated 

with the development and maintenance of pediatric chronic post-surgical pain and functional 

limitations. It paves the way for developing novel interventions to prevent the development of 

chronic post-surgical pain.  

 

  



117 

References 

Asmundson, G. J., Noel, M., Petter, M., & Parkerson, H. A. (2012). Pediatric fear-avoidance 

model of chronic pain: foundation, application and future directions. Pain Research and 

Management, 17(6), 397-405. DOI: 10.1155/2012/908061 

Azam, M. A., Weinrib, A., Montbriand, J., Burns, L. C., McMillan, K., Clarke, H., & Katz, J. 

(2017). Acceptance and Commitment Therapy to manage pain and opioid use after major 

surgery: Preliminary outcomes from the Toronto General Hospital Transitional Pain 

Service. Canadian Journal of Pain, 1(1). DOI: 10.1080/24740527.2017.1325317 

Birnie, K. A., Dib, K., Ouellette, C., Dib, M. A., Nelson, K., Pahtayken, D., Baerg, K., Chorney, 

J., Forgeron, P., Lamontagne, C., Noel, M., Poulin, P., & Stinson, J. (2019, Oct-Dec). 

Partnering For Pain: a Priority Setting Partnership to identify patient-oriented research 

priorities for pediatric chronic pain in Canada. Canadian Medical Association Journal 

Open, 7(4), E654-E664. DOI: 10.9778/cmajo.20190060  

Chidambaran, V., Ding, L., Moore, D. L., Spruance, K., Cudilo, E. M., Pilipenko, V., Hossain, 

M., Sturm, P., Kashikar-Zuck, S., Martin, L. J., & Sadhasivam, S. (2017). Predicting the 

pain continuum after adolescent idiopathic scoliosis surgery: A prospective cohort study. 

European Journal of Pain, 21(7), 1252-1265. DOI: 10.1002/ejp.1025  

Clark, M. E., Kori, S. H., & Brockel, J. (1996). Kinesiophobia and chronic pain: psychometric 

characteristics and factor analysis of the Tampa Scale. American Pain Society Abstract, 

77.  

Connelly, M., Fulmer, R. D., Prohaska, J., Anson, L., Dryer, L., Thomas, V., Ariagno, J. E., 

Price, N., & Schwend, R. (2014, Feb 1). Predictors of postoperative pain trajectories in 



118 

adolescent idiopathic scoliosis. Spine, 39(3), E174-181. DOI: 

10.1097/BRS.0000000000000099  

Davidson, F., Snow, S., Hayden, J. A., & Chorney, J. (2016). Psychological interventions in 

managing postoperative pain in children: a systematic review. PAIN, 157(9), 1872-1886. 

DOI: 10.1097/j.pain.0000000000000636  

Donnelly, T. J., Palermo, T. M., & Newton-John, T. R. O. (2020). Parent cognitive, behavioural, 

and affective factors and their relation to child pain and functioning in pediatric chronic 

pain: a systematic review and meta-analysis. PAIN, 161(7), 1401-1419. DOI: 

10.1097/j.pain.0000000000001833  

Goubert, L., Crombez, G., Van Damme, S., Vlaeyen, J. W., Bijttebier, P., & Roelofs, J. (2004). 

Confirmatory factor analysis of the Tampa Scale for Kinesiophobia: invariant two-factor 

model across low back pain patients and fibromyalgia patients. Clinical Journal of Pain, 

20(2), 103-110. DOI: 10.1097/00002508-200403000-00007  

Groenewald, C. B., Essner, B. S., Wright, D., Fesinmeyer, M. D., & Palermo, T. M. (2014, Sep). 

The economic costs of chronic pain among a cohort of treatment-seeking adolescents in 

the United States. Journal of Pain, 15(9), 925-933. DOI: 10.1016/j.jpain.2014.06.002  

Hogan, M. E., Taddio, A., Katz, J., Shah, V., & Krahn, M. (2016). Incremental health care costs 

for chronic pain in Ontario, Canada: a population-based matched cohort study of 

adolescents and adults using administrative data. PAIN, 157(8), 1626-1633. DOI: 

10.1097/j.pain.0000000000000561 

Huguet, A., & Miro, J. (2008). The severity of chronic pediatric pain: an epidemiological study. 

Journal of Pain, 9(3), 226-236. DOI: 10.1016/j.jpain.2007.10.015 



119 

Julien-Marsollier, F., David, R., Hilly, J., Brasher, C., Michelet, D., & Dahmani, S. (2017). 

Predictors of chronic neuropathic pain after scoliosis surgery in children. Scandinavian 

Journal of Pain, 17, 339-344. DOI:10.1016/j.sjpain.2017.09.002  

Katz, J., & Seltzer, Z. (2009). Transition from acute to chronic postsurgical pain: risk factors and 

protective factors. Expert review of neurotherapeutics, 9(5), 723-744. DOI: 

10.1586/ern.09.20  

Katz, J., Weinrib, A., Fashler, S. R., Katznelzon, R., Shah, B. R., Ladak, S. S., Jiang, J., Li, Q., 

McMillan, K., Santa Mina, D., Wentlandt, K., McRae, K., Tamir, D., Lyn, S., de Perrot, 

M., Rao, V., Grant, D., Roche-Nagle, G., Cleary, S. P., Hofer, S. O., Gilbert, R., 

Wijeysundera, D., Ritvo, P., Janmohamed, T., O'Leary, G., & Clarke, H. (2015). The 

Toronto General Hospital Transitional Pain Service: development and implementation of 

a multidisciplinary program to prevent chronic postsurgical pain. Journal of Pain 

Research, 8, 695-702. DOI: 10.2147/JPR.S91924  

Kori, S. H., Miller, R. P., & Todd, D. D. (1990). Kinesiophobia: a new view of chronic pain 

behavior. Pain management, 3(1), 35-43.  

