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Abstract

Objective—Cognitive-behavioral therapy (CBT) is effective in reducing disability among youth 

with juvenile fibromyalgia (JFM); however, engagement in moderate-vigorous physical activity 
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remains poor even after CBT. The purpose of this study was to evaluate the feasibility and 

preliminary outcomes of an innovative program combining CBT with specialized neuromuscular 

exercise; the Fibromyalgia Integrative Training for Teens (FIT Teens) program.

Methods—Adolescents with JFM (n = 22, all female, ages 12–18) from two urban children’s 

hospitals participated in the eight-week FIT Teens intervention. Participants completed measures 

of pain intensity, functional disability, depressive symptoms, pain catastrophizing, fear of 

movement, and readiness to change at baseline and after the intervention.

Results—Feasibility of the intervention across two sites was documented, including high 

retention rates (80%). Participants showed significant decreases in functional disability (p < .05), 

depression (p < .001), fear of movement (p < .01), and pain catastrophizing (p < .001) from pre- to 

post-intervention. Results of the readiness to change measure indicated a significant decrease in 

precontemplation (p < .01) and increase in action/maintenance scores (p < .001). All results 

demonstrated medium to large effect sizes.

Conclusion—Results of this pilot study indicated that adolescents with JFM reported significant 

improvements in physical function and reduced fear of movement following the intervention. 

Improvement in physical function was achieved in a shorter time frame than a prior trial of CBT 

without an exercise component. Further work is needed to compare FIT Teens with existing 

approaches and determine whether objective changes in exercise participation are achieved.

Juvenile fibromyalgia (JFM) is a chronic pain condition characterized by widespread 

musculoskeletal pain, sleep difficulties, chronic fatigue, and associated symptoms such as 

gastrointestinal problems, and anxiety and depressive symptoms. The prevalence of JFM in 

children and adolescents is between 2–6%, and occurs primarily in females (1–6). 

Recommended treatment of JFM includes self-management strategies such as healthy 

lifestyle habits (sleep, physical exercise), and pain coping strategies through cognitive-

behavioral therapy (CBT; 7–9). Routine physical exercise is a particularly important 

component of managing widespread musculoskeletal pain (10) and has been found to reduce 

pain intensity (11–15); however, long-term maintenance of exercise regimens is often 

problematic for patients (11, 16, 17). Most individuals with fibromyalgia are sedentary (18–

20), and few tailored physical activity interventions for youth with fibromyalgia have been 

attempted. There is a pressing need to develop, test, and disseminate effective interventions 

that promote safe engagement in physical activity and address psychological barriers (e.g., 

low confidence in movement, poor pain coping skills) to engaging in activity among 

adolescents with JFM.

CBT for JFM is effective in reducing symptoms of depression, functional disability, and 

catastrophizing, and increasing pain coping efficacy (21); however it has not demonstrated 

consistent effectiveness in increasing engagement in physical activity (22) and reductions in 

pain intensity have been relatively small (21). This may be because traditional pain-focused 

CBT does not directly target the physical exercise component of pain self-management. 

While CBT can provide skills that encourage engagement in healthy lifestyle habits, patients 

clearly need more direct guidance and training to properly increase physical activity. There 

is evidence that adolescents with JFM show deficits in strength and altered biomechanics 

(23)—this may contribute to their fear of movement and movement-related pain (24). 
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Therefore, establishing fundamental movement skills and confidence should be the first step 

to facilitate engagement in activities of daily living and physical activity. Integrative 

neuromuscular training is an established physical exercise intervention developed by 

exercise science specialists aimed at improving fundamental biomechanics and core strength 

(25). This type of training has been used with adolescent athletes to prevent injury (26), and 

has been specifically tailored by our group for adolescents with JFM (27).

In order to address the need for an integrated intervention which offers both training in 

fundamental movement and pain coping skills, we developed a program combining 

established pain-focused CBT with neuromuscular training (28). The new Fibromyalgia 

Integrative Training for Teens program (FIT Teens) is an 8-week (16-session) group-based 

intervention. The FIT Teens program was found to be safe and well-tolerated in a small pilot 

qualitative study of 11 adolescents with JFM where we iteratively developed and modified 

the intervention with patient input and feedback (29).

