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1 PROTOCOL SUMMARY 

1.1 Synopsis

Title: Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to chronic postsurgical pain in 
adolescents

Précis: This is a randomized controlled trial to test effectiveness of the 
SurgeryPal intervention vs. education control to improve acute 
and chronic pain and health outcomes in 500 youth undergoing 
major musculoskeletal surgery and their parents/caregivers. 
Youth will be randomized on an individual level using a 
factorial design to SurgeryPal or Education during 2 phases of 
intervention: 1) pre-operative phase (4 week duration delivered 
over the 4 weeks leading up to surgery), and 2) post-operative 
phase (4 week duration starting 3 weeks following surgery). 
Thus there will be 4 treatment arms. Participants will undergo 4 
assessments, independent of their treatment assignment: T1: 
Baseline (pre-randomization); T2: acute post-surgery 
outcomes (daily assessment of acute outcomes beginning day 
1 through day 14 after hospital discharge from surgery); T3: 
Post-surgery follow-up (assessment of chronic outcomes at 3-
months post-surgery); T4: Final post-surgery follow-up 
(assessment of outcomes at 6-months post-surgery).    

Objectives: Primary: Determine effectiveness of a pre-operative mHealth 
psychosocial intervention to improve acute pain outcomes in 
adolescents undergoing major musculoskeletal surgery
Determine effectiveness of a post-operative mHealth 
psychosocial intervention to improve chronic pain outcomes at 
3 months in adolescents undergoing major musculoskeletal 
surgery.
Determine the combined effects of pre- and post-operative 
psychosocial intervention on chronic pain outcomes.
Secondary: 
Determine effectiveness of pre-operative psychosocial 
intervention to reduce opioid use during the 14 days following 
hospital discharge.
Determine effectiveness of psychosocial intervention to 
improve HRQL following surgery.
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Population: The proposed study will enroll 500 adolescents ages 12-18 
who are scheduled to undergo spinal fusion surgery for 
idiopathic/juvenile scoliosis, spondylolisthesis or kyphosis plus 
one parent/caregiver participant for each adolescent (for a total 
of 1000 subjects). Adolescents will be recruited from 
approximately 25 pediatric centers across the United States. 
Families who do not speak or understand English, or do not 
have access to a smart device will be excluded. Adolescents 
who meet any of the following criteria will be excluded: severe 
learning disability/cognitive impairment/intellectual delay, 
diagnosed unstable psychiatric condition, severe/systemic 
disease (e.g. neuromuscular scoliosis, cancer), taking 
medication daily for a medical condition (except 
allergies/asthma/anxiety/depression), have had a prior major 
surgery, or have a diagnosed chronic musculoskeletal pain 
condition (see 5.1 and 5.2 for more detail). 

Phase or Stage: Phase II

Anticipated 
Number of Sites:

approximately 30 or more 

Description of 
Intervention/ 
Experimental 
Manipulation:

The SurgeryPal intervention is a cognitive-behavioral program 
for youth undergoing major surgery. SurgeryPal is delivered in 
two 4-week phases: the pre-operative phase, and the post-
operative phase. Each phase consists of 3 separate treatment 
modules for youth and parents, which teach cognitive and 
behavioral coping skills to target known psychosocial and 
behavioral risk factors for poorer postsurgical outcomes (i.e. 
anxiety/distress and sleep), and provide training in pain self-
management skills. Pre-operative modules include: 1) 
Preparing for surgery, 2) Coping with stress before surgery, 
and 3) Getting ready for the hospital. Postoperative modules 
include: 1) Coping at home after surgery, 2) Return to activities 
and school, and 3) Long-term recovery. Modules are self-
guided and interactive, and focus on preparation for and 
recovery from surgery. The goal of the program is to improve 
psychosocial functioning, reduce pain, and enhance quality of 
life following surgery in youth.

Study Duration: 48 months

Participant 
Participation 
Duration:

7-11 months
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Estimated Time to 
Complete 
Enrollment:

36 months

1.2 Schedule of Activities (SoA)
   

Timepoint Timing Particip
ant

Location Goal Activities

Phase 1 
Screening

4+ weeks pre-
surgery

Teen, 
Parent

Pre-surgery clinic 
at referring site

Screening Patient provider conducts initial screening in 
person, and introduces study

Patient referral 4+ weeks pre-
surgery

Teen, 
Parent

Secure online 
portal

Referral Referring provider submits referral 
information

Phase 2 
Screening

4+ weeks pre-
surgery

Teen, 
Parent

By phone Eligibility Primary site conducts second wave of 
screening, and explains study 

Consent 4+ weeks pre-
surgery

Teen, 
Parent

By phone Consent Consent and assent by phone; 
Documentation using Research Electronic 
Data Capture System (REDCap)

Assessment 1 
(T1)

4 weeks (window 
3-12 weeks) pre-
surgery

Teen, 
Parent

Online Baseline 
assessment

Completion of baseline pain and health 
measures using REDCap

Incentive 1 T1 complete Teen, 
Parent

Email/text Incentive 
payment

Participant receives gift card (all groups)

Pre-surgery 
intervention 
phase

One month 
duration, pre-
surgery

Teen, 
Parent

Online Treatment Parents and youth (Treatment groups 2 and 
4) complete 3 treatment modules; Groups 1 
and 3 access education control.

Assessment 2 
– Post-
treatment 1 
(T2-PT1)

After completion of 
pre-surgery 
intervention phase, 
before surgery

Teen, 
Parent

Online Treatment 
satisfaction/
experience

Completion of treatment-related measures 
using REDCap

Incentive 2 T2-PT1 complete Teen, 
Parent

Email/text Incentive 
payment

Participant receives gift card (all groups)

Assessment 2 
(T2) – daily 
measures

Daily measures 1-
14 days after 
discharge; 
Other measures 
sent 1 week post 
discharge (window 
1-3 weeks)

Teen Online Acute  post-
surgery 
outcomes

Daily assessment of pain, activity and 
medication use, completed using REDCap 
diaries; completion of pain and health acute 
outcomes measures using REDCap

Incentive 3 T2 complete Teen Email/text Incentive 
payment

Participant receives gift card (all groups)

Post-surgery 
intervention 
phase

One month 
duration, after T2 
complete

Teen, 
Parent

Online Treatment Parents and youth (Treatment groups 3 and 
4) complete 3 treatment modules; Groups 1 
and 2 access education control.

Assessment 3  
- Post-
treatment 2 
(T3-PT2)

After completion of 
post-surgery 
intervention phase

Teen, 
Parent

Online Treatment 
satisfaction/
experience

Completion of treatment-related measures 
using REDCap

Incentive 4 T3-PT2 complete Teen Email/text Incentive 
payment

Participant receives gift card (all groups)

Assessment 3 
(T3) – daily 
measures

3 months (window 
12-16 weeks) 
post-surgery

Teen, 
Parent

Online Post-surgery 
follow-up

Daily assessment of pain, activity and 
medication use, completed using REDCap 
diaries; Completion of pain and health 
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Timepoint Timing Particip
ant

Location Goal Activities

measures using REDCap
Incentive 5 T3 complete Teen, 

Parent
Email/text Incentive 

payment
Participant receives gift card (all groups)

Assessment 4
(T4) – daily 
measures

6 months (window 
6-8-months) post-
surgery

Teen, 
Parent

Online Final post-
surgery 
follow-up

Daily assessment of pain, activity and 
medication use, completed using REDCap 
diaries; Completion of follow-up pain and 
health measures using REDCap

Incentive 6 T4 complete Teen, 
Parent

Email/text Incentive 
payment

Participant receives gift card (all groups)

1.3 Background Information 
Major musculoskeletal surgeries are associated with particularly high prevalence of 
both acute and chronic postsurgical pain (CPSP), with 80% of youth reporting 
intense acute pain after hospital discharge (83), and up to half reporting CPSP up to 
one year after spine surgery (82). Further, chronic pain during adolescence can 
extend into adulthood (47), generating lifelong consequences on functioning, 
productivity, and quality of life, as well as increasing risk for substance use disorder 
(106). Interventions to improve recovery and reduce pain after surgery have 
potential to interrupt a negative trajectory of suffering and disability associated with 
chronic pain. Adolescents undergoing major surgeries urgently need effective 
therapies to reduce pain and exposure to opioids, to mitigate potential for addiction. 
In our own research, high adolescent anxiety, sleep disturbance, low pain self-
efficacy, and high parent anxiety/distress were associated with higher intensity pain 
and poorer HRQL at both short- and long-term follow-up after major surgery (18, 33, 
68, 83, 87, 88). Moreover, others have found that higher adolescent anxiety before 
surgery is associated with increased opioid consumption at home following major 
musculoskeletal surgery (38, 104). Taken together, this body of research 
demonstrates that psychological and behavioral factors underlie persistent pain and 
opioid use following surgery, and a biopsychosocial approach to perioperative care 
is critically needed. 
There is a large body of evidence for the efficacy of psychosocial interventions in 
reducing pain and disability in adolescents with a range of chronic pain conditions. 
These programs include self-management interventions such as pain education, 
relaxation training, and other cognitive-behavioral strategies (CBT). In the context of 
surgery, pre-operative psychosocial interventions have been shown to reduce acute 
post-operative pain intensity (22, 52). Similarly, pain self-management strategies 
(imagery, relaxation strategies) taught after surgery reduce pain intensity during the 
weeks following surgery (12). From prior studies it is not clear when to deliver 
psychosocial intervention (pre-operative or post-operative), which is important for 
building proper implementation approaches. In order to address this gap in 
knowledge that prevents changes in clinical practice, randomized controlled trials 
are needed to establish the effectiveness of CBT interventions to reduce opioid use 
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and prevent CPSP in adolescents, and to evaluate optimal timing of intervention 
delivery.
Major barriers exist for adolescents to access CBT due to the geographical distance 
and limited scheduling that prevents most patients from receiving psychological 
intervention (74, 77). eHealth and mHealth chronic pain self-management 
interventions have been found effective in both adult and pediatric populations (2) for 
managing pain and disability. We have had tremendous success in our research 
studies reaching youth with chronic pain using internet and smartphone 
technologies, including those in rural areas and with health disparities who do not 
have access to specialist services (54, 72, 73, 75).
We will apply these technologies to provide a perioperative CBT program called 
“SurgeryPal” for adolescents undergoing musculoskeletal surgery that will 
emphasize empowerment, parent involvement, and offer pain coping skills, to 
promote recovery following surgery. This study will begin to address the gap in 
interventions provided to adolescents to address risk for CPSP. Demonstration of 
the effectiveness of this intervention to improve clinically meaningful outcomes will 
transform the current approach to clinical care, advancing perioperative 
management to integrate a biopsychosocial approach into practice and reduce 
reliance on opioids. This scalable intervention will allow for broad implementation in 
pediatric spine centers across the country. In addition, our RCT is designed to 
explore mechanisms underlying treatment effect, which will advance our 
understanding of the transition from acute to chronic pain. This research aligns with 
the Federal Pain Research Strategy to optimize management of pain across the 
continuum of acute to chronic pain in patients across the lifespan (99).
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2 INTRODUCTION: BACKGROUND INFORMATION AND SCIENTIFIC RATIONALE 

2.1 Rationale
1 million youth undergo major surgery each year in the United States. After major 
musculoskeletal procedures, 80% of adolescents experience moderate-severe acute 
postoperative pain at home 2 weeks following hospital discharge. Additionally, 20% of 
youth develop chronic pain after major surgery, or as high as 50% following spine fusion 
surgery. Psychosocial factors predict chronic pain, however, the current perioperative 
standard of care is based solely on a medical model, relying on opioids for pain 
treatment. A biopsychosocial approach to perioperative care is critically needed in order 
to reduce opioid use and prevent chronic postsurgical pain. Research has demonstrated 
the efficacy of psychological interventions in reducing acute postoperative pain and pain 
several weeks following surgery, however, there is a lack of evidence regarding 
clinically important long term outcomes and a lack of information regarding when it is 
ideal to deliver psychosocial interventions (pre- vs. post-operative).

Aim 1. Determine effectiveness of a pre-operative mHealth psychosocial intervention to 
improve acute pain outcomes in adolescents undergoing major musculoskeletal 
surgery.

H1: Youth receiving pre-operative CBT (arms 2&4) will have a faster rate of recovery 
(acute pain intensity and interference: primary outcomes), as well as lower opioid use 
during the 14 days following hospital discharge, compared to youth who receive pre-
operative education (arms 1&3).

Aim 2. Determine effectiveness of a post-operative mHealth psychosocial intervention to 
improve chronic pain outcomes at 3 months in adolescents undergoing major 
musculoskeletal surgery.

H2: Youth receiving post-operative CBT only (arm 3) will have lower chronic pain 
intensity and interference (primary outcomes) compared to youth receiving education 
control (arm 1).

Aim 3. Determine the combined effects of pre- and post-operative CBT on chronic pain 
outcomes.

H3: Youth receiving both phases of perioperative CBT (arm 4) will have lower chronic 
pain intensity and interference (primary outcomes), as well as higher quality of life, and 
lower psychosocial distress, sleep disturbance, and opioid misuse compared to youth 
receiving single phase intervention or education control at 3 months (arms 1,2,3). 

Aim 4. Explore mechanisms of an mHealth psychosocial intervention to prevent CPSP.

H4: Youth receiving combined pre- and post-operative CBT (arm 4) will have lower 
rates of CPSP compared to arms 1, 2, and 3.
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H5: Reductions in acute postsurgical pain will mediate treatment effects on reducing 
incidence of CPSP.

H6: Changes in sleep quality, anxiety and depression, and pain catastrophizing from 
baseline to 3 months will mediate effect of treatment on pain outcomes at 6-months.

2.2 Potential Risks and Benefits

2.2.1 Potential Risks
Risks for this study concern the potential for emotional distress, loss of confidentiality, 
and a burdensome time commitment. Study questionnaires and the mobile 
app/websites contain material concerning pain and psychosocial functioning that may 
elicit emotional discomfort. To mitigate this discomfort, all aspects of the study are 
voluntary. We will inform participants that if they feel uncomfortable completing any part 
of the study, they can let us know and stop participating in that part of the study. 
Participants will also be informed that their data will be safeguarded to preserve 
confidentiality. Participants will be instructed to access the programs in a safe place 
(e.g. not while driving or completing other tasks). Burden related to the length of the 
questionnaire assessments and lessons will be kept at a minimum, such that parents 
and adolescents will likely spend about 20-30 minutes completing questionnaires at 
each time point, and 20-30 minutes for each lesson. Daily assessments take ~2 
minutes. Because the data collection system, REDCap, will save and store responses 
from questionnaires, children and parents may log on and off at their convenience to 
complete assessments. Due to the fact that we are acquiring information from children 
and parents online, we are sensitive to the need to carefully safeguard all data entered 
on the app. Protected health information will not be collected on the app. All study data 
will be safeguarded using secure password-protected servers at Seattle Children’s 
Hospital and the Data Coordinating Center (DCC) at the University of Utah, which is 
providing data management in collaboration with the Seattle research team. The 
primary source of data will come from questionnaires, which will be collected in an 
encrypted manner and stored in secure password-protected databases. 
All contact information from the referral sites will be stored in a secure database within 
the PIs’ research lab at Seattle Children’s Research Institute (SCRI). The participant 
codebook will be kept on a password protected server to which only study staff has 
access. 

2.2.2 Potential Benefits
Participation in this research may or may not benefit the participant. Completion of the 
CBT program delivered via the app may help to reduce pain and improve functioning in 
adolescents who receive this treatment. Information collected will provide useful data 
regarding perioperative delivery of psychosocial treatment in adolescents at risk for 
postsurgical pain that may inform implementation of effective treatments for adolescents 
undergoing major surgery. After the study is completed and results are published, we 
will send participants an email about what we learned. The potential risks of 
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participation to the participants are considered to be minimal in relation to the potential 
gain in critical knowledge of the effectiveness of perioperative psychosocial intervention 
to improve pain outcomes in youth undergoing major surgery.
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3 OBJECTIVES AND OUTCOME MEASURES 

3.1 Primary

Primary Outcomes: Aim 1 (T2/ Acute Phase): Acute Pain Intensity and 
Interference: this will be measured using a patient-reported outcome measure, the 11 
item Brief Pain Inventory. This measure has 2 scales: pain intensity (4 items) and pain 
interference (7 items). The 24 hour (short) version of this measure will be completed via 
REDCap daily for 14 days beginning on day 1 after hospital discharge, and individual 
rate of recovery will be computed for each participant over 14 days to yield the primary 
acute pain outcome measure for Aim 1.

Primary Outcomes: Aims 2 and 3 (T3/ Chronic Phase): Chronic Pain Intensity and 
Interference: this will be measured using a patient-reported outcome measure, the 11 
item Brief Pain Inventory. This measure has 2 scales: pain intensity (4 items) and pain 
interference (7 items). The 24 hour (short) version of this measure will be completed via 
REDCap daily for 7 days beginning 3 months after the participant’s surgery date, and 
will be averaged for each participant over 7 days to yield the primary chronic pain 
outcome measure for Aims 2 and 3.

