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ABSTRACT
Introduction Chronic pain affects a significant number 
of children and impacts multiple domains including social, 
emotional and behavioural functioning, and negatively 
impacts family functioning. Roughly 5% of youth with 
chronic pain experience moderate to severe pain- related 
disability, with pain- related fear and avoidance of activities 
being identified as substantial barriers to treatment 
engagement. Evidence supports targeted psychological 
and physical interventions to address these barriers 
(eg, graded- exposure treatment), but accessibility to 
intervention is undermined by a shortage of services 
outside of urban areas, high treatment- related costs, and 
long provider waitlists; highlighting the need to develop 
digitally delivered behavioural intervention, using agile and 
iterative study designs that support rapid development and 
timely dissemination.
Methods and analysis This study seeks to develop an 
effective and scalable intervention for youth with chronic 
pain and their caregivers. This paper presents a user- 
centred protocol for the development and refinement of 
a digital exposure treatment for youth and caregivers, 
as well as the study design to examine feasibility and 
preliminary efficacy of the treatment using single- case 
experimental design (SCED). Assessments include daily 
diaries, completed from baseline and daily throughout 
the intervention (~6 weeks), and at 3- month follow- up, 
as well as self- report measures completed at baseline, 
end of intervention and 3- month follow- up. Primary 
outcomes include treatment satisfaction, treatment 
expectancy, adherence to daily dairies and functional 
disability. Secondary outcomes are pain- related fear and 
avoidance of activities, pain catastrophising and pain 
acceptance. We will present descriptive and model- based 
inference analyses, based on SCED reporting guidelines. 
We will calculate effect sizes for each individual on each 
outcome. We will examine mean treatment expectancy, 
credibility and satisfaction scores, and patient drop- out 
percentage.
Ethics and dissemination This study is approved by the 
Institutional Review Board at Stanford University (protocol 
#53323). Findings will be actively disseminated through 

peer- reviewed journals, conference presentations and 
social media.
Trial registration number NCT05079984.

INTRODUCTION
Chronic pain affects the lives of over a quarter 
of youth,1–3 with societal costs exceeding 
US$19.5 billion dollars in the USA each 
year.4 The negative impact of chronic pain 
is reported across many domains (eg, social, 
emotional and behavioural functioning), 
as well as family functioning.5–7 Particularly, 
pain- related fear and avoidance of activi-
ties are known to significantly interfere with 
treatment engagement and negatively impact 
pain outcomes for youth.8 9 This results 
in continued high healthcare utilisation 
without symptom improvement10 and high-
lights the need for a treatment approach that 
directly targets pain- related fear and activity 
engagement as a pathway to enhance patient 
outcomes.10–13

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ An iterative, agile, data- driven approach to devel-
opment of digital interventions provides promise to 
support the rapid evaluation and implementation of 
digital tools.

 ⇒ User- centred design process (ie, youth with lived ex-
periences of chronic pain and caregivers) allows for 
evaluation of comprehensiveness and acceptability 
of treatment content and structure directly from 
end- users.

 ⇒ Single- case experimental design supports the agile, 
iterative development of digital tools, allowing feasi-
bility and preliminary efficacy to be examined at the 
individual (vs group) level.
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Graded- exposure treatment (GET)14 is a theory- driven,15 
individually tailored and evidence- based16–18 behavioural 
intervention for individuals with chronic pain that targets 
pain- related impairment through exposure to previ-
ously feared and avoided activities. GET has robust effect 
sizes in adults16 and has demonstrated similar outcomes 
among adolescents.18–21 Despite evidence supporting 
early, targeted and integrated psychological and physio-
logical interventions,10 accessibility is undermined by a 
shortage of services, significant treatment- related cost4s 
and long provider waitlists.4 22 These barriers underscore 
the critical need for continued development of innova-
tive, digitally delivered interventions for youth, increasing 
the scale of these interventions.

Digital health represents a solution to access- to- care 
barriers23–33 and outcomes of digital interventions for 
youth with chronic pain are similar to in vivo treatment.34 
However, only 28% of internet or smartphone applica-
tion tools reach end- users and have meaningful adop-
tion, leading to suboptimal healthcare innovation and 
significant research waste.35 Digital health interventions 
developed within academia are theory- driven and eval-
uated scientifically,36 but methods such as randomised 
controlled trials (RCTs) are time- consuming and costly, 
often preventing rapid dissemination and implemen-
tation. This highlights the inflexibility of the academic 
approach compared with industry development, which 
utilises repeated, rapid cycles of fine- tuning based on 
user feedback.37 However, most digital health interven-
tions developed within industry lack a clear theoretical 
framework,38–40 evidence- based content41–44 and system-
atic effectiveness testing.45

The mHealth Agile Development and Lifecycle model 
(figure 1)46 provides a conceptual framework for the 
iterative, user- centred, rapid evaluation of sustain-
able, evidence- based digital solutions, bridging the gap 

between academia and industry. Using flexible research 
designs and methodologies to examine treatment effects 
can also support this effort. Single- case experimental 
design (SCED), for example, is an experimental method 
aimed at testing the effect of an intervention using a small 
number of patients (also termed N=1 trials),47 48 using 
repeated measures, sequential randomised introduction 
of an intervention and method- specific data analysis.48 
Coupled together, SCED and the mHealth Agile Devel-
opment and Lifecycle model provide the opportunity to 
rapidly and pragmatically develop and evaluate digital 
interventions in small cohorts.49 50

This paper presents the protocol for the develop-
ment of a digital exposure intervention for youth with 
chronic musculoskeletal (MSK) pain and their care-
givers using the mHealth Agile Development Lifecycle 
model and SCED methodology. To develop and refine 
a prototype of the youth and caregiver interventions, 
we will use an iterative, user- centred design process—
interviewing with youth with lived experiences of 
chronic pain and caregivers to evaluate comprehen-
siveness and acceptability of treatment content and 
structure and subsequently the feasibility and prelim-
inary efficacy of the interventions on improving 
outcomes for youth and their caregivers.

METHODS
Development of the digital solution will be based on a 
series of semistructured interviews with youth with lived 
experiences of chronic pain and their caregivers (phase 
1). Once an acceptable version of the intervention is 
developed, feasibility and preliminary efficacy will be 
examined using SCED with a sample of naïve end- users 
(youth and caregivers; phase 2). This study is approved 
by the Institutional Review Board at Stanford University 

Figure 1 Phases of development of iGET Living situated within the mHealth Agile development and lifecycle model.
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(protocol #53323) and registered at  ClinicalTrials. gov 
(NCT05079984).

Recruitment and participants
All patients presenting to the Paediatric Pain Manage-
ment Clinic at Stanford Children’s Health complete 
Peds- CHOIR51 and can indicate if they would like to 
participate in research. More than 650 patients have 
expressed interest in research, with~300 new patient 
evaluations conducted each year. We will leverage this 
registry for recruitment. We will also recruit partici-
pants broadly (via professional listservs with providers 
who work with youth with chronic pain, chronic pain 
online support groups, etc). Patients who meet eligi-
bility criteria and express interest in participation via a 
brief online screening form will receive a recruitment 
phone call from a research assistant to introduce the 
study and confirm eligibility.