The goals of this study were to 1) further evaluate feasibility of the FIT Teens program by 

extending our pilot work across two sites and 2) examine preliminary efficacy in improving 

outcomes of patients with JFM treated at two sites using a pre-post treatment study design. 

Specifically, we sought to assess changes in functional disability, pain, fear of movement, 

coping, and motivation to engage in self-management for pain after the FIT Teens 

intervention. We hypothesized that participants would show significant reductions in 

functional disability, fear of movement, depressive symptoms, and pain intensity after the 

FIT Teens intervention. In a subset of the patients, we explored whether pain catastrophizing 

decreased and whether readiness to change significantly changed (i.e., decreased levels of 

precontemplation and contemplation, and increased levels of action/maintenance) after the 

FIT Teens intervention.

Patients and Methods

Recruitment

Adolescents (ages 12 to 18 years old) were eligible to participate in the study if they had 

been diagnosed with JFM by a pediatric rheumatologist or pain physician. Physicians used 

Yunus and Masi criteria to diagnose JFM, which includes widespread pain, associated 

symptoms (fatigue, sleep disturbance, etc.), and at least 5 tender points (6). Additionally, 

only participants who had average pain intensity of 4 or greater on a 0–10 cm Visual Analog 

Scale (VAS) and reported a Functional Disability Score of 7 or greater, indicating at least 

mild disability were included. Patients were not eligible to participate if they reported a 

Children’s Depression Inventory (CDI) T-score over 80 (indicative of severe depressive 

symptoms), were diagnosed with a comorbid rheumatic disease, untreated major psychiatric 

diagnoses or developmental delay, or any medical condition determined by their physician to 

be a contraindication for exercise. Potential participants meeting screening criteria were 

identified by trained research assistants from pediatric rheumatology and pain clinics at two 

large children’s hospitals (Site 1 located in the US Midwest and Site 2 in the US North 

East). Physicians confirmed medical eligibility and introduced the study to patients and their 

caregivers. If families indicated interest in participating, the research assistants provided a 

thorough overview of the study, answered any questions, and obtained written informed 
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consent and assent. Institutional Review Board approval for the study was obtained at both 

children’s hospitals.

Intervention

Adolescent participants attended 90-minute small group treatment sessions twice weekly for 

8 weeks for a total of 16 total sessions. Parent(s) of the adolescent were directly included in 

6 of the 16 sessions. Treatment sessions were led jointly by a psychology post-doctoral 

fellow/pediatric pain psychologist and an exercise physiologist/physical therapist. Session 

content was manualized and structured to devote approximately 45 minutes to learning 

behavioral pain management techniques through CBT and 45 minutes to neuromuscular 

exercises to improve strength, fitness, and body mechanics. The interventionists from Site 2 

attended a two-day training at Site 1 to learn to implement the FIT Teens intervention 

according to the protocol. The intervention took place at two children’s hospitals in their 

Sports Medicine Biodynamics Center and Center for Motion Analysis and Department of 

Physical Therapy (similar to a physical therapy/gym setting) for the neuromuscular training; 

the CBT component of the sessions was held in an adjacent conference room.

The CBT content of the intervention was based on a published clinical trial for JFM and 

included psychoeducation about the gate-control theory of pain and pain coping skills such 

as relaxation techniques, distraction, activity pacing, problem solving, and modifying 

negative and catastrophic thoughts about pain (21). Coping skills were practiced in vivo 

supported by the psychology fellow/psychologist while participants engaged in 

neuromuscular exercises for a more integrated approach. Education normalizing temporary 

muscle soreness when beginning a new exercise regimen and differentiating muscle soreness 

from a JFM pain flare was also discussed, as well as the applicability of each of the 

exercises for improved performance of activities of daily living—e.g., walking, lifting, and 

climbing stairs.