Objective Brief Description of Outcome 
Measure

Outcome 
Measured By 

Time Frame

ASSESSMENT TIME POINT: 
T1 = pre-randomization baselinebefore surgery
T2 = post-treatment surveys (PT1) delivered after pre-surgery intervention phase and before surgery; 
acute outcomes, daily measures 1-14 days after hospital discharge; 

T3 = post-treatment surveys (PT2) delivered after post-surgery intervention phase; chronic outcomes, 
3 months post-surgery 
T4 = final follow up, 6 months post-surgery 

Determine effectiveness of a 
pre-operative mHealth 
psychosocial intervention to 
improve acute pain outcomes 
in adolescents undergoing 
major musculoskeletal 
surgery

The Brief Pain Inventory Short Form 
assesses self-reported acute pain 
intensity, pain interference and 
medication use in a 24-hour 
timeframe. Questions evaluate worst, 
least, average, and current pain 
intensity, pain interference with sleep, 
mood, walking ability, general 
physical activity, work/school, 
relationships, and enjoyment of life.

Brief Pain 
Inventory Short 
Form Pain 
Severity and 
Pain 
Interference 
Scales (Teen 
Report)

Daily for 14 days 
on days 1-14 
post-hospital 
discharge (T2)
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Objective Brief Description of Outcome 
Measure

Outcome 
Measured By 

Time Frame

Determine effectiveness of a 
post-operative mHealth 
psychosocial intervention to 
improve chronic pain 
outcomes at 3 months in 
adolescents undergoing 
major musculoskeletal 
surgery.

The Brief Pain Inventory Short Form 
assesses self-reported acute pain 
intensity, pain interference and 
medication use in a 24-hour 
timeframe. Questions evaluate worst, 
least, average, and current pain 
intensity, pain interference with sleep, 
mood, walking ability, general 
physical activity, work/school, 
relationships, and enjoyment of life.

Brief Pain 
Inventory Short 
Form Pain 
Severity and 
Pain 
Interference 
Scales – (Teen 
Report)

Daily for 7 days 
at T3

Determine the combined 
effects of pre- and post-
operative CBT on chronic 
pain outcomes.

The Brief Pain Inventory Short Form 
assesses self-reported acute pain 
intensity, pain interference and 
medication use in a 24-hour 
timeframe. Questions evaluate worst, 
least, average, and current pain 
intensity, pain interference with sleep, 
mood, walking ability, general 
physical activity, work/school, 
relationships, and enjoyment of life.

Brief Pain 
Inventory Short 
Form Pain 
Severity and 
Pain 
Interference 
Scales (Teen 
Report)

Daily for 7 days 
at T3
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3.2 Secondary

Objective Brief Description/ Justification 
of Outcome Measure

Outcome 
Measured By 

Time Frame

Determine 
effectiveness of 
psychosocial 
intervention to 
improve HRQL 
following surgery (Aim 
3).

15-item measure assessing self-
reported physical, social, and 
emotional health-related quality of life 
over the last 7 days. Pain intensity 
and PedsQL will be used to define a 
binary variable for presence of chronic 
postsurgical pain.

Pediatric Quality of 
Life Inventory - 
Short form, acute 
version (PedsQL) 
(Teen Report)

T1, T3, T4

Determine 
effectiveness of pre-
operative 
psychosocial 
intervention to reduce 
opioid use.

Youth will report medication use on 
the BPI, including selecting 
medication name from a dropdown list 
(opioid, acetaminophen, anti-
inflammatory, other). 

Brief Pain Inventory 
medication use 
items (Teen Report)

T1, T2, T3, T4

Determine 
effectiveness of 
psychosocial 
intervention to reduce 
opioid misuse 
following surgery (Aim 
3).

This tool adapted for self-report in 
children age 11-17 by the American 
Psychiatric Association (40), and 
recommended by the National 
Institute on Drug Abuse for substance 
use screening in adolescents, will be 
used to assess alcohol, smoking, 
substance, and opioid use (43) (65). 
Additional questions on reasons for 
misuse (e.g. to treat pain, to get high, 
etc.) and source of opioids (e.g. 
prescription, from a friend or relative) 
will be collected using the 
corresponding questions and 
response options used in the National 
Survey on Drug Use and Health.

The American 
Psychiatric 
Association 
Adapted NIDA 
Modified ASSIST 
Tool 2 (Teen 
Report) 

T1, T3, T4

Determine 
effectiveness of 
perioperative 
psychosocial 
intervention to reduce 
psychosocial distress 
after surgery (Aim 3).

This measure assesses parent and 
youth self-reported anxiety (fear, 
anxiety, hyperarousal, and somatic 
symptoms) and depression (negative 
mood, negative views of self, and 
negative social cognition, decreased 
positive affect and engagement).

PROMIS Anxiety 8a 
and Depression 8a 
Instruments (Teen 
Report)

T1, T3, T4

Determine 
effectiveness of 
perioperative 
psychosocial 
intervention to 
improve mental health 
in parents after 
surgery (Aim 3).

A 4 item screening measure of 
general anxiety and depressive 
symptoms

PHQ-4 (GAD-2 and 
PHQ-2) (Parent 
Report)

T1, T3, T4
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Objective Brief Description/ Justification 
of Outcome Measure

Outcome 
Measured By 

Time Frame

Determine 
effectiveness of 
perioperative 
psychosocial 
intervention to reduce 
psychosocial distress 
in children after 
surgery.

A 4-item measure that screens for 
anxiety and depressive symptoms.

PHQ-4 (GAD-2 and 
PHQ-2) (Teen 
Report)

T1, T3, T4

Determine 
effectiveness of 
perioperative 
psychosocial 
intervention to 
improve sleep quality.

This 10–item measure assesses self-
reported sleep quality. 4 additional 
items assess sleep duration on 
weekdays and weekends.

Adolescent Sleep 
Wake Scale 10-item 
version –(Teen 
Report)

T1, T3, T4

Determine 
effectiveness of 
perioperative 
psychosocial 
intervention to reduce 
pain catastrophizing.

Self-report 13 item measures that 
assess child pain catastrophizing and 
parent’s catastrophizing about child’s 
pain, respectively. 

Pain 
Catastrophizing 
Scale – Child 
Version (Teen 
Report); Pain 
Catastrophizing 
Scale – Parent 
Version (Parent 
Report)

T1, T3

Determine 
effectiveness of 
perioperative 
psychosocial 
intervention to reduce 
global pain severity.

A 1-item measure that assesses 
adolescent’s self-reported global 
impression of pain severity. 

Patient Global 
Impression of 
Severity Scale 
(Teen Report)

T2, T3, T4

Assess baseline pain 
severity and 
interference.

The Brief Pain Inventory Short Form 
assesses self-reported acute pain 
intensity, pain interference and 
medication use over the past 7 days. 
Questions evaluate worst, least, 
average, and current pain intensity, 
pain interference with sleep, mood, 
walking ability, general physical 
activity, work/school, relationships, 
and enjoyment of life, as well as non-
opioid and opioid analgesic use.

Brief Pain Inventory 
Short Form Pain 
Severity and Pain 
Interference Scales 
(Teen Report) – 7 
day recall

T1 (completed once) 

Assess treatment 
satisfaction and 
acceptability for a 
perioperative 
psychosocial 
intervention.

An adapted self-report measure 
specific to pediatric postsurgical pain 
that will collect parent and youth 
assessments of acceptability and 
satisfaction with the intervention's 
content and management approach

Treatment 
Evaluation 
Inventory, short 
form (Teen and 
Parent Report)

T2 (PT1), T3 (PT2)
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Objective Brief Description/ Justification 
of Outcome Measure

Outcome 
Measured By 

Time Frame

Assess treatment 
engagement for a 
perioperative 
psychosocial 
intervention.

The mobile application and website 
will track each time a parent or youth 
uses the program. Treatment 
adherence will be collected by 
assessing number of completed 
modules/lessons.

Mobile application, 
website use

During assigned pre- 
and post-op 
treatment phases)

Collect information on 
concomitant therapy.

We will collect information from 
parents at each assessment on use of 
concomitant therapy (e.g. 
psychosocial interventions that the 
adolescent received during the pre- or 
post-operative period to prepare for 
surgery). 

Concomitant 
Therapy 
Questionnaire 
(Parent Report)

T2 (PT1), T3 (PT2)

Report treatment 
experience.

A self-report scale with open ended 
questions and ratings of reactions to 
the treatments (e.g., stress, technical 
issues) from parents and youth.

Treatment 
Experience 
Questionnaire 
(Teen and Parent 
Report)

T2 (PT1), T3 (PT2), 
T4

Collect 
sociodemographic 
information. 

Parents report on participants' sex, 
gender, race and ethnicity, family 
income, parent education, ZIP code, 
and youth's pain history.

Demographic Form 
(Parent Report)

T1

3.3 Tertiary/Exploratory

Objective Brief Description/Justification of 
Outcome Measure

Outcome Measured 
By 

Time 
Frame

Explore mechanisms of an 
mHealth psychosocial 
intervention to prevent 
CPSP: a. compare rates of 
CPSP among youth 
receiving combined pre- and 
post-operative CBT (arm 4) 
to youth in arms 1, 2, and 3; 
b. examine mediation of 
treatment effects on CPSP 
via changes in acute 
postsurgical pain.

CPSP will be assessed as a binary 
outcome defined as pain that interferes 
with HRQL. Pain intensity will be 
assessed using a 0-10 NRS averaged 
over 7 days. HRQL will be assessed 
with the PedsQL – Short Form.

Pain intensity 0-10 
numeric rating scale 
(NRS) for average 
pain in past 24 hours 
(from BPI), and 
PedsQL – Short 
Form (Teen Report)

T3 and 
T4; pain 
intensity 
assessed 
daily for 7 
days at 
each 
timepoint. 

Characterize adolescent 
opioid use history.

Parents report on if their child has ever 
had a prescription for opioids, and if so, 
when and why their child was 
prescribed opioids.

Parent opioid 
question

T1
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Objective Brief Description/Justification of 
Outcome Measure

Outcome Measured 
By 

Time 
Frame

Characterize adolescent 
lifetime misuse of opioid 
prescriptions, pain relief 
expectancy, and pain 
expectancy.  

A single item from the Youth Risk 
Behavior Surveillance System 
(YRBSS) assesses how many times 
adolescents have misused opioids. 
Additional items assess expectations 
about the pain levels after surgery and 
pain medicine relief after surgery. 

YRBSS question re: 
lifetime opioid 
misuse. Pain 
expectancy: 0-10 
NRS. Pain medicine 
relief expectancy: 11-
point scale from 0% - 
no relief to 100% - 
complete relief. 

T1

Explore adolescent pain 
relief preferences.  

Teen participants endorse five risk-
benefit items (e.g., “Having side effects 
from medicine is a bigger problem than 
having pain”) from strongly disagree 
(−2) to strongly agree (+2). This 
measure was adapted for ages 12-18.

Adolescent Pain 
Relief Preferences 
Survey

T1, T3

Explore adolescent 
perceptions regarding the 
riskiness of over the 
counter/opioid analgesics.

Teens rate the overall riskiness of 
taking over the counter and opioid 
analgesics across 6 items. Adapted for 
ages 12-18. Response options follow 
those of the NSDUH, with a 4-point 
Likert scale from 0 (No Risk) to 3 
(Great Risk). Participants are asked to 
rate the risk of taking a previously 
prescribed opioid for a new condition 
(medical misuse) and of sharing one’s 
own prescribed opioid with a friend 
(non–medical misuse or diversion). 

Risk Perceptions – 
Young Adults

T1, T3
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4 STUDY DESIGN 

4.1 Overall Design

A. Aims/Hypotheses: 
a. Aim 1. Determine effectiveness of a pre-operative mHealth psychosocial 

intervention to improve acute pain outcomes in adolescents undergoing 
major musculoskeletal surgery.

i. H1: Youth receiving pre-operative CBT (arms 2&4) will have a 
faster rate of recovery (acute pain intensity and interference: 
primary outcomes), as well as lower opioid use during the 14 days 
following hospital discharge, compared to youth who receive pre-
operative education (arms 1&3).

b. Aim 2. Determine effectiveness of a post-operative mHealth psychosocial 
intervention to improve chronic pain outcomes at 3 months in adolescents 
undergoing major musculoskeletal surgery.

i. H2: Youth receiving post-operative CBT only (arm 3) will have 
lower chronic pain intensity and interference (primary outcomes) 
compared to youth receiving education control (arm 1).

c. Aim 3. Determine the combined effects of pre- and post-operative CBT on 
chronic pain outcomes.

i. H3: Youth receiving both phases of perioperative CBT (arm 4) will 
have lower chronic pain intensity and interference (primary 
outcomes), higher HRQL, as well as lower psychosocial distress, 
sleep disturbance, and opioid misuse compared to youth receiving 
single phase intervention or education control at 3 months (arms 
1,2,3). 

d. Aim 4. Explore mechanisms of an mHealth psychosocial intervention to 
prevent CPSP.

i. H4: Youth receiving combined pre- and post-operative CBT (arm 4) 
will have lower rates of CPSP compared to arms 1, 2, and 3.

ii. H5: Reductions in acute postsurgical pain will mediate treatment 
effects on reducing incidence of CPSP.

iii. H6: Changes in sleep quality, anxiety and depression, and pain 
catastrophizing from baseline to 3 months will mediate treatment 
effect on pain outcomes at 6-months.

B. Phase/Stage of Trial: Phase II
C. Design of Trial
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The trial is a randomized controlled effectiveness trial utilizing a 2x2 factorial design. 
Participants will be randomized immediately after completion of their baseline 
assessment prior to surgery. Participants will be individually randomized to 1 of 4 
conditions that include two treatments (CBT vs. Education) during 2 phases of 
intervention (pre- and post-surgery phases). Randomization will be stratified by sex (due 
to female predominance of spine surgery and possible differences in pain outcomes) 
using block randomization with random block sizes.
After informed consent, study staff will send links for pre-treatment baseline (T1) 
measures to be completed online prior to randomization. There will be 4 treatment 
arms. Arm 2 will receive the pre-operative phase of the SurgeryPal intervention, and 
post-operative education. Arm 3 will receive pre-operative education and the post-
operative phase of the SurgeryPal intervention. Arm 4 will receive both pre- and post-
operative phases of the SurgeryPal intervention. Arm 1 will receive education control 
only at both phases and will not receive access to the SurgeryPal intervention. 
Participants will self-report all outcomes to reduce risk of bias. All arms will receive 
standard of care for their surgical procedure; there will be no interaction between the 
clinical teams at referral sites and the research team. The study investigators and 
surgery care teams will not know the intervention arm of participants and will not have 
access to study data until completion of the last participant follow up procedures.  
Description of the active treatment condition: The SurgeryPal intervention is a cognitive-
behavioral program for youth undergoing major surgery. SurgeryPal is delivered in two 
4-week phases: the pre-operative phase, and the post-operative phase. Each phase 
consists of 3 separate treatment modules for youth and parents, which teach cognitive 
and behavioral coping skills to target known psychosocial and behavioral risk factors 
(i.e. anxiety/distress and sleep disturbance) for poorer postsurgical outcomes, and 
provide training in pain self-management skills. Pre-operative modules include: 1) 
Preparing for surgery, 2) Coping with stress before surgery, and 3) Getting ready for the 
hospital. Postoperative modules include: 1) Coping at home after surgery, 2) Return to 
activities and school, and 3) Long-term recovery. Modules are self-guided and 
interactive, and focus on phases of preparation and recovery from surgery. The goal of 
the program is to reduce pain and enhance quality of life following surgery in youth. 

Description of control condition: The patient education website will serve as the active 
comparator. The purpose is to control for time, attention, and online usage. Youth and 
parents will be provided access to an education website containing information about 
pediatric surgery at the same time interval as the active intervention; however, there will 
be no exposure to cognitive and behavioral coping skills. Similar to the CBT condition, 
the presurgery period of Education will be administered for one month prior to surgery 
and the postsurgery period will be administered for one month after the post-discharge 
assessment..  
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4.2 Scientific Rationale for Study Design

The study design is a multicenter, single-blind (investigator), randomized controlled 2x2 
factorial design. Participants are randomly allocated to one of four treatment conditions 
to test two interventions (CBT and Education) at two phases (presurgery, postsurgery). 
This design is an efficient way to conduct two trials in one allowing a comparison of the 
optimal timing of CBT (presurgery vs postsurgery), a comparison between CBT and 
Education, and whether there are interactive (synergistic) effects of receiving CBT at 
both presurgery and postsurgery.

