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Abstract
Background: Chronic pain in adolescents is a significant and growing concern, as it can have negative implications on
physical and psychosocial development. Management can be complicated by the increasing risks associated with opioid
misuse, highlighting the need for effective nonpharmacological interventions. Biofeedback is an empirically supported
behavioral intervention for chronic pain that targets the self-regulation of physiological responses. Virtual reality (VR) is
a novel delivery method for biofeedback that could serve as an engaging and effective platform for adolescents.
Objective: The goal of this study was to assess the feasibility, acceptability, and preliminary effectiveness of integrating
a VR-delivered respiratory biofeedback intervention into an outpatient pediatric pain rehabilitation program (PPRP) for
adolescents with chronic pain.
Methods: In this pilot study, we recruited 9 participants from those enrolled in the PPRP at Nemours Children’s Hospital.
Participants underwent 2 VR respiratory biofeedback sessions per week over a 4-week period using AppliedVR’s “RelieVRx”
program. Feasibility was defined as >60% of eligible patients enrolling with at least 80% of VR sessions completed. Accepta-
bility was assessed via validated acceptability questionnaires, with high acceptability defined as an average acceptability rating
score >3 on a 5-point Likert scale. Open-ended responses were analyzed via qualitative analysis. Preliminary effectiveness was
assessed with questionnaires measuring the quality of life (Pediatric Quality of Life Inventory [PedsQL]) and level of pain
interference in daily activities (Functional Disability Inventory) before and after participation in the pain program. Finally,
heart rate (HR) and blood pressure (BP) were measured before and after each VR session.
Results: Of 14 eligible PPRP patients, 9 (64%) enrolled in the VR respiratory biofeedback study, and 7 (77% of study
participants) completed at least 80% of biofeedback sessions. Participants reported high acceptability with average session
ratings ranging from 3.89 to 4.16 on post-VR program questionnaires. Of 224 open-ended responses, participants reported
changes in stress and somatic symptoms (ie, pain distraction and breathing regulation). There was a statistically significant
increase in the average physical functioning score of the PedsQL among participants (P=.01) from pre- to postparticipation in
the overall pain program. The cohort’s average emotional functioning score of the PedsQL also increased, though this change
was not statistically significant (P=.17). Participants’ Functional Disability Inventory scores significantly decreased from an
average of 25.1 to 11 from before to after the pain program (P=.002). There were no significant differences between pre-
versus post-BP or HR for any session. However, decreased BP and HR were observed across most sessions.
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Conclusions: AppliedVR respiratory biofeedback demonstrated initial feasibility, acceptability, and preliminary effectiveness
when implemented as part of a PRPP. This study underscores the need for future larger-scale studies analyzing the use of VR
biofeedback in adolescent populations with chronic pain.
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Introduction
Chronic pain affects upward of 38% of youths and nega-
tively affects multiple aspects of development, including
physical and psychological well-being [1-3]. Patients with
chronic pain are often initially treated with pharmacotherapy
and nonsteroidal medications including ibuprofen, acetami-
nophen, and in more severe cases, opioids [4]. Given the
risks associated with these medications and the misuse of
prescription opioids among children and adolescents in the
United States, it is imperative to advance nonpharmacologi-
cal interventions for pain [5,6]. Currently, nonpharmacologi-
cal treatment for chronic pain in adolescents often involves
a multidisciplinary approach encompassing pain education,
psychological interventions, integrative medicine (mind-body
techniques), and physical and occupational therapies [7,8].
However, these methods can be enhanced. While the etiology
of chronic pain is not fully understood, dysregulation of the
autonomic nervous system (ANS) is considered an impor-
tant factor in maintaining many forms of chronic pain
[9-12]. There is evidence that stress and anxiety, which
trigger sympathetic nervous system responses, can increase
pain perception [12]. For example, studies have shown that
elevated sympathetic activity is implicated in altering pain
perception and sensitivity [11,13]. Activation of the parasym-
pathetic nervous system can help regulate the ANS, decrease
pain perception, and increase overall functioning [14,15].