The neuromuscular training protocol was modified, specifically for the needs of JFM 

patients and the ease of translating exercises into the home setting. The resistive training 

protocol did not use any additional weights other than body weight (e.g., participants worked 

with their own body weight as resistance) and progressed through four levels of exercise: 

basic isometric “hold” exercises; concentric “muscle shortening” exercises; eccentric 

“muscle lengthening” exercises; and full range of motion exercises for “functional 

movement” (complete protocol published previously; 27). All of the movements are 

progressive until level four, where the functional movements are relevant to activities of 

daily living. The neuromuscular training protocol was specifically designed to reduce the 

potential for delayed-onset muscle soreness by starting with basic exercises and gradually 

increasing the complexity of muscle actions. Participants progressed to new levels of 

exercises every two weeks with ongoing supervision and constructive feedback regarding 

technique to ensure mastery of proper form before advancing to the next level of exercise 

difficulty.

At the end of each session, participants received daily diaries to monitor progress and home 

practice instructions for coping skills and physical exercises. Daily diaries included ratings 

of daily pain intensity, sleep, and fatigue, and practice of coping skills and physical exercise. 
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Diaries were reviewed by the trainers at the beginning of each session to discuss progress 

and problem-solve barriers to independent home practice. Attendance was recorded at every 

session and brief make-up sessions were provided to ensure that all participants received the 

full course of the intervention.

Study Measures

Participants at both sites completed self-report measures of pain, functional disability, 

depressive symptoms, and fear of movement. In addition, Site 2 administered additional 

measures of pain catastrophizing and pain stages of change to explore the utility of these 

assessments.

Pain Intensity—The Visual Analogue Scale (VAS; 30) is a commonly used and validated 

measure of pain intensity in children and adolescents. Participants were asked to rate their 

pain intensity over the past two weeks on a 0–10cm scale ranging from 0 (no pain) to 10 

(worst possible pain). All participants at both sites completed this measure (n = 22).

Functional Disability—The Functional Disability Inventory (FDI; 31) is a validated 15-

item measure of adolescents’ perception of how difficult it is for them to complete normal 

daily tasks at home, school, recreational, and social environments. Participants rate each task 

on a scale of 0 (no trouble) to 4 (impossible) and total scores range from 0 to 60 with higher 

scores indicating more disability. Clinical reference points for children with chronic pain 

have been established (32), and the FDI has been found to have good psychometric 

properties in this population. All participants at both sites completed this measure (n = 22).

Depression—The Children’s Depression Inventory (CDI; 33) is a 27-item measure of 

symptoms of depression in children and adolescents which has been widely validated in 

pediatric pain research (34). Participants select 1 of 3 statements for each item which are 

scored from 0 to 2, with higher scores indicating greater frequency and/or severity of 

symptoms. Total scores range from 0 to 54, and raw scores are converted to T-scores based 

on a normative sample. This measure was administered at Site 1 only, and added after the 

first group (n = 7 at Site 1). The CDI 2 (a revised version of the CDI; 35, 36) was 

administered at Site 2 (n = 13). CDI and CDI 2 raw scores were converted to T-scores using 

their respective norms to ensure scores were comparable.

Fear of Movement—The Tampa Scale for Kinesiophobia (TSK-11; 37) is a reliable 

measure of the fear of movement due to pain consisting 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. The 

scale has been validated across various pain conditions in adults (38); and the TSK-11 has 

been used previously with youth to validate other measures (39). To make the measure 

applicable for chronic pain (rather than acute injury) and to make it easily understandable 

for adolescents, we replaced “injure” with “hurt” for 2 items, replaced “my accident” with 

“my medical condition” for 1 item, and replaced “try to overcome” with “try to push 

myself”. This modified version of the scale was successfully used in a prior publication (23). 

In the current sample, the modified version demonstrated good internal consistency, α = .84. 
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This measure was added after the first two groups at Site 1 and administered to all groups at 

Site 2 (n = 18).