4.3 Justification for Intervention

CBT is a well-established intervention for management of acute and chronic pain in 
adolescents and has been effectively delivered using digital technologies to improve 
access to evidence-based care (2). We have had tremendous success in our research 
studies reaching youth with chronic pain using internet and smartphone technologies, 
including those in rural areas and with health disparities who do not have access to 
specialist services (54, 72, 73, 75). CBT interventions are flexible and can be delivered 
in brief treatment protocols. Our SurgeryPal intervention teaches six different cognitive 
and behavioral skills during the pre-operative and post-operative periods focused on 
anxiety reduction, optimizing sleep, and pain coping skills. Because the intervention is 
delivered to adolescents via a mobile application the content is standardized. 
Recognizing the important role that parents/caregivers play in treatment of pediatric 
pain, the CBT intervention includes a parent website to teach parents how to support 
their adolescent’s use of CBT skills and gives parents skills for reducing their own 
anxiety. Our prior RCTs using similar technology designs have shown high engagement 
by parents and youth (over 75% complete all of the intervention). Study data will be 
analyzed in intention-to-treat analyses regardless of exposure or adherence to the 
intervention.

4.4 End-of-Study Definition

Once the final enrolled dyad (target: 500) has completed their 6 month post-surgery 
follow-up assessment (T4), all data collection for the study will be complete. 
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5 STUDY POPULATION 

5.1 Participant Inclusion Criteria
To be eligible to participate in this study, an individual must meet all of the following 
criteria:

 Teen
o Willing to comply with all study procedures and be available for the 

duration of the study 
o 12 to 18 years old at the time of enrollment
o Undergoing scheduled spinal fusion surgery (eligible indications: 

juvenile/adolescent idiopathic scoliosis, congenital scoliosis, 
spondylolisthesis or kyphosis)

 Parent/caregiver
o Willing to comply with all study procedures and be available for the 

duration of the study 
o Parent or legal guardian of child who meets study criteria

5.2 Participant Exclusion Criteria
An individual who meets any of the following criteria will be excluded from participation 
in this study:

 Teen 

o Does not speak or understand English
o Has severe learning disability, cognitive impairment or intellectual delay 

(i.e. unable to read at 5th grade level)
o Does not have access to a smart device (smartphone, iPad or tablet)

 Teens can borrow an iPad from the study team if one is available
o Recent psychiatric admission (in the past 30 days)
o Seeing counselor for 4+ sessions specifically to prepare for surgery
o Severe systemic disease (neuromuscular scoliosis, cancer)
o On a regular treatment regimen for a severe chronic medical condition 
o Prior major surgery (open surgery such as heart, lung, brain, abdominal 

surgery, or prior spine surgery)
o Diagnosed chronic musculoskeletal pain condition (complex regional pain 

syndrome, fibromyalgia or widespread musculoskeletal pain)
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 Parent/caregiver

o Does not speak or understand English

o Does not have access to a smart device (smartphone, iPad or tablet)

5.3 Screen Failures
Participants who are consented to participate in the study but no longer meet the 
eligibility criteria prior to randomization will be not be permitted to continue 
participating in the study, and any data collected from those participants will be 
excluded. Those participants will not be re-screened. 

5.4 Strategies for Recruitment and Retention 
1. Our target sample size includes 500 dyads (adolescents ages 12-18 of any sex, 

race and ethnicity and 1 parent or caregiver, 1000 subjects total), to account for 
20% attrition, for a final complete sample of 400 dyads. Based on the percentage 
of eligible participants in previous studies with similar criteria, we anticipate that 
we will need to screen 1500 dyads in order to reach our target sample size of 
500 dyads. 

a. Regarding the NIH Policy and Guidelines on The Inclusion of Women and 
Minorities as Subjects in Clinical Research:

i. Our sample will include female children/adolescents and mothers or 
female caregivers. We anticipate a large proportion of child and 
caregiver participants to be female – in previous studies with a 
similar population, 74% of child participants and 90% of parent 
participants were female. 

ii. Our sample will include minorities. Specifically, we estimate 
enrolling participants at the following rate: 11.0% Hispanic/Latino 
and 89.0% not Hispanic/Latino. In terms of racial categories, we 
expect to enroll participants in the following proportions: 78.4% 
White, 7.0% Asian, 4.0% More than One Race, 9.0% Black or 
African American, 1.4% American Indian/Alaska Native, and 0.2% 
Native Hawaiian or Other Pacific Islander. Referrals will come from 
a geographically diverse range of hospitals and surgery centers 
across the United States.

iii. Although we are not enrolling Spanish-speaking participants, we 
will use Spanish recruitment materials (flyer, one-pager, and 
website) to target families who may be more comfortable receiving 
study information in Spanish but could still participate in the study 
as long as 1 LAR and the teen can read and speak English.
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b. The sample is limited to adolescents between the ages of 12 and 18 years 
old for two primary reasons: (a) spinal fusion surgeries for idiopathic 
deformities are most common during this age range and intervention 
content can be delivered in a similar format across this developmental age 
range, and (b) youth over the age of 18 years typically undergo surgery at 
an adult hospital rather than a children’s hospital, which would introduce 
variability in the surgical care if we were to include youth over 18. 

2. Participants will be recruited via referral from hospital and surgical centers across 
the United States. Health care providers will inform patients and families about 
the study and provide families with study information in the form of a flyer. The 
flyer will give an overview of the study and provide families with a link/QR code 
allowing access to a study website which contains more information. Providers 
will then ask families if they are willing to be contacted by Seattle Children’s 
Hospital (SCH) research staff to assess interest in the study and discuss 
participation. The provider will refer interested, potentially eligible participants by 
entering participant and parent names and contact information into a secure 
REDCap database hosted at SCH, or may send the referral by secure fax, email, 
or voicemail. Families who do not give permission for their information to be 
shared with SCH by the referral site may still contact SCH staff or submit their 
information to SCH via a secure link on the study website (self-referral), or via 
email or secure voicemail. If families self-refer, the study team may share the 
patient’s first and last initial with the referring site for their records, to prevent 
duplicate outreach.

3. Additional participants in the United States will be recruited from the community 
through various organizations associated with pediatric spine surgery, such as 
the Steel Association/American Spinal Injury Association, Harms Group, 
Scoliosis Research Society, and Academy of Spinal Cord Injury Professionals, or 
through their health care providers affiliated with those organizations. The 
organization or health care provider will share study information with potentially 
eligible patients via a study flyer or website link. Information will also be shared 
through SurgeryPal Facebook, Instagram, and Twitter accounts. Interested 
patients/families may contact SCH staff or submit their information to SCH via a 
secure link on the study website (self-referral), or via email or secure voicemail. 

4. Participants will be individually compensated after each completed study 
assessment: Each teen and parent will receive a $50 gift card on completion of 
assessments 1 and 3. The teen will receive a $50 gift card for each completed 
week of the 2-week T2 daily assessments, and the parent will receive a $50 gift 
card for completing their T2 assessment. After the final follow-up assessment, 
the teen will receive a $100 gift card, and the parent a $50 gift card for 
completion of the study. Each teen and parent participant will receive $20 upon 
completion of their T2-PT1 survey and upon completion of their T3-PT2 survey. 
Participants will not receive additional reimbursement for completing the 
intervention.
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5. We will utilize standard procedures for randomized controlled digital health trials 
to maximize retention rates for this trial, incorporating the following elements: 

a. Creation and use of a detailed contact protocol to specify when 
participants should be contacted throughout different study phases

b. Staff will build rapport with family – consistent contact with the same 
research coordinator(s)

c. Open communication with family re: contact preferences (time, method)
d. Use of varied contact methods according to family preference, study 

timeline, and past contact history (text, email, phone, app-based 
reminders and encouragement)

i. Text and email communication (based on templates) from the study 
team will be used for the following types of situations: initial & 
follow-up recruitment messaging, consent call information and 
scheduling/rescheduling, missing survey question follow-up, survey 
completion reminders, diary survey completion reminders, gift card 
distribution, incomplete baseline surveys, website/app login 
instructions, website/app usage reminders, check-ins, and updates, 
discharge survey follow-up, and assessment start date scheduling 

ii. Video conference screening visits will be used to verify legitimacy, 
screen, and recruit families from the community who are not 
referred by a known site/provider

e. Use of adequate incentives for survey and diary completion 
f. Frequent reminders for survey and diary completion; discussion with 

family of assessment timelines and start dates to ensure they work with 
family schedule 

g. Frequent monitoring of program usage and reminders via app and 
text/email/call as needed to encourage program adherence

h. Teens without access to a smart device can borrow an iPad from the 
study team if one is available (only enabled for the use of the SurgeryPal 
mobile app)

i. Teens will be asked to sign an agreement to indicate their 
willingness to borrow an iPad from the study team, take good care 
of it, notify the study team if it is lost, stolen, or damaged, and 
return the smartphone at the appropriate time. 

i. The above methods utilized to maximize retention are also applicable for 
minimizing loss to follow-up and missing data. See section 6.3 for further 
discussion of loss to follow-up. 

6. Seattle Children’s research staff will screen each completed survey for any items 
that were not filled out by the participant. Seattle Children's research staff will 
then follow up with the participant to recover information for missed questions 
unless the participant skipped that question intentionally. 
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6 STUDY INTERVENTION/EXPERIMENTAL MANIPULATION DISCONTINUATION 
AND PARTICIPANT DISCONTINUATION/WITHDRAWAL 

6.1 Discontinuation of Study Intervention/Experimental Manipulation
Not applicable – this is a minimal risk, adjunctive educational intervention that provides 
cognitive and behavioral skills for pain management.

6.2 Participant Discontinuation/Withdrawal from Study 
Participants may withdraw from the study or intervention voluntarily at any time. 
Participants may be discontinued from the study per investigator discretion if they do not 
complete the baseline assessment, develop a new complex medical condition (e.g. new 
cancer diagnosis), undergo a second major surgery during the study time frame (time 
points prior to second surgery or new presentation of exclusionary condition will be 
analyzed), or if their surgery is cancelled.

6.3 Lost to Follow-Up
Seattle Children's research staff will attempt to collect data from enrolled participants 
who we are unable to reach or have not completed prior assessments. Staff will follow a 
detailed contact protocol to contact participants at regular intervals appropriate for their 
study timeline and utilize a variety of contact methods according to participant 
preference to maximize participant retention and engagement. As noted in Section 5.4, 
research staff will individually screen completed surveys for missing data and follow up 
as needed to minimize the amount of missing data.
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7 STUDY INTERVENTION OR EXPERIMENTAL MANIPULATION 

7.1 Study Intervention or Experimental Manipulation Description
There are four intervention conditions. Group 1 will receive education control only and 
will not receive access to CBT. Group 2 will receive preoperative CBT, and post-
operative education. Group 3 will receive pre-operative education and post-operative 
CBT. Group 4 will receive both pre- and postoperative CBT. The CBT interventions 
include treatment components modeled after our effective WebMAP program that our 
team has implemented in multiple populations of youth with painful conditions and their 
parents (72, 75). The CBT intervention targets stress and anxiety, optimizing sleep 
duration, and teaching pain self-management skills. The intervention is delivered via a 
mobile app. A complementary parent intervention delivered via a web program 
addresses parental anxiety and ways to support youth coping. The goals of the 
interventions are to improve psychosocial functioning, reduce pain and opioid use, and 
enhance quality of life following surgery in youth. 

The mobile app (SurgeryPal) is an interactive, self-guided intervention. Each module’s 
theme and content is relevant to the timing of the perioperative period (e.g., before 
surgery, at the hospital, at home), and was developed working closely with patient 
stakeholders. Pre-surgery intervention includes: 1) Preparing for surgery, 2) Coping with 
stress before surgery, 3) Getting ready for the hospital. Post-operative intervention 
includes: 1) Coping at home after surgery, 2) Return to activities and school, 3) Long-
term recovery. Treatment duration is 4 weeks for each phase. 

The main components of the app include the following: 1) Modules – each consists of 
several lessons teaching cognitive and behavioral skills, 2) Library - contains (a) Skills 
delivered via audio and video clips as well as interactive features, with symptom ratings 
before and after skill practice to provide further feedback to the participant; (b) “For You” 
articles tailored to surgery timing and symptom ratings; 3) Check in – this is a tracking 
feature to allow youth to track their pain level, activity, sleep, and mood symptoms on 0-
10 NRS through a Daily Check in. These scores generate a customized graph that is 
updated daily to allow users to track their symptoms and progress. Tailored articles are 
released to participants in the “For You” section based on their check-in data (e.g. 
“developing a wind-down routine” article if participant reports poor sleep quality). The 
same structure and features are available for the pre-surgery CBT program and the 
post-surgery CBT program. 

Education. The patient education website will serve as the active comparator per the 
group allocation assignment during the pre- and/or post-operative phase(s). The 
purpose is to control for time, attention, and online usage, and to allow masking to 
treatment allocation. We are modeling this site after WebEd, an education site that we 
have constructed for other clinical trials to provide youth and parents with information 
about chronic pain. Youth and parents will be provided access to a modified version of 
our education site tailored to content about pediatric surgery. The content does not 
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include any instruction in the behavioral and cognitive skills taught within the SurgeryPal 
program. In our prior RCTs using the education control site, parents and youth have 
shown a high level of engagement and high ratings of treatment credibility (72). 

7.2 Administration and/or Dosing
The study intervention will be delivered remotely via the internet/mobile applications. 
The study intervention consists of two phases of 4 weeks duration: pre-operative and 
post-operative (starting 3 weeks after surgery). Each treatment phase has 3 modules to 
be completed by the teen. Each module takes 20-30 minutes to complete or less. One 
module is released each week at the start of weeks 1, 2, and 3 of the respective 
treatment phase. A full dose of intervention includes completion of all 3 modules. Daily 
notifications on the app are used to remind participants to use the intervention and push 
notifications are used to alert the participants to new content or actions required. Study 
staff will also maintain close contact with participants during each of the two phases with 
scheduled text or phone contact occurring at least 2x/week.

An administrative backend database allows a complete record of app usage by each 
participant. We will record completion of lessons, number of days of app use, number of 
days of daily monitoring of symptoms, and skills practiced on the app. The education 
website will monitor logins to the website and number of modules completed so that we 
will have a record of engagement with the program. 

Participants will not interact with one another, nor will they interact with study 
investigators – all components will be technology-delivered and are self-guided. 
Participants will interact with research staff for assistance accessing and using the 
interventions to which they have been assigned.

7.3 Measures to Minimize Bias: Randomization and Masking
After baseline assessment is completed, participants will be block randomized with 
random block sizes to one of four arms in this 2x2 factorial design, stratified by 
participant sex. Five-hundred youth will be randomized to 4 treatment arms (see 
treatment arms table below), therefore we anticipate 125 youth per study group. Group 
1 will receive education control only and will not receive access to the SurgeryPal 
intervention. Group 2 will receive the preoperative phase of the SurgeryPal intervention, 
and post-operative education. Group 3 will receive pre-operative education and the 
post-operative phase of the SurgeryPal intervention. Group 4 will receive both pre- and 
postoperative phases of the SurgeryPal intervention. 

Research staff will set up accounts and instruct the participants regarding how to 
access the assigned intervention.  Participants, investigators, and healthcare providers 
will be masked to treatment assignment. 

In our prior RCTs using the education control site, parents and youth have shown a high 
level of engagement and high ratings of treatment credibility (72). Study coordinators 
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will be aware of treatment assignment only after completion of the baseline assessment. 
All assessments will be conducted via automated web-based survey questionnaires 
thereby eliminating the chance of staff bias affecting results. 

Table 7.3.Treatment Arms

Group
Pre-

operative
Post-

operative

1 ED ED

2 CBT ED

3 ED CBT

4 CBT CBT

7.4 Study Intervention/Experimental Manipulation Adherence/Fidelity 
Procedures 

Treatment is consistently delivered via the mobile application and web programs. Study 
staff ensure that each participant has downloaded and set up the intervention program 
within 7 days of completing the baseline assessment. The mobile application and web 
programs track each time a parent or youth uses the program and document when 
lessons are completed. Treatment adherence will be collected by assessing number of 
days of app use, completion of lessons, number of days of daily monitoring completed, 
and skills practice. The primary measure of adherence will be the number of lessons 
completed.  

7.5 Concomitant Therapy 
We will collect information from parents after each treatment phase on mental health 
services that may qualify as concomitant therapy. Parents report on if their teen 
received mental health services, if services were to prepare their teen for surgery, if 
services were related to a pre-existing problem, and how many sessions their teen had. 
Although the likelihood of concomitant therapy being received is extremely low, it is 
important to assess because other therapies and services received may influence the 
study endpoints independently of the active intervention.  
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8 STUDY ASSESSMENTS AND PROCEDURES/EVALUATIONS 

8.1 Study Procedures/Evaluations
We will use a two-stage screening process; first, potentially eligible patients meeting the 
inclusion criteria will be approached by their providers; if they meet inclusion criteria and 
are interested in the study they will be referred to SCH staff for follow-up. Providers will 
refer interested, potentially eligible participants to SCH research team by completing a 
secure REDCap form including participant and parent names, contact information and 
an inclusion criteria checklist; SCH study staff will receive email notifications when new 
REDCap referrals are received and contact the families within 1 business day of 
receiving the referral. Once referred, SCH staff will discuss the study with families to 
assess interest and screen for final eligibility according to inclusion and exclusion 
criteria over the phone 6-12 weeks pre-surgery. Providers and staff at referral sites are 
not obtaining consent nor participating in any study procedures, and are considered to 
be not-engaged in research activities. As mentioned in Section 5.4, video conference 
screening visits will be used to verify legitimacy, screen, and recruit families from the 
community who are not referred by a known site/provider.