Phase 1
User- centred development. Youth (n=15) will be 
10–18 years old, have a diagnosis of chronic (>3 
months)52 MSK pain (ie, pain in the bones, joints, liga-
ments, tendons or muscles), be English literate, and 
have access to a computer, smartphone or tablet with 
internet connection. Caregivers (ie, any adult, legal 
guardian who cares for the youth; n=15) will be self- 
identified caregivers of youth with chronic pain. Care-
giver–child dyads are preferrable but not required in 
this phase.

Phase 2
Feasibility and preliminary efficacy. Youth (n=20) ages 
10–18 years and one of their caregivers (n=20) will be 
recruited. Youth will have a diagnosis of chronic (>3 
months) MSK pain, have moderate to high pain- related 
disability (Functional Disability Inventory (FDI)53≥13), 
be English literate, and have access to a computer, smart-
phone or tablet with internet connection. Youth will be 
ineligible to participate if they demonstrate significant 
cognitive impairment (eg, brain or significant medical 
or psychiatric problems that would interfere with treat-
ment (eg, psychosis, suicidality) or have engaged in pain 

psychology treatment (eg, cognitive- behavioural therapy, 
acceptance and commitment therapy, exposure therapy) 
6 months prior to enrolment. iGET Living: Youth 
Intervention

A prototype of the digital exposure intervention, 
iGET Living, for youth was developed from an in- person 
graded- exposure intervention for youth (GET Living),17 
which was recently evaluated in a two- arm RCT (please 
see Simons et al, 2020 for an in- depth description of the 
in- person intervention; Simons et al, in preparation). The 
prototype of iGET Living is built on a secure flexible plat-
form that can be used on any device (BASS4; https://ki. 
se/en/research/internet-delivered-interventions). BASS4 
is available through the Karolinska Institutet e- Health 
Core Facility which provides maintenance and technical 
support and has been successfully used for other internet- 
based behavioural interventions with adolescents and 
adults.54–56 iGET Living extracts fundamental concepts 
from in- person GET Living, such as focusing on pain- 
related fear and avoidance as key targeted mechanisms to 
increase functioning, as well as focusing on pain willing-
ness and values- based actions in the context of exposures 
(figure 2). Different from in- person GET Living, which is 
delivered twice weekly and jointly by a physical therapist 
and psychologist, iGET Living has been restructured for 
daily engagement and is meant to be mostly self- guided. 
iGET Living is structured to be completed in ~6 weeks, with 
content organised into 30 brief (5–15 min daily engage-
ment) modules, with the goal that patients complete 
a minimum of five sessions per week. Each patient is 
assigned a therapist (ie, licensed psychologist with experi-
ence treating youth with chronic pain, clinical psychology 
trainee) with whom they are able to communicate with 
during the intervention via a messaging functioning 
within the platform. Therapists are also able to see the 
patient’s response to activities completed in the modules 
and can provide feedback. At the end of each week, the 
therapist sends a message to the patient, reflecting on 
their progress and providing support for any barriers to 
meeting goals. Messages are predrafted but tailored to 
the individual patient prior to deployment. The structure 
of the protocol was modelling after an ACT- based smart-
phone application for adults with chronic pain.57

iGET living: caregiver intervention
During in- person GET Living, caregivers are present for 
every treatment session with their child and received 
three, one- on- one sessions with the pain psychologist. 
We will extract fundamental concepts from the caregiver 
sessions, including education and a focus on caregiver 
distress in the context of their child’s pain, for the digital 
intervention. We will use data from user- centred inter-
views to inform the structure and duration of the care-
giver intervention.

Treatment components
Education, goal setting, and activity hierarchy development
The first six modules orient the user to the structure of 
the intervention and provide the rationale for exposure. 

Figure 2 Core components of iGET Living to support 
behaviour change.

https://ki.se/en/research/internet-delivered-interventions
https://ki.se/en/research/internet-delivered-interventions
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These sessions also provide education and training for 
skills youth will put in to practice in the following weeks, 
such as introduction to the ‘Pain Dilemma’ (the concep-
tualisation of the dysfunctional behavioural strategies, 
motivational interviewing towards focus on improvement 
of function vs pain elimination),58 the pain- avoidance 
cycle, values clarification and goal setting, education on 
exposure and activity hierarchy development.

Enhancing function through achievable goals and exposures
In these modules, patients are guided through values 
clarification exercises for various domains (ie, friends/
friendship, family, school and hobbies) and setting values- 
based treatment goals to support movement towards 
increased function vs pain reduction. Activity exposures 
are designed to support the youth in engaging in activ-
ities that are feared or avoided due to the presence of 
pain. These activity exposures can be related to their 
values- based goal for the week. For example, having clar-
ified that part of being a good friend means communi-
cating with them regularly, a goal could be to have three 
phone calls during the week or text at least once daily. In 
support of this goal, one of the activity exposures could be 
to engaging in the phone call. Activity exposures can also 
be related to a physical activity (eg, walking for 15 min) 
or another activity that the youth has identified as some-
thing they want to or need to be doing (eg, helping with 
chores). Each week ends with a self- reflection on progress 
and barriers to meeting the goal or engaging in the expo-
sure as well as progress made.

Planning for barriers and long-term goal setting
Towards the end of the intervention, patients engage in 
setting long- term goals (ie, goals to work towards in the 
coming 3 months). Time is also spent identifying poten-
tial barriers for each goal and developing 1–2 potential 
solutions for overcoming those barriers. Patients also 
engage in thought- challenging exercises focused on 
negative automatic thoughts that could arise when met 
with a barrier or set back and are supported in gener-
ating alternative thoughts to support continued prog-
ress forward. The last module is an exercise called ‘Top 
Lessons Learnt’ where patients list the key take- aways 
learnt during the intervention and skills they want to 
remember moving forward.

Caregiver content
Similar to youth, caregivers will receive education related 
to pain- related fear and avoidance as key mechanisms 
linked to function, as well as focusing on pain willingness 
and values- based actions in the context of exposures to 
enhance function. Content will also focus on caregiver 
distress in the context of their child’s pain and behaviour 
change: strategies for promoting activity engagement, 
reacting vs responding to child pain symptoms, and the 
concept of rescuing versus riding it out when the child 
is in distress. We will also assess caregiver experiences 
(if any) with pain psychology interventions to date, 

including needs and wants for an ideal intervention. 
Taken together, these data will inform the development 
of a caregiver digital prototype.

Phase 1: user-centred development
Interview sessions with youth and caregivers will be 
conducted by a member of the research team via Zoom, 
an online videoconference platform for healthcare, and 
will use best practices for qualitative and cognitive inter-
viewing for research.32 33 59 Consent and assent (see online 
supplemental materials 1; 2) will be obtained through 
the secure, web- based application REDCap (Research 
Electronic Data Capture). Each participant will be given 
a log- in and password allowing them to access the BASS4 
platform where they will be able to view and pilot various 
functions within the platform (eg, audio files, animations, 
completing activities). While viewing treatment content, 
participants will be prompted to think aloud about 
likes, dislikes, and difficulties with the content. Likert 
scale- rated and open- ended questions assessing accept-
ability, ease of use, comprehensibility, and suggestions 
for improvement will also be administered. Items will be 
administered after each module, as well as at the conclu-
sion of viewing all content.

All interviews will be recorded and transcribed, and 
data will be entered and stored on REDCap. Videos 
will be stored on a secure cloud- based platform safe for 
personal health information and accessed only by the 
research team. Interview sessions will continue until data 
saturation is reached (ie, no data/feedback are generated 
that have not already been categorised). Once data satu-
ration is reached, all usability data from a single iterative 
cycle will be considered to have been identified60 61 and 
the content of the interventions will be modified accord-
ingly. Review of the literature and previously conducted 
usability testing studies indicates that prototype refine-
ment is typically achieved within 2–3 cycles of testing, with 
4–5 participants in each cycle.60 61 Therefore, we aim to 
conduct three iterative cycles of user- centred interviews.

