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Objective: Ineffective pediatric post-operative pain management increases the risk of Chronic Post-Surgical Pain (CPSP), affecting 
around 20% of children undergoing major surgery. Psychological predictors of recovery, in both children and their parents, have been 
identified. However, how these variables change throughout the recovery process remains unclear. The aim of the present study was to 
investigate the associations of adolescent and parental risk and resilience variables in everyday life, during post-operative recovery, for 
adolescents undergoing spinal fusion surgery.
Methods: Participants were adolescents with Idiopathic Scoliosis (AIS), aged 12–18 years, undergoing spinal fusion surgery, and 
their parents, recruited at four hospitals in Belgium. Participants completed daily assessments for 7 consecutive days, at 5 time-points, 
before surgery, and at 3 and 6 weeks, and 6 and 12 months, post-surgery. Diary measures included adolescent and parental pain and 
recovery variables known to be relevant in the context of pediatric post-operative pain. Network analysis was used to explore 
correlations between all variables throughout the post-operative recovery process.
Results: The sample comprised N=190 participants. Associations were stronger within adolescent and parent variables, than between them. 
For adolescents, psychological flexibility was associated with positive mood and activity engagement, and pain intensity with pain 
catastrophizing and activity avoidance. For parents, higher levels of pain-related fear and catastrophizing were related to more parent-to- 
child instructions to avoid activities. Regarding adolescent-parent between correlations, parental instructions to avoid activities were 
associated with adolescent physical complaints and activity avoidance, and parent pain catastrophizing was associated with adolescent pain- 
related fear and catastrophizing. Generally, networks displayed both similarities and differences across post-operative phases.
Discussion: The study sample was small in relation to the statistical analyses conducted. Even so, the present findings provide a new 
perspective on psychological predictors at play in everyday life throughout the pediatric post-operative recovery process, indicating 
important targets, both clinical and for future investigation.
Keywords: post-operative recovery, risk and resilience factors, adolescents, parents, diary data, network analysis

Introduction
Globally, millions of children undergo surgery each year.1 Adequate post-operative pain management improves recovery 
after surgery and has been the focus of a global health initiative in recent years.2–4 However, many pediatric patients still 
receive insufficient post-operative care. Ineffective pain management may result in unnecessary patient suffering and 
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poorer recovery, and increases the risk of Chronic Post-Surgical Pain (CPSP).5–7 CPSP is defined as pain that persists 
longer than the usual period of healing (typically >3 months) and that cannot be explained by any other peri- or post- 
operative complications. CPSP affects around 20% of pediatric patients undergoing major surgery and is associated with 
reduced quality-of-life and impaired functioning.7, 8 One example of major surgery is spinal fusion surgery, one of the 
most invasive pediatric procedures, used for correction of adolescent idiopathic scoliosis (AIS), leading to an increased 
risk of CPSP and associated long-term health problems for this patient group.9–11

Several psychological mechanisms have been identified as predictors of pediatric post-operative recovery. For 
instance, anxiety and pain catastrophizing are known risk factors for CPSP, whereas pain coping and pain acceptance 
represent key resilience factors.7,12,13 Resilience here means the capacity to maintain effective functioning despite the 
exposure of external and/or internal stressors, such as pain.14,15 The biopsychosocial model can be used to understand the 
transition from acute pain to CPSP, in which resilience and parental factors are underscored as important targets for 
future research.16 Parental factors are associated with child pain and functioning in the context of pediatric chronic pain 
where both parental emotional states and behavior can affect child outcomes.17 In two recent studies investigating 
parental factors in relation to CPSP, pain catastrophizing and psychological flexibility in parents before surgery, predicted 
recovery in the children at one-year follow-up.13,18 Yet, more research is needed to further investigate how different 
psychological processes in the children themselves, and how parental processes, before and after surgery, impact post- 
operative recovery in children and adolescents.

Most often, nomothetic, or group-based, data collected at a small number of fixed time-points has been used in pain 
research. During the past years, the need to further refine pain treatments to better meet the needs of the individual has 
been emphasized with more focus on process-based research.19,20 In line with this ambition, and complementary to more 
traditional group-level data, Experience Sampling Methods (ESM) and daily diary studies emerge, including repeated 
high-frequency assessments of persons in their everyday lives.21 These methods allow capturing how persons think, feel 
and behave in the moment and are particularly suitable for studying change processes during major transitions, such as 
post-operative recovery following surgery.22 In a diary study investigating parental processes relevant for adolescents 
with chronic pain, daily parental psychological flexibility was indirectly associated with lower activity avoidance and 
higher activity engagement in adolescents, via an association with parental protective responses and activity-engagement 
instructions.23 Moreover, in a 7-day diary study for adults undergoing joint arthroplasty, daily post-surgical catastrophiz-
ing was associated with pain intensity during the acute phase and daily emotional distress was associated with pain 
intensity and interference during the sub-acute phase and with pain interference at 3-month follow-up.24 However, if and 
how daily psychological processes influence child outcomes in the context of post-operative pain and recovery and how 
these processes may change throughout the post-operative process remains to be examined further.

Network analysis can be used to explore the partial correlations between multiple variables while indicating which of 
these variables that may be most influential for changes occurring in the remaining variables.25 In the context of post- 
operative pain, network analysis can explore the processes at different stages during recovery and potentially point out 
whether some processes are more prominent than others.

