PAIN Publish Ahead of Print
DOI: 10.1097/j.pain.0000000000001735 1

Running head: SCED of exposure outcomes in youth

eusnolj/:sdpy wouy papeojumoq

Avoid or engage? Outcomes of graded exposure ithywith chronic pain using a sequential

Ured/woo mw's|

replicated single-case randomized design

Laura Simons Phb Johan W.S. Vlaeyen PADLies Declercg Allison Smith PhD, Justin
Beebe PhB) Melinda Hogan PT Eileen Li DPTF, Corey Kronman M% Farah Mahmud M$S

Jenelle Corey M% Christine Sieberg PHD, Chris Ploski DPY

!Department of Anesthesiology, Perioperative ane Ré&dicine, Stanford University School of
Medicine

’Research Group Health Psychology, KU Leuven, BelgiuExperimental Health Psychology,
Maastricht University

3Faculty of Psychology and Educational Sciences,@M#tec, KU Leuven, Belgium
*Department of Anesthesiology, Perioperative and Ridicine, Boston Children’s Hospital
®Department of Physical Therapy, Simmons College

®Department of Physical and Occupational Therapgt@oChildren’s Hospital

"Department of Psychiatry, Boston Children’s Hodpited Harvard Medical School

Correspondence to: Laura E. Simons, Ph.D. Stanfimtversity School of Medicine, 1070

Arastradero Road, Palo Alto, CA 94304 Tel: (6503-6212; Email: lesimons@stanford.edu

6102/L0/L 1 U0 14IbT1IZYMJESANSSYSLIMSOHAIMNI/HNG THUDIOEZZUJDOIFA+8AEALAIWBAZIER LNABIVAB+TON+OI NWXAHPOIEBNDNBINMY -+ L HBZY L bIP69ZNoZ8H 12118 L DIFOAASSOUOAZAINI+MOOAI L 8ZOHSIA8ABL M HSAOWDNEIWOXNLMEHA TXXUAIMWIAPHAU AQ



Pages: 30
Tables: 4
Figures: 6
Supplemental Tables: 2
Supplemental Figures: 3

Supplemental Document: 1

Abstract

Pain-related fear is typically associated with daoice behavior and pain-related disability in
youth with chronic pain. Youth with elevated paefated fear have attenuated treatment
responses, thus targeted treatment is highly widarEvidence supporting graded in-vivo
exposure treatment (GET) for adults with chronimpa considerable, but just emerging for
youth. The current investigation represents thst fsiequential replicated and randomized
single-case experimental phase design with multip@asures evaluating GET for youth with
chronic pain, entitle@ET Living. A cohort 27 youth (81% female) with mixed chropain
completed GET Living. For each participant, a reastment randomized baseline period was
compared with GET Living and 3- and 6-month folloys. Daily changes in primary
outcomes fear and avoidance and secondary outcpaiescatastrophizing, pain intensity,
and pain acceptance were assessed using eleadtlianies and subjected to descriptive and
model-based inference analyses (MLM). Based orviddal effect size calculations, a third
of participants significantly improved by the enflteeatment on fear, avoidance, and pain
acceptance. By follow-up over 80% of participangl hmproved across all primary and

secondary outcomes. MLM results to examine theesesf replicated cases were generally



consistent. Improvements during GET Living was sigpeo the no-treatment randomized
baseline period for avoidance, pain acceptance,paml intensity, whereas fear and pain
catastrophizing did not improve. All five outcomemerged as significantly improved at 3-
and 6-month follow-up. The results of this replesaitSCED support the effectiveness of

graded exposure for youth with chronic pain andagked pain-related fear avoidance.

Keywords: pediatric pain; graded exposure in vpain-related fear; multi-level modeling;

single case experimental design.

Pain-related fear and avoidance behavior saliénfiiyence pain outcomes[11; 33; 55-57]
and both are shown to be associated with disapdgpressive symptoms, and school
impairment in youth with chronic pain[34; 36]. Imet context of pain rehabilitative treatment,
decreases in pain-related fear are associatedmiftovements in functional disability and
depressive symptoms[31]. Notably, high levels ohpalated fear at the start of treatment is
predictive of attenuated treatment response, stiggabat a more tailored approach that
directly targets pain-related fear and avoidandeber is indicated[31]. For adults suffering
with chronic pain, in-vivo exposure treatment (GEArgets pain-related fear through
exposing participants to activities previously alem[49], resulting in improved disability
and reduced pain-related fear[2]. Consistent withFear Avoidance Model of Chronic
Pain[48] participants in GET learn that disengagenfrem safety behaviors does not lead to
catastrophic consequences. Thus, their harm beliefgiolated enabling them to recalibrate
their expectancies about activity, pain and injugy[20; 39], resulting in decreased fearful

cognitions and avoidance behavior.



Typical pain management for youth focuses on paintrol via pain management
psychology and impairment-based physical therapy] gields modest improvements in
functional disability, but no change in pain-rethfear[38]. In contrast, GET targets functional
improvement by exposing participants to activifiesviously avoided due to fear of pain and/or
fear of re-injury. There is one randomized cong&wltrial of graded exposure for adolescents
with chronic musculoskeletal pain in the Netherlnihat combines GET and physical
training[7], but outcomes are not yet published.

The current investigation examines GET for youttthwehronic pain, entitledsET
Living. GET Living represents a significant treatmentaglagm shift in pediatric chronic pain
management by focusing on a key mechanism (pagectifear and avoidance behavior) rather
than on pain itself. GET Living also sets itselbggrom prior exposure interventions with an
explicit focus on pain willingness and- values-basedion derived from Acceptance and
Commitment Therapy[54]Supplemental Table 1 outlines the ACT-unique elements in bold;
available online as supplemental digital contenth#p://links.lww.com/PAIN/A898). The
specific aim of the present study was to evaluateeffectiveness of individually tailored GET
Living for youth with chronic pain using a sequential iegdled single-case experimental phase
design (SCED) with multiple measures. Youth werseased daily from baseline to end of
treatment using electronic diaries to report on ghenary outcomes fear and avoidance. The
secondary outcomes are pain catastrophizing, pgnsity, and pain acceptance with additional
daily assessments for 7-days at 3- and 6-montbviellp periodsKigure 1 depicts assessments
and hypothesis). These SCED data were subjectatkgoriptive and model-based inference
analyses. We hypothesized that GET Living wouldsbperior to a no-treatment randomized

baseline period. More specifically, we expectedirhprovements on both our primary and



secondary outcomes at the end of treatment comparbdseline, and 2) that treatment gains

would be maintained at 3- and 6-month follow-up.