Biofeedback is among the most effective behavioral
interventions for chronic pain; with biofeedback training,
individuals learn how to control and self-regulate ANS
responses such as respiratory rate or heart rate (HR) [16,17].
Visual or auditory cues are provided regarding physiological
states, such as breathing rates or patterns [18]. This feedback
increases patients’ awareness of the physiological processes
occurring in real time inside their bodies and allows them to
adjust these processes in a desired direction [19,20]. There are
many types of biofeedback modalities, including respiratory,
HR variability, thermal, and neurofeedback. For example,
during respiratory biofeedback, changes in breathing rate and
pattern are monitored and displayed to the patient (eg, on a
computer screen). The patient uses this feedback to match
their breathing rate and pattern to a computer program that
displays a “relaxed” breathing pattern. When the patient’s
breathing is smooth and steady (representing an increase
in parasympathetic activation), visual feedback from the
computer provides positive cues to reward the patient for
establishing a relaxed breathing pattern. If the breathing
rate becomes irregular at any point, this is indicated on the
monitor, and the patient can try to correct their breathing
pattern and return to a relaxed pattern.

Recent research demonstrates that biofeedback is effective
for adolescents. They are able to significantly modify
their respiration rates and reduce muscle tension through
increased physiologic control from biofeedback training
sessions [21]. While these results are promising, clinical
experience suggests that adolescents may lose interest in
traditional biofeedback, if it is not sufficiently engaging
[22,23]. As a result, efforts are being made to increase
pediatric or adolescent engagement in biofeedback thera-
pies through creative platforms like computer games and
virtual reality (VR). For example, one study using video
game–based biofeedback in adolescent patients showed good
retention across 8 sessions and improvement in anxiety
and depressive symptoms [24]. VR has the potential to
be even more engaging than a computer-delivered biofeed-
back program because VR limits outside distractions and
can increase one’s ability to focus on what is being pre-
sented in the VR headset. The use of VR alone, using
only relaxing scenes without a biofeedback component, has
demonstrated decreases in patients’ perception of pain in
both acute and chronic pain management [25,26]. Addition-
ally, advancements in VR technology and increases in the
affordability and portability of VR headsets allow for patients
to use headsets in various settings and may reduce barri-
ers to participation in biofeedback programs. A technology
start-up company, AppliedVR, has developed a respiratory
biofeedback intervention delivered with a VR headset that has
demonstrated efficacy among adults with chronic lower back
pain [27,28]. It is possible that this product could be engaging
and effective for adolescents with chronic pain. However, the
AppliedVR biofeedback intervention has not yet been studied
in this population.

Thus, this pilot study used mixed methods to address this
gap by assessing the feasibility, acceptability, and prelimi-
nary effectiveness of the AppliedVR, respiratory biofeedback
intervention, delivered as part of an integrated pediatric
pain rehabilitation program (PPRP) for adolescents with
chronic pain. We hypothesized that the AppliedVR, respira-
tory biofeedback intervention, would be feasible to deliver
as part of an existing PPRP. We also expected that the
AppliedVR intervention would be rated, on average, as
acceptable by adolescents with chronic pain through both
quantitative and qualitative assessments. Additionally, we
explored the preliminary effectiveness of the VR interven-
tion, such that we anticipated the participants would show
improvements in functioning and quality of life before and
after the PPRP and decreases in blood pressure (BP) and HR
before and after each VR session.
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Methods
Participants and Recruitment
We aimed to integrate the VR biofeedback sessions into the
PPRP at Nemours Children’s Hospital, Florida. The Nemours
PPRP is well-established at the hospital and includes 4 weeks
of multidisciplinary chronic pain interventions. As a part of
this program, patients typically spend 5 hours per day, 5
days per week, for 4 weeks undergoing physical therapy,
occupational therapy, individual psychotherapy (including
biofeedback), family therapy, adjustments to pain medicine,
and weekly team care conferences. The individual psycho-
therapy sessions occurred once a week throughout the PPRP.
While these sessions did not always focus on biofeedback,
it was offered when clinically indicated and based on the
patient’s personal interest. The goal of including the VR
biofeedback sessions was to offer an enhanced, immersive
biofeedback relaxation training that could compliment the
PPRP by increasing engagement in learning and allowing for
the practice of relaxation skills (ie, diaphragmatic breathing)
that are typically taught in the individual psychotherapy
sessions. The VR intervention aligned with the goals of the
overall PPRP, in that both aimed to reduce chronic pain
among adolescents and help introduce coping mechanisms
that may improve their overall quality of life.