Phase 2: feasibility and preliminary efficacy
Participants will complete a remote baseline study visit 
with a research assistant via Zoom. Prior to the baseline 
visit, a wearable Actigraph62 will be mailed to each youth 
participant via US postal service priority mail, and they 
will be instructed to begin wearing the device immedi-
ately following their remote baseline visit until comple-
tion of the intervention.

Baseline
Consent, assent and self- report measures will be collected 
via REDCap from youth and caregivers. Youth will 
complete a brief biomechanical assessment of walk speed 
and balance, which will be recorded and analysed using 
OpenPose.63 Youth and caregivers also begin completing 
daily diaries at this time and are randomly assigned to a 
baseline period of 10–21 days (in line with SCED meth-
odology for staggered introduction of the intervention 

https://dx.doi.org/10.1136/bmjopen-2022-065997
https://dx.doi.org/10.1136/bmjopen-2022-065997
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among participants). Following their baseline period, 
the patient begins the intervention. On the day they are 
scheduled to begin the intervention, the participant will 
be provided with a username, password and hyperlink 
used to access the BASS platform.

Intervention
Patients are encouraged to engage with the programme 
daily but we will use data from user- centred interviews to 
better inform expectations for frequency of engagement. 
Each daily module should take no more than 15 min to 
complete.

Completion of Treatment
At the end of treatment (~6 weeks), the patient will 
attend a discharge visit via Zoom. Similar to the baseline 
visit, participants will complete self- report measures via 
REDCap and youth will also complete the biomechanical 
assessment. Participants will also complete an exit inter-
view assessing their experience of the intervention. Daily 
diaries are discontinued at this time and families will be 
provided with instructions and materials for returning 
the wearable physical activity tracker.

Follow-up
All non- daily assessments will be administered to youth 
and caregivers again at 3- month follow- up. Youth and 
caregivers will also complete the daily diaries for a 7- day 
period.

Extensive support will also be provided during the 
onboarding phase to ensure families are able to access 
the intervention. If a participant displays difficulty with 
daily engagement (2+ days no progress), a member of the 
research team will reach out to the family via the messaging 
feature in the platform and problem- solve barriers to 
engagement. During consent procedures, participants 
will be informed of their right to withdraw from the study 
at any time without penalty. As the intervention is self- 
guided and digital, we do not anticipate a scenario in 
which we would need to discontinue participation.

Assessment of outcomes
All self- report assessments and daily diaries will be 
completed online through REDCap.

User-centred development outcomes
Youth and caregivers will complete demographic and 
medical history (described below) and will undergo a 
series of qualitative interviews (up to three 2- hour sessions, 
for a total of 6 hours maximum time) during the viewing 
of the intervention content. The qualitative interview is a 
semistructured interview developed by this research team 
to elicit qualitative and quantitative feedback that will be 
analysed and used to modify the intervention content.

The primary and secondary outcomes described below 
will be collected during aim 2 from youth and care-
givers. Nondaily measures will be completed at baseline, 
discharge and 3- month follow- up. Daily diaries will be 
delivered to the adolescent to assess outcomes within 

the last 24 hours from the start of the baseline phase to 
discharge and will also be collected for 7 days at 3- month 
follow- up (table 1).

Feasibility and preliminary efficacy outcomes
Implementation outcomes
Treatment satisfaction (youth and caregiver)
Treatment satisfaction will be evaluated using the Pain 
Service Satisfaction Test (PSST)64 at the end of treatment. 
The PSST consists of 22 items and assesses the individuals 
experience with pain clinic services and will be slightly 
modified to fit with the current intervention.17

Treatment expectancy (youth and caregiver)
Expectations for treatment effectiveness will be assessed 
using the Credibility/Effectiveness Questionnaire 
(CEQ).65 The CEQ is composed of six items rated on 1–9 
or 0%–100% scale, depending on the item, and assesses 
expectations related to the effects of the current treat-
ment across two subscales: credibility and expectancy. 
Credibility is calculated by taking a mean of items 1–3. 
For expectancy, we will use the expectancy item that asks 
patients to rate (0%–100%), ‘By the end of [treatment), 
how much improvement do you think will occur?’66

Treatment adherence (youth and caregiver)
Adherence and retention will be assessed by examining 
adherence/completion of daily diaries, per cent of 
patients who drop out prior to treatment completion and 
percentage of treatment modules completed.

Efficacy outcomes

Functional Impairment (youth)
The FDI53 will be used to assess functional impairment 
in youth. The FDI is a 15- item self- report measure 
assessing perceived difficulty of performing activities 
across contexts (home, school, social and physical). Items 
are rated on a 5- point Likert scale ranging from 0 (no 
trouble) to 4 (impossible). Items are summed to create a 
total score, with higher scores indicating greater disability. 
Scores on the FDI can be interpreted using established 
clinical reference points: 1–12=no/minimal disability, 
13–29=moderate disability and 30–60=severe disability.67

Pain-related fear and avoidance (youth and caregiver)
The Fear of Pain Questionnaire, child report short form 
68 is a 10- item measure that assesses pain- related fear and 
avoidance of activities. Items are rated on a 0 (strongly 
disagree) to 4 (strongly agree) Likert scale. Items are 
summed to create a total score for each subscale: Fear of 
Pain (four items) and Avoidance of Activities (six items). 
Higher scores indicate higher levels of pain- related 
fear and avoidance. The Parent Fear of Pain Question-
naire (PFOPQ)7 assesses caregiver’s fear and avoidance 
behaviours associated with their child’s pain experiences. 
We will use a newly developed short form (PFOPQ- SF) 
which contains nine items assessed on a 5- point Likert 
scale (0=strongly disagree to 4=strongly agree). Items are 
summed to create a total score for each subscale: Fear 



6 Harrison LE, et al. BMJ Open 2022;12:e065997. doi:10.1136/bmjopen-2022-065997

Open access 

of Pain and Movement, Avoidance of Activities, and Fear 
of School. Higher scores indicate higher levels of pain- 
related fear and avoidance.

Pain Catastrophising
The Pain Catastrophising Scale- C (PCS- C)67 assesses 
negative pain- related cognitions. The PCS- C consists 
of 13- items rated on a 5- point Likert scale ranging 
from 0 (not at all true) to 4 (very true). Items are 
summed to create a total score, with higher scores 
indicating higher levels of catastrophic thinking. The 
Pain Catastrophising Scale- Parent Version (PCS- P)6 
assesses caregivers’ negative cognitions associated 
with their child’s pain. The PCS- P is composed of 
13- itmes rated on a 5- point Likert scale ranging from 
0 (not at all true) to 4 (very true). Items are summed 
to create a total score, with higher scores indicating 
higher levels of catastrophic thinking.