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 when they have pain on a scale of 0 (not at all) to 4 

(extremely). Total scores range from 0 to 52 with higher scores indicating greater levels of 

pain catastrophizing. This measure was administered at Site 2 only (n = 13).

Pain Stages of Change—The Pain Stages of Change Questionnaire (PSOCQ-A; 41) is a 

30-item measure that assesses adolescents’ perceived readiness to self-manage their own 

pain. Individuals rate statements based on how they currently feel about their pain problem 

on a scale of 1 (strongly disagree) to 5 (strongly agree). Scores are examined across three 

subscales: Precontemplation, Contemplation, and Action/Maintenance. This measure was 

administered at Site 2 only (n = 13).

Data Analysis

Descriptive statistics were computed for demographic and outcome variables. The effects of 

the intervention were analyzed using dependent samples t-tests comparing pre-intervention 

scores on the VAS, FDI, CDI, TSK, PCS-C, and PSOCQ-A to post-intervention scores. This 

study was primarily designed as a feasibility pilot study and therefore corrections for 

multiple tests were not made. Instead, for interpretation purposes, Cohen’s d values were 

calculated to examine effect sizes for all comparisons.

Results

At Site 1, 34 adolescents were approached and assessed for eligibility, 17 declined to 

participate, and 17 were consented to receive the FIT Teens intervention (See Figure 1). At 

Site 2, 45 were approached and assessed for eligibility, 22 declined to participate, 2 did not 

meet initial screening criteria, and 21 were consented to receive the intervention. Combined, 

48% (17 of 34 and 21 of 45) of those approached agreed to participate. At Site 1, 6 of the 17 

individuals dropped out of the intervention (65% retention rate); at Site 2, 5 individuals did 

not meet inclusion criteria during additional screening prior to beginning the intervention, 3 

withdrew prior to beginning the intervention, and all 13 who began the intervention 

completed the intervention (100% retention rate). Combined, a total of 24 participants 

completed the FIT Teens intervention across the two study sites resulting in an average 80% 

retention rate once the intervention began. Two participants from Site 1 were excluded from 

final analyses due to not meeting inclusion criteria that were refined and finalized after the 

first few groups; 22 participants were included in the final analyses.

Participants were all female, ranged in age from 13–18 (M = 16.19, SD = 1.59), and the 

majority (82%) were Caucasian. Three groups (n = 9) were completed at Site 1 and four 

groups (n = 13) were completed at Site 2; group size varied from 2 to 4 participants. 

Demographic information by site is provided in Table 1. Demographic characteristics were 

not different across sites.
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Individuals at both sites displayed comparable scores on the VAS, FDI, and TSK-11 at 

baseline (all ps > .05). Participants at Site 2 had higher CDI 2 T-scores compared to CDI T-

scores for participants at Site 1 (M = 65.31, SD = 7.79; M = 55.43, SD = 10.10 respectively; 

t (18) = 2.44, p = .03). PCS-C and PSOCQ-A were collected at Site 2 only.

Across both sites, t-tests comparing pre-post scores indicated that participants’ scores on the 

FDI significantly decreased from pre- to post-intervention, demonstrating a medium effect 

size (d = 0.61; see Table 2). Scores also decreased on the CDI/CDI 2 and TSK-11, exhibiting 

large effect sizes (d = 0.99 and d = 1.02 respectively). Although not significant, participants’ 

pain intensity scores decreased, demonstrating a medium effect size (d = 0.48).

At Site 2, participants’ scores on the PCS-C significantly decreased with a large effect size 

(d = 1.86; see Table 2). Regarding the PSOCQ-A, scores on the Precontemplation scale 

significantly decreased (see Figure 2), with a large effect size (d = 1.13), and scores on the 

Action/Maintenance scale significantly increased with a large effect size (d = −2.49). Scores 

on the Contemplation scale of the PSOCQ-A decreased, and although this change was not 

significant, it still demonstrated a medium effect size (d = 0.66).

