1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Pain. Author manuscript; available in PMC 2019 September 01.

-, HHS Public Access
«

Published in final edited form as:
J Pain. 2018 September ; 19(9): 1049-1062. doi:10.1016/j.jpain.2018.04.003.

Pilot randomized trial of integrated cognitive-behavioral therapy
and neuromuscular training for juvenile fibromyalgia: the FIT
Teens program

Susmita Kashikar-Zuck, PhD, William R. Black, PhD, Megan Pfeiffer, BS, James Peugh,
PhD, Sara E. Williams, PhD, Tracy V. Ting, MD, MSc, Staci Thomas, MS, Katie Kitchen, BA,
and Gregory D. Myer, PhD

Abstract

Cogpnitive-behavioral therapy (CBT) improves coping and daily functioning in adolescents with
juvenile fibromyalgia (JFM), but is less effective in reducing pain. This pilot trial evaluated the
efficacy of a novel intervention (Fibromyalgia Integrative Training for Teens; FIT Teens) which
integrates CBT with specialized neuromuscular exercise training to enhance the impact of
treatment on reducing pain and disability. Forty adolescents with JFM (12-18 years) were
randomized to CBT-only or FIT Teens. Treatment was conducted in group-based sessions over 8
weeks with assessments at baseline, post-treatment, and 3-month follow-up (primary endpoint).
Primary outcomes were pain intensity and functional disability. Secondary outcomes were
depressive symptoms, fear of movement and pain catastrophizing. Thirty-six participants
(Mage=15.33 years; 90% female) completed the program. Intent-to-treat analysis was conducted to
evaluate differences between the FIT Teens and CBT groups from baseline to 3-month follow-up,
controlling for baseline group differences. Participants in the FIT Teens group demonstrated
significantly greater decreases in pain than the CBT group. FIT Teens participants also showed
significant improvements in disability, but did not differ from CBT-only at the 3-month endpoint.
Results provide preliminary evidence that the FIT Teens intervention provides added benefits
beyond CBT in the treatment of JFM, particularly in pain reduction.
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Introduction

Juvenile fibromyalgia (JFM) is a chronic and disabling condition characterized by
widespread musculoskeletal pain, fatigue, sleep disturbance and other associated symptoms.
19-21,31, 44 Cognitive-behavioral therapy (CBT), a well-studied approach for the
management of pediatric chronic pain,® 11 is effective in reducing functional disability in
adolescents with JFM.24 However, CBT treatments have a relatively small impact on pain
reduction in JFM and physical activity levels may remain unchanged. 17 Although research
strongly indicates that physical exercise is beneficial in reducing painl- 19; adherence with
traditional exercise regimens remains challenging for patients with fibromyalgia. Therefore,
a new approach that can enhance CBT with more well-tolerated forms of exercise may be
needed to produce stronger treatment gains and impact both pain and disability outcomes.

The fibromyalgia integrative training program for teens (FIT Teens) is a novel intervention
developed to enhance the positive effects of CBT via coping skills practice integrated with
increasing engagement in physical exercise. FIT Teens is a group-based treatment which
combines CBT skills training with neuromuscular exercise, an approach derived from injury
prevention research that focuses on improving core strength, balance and movement
biomechanics to enhance functional movements through a specialized progression of
resistance training and movement based exercises.2 30 The FIT Teens program was
iteratively developed - first with qualitative testing of feasibility, tolerability and engagement
of teens with JFM22, followed by initial efficacy testing using a pre-post study design.4!
Qualitative feedback during program development and preliminary results during feasibility
testing indicated high levels of engagement and acceptability among adolescents with JFM.
Refinements were made to the treatment protocol based on patient and interventionist
feedback. The final FIT Teens intervention was an 8-week (16 session) protocol conducted
in small groups of 4-5 patients with JFM. Results of initial efficacy testing of the FIT Teens
intervention (N=22 adolescents with JFM across two study sites) showed significant
reductions in measures of pain, disability, catastrophizing, depressive symptoms, and fear of
movement at the end of treatment.2> 41

