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Abstract

Background: Distraction therapy use such as virtual reality is novel in the pediatric orthopedic field. In this study, we use
subjective and objective metrics to evaluate virtual reality efficacy to reduce anxiety and pain in a pediatric orthopedic cohort.
Methods: A prospective randomized controlled trial included patients between age 5 and |7years, presenting to a
tertiary care pediatric orthopedic clinic. Parallel groups underwent orthopedic procedures in clinic, utilizing immersive
and interactive virtual reality distraction therapies versus standard of care. Procedures included cast application, cast
removal, bone pin removal, and fracture reduction. All preprocedure parameters were similar between the groups.
Primary outcome was the difference between maximum procedural heart rate and baseline. Secondary outcomes
included Wong Baker FACES Rating Scale (Wong & Baker, 1988, Oklahoma, USA) for pain and Visual Analog Scale
scores for anxiety.

Results: Ninety-five patients (66 M, 29 F) underwent 59 cast removals, 26 cast applications, 7 percutaneous pin removals,
and 3 fracture reductions. Average patient age in the virtual reality and control cohorts was 10.1 (5-17) and 10.6 (5-17),
respectively. Average change in maximum heart rate in the virtual reality and control groups was 10.6 = 10.1 versus
184+ 11.0 (p=0.00048). The virtual reality group demonstrated trends toward lower perceived anxiety (I.7 £2.8
versus 2.9 = 3.6, p=0.0666) when compared to controls.

Conclusions: This level | study is the first to utilize objective biometric measurements to evaluate use of interactive
virtual reality during multiple types of pediatric orthopedic procedures in the clinical setting. The findings suggest that an
interactive and immersive virtual reality experience can be effective in reducing pain and anxiety.

Level of evidence: Level |, Randomized Controlled Trial.
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Introduction In the pediatric setting, multiple recent meta-analyses
have demonstrated that VR DT is effective in reducing
both preoperative anxiety and procedural pain and anxiety
during burn wound care, chemotherapy, and intravenous
port access. In many of these cases, VR was found to be

Pediatric patients are exposed to procedures that can result
in pain and anxiety. Recently, distraction therapy (DT)
techniques have been implemented, including therapeutic
play, breathing and music, among others.! Virtual reality
(VR) is a novel modality to implement DT. VR requires a
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significantly more effective in reducing self-reported pain
and anxiety than the standard of care.®’ Standard of care
involved no use of tactile or visual distraction modalities
during the procedure.

In the pediatric orthopedic setting, increased fear or anx-
iety can decrease effectiveness and procedural efficiency
while imposing additional medical risks.** Documented
post-traumatic stress reactions and anxiety toward subse-
quent healthcare encounters are additional drawbacks. As a
result, multiple types of DT have been utilized to reduce
anxiety, particularly for cast removal. Examples include
therapeutic play or presence of certified child life special-
ists.'? With technological progression, novel distraction
systems have been used for pediatric cast removal, includ-
ing iPads, video games, and electronic noise cancelling
headphones.>* A literature review found only one study,
which evaluated the use of VR DT during pediatric ortho-
pedic clinical procedures, which demonstrated the effec-
tiveness of this therapy to reduce anxiety and nausea during
pediatric cast removal. However, this study was limited in
its scope by excluding other orthopedic procedures and did
not assess level of pain or heart rate. Of note, 90% of sub-
jects in this trial reported that they would use VR again in
future hospital visits.'°

Our study aimed to prospectively determine if pediatric
patients undergoing in-office orthopedic procedures can
benefit from the implementation of VR for pain and anxi-
ety management. We hypothesized that the use of VR DT
during these procedures would reduce perceived pain and
anxiety metrics when compared to the control.