Given that the primary goal of this pilot study was
to assess the continuous outcomes of the feasibility and
acceptability of the VR intervention, we aimed to recruit a
sample size of 15 participants, which is considered adequate
for these objectives [29,30]. Eligibility criteria for this pilot
study included (1) age range between 13 and 18 years (lower
limit of 13 years because the VR headset manufacturer,
Oculus, does not recommend the use of the headset by
persons 13 years or younger and upper limit of 18 years
because only patients 18 years or younger participate in the
PPRP), (2) English fluency in verbal and reading or writ-
ing (measures were not validated in other languages), (3)
participating in the PPRP at Nemours Children’s Hospital
during the data collection time frame, and (4) no history of
epilepsy or seizures (Oculus does not recommend persons
with these conditions to use their VR headset).

As a part of routine clinical care, the PPRP coordinator
sends each family a packet with information about the PPRP
prior to their participation. While the study was actively
recruiting, the families received a study flyer in their pre-
PPRP information packet.
Ethical Considerations
A research team member met with each family in the first
week of their participation in the PPRP. During this meet-
ing, the research team member provided information about
the research study, answered questions about the study, and
obtained written adolescent assent and parental permission
for the adolescent to participate. The data was deidentified.

This study was approved by the Nemours Children’s Health
Institutional Review Board (1552864).
The VR Intervention
VR biofeedback sessions were conducted using AppliedVR’s
“RelieVRx” (formerly “EaseVRx”) application on a portable
Oculus Go VR headset [31]. The RelieVRx application
included several activities that aim to improve cognitive
behavioral and mindfulness-based pain management skills
[31]. The software program includes an immersive VR
system that incorporates biopsychosocial pain education,
diaphragmatic breathing training, mindfulness exercises, and
relaxation-response exercises [31]. A microphone on the
bottom of the VR headset detects the user’s breath, which
is shown in the VR environment as bubbles or a stream of
air. In this way, the user learns to regulate their breathing
with cues in the VR environment, such as waves of light that
move toward and then away from the viewer in a pattern that
mimics a relaxed breathing rate.

Consented participants engaged in up to 8 VR biofeedback
sessions that occurred each Tuesday and Friday over the
course of the 4-week pain program. Each session included
2 activities from the AppliedVR “RelieVRx” application. For
the first 2 weeks of the pain program (sessions 1‐4), the
research team members (PP, JS, and KR) instructed partici-
pants on the specific activities to complete. These specific
RelieVRx sessions were selected by a licensed pain psycholo-
gist on the research team, as they provided an introduction
to the program, built mastery in diaphragmatic breathing, and
provided exposure to mindfulness-based attention training.
During the final 2 weeks (sessions 5‐8), participants were
instructed to choose the RelieVRx content they engaged with,
providing them the opportunity to explore other content or
revisit prior activities. Activity 1 was divided into 8 sessions.
Session 1 was pain care introduction of 3 minutes, session 2
was paced breathing of 6 minutes, session 3 was building
breath of 6 minutes, session 4 was deep relaxation of 5
minutes, and sessions 5 to 8 were patient’s choice. Activity
2 began with session 1 breath of hope of 7 minutes, session
2 focus game 1 of 2 minutes, session 3 focus game 2 of 3
minutes, session 4 focus game 3 of 3 minutes, and sessions 5
to 8 patient’s choice.
Outcome Measures
Prior to the PPRP, all patients underwent a clinical assess-
ment as a part of standard clinical practice, and results from
the assessment are included in the patient’s electronic medical
record (EMR). Patients underwent the same assessment after
completing the PPRP. For the purposes of this study, research
team members extracted results from the pre- and post-PPRP
clinical assessments from each participant’s EMR. Addition-
ally, as a part of the research study, participants were asked
to complete questionnaires before the first VR session, after
each VR session, and after the final VR session (Figure 1).
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Figure 1. Schedule for outcome measures. BP: blood pressure; EMR: electronic medical record; FDI: Functional Disability Inventory; HR: heart rate;
OT: occupational therapy; PedsQL: Pediatric Quality of Life Inventory; PT: physical therapy; VR: virtual reality.