Based on these promising early findings, the current study was designed to test whether the
combined FIT Teens intervention provided stronger benefits than CBT alone. Specifically,
the primary objective of the current study was to conduct a pilot controlled trial to test
whether FIT Teens was more effective than CBT alone in reducing pain intensity and
functional disability (co-primary outcomes) in adolescents with JFM. Assessments were
conducted at baseline, post-treatment (8 weeks) and 3-month follow-up, with the 3-month
follow-up selected as the primary endpoint to evaluate the durability of treatment gains. It
was hypothesized that 1) participants assigned to FIT Teens would show significantly greater
reduction in pain intensity and functional disability than those who received CBT alone and
2) FIT Teens would also lead to greater improvements in the secondary outcomes of
depressive symptoms, fear of movement, and pain catastrophizing. The selection of
secondary outcome measures was based on prior studies of JFM in which CBT was
associated with reduction in depressive symptoms and catastrophizing?? 24 and the specific
expectation that the neuromuscular training component of the FIT Teens intervention would
result in decreased fear of movement.4!
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Adolescents (between the ages of 12 and 18 years) were recruited from pediatric
rheumatology and pain clinics at a large children’s hospital in the US Midwest. Participants
were eligible if they 1) met criteria for JFM based on the 2010 American College of
Rheumatology (ACR) criteria modified for pediatric use,3° 2) had at least moderate
functional disability, represented by Functional Disability Score =136 and 3) average pain
intensity in the past week >4 on a 0-10 cm Visual Analog Scale. Additionally, participants
were required to be on stable medications that were part of their usual medical care for 4
weeks prior to enrollment. Medications used for JFM as part of standard clinical practice
may include tricyclic or other antidepressant medications, analgesics or non-steroidal anti-
inflammatory medications and/or anticonvulsants. While it was not possible to control for
medications in this preliminary trial, all patients were required to be on 4 weeks of stable
medication prior to their baseline assessment to minimize the possibility of confounding
effects of medication changes during the trial. Participants were not eligible if 1) they
presented with comorbid rheumatic disease (e.g., juvenile arthritis, systemic lupus
erythematous), 2) documented developmental delay, 3) any medical condition determined by
their physician to be a contraindication for exercise participation (e.g., acute injury) or 4)
untreated major psychiatric diagnoses (e.g., major depression, bipolar disorder, psychoses).
Participants with co-morbid psychiatric diagnoses (such as depression, bipolar disorder)
were further assessed by a doctoral-level psychologist on the study team and were deemed
eligible for inclusion if they reported 1) being under the ongoing care of a medical or mental
health professional, 2) were on stable medication and 3) did not report any severe symptoms
that required immediate attention (such as suicidal ideation) or would interfere with their
participation in the group-based treatments. Finally, those who were currently enrolled in
pain-focused CBT or a structured physical therapy program were excluded to prevent
overlapping treatments that may confound outcomes. Prior engagement in standard
outpatient pain care that included CBT or physical therapy was not exclusionary and
participants were free to keep appointments with their physicians throughout the study.

Potential participants were screened by trained research assistants. Physicians confirmed
medical eligibility and introduced the study to participants and caregivers. If interested,
research assistants provided an overview of the study, answered questions, obtained written
informed consent and verbal assent and scheduled a baseline assessment. This study was
approved by the hospital Institutional Review Board.

Study Design

A two-arm randomized controlled trial design with equal group allocation was used in which
enrolled participants were randomly assigned to receive either the FIT Teens intervention or
CBT alone, both delivered in a group-based format. The CBT alone condition was selected
as the comparison arm because it is now commonly offered as part of usual multidisciplinary
care in most pediatric pain treatment settings and has already been demonstrated to be
superior to attention control in prior studies.® 24 Despite the fact that several participants
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may have had exposure to CBT as part of usual care prior to enrolling in the study, none had
received structured group-based CBT.

Randomization—A group-randomization procedure was chosen based on our extensive
experience of enrolling JFM participants24 41 in which the timeline for recruiting a group of
4-5 eligible JFM participants is about 2 months. This methodology was chosen to minimize
the wait time and potential drop out while sufficient participants were enrolled. Therefore,
after 4-5 consecutive participants were found to meet eligibility criteria, they were enrolled
into the study. Randomization sequencing was obtained by using a random group generation
algorithm in R.37 The biostatistician maintained the concealed block randomization schedule
and subsequently revealed the treatment assignment (FIT or CBT) for the group to the
research coordinator and interventionists after baseline assessments were completed.

Blinding—At baseline, assessment staff were blinded to the upcoming group assignment.
For post-treatment and 3-month follow-up evaluations, standardized protocols were used by
assessment staff but they were not blinded due to limited resources available in this small-
scale pilot study. Interventionists did not participate in the assessment to avoid therapist bias
in influencing outcomes and participants’ attending physicians were blinded to treatment
group assignment throughout. To maintain blinding, study participants were asked not to
discuss their treatment allocation during any physician appointments during the trial.