M ethods
Sudy Design
A sequential replicated and randomized single-aagqegerimental phase design (SCED) with
multiple measures was used in this study. In siglee experiments, a subject is observed
repeatedly at different levels of at least one pahelent variable (e.g., baseline vs. treatment).
Each sequential case is considered a replicatitve. drimary treatment outcomes are pain-
related fear and avoidance behavior. Secondaryomés are pain catastrophizing, pain
acceptance, and pain severity. These variablesssessed in daily diary form.
Participants
Participants evaluated at the Pain Treatment S=(RTS) inclusive of the Chronic Pain Clinic
(CPC) and Pediatric Headache Program (PHP) at Bo&tuldren’'s Hospital (BCH) were
recruited from December 2013 to February 2017 totiggeate in this trial (reg. #
NCT01974791), with data collection (6-month posatment) completed January 2018. Given
that this was a small trial, two participants wareactive treatment at a time with an ongoing
waltlist. Treatment inclusion criteria were: 1) a8€l7, 2) elevated pain-related fear at PTS
evaluation (score=40 on the Fear of Pain Questionnaire [FOPQ[36]¢lmician determination
if scores were below the cut-off which was furteereened by the study team), 3) chronic pain
diagnosis, and 4) functional limitations (score 2 dn the Functional Disability Inventory
(FDI[17; 53] or clinician determination if scoreseme below the cut-off which was further

screened by the study team). Participant treatneewtusion criteria were: 1) significant



cognitive impairment (e.g., intellectual disabi)ity2) serious psychopathology (e.g., active
suicidality), 3) acute trauma (e.g., spondylothedisk herniation, fracture, acute tendonitis), 4)
systemic disease in active inflammatory state (Rlgeumatoid Arthritis), 5) biomechanical
deficit that would limit ability to engage in expog activities (e.g. severe muscle atrophy), and
6) making gains in current physical therapy (RNQte: clinician determination of eligibility for
participants who did not meet FOPQ and FDI selbregriteria was based on prior clinical
experience wherein participants in some cases uegert symptoms, but the clinical evaluation
suggests the participant is impaired and fear aid

Procedures

Potential enrolliment in GET Living was typicallygsented to the family by a member of the
multidisciplinary evaluation team (physician, pasychologist, or physical therapist). After
introducing this treatment option to the family, @igibility screening form was completed and
submitted to the study team. In the case that acypant was referred from a follow-up visit
rather than a new multidisciplinary evaluation, shedy PT conducted a PT evaluation to ensure
eligibility. After successful screening for elidilty via clinicians and medical record review,
participants were scheduled for a baseline visgrafny treatment recommendations made at the
PTS evaluation had stabilized for a minimum of tweeks. At the baseline, participants and a
parent completed assent/consent, a battery of mesgsand participants were randomly assigned
to a baseline period of 7-25 days. At the baselisgessment participants completed the first
electronic daily diary in REDCap. For optimal dieepgagement, with the participant we 1)
selected preferred cellular phone number for tegssage delivery (emailing a daily link was
also a possibility, if preferred), 2) determineceferred time of day, and 3) supervised first

completion to answer any potential questions. Eipets indicated that the electronic diary



delivered via Redcap was easy to complete and {@rd2fminutes). If diaries were not completed
for more than 2 days in a row, the research woelach out to the participant to prompt
completion and clinicians asked participants atenw barriers to diary completion at every
treatment session. Following the baseline, paaitis engaged in GET Living sessions (GET)
scheduled twice a week for a total of approximate®y sessions. At the end of treatment,
participants and a parent participated in a disghasisit where they completed a battery of
measures and participated in a structured exinig. At both the 3-month and 6-month
follow-up, participants completed a battery of megas and a 7-day daily diary. The diary and
guestionnaire data completed during baseline,veat/discharge, 3- and 6-month follow-up is

reported here.
Intervention

GET Living Treatment. GET Living is a highly structured, protocolized daimdividually
tailored intervention consisting of individual gextlin-vivo exposure for the affected child, as
well as a parent component to enhance skill adguisand generalization. An outparticipant
treatment team consisting of a psychology clinideug., psychologist or supervised psychology
trainee) and a physical therapist (PT) deliverititervention. Treatment consists of five phases:
Phase 1-education on fear avoidandehase 2-setting treatment goal®hase 3-build exposure
activity ladder,Phase 4-exposuresPhase 5-relapse prevention and termination. Phases 1-3 are
conducted with both clinicians, and child and par@s developmentally appropriate). Both
clinicians are present for these initial/foundasibsessions to ensure that the treatment message
is consistent from both clinicians to the familyel&vioral exposures begin in Phase 4. Exposure
activities are typically derived from the PHODA-Ybau(e.g., running, lifting objects, playing

soccer)[32]. The clinicians jointly lead a portiohthe exposure sessions. During the remaining



sessions, the PT leads the exposures while théngiggy clinician meets individually with the
parent. The decision on whom to include for théedént treatment exercises across sessions is
negotiated by the clinicians, participant, and ptrePhase 5 wraps up treatment focusing on
long-term goal setting and termination. The primaiy of GET Living is the return to valued
activities of daily life and restoration of dailyrfctioning (e.g., returning to school). If the
primary aim is reached before the end of the sessavies, the clinicians and participant can
agree to terminate treatment earlier. Conversélydditional exposure sessions are deemed

therapeutically warranted, the clinician team aadipipant can agree to add exposure sessions.