Demographic information was assessed via a self-report
questionnaire prior to the first VR session. Feasibility
was assessed via recruitment and attendance records. We
operationalized the feasibility of the VR intervention as
>60% of eligible patients enrolling with at least 80% of VR
biofeedback sessions completed.

Acceptability was assessed via an acceptability question-
naire designed for this study by a team of clinical psychol-
ogists with expertise in measure development. The items
were adapted from a validated questionnaire (ie, Accepta-
bility of Intervention Measure) that is commonly used to
assess the acceptability of an intervention [32]. The session
feedback questionnaire included 5 questions with Likert
scale response options (modeled after the Acceptability
of Intervention Measure questionnaire) and 3 open-ended
questions (developed by the research team). Participants
filled out this acceptability questionnaire after complet-
ing each VR session. An additional acceptability question-
naire was designed to assess patients’ satisfaction with the
VR biofeedback program as a whole. The overall pro-
gram acceptability questionnaire included a similar struc-
ture (5-point Likert scale response items and 5 open-ended
questions). We used the same 5-point Likert scale response
(1=completely disagree to 5=completely agree) for both
acceptability questionnaires. Negatively worded questions
were reverse-coded, such that higher ratings indicated higher
levels of acceptability. High acceptability was defined as
an average acceptability rating score >3 (to capture more
positive than “neutral” or negative responses). Open-ended
responses were analyzed via qualitative analysis, as described
below.

The preliminary effectiveness of the PPRP was assessed
via 2 self-reported, validated questionnaires that were
completed prior to and after the PPRP. Impairment in daily
activities was assessed via the Functional Disability Inven-
tory (FDI) [33,34]. The FDI is a self-report measure of
how much pain interferes with day-to-day functioning for
adolescents. Adolescents completed the self-report version of
this measure prior to their first VR session and immediately
after their last VR session. The FDI has excellent psychomet-
ric properties [33,34]. Quality of life was assessed with the
Pediatric Quality of Life Inventory (PedsQL) Core Generic
Scale [35]. The PedsQL is a well-validated and widely used
23-item measure of general quality of life, with separate
forms for parental proxy report and a self-report form for
youths in the 5‐7, 8‐12, and 13‐18 year age ranges. The

PedsQL yields a total score and reliable subscale scores for
the child’s physical, emotional, social, and school function-
ing. The PedsQL was delivered as a part of the standard pre-
and postpain program clinical assessment. We obtained total
PedsQL scores from the participant’s EMR.