Adolescents in each of the treatment arms participated in group-based (4-5 participants per
group; ~1.5 hours per session) treatment sessions twice a week over 8 weeks (16 sessions
total). Sessions were held in the Sports Medicine and Biodynamics laboratory which
includes equipment and adjacent conference room space for the exercise and CBT
components of treatment respectively. Parents were also were included in treatment and
attended 6 of the 16 sessions, during which they were introduced to the coping skills and
exercises their children were learning to help foster continued practice at home and after the
treatment period. Additionally, during several of the treatment sessions, parents were taught
operant behavioral strategies to encourage independent pain coping and functioning in their
teens (e.g., not asking about pain, promoting normal function, etc.). Treatment sessions were
conducted according to manualized protocols and led jointly by a psychology post-doctoral
fellow/pain psychologist and an exercise physiologist. For the CBT-only sessions and the
CBT component of FIT Teens, the psychologist provided coping skills training and the
exercise physiologist supported the psychologist as a co-leader. During the neuromuscular
exercise component of FIT Teens, the exercise physiologist led participants through the
exercise program and the psychologist supported participants in the use of coping skills
while engaged in physical exercise. If participants missed a session, a brief (~15-20 min)
make-up session was conducted prior to the start of the next session to cover any missed
content.

FIT Teens—The FIT Teens intervention has been previously described in detail in prior
publications including the full neuromuscular exercise protocol.?> 38 41 Briefly, FIT Teens
consists of an integration of both CBT skills training and neuromuscular exercise training
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(NMT) components with approximately 45 minutes dedicated to each component (NMT and
CBT) per session. CBT included psychoeducation about the gate control theory of pain, use
of behavioral strategies (e.g., muscle relaxation, activity pacing), and cognitive strategies
(e.g., distraction, problem solving, self-calming statements). The NMT exercise component
used a resistive and movement training protocol focused on improving core strength,
balance, and posture. Exercises followed a phasic progression, systematically progressing in
difficulty level every two weeks, beginning with Level 1: Holding Movement Exercises
(isometric focused exercises), and proceeding to Level 2: Creating Movement Exercises
(concentric focused exercises), Level 3: Resisting Movement Exercises (eccentric focused
exercises) and Level 4: Functional Movement Exercises (combining all previous levels of
movement; see Thomas et al., 2013 for full description of NMT exercise protocol).38
Exercises were individualized to the participants’ ability and modified as needed.
Participants received education about proper technical form and technique, as well as the
benefits (e.g., activities of daily living supported by the environment) of each of the
exercises in facilitating functional daily activities. In addition, group trainers incorporated
instruction in how to use behavioral coping skills while engaged in exercise. Home practice
of NMT exercises consisted of exercises similar to those learned in session, that were
modified to be performed at home with limited or no equipment needed. Participants were
assigned home practice for both coping skills and NMT exercises. Additionally, beginning
with session 5, participants were instructed to gradually increase engagement in more
vigorous forms of physical activity of their choice (brisk walking, dancing, swimming etc.)
as part of home practice.

CBT-only—The content of the CBT-only intervention was based on an established
individual CBT protocol?* modified for a group-based 16-session format which matched the
FIT Teens protocol described above in terms of number of sessions and therapist contact
time. Content of the CBT-only training was similar to the coping skills portion in the FIT
Teens intervention with greater time spent on practicing each of the skills in session. Of
note, while adolescents were encouraged to increase their participation in physical, social
and recreational activities as part of the CBT intervention, they were not specifically
instructed to engage in physical exercise.

Incentives: Participants were provided a modest incentive for completing assessments. At
the end of the 8 weeks of treatment, those who completed CBT treatment received a gift
basket with relaxation CDs, stress balls, and distraction activities to encourage continued
practice of adaptive skills at the end of treatment. Those participating in FIT Teens were
provided with a BOSU ® Balance Trainer? ball at the conclusion of treatment to encourage
continued exercise practice at home.

Study Measures

Demographic Information: Parents completed a form providing information about the
participants’ age, gender, race, ethnicity, and family income.
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Primary Outcomes

Pain Intensity: The Visual Analog Scale (VAS), has been recommended for the assessment
of pain intensity by the PedIMMPACT guidelines,28 and has been validated for use with
children over the age of 5 years.33 36 Participants marked their average pain intensity over
the past two weeks on a 0-10 cm VAS scale, anchored by “no pain” and “pain as bad as it
can be.” The VAS has been extensively used in pediatric chronic pain research including in
adolescents with JFM.15: 35,41

Functional Disability: The Functional Disability Inventory (FDI- Child Report) is a 15-item
scale developed to assess perceived difficulty in daily activities in home, school,
recreational, and social domains due to pain. Participants selected one of 5 response choices
ranging from O (i.e., No Trouble) to 4 (i.e., Impossible), with a total score being the sum of
responses on the 15 items. The FDI has been used in numerous studies of pediatric chronic
pain,23 3142 was recommended by the Pediatric Initiative of Methods, Measurement and
Pain Assessment in Clinical Trials (PedIMMPACT) guidelines?8 and has published clinical
cut-off scores1®. Disability scores can be classified as None/Minimal (0-12), Mild (13-20),
Moderate (21-29), and Severe (=30). It has shown to have excellent internal reliability
(Cronbach a = .86 —.91), and good concurrent and predictive validity.6 Reliability of the
FDI for the present sample was adequate (a =.79).