Clinician training. A session-by-session manual (written by LS and w&3 provided to
all clinicians. This manual was based on the folf@mabooks and protocols: “Pain-related fear:
exposure-based treatment for chronic pain” ([4M)ultimodal CBT treatment for childhood
OCD: a combined individual child and family treatthenanual”[29], and “The ACT for teens
program”[13]. In training new psychaology cliniciats deliver the treatment, they first observed
an experienced provider delivering the treatmena fmarticipant from start to finish (LS, CS),
then were directly observed delivering treatmenrd tmarticipant from start to finish. In addition
to individual supervision for trainees deliveringedtment, the entire GET Living team had
weekly conference calls to discuss treatment pesgrieeatment fidelity, and new referrals. As
the trial progressed, we began video-recordingicesgn=19) for treatment fidelity and future

clinician training.

Treatment fidelity. Treatment fidelity was coded as presence/absenceoatept
presented to the participant in clinical notes @arly treatment sessions) or in video recordings
(n=19). Examples of concepts include: present indizided fear avoidance model formulation

(Phase 1), identify long-term goals (Phase 5). pditicipant sessions were reviewed for



presence/absence of the 35 concepts and indepgndemded by 2 individuals (See
Supplemental Table 1 for list of concepts by phase; available onlinesapplemental digital
content at http://links.lww.com/PAIN/A898). All disepancies were reviewed, and

presence/absence was agreed upon, thus no irgerehability was calculated.

Measures

Diary. This electronic daily survey consisted of 12 itesetected from the Fear of Pain
Questionnaire Fear and Activity Avoidance subscéi€PQ-C[36]), Pain Catastrophizing Scale
for Children (PCS-C[5]), the Chronic Pain Accept&nQuestionnaire-Activity Engagement
subscale (CPAQI23]), and a current pain rating [(&eTable 1 for items). All items on the
diary were rated on a visual analog scale witmombers shown to the reporter. The VAS
values equated to a numerical scale ranging frostr@gly disagree to 10=strongly agree, with
anchors for pain from (0w pain to 10=worst possible pain. Selected items loaded high on the
domains of interest in published factor analyses.ddhducted internal consistency estimates on
all selected item subgroups using a large datatiagain participants prior to implementing the
diary items (n=350[34]) and in the current samfeonbach’s alpha were as follows: Two-item
FOPQ-Activity Avoidance (a=.72 in databasey=0.94 in current sample), three-item FOPQ-
Fear (a=.76 in databas@&=0.93 in current sample), three-item PGS.{4 in database=0.88
in current sample), and three-item CPAQ-Activitygagemento=.72 in databasey=0.94 in
current sample). Additionally, the daily diary indes an open text box to describe anything
exciting or stressful from the past 24 hours. gdints received a text message daily to prompt
them to open their electronic daily diary via REPCGand complete it either on their phone or on
the computer. Outcomes derived from the daily digain-related fear and activity avoidance

(primary); pain catastrophizing, pain acceptanoé, @ain (secondary).
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Nondaily measures. Primary

Pain-related Fear and Avoidance. The full 24-item version of the FOPQ-C[36] was
administered with total scores calculated for flar of pain and avoidance of activities
subscales. The FOPQ-C has strong psychometric piegpeén pediatric chronic pain[36] and
headache[35Photograph Series of Daily Activities (PHODA-YE)[32] is a 50-item electronic
measure with high internal consistenay=.98) that assessPsrceived Harm andAnticipated
Pain for the following categories: 1) exercise/spotiaties, 2) social/school activitie8) upper
extremity activities, and 4) activities of dailyilng. The participant completes the PHODA-YE
on a tablet or computer. For each photograph thecyeant is asked “On a scale of 0 to 10, how
worried are you that this activity would be harmialyour pain?” and is requested to drag and
drop the picture on a worry scale ranging from fof“at all worried”) to 10 (“extremely
worried”) Next, the participant is asked, “On alscaf 0-10 how painful do you think this
activity would be?” This question is answered vialider bar with anchors of 0 (“not at all
painful”) and 10 (“worst possible pain®). Both tia®rry and pain scales are in increments of 0-
10. When the participant has rated both anticipatedy and pain for the item, they may click
to the next activity. Participants cannot advareehe next activity without rating both worry
and pain. If an activity does not apply to the jogrant (e.g., the activity is a sport that the
participant does not play or the activity is onattthe participant does not engage in, such as
shaving), the participant may select “This activdyes not apply” and move on to the next item.
Importantly, we emphasize to the participant that not applicable is not intended for activities
they are currently avoiding or fearful of doing. To account for items rated as “Not applicable,”
subscale scores and total scores are calculatadresan score of responses provided for worry

and pain separately.
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Non-daily measures: Secondary

Functioning and Pain. Functional Disability Inventory (FDI)[53] is a self-report
measure of perceived difficulty in performing adtas in school, home, physical, and social
contexts The FDI is widely used in pediatric pain reseaadl is recommended as the gold-
standard measure of physical functioning for screme children and adolescents for clinical
trials in pediatric chronic pain[24]. THeediatric Quality of Life Inventory (PedsQL )[45; 46]-
school functioning, parent report is a 5-item scale that investight®s much children have an
issue with paying attention in class, forgettinongfs, keeping up with schoolwork, and missing
school due to not feeling well or due to doctorfgpaintments. Child self-reports and parent
proxy-reports have been made for this measure tbuas been found that the parent report
demonstrates more reliability and validity than tteld’s[44]. Higher scores indicate better
school functioning. Participants were also askedrovide theiraverage pain rating on a
standard 11-point numeric rating scale from 0 (pan”) to 10 (“most pain possible”)[51] at
each assessment point.

Pain Catastrophizng. The full version of thdain Catastrophizing Scale, child (PCS-
C)[5] was administered with the total pain catastipiply score calculated. The internal
consistency, factor structure, and validity arel\wepported[30].

Pain acceptance. The full 20-itemChronic Pain Acceptance Questionnaire (CPAQ-A)
was administered consisting of two subscaladivity engagement (11 items) andpain
willingness (9 items). As described above, activity engagemesitlects the degree of
participation in regular daily activities in theggence of pain (e.g., “My life is going well, even
though | have chronic pain”). Pain willingness eets the absence of attempts to avoid or

control pain (e.g., “l avoid putting myself in sittions where my pain might increase” — reverse
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keyed). Previous research supports the internais@mcy, factor structure, and validity of the

adolescent CPAQ[23].