The preliminary effectiveness of the VR sessions was
assessed via health outcomes. HR and BP were assessed
via a Dinamap Carescape vital signs monitor. Research team
members who were second-year medical students conducted
each VR session. These team members were trained by a
medical assistant on how to use the vitals machine and took
noninvasive BP and HR readings using an upper arm cuff
placement. These readings were assessed before and after
each VR session.
Statistical Analysis
Demographic and clinical characteristics were summarized
using descriptive statistics (mean, SD, and frequencies).
Recruitment rate and acceptability questionnaires were
analyzed using descriptive statistics. Preliminary effective-
ness of VR biofeedback sessions was assessed using paired
2-tailed t tests evaluating changes in FDI and PedsQL scores
from before and after the pain program as well as BP and
HR change scores from each session. Given the main aims
of the study were focused on acceptability and feasibility, we
accepted any missing data as missing and analyzed means
based on the data that were complete. Because surveys were
completed with the research coordinator present and checked
for completion, we only had 1 participant leave a single item
blank on one of the postsession surveys. We dropped this
missing item and averaged the remaining responses.
Qualitative Analysis
We conducted a thematic analysis to analyze open-ended
responses on the acceptability questionnaire via the 6-phase
approach to the thematic analysis described by Clarke and
Braun [36]. First, we compiled all responses to each question
into a Microsoft Excel sheet, collapsing across assessment
time points. Second, 2 coders (JS and KR) reviewed all
qualitative responses and coded each response to create initial
codes. Coders were medical students who conducted the VR
sessions with study participants. Because the qualitative data
were limited due to the small sample size and open-ended
questions on the questionnaire were typically short, 1-sen-
tence responses, coding was not divided up but rather all of
those involved reviewed all of the data. Although the Clarke
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and Braun [36] 6-phase approach does not require interrater
reliability metrics, having all reviewers review all the data
rather than dividing it enhanced the reliability of our coding
procedure.

Third, themes were created by identifying broad areas
of overlap among codes. Individual codes were collapsed
into larger themes by identifying unifying features between
them. For instance, codes associated with positive words and
phrases about the VR sessions such as “relaxed or calming”
were grouped into a larger theme of perceived effects on
stress. Fourth, themes were quality-checked and reassessed
again. Themes were checked against the extracted data to
ensure that they worked in relation to the data. Occasion-
ally, codes were relocated under a different theme, and some
themes were collapsed into a broader, more coherent theme.
Fifth, themes were named to encompass the overall essence
of the individual codes that were grouped into them. Some
themes were divided into subthemes. For example, our theme
of perceived effects on stress was further split into subthemes
of increased stress or decreased stress.

Finally, themes were organized into a flowchart to
visualize subthemes with attached example excerpts from
questionnaires. The themes and codes were reviewed and
revised by the coding team and another research team
member who has experience in thematic analysis (RW).
Themes were summarized by one of the coders (JS) and
distributed to coauthors for review.

Results
Feasibility
Over the course of a 12-month period (May 2021 to April
2022), 17 patients enrolled in PPRP at Nemours Children’s
Hospital. Of those, 3 were ineligible for the VR study
due to age, and 5 declined due to scheduling conflicts
or disinterest. Of the 14 eligible patients, 9 consented to
the VR respiratory biofeedback study, resulting in a 64%
recruitment rate. Participants were between the ages of 13
and 18 years, predominantly female (89%), and identified
as Hispanic Latino (22%), non-Hispanic Black or African
American (33%), and non-Hispanic White (33%).

In total, 2 participants withdrew from the study (1 after 3
sessions and 1 after 1 session) due to scheduling conflicts or
disinterest. Thus, 77% (7/9) of the participants completed at
least 80% (7/8) of the biofeedback sessions.
Acceptability—Quantitative Results
Average acceptability was examined for each session and
for the overall VR program. Average session-specific ratings
ranged from 3.89 to 4.16, indicating neutral to positive
responses (Table 1). For the VR program as a whole, average
acceptability ratings ranged from 4.14 to 4.43 (indicating
positive to very positive responses).