Secondary Outcomes

Depressive symptoms: The Children’s Depression Inventory (CDI) assesses self-reported
symptoms of depression in children and adolescents?’. Participants selected 1 of 3
statements for each item (scored from 0 to 2), with higher scores indicating greater
frequency and/or severity of symptoms. Total scores on the CDI range from 0 to 54, and raw
scores can be converted to T-scores based on a normative sample. It is well-validated and is
the most frequently used scale to measure depressive symptoms in children and adolescents
with chronic pain.”: 18 26 |nternal consistency reliability for the CDI in this study was good
(Cronbach a = .83).

Fear of Movement: The Tampa Scale for Kinesiophobia (TSK-11)*° measures fear of
movement due to pain and consists of 11 statements rated on a scale of 1 (strongly disagree)
to 4 (strongly agree). Total scores range from 11 to 44 with higher scores indicating
increased fear of movement, activity avoidance, and somatic focus. Although the TSK has
not been formally validated in children, the scale has been validated across various pain
conditions in adults32 and has been previously used in pediatric pain studies including JFM,
41,43 and demonstrated good reliability (a = .76-.84) and sensitivity to change.

Pain Catastrophizing: The Pain Catastrophizing Scale for Children (PCS-C; 40) is a
validated and reliable measure consisting of 13 statements describing negative and
catastrophic thoughts and feelings about pain. Participants rate how intensely they
experience each thought or feeling on a scale of 0 (not at all) to 4 (extremely) when they
have pain. Total scores range from 0 to 52 with higher scores indicating greater levels of
pain catastrophizing (a =.87).8
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Monitoring of Adverse Events: Adverse events (AES) were monitored throughout the
study. Adverse events were defined as a participant having any new or worsening symptoms,
hospitalizations, or emergency department visits - whether or not they were thought to be
related to the study. The study coordinator recorded each adverse event, contacted the
participant and/or their parent to gather further details if necessary and consulted with the
principal investigator, interventionists and study physician to evaluate the seriousness and
relatedness of the adverse event and take appropriate action as needed. Based on the nature
of the event, the study physician determined if it was safe for the participant to remain in the
study and/or be referred for additional care. Adverse events were reported to the IRB per
institutional guidelines.

Analytic Plan

Power calculation: Modeled from previous intervention studies in fibromyalgia, a-priori
power analyses were conducted based upon anticipated 3-month pain reductions with effect
sizes of Cohen’s = 1.31 for the FIT Teens and o= 0.60 for the CBT group.>: 14 24 power
analyses were conducted with the following assumptions: (a) no differences between the FIT
and CBT groups at baseline due to random assignment, (b) up to 25% participant attrition,
resulting in post-attrition sample size ranging between A= 30 to 48 and (c) that pain scores
at baseline, along with possible additional control covariates (e.g., age), could reduce the
variance in pain scores at 3-month follow-up between 3% and 12%. Given these
assumptions, results from multiple Monte Carlo simulation power analyses showed that
power was at least .80 to detect an incremental treatment effect for pain reduction of &= .70
for FIT Teens versus CBT at the 3-month follow-up. Thus, the post attrition size of the
present sample (/7= 36) provided adequate power to detect moderate treatment effect size
differences.

Preliminary Analyses: Data were entered into SPSS Version 24, where they were initially
evaluated for missing data, skew, and baseline differences that would inform statistical
analyses. This study demonstrated high retention, with all the study drop-out (7= 4)
occurring prior to the post-treatment assessment, and no-drop out between post-treatment
and 3-month follow-up. Drop out did not significantly differ between the FIT Teens and
CBT groups, Pearson’s /1/2(1) =1.11, p=.29. In addition, distributional properties of
primary and secondary variables outcomes were examined to ensure there were no marked
deviations from assumptions of normality.

Further analyses were conducted to evaluate 1) whether treatment groups significantly
differed from each other at baseline, and 2) whether outcome variables were significantly
correlated at baseline. No differences were observed between treatment groups at baseline
for age (v =.48) or gender (p=.61). Also, treatment groups did not differ at baseline on
either of the co-primary outcomes or depressive symptoms (see Table 1 for descriptive
statistics). However, FIT Teens and CBT groups differed marginally at baseline for pain
catastrophizing [438) = —1.99, p = .053] with higher scores in the FIT Teens group. As
expected, several of the baseline outcome variables were significantly correlated with both
3-month and post-assessment time-points. Notably, baseline values for the co-primary
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outcomes were both significantly related to values at the 3-month primary endpoint (rzp,= .
467, p=.004; nps=.332, p=.048).