Pain acceptance
The Chronic Pain Acceptance Questionnaire for Adoles-
cents- short form (CPAQ- A8)68 will be used to assess 

acceptance of pain in youth. The CPAQ- A8 consists of 
eight items rated on a 5- point Likert scale ranging from 
0 (never true) to 4 (always true) and examines pain 
acceptance across two subscales: activity engagement 
(four items) and pain willingness (four items). Items are 
summed to create a total score for each subscale, with 
higher scores indicating higher levels of activity engage-
ment and pain willingness. The Parent Psychological 
Flexibility Questionnaire 69 is a 10- item questionnaire 
assessing caregiver’s ability to accept their own distress 
and respond adaptively and flexibility to their child’s 
pain. Items are rated on a 7- point Likert scale ranging 
from 0 (never true) to 6 (always true). Higher scores indi-
cate greater caregiver psychological flexibility.

Caregiver Protective Responses
The Adult Responses to Children’s Symptoms70 is a self- 
report measure assessing caregiver behavioural responses 
to children’s pain behaviours. We will use the Protect 
subscale (13 items), which examines protective caregiver 
behaviours such as limiting chores or other activities and 

Table 1 List of measures

Outcomes and correlates Questionnaires and tests DD Full version

Phase 1

  Acceptability Qualitative interview+

Phase 2: Feasibility

  Treatment satisfaction Treatment satisfaction64; mean score ≥40 of 60; satisfied to very 
satisfied

END, FU

  Treatment acceptability Treatment expectancy and credibility65; % drop- out; Feedback from 
stakeholder interview (eg, patients, parents, clinicians)

BAS, END, FU

  Treatment adherence % adherence to daily diary, modules completed, # of messages to 
the therapist

END

Phase 2: Examination of effectiveness

Primary Outcome: Functional Disability

  Functional disability Functional Disability Inventory53 x BAS, END, FU

Secondary outcomes: Pain- related distress and behaviour

  Pain- related distress Fear of Pain Questionnaire, child report, short form68; Parent Fear of 
Pain Questionnaire7; Pain Catastrophising Scale- Child and Parent80 6

x BAS, END, FU

  Psychological Flexibility Chronic Pain Acceptance Questionnaire for Adolescents81; Parent 
Psychological Flexibility Questionnaire82

x BAS, END, FU

  Parent Protective Behaviours Adult Responses to Child’s Symptoms83 x BAS, END, FU

Correlates

  Pain Severity Numerical Rating Scale69 x BAS, END, FU

  Medical History Onset, location, duration, course, intensity of pain, current 
medications

BAS

  Demographics Age, gender, race, ethinicity, school grade, number of pain- related 
absenses, annual household income, parent hours worked in a week, 
parent days of work missed due to child’s pain, zip code

BAS

Exploratory

  Biomechanics Gait (stride length, velocity)84; dynamic postural control85 BAS, END

  Physical Activity Daily mean and peak activity via wearable device x

+, during viewing of content; BAS, baseline; DD, daily diary; END, discharge; FU, 3- month follow- up; TX, once weekly, during treatment.
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providing special attention in the context of pain symp-
toms. Items are rated on a 5- point Likert scale ranging 
from 0 (never) to 4 (always). A mean score is computed 
(ranging from 0 to 4), with higher scores indicating 
greater protective behaviours.

Covariates
Demographics and Medical History
Youth will self- report demographic variables, such as 
age, gender, race, ethnicity and current year in school. 
Caregivers will self- report age, gender, race, ethnicity, 
number of school days missed due to pain for their 
child, annual household income, caregiver labour 
force status, hours worked in a week and number of 
missed work- days due to their child’s pain. Data related 
to onset, location, duration, course, intensity of pain 
symptoms and current medications will be assessed via 
self- report from youth and caregivers. These data will 
be collected at baseline.

Pain severity
Youth will provide their average pain rating for the 
past 24- hours on a standard Numerical Rating Scale69 
ranging from 0 (no pain) to 10 (worst possible pain) 
on a daily basis from baseline to end of treatment.70 71 
Average pain ratings will be calculated for 7 days prior 
to the first treatment session (baseline average pain) 
and 7 days after the end of treatment (average pain 
over the preceding week).

Exploratory
Biomechanical functioning
Assessment of physical function will include stride 
length and walk pace. These data will be collected via 
video and analysed using appropriate software (eg, 
OpenPose.72 These data will be collected at baseline 
and discharge.

Daily activity level
We will collect daily physical activity data via a wear-
able physical activity tracker from youth while they are 
enrolled in the intervention.

Youth and caregiver daily diaries
The daily surveys for youth and caregivers will be used 
during phase 2. Youth diaries will assess engagement in 
values- based activities, self- efficacy, function, notable 
events and sleep. Caregiver diaries will assess their distress 
and behaviours in the context of their child’s pain (eg, 
fear, catastrophising, avoidance), as well as personal/
familial stressors. Items will be rated on a VAS ranging 
from 0 (strongly disagree) to 10 (strongly agree) and are 
administered in a random order each day to mitigate 
habitual responding. Youth and caregivers will receive a 
daily text message with a hyperlink to their daily survey. 
Participants can designate when during the day they 
prefer to receive the survey. Survey link becomes inactive 
after 24 hours of deployment.

Data analysis

User-centred development analyses
Qualitative data extraction
All videorecorded interviews will be transcribed verbatim. 
Transcripts (audio and typed feedback) will be uploaded 
into NVivo V.12. Framework matrix analysis will catego-
rise emergent themes, yielding specific, recurring infor-
mation. Modifications to content will be made after each 
iterative cycle (n=5) of testing.

Feasibility and preliminary efficacy analyses
Feasibility
We will examine mean treatment expectancy, credibility 
and satisfaction scores, and patient drop- out percentage 
(total N=20 for youth; N=20 for caregivers). For adher-
ence, we will examine mean adolescent and parent daily 
diary completion and treatment module completion. 
A participant will be considered adherent if:  ≥ 80% of 
modules completed,  ≤ 20% attrition rate and  ≥ 80% daily 
diary adherence.

Efficacy
Daily diaries: We will present descriptive analyses, based 
on single- case reporting guidelines73 and recommenda-
tions for reporting on several replicated SCED cases.74 75 
Using the Shiny app for single- case data analysis,76 we 
will calculate effect sizes for each individual on each 
outcome comparing phases (AB, BC, AC, where A=base-
line, B=treatment, C=3- month follow- up) using the non- 
overlap of all pairs test statistic. Non- daily measures: 
Criterion of 30% improvement from baseline will be 
considered clinically significant change.18

Sample size and power analysis
Phase 1: user-centred development
Existing literature and previously conducted usability 
testing studies indicate that prototype refinement is typi-
cally achieved within 2–3 iterative cycles of user- centred 
interviews. Additionally, data saturation can usually be 
reached with samples as small as 5–7 participants per 
usability cycle.77 Therefore, we aim to recruit 15 adoles-
cents ages 10–18 years for up to three cycles of usability 
testing.

Phase 2: feasibility and preliminary efficacy
As SCED uses individual level (vs group level) analyses, 
power and sample size considerations do not apply. The 
design of this study was based on previous work done in 
adults (n=616; n=878 79) with chronic pain applying the 
same treatment approach and study design. We aim to 
recruit 20 participants for phase 2 to ensure adequate 
sample size and sufficient feasibility data.

Monitoring
This trial is monitored by Navitas Clinical Research, the 
executive secretary of the National Institute of Arthritis 
and Musculoskeletal and Skin Diseases (NIAMS). A 
safety monitoring committee of three experts, approved 
by NIAMS, will meet quarterly to review overall subject 
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enrolment status, accrual, adherence, protocol deviations 
and adverse events.