In sum, previous research has shown that psychological processes constitute risk and/or resilience factors for post- 
surgical recovery in children and adolescents undergoing major surgery and that parents influence their child’s recovery. 
If and how these positive and/or negative post-surgical recovery variables change throughout the recovery process for 
children undergoing surgery is unclear. The aim of the present study was to investigate the associations of risk and 
resilience factors in everyday life, in both adolescents and parents, and daily post-operative recovery variables in 
adolescents undergoing spinal fusion surgery, throughout the 1-year post-operative recovery process, in an explorative 
network analysis.

Materials and Methods
This study is part of a larger research project (“Post-operative recovery after spinal fusion (PR-SF) – A prospective study 
in adolescents with idiopathic scoliosis and their parents”). Research protocol can be found at: http://biblio.ugent.be/ 
publication/8578153. The project has followed the Helsinki Declaration and the guidelines for Good Clinical Practice 
(ICH/GCP). The study was approved by the Medical Ethical Committee of Ghent University [BC16-1353], with an 
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extended approval from all local ethical committees as for data collection at their respective unit. Data can be accessed 
from the corresponding author upon reasonable request.

Design
The study applied a longitudinal observational design with participants completing digital diaries during five time-points 
(or phases), for seven consecutive days during each phase, once daily. There was a pre-determined phase length with no 
randomization of baseline.

Participants
Participants were recruited to the orthopedic units at the university hospitals in Ghent, Antwerp, and Leuven and at Saint- 
Jan hospital in Bruges, Belgium, between 2016 and 2018, where patients with Adolescent Idiopathic Scoliosis (AIS), 
aged 12–18 years, scheduled for spinal fusion surgery, and one of their parents, were offered participation in the study. 
Exclusion criteria were insufficient language skills (in Dutch), prior spinal fusion surgery, and severe comorbidity. 
Informed consent was collected from both adolescents and parents. In exchange for participation, participants were 
offered two movie tickets. Adolescents and parents were recruited in dyads, and only participants with dyadic data were 
included in the present analyses. One hundred and forty-four adolescents were eligible for study participation, of whom 
five could not be reached and 139 were invited. Of these, 33 declined and 106 accepted. Six of these dropped out before 
the study started. Thus, 100 dyads of adolescents-parents were enrolled in the study.

Procedure
Patients (ie adolescents) received standard surgical care at their respective hospital. Participants, including both 
adolescents and parents, were asked to complete daily assessments over a period of seven days at five time-points: 
two weeks prior to surgery (T0), at three (T1) and six weeks (T2), and six (T3) and 12 (T4) months post-surgery. Hence, 
35 daily assessments were expected from each participant. Data were collected via an online survey platform, 
Limesurvey 2.0. A week prior to each diary period, participants were contacted via telephone and instructed to complete 
the daily assessment in the evening for seven consecutive days. For each daily assessment, instructions included prompts 
to complete all items at once. Participants were reminded daily to fill in the diary, via automatic text messages. When 
there was a non-response, participants were reminded by a research team member the following day and prompted to fill 
in the diary assessment before 10 am the next day. Demographical data were collected through self-report questionnaires 
at T0. Biomedical data were retrieved via medical records.

Measures
Two diaries were developed to measure adolescent and parent variables, respectively, and were validated with regard to 
reliability, validity and variability, showing good psychometric properties.26 For both diaries, all items were rated on 
a 7-point numerical rating scale, ranging from “0” to “6” (from “not at all true” to “totally true”, if not otherwise 
specified). The adolescent diary assessed pain intensity, fatigue, physical complaints, pain-related fear, pain catastrophiz-
ing, psychological flexibility, activity engagement, activity avoidance, positive and negative affect/mood, general 
functioning, and pain interference. The parent diary measured: positive and negative affect/mood (parental), pain 
catastrophizing (about child pain), pain-related fear (regarding child pain), parent instructions towards their child to 
avoid or engage in activities, and parent protective behaviour. The diaries were developed based upon validated 
questionnaires measuring constructs related to pediatric pain and function. The Discriminant Content Validity (DCV) 
procedure was applied.27 Variables, number of items, items, response scales, and sources for development are presented 
in Table 1 for the adolescent diary and Table 2 for the parent diary.28–39

Data Preparation and Management
In line with the guidelines on management of missing diary data, the cut-off of 33% was applied.40 Consequently, 
participants with less than 12 data entries were excluded from analyses, which concerned five participants. Diary entries 
were coded according to time-point (T0-T4) and day (1–7). A diary entry that was completed before 10 am the next day 
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Table 1 Variables, Number of Items, Items, Response Scales and Sources for the Adolescent Diary

Variable # Item(s) Item(s) Response Scale Source

Pain intensity 2 “How intense was your pain on average 
today?”; “How intense was your worst pain 

today?”

0 “No pain” – 6 
“Worst possible pain”

The Characteristic Pain Intensity Subscale 
of the Graded Chronic Pain Scale for 

Children (GCPS-C)27

Fatigue 1 “How tired were you on average today?” 0 “Not tired” – 6 
“Worst possible 

tiredness”

Developed for the diary measure.

Physical 
complaints

1 “Did you experience other physical 
complaints today?” 

Conditional item, if yes > “Which other 

physical complaints?” (Space for details).