Primary Analysis: Primary analysis consisted of multiple-group structural equation
modeling in MPIlus, carried out on the full intent-to-treat sample at the 3-month follow-up.
In general, a small N trial of this type raises multiple potential statistical issues including 1)
missing data due to attrition, 2) differences between treatment groups on baseline
characteristics, and 3) covariability between baseline and follow-up measures. The use of a
structural equation modeling approach was selected over traditional repeated measures
multivariate analyses because it simultaneously provides 1) missing data estimations, 2)
baseline covariation, and 3) multiple group analyses. Maximum likelihood estimation with
500 bootstrapped samples was used to account for missing data and to obtain observed
standard errors. Baseline variables (i.e., age, Functional Disability Inventory, Pain, Tampa
Scale for Kinesiophobia, Pain Catastrophizing Scale, and Child Depression Inventory) were
included as covariates. This provides expected mean estimates of the co-primary and
secondary outcomes controlling for age and the respective baseline value of that outcome
(i.e., FDI at 3-months controlling for baseline FDI).

After missing data handling (drop-out n = 4) and control of baseline variables, expected
values of the co-primary outcomes and secondary outcomes were obtained by evaluating
intercept values of the regressed observed values of outcome variables at 3-month follow-up
onto their respective baseline values separately. The intercepts of these regression lines
represent the expected means at 3-month follow-up, covarying for age and baseline value,
and were calculated for FIT Teens and CBT-only groups separately. Age was specifically
chosen as a covariate due to possible developmental differences in treatment response across
the wide age range (12-18 years). The CBT and FIT teens groups did not differ in JFM
symptom severity at baseline, so we did not use symptom severity as a co-variate. Post-hoc
comparisons in structural equation modeling were used to compare the magnitude of change
in the FIT Teens group vs. the CBT group.

Analysis of post-treatment outcomes: Analyses of differences between groups at post-
treatment were similar to primary analyses through the use of structural equation modeling
with MPlus, and multiple group analysis option. Identical procedures were used to account
for missing data and controlling for baseline variables. Expected means were calculated for
the co-primary and secondary outcome variables at post-treatment, controlling for baseline
values.

Evaluation of within group changes: Within-group changes for CBT-only and FIT Teens
on primary outcomes at both post-treatment and 3-month follow-up were evaluated by
plotting age-adjusted means with 95% confidence interval error bars for each group across
time points. Age-adjusted means were calculated by first regressing baseline age onto each
response variable and obtaining unstandardized residual variability. These residual scores
were then added to the grand mean to yield the adjusted means. Non-overlapping error bars
indicate significant within-group change between time-points. Significance testing for
results with non-overlapping error bars was conducted via within-subjects MANOVA in
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Mplus. All possible pairwise comparisons were tested using false discovery rate to control
family-wise Type 1 error.

Enrollment and Retention

A total of 90 adolescents met initial criteria for participation and were referred to the study,
and 40 (Mge =15.33, SD = 1.526) agreed to participate in the study. All 40 of the
participants who agreed to participate in the study met criterial for enrollment and were
subsequently randomized to one of the two treatment conditions. Those not enrolled either
did not meet inclusion criteria, declined to participate, or were lost to follow-up between
initial recruitment and enrollment (see CONSORT flow chart, Figure 1). Demographic
characteristics of those who were referred but not enrolled in the study were not collected.
Enrollment occurred from 12/16/2013 to 4/01/2016 and follow-up occurred concurrently,
from 7/28/2014 to 8/31/2016. Once enrolled, retention at post-treatment and 3-month
follow-up was 90% (/7=36; CBT = 19, FIT = 17). Reasons for withdrawal from the study
include needing further treatment for complications due to a preexisting medical condition
(n=1), dissatisfaction of group assignment (n=1), and gradual discontinuation of group
attendance (n=2). Recruitment and enrollment ended after sufficient sample size was
obtained.

Participant characteristics

Participants were 90% female (77=36) and 93% Caucasian (/7=37) (see Table 2 for
demographic information) and had been seen at the Rheumatology or Pain Clinics for their
care. Most (70%) were currently taking one or more medications for JFM and associated
symptoms. With regard to other treatments prior to enrollment in trial, 47.5% of participants
had seen a psychologist for at least one session of pain management and 72.5% had received
physical therapy as part of their usual care. At their baseline assessment, adolescents
reported levels of disability in the moderate range (Mgp, = 25.58, SD = 7.78) and pain levels
in the moderate-severe range (M5 = 6.48, SD = 1.40). Depressive symptoms were in the
mildly elevated range (Mcpy= 14.93, SD = 6.50). Pain catastrophizing (M= 27.18, SD =
9.93) and fear of movement (M= 26.93, SD = 5.29) scores were comparable to those in our
prior JFM studies.3* 41 Baseline values and unadjusted post-treatment and 3-month values
per treatment group are presented in Table 1. Of the 36 participants that completed the study,
34 participants completed at least 12 of the 16 sessions, and the average number of sessions
attended was 14.06 (87.8%).