Table 1. Average (mean) acceptability ratings for sessions 1‐8a.
Questions Session 1,

mean (SD)
Session 2,
mean (SD)

Session 3,
mean (SD)

Session 4,
mean (SD)

Session 5,
mean (SD)

Session 6,
mean (SD)

Session 7,
mean (SD)

Session 8,
mean (SD)

1. The session
was too longb.

3.56 (1.24) 4.13 (0.83) 4.25 (0.71) 3.71 (1.11) 3.86 (0.90) 3.86 (0.90) 4.14 (0.69) 4.20 (0.45)

2. The session
was too shortb.

3.67 (0.87) 3.75 (1.16) 3.75 (0.89) 3.86 (0.90) 3.86 (0.90) 3.86 (0.90) 4.00 (0.82) 4.00 (0.71)

3. The virtual
reality made me
feel dizzy or
light-headedb.

4.13 (1.46) 3.88 (1.13) 4.00 (1.07) 3.86 (1.07) 4.00 (0.82) 3.71 (1.25) 4.00 (1.00) 4.20 (0.45)

4. The session
was easy to
follow.

4.56 (0.53) 4.12 (0.64) 4.13 (0.83) 4.14 (0.69) 4.14 (0.38) 3.86 (1.07) 4.29 (0.49) 4.00 (0.71)

5. Overall, I
liked this
session.

4.33 (0.50) 4.38 (0.52) 4.25 (0.71) 4.14 (0.69) 4.57 (0.53) 4.14 (0.69) 4.29 (0.49) 4.40 (0.55)

Average (items
1-5) session
acceptability

4.05 (0.43) 4.05 (0.24) 4.08 (0.21) 3.94 (0.19) 4.09 (0.30) 3.89 (0.16) 4.14 (0.14) 4.16 (0.17)

aThis table includes responses to a 5-point Likert scale questionnaire (1=completely disagree, 2=somewhat disagree, 3=neither agree nor disagree,
4=somewhat agree, and 5=completely agree.
bThe results of questions 1-3 were reverse-coded for consistency, in that higher scores indicate greater acceptability.

Acceptability—Qualitative Results
Of a total of 224 responses to open-ended questions (provided
by 9 participants), themes included (1) perceived effects of
VR (eg, stress, no perceived effect, and somatic changes) and
(2) VR feedback (eg, general vs specific; Figure 2).

In general, most participants described the VR sessions
favorably, reporting that it was calming and relaxing and
distracted them from their pain. Additionally, participants
endorsed that they had enhanced awareness and focus after
the completion of each individual session, and they enjoyed
being able to regulate their breathing in a way that interac-
ted with the VR environment. One person reported feeling
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lightheaded or dizzy during the first couple of VR sessions,
though, by the end of the program, she stated that she
acclimated to the VR and ultimately enjoyed the VR sessions.

Participants also provided some specific feedback on
the sessions (Textbox 1). Participants mainly enjoyed the
digital nature of the VR sessions and how the surrounding

environment could be changed in relation to their breath-
ing patterns. Participants additionally expressed positive
comments about the autonomy to choose their own games
and breathing exercises in the last 4 individual sessions, and
they liked that the sessions were typically at a relaxing pace
(Textbox 1).

Figure 2. Perceived effects of web-based subcategories. OT: occupational therapy; PT: physical therapy.

Textbox 1. Sample responses across participants regarding specific feedback subthemes.
Length of session and breathing intervals

• “... make it just a little shorter” [Female, 17 years].
• “in paced breathing the gaps between inhaling seemed a little too long” [Male, 14 years].

Clarity of instructions
• “simple, easy to follow” [Male, 14 years].
• “I disliked that the first one did not say what to do, so I assumed to breathe with the tree” [Female, 16 years].

Amount of interaction
• “[I liked] the blowing in and out of your breath to move the circular stone” [Female, 13 years].
• “I liked how the breathing ‘class’ synced with the tree and how the greenery of the plants were all around me”

[Female, 16 years].
Voiceover language

• “I didn’t enjoy the words talking about my energy because I believe Jesus is how you grow and relax” [Female, 17
years].

• “Everything was nice except for the repetitive phrases in the first part” [Female, 16 years].
Virtual reality scenery and music

• “I like the scenery and calming music. I liked how it changed between day and night” [Female, 16 years].
• “[I liked] the music and graphics” [Female, 17 years].