Materials and methods

A nonblinded randomized prospective trial was conducted
after approval by the Institutional Review Board at the par-
ticipating medical center (No. 2017.522). The clinical trial
was registered at the US National Institutes of Health
(details omitted for double-anonymized peer review).
Enrollment and data collection took place between July
2019 and March 2020. Inclusion criteria included pediatric
patients (ages 5—17years) who presented to the tertiary
care pediatric orthopedic clinic for an in-office procedure
after primary orthopedic injury. Exclusion criteria included
conditions limiting the subject’s ability to perceive and
communicate information (e.g., developmental delay,
cerebral palsy, and autism spectrum disorder). Subjects
were excluded if limited in ability to use the VR system,
unable to sit upright, or bilateral upper extremity injuries
preventing the use of the handheld controller. All subjects
and legal guardians provided written informed consent.
Cohort size determination was based on primary out-
come mean difference of 8.0 BPM (beats per minute) with
a standard deviation of 10.0. To achieve 80% power (1—)
with a=0.05, enrollment of 25 patients per arm (50 total)
was required to demonstrate statistical and clinical
equivalence. The initial study parameters doubled this

requirement to include 100 subjects. Each subject was ran-
domly assigned to the VR intervention group (48 subjects)
or control group (47 subjects) via a computerized random
number generator (Figure 1).

Procedures were categorized as “Cast Removal,” “Cast
Application,” “Percutaneous Bone Pin Removal,” and
“Fracture Reduction.” Cast removals and applications
were performed by a certified Orthopedic Technologist
employed by our institution. Pin removals and reductions
were performed by orthopedic surgery attendings.

The study design was integrated into an existing clinical
workflow preventing delays. This was coordinated and
executed by an orthopedic research associate. The patient
and family were placed in a designated cast room where
they were educated and consented while waiting for the
provider. Once consented, the cast tech or attending sur-
geon proceeded with the procedure, while the research
associate documented outcome variables. This process did
not adversely affect clinic flow. Patients’ heart rate (HR)
was continuously monitored with pulse oximetry on the 5th
digit of the noninjured upper extremity. Baseline HR was
recorded prior to intervention. Maximum heart rate (HR
max) was recorded during three distinct periods: 2-min pre-
procedure period, the intraprocedure period, and a 5-min
postprocedure period. An Oculus VR headset system
(Oculus, Facebook Technologies, Menlo Park, CA, USA)
was used with accompanying wireless remote controller.
The VR setup includes the headset, two touch controllers,
and charging cord, which costs $399. This was used with
the novel rock-skipping VR application (Video 1) devel-
oped by Innovation Ochsner (New Orleans, LA, USA). For
lower extremity injuries, the dominant upper extremity was
used for the controller. The patient could move the control-
ler to simulate a throwing motion, which would initiate a
rock being thrown across the virtual lake. The headset
included a built-in audio component that played a calming
melody, while the patient interacted with in the virtual lake
environment. Redundancies were built into the application
to allow easy usage with either the dominant or nondomi-
nant upper extremity. The procedure began within 1 min of
headset placement. No trial period using the VR device was
conducted to ensure continued engagement. The VR head-
set remained in place until procedure completion.

In the control group, standard of care was followed during
the 2-min preprocedure period, while HR max was recorded.
Standard of care included a parent or guardian present with
the patient who could console or distract the subject.

Data collection was kept uniform between both groups.
The maximum HR during the intervention was recorded
serving as a surrogate for pain and/or perceived anxiety.
HR was recorded at conclusion of the 5-min postproce-
dure period. After the procedure, each subject was asked
standardized questions regarding their experience.
Questionnaire included “how much did your procedure
hurt?” followed by “how nervous or scared were you
about the procedure?” Wong Baker FACES Scale was
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Figure |. Consolidated Standards of Reporting Trials diagram showing study enroliment.

shown to determine the patient’s perceived pain and
Visual Analog Scale (VAS) scores on a scale of 1-10 were
used for perceived anxiety.!'"!* Postprocedure follow-up
instructions were identical between the two groups.