Changes in Pain and Functional Disability (Primary Outcomes) at 3-month endpoint

While controlling for baseline values, at 3-month follow-up those that participated in the FIT
Teens group exhibited significantly greater decrease in pain than participants who received
CBT-only (Mpjs =-1.62, p=.011, Cohen’s deffect size difference =0.77). Group
differences in functional disability at 3-month follow-up tended to be stronger for FIT Teens
than CBT but did not achieve statistical significance at the .05 level (Mpjs = -4.58, p=.
055, Cohen’s deffect size difference =.63). Those who received the FIT Teens intervention
did demonstrate a significant within-group decrease in functional disability from baseline to
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3-months (p <.05, d =1.21). Figures 2 & 3 demonstrate the co-primary treatment outcomes
for both CBT-only and FIT Teens groups with 95% confidence ranges.

Changes in Pain Catastrophizing, Fear of Movement, and Depression (Secondary
Outcomes) at 3-month endpoint

For the secondary outcomes, although participants who received FIT Teens demonstrated
stronger improvements than CBT-only for depressive symptoms (Mpjs = —4.58, d =.49),
pain catastrophizing (Mpjs = —3.812, d =.73), and fear of movement (Mpjs = —2.679, d =.
65), the differences between groups were not statistically significant (see Table 3). When
evaluating 95% confidence intervals for age-adjusted means of within group differences
(Table 4), non-overlapping confidence intervals between baseline scores and 3-month
follow-up demonstrate that those in FIT Teens groups reported improvement in both pain
catastrophizing and fear of movement scales, while those in the CBT-only group did not
change from baseline to 3-month follow-up. Thus, while the treatment differences between
groups did not significantly differ for pain catastrophizing or fear of movement, within-
group analyses show significant (p < .05) improvement for the FIT Teens group but ot the
CBT-only group. Pairwise comparisons for the FIT Teens group remained statistically
significant after false discovery rate correction.

Post-treatment Outcomes

Supplemental analyses were conducted to evaluate treatment gains at the immediate
conclusion of active treatment. Participants in FIT Teens demonstrated significantly greater
decreases in both pain ratings (Mpjs = -1.678, p=.017, d =.76) and in functional disability
(Mpjr = —6.674, p=.008, d =.86) than adolescents in the CBT only group. In comparing
treatment gains at post-treatment to 3-month follow-up, FIT Teens demonstrated superiority
over CBT in the maintained reduction of pain. With respect to functional disability, the CBT
group continued to show slight improvement over time whereas the FIT Teens group showed
a small loss of gains in functional disability, potentially explaining the lack of significant
between group differences at 3-month follow-up.

All secondary measures of depressive symptoms, catastrophizing and fear of movement
improved in the anticipated direction favoring FIT Teens over CBT; however, the differences
between groups were not statistically significant. In examining within group changes, 95%
confidence of age-adjusted means demonstrated that participants in the FIT Teens group
demonstrated significant improvement in both pain catastrophizing and fear of movement
(Table 4), with no significant improvement in the CBT only group. Pairwise comparisons for
the FIT Teens group remained statistically significant after false discovery rate correction.

Adverse Events

Adverse events reported during the study included accidental injury (n = 2), joint pain (n =
5), somatic symptoms (n = 2) and other illness (n =1). None of these events were associated
with participation in the study. As expected (given that most participants were mostly
sedentary), several participants in the FIT Teens intervention reported mild muscle soreness
associated with learning new exercises. The soreness was temporary and resolved within 1-2
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days without need for intervention. Participants reported that they were able to distinguish
muscle soreness related to exercise from fibromyalgia pain “flares.”

Discussion

Results of this preliminary randomized trial of the FIT Teens intervention are promising and
indicate that combining CBT with neuromuscular exercise may be synergistic and offer a
more powerful approach to the treatment of pain and disability in adolescents with JFM
compared to CBT alone. Prior studies indicate that standard forms of multidisciplinary care
and CBT are effective in improving psychological coping and daily functioning.9: 11,2324
However the small reductions in pain and lack of impact on physical activity engagement
after treatment pointed to the need to enhance coping skills training with more engaging
forms of exercise training. Prior studies of physical exercise in fibromyalgia indicate
beneficial effects on pain reduction but difficulties with exercise tolerance and adherence.13
Therefore, it is important for exercise programming to take a more tailored approach that is
geared towards the needs of adolescents with JFM. Neuromuscular training is a specialized
form of exercise derived from injury prevention research and focused on functional
movement and dynamic strength stabilization, including improvements in, posture, strength
and balance. This type of training is primarily based on body-weight resistance and
movement training, requires relatively little equipment and can be easily practiced at home.
As such, it offers a convenient method than can be easily blended with CBT-based skills
training. Additionally, neuromuscular training was found to be very well tolerated by
adolescents in our pilot work. Treatment delivery in the form of group sessions is efficient
and was well-received by adolescents who greatly enjoyed the group support and interaction
based on their consistent qualitative feedback during feasibility testing as well as in this trial.