Statistical Analyses

Daily measurements. We present both descriptive and model-based inferanalyses, based on
single-case reporting guidelines[21; 22; 40] andoremendations for reporting on a large
number of replicated SCED cases[16; 25]. ExpertsS@ED have developed Multi-Level

Modeling for multiple SCEDs_(http://52.14.146.253MISCED/). This meta-analysis approach

not only combines the participant results, butsballows for inclusion of moderator variables
[1].

Descriptive analyses via visual inspection and single case effect size calculations of
SCED. We have highlighted two raw data plots for a tmesit responder and nonresponder to
demonstrate the individual trajectories that ateidhted via close daily monitoring. Moreover,
using the Shiny. app for = Single-Case Data  AnalysisShily  SCDA,;

https://ppw.kuleuven.be/mesrg/software-and-appsystetda) based on the SCDA Package with

R[15] we calculated effect sizes for each individoa each outcome comparing phases (AB,
BC, BD, AC, AD where A=Baseline, B=Treatment, C=8th follow-up, D=6-month follow-
up) using the test statistic, non-overlap of alirpaNAP). NAP equals the number of
comparison pairs showing no overlap, divided bytthal number of comparisons. A large effect
is indicated by a NAP value between 0.93-1.0 antkdium effect 0.66-0.92. A value less than
0.66 indicates a weak/no effect[27; 28].

Model-based inference via multilevel modeling of SCED. When collecting large numbers

of individual SCEs, researchers and clinicians hHawg struggled with how to summarize the
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results and derive a sensible overall conclusiaeg 6f bias. In this context, Hayes suggested "In
order to understand why and how changes happem imdividual, we need to study the
processes of change at the level of the individaatl then to gather nomothetic summaries
based on collections of such patterns. " (p[ #8) Onghena (2018) recently recommended the
following: “..if the SCEs are similar enough in @gsand research focus, then it might also be
interesting to combine and compare the resulthe$e multiple participants (page f5]. In
tackling this challenge, experts in SCEs have dper Multi-Level Modeling for multiple
SCEs. An additional advantage is that such a meabysis is not only to combine the participant
results, but also to compare the participants loyragda moderator variable [1].

The data obtained from the randomized single-caperemental phase design used in
this study have a hierarchical two-level structuién observations (level one) nested within
participants (level two). This nested structureuites dependency within the data: observations
vary not only due to random sampling within a pmap&ant, but also between different
participants. Due to the large number of replicatages, we used a hierarchical linear model,
allowing us to combine all participants’ data imtoe single multilevel model while also taking
account both the within- and between-participanpetelencies[42; 43]. The within- and
between-participant variability are modeled, aslasglthe overall effects of the treatment across
participants. More specifically, the multilevel apach allows us to model a time trend in the
treatment phase and provides us with Wald-tygpests and likelihood ratio tests to obtain
inference results for both fixed effect and varmmomponent parameters. For conducting the
multilevel analysis and for obtaining inference ules in R[41], the packages Ime4[3],
ImerTest[19] and merTools[18] were used. The M@ED app is now available to assist

practitioners in applying multilevel modeling to eth SCED data
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(http://52.14.146.253/MultiSCED/). Detailed destiop for the five phase (baseline, education,

exposure, 3-month follow-up and 6-month follow-ug)d four phase (baseline, treatment, 3-
month follow-up, and 6-month follow-up) models dodmulas are irSupplement 1 (available
online as supplemental digital content at httpk4i.lww.com/PAIN/A898). Correlations among
the five outcomes is depictedTrable 2.

Nondaily measures. We conducted a repeated measures ANOVA for eacbood
across the four time points (baseline, dischargep8th follow-up, 6-month follow-up). Means,
standard deviations, and effect sizes (partid) et@ reported for each outcome.

Power and sample considerations

This study used a sequential replicated randonsregle-case experimental phase design
with multiple measures and as such, traditional groand sample size considerations are not
applicable. The design of this study was basedrevigus work done in adults with chronic pain
applying the same treatment approach and studgregth sample sizes of six[50], eight[6],

and eight[47]. We aimed to recruit 32 participantensure an adequate sample size.

Results

Participant characteristics. As detailed in the consort diagrafidure 2), 73 participants
were referred for GET Living treatment. After ssmeng, recruitment, and the baseline period,
33 eligible participants initiated GET Living trea¢nt. Among those who started treatment, 82%
completed GET Living (n=27). As detailed Trable 3, the cohort was predominantly adolescent
female and Caucasian. Most common pain diagnosssalveonic neuropathic pain, although a
range was represented and participants were tjypiegberiencing pain for least one year at the

start of treatment.
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Treatment characteristics. The baseline period was 14 days on average, watimgimber
of treatment sessions averaging 11.3, just undeptbjected 12 sessions. Median days enrolled
in active treatment was 70 &ble 3).

Treatment fidelity. Adherence to the treatment manual and presentafidine 35 target
concepts across the five phases of treatment wgis Riverall treatment fidelity was 86.7%
(Phase 1: 93.9%, Phase 2: 84.9%, Phase 3: 88.124¢RBh81.7%, Phase 5: 84.9%).

Daily diary completion. Across participants, 86% of daily assessments weable with
all participants having > 80% diary completion asdaseline, treatment, and follow-ups.
Reasons for unusable data included either missuqgpad diaries or completed outside the
eligible time interval (greater than +/- 1 day).

DescriptiveAnalysis: Visual inspection and single case effect size calculations

Two cases were selected based on visual inspeetioh individual effect sizes to
highlight raw daily diary data across the five aues for a Treatment RespondErglure 3)
and Treatment Nonrespondéfigure 4) and are displayed with the individual effect siZer
each outcome by phase detailed in the Figure legdndeover, individual effect sizes for each
outcome by phase for each SCED is detailedbupplemental Table 2 (available online as
supplemental digital content at http:/links.wwieAIN/A898). At discharge (A-B), a
minority of participants reached significant effeze changes (n=9 for fear, n=10 for avoidance,
n=4 for catastrophizing, n=6 for pain, n=9 for gue@ce). At follow-up (A-C, A-D, B-C, B-D),
most effects were large with the majority evidegotthange (n=24 for fear, n=22 for avoidance,
n=23 for catastrophizing, n=22 for pain, n=22 foceptance).