The primary outcome was difference between the
procedural HR max and baseline HR max. Secondary
outcomes included perceived pain and anxiety scores.
Average differences in HR max and average FACES/VAS
scores were analyzed with 7T-tests with two-tail and two-
sample unequal variance as the parameters. The cast
removal subset was further analyzed as this cohort had an
adequate population size (VR group n=31, control group
n=28) to achieve 80% power. Significance was deter-
mined by p <0.05. Minimum clinically important differ-
ence (MCID) was calculated as part of post-hoc analysis
to evaluate clinically significant change in HR max,
change in VAS anxiety, and FACES pain scores.

Results

Ninety-five patients (66 M, 29 F) were enrolled in the
study (48 VR intervention, 47 control) (Table 1).

The enrollment period ended early due to imposed
COVID-19 restrictions and concerns over infection con-
trol. A total of 295 patients were assessed and 107 met
inclusion criteria; 12 declined to participate. The average
patient age was 10.4 =3.2years, 10.1 =3.1 (5-17) in the
VR cohort and 10.6 £3.3 (5-17) in the control cohort.
There were 59 patients with cast removals (31 VR, 28 con-
trol), 26 with cast applications (13 VR, 13 control), 7 with
percutaneous bone pin removal (2 VR, 5 control), and 3
with fracture reductions (2 VR, 1 control). Patients under-
going cast removals involved treatment of both upper and
lower extremity fractures—short arm (42%), long arm
(26%), ulnar/radial gutter (11%), thumb spica (8%), short
leg (8%), and long leg (3%). There was no significant dif-
ference between groups in type of cast removed. No anal-
gesic or anxiolytic medications were used for any subject.
No complications occurred in either group. No procedures
in the VR group were aborted due to technical difficulties
or patient noncompliance.

The VR cohort had a lower average difference in HR
max (10.6 = 10.1bpm) compared to the control group
(18.4=11.0bpm), a reduction of 42% with a mean
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Table I. Demographics and Procedure Frequencies.

Qualifying Factor VR group Control group Total population
Sex, female (%) 12 (25.0) 17 (36.2) 29 (30.5)
Mean age (SD) 10.1 3.1) 10.6 (3.3) 104 (3.2)

Cast application (%) 13 (27.1) 13 (27.7) 26 (27.4)

Cast removal (%) 31 (64.6) 28 (59.6) 59 (62.1)
Percutaneous bone pin removal (%) 2 (4.2) 5(10.6) 7(7.4)
Fracture reduction (%) 2 (4.2) I (2.1) 332

Total (%) 48 (100.0) 47 (100.0) 95 (100.0)

VR: Virtual Reality.

Table | outlines patient demographic factors and the procedures that were examined.

Table 2. Results of VR Versus Control Group.

Sub-analysis VR group* Control group* Mean differencet p-Value
Change in HR max (bpm) 10.6 = 10.1 184+11.0 7.8 (5.5-10.1) 0.00048
e Cast removal subset 105111 185+ 122 8.0 (4.9-11.1) 0.0107
Perceived anxiety (VAS Score) 1.7+28 29+36 1.2 (0.5-1.9) 0.0666
e Cast removal subset 1.6 229 29+35 1.3 (0.5-2.0) 0.1214
Perceived pain (FACES Score) 09x22 1.8+£26 0.9 (0.4-1.4) 0.0675
e Cast removal subset 05*+1.2 1.8+2.8 1.3 (0.7-1.9) 0.0229

"Values are given as the mean and standard deviation.

Values are given as mean difference with the 95% Cl in parentheses.
VAS: Visual Analog Scale, VR: Virtual Reality.

Table 2 demonstrates the key study results.

difference of 7.8 bpm (95% confidence interval [CI] 5.5—
10.1; p=0.00048) (Table 2).