Based on our prior studies of CBT24 and step-by-step development of the new FIT Teens
intervention,25 both group-based treatments used in this study were designed to be
developmentally appropriate, well tolerated, and engaging for adolescents with JFM. Both
intervention arms had high retention (90%) of participants at post-treatment and 3-month
follow-up, with no notable difference in drop-out between the two groups. Additionally,
consistent with previous studies,?® 41 FIT Teens was safe with no adverse responses to
treatment other than expected initial and temporary muscle soreness associated with
beginning new exercises.

Pain reductions for the FIT Teens intervention were significantly greater than CBT-only and
these reductions were maintained even 3-months after the end of active treatment. The effect
size for the FIT Teens intervention on pain reduction (Baseline to 3-month follow-up
Cohen’s d = 1.24) also was superior to effect sizes reported in prior studies of CBT in
fibromyalgia (ES ranging from .052 .457.2: 3. 12 24 Although some studies of exercise for
fibromyalgia have demonstrated strong treatment effects (up to effect sizes of 1.3) post
treatment, these effects were not maintained at follow-up.14 In this study, pain reduction for
FIT Teens was nearly as great as previous exercise studies, and maintained even at the 3-
month post-treatment follow-up, demonstrating the potential durability of the intervention.
These findings are encouraging, and suggest that two unique aspects of this intervention,
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namely the combined application of coping skills training and the specialized neuromuscular
training, may have facilitated maintenance of treatment effects.

With regard to the co-primary outcome of functional disability, the hypothesis of
significantly greater improvement in the FIT Teens group compared to CBT-only at 3-month
follow up was not supported. Although significantly greater improvements in the FIT Teens
group compared to CBT-only were evident immediately at the end of treatment, these
differences were not statistically significant at the primary 3-month endpoint due to slight
loss in treatment gains for the FIT Teens group and slight treatment gains in the CBT group
over the follow-up period (Figure 2). Nevertheless, effect sizes for improvement in the FIT
Teens group at both post-treatment and 3-month follow-up (@pes = 1.35; @370 =1.08) were
superior to CBT-only (et = -05; dzme = .23). Clearly, there is great potential for the FIT
Teens intervention in being more effective than CBT in improving disability but greater
efforts may be required to sustain these gains over time.

It is worth mentioning that in this study the effects of group-based CBT delivered as a stand-
alone treatment did not appear to be as strong as we predicted based our prior results of CBT
delivered in individual format.24 However, effect sizes for FIT Teens in this study were still
stronger when compared to outcomes of prior studies of CBT-only interventions.? 24 Given
that this study included a smaller sample size, a shorter time frame (3 months versus 6
months) than our previous trial of CBT, and did not include any booster sessions as in the
prior trial, the results of this trial may under-represent the treatment effectiveness of group-
based CBT as an independent treatment. Additional investigation with larger sample sizes
and longer-term follow-up may be needed to more definitively understand the effectiveness
of FIT Teens and CBT only for the treatment of pain and functional disability in JFM.

A number of secondary outcomes were also assessed in this study, including depressive
symptoms, pain catastrophizing, and fear of movement. FIT Teens and CBT only groups did
not differ in any of these domains at either post-treatment or 3-month follow-up. However,
when within-group changes were examined, FIT Teens did exhibit significant improvement
in pain catastrophizing and fear of movement. Though not significantly different than CBT
only, this might indicate that the combination of pain coping skills and neuromuscular
training (FIT Teens) may offer slightly greater benefits in reducing pain catastrophizing and
fear of movement.

Although this trial was a relatively small-scale trial, strengths of the study include - a
rigorous approach using clear a priori selection of primary outcomes and primary study
endpoints, use of a randomized design, an intent-to-treat analyses that included careful
attention to missing data, consideration of baseline values on primary and secondary
outcome variables and adjustments for age demographics. A-priori power calculations were
based on previously conducted trials, providing greater confidence in statistical results given
the sample size of the study.