Trial status
This study was prospectively registered on  Clinical-
Trials. gov with the US National Library of Medi-
cine on 10 April 2021 (NCT05079984). Participant 
recruitment for phase 1 (user- centred development) 
began March 2022 and is expected to be complete 
September 2022. We anticipate recruiting for phase 
2 (feasibility and preliminary efficacy) from January 
2023 to January 2024, with data collection ceasing 
approximately 6 months later. See online supple-
mental materials 3 for study timeline.

Patient and public involvement
Patients and caregivers will be directly involved in devel-
opment of the intervention, including but not limited to, 
content, structure, time and frequency of engagement.

DISCUSSION
Exposure treatment is a promising intervention for 
youth with chronic pain, targeting both psychological 
and physical functioning. Digitalisation of effective 
interventions is crucial to increase reach and reduce 
care barriers. Further, engaging individuals with lived 
experiences in the development process is critical 
for treatment efficacy, and to enhance broad adop-
tion by end users. This study presents the protocol 
for the development of a digital exposure treatment 
for youth with chronic pain. We aim to take a user- 
centred, codesign approach to the development of 
the intervention. Further, this study represents the 
first examination of feasibility and efficacy of a digital 
exposure- based treatment in this population using 
an SCED methodology. Future work will focus on the 
development of a companion caregiver intervention, 
which will highlight skills learnt by their child in the 
youth intervention while also targeting caregiver 
distress and behaviour within the context of their 
child’s pain experience.

Ethics and dissemination
This study is approved by the Institutional Review Board 
at Stanford University (protocol #53323). All eligible 
participants will be informed of study procedures and will 
sign informed consent and assent forms if they agree to 
participate. Participants will be informed of their right to 
withdraw at any time without penalty. Each participant 
will receive a unique study ID code, ensuring anonymity.

Information about the project (eg, recruiting, 
enrolling) can be found on LEH’s faculty website at 
Stanford University. The general outline of the project 
has been presented at one international conference. 
Following the publication of this study protocol paper, we 
aim to publish a number of peer- reviewed manuscripts. 
Any protocol modifications will be communicated. 

Results will also be disseminated at national and interna-
tional conferences.

Author affiliations
1Department of Anesthesiology, Perioperative, and Pain Medicine, Stanford 
University School of Medicine, Palo Alto, California, USA
2The Hospital for Sick Children, Toronto, Ontario, Canada
3Lawrence S. Bloomberg Faculty of Nursing, University of Toronto, Toronto, Ontario, 
Canada
4Department of Clinical Neuroscience, Karolinska Institute, Stockholm, Sweden
5Pain Clinic, Capio St. Goran Hospital, Stockholm, Sweden

Twitter Lauren E Harrison @harrison_laur and Ellison Choate @ChoateEllison

Contributors LEH, LS, RW, JS and BD were involved in the conception and design 
of this project. LEH acquired and received the funding. RW, JS and BD contributed 
specific input related to user- centred development and implementation. LS and RW 
provided experience on single- case experimental design aspects of this project. 
SNW, ARVO, EC and NJ are research team members directly involved with carrying 
out study aims. LEH drafted the manuscript, and all authors revised the manuscript. 
All authors gave final approval and agreed to be accountable for all aspects of the 
manuscript.

Funding This investigation was supported by the Society of Pediatric Psychology 
Drotar- Crawford Postdoctoral Fellow Research Grant AGR810561awarded to LEH 
and by NIAMS K23 AR079608- 01 awarded to LEH. Please see below for contact 
information for the current trial sponsor: NIAMS Information Clearinghouse National 
Institutes of Health Bethesda, MD 20892- 3675 Phone: 301- 495- 4484 Toll free: 
877- 22- NIAMS(877- 226- 4267) TTY: 301- 565- 2966 Fax: 301- 718- 6366 Email:  
NIAMSinfo@ mail. nih. gov Website: https://www.niams.nih.gov

Disclaimer Funding agencies do not have a role in study design or collection or 
dissemination of data.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Lauren E Harrison http://orcid.org/0000-0002-2113-6471
Laura E Simons http://orcid.org/0000-0002-3395-9483

REFERENCES
 1 Huguet A, Miró J. The severity of chronic pediatric pain: an 

epidemiological study. J Pain 2008;9:226–36.
 2 King S, Chambers CT, Huguet A, et al. The epidemiology of chronic 

pain in children and adolescents revisited: a systematic review. Pain 
2011;152:2729–38.

 3 Lewandowski Holley A, Wilson AC, Cho E, et al. Clinical phenotyping 
of youth with new- onset musculoskeletal pain: a controlled cohort 
study. Clin J Pain 2017;33:28–36.

https://dx.doi.org/10.1136/bmjopen-2022-065997
https://dx.doi.org/10.1136/bmjopen-2022-065997
https://twitter.com/harrison_laur
https://twitter.com/ChoateEllison
https://www.niams.nih.gov
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2113-6471
http://orcid.org/0000-0002-3395-9483
http://dx.doi.org/10.1016/j.jpain.2007.10.015
http://dx.doi.org/10.1016/j.pain.2011.07.016
http://dx.doi.org/10.1097/AJP.0000000000000371


9Harrison LE, et al. BMJ Open 2022;12:e065997. doi:10.1136/bmjopen-2022-065997

Open access

 4 Groenewald CB, Essner BS, Wright D, et al. The economic costs of 
chronic pain among a cohort of treatment- seeking adolescents in the 
United States. J Pain 2014;15:925–33.

 5 Fales JL, Essner BS, Harris MA, et al. When helping hurts: miscarried 
helping in families of youth with chronic pain. J Pediatr Psychol 
2014;39:427–37.

 6 Goubert L, Eccleston C, Vervoort T, et al. Parental catastrophizing 
about their child’s pain. The parent version of the pain 
catastrophizing scale (PCS- P): a preliminary validation. Pain 
2006;123:254–63.

 7 Simons LE, Smith A, Kaczynski K, et al. Living in fear of your child's 
pain: the parent fear of pain questionnaire. Pain 2015;156:694–702.

 8 Simons LE, Kaczynski KJ. The fear avoidance model of chronic pain: 
examination for pediatric application. J Pain 2012;13:827–35.

 9 Simons LE, Kaczynski KJ, Conroy C, et al. Fear of pain in the context 
of intensive pain rehabilitation among children and adolescents 
with neuropathic pain: associations with treatment response. J Pain 
2012;13:1151–61.

 10 Fisher E, Law E, Dudeney J, et al. Psychological therapies for 
the management of chronic and recurrent pain in children and 
adolescents. Cochrane Database Syst Rev 2018;9:CD003968.

 11 Hechler T, Dobe M, Kosfelder J, et al. Effectiveness of a 3- week 
multimodal inpatient pain treatment for adolescents suffering 
from chronic pain: statistical and clinical significance. Clin J Pain 
2009;25:156–66.

 12 Simons LE, Sieberg CB, Pielech M, et al. What does it take? 
Comparing intensive rehabilitation to outpatient treatment for 
children with significant pain- related disability. J Pediatr Psychol 
2013;38:213–23.

 13 Odell S, Logan DE. Pediatric pain management: the multidisciplinary 
approach. J Pain Res 2013;6:785.

 14 Vlaeyen JWS, Linton SJ. Fear- avoidance and its consequences 
in chronic musculoskeletal pain: a state of the art. Pain 
2000;85:317–32.