Model-based inference: Multilevel modeling of daily diary outcomes
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Likelihood ratio tests were used to verify whetliee two-level model extended with
slopes for the education and exposure phases (Bgutprovided a significantly better fit than
the model without the slopes (Equations 1 and B¢s€ tests were conducted for each of the five
outcomes separately and showed that the modeldingjuhe slope did indeed result in a better
fit  (YPeal15) = 1061.4,p < .01,  XZioidancd15) = 822.15,p <.01;  xZcceptanch15) =
376.85,p < .01; x&atastrophizin§15) = 831.47,p < .01;  xpyu(15) = 243.82,p < .01). The
results of the estimations for the model (EquaBpare shown iTable4a. To complement the
numerical results froriable 4a, the estimated individual regression lines ofgheticipants and
the estimated average trajectory are showkigares 5 and 6 for the primary outcomes of Fear
and Avoidance andsupplementary Figures 1-3 (available online as supplemental digital
content at http://links.lww.com/PAIN/A898) - for sewtary outcomes of Acceptance,
Catastrophizing, and Pain. The individual (colortad@s were estimated by sampling from the
distribution of the estimated fixed and random @Beand then estimating the fitted value across
that distribution (Knowles & Frederick, 2016). Taeerage trajectories shown in black are based
on the fixed effects estimates fromable 4a.

Interpretation of models and rate of change. The results displayed ifable 4a, Figures
5-6, and Supplementary Figures 1-3 (available online as supplemental digital contant
http://links.lww.com/PAIN/A898), reveal that thedmine level is on average around 5 to 6 on
the ten-point scale for all outcomes. At the stdirthe education phase, there is on average no
immediate effect for four of the five outcomes. Pfdr pain catastrophizing, an increase of 0.43
points f < .05) on average was detected at the start of the &#dngahase. For pain avoidance
and for the pain severity, the effect of treatmeranifests itself in the significant negative

slopes: on average, the pain avoidance score desrdy 0.271 < .05) points every ten days



17

during the education phase and the pain severityedses by 0.3% (< .05) points every ten
days during the exposure phase. The pain outcormseeakes significantly by 0.38 points
(p < .05) every ten days. No significant changes in palateel fear, pain catastrophizing or
pain acceptance were observed.

When examining the multilevel model with treatmeainbined (education + exposure),
acceptance emerged as statistically significanhdureatmentTable 4b). This added finding is
likely due to increased power when combining treatimphases as increased acceptance is
visually evident inSupplementary Figure 1 (available online as supplemental digital contant
http://links.lww.com/PAIN/A898).

Outcomes at 3- and 6-month follow-up. For the follow-up phases, an identical pattern of
the fixed effects was observed across all outcoexpected to decrease with treatment (fear,
avoidance, catastrophizing, and pain): the avesagee in the 3-month follow-up phase and the
6-month follow-up phase is lower compared to theebae phase. This suggests that the
therapeutic effect of treatment continues over time

Moderator analysis by pain diagnosis. Given the diversity of pain diagnoses in this
cohort, we ‘examined this participant characterigtec a potential moderator of treatment
outcome. Participants’ pain diagnoses were claskifnto four categories (musculoskeletal,
neuropathic, abdominal, headache) and can thuscheded in the model (Equations 3 and 4) as
three dummy variables which equal 1 if an obseovakielongs to a participant who falls in the
category denoted by the dummy and O otherwise, thighsixth category being the reference
category. Again, likelihood ratio tests were usederify whether including pain diagnosis as a
moderator in the model (Equations 3 and 4) lead tsignificantly better fit with smaller

between-participant variability in the regressimefticients. These tests showed that this was
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not the case any of the outcomegZfepancé18) = 27.23,p =.07; XAvoidancd18) =
20.506,p = .31; xZatmstrophizing18) = 25.15,p = .12; x2ea(18) = 18.91,p = 0.40; xZ4,(18) =
24.46,p = 0.14).

Nondaily outcomes

Primary outcomes. Youth reported significant improvements in all pairm outcome
metrics Table 5). Large effects were observed for decreased acawvioidance, perceived harm,
and anticipated pain, with improvements at dischattat maintained at follow-up. Medium
effects were observed for decreased fear of paith significant improvements observed at
follow-up.

Secondary outcomes. Youth reported significant improvements in all sedary outcome
metrics. Large effects were observed for decredsedional disability and improved school
functioning. Medium effects were observed for pg@ain catastrophizing, pain acceptance (pain
willingness, activity engagement), and school alterwe. Of note, pain willingness

improvements were delay and observed at follow-up.

Discussion

The current report represents the first study erargithe outcomes of graded exposure
in-vivo treatment for pediatric participants witthronic pain using electronic daily diary
methodology, demonstrating positive effects onddlithe pain-related outcomes. Within the
context of a series of rigorous replicated and oamded single case experimental phase designs
(SCEDs), participants completed daily assessmdnpsia-related fear, avoidance, acceptance,
catastrophizing, and pain intensity. Given the éangimber of replicated cases, in addition to

descriptive analyses highlighting treatment respoimdnresponder cases and calculating
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individual effects sizes for each of the five outes, we applied innovative multilevel modeling
to our SCED data. This reflects one of the firsplaations of this methodology to daily
assessment of biobehavioral treatment outcomesyirh@alth condition. Applied to SCED data,
multilevel modeling offers a flexible method andabled us to model data across participants in
one comprehensive model [26; 27]. With statisticalls (MultiSCED) now available to assist
practitioners in applying multilevel modeling to BD data, it is likely to become a more
common practice for evaluating large numbers oficafed cases [1].