There are also several limitations that restrict generalizability and conclusiveness of this
study. First, while this study was adequately powered for evaluation of the primary
outcomes, apriori power analyses were not conducted to determine the necessary sample
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size to evaluate secondary outcomes. While group differences on the secondary outcomes
trended in the direction of superiority for the FIT Teens group, a larger sample size is needed
to provide adequate power to further provide further confirmation of the efficacy of FIT
Teens on depressive symptoms, catastrophizing and fear of movement. In addition, the
impact of FIT Teens on other potential outcomes recommended for use in clinical trials
(PedIMMPACT),28 such as sleep and anxiety, might be useful to assess in future studies.
Second, this study utilized group randomization instead of individual randomization.
Though this method of randomization was chosen for feasibility of recruitment, it does limit
the assumption of independence in treatment effects for individual participants. This
potential issue could be addressed by investigating group effects with multi-level modeling
through larger sample trials. Third, this study only utilized partial blinding due to limited
staff and resources with a small trial. However, standardized collection procedures were used
at each time point to minimize the possibility of bias. Fourth, while this study can draw
conclusions of FIT Teens compared to a CBT only intervention, this study did not utilize an
exercise-only control group. Therefore, it is unknown whether improved treatment effects
were due to participating in NMT specifically or whether similar effects would be seen from
engaging in more traditional forms of exercise (e.g., graded aerobic training). Fifth, due to
the preliminary nature of this study, it was not possible to examine covariates including pain
duration, prior treatments, co-morbid psychiatric diagnoses and medications, and how they
affected treatment outcomes beyond the impact of the FIT Teens or CBT interventions.
Sixth, although it has been used in previous studies, the Tampa Scale for Kinesiophobia has
not been formally validated in children. Last, while this study evaluated a primary endpoint
of 3-months post treatment, it is unknown to what extent treatment gains are maintained over
a longer period.

Based on the findings of this study, there are several implications for future work in
enhancing the FIT Teens treatment protocol and further testing its efficacy. Participant
feedback requesting periodic “booster sessions” after the end of the 8-week treatment should
be considered to maintain treatment gains. These sessions would provide opportunities for
group members to reconnect, review and practice their skills, problem solve around
maintenance of practice and treatment gains, and receive additional support from fellow
group members, which was consistently noted by participants as a key benefit of the
program.25 Other methods of improving maintenance could also be considered and
evaluated, such as text-message reminders for skill utilization and establishing group
“check-ins” through video platforms, such as Skype. In addition to booster sessions,
additional follow-up assessments over the course of 6 months - 1 year would be helpful
evaluate the long-term maintenance of treatment effects. Also, comparing FIT Teens with an
exercise-only treatment arm would help distinguish whether this specific form of
intervention should be the preferred approach. Finally, further research is needed into the
specific mechanisms of how each treatment exerts its particular effects. Many relevant
factors such as — number of sessions attended, adherence to practice outside treatment
sessions, perception of group support, pain coping efficacy, exercise self-efficacy, movement
competence and objective changes in movement biomechanics need more detailed
investigation. A greater understanding of mechanisms of treatment effects would help to
optimize treatments and better tailor them for the needs of adolescents with JFM.
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Conclusions

Results of this pilot trial investigating the treatment efficacy of FIT Teens in comparison to
CBT-only are promising. The FIT Teens program appeared to offer stronger benefits,
particularly in pain reduction. If these results are supported in future more rigorous
randomized controlled studies, the implications for clinical care of patients with JFM will be
significant and improve the current standard of care for this poorly understood pain
condition.
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Perspective

Results from this pilot randomized controlled trial of a new combined cognitive
behavioral therapy (CBT) and specialized neuromuscular exercise intervention (FIT
Teens), compared to CBT alone suggested that FIT Teens offers stronger treatment
benefits than CBT alone at initial treatment follow-up, especially with respect to the
outcome of pain reduction.
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Highlights
Results of this pilot trial of the FIT Teens program were promising

FIT Teens was more effective than CBT-only in the reduction of disability and
pain

Mood symptoms improved, and fear of movement was reduced after FIT
Teens
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Age-adjusted means of the Functional Disability Inventory across time points
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Table 2
Demographic Information
n % M SD

Age 40 1538 1531
Sex

Female 36 90

Male 4 10
Race

Caucasian 37 925

American Indian/Alaskan Native 2 5.0

More than one race 1 25
Ethnicity

Non-Hispanic 40
Household Income

<$25,000 3 7.7

$25,000 — $50,000 6 154

$50,000 —$75,000 11 282

$75,000 — $100,000 7 179

$100,000 — $125,000 4 103

$125,000 — $150,000 4 103

>$150,000 4 103
Family History of Chronic Pain

None 15 375

Mother 22 55.0

Father 5 125

Sibling 7 175

Extended Family 3 75
Grade Level

7th 3 7.5

gth 3 75

gth 9 225

10t 5 125

11t 9 225

12th 9 225
School Attendance

Full Time 32 800

Part Time 3 75

Not Attending 1 25
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n % M SD

Homebound w. Tutor

2 50
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