Youth and parents will complete baseline measures prior to randomization. At this time 
they will also receive a text message confirming their permission to receive study text 
messages, and an opportunity to opt out of these if desired. Following randomization, 
youth and parents will complete web/mobile application program modules during the 
month prior to surgery. Youth will complete daily monitoring of acute recovery during the 
14 days at home following hospital discharge using an automated, scheduled daily diary 
assessment sent via email/text through REDCap. We will briefly check in daily with 
youth during the days after their surgery to see when they are discharged from the 
hospital sent via email/text through REDCap. Youth and parents will complete 
web/mobile application program modules during the month after completion of the 14 
day acute recovery monitoring assessment. Pain (pain intensity, pain interference), 
HRQL, opioid use/misuse, psychosocial distress, and sleep disturbance will be 
assessed at baseline, 3- and 6- month follow-up. Study questionnaires have all 
undergone rigorous development and psychometric evaluation, and are appropriate for 
use in participants in our study age range. Daily monitoring at T2, T3 and T4 takes 
approximately 2 to 5 minutes to complete each day; T1, T3, and T4 measures take 
approximately 20-30 minutes. 

During participation in the study, there is no interaction between research staff and the 
clinical providers, who may even be unaware of whether the patient is a study 
participant.  Thus, participants will receive medical pain management per the standard 
of clinical care such as opioids, or NSAIDs, or physical therapy. 
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9 ASSESSMENT OF ADVERSE EVENTS AND UNANTICIPATED PROBLEMS 
INVOLVING RISKS TO SUBJECTS OR OTHERS 

Clinically related adverse events and unanticipated problems cannot be collected systematically 
using this study design.  This study does not have any study visits, and all outcomes are self-
reported by the patient or by the parent. The study team will not have access to clinical data or 
medical records. Therefore, safety monitoring for this study will be based on three sources, 1) 
spontaneous reporting of unanticipated problems by parents or youth to study staff, 2) self-
reported experiences with the treatments collected systematically using a questionnaire 
completed by parents and youth at post-treatment time points, and 3) detection of any software 
or technology problems that compromise patient data. 

Standard definitions are described below and will be applied for unanticipated problems 
involving risks to participants, including unanticipated problems that meet the definition of a 
serious adverse event.

Definitions

9.1 Unanticipated Problems (UPs)

Unanticipated problems involving risk to human subjects will be recorded and reported 
throughout the entire study.    

The Office for Human Research Protections (OHRP) considers unanticipated problems 
involving risks to subjects or others to include, in general, any incident, experience, or outcome 
that meets all of the following criteria:

• unexpected in terms of nature, severity, or frequency given (a) the research procedures 
that are described in the protocol-related documents, such as the IRB-approved research 
protocol and informed consent document; and (b) the characteristics of the subject population 
being studied;

• related or possibly related to participation in the research (“possibly related” means there 
is a reasonable possibility that the incident, experience, or outcome may have been caused by 
the procedures involved in the research); and

• suggests that the research places subjects or others at a greater risk of harm (including 
physical, psychological, economic, or social harm) than was previously known or recognized.
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9.1.2 Adverse Events

An adverse event is any untoward or unfavorable medical occurrence in a human subject, 
including any abnormal sign (for example, abnormal physical exam or laboratory finding), 
symptom, or disease, temporally associated with the subject’s participation in the research, 
whether or not considered related to the subject’s participation in the research.

9.1.3 Serious Adverse Events

A serious adverse event (SAE) is one that meets one or more of the following criteria:

 Results in death

 Is life-threatening (places the subject at immediate risk of death from the event as it 
occurred)

 Results in inpatient hospitalization or prolongation of existing hospitalization

 Results in a persistent or significant disability or incapacity

 Results in a congenital anomaly or birth defect  

 An important medical event that may not result in death, be life threatening, or require 
hospitalization may be considered an SAE when, based upon appropriate medical 
judgment, the event may jeopardize the subject and may require medical or surgical 
intervention to prevent one of the outcomes listed in this definition.

9.3 Characteristics of an Adverse Event

9.3.1 Relationship to Study Intervention

To assess relationship of an event to study intervention, the following guidelines are used by the 
Co-PIs:

1. Related (Possible, Probable, Definite)

a. The event is known to occur with the study intervention.

b. There is a temporal relationship between the intervention and event onset.

c. The event abates when the intervention is discontinued.

d. The event reappears upon a re-challenge with the intervention.

2. Not Related (Unlikely, Not Related)

a. There is no temporal relationship between the intervention and event onset.

b. An alternate etiology has been established.
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9.3.2 Expectedness of SAEs

The study PIs will be responsible for determining whether an SAE is expected or unexpected.  
An adverse event will be considered unexpected if the nature, severity, or frequency of the 
event is not consistent with the risk information previously described for the intervention.  

9.3.3 Severity of Event

The following scale will be used by the Co-PIs to grade adverse events:

1. Mild: no intervention required; no impact on activities of daily living (ADL)

2. Moderate: minimal, local, or non-invasive intervention indicated; moderate impact on 
ADL

3. Severe: significant symptoms requiring invasive intervention; subject seeks medical 
attention, needs major assistance with ADL

9.4 Overview of safety monitoring for this study

The behavioral intervention being tested in this study has no known risks for adverse events. 
The study team will have access to three sources of information on unanticipated problems to 
enable safety monitoring.  The first source of information includes spontaneous reporting. Youth 
or parent participants may spontaneously report unanticipated problems to study staff during the 
course of routine data collection. This may include reports of adverse events including 
hospitalization, disability, or death. If this occurs, adverse events will be reported using the 
procedures described below but will be assumed to be unrelated to the study intervention.

The second source of information is a self-report questionnaire developed for this study to 
obtain systematic data on the experiences of youth and parents with the behavioral treatments 
being administered. The questionnaires will be administered at post-treatment time points. This 
includes the following items,

1.  Did you experience any of the following negative effects due to your participation in the study 
(yes/no for each)?

a.  I couldn't stop thinking or worrying about my pain.

b.  I was overwhelmed by the treatment assignment.

c.  I felt there was more tension at home during treatment.

d.  I was worried thinking if the treatment didn't work, nothing would work.

e.  I was anxious because of the things I was asked to do.

2.  How much discomfort did these experiences cause?  0 ('Did not affect me at all") to 3 
("Affected me very negatively").
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3.  During this study, did you experience any stressful life event unrelated to your participation in 
the study (for example: a car accident, an illness in the family, a break up, the loss of a pet)? 
(yes/no)

a.  If yes, tell us a little about what happened (open text field).

Study staff at SCH will follow up by phone with any participants who endorse experiencing a 
great deal of discomfort (i.e., ratings of 3, affected me very negatively) from study participation 
to find out more information and identify any adverse events.

The third source of information is detection of any software or technology problems that 
compromise patient data. UPs can occur if the data system is breached, confidentiality is not 
maintained, or study data is not recorded and is lost.  

At the time of DSMB evaluations, unanticipated problems from these three sources will be  
tabulated by intervention arm and included in the closed DSMB report.

9.5   Reporting Procedures

9.5.1 Unanticipated Problem Reporting to IRB, NICHD and the Medical Monitor at 
NCATS

Incidents or events that meet the OHRP criteria for unanticipated problems require the creation 
and completion of an unanticipated problem report form by the Co-PIs.  The report will include 
the following information when reporting an adverse event, or any other incident, experience, or 
outcome as an unanticipated problem to the IRB:

 appropriate identifying information for the research protocol, such as the title, 
investigator’s name, and the IRB project number;

 a detailed description of the adverse event, incident, experience, or outcome; 

 an explanation of the basis for determining that the adverse event, incident, experience, 
or outcome represents an unanticipated problem; 
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 a description of any changes to the protocol or other corrective actions that have been 
taken or are proposed in response to the unanticipated problem.

To satisfy the requirement for prompt reporting, unanticipated problems will be reported using 
the following timeline:  

 Unanticipated problems that are serious adverse events will be reported to the IRB, 
NICHD and NCATS within 5 business days of the investigator becoming aware of the 
event. 

 Any other unanticipated problem will be reported to the IRB, NICHD and NCATS within 5 
business days of the investigator becoming aware of the problem. 

 All unanticipated problems should be reported to appropriate institutional officials (as 
required by an institution’s written reporting procedures), the supporting agency head (or 
designee), and OHRP within one month of the IRB’s receipt of the report of the problem 
from the investigator.

9.5.2 Report of death

Death during the study will be reported using the SAE report form of the Data Coordinating 
Center to the IRB, NICHD and NCATS within 7 days of the investigator becoming aware of the 
death.
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10 STUDY OVERSIGHT 
Study oversight will be under the direction of a Data and Safety Monitoring Board 
(DSMB) composed of members with expertise in appropriate clinical, statistical, 
scientific and ethical disciplines. The DSMB will meet before study enrollment begins 
and every six months thereafter, until the end of the study; to approve the study protocol 
prior to implementation; to assess participant safety;  to monitor accrual of study 
participants; and to oversee study progress and data integrity for the study.  

The DSMB will operate under the rules of a charter that will be approved at the DSMB 
organizational meeting. The DSMB will provide recommendations to the funding agency 
regarding proceeding with the study as planned, proceeding with modifications, or 
terminating the study.  The DSMB will provide recommendations to the Eunice Kennedy 
Shriver National Institute of Child Health and Human Development (NICHD) as noted in 
the DSMB Charter.  

This study may be suspended or prematurely terminated if, in the opinion of the 
investigators or the NICHD, there is reasonable cause.  Written notification, 
documenting the reason for study suspension or termination, will be provided by the 
suspending or terminating party.  The investigators will promptly inform the IRB, 
providing the reason(s) for suspension or termination. 

Circumstances that may warrant termination include, but are not limited to:

 Determination of unexpected, significant, or unacceptable risk to participants.
 Insufficient adherence to protocol requirements.
 Data that are not sufficiently complete and/or evaluable. 
 Determination of futility.
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11 STUDY MONITORING 
Clinical site monitoring is conducted to ensure that the rights of human subjects are 
protected, that the study is implemented in accordance with the protocol and/or other 
operating procedures, and that the quality and integrity of study data and data collection 
methods are maintained. Clinical site monitoring and remote monitoring for this study 
will be performed by the Duke/Vanderbilt (Clinical Coordinating Center or CCC) and 
Utah (Data Coordinating Center or DCC) Trial Innovation Centers, respectively. Duke, 
Vanderbilt and Utah will not administer research procedures or interventions.

11.1 Clinical Site Monitoring 
The Data Coordinating Center (DCC) utilizes risk-based methodology to identify and 
correct problems that may arise. Since all study data are self-reported by participants 
and parents, monitoring will be focused on assurance of proper consenting and 
assenting procedures, maintenance of IRB approval, and security of databases 
maintained at Seattle Children's Hospital. Documentation of monitoring activities and 
findings will be provided to the site study team, the study PIs, NIH and NIH Program 
staff. The NIH reserves the right to conduct independent clinical site monitoring as 
necessary.

11.2 Remote Monitoring 
As the study data are self-reported by participants and parents, there is no source 
verification of data, and remote monitoring will be primarily focused on assurance that 
implementation of the intervention matches the intervention assigned by randomization.
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12 STATISTICAL CONSIDERATIONS 

12.1 Statistical Hypotheses
1. H1: efficacy

a. H1 null: Youth receiving pre-operative CBT (arms 2&4) will have equal 
rates of recovery (acute pain intensity and interference: primary 
outcomes), as well as equal opioid use during the 14 days following 
hospital discharge, compared to youth who receive pre-operative 
education (arms 1&3).

b. H1 alternative: Youth receiving pre-operative CBT (arms 2&4) will have 
faster rates of recovery (acute pain intensity and interference: primary 
outcomes), as well as lower opioid use during the 14 days following 
hospital discharge, compared to youth who receive pre-operative 
education (arms 1&3).

2. H2: efficacy
a. H2 null: Youth receiving post-operative CBT only (arm 3) will have equal 

chronic pain intensity and interference (primary outcomes) compared to 
youth receiving education control (arm 1).

b. H2 alternative: Youth receiving post-operative CBT only (arm 3) will have 
lower chronic pain intensity and interference (primary outcomes) 
compared to youth receiving education control (arm 1).

3. H3: efficacy
a. H3 null: Youth receiving both phases of peri-operative CBT (arm 4) will 

have equal chronic pain intensity and interference (primary outcomes), as 
well as equivalent HRQL, psychosocial distress, sleep disturbance, and 
opioid misuse compared to youth receiving single phase intervention or 
education control at 3 months (arms 1,2,3). 

b. H3 alternative: Youth receiving both phases of peri-operative CBT (arm 4) 
will have lower chronic pain intensity and interference (primary outcomes), 
as well as higher HRQL, lower psychosocial distress, sleep disturbance, 
and opioid misuse compared to youth receiving single phase intervention 
or education control at 3 months (arms 1,2,3). 

12.2 Sample Size Determination
Data available from our preliminary perioperative and chronic pain studies (Rabbitts, 
Groenewald et al. 2015, Rabbitts, Zhou et al. 2015) and from prior perioperative 
intervention studies (LaMontagne, Hepworth et al. 2003, Charette, Fiola et al. 2015, 
Davidson, Snow et al. 2016) allowed us to conduct power calculations on primary pain 
outcomes for each of our aims (see below). 

Power/sample size calculations for Aims 1-4. 
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Comparison Groups*
Aim

Control Intervention

Primary Outcome 
variables

Mean difference 
(SD) Power N per smallest 

comparison group

1 Pre-operative 
education 
(Arms 1&3, n 
=200)

Pre-operative 
mHealth (Arms 
2&4, n= 200)

Brief Pain Inventory; 
T2

0.43 (0.38)

0.32 (0.38)

80%
90%
80%
90%

14
18
24
31

2 Education control 
alone 
(Arm 1, n = 100)

Post-operative 
mHealth
(Arm 3, n = 100)

Brief Pain Inventory; 
T3

0.9 (1.7) 80%
90%

18
30

3 Single phase 
mHealth or 
education control 
alone (Arms 
1,2,3, n =300)

Pre- & post-
operative 
mHealth
(Arm 4, n = 100)

Brief Pain Inventory; 
T3

1.0 (1.8) 80%
90%

35
46

4 Single phase 
mHealth or 
education control 
alone (Arms 
1,2,3, n = 300)

Pre- & post-
operative 
mHealth
(Arm 4, n = 100)

Rate of CPSP 
(defined by NRS and 
PedsQL; T3)

15% 80%
90%

86
113

*The number of treatment arms in the smallest comparison group differ for each aim; 
total available n per analysis is listed based on a final complete sample of 400 youth. 

For Aim 1, the primary parameter of interest is the rate of recovery modeled using an 
exponential decay model. Based on our pilot data, we assume we will be seeing 
log(rate)=-1.21 (SE=0.38) in the intervention arm, which translates into a half-life (days 
taken to achieve 50% reduction in BPI outcome from time 0) of 4.13 days. If the control 
has a 50% increased half-life (then log(rate)=-1.64) then a sample size 18 subjects per 
arm would provide 90% power to detect the difference (SD=0.38); N=14/arm for 80% 
power. If we assume the control arm will double the half-life (takes twice as long to 
achieve the same amount of reduction) which has log(rate)=-1.93, then sample size of 
7/arm and 6/arm are needed for 90% and 80% power. Using a more conservative 
estimate of 35% increased half-life of recovery in the control arm, 31 subjects per arm 
would provide 90% power; N=24/arm for 80% power.

Based on our power calculations (provided in above table), a final sample size of 400 
youth (100 per arm) will allow sufficient sample size in each comparison group to 
provide ample power to test each hypothesis on primary outcomes (Aims 1-3). For 
exploratory outcomes (Aim 4), we anticipate a rate of CPSP of 31% (see preliminary 
studies). With a sample size of 400 (i.e. 100 in smallest comparison group), we will have 
>80% power to detect an absolute reduction of 15% in the rate of CPSP in the group 
receiving combined full pre- and post-operative intervention. 

Although we have had >95% retention in our prior perioperative and mHealth 
intervention studies, we conservatively plan for 20% attrition, and therefore plan to 
enroll 500 dyads for a complete sample of 400 dyads, which will allow us to test the 
primary study hypotheses with optimal power. 
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12.3 Populations for Analyses
Our main analyses will be intent-to-treat; children are the unit of analysis. All 
randomized participants will be included in analyses. 