Discussion

This multi-site investigation provides promising initial evidence for the feasibility and 

efficacy of a novel intervention that combines CBT with neuromuscular training to reduce 

disability and fear of movement, while improving psychological coping and readiness to 

engage in self-management for pain. As we have reported in a previously published 

qualitative study, once enrolled, patients find FIT Teens highly engaging, report no adverse 

effects other than temporary muscle soreness, and greatly enjoy the group-format of this 

program (28). Recruitment for a treatment study such as this is quite complex; both sites 

showed similar rates of recruitment. During the initial phase of testing the FIT Teens 

intervention at Site 1, retention was lower and two participants were excluded from analyses 

as screening criteria were initially very inclusive. As we refined inclusion criteria and 

screening processes (e.g., using the CDI as a screening tool to exclude those with severe 

depressive symptoms and refer for psychiatric stabilization), retention rates improved and 

were replicated at Site 2. The primary reasons for declining to participate included time 

commitment, distance, and competing family demands. Although not all participants 

referred agreed to participate in the study, those that did commit were highly engaged and 

likely to complete the program (80% retention).

The results of this study build on our initial qualitative work and demonstrate that after 

participation in FIT Teens, patients showed significant improvements in important outcomes 

such as their daily functioning and depressive symptoms. Indeed, improvement in physical 

function was achieved in a shorter time frame (8 weeks) when compared to a prior trial of 

traditionally delivered pain focused CBT for adolescents with JFM without an exercise 

component (where similar outcomes were achieved only by the 6-month follow-up); and 

effect sizes for reductions in functional disability, depression, and pain were stronger in the 

present study (21). Furthermore, improvement occurred in fewer and less frequent sessions 

compared to an aerobic exercise intervention, which was 12 weeks, 3 sessions per week 
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(12). While there was a greater effect on pain reduction after the aerobic intervention, there 

was no follow-up to assess long-term adherence to the program or pain levels. Studies in 

adults with FM have shown difficulty with adherence to aerobic programs with pain levels 

returning to baseline a few weeks after the intervention (17). FIT Teens was designed to 

increase movement confidence through neuromuscular training and gradual increases in 

physical activity—which may not be sufficient for immediate pain reduction. However, 

training in foundational movement skills and coping skills should facilitate sustained activity 

participation and engagement in pain management skills—ulitmately resulting in better 

maintained pain reduction. In addition to providing evidence for improvements in functional 

disability and depression—domains targeted in traditionally delivered CBT—this novel 

intervention integrated specialized neuromuscular training to reduce potential physical and 

psychological barriers to engagement in physical activity. The in vivo exposure to physical 

activity and simultaneous implementation of pain coping skills may be the mechanisms by 

which pain catastrophizing and fear of movement decreased over the course of the study. 

Reducing psychological barriers and instilling confidence regarding physical exercise may 

facilitate engagement in this critical area of self-management necessary for adequate pain 

control. Furthermore, the adolescents’ greater confidence and engagement in activity during 

the course of the FIT Teens intervention was observed by their parent(s), who participated in 

6 sessions during the intervention. While parent castastrophizing about their adolescents’ 

pain was not directly assessed in the current study, observing the adolescents’ positive gains 

may help to decrease parental worries regarding the adolescents’ pain and functioning (42). 

Recent research suggests that this may be an important mechanism to examine in future 

studies, as the effect of parent catastrophizing about their child’s pain on child outcomes was 

found to be explained by its impact on the child’s catastrophizing levels (43, 44).

A patient’s level of motivation to take on self-management of pain, or readiness to change, 

has also emerged as an important construct for understanding engagement in pain self-

management strategies and associated factors have shown promise in capturing changes 

following treatment in intensive pain rehabilitation (45, 46) and outpatient pain clinic 

settings (47). Our findings (from the Site 2 subsample) regarding readiness to change 

indicated that the majority of adolescents moved from stages of precontemplation and 

contemplation to action and maintenance—suggesting that this intervention was as effective 

as previous studies of intensive day hospital (46) and outpatient multidisciplinary treatments 

(45) in progressing readiness to change among pediatric pain patients. Coupled with the 

findings from our qualitative study that adolescents plan to continue engagement in these 

exercises after the FIT Teens intervention (29), it is feasible that this intervention addresses 

some of the physical and psychological barriers that prohibit initiating and maintaining 

participation in physical exercise.