The results partially supported our hypothesemFithe descriptive analyses of
individual effect sizes, a third of participantgrsficantly improved by the end of treatment on
fear, avoidance, and pain acceptance. By followsupr 80% of participants had improved
across all primary and secondary outcomes. MLMItexi the series of replicated cases were
generally consistent with the individual outcom&®sr our primary outcomes, we observed
significant decreases in pain-related avoidancendureatment that was maintained at 3-month
and 6-month follow-up. For pain-related fear, siigant decreases were only observed from the
3-month follow-up assessment on, with improvememisintained at 6-month follow-up,
indicating a delayed treatment effect. For secondastcomes, pain acceptance and pain
intensity significantly improved during treatmentttwthis continuing at both follow-up time
points. In contrast, pain catastrophizing also stwbwelayed effects, with improvements at 3-
month follow-up, with improvements maintained atménth follow-up. This is further
underscored with medium to large improvements iastjonnaire-versions across primary and
secondary outcomes. Further, the large effectsctbetdfor decreased functional disability and
improved school functioning support the positivepaat of GET Living on daily life

functioning. Although we anticipated significantpnovement across all outcomes by the end of



20

treatment that continued at follow-up, the pattefrresults provides conclusions that deserve
further inquiry. Given the behavior measures ofidance and activity engagement (acceptance)
and cognitive measures of fear and catastrophiziathaps more aptly described as pain-related
worry[10]), these results suggest a potential bemay> cognition ‘order of operations’ in
relation to treatment response for this approaclrgmyouth with chronic pain. The time
between discharge and follow-up assessments alfowsepetition and generalization of
extinction of pain-related fear, and repetitiowisat shifts rapid behavior change into a shift in
beliefs later on. Moreover, the focus of GET Liviwgs on activity and exposure rather than on
changing cognitions. This as is consistent withigitbry learning and ACT approaches that
focus on behavioral experience providing the madiest learning and ultimately leading to
changes in cognitions. Thus, the current ordempefations may actually be most consistent with
the targeted mechanisms in this treatment approBd.concept of ‘order of operations’ has
garnered some attention, although typically exaniire relation to predicting better/worse
outcomes in adult pain[4] or in relation to improwents in pain and function[26]. The
guestionnaire data support our daily diary findingth immediate improvements observed for
avoidance, pain, and activity engagement (accepjaat discharge and fear significantly
improved at follow-up.

With regards to pain intensity, although some ssiddescribe delayed effects for
improvements in pain[8; 37; 47] others have obstevenore immediate effect[26]. In our study,
we observed improvements in pain severity durirggRposure phase of treatment, rather than
only at follow-up. It may be that changes in bebaare more closely related to changes in pain
severity rather than changes in cognitions. Evalgathese outcomes from a daily perspective

provides the opportunity to evaluate the slopeh@inge and obtain a more nuanced approach to
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tracking progress and to understanding how thefereint outcomes evolve over the course of
treatment. This level of detail would be missedrify pre-post questionnaire data was available
from these participants.

Another key marker of progress is the degree ohgbaobserved in outcomes within
windows of time. Results suggest the most markgurorement was in avoidance (0.23 points
on a 10-point scale every 10 days) which is higldgsistent with the primary target of the GET
Living intervention. The treatment centers on idgirtg worrisome and currently avoided
activities and designing individualized exposurereises to approach these valued activities.
Latter changes in cognitive outcomes may be driven new behaviors and subsequent
experiences that trigger violations in catastrogxpectancies as new learning occurs. Forming
new inhibitory associations without the occurrerafethe feared outcome is also key to
extinction, the experimental analogue to gradedoswpe. In future research, it would be
interesting to examine how improvements in avoieéabehavior more specifically mediate
subsequent changes in pain-related worries (femr€atastrophic cognitions).

This study has limitations. A potential limitatia the number of items selected for the
daily diary. For practical reasons, only a few iseassess each construct and we consequently
sacrificed comprehensiveness for brevity. On thieer hand, our internal consistency estimates
and outcomes from the full versions of the quesizares do support our selections. In addition,
we utilized a VAS scale for diary responses, blgdindividuals to specific numerical values to
decrease the likelihood of selecting a ‘favoritenfyer.” In an effort to enhance the likelihood of
response variability, we administered the measimea nonstandard format. Relatedly, the
measures reported here are solely self-report ttzen reflect only self-perceived changes. For

future studies, inclusion of behavioral measureghtnistrengthen the internal validity. In



22

addition, a cost-effectiveness analysis of GET rgvwill be critical for a wider dissemination
and implementation of this treatment approach ceoet&o the known costs and effectiveness
associated with standard of care. The initial evtgdein adults supports exposure’s long-term
cost-effectiveness [9]).Another limitation is twatr diaries were delivered at the same time each
day, which may have contributed to high completrates, but may limit the sensitivity of
measurement that ecological momentary assessmédvid)(Bvould provide. EMAs are
particularly useful when assessing mood and contleus it is possible that fluctuations in mood
or differing contexts may not have been fully captuwith the same-time daily approach. Future
diary studies where items target mood and conteanges would be particularly suited for
EMA. Daily reporting of pain-related fears and eataphic cognitions highly converged
(r=0.84) with changes in these two outcomes alsmedlg From a clinical (and theoretical)
perspective, these cognitions are likely best a®isd pain-related worries for youth [10], with
the current results suggesting that separate di@uaf these two outcomes may be redundant.
Taken together; the findings in this study provederal suggestions for future work.
This study represents the first application of SGE® evaluate exposure treatment in pediatric
pain. This approach is ideally suited for this pagon given the highly specialized and complex
nature of this participant group. The SCED appraatdws for potentially evaluating mediators
and moderators of treatment response without ngedény large samples that are simply not
feasible to recruit. This study also provides coltimgeevidence for GET for youth with chronic
pain and elevated pain-related fear, supportingegigion-medicine, screening-based tailored
treatment approach. This model of interdisciplingpgychology, PT) simultaneous treatment

delivered in a pediatric pain outparticipant clitscrarely implemented, and the findings in this
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study suggest its promise. Further research dematimgft the efficacy of this approach is

warranted.

Figures.