0 “No complaints” – 6 
“A lot of other 

complaints”

Developed for the diary measure.

Pain-related 

fear

3 “Today, my pain caused my heart to beat 

fast or race”; “Today, feelings of pain were 

scary for me”; “Today, I worried about my 
pain”

0 “Not at all true” – 6 

“Totally true”

The Fear of Pain Questionnaire (FOPQ)29

Pain 
catastrophizing

3 “Today, I thought something serious might 
happen to me because of the pain”; “Today, 

I kept thinking about how much pain I was 

experiencing”; “Today, I felt I couldn’t go on 
much longer because of the pain”

0 “Not at all true” – 6 
“Totally true”

The Pain Catastrophizing State items 
(PCS-C State)30

Psychological 

flexibility

6 “Today, I was aware of and attentive to my 

feelings and thoughts”; “Today, I was aware 
of and attentive to what happened around 

me”; “Today, I allowed my negative feelings 

and thoughts to be there”; “Today, I was 
able to let go of my negative feelings and 

thoughts”; “Today, I did things which I find 

important”, “Today, I’m satisfied with the 
things I have done”

0 “Not at all true” – 6 

“Totally true”

The Avoidance and Fusion Questionnaire 

for Youth (AFQ-Y)31,32 

The DNA-V model from the Thriving 

Adolescent, an Acceptance and 

Commitment Therapy and Positive 
Psychology program, for emotion 

regulation in teens33

Activity 

engagement

3 “Today, I did my planned activities while 

I was in pain or had other physical 
complaints”; “Today, it was important for 

me to (at least try) to do my activities while 

I was in pain or had other physical 
complaints”; “Today, I did my best to do the 

activities that I find important or fun to do 

while I was in pain or had other physical 
complaints”

0 “Not at all true” – 6 

“Totally true”

The Activity Engagement Subscale of the 

Chronic Pain Acceptance Questionnaire 
for Adolescents (CPAQ-A)34

Activity 

avoidance

3 “Today, I skipped activities because 

I thought the pain or other physical 
complaints would worsen by doing so”; 

“Today, I stopped with what I was doing 

because the pain or other physical 
complaints started or became worse”; 

“Today, I took some rest instead of doing 

activities because of (potential) pain or 
other physical complaints”

0 “Not at all true” – 6 

“Totally true”

The activity avoidance items from the 

Avoidance Subscale of the Fear of Pain 
Questionnaire (FOPQ)29

Mood 10 “Today I felt, …” “…joyful; miserable; 

cheerful; down; happy; scared; lively; 
anxious; proud; sad”

0 “Not at all true” – 6 

“Totally true”

The 10-item Positive and Negative Affect 

Schedule for Children (PANAS-C)35

(Continued)
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was coded as the previous day (according to the instructions to participants). Missing diary entries were coded as missing 
data and not imputed. Some participants completed double assessments the same day, in which case the duplicate was 
removed. When participants filled in diaries for more than the instructed seven days, the seven consecutive days with 

Table 1 (Continued). 

Variable # Item(s) Item(s) Response Scale Source

General 

functioning

3 “Which activities did you plan to do today?” 

“Activities to do with…” “…school; 
friends; family; hobbies; sports; household 

duties/chores; other”

Yes/No Developed for the diary measure.

“Did you do fewer or more activities today 
than you had planned?”

−3 “A lot less 
activities” – 0 “Did 

what I planned” – +3 

“A lot more activities”
“I’ve had difficulties doing activities today” 0 “Not at all true” – 6 

“Totally true”

Pain 
interference

1 “Today, I had difficulties doing my activities 
because of the pain or other physical 

complaints”

The Disability Subscale of the Graded 
Chronic Pain Scale for Children (GCPS- 

C)27

Table 2 Variables, Number of Items, Items, Response Scales, and Sources for the Parent Diary

Variable # Item(s) Item(s) Response Scale Source

Mood 10 “Today, I felt …”; “… alert; inspired; 
determined; attentive; active; upset; 

hostile; ashamed; nervous; afraid”

0 “Not at all 
true” – 6 “Totally 

true”

The Positive and Negative Affect Schedule 
(PANAS) – short form35,36

Pain 
catastrophizing 

(child’s pain)

3 “Today, I thought something serious 
might happen to my child because of the 

pain”; “Today, I kept thinking about how 

much pain my child was experiencing”; 
“Today, I felt I couldn’t go on much 

longer because of my child’s pain”

0 “Not at all 
true” – 6 “Totally 

true”

The Pain Catastrophizing Scale for Parents  
(PCS-P)37

Pain-related fear 
(child’s pain)

3 “Today, my child’s pain caused my heart 
to beat fast or race”; “Today, my child’s 

feelings of pain were scary for me”; 

“Today, I worried about my child’s pain”

0 “Not at all 
true” – 6 “Totally 

true”

The Fear of Pain Questionnaire (FOPQ)29 

- Adjusted to parent report

Parent 

instructions 

(avoid-engage)

2 “Today, I told my child to stop or cancel 

activities because of the pain or other 

physical complaints”; “Today, I told my 
child to keep on doing fun or important 

activities (or any other activities that he/ 

she usually does) while he/she was in 
pain or had other physical complaints”

0 “Not at all 

true” – 6 “Totally 

true”