The VR cohort had lower average VAS anxiety scores
(1.7 = 2.8) compared to the control (2.9 = 3.6), a decrease
of 41% with a mean difference of 1.2 (95% CI 0.5-1.9;
»=0.0666). The VR cohort had lower average pain FACES
scores (0.9 =2.2) compared to the control (1.8 £2.6), a
decrease of 50% with a mean difference of 0.9 (95% CI
0.4-1.4; p=0.0675).

In the cast removal subset, the VR group had lower
average differences in HR max (10.5* 11.1bpm) versus
the control group (18.5 = 12.2bpm), a 43% decrease with a
mean difference of 8.0bpm (95% CI 4.9-11.1; p=0.0107).
The VR cohort had lower average perceived anxiety scores
(1.6 =2.9) compared to the control (2.9 = 3.5), a decrease
of 45% with a mean difference of 1.3 (95% CI 0.5-2.0;
p=0.1214). Lastly, the VR cohort had lower average per-
ceived pain FACES scores (0.5 = 1.2) compared to the con-
trol (1.8 = 2.8), a decrease of 72% with a mean difference
of 1.3 (95% CI1 0.7-1.9; p=0.0229).

Discussion

In-office orthopedic procedures can be both painful and
anxiety-inducing, particularly in the pediatric population.
Percutaneous bone pin removal is a painful procedure for
up to 90% of children and adults, and up to 2% require
general anesthesia or a more extensive procedure.'*!°

Multiple studies suggest that painful and anxiety-inducing
procedures early in life may lead to increased pain, anxiety,
and analgesia requirements with procedures later in life as
well as avoidance of medical care.!”!® To reduce proce-
dural pain and anxiety, benzodiazepines, nitrous oxide gas,
ketamine, or even general anesthesia have been used.
However, multiple studies have demonstrated that these
medications are ineffective at adequately improving patient
anxiety and pain or are associated with undesired side
effects, with some recommending the use of DT instead. %2
Benzodiazepines and ketamine require respiratory moni-
toring at doses necessary for procedure sedation, and the
pharmacokinetics of minimal dosing present challenges in
optimal timing of administration. Novel technological
innovations such as VR have demonstrated effectiveness in
improving levels of anxiety, pain, and patient satisfaction
for burn care, blood draws, and chemotherapy.*®

Our study is the first to assess the impact of interactive
VR DT during multiple modalities of pediatric outpatient
orthopedic procedures. Unlike other VR distraction stud-
ies, both subjective and objective metrics of pain and anxi-
ety were used, including HR as a physiological surrogate. '
The modality for evaluating procedural anxiety is needed
to be easy-to-use, quick, and requires no training. These
principles were employed so that the study could be imple-
mented into an existing clinical workflow. VAS has
been validated in the pediatric population to assess anxiety
and demonstrates strong correlation with other validated
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modalities including the modified Yale Preoperative
Anxiety Scale.?! Two separate studies have also validated
the use of VAS in assessing anxiety by demonstrating
statistically significant correlation with Spielberger State
Trait Anxiety Inventory and Corah’s Dental Anxiety Scale
while requiring a fraction of the time.?>* The desired
outcome of DT was to treat the pediatric patient’s percep-
tion of impending pain and lower anxiety by removing
noxious stimuli. Our interactive VR system is immersive
with both visual and audible stimuli. The in-house devel-
oped application can also be used without the handheld
controller, providing an immersive experience with audio
integration.