Figure 1. GET Living phases and assessments. Enrollment begins at thBaseline assessment
with electronic diary surveys occurring daily uridiischarge. It is hypothesized that daily diary
reports will be stable during the randomized baseperiod (7-25 days). Duringducation
(Phase 1-3 of GET Living) it is hypothesized thatlyldiary reports will remain relatively stable
with significant improvements (decreased fear, @aoce, pain, catastrophizing; increased
acceptance [increase not depicted for simplicibg$erved duringexposure (Phase 4 of GET
Living). It is hypothesized that 7-day daily diagports aB-month and6-month follow-up will

be stable and reflect sustained.improvements icoougs.

Figure 2. CONSORT Flowchart of Enrollment.

Figure 3. Raw data from Treatment Responder. The raw daily diary data across outcomes and
timepoints for a Treatment Responder is depicted/iBual inspection and descriptive analysis.
Via visual inspection, the baseline values acrosttames is relatively stable with modest
improvements observed during the Education phaseatment. The slope of improvement was
much steeper during the Exposure phase, with staigeovement at 3-month follow-up, with
re-emergence of pain related distress at 6-monilbwiaip. Comparing baseline to end of
treatment (means phase A minus means phase B}x1-4r(0.66), Avoidance=2.86 (0.90), and
Acceptance=1.78 (0.84) improved with medium indist effects. Comparing baseline to 3-
month follow-up (means phase A minus means phasee2)y=5.01 (1.0), Avoidance=8.75 (1.0),

Catastrophizing=3.84 (1.0), Pain=5.88 (1.0), anadeptance=6.57 (1.0) improved with large
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individual effects. Interestingly at 6-month follewmp when compared baseline (means phase A-
= minus means phase D), Avoidance=2.29 (1.0), Pa3=(1.0), and Acceptance=3.60 (1.0)
remained improved with large individual effects lied&r and catastrophizing have re-emerged.
Detailed individual data combining visual inspentend effect size calculation affords a focused
view of the data that can immediately inform treattndelivery for this specific participant.
Figure 4. Raw data from Treatment Non-responder. The raw daily diary data across outcomes
and timepoints for a Treatment Non-responder isctiegh for visual inspection and descriptive
analysis. Via visual inspection, no improvements @bserved across outcomes. Via individual
effect size calculations, when comparing baselné-month follow-up (means phase A minus
means phase D), Pain=2.22 (0.78) improved with omadndividual effects. No other outcomes
or significant effects were observed. Detailed vidlial data combining visual inspection and
effect size calculation affords a focused viewlaf tata that can immediately inform treatment
delivery for this specific participant.

Figure 5. Estimated regression lines based on the multilevel model for fear. Individual
participant trajectories are shown in coldy € 27), the overall average trajectory across
participants is shown in black.

Figure 6. Estimated regression lines based on the multilevel model for avoidance. Individual
participant trajectories are shown in coldy € 27), the overall average trajectory across

participants is shown in black.
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Table 1. Daily diary items

Fear

| worry when | am in pain.

| find it difficult to calm my body down whemaving pain.

Feelings of pain are scary for me.

Avoidance

| put things off because of my pain.

| avoid making plans because of my pain.

Catastrophizing

When | have pain, | keep thinking how muchutts.

When | have pain, | wonder whether somethargpas may happen.

When | have pain, it's terrible and | thinlsihever going to get better.

Acceptance-Activity Engagement

When my pain increases, | can still do thihigave to do.

I can do activities well even if | do not capitmy pain.

I do things that are important and things #ratfun even though | have chronic pain.

Pain

On a scale of 0 to 10, tell us how much pain gre feeling right now.




Table 2.Pearson’s product-moment correlations for Five PRiglated Outcome®/(= 2280).

Variable: 1 2 3 4 5

1. Fea - B1*** —.35%** A3FEx .84**x
2. Avoidance - — 52%** .30*** 53
3. Acceptanc -- —.22%** —.40%**
4. Pair - ATHH*
5. Catastrophizin -
Significance codes: p < .05, ** p < .01, *** p <.001 (based on two-sided tests)

Copyright © 2019 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



Table 3. Patient demographic and medical charatitesi(n=27)

Variable Range| Mear8D) | Frequency
% (n)
Demographic Characteristics
Age (years) 8-17 13.5(2.6)
Female 81 (22)
Ethnicity
Caucasia 89 (24
African Americal 4(1)
Biracial 7 (2
Parent Marital Status
Marriec 85 (23
Single 4 (1)
Divorced/Separat¢ 11 (3
Pain Diagnosis
Musculoskelet: 37(10)
Neuropathi 41 (11)
Abdomina 15 (4)
Headach 7(2)
Duration of Pain (months) 2-108 . Median=[12
Functional Disability (FDI)T 2-47| 24.9.(10.3)
Fear of Pain (FOPQ-Total)t 9-82 50.6(20/8)
Treatment Characteristics Median
Duration of baseline (days) 7-2% 14
Total number of treatment sessions 6-15 12
Number of exposures sessiong 19 5
Number of treatment days 40-197 70

Note. TAs observed from the ranges, a few patients deeened eligible
based on clinician determination and study teamestng, rather than

score criteria.



Table 4a

Multilevel Model Estimations for Primary and Secondary Outcomes from Baseline to Education, Exposure, 3-month follow-up, and 6-

month follow-up.