 15 Vlaeyen JWS, Crombez G, Linton SJ. The fear- avoidance model of 
pain. Pain 2016;157:1588–9.

 16 Vlaeyen JWS, de Jong J, Geilen M, et al. The treatment of fear of 
movement/(re)injury in chronic low back pain: further evidence on the 
effectiveness of exposure in vivo. Clin J Pain 2002;18:251–61.

 17 Simons LE, Harrison LE, O'Brien SF, et al. Graded exposure 
treatment for adolescents with chronic pain (get living): 
protocol for a randomized controlled trial enhanced with 
single case experimental design. Contemp Clin Trials Commun 
2019;16:100448.

 18 Simons LE, Vlaeyen JWS, Declercq L, et al. Avoid or engage? 
outcomes of graded exposure in youth with chronic pain using 
a sequential replicated single- case randomized design. Pain 
2020;161:520–31.

 19 Dekker C, Goossens M, Winkens B, et al. Functional disability 
in adolescents with chronic pain: comparing an interdisciplinary 
exposure program to usual care. Children 2020;7:288.

 20 Flack F, Stahlschmidt L, Dobe M, et al. Efficacy of adding 
interoceptive exposure to intensive interdisciplinary treatment for 
adolescents with chronic pain: a randomized controlled trial. Pain 
2018;159:2223–33.

 21 Van Meulenbroek T, Conijn AEA, Huijnen IPJ, et al. Multidisciplinary 
treatment for hypermobile adolescents with chronic musculoskeletal 
pain. J Rehabil Med Clin Commun 2020;3:1000033.

 22 Peng P, Stinson JN, Choiniere M, et al. Dedicated multidisciplinary 
pain management centres for children in Canada: the current status. 
Can J Anaesth 2007;54:985–91.

 23 Crosby LE, Ware RE, Goldstein A, et al. Development and evaluation 
of iManage: a self- management APP co- designed by adolescents 
with sickle cell disease. Pediatr Blood Cancer 2017;64:139–45.

 24 Du S, Liu W, Cai S, et al. The efficacy of e- health in the self- 
management of chronic low back pain: a meta analysis. Int J Nurs 
Stud 2020;106:103507.

 25 Fortier MA, Chung WW, Martinez A, et al. Pain buddy: a novel use of 
m- health in the management of children's cancer pain. Comput Biol 
Med 2016;76:202–14.

 26 A Pain Reporting Platform for Adolescents with Sickle- Cell Disease. 
Proceedings of the 52nd Hawaii International Conference on system 
sciences; 2019.

 27 Palermo TM, Eccleston C, Lewandowski AS, et al. Randomized 
controlled trials of psychological therapies for management of 
chronic pain in children and adolescents: an updated meta- analytic 
review. Pain 2010;148:387–97.

 28 Palermo TM, Law EF, Fales J, et al. Internet- delivered cognitive- 
behavioral treatment for adolescents with chronic pain and 
their parents: a randomized controlled multicenter trial. Pain 
2016;157:174.

 29 Slater H, Jordan JE, Chua J, et al. Young people's experiences of 
persistent musculoskeletal pain, needs, gaps and perceptions about 
the role of digital technologies to support their co- care: a qualitative 
study. BMJ Open 2016;6:e014007.

 30 Slattery BW, Haugh S, O'Connor L, et al. An evaluation of the 
effectiveness of the modalities used to deliver electronic health 
interventions for chronic pain: systematic review with network meta- 
analysis. J Med Internet Res 2019;21:e11086.

 31 Smith K, Iversen C, Kossowsky J, et al. Apple apps for the 
management of pediatric pain and pain- related stress. Clin Pract 
Pediatr Psychol 2015;3:93–107.

 32 Stinson JN, Jibb LA, Nguyen C, et al. Development and testing 
of a multidimensional iPhone pain assessment application for 
adolescents with cancer. J Med Internet Res 2013;15:e51.

 33 Stinson JN, Lalloo C, Harris L, et al. iCanCope with pain ™: user- 
centred design of a web- and mobile- based self- management 
program for youth with chronic pain based on identified health care 
needs. Pain Research and Management 2014;19:257–65.

 34 Fisher E, Law E, Dudeney J, et al. Psychological therapies 
(remotely delivered) for the management of chronic and recurrent 
pain in children and adolescents. Cochrane Database Syst Rev 
2019;4:CD011118.

 35 Higgins KS, Tutelman PR, Chambers CT, et al. Availability 
of researcher- led eHealth tools for pain assessment and 
management: barriers, facilitators, costs, and design. Pain Rep 
2018;3:e686.

 36 Payne HE, Lister C, West JH, et al. Behavioral functionality of mobile 
apps in health interventions: a systematic review of the literature. 
JMIR Mhealth Uhealth 2015;3:e20.

 37 Baker TB, Gustafson DH, Shah D. How can research keep up with 
eHealth? Ten strategies for increasing the timeliness and usefulness 
of eHealth research. J Med Internet Res 2014;16:e36.

 38 Cowan LT, Van Wagenen SA, Brown BA, et al. Apps of steel: are 
exercise apps providing consumers with realistic expectations?: a 
content analysis of exercise apps for presence of behavior change 
theory. Health Educ Behav 2013;40:133–9.

 39 Neuhauser L, Kreps GL. eHealth communication and behavior 
change: promise and performance. Soc Semiot 2010;20:9–27.

 40 Riley WT, Rivera DE, Atienza AA, et al. Health behavior models in the 
age of mobile interventions: are our theories up to the task? Transl 
Behav Med 2011;1:53–71.

 41 Abroms LC, Padmanabhan N, Thaweethai L, et al. iPhone apps 
for smoking cessation: a content analysis. Am J Prev Med 
2011;40:279–85.

 42 Backinger CL, Augustson EM. Where there's an APP, there's a way? 
Am J Prev Med 2011;40:390–1.

 43 Breton ER, Fuemmeler BF, Abroms LC. Weight loss- there is an APP 
for that! but does it adhere to evidence- informed practices? Transl 
Behav Med 2011;1:523–9.

 44 Hebden L, Cook A, van der Ploeg HP, et al. Development of 
smartphone applications for nutrition and physical activity behavior 
change. JMIR Res Protoc 2012;1:e9.

 45 Azar KMJ, Lesser LI, Laing BY, et al. Mobile applications for weight 
management: theory- based content analysis. Am J Prev Med 
2013;45:583–9.

 46 Wilson K, Bell C, Wilson L, et al. Agile research to complement agile 
development: a proposal for an mHealth research lifecycle. NPJ Digit 
Med 2018;1:1–6.

 47 Davidson KW, Peacock J, Kronish IM, et al. Personalizing behavioral 
interventions through single- patient (n- of- 1) trials. Soc Personal 
Psychol Compass 2014;8:408–21.

 48 Vlaeyen JWS, Wicksell RK, Simons LE. From Boulder to Stockholm 
in 70 years: single case experimental designs in clinical research. 
Psychol Rec 2020;70:659–70.

 49 Van Den Noortgate W, Onghena P. Multilevel meta- analysis: a 
comparison with traditional meta- analytical procedures. Educ 
Psychol Meas 2003;63:765–90.

 50 Van den Noortgate W, Onghena P. A multilevel meta- analysis of 
single- subject experimental design studies. Evid Based Commun 
Assess Interv 2008;2:142–51.

 51 Bhandari RP, Feinstein AB, Huestis SE, et al. Pediatric- Collaborative 
health outcomes information registry (Peds- CHOIR): a learning 
health system to guide pediatric pain research and treatment. Pain 
2016;157:2033–44.