Increases in HR have a known association with sympa-
thetic response due to fear or anxiety.>* A smaller magni-
tude in HR change was observed in the VR group compared
to the control group, likely representing lower perceived
pain and anxiety. This difference was illustrated in both the
total population (p=0.00048) and the cast removal subset
(»=0.0107). Perceived anxiety and pain were also lower in
the VR cohort with score reductions of 41% and 50%,
respectively. While these differences were not statistically
significant, both trended toward significance. Post-hoc
analysis for MCID calculations showed a necessary change
of 13.5bpm between HR max and preprocedure HR to
detect a clinical difference. MCID for change in pain and
anxiety were 2.7 and 4.0, respectively. The MCID findings
suggest that although statistical significance was found for
HR change, more data and larger groups are needed to
thoroughly examine the effect. In addition, more painful or
anxiety-inducing procedures in a larger cohort may create
a wider spread in variables in future trials to definitively
determine if this trend is significant in the orthopedic pop-
ulation. It is possible that VR DT may subconsciously
mitigate anxiety and pain in ways that young patients can-
not adequately describe based on the significant changes in
HR without significant differences in subjective metrics.

When stratified by procedure type, subjects in the cast
removal subset had a reduction in pain seen both subjec-
tively with FACES scores (p=0.0229) and objectively
with change in HR max (p=0.0107). Perceived anxiety
also improved in the VR group by 45% when stratified by
cast removal; however, this was not a statistically signifi-
cant finding (p=0.1214). A reduction in anxiety during
cast removal is consistent with the only other study evalu-
ating the use of VR DT on pediatric cast removal, which
found improvement in anxiety versus standard of care
(p=0.01).!° However, this study by Jivraj et al.> used the
Children’s Emotional Management Scale designed to mea-
sure anxiety during minor medical procedures with both
subjective and physiological findings.

A common criticism of VR is its inferiority to standard
2D DT such as television or electronic tablets. Some simi-
lar nonorthopedic studies have added a third treatment
group with 2D DT, including iPads or standard video

games.?*?” Our injuries involved the upper extremities and
inhibited the use of an electronic tablet or videogame con-
troller, which typically require two hands. In contrast, the
VR system only requires one noninjured hand. Because
the VR intervention was implemented for both genders
with a wide range of pediatric ages and common proce-
dures, our results demonstrate that VR DT would benefit a
variety of patients undergoing in-office orthopedic proce-
dures. Enrolled patients were able to freely interact with
the virtual headset environment using their controller
without impeding the completion of the procedure. Staff
acceptance and barriers to implementation were important
factors in the overall success of this project. They addition-
ally represent a key factor in clinic implementation outside
of the study context. We found VR technology made a
meaningful difference in the care of our patients and the
barriers to implantation for clinic staff were minimal. Our
patients undergoing clinic procedures have certified child
life specialists (CCLSs) available for DT, and thus, the
implementation of VR did not present a new logistical
challenge. CCLS participate regularly at our institution to
minimize psychosocial trauma associated with healthcare
and hospitalization while promoting optimal development
of infants, children, youth, and family members. The
CCLS team was integrated within the pediatric clinic set-
ting and was available at all times for orthopedic patients
undergoing procedures, physical examinations, or upon
request.

We acknowledge that the level of immersion seen with
VR distraction may itself be anxiety-provoking, and
patients may prefer to be aware of what is happening in
their procedure. This was demonstrated by 12 of 112
(10.7%) eligible subjects who elected not to participate.
We were also unable to evaluate the use of VR DT in
patients with developmental delay, cerebral palsy and
autism spectrum disorder. A further limitation involves
subset analysis by procedure type—three of four proce-
dures types did not reach the minimum power necessary
for further analysis. Future directions should include larger
cohorts to delineate differences between procedure types.

In terms of the control group, other studies have made
it clear whether parents or guardians were present as dis-
tractors or removed any potential distractor. This study
attempted to demonstrate that VR therapy was superior to
standard of care, which typically includes parents rather
than no distraction at all. Lastly, the study could not be
blinded due to the nature of VR. Based on our review of
the literature, no other studies evaluating the use of VR DT
were blinded.

In conclusion, immersive VR DT is a viable modality to
reduce both pain and perceived anxiety during pediatric
in-office orthopedic procedures with little to no adverse
effects. We anticipate that as VR DT continues to demon-
strate efficacy in different medical situations, it will be
implemented as a new option for care.
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