12.4 Statistical Analyses

12.4.1 General Approach
Our main analyses will be intent-to-treat analyses which will include all participants 
randomized, regardless of intervention compliance, though additional sensitivity 
analyses will be performed to examine the effect of compliance. Given that youth are 
individually randomized and receive individual treatment, children are the unit of 
analysis for the sample size calculations and proposed data analysis plan. If strong 
correlations exist within participants for repeated measures or among participants from 
the same study site, they will be accounted for using participant- and/or site- specific 
random effects in mixed effects models. Randomization at the participant level with 
stratification by participant sex should balance many observed and unobserved 
confounders. Per the CONSORT 2010 Statement, we will not test for baseline 
differences between intervention and control groups as part of analysis (Schulz, Altman 
et al. 2010). We have a priori identified child/family socio-demographics (e.g., age, sex, 
race/ethnicity), strong prognostic factors (pre-surgery pain severity), and study site as 
covariates for the proposed outcomes and will adjust for them in our analyses. For the 
primary aims we will perform cross-sectional analysis focusing on 2 weeks post 
discharge (acute pain) and 3-months postsurgery (chronic pain) to evaluate both the 
immediate and short term effects of the interventions. We will conduct analyses to test 
for differences in effect among sex, racial, and/or ethnic groups as outlined below. In 
secondary data analysis we will perform longer-term data analysis examining outcomes 
over 6 months follow up. 

12.4.2 Analysis of the Primary Endpoint(s)
Primary analytic plan for Hypothesis 1 Primary Outcomes. Youth receiving pre-operative 
CBT (arms 2 and 4) will have lower pain intensity and interference (primary outcomes) 
during the 14 days following hospital discharge, compared to youth who receive pre-
operative education (arms 1 and 3). The primary outcomes will be the individual rate of 
recovery over 14 days in pain intensity and interference (Brief Pain Inventory) 
assessed immediately post-discharge. For this hypothesis, arms 1&3 will be combined 
into the control group (pre-operative education); arms 2&4 will be combined into the 
intervention group (receiving pre-operative mHealth intervention). Note these outcomes 
will be assessed before any post-operative mHealth intervention has taken place. 

To test the hypothesis that intervention youth would have a more rapid rate of recovery 
in pain and interference than control youth, we will model a trajectory of pain symptoms 
using an exponential decay framework. Given that pain will be assessed 14 times, we 
believe the data will provide sufficient resolution to model time as a continuous variable 
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when examining change in pain intensity and interference over time. Let  denotes the 𝑌𝑖𝑗
BPI measured for ith subject at time , xi denotes the group assignment for ith subject, 𝑡𝑗
Zi  denote the vector of covariates, we will consider the following 

general model specification: (1) 𝑌𝑖𝑗 = 𝑓(𝜷
(𝑥𝑖)

𝑖 ,  𝑡𝑗) + 𝜸𝒁𝑖 +  𝜖𝑖𝑗;   𝜷
(𝑥𝑖)

𝑖

.  Function can take flexible ~ 𝑁(𝒃
(𝑥𝑖), 𝚺);   𝜖𝑖𝑗~𝑁(0, 𝜎2) 𝑓(𝜷, 𝑡) 

functional forms to capture different shapes of trajectories. For 
example,  represents a linear trend over time; 𝑓(𝜷, 𝑡) = 𝛽0 + 𝛽1𝑡 𝑓

 represents a quadratic trend over time; or (𝜷, 𝑡) = 𝛽0 + 𝛽1𝑡 + 𝛽2𝑡2

more generally, we can assume a restricted cubic spline for  to 𝑓(𝜷, 𝑡)
represent more flexible trajectory shapes. Based on our pilot study 
and prior studies in the literature, we have observed that pain 
symptoms and other health outcomes exhibit faster rates of 
improvement in the acute phase (<1 month), and then changes tend to slow down and 
level off. For these reasons a more parsimonious and accurate function for time trend 
could be exponential decay function in the form 𝑓(𝜷, 𝑡) = 𝛽2 + (𝛽0 ‒ 𝛽2) × exp ( ‒ 𝛽1𝑡), 
where t is time,  is the initial value at t=0,  is the asymptote as t goes to infinity, , 𝛽0 𝛽2 𝛽1
constrained to be positive, is the rate of change or how quickly the process 
decays/improves from the initial value to the asymptote.147 Examples of trajectories 
based on exponential decay functions are shown in Figure 6. Parameters  and  𝛽1

(1) 𝛽1
(2)

are the group specific shape parameters, and equality of these parameters will be 
tested using multivariate Wald-test to assess the hypothesis that pain (BPI) declines 
more quickly in mHealth intervention subjects compared to control. Note the rate of 
change  could also be influenced by other biopsychosocial variables and clinical 𝛽1
factors, we can address this by considering a more advanced hierarchical model in 
which: (2) , the logarithmic transformation ensures log (𝛽1(𝑥𝑖, 𝒁𝑖)) =  𝛼0 + 𝛼1𝑥𝑖 + 𝜶2𝒁𝑖
positivity of the change rate and parameter captures the difference in rate of change 𝛼1
between study arms when is the study arm indicator for ith subject..   𝑥𝑖

Primary analytic plan for Hypothesis 2 Primary Outcomes. Youth receiving post-
operative CBT alone (arm 3) will have lower pain intensity and interference (primary 
outcomes), compared to youth receiving education control (arm 1). The primary 
outcomes will be the average of 7 days of daily pain intensity and interference (Brief 
Pain Inventory) assessed at 3 months postsurgery. We will consider the education 
control arm (arm 1) as the control group and post-operative mHealth alone arm (arm 3) 
as the intervention group. Note both of these groups receive pre-operative education 
control. The main analysis will be based on covariates adjusted linear regression 
models. We will consider pain outcomes as continuous outcomes and apply linear regression 
models. Specifically, let  denote the outcome for participant i, let  be the intervention 𝑦𝑖 𝑈𝑖
indicator (0=control, 1=intervention), let  be the collection of covariates specified a priori, then 𝑿𝑖
the regression equations will take the following form  . The 𝑦𝑖 = 𝑏0 + 𝑈𝑖𝛼 + 𝑿𝑖𝛽 +  𝜖𝑖,   (1)

Figure 6: Examples of trajectories based on an 
exponential decay function 



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

44

parameter of interest (α) captures the expected difference between intervention and control 
groups and will be tested for significance based on Wald t-test. 

Primary analytic plan for Hypothesis 3 Primary Outcomes. Youth receiving both phases 
of peri-operative CBT (arm 4) will have lower pain intensity and interference compared 
to youth receiving single phase intervention (arms 2 and 3) or education control alone 
(arm 1) at 3 months. The primary outcomes will be the average of 7 days of daily pain 
intensity and interference (Brief Pain Inventory) assessed at 3 months postsurgery. 
For this hypothesis comparing individual study arms, the predictor of interest  in the 𝑈𝑖
regression equation (1) will be treated as a 4-category factor (0=arm #4 both pre- and 
post-operative mHealth interventions, 1=arm #1 education control, 2= arm #2 pre-
operative mHealth, 3= arm #3 post-operative mHealth). Using arm #4 as the reference 
group, the coefficients  estimate the expected differences between arms #1-3 versus 𝛼
arm #4 and will address our hypothesis. Note using proper contrast and linear 
combination of regression coefficients, Hypothesis 2 can be addressed by this 
regression model as well. 

12.4.3 Analysis of the Secondary Endpoint(s)
Primary analytic plan for Hypothesis 1 Secondary Acute Outcomes. Youth receiving 
pre-operative CBT (arms 2 and 4) will have lower opioid use during the 14 days 
following hospital discharge, compared to youth who receive pre-operative education 
(arms 1 and 3). For this hypothesis, arms 1&3 will be combined into the control group 
(pre-operative education); arms 2&4 will be combined into the intervention group 
(receiving pre-operative mHealth intervention). Secondary outcomes at Acute phase 
include opioid use (Brief Pain Inventory Short Form; # days of opioid use during 14 
days daily monitoring). Note these outcomes will be assessed before any post-operative 
mHealth intervention has taken place. Our primary analysis will be based on covariates 
adjusted regression models. Opioid days will be treated as count variables and 
analyzed using Poisson regression. Specifically, let  denote the outcome for 𝑦𝑖
participant i, let  be the intervention indicator (0=control, 1=intervention), let  be the 𝑈𝑖 𝑿𝑖
collection of covariates specified a priori, then the regression equations will take the 
following form

 .𝑦𝑖 = 𝑏0 + 𝑈𝑖𝛼 + 𝑿𝑖𝛽 +  𝜖𝑖,           (1)

The parameter of interest is α which captures the expected difference between 
intervention and control groups and will be tested for significance based on Wald t-test.

Primary analytic plan for Hypothesis 3 Secondary Chronic Outcomes. Youth receiving 
both phases of peri-operative CBT (arm 4) will have lower pain intensity and higher 
HRQL, as well as lower pain interference, psychosocial distress, sleep disturbance, and 
opioid misuse compared to youth receiving single phase intervention (arms 2 and 3) or 
education control alone (arm 1) at 3 months. For this hypothesis comparing individual 
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study arms, the predictor of interest  in the regression equation (1) will be treated as a 𝑈𝑖
4-category factor (0=arm #4 both pre- and post-operative mHealth interventions, 1=arm 
#1 education control, 2= arm #2 pre-operative mHealth, 3= arm #3 post-operative 
mHealth). Secondary Outcomes include HRQL (PedsQL), psychosocial distress (Pain 
catastrophizing- parent and child; PROMIS Anxiety and Depression Instruments- 
child), sleep disturbance (ASWS), and opioid misuse (NIDA Modified ASSIST Tool) 
assessed at 3 months postsurgery. Using arm #4 as the reference group, the 
coefficients  estimate the expected differences between arms #1-3 versus arm #4 and 𝛼
will address our hypothesis. Note using proper contrast and linear combination of 
regression coefficients, Hypothesis 2 can be addressed by this regression model as 
well. 

12.4.4 Descriptive Statistics
Per the CONSORT 2010 Statement, we will not test for baseline differences between 
intervention and control groups as part of analysis (Schulz, Altman et al. 2010). We 
have a priori identified child/family socio-demographics (e.g., age, sex, race/ethnicity), 
strong prognostic factors (pre-surgery pain severity), as covariates for the proposed 
outcomes and will adjust for them in our analyses.

We will summarize acute phase primary outcomes (Brief Pain Inventory Short Form; 
pain intensity and pain interference during the 14 days after discharge from surgery) 
and other outcomes (Brief Pain Inventory Short Form; # days of opioid use during 14 
days daily monitoring) using descriptive statistics. Arms 1&3 will be combined into the 
control group (pre-operative education); arms 2&4 will be combined into the intervention 
group (receiving pre-operative mHealth intervention). Note these outcomes will be 
assessed before any post-operative mHealth intervention has taken place.

Chronic phase outcomes including pain severity (Brief Pain Inventory), HRQL 
(PedsQL), psychosocial distress (Pain catastrophizing- child and parent; PROMIS 
Anxiety and Depression Instruments- child), sleep disturbance (ASWS, and CRSP 
sleep duration), and opioid misuse (NIDA Modified ASSIST Tool) assessed at 3 
months postsurgery, will be compared between individual treatment arms. Similar to 
what we outlined above for acute outcomes, we will summarize these outcomes using 
descriptive statistics. 

12.4.5 Sub-Group Analyses 

See Exploratory Analyses below: Analyses to test for differences in effect among sex, 
racial, and/or ethnic groups.

12.4.6 Tabulation of Individual Participant Data
Individual participant data will not be listed. 
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12.4.7 Exploratory Analyses
Primary analytic plan for Hypothesis 4 (exploratory). Youth receiving combined pre- and 
post-operative CBT (arm 4) will have lower rates of CPSP (outcome: moderate-severe 
pain with impairment in HRQL) at 3- and 6-months compared to arms 1, 2, and 3. A 
binary outcome chronic post-surgical pain (CPSP) will be defined based on pain 
intensity (Pain Intensity), and HRQL (PedsQL) at 3-months post-surgery. We will 
develop and test cut points for chronic postsurgery pain (CPSP) by considering both 
pain severity and health related quality of life (both treated as latent constructs). Toward 
this we will conduct latent class analysis (LCA) following the proposed framework (see 
figure). This model will be implemented using multilevel structural equation models 
(SEM) (Bollen and Curran, 2006, Little, 2013, Preacher, Wichman et al., 2008). The 
parameters of interest are coefficients linking latent constructs “Pain” and “HRQL” (W1 
and W2) to latent construct “CPSP” as the weighted sum will identify CPSP based on 
pooled information. We will conduct cross-validation using part of the data to develop 
the weights and part of the data to validate the predictive performance. Our evaluation 
of intervention effects on CPSP will then be based on the cut points derived from above 
analysis. It will be analyzed using a logistic regression model and the model will be 
specified similar to what is outlined for Hypothesis 3.

To test Hypothesis 5 (exploratory), Reductions in acute postoperative pain will mediate 
treatment effects on reducing incidence of CPSP, we will conduct exploratory mediation 
analysis. We will assess the extent through which acute post-operative pain intensity 
and interference exert their influence on (i.e., mediate) change in pain intensity, HRQL, 
and pain interference at 3 months follow up via the intervention. The mediational effects 
of acute pain reduction will be assessed using two comparison groups: education 
control only (Group 1) versus pre-operative mHealth intervention only group (Group 2), 
so that any mediation effect will not be confounded by second phase intervention. We 
will use a structural equation modeling (SEM) approach: specifically, we will evaluate 

CPSP

Pain HRQL

W1 W2

Pain
interference

Pain
intensity

Physical Psycho-
social



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

47

mediation by decomposing a total effect of intervention on the pain (Brief Pain 
Inventory; Pain Intensity) and HRQL (PedsQL) outcomes into direct effects and 
indirect effects (MacKinnon, Lockwood et al. 2002, MacKinnon 2008, Mackinnon and 
Fairchild 2009). The indirect effects represent the influence of the intervention on 
change in chronic pain and HRQL via changes in acute post-op pain severity (Brief 
Pain Inventory Short Form). From a set of 5,000 bootstrap samples, 95% bias-
corrected confidence intervals will be calculated for the indirect effects. A significant 
indirect effect will indicate that the pre-surgery intervention influences change in pain 
severity and interference at 3 months (short term chronic pain endpoint) by influencing 
acute post-op pain severity and interference. In addition, we will conduct exploratory 
mediation analysis by including all 4 study arms. Next we will extend this mediation 
analysis by considering “moderated mediation” through adding the interactions between 
second phase intervention and short term acute pain reduction in the mediation 
equations.   

To test Hypothesis 6 (exploratory), We will assess the extent through which 
psychosocial factors exert their influence on (i.e., mediate) changes in pain severity and 
pain interference during post-surgery recovery via the intervention. We will use a 
structural equation modeling (SEM) approach (Brown 1997, Little, Card, et al. 2007).  
Specifically, we will evaluate mediation by decomposing a total effect on the pain 
outcome slope into direct effects and indirect effects. The indirect effects represent the 
influence of the intervention on change in pain outcomes via psychosocial factors. From 
a set of 5,000 bootstrap samples, 95% bias-corrected confidence intervals will be 
calculated for the indirect effects (Efron 1987, MacKinnon, Lockwood, et al. 2004, 
Shrout and Bogler 2002, Little 2013). A significant indirect effect will indicate that the 
intervention affects change in pain outcomes by influencing psychosocial factors. When 
appropriate, multi-level structural equation modeling (MSEM) will estimate predictive 
relationships while handling nested interdependence among observations (Little 2013). 
Using a SEM approach, we will conduct exploratory mediation analyses of sleep quality, 
anxiety and depression, and pain catastrophizing as mediators of the relationship 
between intervention and change in pain outcomes.

Analyses to test for differences in effect among sex, racial, and/or ethnic groups. We will 
conduct moderation analysis to examine whether there are differential intervention 
effects across sex, racial, and ethnic groups on primary and secondary acute (Aim 1) 
and chronic (Aims 2 and 3) outcomes. These data are self-reported on the 
Demographic Form. The effect modifications will be examined by including group-by-
moderator interaction terms in regression Equation (1). Moderation effects will then be 
tested by assessing the significance of the proper contrast among corresponding 
regression coefficients. Overall moderation can be assessed with likelihood ratio test 
(LRT) and F-statistic, and multivariate Wald-type t-statistic comparing models with and 
without interactions. We will also conduct additional subgroup analysis within groups 
defined by moderators to examine the differential effect sizes within individual 
subgroups. 
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Secondary data analysis. 