Autonomy of choice and pace
• “I liked that the first one was kind of on your own and you could go at your own pace” [Female, 17 years].
• “[I liked] the choice of what I could do” [Female, 15 years].
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Preliminary Effectiveness
Paired 2-tailed t tests were conducted to examine changes
in quality of life (PedsQL) and pain interference (FDI) from
baseline to postpain program. PedsQL scores were calcula-
ted in terms of both physical and emotional functioning.
There was a statistically significant increase in the average
physical functioning score among participants (t6=−3.752;
P=.01; 95% CI −37.585 to −7.915; effect size [Hedges
correction]=17.139) from pre- to postparticipation in the
overall program. The cohort’s average emotional functioning
score also increased, though this change was not statisti-
cally significant (t6=−1.534; P=.18; 95% CI −35.214 to
8.071; effect size [Hedges correction]=25.003; Multimedia
Appendix 1). Participant FDI scores significantly decreased

from an average of 25.1 to 11 from before to after the pain
program (t6=5.394; P=.002; Multimedia Appendix 2).

Paired sample 2-tailed t tests assessed differences in
systolic BP, diastolic BP, and HR before and after each
VR session. We used the Bonferroni correction method
to adjust the threshold for significance due to multiple
tests (P≤.002) [37]. There were no significant differences
between pre- versus postsystolic BP, diastolic BP, and HR
for any session. However, a signal toward decreased BP was
observed across most sessions (see Table 2 for general trends
in pre- vs postsession BP and HR). All sessions also resulted
in decreased HR, though these changes were not statistically
significant.

Table 2. Paired 2-tailed t test results of the average difference in systolic and diastolic blood pressures (in mm Hg) and heart rate (in bpm) before and
after virtual reality (VR) sessiona.

Pre-VR Post-VR t test (df) P value (2-tailed)
Session 1

Systolic 112.5 113.4 −0.214 (7) .84
Diastolic 65.4 66.1 −0.453 (7) .66
Heart rate 88 86 1.239 (7) .25

Session 2
Systolic 120.0 114.1 2.056 (6) .08
Diastolic 64.7 62.4 2.359 (6) .05
Heart rate 90 87 1.094 (6) .31

Session 3
Systolic 116.6 112.6 2.828 (7) .02
Diastolic 63.1 62.3 0.519 (7) .62
Heart rate 88 85 1.449 (7) .19

Session 4
Systolic 114.0 113.4 0.272 (6) .79
Diastolic 64.6 62.7 0.692 (6) .51
Heart rate 88 86 0.721 (6) .49

Session 5
Systolic 116.3 117.9 −0.675 (6) .52
Diastolic 64.7 63.6 0.481 (6) .65
Heart rate 92 88 1.391 (6) .21

Session 6
Systolic 119.7 113.1 2.374 (6) .05
Diastolic 69.7 67.1 1.140 (6) .29
Heart rate 90 86 1.097 (6) .32

Session 7
Systolic 119.4 115.4 1.362 (6) .22
Diastolic 65.9 64.9 0.544 (6) .61
Heart rate 90 90 0.137 (6) .89

Session 8
Systolic 112.6 109.6 2.070 (4) .11
Diastolic 67.0 60.8 1.583 (4) .19
Heart rate 88 82 1.881 (4) .13

aThe threshold for significance was adjusted for multiple testing using the Bonferroni correction method.
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Discussion
Principal Findings
AppliedVR respiratory biofeedback demonstrated initial
feasibility, acceptability, and preliminary effectiveness when
integrated into a PPRP. Additionally, open-ended, qualitative
feedback on the overall VR program was positive. While not
powered to detect changes over time, we did see changes in
the expected direction in health outcomes (BP and HR) from
pre- to post-VR sessions. The signal of generally decreased
BP and HR after VR session is promising and should be
further investigated in a large sample with greater power to
detect changes.