 52 Treede R- D, Rief W, Barke A, et al. Chronic pain as a symptom or a 
disease: the IASP classification of chronic pain for the International 
classification of diseases (ICD- 11). Pain 2019;160:19–27.

 53 Walker LS, Greene JW. The functional disability inventory: measuring 
a neglected dimension of child health status. J Pediatr Psychol 
1991;16:39–58.

http://dx.doi.org/10.1016/j.jpain.2014.06.002
http://dx.doi.org/10.1093/jpepsy/jsu003
http://dx.doi.org/10.1016/j.pain.2006.02.035
http://dx.doi.org/10.1097/j.pain.0000000000000100
http://dx.doi.org/10.1016/j.jpain.2012.05.002
http://dx.doi.org/10.1016/j.jpain.2012.08.007
http://dx.doi.org/10.1002/14651858.CD003968.pub5
http://dx.doi.org/10.1097/AJP.0b013e318185c1c9
http://dx.doi.org/10.1093/jpepsy/jss109
http://dx.doi.org/10.2147/JPR.S37434
http://dx.doi.org/10.1016/S0304-3959(99)00242-0
http://dx.doi.org/10.1097/j.pain.0000000000000574
http://dx.doi.org/10.1097/00002508-200207000-00006
http://dx.doi.org/10.1016/j.conctc.2019.100448
http://dx.doi.org/10.1097/j.pain.0000000000001735
http://dx.doi.org/10.3390/children7120288
http://dx.doi.org/10.1097/j.pain.0000000000001321
http://dx.doi.org/10.2340/20030711-1000033
http://dx.doi.org/10.1007/BF03016632
http://dx.doi.org/10.1002/pbc.26177
http://dx.doi.org/10.1016/j.ijnurstu.2019.103507
http://dx.doi.org/10.1016/j.ijnurstu.2019.103507
http://dx.doi.org/10.1016/j.compbiomed.2016.07.012
http://dx.doi.org/10.1016/j.compbiomed.2016.07.012
http://dx.doi.org/10.1016/j.pain.2009.10.004
http://dx.doi.org/10.1097/j.pain.0000000000000348
http://dx.doi.org/10.1136/bmjopen-2016-014007
http://dx.doi.org/10.2196/11086
http://dx.doi.org/10.1037/cpp0000092
http://dx.doi.org/10.1037/cpp0000092
http://dx.doi.org/10.2196/jmir.2350
http://dx.doi.org/10.1155/2014/935278
http://dx.doi.org/10.1002/14651858.CD011118.pub3
http://dx.doi.org/10.1097/PR9.0000000000000686
http://dx.doi.org/10.2196/mhealth.3335
http://dx.doi.org/10.2196/jmir.2925
http://dx.doi.org/10.1177/1090198112452126
http://dx.doi.org/10.1080/10350330903438386
http://dx.doi.org/10.1007/s13142-011-0021-7
http://dx.doi.org/10.1007/s13142-011-0021-7
http://dx.doi.org/10.1016/j.amepre.2010.10.032
http://dx.doi.org/10.1016/j.amepre.2010.11.014
http://dx.doi.org/10.1007/s13142-011-0076-5
http://dx.doi.org/10.1007/s13142-011-0076-5
http://dx.doi.org/10.2196/resprot.2205
http://dx.doi.org/10.1016/j.amepre.2013.07.005
http://dx.doi.org/10.1038/s41746-018-0053-1
http://dx.doi.org/10.1038/s41746-018-0053-1
http://dx.doi.org/10.1111/spc3.12121
http://dx.doi.org/10.1111/spc3.12121
http://dx.doi.org/10.1007/s40732-020-00402-5
http://dx.doi.org/10.1177/0013164403251027
http://dx.doi.org/10.1177/0013164403251027
http://dx.doi.org/10.1080/17489530802505362
http://dx.doi.org/10.1080/17489530802505362
http://dx.doi.org/10.1097/j.pain.0000000000000609
http://dx.doi.org/10.1097/j.pain.0000000000001384
http://dx.doi.org/10.1093/jpepsy/16.1.39


10 Harrison LE, et al. BMJ Open 2022;12:e065997. doi:10.1136/bmjopen-2022-065997

Open access 

 54 Bonnert M, Ljótsson B, Hedman E, et al. Internet- Delivered 
cognitive behavior therapy for adolescents with functional 
gastrointestinal disorders — an open trial. Internet Interv 
2014;1:141–8.

 55 Bonnert M, Olén O, Lalouni M, et al. Internet- Delivered cognitive 
behavior therapy for adolescents with irritable bowel syndrome: a 
randomized controlled trial. Am J Gastroenterol 2017;112:152–62.

 56 Rickardsson J, Zetterqvist V, Gentili C, et al. Internet- Delivered 
acceptance and commitment therapy (iACT) for chronic pain- 
feasibility and preliminary effects in clinical and self- referred patients. 
Mhealth 2020;6:27.

 57 Gentili C, Zetterqvist V, Rickardsson J, et al. ACTsmart – 
development and feasibility of digital acceptance and commitment 
therapy for adults with chronic pain. NPJ Digit Med 2020;3:1–12.

 58 R.K. W. Values- Based exposure and acceptance in the treatment 
of pediatric chronic pain: from symptom reduction to valued living. 
Pediatric Pain Letter 2007;9 http://ppl.childpain.org/issues/v9n2_ 
2007/v9n2_wicksell.shtml

 59 Jibb LA, Cafazzo JA, Nathan PC, et al. Development of a mHealth 
real- time pain self- management app for adolescents with cancer: an 
iterative usability testing study [Formula: see text]. J Pediatr Oncol 
Nurs 2017;34:283–94.

 60 Macefield R. How to specify the participant group size for usability 
studies: a practitioner’s guide. Journal of Usability Studies 
2009;5:34–45 https://citeseerx.ist.psu.edu/viewdoc/download?doi= 
10.1.1.165.7784&rep=rep1&type=pdf

 61 Molich R. A critique of" How to specify the participant group size 
for usability studies: a practitioner’s guide" by Macefield. Journal of 
Usability Studies 2010;5:124–8.

 62 Wilson AC, Palermo TM. Physical activity and function in adolescents 
with chronic pain: a controlled study using actigraphy. J Pain 
2012;13:121–30.

 63 Delp SL, Anderson FC, Arnold AS, et al. OpenSim: open- source 
software to create and analyze dynamic simulations of movement. 
IEEE Trans Biomed Eng 2007;54:1940–50.

 64 McCracken LM, Klock PA, Mingay DJ, et al. Assessment of 
satisfaction with treatment for chronic pain. J Pain Symptom Manage 
1997;14:292–9.

 65 Borkovec TD, Nau SD. Credibility of analogue therapy rationales.  
J Behav Ther Exp Psychiatry 1972;3:257–60.

 66 Thompson- Hollands J, Bentley KH, Gallagher MW, et al. Credibility 
and outcome expectancy in the unified protocol: relationship to 
outcomes. J Exp Psychopathol 2014;5:72–82.

 67 Kashikar- Zuck S, Flowers SR, Claar RL, et al. Clinical utility and 
validity of the functional disability inventory among a multicenter 
sample of youth with chronic pain. Pain 2011;152:1600–7.

 68 Heathcote LC, Bhandari RP, Timmers I, et al. Rapid identification and 
clinical indices of fear- avoidance in youth with chronic pain. Pain 
2020;161:565–73.