We will perform additional longitudinal data analysis to examine change in pain intensity 
and pain interference over time. Pain intensity and pain interference outcomes 
assessed at baseline, 2-weeks, 3-months and 6-months will be modelled using linear 
mixed effects regression models. Predictors will include time indicator, study arm 
indicator, arm-by-time interaction term and a priori identified covariates. The arm-by-
time interaction coefficients will assess differential changes in outcomes from baseline 
to post-op assessments between study arms thus will be parameters of interest. 
Participant-specific random effect will be included in the model to account for within 
participant correlations due to repeated measures. Estimation will be based on 
restricted maximum likelihood (REML) and significance will be assessed using 
likelihood ratio test (LRT) comparing models with and without interactions (Fitzmaurice 
and Laird, 2011, Pinheiro and Bates, 2000, Stroup, 2012).

Additional moderation analysis will also be conducted. Specifically, we will examine 
whether participant age, baseline adolescent sleep quality (ASWS), and baseline 
psychosocial distress (Pain catastrophizing- child and parent, PROMIS Anxiety and 
Depression Instruments- child, PHQ-4- parent) strengthen or weaken the impact of 
the intervention on change in child pain intensity and pain interference. This will be 
achieved by including group-by-moderator interaction terms in Equation (1). Moderation 
effects will then be tested by assessing the significance of the contrast among 
corresponding regression coefficients. Overall moderation can be assessed with 
multivariate Wald statistic and F-test based on analysis of variance (ANOVA) for nested 
models. We will also conduct additional subgroup analysis within groups defined by 
moderators to examine effect modifications.

Missing Data

The primary analyses will be based on all available data. 

Amount of missing data and pattern of missing data will be examined. At each time 
point (T2-T4), we will examine the extent of missing data, such as the number of days 
completed by each study participant and the distribution of the number of days of 
missing data as well as the pattern of missingness: whether the missing data only 
occurs in the early vs later portion of each data collection time point or whether it is 
random. Simple imputation using the “best” and “worst” scenarios for missing data will 
help identify the influence of missing data on the study results. If a substantial amount of 
missing data exists, in addition to our primary data analysis using all available data, we 
will conduct additional sensitivity analysis using multiple imputations with changed 
equations (MICE), assuming missing at random. Missing values are imputed based on 
the observed values for a given individual and the relations observed in the data for 
other participants, assuming the observed variables are included in the imputation 
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model. Multiple imputation procedures, particularly MICE, are very flexible and can be 
used in a broad range of settings. Because multiple imputation involves creating 
multiple predictions for each missing value, the analyses of multiply imputed data take 
into account the uncertainty in the imputations and yield accurate standard errors. The 
MICE approach is a flexible yet powerful technique to address missing data issues and 
has demonstrated excellent performance in practice (Molenberghs and Kenward, 2007, 
Collins, Schafer et al. 2001, van Buuren 2007, Little, D'Agostino et al. 2012). If missing 
not at random is suspected based on the examination of the missing data, the pattern 
mixture model will be used to estimate model parameters for different patterns of 
missing data and then combine the estimates over strata (Little 2012). 
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13 SOURCE DOCUMENTS AND ACCESS TO SOURCE DATA/DOCUMENTS 
Study staff will maintain research records for this study, in compliance with ICH E6 and 
regulatory/institutional requirements for the protection of confidentiality of participants. 
Study staff will permit authorized representatives of the Data and Clinical Coordinating 
Centers (DCC & CCC), upon request, for source verification of study documentation 
(protocols, measures, and recruitment materials), quality assurance reviews, audits, and 
evaluation of the study safety, progress, and data validity. In addition, medical 
information and data generated by this study must be available for inspection upon 
request by representatives NIH and the Institutional Review Board (IRB) for each study 
site.
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14 QUALITY CONTROL AND QUALITY ASSURANCE 
The REDCap database for participant and parent reported surveys and diaries will be 
implemented at the University of Utah based on specifications from the study 
investigators and Seattle Children's research staff.  The database will be tested by the 
DCC clinical data managers and statisticians, and will be reviewed by the study 
investigators compared to the original specifications to assure that the database has 
been constructed appropriately. All DCC and Seattle Children's research staff and 
investigators will have completed human subjects research and GCP training, and will 
receive individual training on the trial protocol and the database systems.
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15 ETHICS/PROTECTION OF HUMAN SUBJECTS 

15.1 Ethical Standard
The investigator will ensure that this study is conducted in full conformity with the 
principles set forth in The Belmont Report: Ethical Principles and Guidelines for the 
Protection of Human Subjects of Research, as drafted by the US National Commission 
for the Protection of Human Subjects of Biomedical and Behavioral Research (April 18, 
1979) and codified in 45 CFR Part 46 and/or the ICH E6. 

15.2 Institutional Review Board
This trial will use the IRB at the main site, Seattle Children’s Hospital. Referring sites 
are not engaged in human subjects research unless otherwise specified by their local 
IRB policies. The protocol, informed consent form(s), recruitment materials, and all 
participant materials will be submitted to the SCH IRB for review and approval. Approval 
of both the protocol and the consent form(s) will be obtained before any participant is 
enrolled.  Any amendment to the protocol will require review and approval by the IRB 
before the changes are implemented in the study.  

15.3 Informed Consent Process
Informed consent is a process that is initiated prior to the individual agreeing to 
participate in the study and continues throughout study participation. A combined 
consent (18 years) and assent (12-17 years) form describing in detail the study 
procedures and risks will be given to interested adolescents and caregivers 
(electronically, via PDF). Consent forms will be IRB-approved, and the adolescent and 
parent are required to read and review the document or discuss the document in detail 
with a research staff member. The research staff member will explain the research 
study to the participant and answer any questions that may arise. The staff member will 
then go through a consent conversation where they will ask the adolescent and 
caregiver a series of questions designed to ensure that potential participants 
understand the voluntary nature of the study, the consent/assent process, study 
procedures, what they will be asked to do, and the potential benefits/risks. At the end of 
the consent conversation, if the adolescent and caregiver are still willing to participate, 
research staff will obtain verbal consent from the parent and consent/assent from the 
teen depending on age. The adolescent and caregiver will then sign the electronic 
informed consent/assent document (using the REDCap e-consent framework) prior to 
any study-related assessments or procedures. Participants will be given the opportunity 
to discuss the study with their family members or think about it prior to agreeing to 
participate. They may withdraw consent at any time throughout the course of the study. 
Participants may download an electronic copy of the signed informed consent document 
for their records. The rights and welfare of the participants will be protected by 
emphasizing to them that the quality of their clinical care will not be adversely affected if 
they decline to participate in this study; this study is purely adjunctive and will not affect 
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or change their clinical care. The consent process will be documented in the research 
tracking database.  

15.4 Exclusion of Women, Minorities, and Children (Special Populations)
The study population includes children ages 12-18 years. Pediatric studies are 
particularly necessary to document effectiveness of psychosocial pain management 
interventions as the developmental appropriateness of adult interventions cannot be 
assumed. Individuals of any gender or racial/ethnic group may participate. 

15.5 Participant Confidentiality
Participant confidentiality is strictly held in trust by the investigators, study staff, and the 
study sponsor(s) and their agents. No identifiable data will be published or disseminated 
outside Seattle Children's Hospital or the DCC at the University of Utah.

Certificate of Confidentiality 

To further protect the privacy of study participants, the Secretary, Health and Human 
Services (HHS), has issued a Certificate of Confidentiality (CoC) to all researchers 
engaged in biomedical, behavioral, clinical, or other human subjects research funded 
wholly or in part by the federal government. Recipients of NIH funding for human 
subjects research are required to protect identifiable research information from forced 
disclosure per the terms of the NIH Policy (https://humansubjects.nih.gov/coc/index). As 
set forth in 45 CFR Part 75.303(a) and NIHGPS Chapter 8.3, recipients conducting NIH-
supported research covered by this Policy are required to establish and maintain 
effective internal controls (e.g., policies and procedures) that provide reasonable 
assurance that the award is managed in compliance with Federal statutes, regulations, 
and the terms and conditions of award. It is the NIH policy that investigators and others 
who have access to research records will not disclose identifying information except 
when the participant consents or in certain instances when federal, state, or local law or 
regulation requires disclosure. NIH expects investigators to inform research participants 
of the protections and the limits to protections provided by a Certificate issued by this 
Policy.

NIH Data Sharing Policies 

As described in section 17, it is NIH policy that the results and accomplishments of the 
activities that it funds should be made available to the public (see 
https://grants.nih.gov/policy/sharing.htm). PIs and funding recipient institutions will 
ensure that all mechanisms used to share data include proper plans and safeguards to 
protect the rights and privacy of individuals who participate in NIH-sponsored research. 

15.6 Future Use of Stored Specimens and Other Identifiable Data
 Not applicable. Neither specimens nor identifiable data will be banked for future 
research.

https://humansubjects.nih.gov/coc/index
https://www.ecfr.gov/cgi-bin/text-idx?SID=f3e9328bbbd5aabe8e639ca48dcbcc7f&mc=true&node=se45.1.75_1303&rgn=div8
https://grants.nih.gov/grants/policy/nihgps/HTML5/section_8/8.3_management_systems_and_procedures.htm
https://grants.nih.gov/policy/sharing.htm
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16 DATA HANDLING AND RECORD KEEPING 
The investigators are responsible for maintaining records of screening and consenting 
participants in this study (these records will be stored locally at Seattle Children’s and 
through REDCap, hosted by UW ITHS).  Study data, stored at University of Utah, are 
self-reported by participants and parents, and these data are not subject to discrepancy 
management or DCC follow up and correction.  

16.1 Data Management Responsibilities
Data will be produced by participants and parents.  Study staff are responsible to train 
participants so that valid data entry is accomplished.  Data will be stored at the 
University of Utah, which is responsible for security of the information systems.  

16.2 Data Capture Methods
Participant and parent questionnaires will be entered into the study REDCap data base 
via secure encrypted Internet connection.  Usage information from the intervention 
backend server will be captured from the phone application. No PHI is collected or 
stored in the phone application or website.

16.3 Types of Data
Two primary types of data will be collected –questionnaire responses for patient-report 
outcome measures collected via REDCap (surveys and daily diaries) and treatment 
adherence/engagement data (derived from app analytics). 

16.4 Schedule and Content of Reports
Participant accrual and scheduled assessments will be tracked by Seattle Children's 
research staff to facilitate encouraging completion of procedures by participants.  These 
data, as well as participant questions described in Section 9, will be incorporated into 
DSMB reports.  These reports will be prepared and submitted to the DSMB as 
described in the DSMB charter. Study progress reports will be delivered on a monthly 
basis to investigators and staff at referring sites to encourage participant referral. 

16.5 Study Records Retention 
Study records will be maintained at the University of Utah for at least three years from 
the date that the last grant federal financial report (FFR) is submitted to the NIH. 
Completion of the research for this protocol should be anticipated to include planned 
primary and secondary analyses, as well as subsequent derivative analyses. 
Completion of the research also entails completion of all publications relating to the 
research. All records shall be accessible for inspection and copying by authorized 
representatives of the regulatory authorities at reasonable times and in a reasonable 
manner [45 CFR §46.115(b)]. After study completion, Seattle Children's hospital will 
maintain an identifiable dataset for at least seven years.
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16.6 Protocol Deviations
Study data are self-reported by participants and parents, and missing data will not be 
considered protocol deviations since participant behavior is out of the control of the 
study investigators and research staff. The primary protocol deviation that will be of 
importance in this study is if a participant is randomized to an intervention arm, but 
receives the wrong intervention.  For example, if the participant has been randomized to 
only receive the educational website both pre and post-surgery, but is provided with the 
active CBT application, this is a protocol deviation that must be reported to the DCC.  
Such a deviation will require corrective actions to be developed and implemented to 
prevent recurrence.  Protocol deviations will be part of the report provided to the DSMB.
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17 PUBLICATION/DATA SHARING 
This study will comply with all applicable NIH Data Sharing Policies. See 
https://grants.nih.gov/policy/sharing.htm for policies and resources.

NIH Public Access Policy

The NIH Public Access Policy requires scientists to submit final peer-reviewed journal 
manuscripts that arise from NIH funds to PubMed Central immediately upon acceptance 
for publication. This ensures that the public has access to the published results of NIH 
funded research. 

NIH Policy on the Dissemination of NIH-Funded Clinical Trial Information

The study is a clinical trial and will comply with the NIH policy that establishes the 
expectation that all investigators conducting clinical trials funded in whole or in part by 
the NIH will ensure that these trials are registered at ClinicalTrials.gov, and that results 
of these trials are submitted to ClinicalTrials.gov.  

https://grants.nih.gov/policy/sharing.htm
https://publicaccess.nih.gov/index.htm
https://www.ncbi.nlm.nih.gov/pmc/


Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

58

18 LITERATURE REFERENCES 
1. Bandura A. Social learning theory. Englewood Cliffs: Prentice Hall. 1971.

2. Bender JL, Radhakrishnan A, Diorio C, Englesakis M, Jadad AR. Can pain be managed 
through the

Internet? A systematic review of randomized controlled trials. Pain. 2011;152(8):1740-50. Epub

2011/05/14. doi: 10.1016/j.pain.2011.02.012S0304-3959(11)00118-7 [pii]. PubMed PMID: 
21565446.

3. Bertisch H, Rivara FP, Kisala PA, Wang J, Yeates KO, Durbin D, Zonfrillo MR, Bell MJ, 
Temkin N, Tulsky

DS. Psychometric evaluation of the pediatric and parent-proxy Patient-Reported Outcomes 
Measurement

Information System and the Neurology and Traumatic Brain Injury Quality of Life measurement 
item

banks in pediatric traumatic brain injury. Quality of life research : an international journal of 
quality of life

aspects of treatment, care and rehabilitation. 2017;26(7):1887-99. Epub 2017/03/09. doi:

10.1007/s11136-017-1524-6. PubMed PMID: 28271316.

4. Birnie KA, Hundert AS, Lalloo C, Nguyen C, Stinson JN. Recommendations for selection of 
self -report

pain intensity measures in children and adolescents: a systematic review and qual ity 
assessment of

measurement properties. Pain. 2019;160(1):5-18. doi: 10.1097/j.pain.0000000000001377. 
PubMed

PMID: 30180088.

5. Bollen KA, Curran PJ. Latent Curve Models: A Structural Equation Perspective. Hoboken, NJ: 
John Wiley

& Sons, Inc., 2006.

6. Brandon TG, Becker BD, Bevans KB, Weiss PF. Patient-Reported Outcomes Measurement 
Information

System Tools for Collecting Patient-Reported Outcomes in Children With Juvenile Arthritis. 
Arthritis care

& research. 2017;69(3):393-402. Epub 2016/05/10. doi: 10.1002/acr.22937. PubMed PMID: 
27159889;

PMCID: PMC5102825.



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

59

7. Brent D, Emslie G, Clarke G, Wagner KD, Asarnow JR, Keller M, Vitiello B, Ritz L, Iyengar S, 
Abebe K,

Birmaher B, Ryan N, Kennard B, Hughes C, DeBar L, McCracken J, Strober M, Suddath R, 
Spirito A,

Leonard H, Melhem N, Porta G, Onorato M, Zelazny J. Switching to another SSRI or to 
venlafaxine with

or without cognitive behavioral therapy for adolescents with SSRI-resistant depression: the 
TORDIA

randomized controlled trial. JAMA. 2008;299(8):901-13. doi: 10.1001/jama.299.8.901. PubMed 
PMID:

18314433; PMCID: PMC2277341.

8. Bursch B, Tsao JC, Meldrum M, Zeltzer LK. Preliminary validation of a self -efficacy scale for 
child

functioning despite chronic pain (child and parent versions). Pain. 2006;125(1-2):35-42. doi:

10.1016/j.pain.2006.04.026. PubMed PMID: 16740360; PMCID: PMC2394279.

9. Carpino E, Segal S, Logan D, Lebel A, Simons LE. The interplay of pain-related self-efficacy 
and fear on

functional outcomes among youth with headache. J Pain. 2014;15(5):527-34. doi:

10.1016/j.jpain.2014.01.493. PubMed PMID: 24462790; PMCID: PMC4012017.

10. Chambers RA, Taylor JR, Potenza MN. Developmental neurocircuitry of motivation in 
adolescence: a critical period of addiction vulnerability. Am J Psychiatry. 2003;160(6):1041-52. 
doi:

10.1176/appi.ajp.160.6.1041. PubMed PMID: 12777258; PMCID: PMC2919168.

11. Chan KS, Mangione-Smith R, Burwinkle TM, Rosen M, Varni JW. The PedsQL: reliability 
and validity of

the short-form generic core scales and Asthma Module. Medical care. 2005;43(3):256-65. Epub

2005/02/24. doi: 00005650-200503000-00008 [pii]. PubMed PMID: 15725982.

12. Charette S, Fiola JL, Charest MC, Villeneuve E, Theroux J, Joncas J, Parent S, Le May S. 
Guided

Imagery for Adolescent Post-spinal Fusion Pain Management: A Pilot Study. Pain Manag Nurs.

2015;16(3):211-20. doi: 10.1016/j.pmn.2014.06.004. PubMed PMID: 25439116.