The activity avoidance items from the 

Avoidance Subscale of the Fear of Pain 

Questionnaire (FOPQ)29 - Adjusted to parent 
instruction 
The Activity Engagement Subscale of the 

Chronic Pain Acceptance Questionnaire for 
Adolescents (CPAQ-A)34 - Adjusted to parent 
instruction

Parent protective 
behavior

2 “Today, I have made sure that my child 
did not have to do certain activities (eg 

household chores, going to school or 

sports) because of the pain or other 
physical complaints”; “Today, I cancelled 

my activities (job-related duties, 
household chores and/or hobbies) to be 

with my child”

0 “Not at all 
true” – 6 “Totally 

true”

The Solicitous Behavior Subscale of the 
Inventory of Parent/caregiver Responses to 

the Children’s Pain Experiences 

(IRPEDNA)38
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most data were kept, and the surplus data entries (exceeding seven days) were excluded. For data to correspond best to its 
current time-point, the seven consecutive days closest to the starting point were prioritized. Only complete dyad data, 
from both adolescent and parent, were analyzed.

Statistical Analyses
Network analysis was used to explore partial correlations between all variables in the study. Moreover, network analysis 
provides information about node centrality, reflecting which nodes appear to be the most associated with the other nodes 
in the network.41 While strength centrality looks at the sum of all edge weights connected to a particular node, closeness 
centrality examines the indirect connections between a node and other nodes, and betweenness looks at how often 
a particular node lies between other nodes and connecting them to each other.41 An often customary so-called 
regularization in network analysis was employed, forcing correlations close to zero to actually become zero, in order 
to provide a network structure less prone to displaying potentially false connections.42

Cross-sectional, contemporaneous, network analyses for each phase were performed based on the mean value of the seven 
daily diary entries within each phase. The mean of the seven days – or the mean of the number of days with responses in the case 
of missing data – was used to capture a representative value for a particular participant in a specific phase. Due to multivariate 
non-normality in Mardia’s test,43 non-paranormal transformations were performed before conducting the five networks, one for 
each phase (T0-T4).44,45 The networks were configured using graphical least absolute shrinkage and selection operator 
regularization with extended Bayesian information criterion model selection (EBICglasso) and plotted in graphs for 
visualizations.46 Sample size recommendations for network analysis begin at around 100 participants, where larger sample 
sizes are needed for more complex networks with more nodes.47 For high sensitivity, 250 participants are considered to be 
optimal. Due to the relatively small sample size in the present study, precautions were taken to assess each generated network for 
accuracy. As network results can be sensitive to sample size, testing for accuracy involves utilizing bootstrapping to examine how 
results would differ if the sample was different.42 First, non-parametric bootstrapped confidence intervals (CIs) were estimated 
around edge-weights, where large CIs around the mean of edge weights in the bootstrapped samples would indicate that edge- 
weights might change in other samples, and vice versa that the edge-weights would not differ much in another sample if the CIs 
were smaller. Second, centrality stability was estimated, examining how the centrality indices results would differ if a certain 
number of cases were dropped from the sample. A so-called Correlation-Stability (CS) Coefficient can be calculated, indicating 
that the mean percentage can be dropped from the sample while leaving the mean correlation between the sample index value and 
bootstrapped index values at a particular correlation value, here set to the default value of 0.7. A high CS-coefficient means that 
sample size can be largely reduced without centrality being much changed, indicating that a sample is not greatly affected by 
certain sample characteristics. The CS-coefficient should be at least 0.25.42

Network Comparison Test
Networks from each phase were compared to each other using the network comparison test (NCT),48 to test network 
invariance in terms of differences between edge weights in the networks, and global strength invariance, meaning 
differences in the absolute sum of edge weights in the different networks. Permutations of 1000 were used, and the 
permutation seed value was set to “123”.

Software
Descriptive statistical analyses were computed using the IBM SPSS Statistics version 28.49 Network analyses were 
performed using R version 4.4.0,50 employing the packages “dplyr”,51 “readxl”,52 bootnet,53 “mvnormalTest”,54 

“qgraph”,46 “NetworkComparisonTest”,48 and “huge”.55

Results
Sample Characteristics
The sample comprised N=190 participants, n=95 adolescents and n=95 parents. Sample characteristics are presented in 
Table 3, also reported in Thorsell Cederberg et al (2024).26
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Network Analyses
Descriptive characteristics of the network analysis are presented in Table 4. Network plots are presented in Figures 1–5. Looking 
at the strongest edges within the networks for the five phases, some edges appeared consistently strong. For instance, the edge 
between parental catastrophizing in response to their child’s pain and parental fear of child’s pain was one of the strongest edges 
in all phases. Some of the edges appeared to be among the strongest in some or most of the phases, but not in all of them. 
Specifically, adolescent-reported psychological flexibility and positive mood, adolescent-reported pain interference and activity 
engagement, adolescent-reported pain catastrophizing and pain-related fear, and parental instructions to avoid and displaying 
protective parent behavior, were among the stronger edges in many of the phases. Details of the strongest edges in each phase are 

Table 3 Sample Characteristics, N=190

Characteristic Adolescents (n=95) Parents (n=95)

Age (yrs). (M (SD))  
Range (min-max)

15.14 (1.53) 
12–18

47.02 (6.72) 
34–74

Sex (n (%))  