Primary Outcomes

Secondary Outcomes

Fear Avoidance Catastrophizing Acceptance Pain
Fixed effects
Intercept {o0) 6.12 (0.48)*** 6.26 (0.51)*** 5.35 (0.52)*** 5.04 (0.42)*** 5.99 (0.50)***
Education ¢,,) 0.39 (0.27) 0.30 (0.28) 0.43 (0.18)* -0.17 (0.21) -0.08 (0.14)
Education slopeyt,) -0.03 (0.06) -0.27 (0.12)* -0.05 (0.09) -0.04 (0.06) -0.04 (0.08)
Exposure¥s,) 0.10 (0.26) -0.45 (0.40) 0.16 (0.27) -0.10 (0.34) -0.10 (0.29)
Exposure slopey,) -0.20 (0.21) -0.39(0.23) -0.21 (0.21) 0.33 (0.20) -0.38 (0.18)*

3 month follow-up

—2.37 (0.50)***

—3.09 (0.69)***

—2.05 (0.53)**

2.04 (0.41)*

—2.25 (0.53)***

(¥s0)
6 month follow-up -1.90 (0.51)***| -2.61(0.63)***| -1.57 (0.47)** 1.92 (0.42)*** | -2.12 (0.55)***
(60)

Variance between

patients
Intercept 6.03*** 7.10*** 7.23*** 4.70*** 6.67***
Education 1.79%** 1.86*** 0.72%* 1.00%*** 0.22
Education slope 0.06**7 0.29*** 0.14%** 0.04*** 0.08*
Exposure 1.56*** 3.91 %+ 1.85%** 2.93%** 1.85%**
Exposure slope 1.13* 1.29*** 1.14%** 1.03*** 0.72%**




3 month follow-up 6.35%**

12.51***

7.22%**

4,21

7.19%**

6 month follow-up 6.47***

10.02***

5.68%**

4.30***

7 . 65***

Note. *p < .05, ** p < .01, *** p <.001. p-values based on Wald-type¢ests with Kenward-Roger’s degrees of freedom

approximation for fixed effects and on likelihoatio tests for variance components. The interggpts the average baseline level.
The parameterg,,, 30 , V50 @andy, indicate the average change in level at the stagspectively the exposure, education, 3 month

and 6 month follow-up phases compared to the aedegl at the baseline phase. The parameigrandy,, indicate the average

slope in the education and exposure phases regggctbtandard errors are given in parentheses.




Table 4b.

Multilevel Model Estimations for Primary and Secondary Outcomes from Baseline to Treatment, 3-month follow-up, and 6-month fol low-up.

Primary Outcomes

Secondary Outcomes

Fear Avoidance Catastrophizing Acceptance Pain
Fixed effects
Intercept {40) 6.12 (0.47)*** 6.27 (0.51)*** 5.34 (0.52)*** 5.04@.42)*** 5.98 (0.49)***
Treatment ;) 0.52 (0.29) 0.28 (0.36) 0.53 (0.21)" ~0.43 (0.28) 0.10 (0.17)
Treatment slopeyg) -0.10 (0.06) -0.23 (0.07)* -0.10 (0.06) 0.14 (0.05)* —-0.01 (0.01)*

3 month follow-up ¢50)

~2.37 (0.50)

~3.10 (0.69)"

—2.06 (0.53)%*

2.8 (0.40)"*

—2.19 (0.52)

6 month follow-up %) -1.91 (0.51)* -2.59 (0.63)*** -1.58 (0.48)* 1.94 (0.42)* -2.06 (0.55)*
Variance between patients
Intercept 6.01%** 7.09%+* 7.21%* 4.66*** 6.62%**
Treatment 2.04xxx 3.30%** 1.01%** 1.85%** 0.48***
Treatment slope 0.10** 0.13** 0.09%** 0.07*** 09***
3 month follow-up 6.40%* 12.52%* 7.19%** 4.02%** 7.00%**
6 month follow-up 6.34%** 10.03*** 5.75%** 4.23%* 7.76%**

Note. *p < .05,

** p <.01, ** p <.001. p-values based on Wald-typeests with Kenward-Roger’s degrees of freedom@ppration for fixed effects and on
likelihood ratio tests for variance components. Trttercepty,, is the average baseline level. The parametgts/s, andy,, indicate the

average change in level at the start of respegtibe treatment, 3 month and 6 month follow-up plsasompared to the average level

at the baseline phase. The paramgigiis the average slope in the treatment phase.



Table 5. Mean values across for primary and secondary outcomes.

Baseline | Discharge | 3-monFU | 6-monFU | Greenhou | parti
M (SD) | M (SD) M (SD) M (SD) | se-Geisser | g
F Eta’

Primary
FOPQ-Fear (n=25) 28.6 21.6

(11.9) (14.4) | 180(14.1)" |17.6(131)°| 956 | .285*
FOPQ-Avoidance (n=25) 14.9

242(9.2) | (AL7)? | 126(9.9" | 124(9.7)° | 2094 | .466*
PHODA-PH (n=24) 5.01 2.83 1.89 1.94

(2.34) (2.45) (2.31)¢ (1.92)%° 2220 | .491*
PHODA-AP (n=24) 5.09 2.82 1.91

(1.92) (2.40) (2.24)*¢ | 204(213)°| 2621 | 533
Secondary
Functional Disability 25.0 15.3 104
(n=24) (10.8) (11.9) (11.2)*¢ |11.0(10.8°| 2638 | .534*
School Functioning 45.5 58.1 67.1 68.9
(n=24) (20.9) (17.8) (15.1)°° (20.9)°¢ 19.30 | .456*
Pain (n=25) 6.00 4.36

(2.52) (2.90% | 3.68(3.09)0 | 3.8(3.1)° 737 | .235*
Pain Catastrophizing 28.7 21.6 16.0
(n=24) (12.7) (14.4) (12.3)*¢ | 17.8(13.7)°| 1522 | .398*
Acceptance-AE (n=24) 19.6 26.2

(7.19) (8.31)* | 30.6(9.05) | 30.3(10.4)°| 1440 |.385
Acceptance-PW (n=25) 13.1 16.8 215

(5.39) (7.02) (6.10)*¢ | 21.6(850)°| 1410 |.370*

Note. *p < .001. Using Bonferroni post-hoc pair-wise comparions: ®significant change from preto post;
Psignificant change from post to 3 month follow-up; ®significant change from post to 6 month follow up;
Ysignificant change from pre to 3 month follow-up; ®significant change from pre to 6 month follow up.
Partial eta®where 0.1 isasmall effect, 0.25 is a medium effect and 0.4 is alarge effect. Variability of nis
due to incomplete patient self-report data. FOPQ=Fear of Pain Questionnaire; PHODA=Photographs of
Daily Activities;, PH=perceived harm; AP=anticipated pain; AE=Activity Engagement; PW=Pain
Willingness
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