Landman, Z., Oswald, T., Sanders, J., Diab, M., & Spinal Deformity Study, G. (2011). 

Prevalence and predictors of pain in surgical treatment of adolescent idiopathic scoliosis. 

Spine (Phila Pa 1976), 36(10), 825-829. DOI: 10.1097/BRS.0b013e3181de8c2b  

Nafiu, O. O., Mpody, C., Kim, S. S., Uffman, J. C., & Tobias, J. D. (2020). Race, Postoperative 

Complications, and Death in Apparently Healthy Children. Pediatrics, 146(2). DOI: 

10.1542/peds.2019-4113  

Ocay, D. D., Li, M. M. J., Ingelmo, P., Ouellet, J. A., Page, M. G., & Ferland, C. E. (2020). 

Predicting Acute Postoperative Pain Trajectories and Long-Term Outcomes of 



120 

Adolescents after Spinal Fusion Surgery. Pain Research and Management, 2020, 

9874739. DOI: 10.1155/2020/9874739  

Pagé, M. G., Campbell, F., Isaac, L., Stinson, J., & Katz, J. (2013). Parental risk factors for the 

development of pediatric acute and chronic postsurgical pain: a longitudinal study. 

Journal of Pain Research, 6, 727-741. DOI: 10.2147/JPR.S51055  

Pagé, M. G., Stinson, J., Campbell, F., Isaac, L., & Katz, J. (2013). Identification of pain-related 

psychological risk factors for the development and maintenance of chronic pediatric post-

surgical pain. Journal of Pain Research, 6, 167-180. DOI: 10.2147/JPR.S40846 

Peng, P., Stinson, J. N., Choiniere, M., Dion, D., Intrater, H., Lefort, S., Lynch, M., Ong, M., 

Rashiq, S., Tkachuk, G., Veillette, Y., & Group, S. I. (2007, Dec). Dedicated 

multidisciplinary pain management centres for children in Canada: the current status. 

Canadian Journal of Anaesthesia, 54(12), 985-991. DOI: 10.1007/BF03016632  

Rabbitts, J. A., Zhou, C., Groenewald, C. B., Durkin, L., & Palermo, T. M. (2015). Trajectories 

of postsurgical pain in children: risk factors and impact of late pain recovery on long-

term health outcomes after major surgery. PAIN, 156(11), 2383-2389. DOI: 

10.1097/j.pain.0000000000000281  

Sieberg, C. B., Simons, L. E., Edelstein, M. R., DeAngelis, M. R., Pielech, M., Sethna, N., & 

Hresko, M. T. (2013). Pain prevalence and trajectories following pediatric spinal fusion 

surgery. Journal of Pain, 14(12), 1694-1702. DOI: 10.1016/j.jpain.2013.09.005  

Simons, L. E., Sieberg, C. B., Carpino, E., Logan, D., & Berde, C. (2011). The Fear of Pain 

Questionnaire (FOPQ): assessment of pain-related fear among children and adolescents 

with chronic pain. Journal of Pain, 12(6), 677-686. DOI: 10.1016/j.jpain.2010.12.008  



121 

Stone, A. L., & Wilson, A. C. (2016). Transmission of risk from parents with chronic pain to 

offspring: an integrative conceptual model. PAIN, 157(12), 2628-2639. DOI: 

10.1097/j.pain.0000000000000637  

Swinkels-Meewisse, E. J., Swinkels, R. A., Verbeek, A. L., Vlaeyen, J. W., & Oostendorp, R. A. 

(2003). Psychometric properties of the Tampa Scale for kinesiophobia and the fear-

avoidance beliefs questionnaire in acute low back pain. Manual Therapy, 8(1), 29-36. 

DOI: S1356689X02904844 [pii]  

Vlaeyen, J. W., Kole-Snijders, A. M., Boeren, R. G., & van Eek, H. (1995). Fear of 

movement/(re)injury in chronic low back pain and its relation to behavioral performance. 

Pain, 62(3), 363-372. DOI: 10.1016/0304-3959(94)00279-N 

Vlaeyen, J. W., & Linton, S. (2000). Fear-avoidance and its consequences in chronic 

musculoskeletal pain: a state of the art. PAIN, 85, 317-332. DOI: 10.1016/S0304-

3959(99)00242-0 

Weinrib, A. Z., Azam, M. A., Birnie, K. A., Burns, L. C., Clarke, H., & Katz, J. (2017). The 

psychology of chronic post-surgical pain: new frontiers in risk factor identification, 

prevention and management. British Journal of Pain, 11(4), 169-177. DOI: 

10.1177/2049463717720636 

 

Williams, G., Howard, R. F., & Liossi, C. (2017). Persistent postsurgical pain in children and 

young people: prediction, prevention, and management. Pain Reports, 2(5), e616. DOI: 

10.1097/PR9.0000000000000616  

 

 