13. Choi SW, Schalet B, Cook KF, Cella D. Establishing a common metric for depressive 
symptoms: linking



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

60

the BDI-II, CES-D, and PHQ-9 to PROMIS depression. Psychological assessment. 
2014;26(2):513-27.

doi: 10.1037/a0035768. PubMed PMID: 24548149.

14. Chorney JM, Kain ZN. Family-centered pediatric perioperative care. Anesthesiology. 
2010;112(3):751-5.

doi: 10.1097/ALN.0b013e3181cb5ade. PubMed PMID: 20179518.

15. Clarke G, Kelleher C, Hornbrook M, Debar L, Dickerson J, Gullion C. Randomized 
effectiveness trial of

an Internet, pure self-help, cognitive behavioral intervention for depressive symptoms in young 
adults.

Cogn Behav Ther. 2009;38(4):222-34. doi: 10.1080/16506070802675353. PubMed PMID: 
19440896;

PMCID: PMC2829099.

16. Cleeland C, Ryan K. Pain assessment: global use of the Brief Pain Inventory. Annals of the 
Academy of

Medicine, Singapore. 1994;23(2):129-38.

17. Collins LM, Schafer JL, Kam CM. A comparison of inclusive and restrictive strategies in 
modern missing

data procedures. Psychol Methods. 2001;6(4):330-51. PubMed PMID: 11778676.

18. Connelly M, Fulmer RD, Prohaska J, Anson L, Dryer L, Thomas V, Ariagno JE, Price N, 
Schwend R.

Predictors of postoperative pain trajectories in adolescent idiopathic scoliosis. Spine. 
2014;39(3):E174-

81. doi: 10.1097/BRS.0000000000000099. PubMed PMID: 24173016.

19. Cunningham NR, Cohen MB, Farrell MK, Mezoff AG, Lynch-Jordan A, Kashikar-Zuck S. 
Concordant

parent-child reports of anxiety predict impairment in youth with functional abdominal pain. J 
Pediatr

Gastroenterol Nutr. 2015;60(3):312-7. Epub 2015/02/26. doi: 
10.1097/MPG.0000000000000625.

PubMed PMID: 25714575; PMCID: PMC4341941.

20. Cunningham NR, Kashikar-Zuck S, Mara C, Goldschneider KR, Revicki DA, Dampier C, 
Sherry DD,

Crosby L, Carle A, Cook KF, Morgan EM. Development and validation of the self -reported 
PROMIS



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

61

pediatric pain behavior item bank and short form scale. Pain. 2017;158(7):1323-31. Epub 
2017/04/11.

doi: 10.1097/j.pain.0000000000000914. PubMed PMID: 28394851.

21. Curtin SC, Tejada-Vera B, Warner M. Drug overdose deaths among adolescents aged 15–
19 in the

United States: 1999–2015. NCHS data brief, no 282 Retrieved from

https://www.cdc.gov/nchs/products/databriefs/db282.htm. 2017.

22. Davidson F, Snow S, Hayden JA, Chorney J. Psychological interventions in managing 
postoperative pain

in children: a systematic review. Pain. 2016;157(9):1872-86. doi: 
10.1097/j.pain.0000000000000636.

PubMed PMID: 27355184.

23. DeBar L, Benes L, Bonifay A, Deyo RA, Elder CR, Keefe FJ, Leo MC, McMullen C, Mayhew 
M, Owen-

Smith A, Smith DH, Trinacty CM, Vollmer WM. Interdisciplinary team-based care for patients 
with chronic

pain on long-term opioid treatment in primary care (PPACT) - Protocol for a pragmatic cluster 
randomized

trial. Contemp Clin Trials. 2018;67:91-9. doi: 10.1016/j.cct.2018.02.015. PubMed PMID: 
29522897;

PMCID: PMC5931339.

24. DeBar LL, Dickerson J, Clarke G, Stevens VJ, Ritenbaugh C, Aickin M. Using a website to 
build

community and enhance outcomes in a group, multi-component intervention promoting healthy 
diet and

exercise in adolescents. J Pediatr Psychol. 2009;34(5):539-50. doi: 10.1093/jpepsy/jsn126. 
PubMed

PMID: 19091807; PMCID: PMC2722139.

25. Debar LL, Kindler L, Keefe FJ, Green CA, Smith DH, Deyo RA, Ames K, Feldstein A. A 
primary carebased

interdisciplinary team approach to the treatment of chronic pain utilizing a pragmatic cl inical 
trials

framework. Transl Behav Med. 2012;2(4):523-30. doi: 10.1007/s13142-012-0163-2. PubMed 
PMID:

23440672; PMCID: PMC3578318.



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

62

26. DeBar LL, Ritenbaugh C, Aickin M, Orwoll E, Elliot D, Dickerson J, Vuckovic N, Stevens VJ, 
Moe E,

Irving LM. Youth: a health plan-based lifestyle intervention increases bone mineral density in 
adolescent

girls. Arch Pediatr Adolesc Med. 2006;160(12):1269-76. doi: 10.1001/archpedi.160.12.1269. 
PubMed

PMID: 17146025.

27. DeBar LL, Stevens VJ, Perrin N, Wu P, Pearson J, Yarborough BJ, Dickerson J, Lynch F. A 
primary carebased,

multicomponent lifestyle intervention for overweight adolescent females. Pediatrics.

2012;129(3):e611-20. doi: 10.1542/peds.2011-0863. PubMed PMID: 22331335; PMCID: 
PMC3289521.

28. Debar LL, Wilson GT, Yarborough BJ, Burns B, Oyler B, Hildebrandt T, Clarke GN, 
Dickerson J, Striegel

RH. Cognitive Behavioral Treatment for Recurrent Binge Eating in Adolescent Girls: A Pilot 
Trial. Cogn

Behav Pract. 2013;20(2):147-61. doi: 10.1016/j.cbpra.2012.04.001. PubMed PMID: 23645978; 
PMCID:

PMC3640565.

29. DeFrances CJ, Podgornik MN. 2004 National Hospital Discharge Survey. Adv Data. 
2006(371):1-19.

Epub 2006/05/18. PubMed PMID: 16703980.

30. Desai AD, Zhou C, Stanford S, Haaland W, Varni JW, Mangione-Smith RM. Validity and 
responsiveness

of the pediatric quality of life inventory (PedsQL) 4.0 generic core scales in the pediatric 
inpatient setting.

JAMA pediatrics. 2014;168(12):1114-21. doi: 10.1001/jamapediatrics.2014.1600. PubMed 
PMID:

25347549.

31. DeWalt DA, Gross HE, Gipson DS, Selewski DT, DeWitt EM, Dampier CD, Hinds PS, 
Huang IC, Thissen

D, Varni JW. PROMIS((R)) pediatric self-report scales distinguish subgroups of children within 
and

across six common pediatric chronic health conditions. Qual Life Res. 2015;24(9):2195-208. 
doi:

10.1007/s11136-015-0953-3. PubMed PMID: 25715946; PMCID: PMC4531096.



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

63

32. Engel JM, Kartin D, Carter GT, Jensen MP, Jaffe KM. Pain in youths with neuromuscular 
disease.

American Journal of Hospice and Palliative Medicine®. 2009;26(5):405-12.

33. Esteve R, Marquina-Aponte V, Ramirez-Maestre C. Postoperative pain in children: 
association between

anxiety sensitivity, pain catastrophizing, and female caregivers' responses to children's pain. J 
Pain.

2014;15(2):157-68 e1. Epub 2013/12/24. doi: 10.1016/j.jpain.2013.10.007S1526-
5900(13)01316-3 [pii].

PubMed PMID: 24360639.

34. Fitzmaurice GM, Laird NMW, J. Applied Longitudinal Analysis (2nd ed.), John Wiley & Sons, 
ISBN 0-471-

21487-6, 2011.

35. Forrest CB, Meltzer LJ, Marcus CL, de la Motte A, Kratchman A, Buysse DJ, Pilkonis PA, 
Becker BD,

Bevans KB. Development and validation of the PROMIS Pediatric Sleep Disturbance and 
Sleep-Related

Impairment item banks. Sleep. 2018;41(6). doi: 10.1093/sleep/zsy054. PubMed PMID: 
29546286.

36. Garber J, Clarke GN, Weersing VR, Beardslee WR, Brent DA, Gladstone TR, DeBar LL, 
Lynch FL,

D'Angelo E, Hollon SD, Shamseddeen W, Iyengar S. Prevention of depression in at -risk 
adolescents: a

randomized controlled trial. JAMA. 2009;301(21):2215-24. doi: 10.1001/jama.2009.788. 
PubMed PMID:

19491183; PMCID: PMC2737625.

37. Groenewald CB, Law EF, Fisher E, Beals-Erickson SE, Palermo TM. Associations Between 
Adolescent

Chronic Pain and Prescription Opioid Misuse in Adulthood. J Pain. 2018. Epub 2018/08/12. doi:

10.1016/j.jpain.2018.07.007. PubMed PMID: 30098405.

38. Groenewald CB, Palermo TM, Rabbitts JA. Patterns and predictors of opioid use following 
adolescent

spine surgery. Journal of Pain. 2018;19(3):S40.

39. Groenewald CB, Rabbitts JA, Schroeder DR, Harrison TE. Prevalence of moderate-severe 
pain in



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

64

hospitalized children. Paediatr Anaesth. 2012;22(7):661-8. Epub 2012/02/16. doi: 
10.1111/j.1460-

9592.2012.03807.x. PubMed PMID: 22332912.

40. Gryczynski J, Kelly SM, Mitchell SG, Kirk A, O'grady KE, Schwartz RP. Validation and 
performance of the

Alcohol, Smoking and Substance Involvement Screening Test (ASSIST) among adolescent 
primary care

patients. Addiction. 2015;110(2):240-7.

41. Hadjistavropoulos H, Williams A. Psychological interventions and chronic pain. In 
Hadjistavropoulos T,

Craig K (eds), Pain: Psychological perspectives, Mahwah, NJ: Lawrence Erlbaum Associates, 
Inc, pp

271-301. 2004.

42. Harbaugh CM, Lee JS, Hu HM, McCabe SE, Voepel-Lewis T, Englesbe MJ, Brummett CM, 
Waljee JF.

Persistent Opioid Use Among Pediatric Patients After Surgery. Pediatrics. 2018;141(1). doi:

10.1542/peds.2017-2439. PubMed PMID: 29203521.

43. Harris SK, Louis-Jacques J, Knight JR. Screening and brief intervention for alcohol and 
other abuse.

Adolescent medicine: state of the art reviews. 2014;25(1):126-56.

44. International Association for the Study of Pain. 2017 Global Year Against Pain After 
Surgery. Retrieved

from http://www.iasp-pain.org/GlobalYear/AfterSurgery. 2017.

45. Irwin DE, Stucky B, Langer MM, Thissen D, Dewitt EM, Lai JS, Varni JW, Yeatts K, DeWalt 
DA. An item

response analysis of the pediatric PROMIS anxiety and depressive symptoms scales. Qual Life 
Res.

2010;19(4):595-607. doi: 10.1007/s11136-010-9619-3. PubMed PMID: 20213516; PMCID: 
3158603.

46. Kalapurakkel S, Carpino EA, Lebel A, Simons LE. "Pain Can't Stop Me": Examining Pain 
Self -Efficacy

and Acceptance as Resilience Processes Among Youth With Chronic Headache. J Pediatr 
Psychol.

2015;40(9):926-33. doi: 10.1093/jpepsy/jsu091. PubMed PMID: 25324532; PMCID: 
PMC4592326.



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

65

47. Kashikar-Zuck S, Cunningham N, Sil S, Bromberg MH, Lynch-Jordan AM, Strotman D, 
Peugh J, Noll J,

Ting TV, Powers SW, Lovell DJ, Arnold LM. Long-term outcomes of adolescents with juvenile-
onset

fibromyalgia in early adulthood. Pediatrics. 2014;133(3):e592-600. doi: 10.1542/peds.2013-
2220.

PubMed PMID: 24567017; PMCID: PMC3934334.

48. Kehlet H, Edwards RR, Brennan T. Persistent Postsurgical Pain: Pathogenic Mechanisms 
and

Preventive Strategies. In: Srinivasa RN, Sommer CL, editors. Pain 2014: Refresher Courses, 
15th World

Congress of Pain. Washington, D.C.: IASP Press; 2014.

49. Keller S, Bann CM, Dodd SL, Schein J, Mendoza TR, Cleeland CS. Validity of the brief pain 
inventory for

use in documenting the outcomes of patients with noncancer pain. The Clinical journal of pain.

2004;20(5):309-18.

50. Kelley ML, Heffer RW, Gresham FM, Elliott SN. Development of a modified treatment 
evaluation

inventory. Journal of psychopathology and behavioral assessment. 1989;11(3): 235-47.

51. Lager C, Kroksmark A-K. Pain in adolescents with spinal muscular atrophy and Duchenne 
and Becker

muscular dystrophy. european journal of paediatric neurology. 2015;19(5):537-46.

52. LaMontagne LL, Hepworth JT, Cohen F, Salisbury MH. Cognitive-behavioral intervention 
effects on

adolescents' anxiety and pain following spinal fusion surgery. Nurs Res. 2003;52(3):183-90. 
PubMed

PMID: 12792259.

53. Law EF, Beals-Erickson SE, Noel M, Claar R, Palermo TM. Pilot Randomized Controlled 
Trial of Internet-

Delivered Cognitive-Behavioral Treatment for Pediatric Headache. Headache. 
2015;55(10):1410-25.

Epub 2015/09/01. doi: 10.1111/head.12635. PubMed PMID: 26316194; PMCID: PMC4715642.

54. Law EF, Groenewald CB, Zhou C, Palermo TM. Effect on Health Care Costs for 
Adolescents Receiving



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

66

Adjunctive Internet-Delivered Cognitive-Behavioral Therapy: Results of a Randomized 
Controlled Trial. J

Pain. 2018;19(8):910-9. doi: 10.1016/j.jpain.2018.03.004. PubMed PMID: 29578090; PMCID:

PMC6066421.

55. Lifland BE, Mangione-Smith R, Palermo TM, Rabbitts JA. Agreement Between Parent Proxy 
Report and

Child Self-Report of Pain Intensity and Health-Related Quality of Life After Surgery. Acad 
Pediatr.

2018;18(4):376-83. doi: 10.1016/j.acap.2017.12.001. PubMed PMID: 29229566; PMCID: 
PMC5936667.

56. Little RJ, D'Agostino R, Cohen ML, Dickersin K, Emerson SS, Farrar JT, Frangakis C, 
Hogan JW,

Molenberghs G, Murphy SA, Neaton JD, Rotnitzky A, Scharfstein D, Shih WJ, Siegel JP, Stern 
H. The

prevention and treatment of missing data in clinical trials. N Engl J Med. 2012;367(14):1355-60. 
doi:

10.1056/NEJMsr1203730. PubMed PMID: 23034025; PMCID: PMC3771340.

57. Little TD. Longitudinal Structural Equation Modeling. New York, NY: The Guilford Press, 
2013.

58. Lynch-Jordan AM, Sil S, Peugh J, Cunningham N, Kashikar-Zuck S, Goldschneider KR. 
Differential

changes in functional disability and pain intensity over the course of psychological treatment for 
children

with chronic pain. Pain. 2014;155(10):1955-61. doi: 10.1016/j.pain.2014.06.008. PubMed PMID:

24954165; PMCID: PMC4467550.

59. MacKinnon DP. Introduction to Statistical Mediation Analysis. Taylor & Fancis Group, LLC, 
New

York2008.

60. Mackinnon DP, Fairchild AJ. Current Directions in Mediation Analysis. Curr Dir Psychol Sci.

2009;18(1):16. doi: 10.1111/j.1467-8721.2009.01598.x. PubMed PMID: 20157637; PMCID:

PMC2821103.

61. MacKinnon DP, Lockwood CM, Hoffman JM, West SG, Sheets V. A comparison of methods 
to test

mediation and other intervening variable effects. Psychol Methods. 2002;7(1):83-104. PubMed 
PMID:



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

67

11928892; PMCID: PMC2819363.

62. McGrath PA. Pain in children: Nature, assessment, and treatment. New York: Guilford 
Press. 1990.

63. Molenberghs G, Kenward MG. Missing Data in Clinical Studies. West Sussex, England: 
John Wiley &

Sons Ltd.; 2007.

64. Muhly WT, Sankar WN, Ryan K, Norton A, Maxwell LG, DiMaggio T, Farrell S, Hughes R, 
Gornitzky A,

Keren R, McCloskey JJ, Flynn JM. Rapid Recovery Pathway After Spinal Fusion for Idiopathic 
Scoliosis.

Pediatrics. 2016;137(4). doi: 10.1542/peds.2015-1568. PubMed PMID: 27009035.

65. National Institute on Drug Abuse. Chart of Evidence-Based Screening Tools for Adults and 
Adolescents.

Retrieved from: https://www.drugabuse.gov/nidamed-medical-health-professionals/tool-
resources-yourpractice/

screening-assessment-drug-testing-resources/chart-evidence-based-screening-tools-adults.