The PPRP successfully improved reported functioning on
2 different self-report measures (the FDI and the PedsQL).
This indicates that adding the VR sessions did not interfere
with positive improvements, generally seen in the larger
PPRP. Overall, this pilot study demonstrated that a larger
implementation or effectiveness trial to assess the impact
of integrating a VR-delivered relaxation and mindfulness
training program into a PPRP is feasible and would likely
be acceptable to adolescents. Our results further suggest that
VR platforms may serve as an important tool in keep-
ing adolescents engaged in biofeedback training; however,
allowing for customization and personalization within these
platforms among users may allow for even higher acceptabil-
ity and user satisfaction.
Comparison With Prior Work
Since the completion of this study, 3 other published
pilot studies of VR-delivered biofeedback programs have
also demonstrated the feasibility and acceptability of using
this technology with adolescents in the following settings:
inpatient during the perioperative period [38], inpatient for
those undergoing port catheter needle insertion [39], and
outpatient or home setting for migraines [40]. Each of these
3 studies use slightly different technology and software for
the VR and biofeedback components and did not use the
same technology as was used in this study. Similar to our
findings, the acceptability ratings in these 3 studies were
high, with participants reporting that the VR environment
was engaging and relaxing [38-40]. One study compared
VR with biofeedback to a tablet (iPad)-delivered augmented
reality with biofeedback intervention. Interestingly, adoles-
cents reported that both interventions were acceptable but
reported a preference for the VR and biofeedback intervention
[40]. One unique aspect of this study is that we examined the
feasibility of including the VR-delivered intervention as a part
of an integrated PPRP. Prior work has examined using VR as
an engaging tool in the pediatric rehabilitation setting, but the
intervention was focused on increasing movement and range
of motion rather than teaching biofeedback and relaxation
techniques [41].

Limitations
The main limitation of this prospective pilot study is the small
sample size, which limits generalizability and our ability to
examine effectiveness. While our initial sample size goal
was 15, reductions in clinical volume correlating to the
COVID-19 pandemic restricted participation and recruitment.
Given the small sample size, the results of this study may not
be applicable to the broader adolescent population. Another
limitation of our study is the lack of diversity among student
participants with the sample being predominantly female.
However, this demographic composition aligns with existing
research, which indicates that chronic pain treatment is more
prevalent among women and non-Hispanic White people in
the adult population, suggesting that our participant demo-
graphics are representative of this group [42].

Additionally, because the VR biofeedback intervention in
this study was integrated into a PPRP, we were unable to
assess the independent effect of VR biofeedback on improve-
ments in adolescent-reported physical or emotional function-
ing. Furthermore, this study did not include a control group,
which will be important in future research to more clearly
demonstrate efficacy. In addition, the VR sessions were
conducted by medical students as a part of this research study.
Thus, these methods may not transfer to a real-world setting,
and to assess feasibility for use in an existing pain program,
future studies likely will need pain program interventionists
to be using the VR program in their sessions rather than
having the study team conduct separate sessions. Finally, the
AppliedVR program was initially developed for the adult
population and has not yet been validated for use with
adolescents; thus, while acceptable to adolescents, future
research is needed to demonstrate efficacy and effectiveness
in this population.
Conclusions
This prospective pilot study is novel in its use of VR in a
PPRP for pediatric chronic pain management and provides
a foundation for future larger-scale studies of VR biofeed-
back. Research into nonpharmacological adjuncts is essential
to identify acceptable, feasible, and effective alternatives to
chronic pain management. Innovative technologies such as
video games, VR, and augmented reality may provide a
more immersive experience for biofeedback sessions, but
given their novelty, require testing to determine whether it
is acceptable and feasible to patients and families. This study
provides initial support for the acceptability and feasibility
for a VR-based biofeedback in the management of pedia-
tric chronic pain within the context of a multidisciplinary
treatment program. More research is needed with larger,
more diverse groups of adolescents to further determine the
usefulness of such a program and perhaps identify any areas
for adaptation and improvement.
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