 69 von Baeyer CL, Spagrud LJ, McCormick JC, et al. Three new 
datasets supporting use of the numerical rating scale (NRS- 11) for 
children's self- reports of pain intensity. Pain 2009;143:223–7.

 70 Birnie KA, Hundert AS, Lalloo C, et al. Recommendations for 
selection of self- report pain intensity measures in children and 
adolescents: a systematic review and quality assessment of 
measurement properties. Pain 2019;160:5–18.

 71 von Baeyer CL, Spagrud LJ, McCormick JC, et al. Three new 
datasets supporting use of the Numerical Rating Scale (NRS- 11) for 
children’s self- reports of pain intensity. Pain 2009;143:223–7.

 72 Rammohan S, Delp S, Ł K. MobileClinic: an end- to- end software 
architecture for analyzing human movement on a mobile device; 
2019.

 73 Tate RL, Perdices M, Rosenkoetter U, et al. The Single- Case 
reporting guideline in behavioural interventions (SCRIBE) 2016: 
explanation and elaboration. Arch Sci Psychol 2016;4:10–31.

 74 Jamshidi L, Heyvaert M, Declercq L, et al. Methodological quality of 
meta- analyses of single- case experimental studies. Res Dev Disabil 
2018;79:97–115.

 75 Onghena P, Michiels B, Jamshidi L, et al. One by one: accumulating 
evidence by using Meta- Analytical procedures for Single- Case 
experiments. Brain Impairment 2018;19:33–58.

 76 B I, Onghena P. The Single- Case data analysis package analysing 
Single- Case experiments with R software. Journal of Modern Applied 
Statistics 2013;12.

 77 Kushniruk AW, Patel VL. Cognitive and usability engineering methods 
for the evaluation of clinical information systems. J Biomed Inform 
2004;37:56–76.

 78 de Jong JR, Vlaeyen JWS, Onghena P, et al. Fear of movement/
(re)injury in chronic low back pain: education or exposure in vivo 
as mediator to fear reduction? Clin J Pain 2005;21:9discussion 
69–1772.

 79 Vlaeyen J, Morley S, Linton SJ. Pain- Related fear: exposure based 
treatment for chronic pain. IASP press, 2012.

 80 Crombez G, Bijttebier P, Eccleston C, et al. The child version of the 
pain catastrophizing scale (PCS- C): a preliminary validation. Pain 
2003;104:639–46.

 81 Gauntlett- Gilbert J, Alamire B, Duggan GB. Pain acceptance in 
adolescents: development of a short form of the CPAQ- A. J Pediatr 
Psychol 2018.

 82 Timmers I, Simons LE, Hernandez JM, et al. Parent psychological 
flexibility in the context of pediatric pain: brief assessment and 
associations with parent behaviour and child functioning. Eur J Pain 
2019;23:1340- 1350.

 83 Claar RL, Guite JW, Kaczynski KJ, et al. Factor structure of the 
adult responses to children's symptoms: validation in children 
and adolescents with diverse chronic pain conditions. Clin J Pain 
2010;26:410–7.

 84 Sil S, Thomas S, DiCesare C, et al. Preliminary evidence of altered 
biomechanics in adolescents with juvenile fibromyalgia. Arthritis Care 
Res 2015;67:102–11.

 85 Tran ST, Thomas S, DiCesare C, et al. A pilot study of biomechanical 
assessment before and after an integrative training program for 
adolescents with juvenile fibromyalgia. Pediatr Rheumatol Online J 
2016;14:43.

http://dx.doi.org/10.1016/j.invent.2014.07.002
http://dx.doi.org/10.1038/ajg.2016.503
http://dx.doi.org/10.21037/mhealth.2020.02.02
http://dx.doi.org/10.1038/s41746-020-0228-4
http://ppl.childpain.org/issues/v9n2_2007/v9n2_wicksell.shtml
http://ppl.childpain.org/issues/v9n2_2007/v9n2_wicksell.shtml
http://dx.doi.org/10.1177/1043454217697022
http://dx.doi.org/10.1177/1043454217697022
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.165.7784&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.165.7784&rep=rep1&type=pdf
http://dx.doi.org/10.1016/j.jpain.2011.08.008
http://dx.doi.org/10.1109/TBME.2007.901024
http://dx.doi.org/10.1016/S0885-3924(97)00225-X
http://dx.doi.org/10.1016/0005-7916(72)90045-6
http://dx.doi.org/10.1016/0005-7916(72)90045-6
http://dx.doi.org/10.5127/jep.033712
http://dx.doi.org/10.1016/j.pain.2011.02.050
http://dx.doi.org/10.1097/j.pain.0000000000001742
http://dx.doi.org/10.1016/j.pain.2009.03.002
http://dx.doi.org/10.1097/j.pain.0000000000001377
http://dx.doi.org/10.1016/j.pain.2009.03.002
http://dx.doi.org/10.1037/arc0000027
http://dx.doi.org/10.1016/j.ridd.2017.12.016
http://dx.doi.org/10.1017/BrImp.2017.25
http://dx.doi.org/10.22237/jmasm/1383280020
http://dx.doi.org/10.22237/jmasm/1383280020
http://dx.doi.org/10.1016/j.jbi.2004.01.003
http://dx.doi.org/10.1097/00002508-200501000-00002
http://dx.doi.org/10.1016/S0304-3959(03)00121-0
http://dx.doi.org/10.1093/jpepsy/jsy090
http://dx.doi.org/10.1093/jpepsy/jsy090
http://dx.doi.org/10.1002/ejp.1403
http://dx.doi.org/10.1097/AJP.0b013e3181cf5706
http://dx.doi.org/10.1002/acr.22450
http://dx.doi.org/10.1002/acr.22450
http://dx.doi.org/10.1186/s12969-016-0103-7

	Agile development of a digital exposure treatment for youth with chronic musculoskeletal pain: protocol of a user-centred design approach and examination of feasibility and preliminary efficacy
	Abstract
	Introduction
	Methods
	Recruitment and participants
	Phase 1
	Phase 2

	iGET living: caregiver intervention
	Treatment components
	Education, goal setting, and activity hierarchy development
	Enhancing function through achievable goals and exposures
	Planning for barriers and long-term goal setting
	Caregiver content

	Phase 1: user-centred development
	Phase 2: feasibility and preliminary efficacy
	Baseline
	Intervention
	Completion of Treatment
	Follow-up

	Assessment of outcomes
	User-centred development outcomes
	Feasibility and preliminary efficacy outcomes
	Implementation outcomes
	Treatment satisfaction (youth and caregiver)
	Treatment expectancy (youth and caregiver)
	Treatment adherence (youth and caregiver)
	Functional Impairment (youth)
	Pain-related fear and avoidance (youth and caregiver)
	Pain Catastrophising
	Pain acceptance
	Caregiver Protective Responses

	Covariates
	Demographics and Medical History
	Pain severity

	Exploratory
	Biomechanical functioning
	Daily activity level

	Youth and caregiver daily diaries
	User-centred development analyses
	Qualitative data extraction

	Feasibility and preliminary efficacy analyses
	Feasibility
	Efficacy


	Sample size and power analysis
	Phase 1: user-centred development
	Phase 2: feasibility and preliminary efficacy

	Monitoring
	Trial status
	Patient and public involvement

	Discussion
	Ethics and dissemination

	References