This multi-site investigation demonstrates the potential for dissemination of this innovative 

intervention. Specialized interventions tailored for youth with JFM are desperately needed, 

thus it is crucial that promising treatments are able to be disseminated to other sites via 

manualized programs. These results demonstrate that interventionists within different 

hospital systems were able to implement the intervention effectively. Trainers at the two sites 

had different levels of training prior to the intervention (clinical psychologist and 

psychology fellow, sports physiologist and physical therapist), adding further support for the 
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ease of training interventionists to implement the treatment protocol. Finally, the exercises 

used minimal equipment for ease of dissemination and generalization to the participants’ 

home environments.

It should be noted that CDI scores at Site 2 were higher than scores at Site 1. Although 

different versions of the CDI were used (CDI 2 and CDI respectively), this is unlikely the 

sole cause of the difference as standardized T-scores were used to compare scores across 

sites. It is possible that the sample at Site 2 was more complex, including a higher number of 

participants with significant depressive symptoms, although anyone with a T-score higher 

than 80 was excluded. Referral patterns may have differed across clinics, including 

variability in the availability of other treatment options and physician preferences for 

treatment.

Limitations include a relatively homogenous sample limiting generalizations to more diverse 

samples of patients with JFM. As this was a pilot study to determine whether conducting 

groups at multiple sites was feasible, a control group was not included. The next steps 

include future trials with CBT only or exercise only groups to determine if the integrated 

CBT and neuromuscular training group is superior to group-based CBT or exercise only 

interventions. Outcome measures were self-reported and focused on functioning and coping, 

and are thus subject to potential social desirability bias. Including assessments of objective 

outcomes (i.e., physical activity and biomechanical outcomes) would help determine 

whether self-reported improvements in fear of movement, pain catastrophizing, and 

readiness to change translate into increased engagement in physical activity and ensure that 

these improvements are not solely due to social desirability in responding. Participation in 

the group requires significant commitment from families in order to attend sessions and 

practice skills at home. While traditionally-delivered CBT also includes home practice, 

attending sessions twice weekly may be a barrier for some families.

Future work should focus on long-term follow up to see if treatment gains are maintained 

over time. Furthermore, additional research examining the role of parental factors that may 

further facilitate or impede adolescent engagement and outcomes will be important. Finally, 

research to examine the generalizability of the FIT Teens intervention will be important to 

consider in the future, particularly considering the promise of this combined approach in 

achieving powerful treatment gains across both physical and psychological outcomes.
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Significance and Innovations

• In order to address the needs of adolescents with JFM for training in pain 

coping skills and engagement in physical activity, an intervention integrating 

an established pain-focused CBT protocol with a neuromuscular exercise 

program specifically tailored for adolescents with JFM was created—

Fibromyalgia Integrative Training for Teens (FIT Teens).

• The FIT Teens intervention shows promise in reducing functional disability 

and fear of movement, and improving coping and engagement with self-

management strategies in adolescents with JFM.

• This project provides initial support for the feasibility of implementing the 

FIT Teens intervention in two distinct treatment centers with different staffing 

resources.
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Figure 1. 
Study flow diagram.
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Figure 2. 
Percentage of change on adolescent report of PSOCQ from pre- to post-intervention, **p < .

01, ***p < .001.
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Table 1

Baseline demographic characteristics of the sample across sites

Site 1 Site 2

M (SD) N (%) M (SD) N (%)

Age 16.56 (1.81) 15.94 (1.43)

Gender – female 9 (100%) 13 (100%)

Race – Caucasian 6 (67%) 12 (92%)

 African American 3 (33%) 1 (8%)

Ethnicity – Non-Hispanic 9 (100%) 9 (82%)*

*
Two participants did not complete this question
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