2015.

66. Owen-Smith A, Mayhew M, Leo MC, Varga A, Benes L, Bonifay A, DeBar L. Automating 
Collection of

Pain-Related Patient-Reported Outcomes to Enhance Clinical Care and Research. J Gen Intern 
Med.

2018;33(Suppl 1):31-7. doi: 10.1007/s11606-018-4326-9. PubMed PMID: 29633139; PMCID:

PMC5902345.

67. Page MG, Katz J, Stinson J, Isaac L, Martin-Pichora AL, Campbell F. Validation of the 
numerical rating

scale for pain intensity and unpleasantness in pediatric acute postoperative pain: sensitivity to 
change

over time. J Pain. 2012;13(4):359-69. Epub 2012/03/20. doi: S1526-5900(11)00957-6

[pii]10.1016/j.jpain.2011.12.010. PubMed PMID: 22424915.

68. Page MG, Stinson J, Campbell F, Isaac L, Katz J. Identification of pain-related psychological 
risk factors

for the development and maintenance of pediatric chronic postsurgical pain. J Pain Res. 
2013;6:167 -80.

Epub 2013/03/19. doi: 10.2147/JPR.S40846jpr-6-167 [pii]. PubMed PMID: 23503375; PMCID: 
3594915.



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

68

69. Palermo TM. Cognitive-Behavioral Therapy for Children and Adolescents. . New York, NY 
Oxford

University Press. 2012.

70. Palermo TM, de la Vega R, Dudeney J, Murray C, Law E. Mobile health intervention for self 
-management

of adolescent chronic pain (WebMAP mobile): Protocol for a hybrid effectiveness-
implementation cluster

randomized controlled trial. Contemp Clin Trials. 2018;74:55-60. doi: 10.1016/j.cct.2018.10.003. 
PubMed

PMID: 30290276.

71. Palermo TM, Eccleston C, Lewandowski AS, Williams AC, Morley S. Randomized controlled 
trials of

psychological therapies for management of chronic pain in children and adolescents: an 
updated meta -

analytic review. Pain. 2010;148(3):387-97. doi: 10.1016/j.pain.2009.10.004. PubMed PMID: 
19910118;

PMCID: 2823996.

72. Palermo TM, Law EF, Fales J, Bromberg MH, Jessen-Fiddick T, Tai G. Internet-delivered 
cognitivebehavioral

treatment for adolescents with chronic pain and their parents: a randomized controlled

multicenter trial. Pain. 2016;157(1):174-85. doi: 10.1097/j.pain.0000000000000348. PubMed 
PMID:

26335910; PMCID: PMC4852469.

73. Palermo TM, Law EF, Zhou C, Holley AL, Logan D, Tai G. Trajectories of change during a 
randomized

controlled trial of internet-delivered psychological treatment for adolescent chronic pain: how 
does

change in pain and function relate? Pain. 2015;156(4):626-34. doi:

10.1097/01.j.pain.0000460355.17246.6c. PubMed PMID: 25775441; PMCID: PMC4366282.

74. Palermo TM, Slack M, Zhou C, Aaron R, Fisher E, Rodriguez S. Waiting for a Pediatric 
Chronic Pain

Clinic Evaluation: A Prospective Study Characterizing Waiting Times and Symptom Trajectories. 
J Pain.

2018. doi: 10.1016/j.jpain.2018.09.009. PubMed PMID: 30291904.



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

69

75. Palermo TM, Wilson AC, Peters M, Lewandowski A, Somhegyi H. Randomized controlled 
trial of an

Internet-delivered family cognitive-behavioral therapy intervention for children and adolescents 
with

chronic pain. Pain. 2009;146(1-2):205-13. Epub 2009/08/22. doi: 
10.1016/j.pain.2009.07.034S0304-

3959(09)00419-9 [pii]. PubMed PMID: 19695776; PMCID: 2760656.

76. Palermo TM, Zempsky WT, Dampier CD, Lalloo C, Hundert AS, Murphy LK, Bakshi N, 
Stinson JN.

iCanCope with Sickle Cell Pain: Design of a randomized controlled trial of a smartphone and 
web -based

pain self-management program for youth with sickle cell disease. Contemp Clin Trials. 
2018;74:88-96.

doi: 10.1016/j.cct.2018.10.006. PubMed PMID: 30316999; PMCID: PMC6218943.

77. Peng P, Stinson JN, Choiniere M, Dion D, Intrater H, Lefort S, Lynch M, Ong M, Rashiq S, 
Tkachuk G,

Veillette Y. Dedicated multidisciplinary pain management centres for children in Canada: the 
current

status. Can J Anaesth. 2007;54(12):985-91. PubMed PMID: 18056207.

78. Pew Research Center. Teens, Social Media & Technology. Retrieved from

http://www.pewinternet.org/2018/05/31/teens-social-media-technology-2018/. 2018.

79. Pinheiro JC, Bates DM. Mixed-effects models in S and S-PLUS, Springer, New York, 2000.

80. Preacher KJ, Wichman AL, MacCallum RC, Briggs NE. Latent growth curve modeling. 
Thousand Oaks,

CA: Sage Publications, Inc., 2008.

81. Rabbitts JA, Aaron RV, Fisher E, Lang EA, Bridgwater C, Tai GG, Palermo TM. Long-Term 
Pain and

Recovery After Major Pediatric Surgery: A Qualitative Study With Teens, Parents, and 
Perioperative Care

Providers. J Pain. 2017;18(7):778-86. doi: 10.1016/j.jpain.2017.02.423. PubMed PMID: 
28232147;

PMCID: PMC5484738.

82. Rabbitts JA, Fisher E, Rosenbloom BN, Palermo TM. Prevalence and Predictors of Chronic 
Postsurgical

Pain in Children: A Systematic Review and Meta-Analysis. J Pain. 2017;18(6):605-14. doi:



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

70

10.1016/j.jpain.2017.03.007. PubMed PMID: 28363861; PMCID: PMC5457338.

83. Rabbitts JA, Groenewald CB, Tai GG, Palermo TM. Presurgical psychosocial predictors of 
acute

postsurgical pain and quality of life in children undergoing major surgery. J Pain. 
2015;16(3):226-34. doi:

10.1016/j.jpain.2014.11.015. PubMed PMID: 25540939.

84. Rabbitts JA, Holley AL, Groenewald CB, Palermo TM. Association Between Widespread 
Pain Scores and

Functional Impairment and Health-Related Quality of Life in Clinical Samples of Children. J 
Pain.

2016;17(6):678-84. doi: 10.1016/j.jpain.2016.02.005. PubMed PMID: 26924379; PMCID: 
PMC4885772.

85. Rabbitts JA, Kain Z. Perioperative Care for Adolescents undergoing Major Surgery: A 
Biopsychosocial

Conceptual Framework. Anesthesia and Analgesia. 2019. Epub 2019/02/01. doi:

10.1213/ANE.0000000000004048. PubMed PMID: in progress.

86. Rabbitts JA, Palermo TM, Zhou C, Mangione-Smith R. Pain and Health-Related Quality of 
Life After

Pediatric Inpatient Surgery. J Pain. 2015;16(12):1334-41. doi: 10.1016/j.jpain.2015.09.005. 
PubMed

PMID: 26416163; PMCID: PMC4666767.

87. Rabbitts JA, Zhou C, Groenewald CB, Durkin L, Palermo TM. Trajectories of postsurgical 
pain in children:

risk factors and impact of late pain recovery on long-term health outcomes after major surgery. 
Pain.

2015;156(11):2383-9. doi: 10.1097/j.pain.0000000000000281. PubMed PMID: 26381701; 
PMCID:

PMC4607609.

88. Rabbitts JA, Zhou C, Narayanan A, Palermo TM. Longitudinal and Temporal Associations 
Between Daily

Pain and Sleep Patterns After Major Pediatric Surgery. J Pain. 2017;18(6):656-63. doi:

10.1016/j.jpain.2017.01.004. PubMed PMID: 28131699; PMCID: PMC5457334.

89. Reeve BB, Edwards LJ, Jaeger BC, Hinds PS, Dampier C, Gipson DS, Selewski DT, Troost 
JP, Thissen



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

71

D, Barry V, Gross HE, DeWalt DA. Assessing responsiveness over time of the PROMIS(R) 
pediatric

symptom and function measures in cancer, nephrotic syndrome, and sickle cell disease. Quality 
of life

research : an international journal of quality of life aspects of treatment, care and rehabilitation. 
2017.

Epub 2017/09/09. doi: 10.1007/s11136-017-1697-z. PubMed PMID: 28884421.

90. Schalet BD, Cook KF, Choi SW, Cella D. Establishing a common metric for self -reported 
anxiety: linking

the MASQ, PANAS, and GAD-7 to PROMIS Anxiety. Journal of anxiety disorders. 
2014;28(1):88-96. doi:

10.1016/j.janxdis.2013.11.006. PubMed PMID: 24508596; PMCID: 4046852.

91. Schug SA, Lavand'homme P, Barke A, Korwisi B, Rief W, Treede RD, Pain ITftCoC. The 
IASP

classification of chronic pain for ICD-11: chronic postsurgical or posttraumatic pain. Pain. 
2019;160(1):45-

52. doi: 10.1097/j.pain.0000000000001413. PubMed PMID: 30586070.

92. Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement: updated guidelines 
for reporting

parallel group randomized trials. Ann Intern Med. 2010;152(11):726-32. doi: 10.7326/0003-
4819-152-11-

201006010-00232. PubMed PMID: 20335313.

93. Selewski DT, Troost JP, Cummings D, Massengill SF, Gbadegesin RA, Greenbaum LA, 
Shatat IF, Cai Y,

Kapur G, Hebert D, Somers MJ, Trachtman H, Pais P, Seifert ME, Goebel J, Sethna CB, Mahan 
JD,

Gross HE, Herreshoff E, Liu Y, Carlozzi NE, Reeve BB, DeWalt DA, Gipson DS. 
Responsiveness of the

PROMIS(R) measures to changes in disease status among pediatric nephrotic syndrome 
patients: a

Midwest pediatric nephrology consortium study. Health Qual Life Outcomes. 2017;15(1):166. 
Epub

2017/08/25. doi: 10.1186/s12955-017-0737-2. PubMed PMID: 28835233; PMCID: 
PMC5569504.

94. Simon GE, Coronado G, DeBar LL, Dember LM, Green BB, Huang SS, Jarvik JG, Mor V, 
Ramsberg J,



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

72

Septimus EJ, Staman KL, Vazquez MA, Vollmer WM, Zatzick D, Hernandez AF, Platt R. Data 
Sharing

and Embedded Research. Ann Intern Med. 2017;167(9):668-70. doi: 10.7326/M17-0863. 
PubMed PMID:

28973353; PMCID: PMC5811187.

95. Smith DH, Kuntz J, DeBar L, Mesa J, Yang X, Boardman D, Schneider J. A qualitative study 
to develop

materials educating patients about opioid use before and after total hip or total knee 
arthroplasty. J

Opioid Manag. 2018;14(3):183-90. doi: 10.5055/jom.2018.0448. PubMed PMID: 30044483.

96. Smith DH, Kuntz JL, DeBar LL, Mesa J, Yang X, Schneider J, Petrik A, Reese K, Thorsness 
LA,

Boardman D, Johnson ES. A randomized, pragmatic, pharmacist-led intervention reduced 
opioids

following orthopedic surgery. Am J Manag Care. 2018;24(11):515-21. PubMed PMID: 
30452208.

97. Stroup WW. Generalized Linear Mixed Models, CRC Press, 2012.

98. Tan G, Jensen MP, Thornby JI, Shanti BF. Validation of the Brief Pain Inventory for chronic 
nonmalignant

pain. The Journal of Pain. 2004;5(2):133-7.

99. The Interagency Pain Research Coordinating Committee. The Federal Pain Research 
Strategy.

Retrieved from

https://iprcc.nih.gov/sites/default/files/iprcc/FPRS_Research_Recommendations_Final_508C.pd
f 2017.

100. Théroux J, Le May S, Hebert JJ, Labelle H. Back pain prevalence is associated with curve-
type and

severity in adolescents with idiopathic scoliosis: a cross-sectional study. Spine. 
2017;42(15):E914-E9.

101. van Buuren S. Multiple imputation of discrete and continuous data by fully conditional 
specification. Stat

Methods Med Res. 2007;16(3):219-42. doi: 10.1177/0962280206074463. PubMed PMID: 
17621469.

102. Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQL 4.0 as a pediatric population health 
measure:



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

73

feasibility, reliability, and validity. Ambul Pediatr. 2003;3(6):329-41. Epub 2003/11/18. doi: 03-
035R [pii].

PubMed PMID: 14616041.

103. Varni JW, Stucky BD, Thissen D, Dewitt EM, Irwin DE, Lai JS, Yeatts K, Dewalt DA. 
PROMIS Pediatric

Pain Interference Scale: an item response theory analysis of the pediatric pain item bank. J 
Pain.

2010;11(11):1109-19. Epub 2010/07/16. doi: 10.1016/j.jpain.2010.02.005. PubMed PMID: 
20627819;

PMCID: PMC3129595.

104. Voepel-Lewis T, Caird MS, Tait AR, Malviya S, Farley FA, Li Y, Abbott MD, van Veen T, 
Hassett AL,

Clauw DJ. A High Preoperative Pain and Symptom Profile Predicts Worse Pain Outcomes for 
Children

After Spine Fusion Surgery. Anesth Analg. 2017;124(5):1594-602. doi:

10.1213/ANE.0000000000001963. PubMed PMID: 28319509.

105. Volkow ND, McLellan AT. Opioid Abuse in Chronic Pain--Misconceptions and Mitigation 
Strategies. N

Engl J Med. 2016;374(13):1253-63. doi: 10.1056/NEJMra1507771. PubMed PMID: 27028915.

106. Vowles KE, McEntee ML, Julnes PS, Frohe T, Ney JP, van der Goes DN. Rates of opioid 
misuse, abuse,

and addiction in chronic pain: a systematic review and data synthesis. Pain. 2015;156(4):569-
76. doi:

10.1097/01.j.pain.0000460357.01998.f1. PubMed PMID: 25785523.

107. Weinfurt KP, Hernandez AF, Coronado GD, DeBar LL, Dember LM, Green BB, Heagerty 
PJ, Huang SS,

James KT, Jarvik JG, Larson EB, Mor V, Platt R, Rosenthal GE, Septimus EJ, Simon GE, 
Staman KL,

Sugarman J, Vazquez M, Zatzick D, Curtis LH. Pragmatic clinical trials embedded in healthcare 
systems:

generalizable lessons from the NIH Collaboratory. BMC Med Res Methodol. 2017;17(1):144. 
doi:

10.1186/s12874-017-0420-7. PubMed PMID: 28923013; PMCID: PMC5604499.

108. Werner MU, Kongsgaard UE. I. Defining persistent post-surgical pain: is an update 
required? Br J Anaesth. 2014;113(1):1-4. doi: 10.1093/bja/aeu012. PubMed PMID: 24554546.



Effectiveness of an mHealth psychosocial intervention to 
prevent transition from acute to
chronic postsurgical pain in adolescents

17 October 2023

74

109. Brown RL. Assessing specific mediational effects in complex theoretical models. Structural 
Equation Modeling: A Multidisciplinary Journal. 1997;4(2):142-156. 

110. Little TD, Card NA, Bovaird JA, Preacher KJ, Crandall CS. Structural equation modeling of 
mediation and moderation with contextual factors. In: Little TD, Bovaird JA, Card NA, eds. 
Modeling contextual effects in longitudinal studies. Mahwah, NJ: Lawrence Erlbaum Associates, 
Inc.; 2007:207-230.

111. Efron B. Better Bootstrap Confidence Intervals. Journal of the American Statistical 
Association. 1987;82(397):171-185. 

112. MacKinnon DP, Lockwood CM, Williams J. Confidence Limits for the Indirect Effect: 
Distribution of the Product and Resampling Methods. Multivariate behavioral research. 
2004;39(1):99-99. 

113. Shrout PE, Bolger N. Mediation in experimental and nonexperimental studies: new 
procedures and recommendations. Psychological methods. 2002;7(4):422-445. 

114. Little TD. Longitudinal Structural Equation Modeling. New York, NY: The Guilford Press; 
2013.

115. Voepel-Lewis T, Boyd CJ, McCabe SE, Zikmund-Fisher BJ, Malviya S, Grant J, Weber M, 
Tait AR. Deliberative Prescription Opioid Misuse Among Adolescents andEmerging Adults: 
Opportunities for Targeted Interventions. J Adolesc Health. 2018 Nov;63(5):594-600. doi: 
10.1016/j.jadohealth.2018.07.007. PMID: 30348282; PMCID: PMC6658888.



75

19 SUPPLEMENTAL MATERIALS 
These documents will be submitted to the IRB as separate files.