Male  
Female  

Not reported

21 (22.1) 
74 (77.9) 

–

12 (12.6) 
73 (76.8) 

10 (10.5)

Relation to child (n (%))  
Mother  

Father  

Stepmother  
Stepfather  

Grandmother  

Not reported

–
71 74.7) 

11 (11.6) 

1 (1.1) 
1 (1.1) 

1 (1.1) 

10 (10.5)
Level of education (n (%))  

Primary school  

High school  
Higher education  

University  
Not reported

2 (2.1) 

93 (97.9) 
– 

– 
–

7 (7.4) 

17 (17.9) 
26 (27.4) 

11 (11.6) 
34 (35.8)

Ethnicity (n (%))  

Belgian or Dutch  
Eastern European  

South-east Asian  

Not reported

81 (85.3) 
1 (1.5) 

1 (1.5) 

12 (12.6)

–

Biomedical variables (M (SD))  

Height (cm)  

Weight (kg)  
BMI  

Cobb angle (degrees)  

Duration of hospital stay   
<7 days   

7–14 days   

15–21 days   
Not reported

165.8 (7.7) 

55.2 (10.5) 
20.0 (3.6) 

52.1 (10.9)  

51 (53.7) 

29 (30.5) 

2 (2.1) 
13 (13.7)

–

Family situation ((n (%))  

Married or cohabitating  
Divorced  

Widow(er)  

Single parent  
New family constellation  

Not reported

56 (58.9) 
15 (15.8) 

1 (1.1) 

6 (6.3) 
7 (7.4) 

10 (10.5)
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presented in Table 5. Additionally, for adolescents, psychological flexibility and activity engagement, and pain intensity and pain 
catastrophizing were correlated in Phase 0 and 1. In Phase 1, 2, and 3, pain intensity was correlated with both pain catastrophizing 
and activity avoidance. In Phase 4, pain intensity was correlated with pain catastrophizing and pain-related fear to activity 
avoidance. Also, additionally, for parents, parent-reported pain-related fear (regarding child’s pain) was correlated with parental 
instructions to avoid activities in phase 0. In phase 1 and 2, parental pain-related fear and parental pain catastrophizing (also in 
phase 4) were correlated with parental instructions to avoid activities. Parental positive mood and parental instructions to engage 
in activities were correlated in phase 1. Generally, the bootstrapped CIs showed somewhat accurate results for the very strongest 
edges in the sense that the strongest edges while overlapping with each other, did not overlap, or only overlapped slightly, with 
weaker edges in the network. Bootstrapped results for each network phase are presented in Figures S1–S5. Thus, it was shown to 
be likely that these strongest edges would reoccur as strong edges in other samples.

Generally, correlations based on the within individual parental and within individual adolescent variables, respec-
tively, were stronger than those based on variance between the parental and adolescent variables. Examining the edges 
between parental variables and adolescent variables, the correlations appear generally low.

Table 4 Descriptive Statistics of the Network for Each Phase

Phase N Non-Zero Edges Mean Edge Weight Global Strength

0 80 69/171 0.04 7.40
1 89 73/171 0.04 7.98

2 90 57/171 0.04 7.23

3 82 70/171 0.04 8.04
4 77 65/171 0.04 7.52

Notes: Non-zero edges refers to the number of edges in the network, indicating the density of the 
network; mean edge weight refers to the mean weight of all the edges in the network; global strength 
refers to the sum of the weight of all the edges in the network, indicating network connectivity.

Figure 1 Network plot phase 0. 
Notes: Nodes are presented within circles. Purple nodes are adoloescent rated variables, while reen nodes are parent rated variables. The lines between the circles are the 
network edges, displaying the edge weights, or correlations, between nodes. A thicker edge indicates a stronger correlation. Red, dashed, lines indicate negative correlations, 
while blue lines indicate positive correlations.
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Figure 2 Network plot phase 1. 
Notes: Nodes are presented within circles. Purple nodes are adoloescent rated variables, while reen nodes are parent rated variables. The lines between the circles are the 
network edges, displaying the edge weights, or correlations, between nodes. A thicker edge indicates a stronger correlation. Red, dashed, lines indicate negative correlations, 
while blue lines indicate positive correlations.

Figure 3 Network plot phase 2. 
Notes: Nodes are presented within circles. Purple nodes are adoloescent rated variables, while reen nodes are parent rated variables. The lines between the circles are the 
network edges, displaying the edge weights, or correlations, between nodes. A thicker edge indicates a stronger correlation. Red, dashed, lines indicate negative correlations, 
while blue lines indicate positive correlations.
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Figure 4 Network plot phase 3. 
Notes: Nodes are presented within circles. Purple nodes are adoloescent rated variables, while reen nodes are parent rated variables. The lines between the circles are the 
network edges, displaying the edge weights, or correlations, between nodes. A thicker edge indicates a stronger correlation. Red, dashed, lines indicate negative correlations, 
while blue lines indicate positive correlations.

Figure 5 Network plot phase 4. 
Notes: Nodes are presented within circles. Purple nodes are adoloescent rated variables, while reen nodes are parent rated variables. The lines between the circles are the 
network edges, displaying the edge weights, or correlations, between nodes. A thicker edge indicates a stronger correlation. Red, dashed, lines indicate negative correlations, 
while blue lines indicate positive correlations.
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A few edges were somewhat stronger than others: in phase 0, the two strongest edges were between parental 
instructions to avoid activities and adolescent-reported activity avoidance and between parental pain catastrophizing of 
child pain and adolescent-reported pain catastrophizing. In phase 1, the strongest edges were between parental instruc-
tions to avoid activities and adolescent-reported physical complaints and a negative correlation between parent-reported 
negative mood and adolescent-reported positive mood. In Phase 2, the strongest edges were between parental instructions 
to avoid activities and adolescent-reported physical complaints and between parent-reported and adolescent-reported 
negative mood. In Phase 3, the strongest edges were between parent-reported pain catastrophizing (child’s pain) and 
adolescent-reported pain-related fear and between parent-reported negative mood and adolescent-reported fatigue. 
Additionally, parent instructions to engage in activities were negatively associated with adolescent activity avoidance 
in phase 3. Lastly, in phase 4, the strongest edges were between parent-reported and adolescent reported negative mood, 
and between parent-reported protective behavior and adolescent-reported physical complaints. Details of the strongest 
edges between adolescent and parental variables are presented in Table 6.

Centrality Indices
In phase 0, parental pain-related fear (of child’s pain) was the most central variable, followed by adolescent-reported pain 
catastrophizing. In phase 1, adolescent-reported pain catastrophizing was the most central, followed by parental pain- 
related fear (of child’s pain). In phases 2 and 4, adolescent-reported pain intensity was the most central variable, followed by 
parental pain-related fear of child’s pain. In phase 3, adolescent-reported pain intensity was again the most central variable, 
this time followed by adolescent-reported pain catastrophizing. Inspecting centrality accuracy, it should be mentioned that 
the CS-coefficients were overall low, meaning that these centrality results may not be replicated in other samples. However, 

Table 5 The Three Strongest Edges for the Network in Each Phase, and Corresponding Edge Weights in the 
Other Networks

Edges Phase

0 1 2 3 4

Edge Weights CS (cor=0.7)

Parental pain catastrophizing (child’s pain) – Parental pain-related fear (child’s pain) 0.57 0.61 0.59 0.61 0.55
Adolescent psychological flexibility – Adolescent positive mood 0.38 0.43 0.35 0.34 0.32
Adolescent pain interference – Adolescent activity engagement 0.39 0.41 0.62 0.67 0.63
Adolescent pain catastrophizing – Adolescent pain-related fear 0.33 0.59 0.51 0.41 0.52
Parental instructions to avoid – Parent protective behavior 0.30 0.43 0.35 0.48 0.24

Notes: The three strongest edges per network in bold.

Table 6 The Two Strongest Edges Between Parental and Adolescent Variables for the Network in Each 
Phase, and Corresponding Edge Weights in the Other Networks

Edges Phase

0 1 2 3 4

Edge Weights CS (cor=0.7)

Parental instructions to avoid – Adolescent activity avoidance 0.14 NA NA NA NA
Parental pain catastrophizing (child’s pain) – Adolescent pain catastrophizing 0.17 0.04 NA NA 0.04

Parental instructions to avoid – Adolescent physical complaints 0.10 0.18 0.18 NA NA

Parental negative mood – Adolescent positive mood −0.02 0.19 0.02 0.04 −0.04
Parental negative mood – Adolescent negative mood 0.08 0.18 0.14 0.15 0.12
Parental pain catastrophizing (child’s pain) – Adolescent pain-related fear <0.01 0.01 NA 0.19 NA

Parental negative mood – Adolescent fatigue NA 0.10 0.03 0.19 0.09
Parent protective behavior – Adolescent physical complaints NA NA 0.03 NA 0.10

Notes: The two strongest edges per network in bold. NA = not an existing edge.
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CS-coefficients for strength centrality were the highest ones compared to betweenness and closeness centrality, which is 
why strength centrality index is the one being presented here. The CS-coefficients (cor = 0.7) were 0.2 in phase 0 and 1, 0.37 
in phase 2, 0.21 in phase 3, and 0.13 in phase 4. Thus, strength centrality seemed accurate in phase 2 with the CS-coefficient 
being above the recommended cut-off of 0.25, and approaching accuracy in phases 1 and 2. However, the strength centrality 
was deemed inaccurate for phase 4. Output on centrality is presented in Figure S6.

Network Comparison Test (NCT)
Using NCT to check for network differences statistically, the networks between phase 0 and phase 3 differed significantly 
from each other in terms of differences between edge weights, although this difference was not found in post hoc 
analyses using Bonferroni-Holm correction. Overall, NCT analyses showed that the networks generally did not seem to 
differ between phases, neither on particular edge weights nor global strength. This means that correlations between the 
variables seemed to be similar across different stages in relation to surgery, although there may be a potential difference 
between phase 0 and phase 3. The results from the NCT are presented in Table 7.

Discussion
The aim of this study was to investigate the associations of risk and resilience factors in everyday life, in both adolescents and 
parents, and daily post-operative recovery variables in adolescents undergoing spinal fusion surgery, throughout the post- 
operative recovery process, in an explorative network analysis. As expected, the results showed that the network edges within 
adolescent and parent variables, respectively, were stronger than the edges between adolescent and parent variables.

Networks Within Adolescent Variables
Within the adolescents, the strongest edges were found between psychological flexibility and positive mood in phases 0 and 1, ie 
before surgery and three weeks after surgery, pain interference and activity engagement in phases 0, 2, 3, and 4, ie before surgery, 
and at six weeks, and six and 12-month post-surgery, and pain catastrophizing and pain-related fear in phase 1, 2 and 4. The 
association between psychological flexibility and positive mood is worth noting and supported in research beyond the post- 
operative pain context.33 Psychological flexibility, conceptualized as a process, predictor, or mediating variable, was also related 
to activity engagement, generally conceptualized as an outcome or recovery variable, in phase 0 (pre-surgery) and 1 (3-week 
post-surgery), which is in line with previous research showing that psychological flexibility before surgery and the theoretically 
connected variable pain acceptance after surgery were associated with better recovery at follow-up.13,56 As for the positive 
association between pain interference and activity engagement found in this study, this may seem surprising. However, pain 
interference measures whether the respondent perceives difficulties in doing activities due to pain (or other physical complaints), 
whereas the activity engagement items measure whether the respondent actually pursued, or did their best to pursue, activities in 
the presence of pain, during the day. The strong edges throughout the post-operative phases between these two variables indicate 
that the adolescents experienced some struggle in carrying out activities while in pain. At the same time, pain interference was 
also positively associated with activity avoidance in phase 0 and 1, ie before surgery and 3-week post-surgery, which illustrates 
that this struggling due to pain while doing activities, may also, in another scenario or for other persons, results in avoidance of 

Table 7 Comparisons of Edge Differences and Strength 
Differences Between the Phases

Phase 0 1 2 3

M S M S M S M S

1 0.27 0.58
2 0.24 0.17 0.22 0.75

3 0.36* 0.64 0.26 0.06 0.22 0.81

4 0.27 0.12 0.26 0.46 0.23 0.29 0.23 0.29

Notes: M = The biggest difference of edge weights between the two networks; 
S = General strength difference between the two networks; *p< 0.05.
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activities, or vice versa (that avoidance precedes interference). Determining causality, however, was not part of these exploratory 
analyses and requires further investigation. The results reflecting strong edges between pain catastrophizing and pain-related fear 
are not surprising given the conceptual overlap of these two concepts. Also, pain intensity was associated with both pain 
catastrophizing in the short term (ie, 3- and 6-week), as well as long term (ie, 6- and 12-month post-surgery) and activity 
avoidance short and intermediate term (ie, from 3-week up to 6-month post-surgery). Activity avoidance is generally con-
ceptualized as an outcome variable, and the results are therefore in line with previous research indicating pain intensity as 
a predictor of pediatric post-operative recovery.7 This highlights, as in the previous research,16 the importance of proper pain 
management, and the need to support adolescents struggling with pain to mobilize and engage in daily life activities. In phase 4, at 
12-month post-surgery, pain-related fear was also associated with activity avoidance, which is in line with previous research of 
pain-related fear and pain catastrophizing as predictors of recovery,13 further emphasizing the need to address these psychological 
variables in adolescents undergoing major surgery, to prevent long-term negative health-related consequences.

Networks Within Parent Variables
Within parents, the strongest edges were observed between parental pain catastrophizing and parental pain-related fear (of child’s 
pain) and parental instructions to avoid activities and parent-reported protective behavior, which is unsurprising given their 
conceptual correspondence. However, the relationships of parental pain-related fear and parental pain catastrophizing, respec-
tively, with parent-to-child instructions to avoid activities are of particular interest. Pain-related fear and pain catastrophizing in 
parents are known predictors of adolescent post-operative recovery,7,13 and parental responses and instructions to avoid or engage 
in daily life activities have been associated with levels of avoidance in adolescents with chronic pain.23 The results of the present 
study add to the knowledge of parental processes in the context of pediatric post-operative pain, showing an association between 
parental pain-related fear and pain catastrophizing, and parental instructions towards their child in pain, which, in turn, have been 
shown to be associated with child recovery in pediatric chronic pain.23 Furthermore, the result showing an association between 
parental positive mood and parental instructions to engage in activities shortly after surgery (in phase 1, ie 3-week post-surgery) is 
also of particular interest in the light of previous research in pediatric chronic pain showing that both parental emotional responses 
and behavior predict child recovery. These processes, therefore, warrant future investigation in the context of CPSP, eventually, to 
develop timely interventions.

Networks Between Adolescent-Parent Variables
Regarding the network edges based on variance between adolescent and parent variables, the results showed that parent 
instructions to avoid activities were associated with adolescent activity avoidance, while parental pain catastrophizing was 
associated with adolescent pain catastrophizing, before surgery, and with adolescent pain-related fear at 6-month after surgery. 
These results highlight the need to support parents before and after their child’s surgery to promote recovery in adolescents. 
Furthermore, the results showed that parental and adolescent mood were associated in phases 1, 2, and 4, ie 3- and 6-week as 
well as 12-month post-surgery, and that parental mood and adolescent-reported fatigue were associated in phase 3, ie at 
6-month post-surgery, which may be unsurprising but still adds to the research that parents’ emotional states may affect child 
outcomes across the recovery journey.17 Also, among the strongest edges were adolescent-reported physical complaints and 
parent-reported instructions to avoid activities, at 3- and 6-week post-surgery, and protective behavior, at 12-month post- 
surgery. It seems logical that a parent would display protective behavior towards their child and encourage avoidance of 
activities if the child seemed affected by and complained about physical symptoms. However, this may be more functional at 
an early acute post-operative phase, rather than at a later phase, such as months post-surgery. There is also a possibility that 
parent protective behavior affects the adolescents to focus more on physical symptoms, increasing the risk of hypervigilance, 
a process known to be associated with poor pain outcomes.57,58 The results further illustrate the need to support parents to 
promote resilience for their children after surgery. Additionally, parent instructions to engage were associated with adolescent 
activity avoidance in phase 3, at 6-month post-surgery, which may seem counter-intuitive at first but may be logical during 
inter-mediate recovery, where parents may be particularly prone to attempt to encourage their child to activities if the 
adolescent is still avoiding daily life activities after surgery. Overall, the results are in line with previous research in the 
context of pediatric post-operative pain, the influence of parental processes,13 and on the impact of parental behavior on 
adolescent daily pain-related behavior in the context of pediatric chronic pain.17 Yet, the results of the present study extend the 
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knowledge by combining the research from different pediatric pain contexts to include parental factors in everyday life, and 
their association with adolescent recovery variables, throughout the pediatric post-operative recovery process.

Methodological Considerations and Limitations
A considerable limitation of the study was a small sample in relation to the number of data entries. It would have been 
preferable considering the design of study, with one daily assessment during seven consecutive days, to have a larger 
sample size. Alternatively, additional assessments, possibly twice or even more often daily, and/or for a longer time 
period, would have yielded more data entries for the analyses. This reflection is an important note for future research, and 
a priori sample size calculations might be useful. In the present study, most data entries were gathered in phase 2, at 
6-week post-surgery, which generated most robust results based on strength centrality accuracy. Due to restrictions of 
power, the data did not permit to examine temporal networks (which would allow exploration of correlations of all 
variables also between phases, and not only across phases). Hence, the networks of the study are contemporaneous and 
should be interpreted as such. Even so, the relatively small sample size in the study means that there may be associations 
missed in the networks due to insufficient sensitivity to all potential associations. While network accuracy was tested 
thoroughly in order not to over-interpret unstable results, it is possible that a larger sample would have provided a clearer 
result and revealed stronger associations (provided they existed in the population). A small sample may also be skewed 
and indicate sample-specific associations not present in a larger sample. Still, the present results constitute the first 
evidence of day-to-day recovery processes in pediatric post-operative pain and may be seen as preliminary evidence 
calling for further exploration of larger samples to ensure generalizability. Future studies wishing to examine contem-
poraneous networks should, thus, include more participants. Future studies may also wish to include more repeated 
measures for generating temporal networks and, thereby, exploring moment-to-moment changes between variables. 
However, respondent burden should be carefully considered to avoid attrition. Although this was addressed in the 
present study, the risk of response fatigue cannot be excluded.

Moreover, adolescent general functioning (ie the extent to which adolescents had difficulties to do activities or did fewer or 
more activities than planned) did not correlate with the other variables, with no edge 6-weeks post-surgery and only weak 
edges in all other networks. It seems implausible that the level of function would not be associated with the rest of the variables 
in the study, both with regard to the associations between activity engagement and activity avoidance (as outcomes) and the 
other variables in the present study and also based on previous research identifying functioning as a target variable in pediatric 
pain.17,59 It seems more plausible that the diary items of the study simply did not capture the level of general functioning, as 
planned. Another result of the study was that the edges were generally lower in phase 4, indicating that the variables did not 
affect each other as much at one year after surgery.

Regarding the finding of stronger edge weights in some phases than in others, it is possible that both within adolescent 
and parent variables, respectively, and between adolescent-parent variables have different weights of impact during 
different phases of the post-operative recovery process. This would mean that certain interventions to support adolescents 
and parents to promote resilience would be more effective at different post-operative phases. However, the NCT test did 
not support significant differences between phases, apart from possibly between phase 0, ie before surgery, and 3, ie 
6-month post-surgery. Alternatively, restrictions in power may have reduced the study’s capacity to detect certain 
associations between variables in some of the phases. In fact, some edges display weaker correlations, and should be 
interpreted with caution due to large bootstrapped confidence intervals around many of the weaker edges. Consequently, 
the order of strength of these weaker correlations might not be replicated in other samples, with edges close to zero in 
some phases. Nonetheless, it might be noteworthy that some edges appear to show meaningful connections between 
variables in some phases and may very well reoccur as strong edges in other samples. Altogether, this is indeed an 
empirical question to be investigated further.

Conclusion
The present results provide insights into adolescent and parental psychological risk and resilience factors in everyday life 
throughout the pediatric post-operative recovery process. Findings warrant further investigation and indicate important 
targets for post-operative pain treatments. Pain catastrophizing and pain-related fear, in both adolescents and parents, 
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parent protective behavior and parent instructions towards their child to engage or avoid in daily life activities as well as 
adolescent psychological flexibility, and activity engagement and avoidance seem to be particularly important targets. 
The results are also essential in the light of the current under-treatment of pediatric post-operative pain. Finally, 
interventions may be needed to target different mechanisms at different moments during the recovery process as 
dynamics within and between adolescents and parents appear to vary over time.
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