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ARTICLE INFO ABSTRACT

Keywords: Mental health is the second largest group of health disorders associated with prolonged disability.
Virtual reality Treating conditions such as stress and anxiety are a global health challenge due to inadequate
Metaverse

funding and resources. Therefore, providing virtual treatment in the metaverse may provide a
novel method of treatment for these conditions. We conducted a retrospective analysis of health
records of people experiencing stress and anxiety who were treated principally in the metaverse
using virtual reality. The main objective was to determine if virtual mental health treatment was
achievable and safe, with measurable outcomes repeated at multiple time points. Here, 61 par-
ticipants health records were evaluated (50% were female, 19% male, 31% identified as other).
The cohort was 45.7 + 15.7 years of age and reported no adverse effects with outcomes
measured. Specifically, anxiety (via Generalized Anxiety Disorder Scale) decreased by 34% (p =
0.002) and stress (via Perceived Stress Scale) decreased by 32% (p < 0.001) after virtual inter-
vention. The data suggests that this method of treatment was feasible, safe, and outcomes were
obtainable over a range of time points. This early data suggest that management in the metaverse
for these conditions may be beneficial, however, further prospective studies are necessary to
better understand these clinical findings.

Stress
Anxiety

1. Introduction

After musculoskeletal disorders, mental health conditions rank globally as the second largest group of health conditions associated
with years lived with disability [1]. The impact of the SARS-CoV-2 appears to have exacerbated this with higher reported levels of
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anxiety, stress, poor sleep, and depression globally, and more so in younger people [2]. Pre-pandemic, studies suggest up to 58% of
college students suffer from unhealthy levels of stress and up to 74% from unhealthy levels of anxiety [3-5]. Again, the Covid-19
pandemic appears to have increased student stress and anxiety, and of concern, the majority of students with moderate or severe
mental health symptoms have not sought help from mental health services [6]. Acute stress disorders may occur in up to 45% of injury
survivors [7]. In Australia, over half (54%) of 201 participants (age range 18-94 years) reported above average scores for persistent
depression, anxiety and/or stress after an intensive care admission for trauma [8]. Although certain groups in society appear to be
more prone to anxiety and stress related disorders [2-4], these conditions are endemic and affect people of all ages, social groups, and
genders.

Virtual reality (VR) applications may reduce stress and anxiety by presenting relaxing environments, encouraging relaxed
breathing, by improving physical fitness, providing a fun, challenging virtual experience, and mindfulness. Stress, assessed by heart
rate and an online survey, was measured in 11 participants, aged 18-34 years, who experienced augmented reality in the form of a
virtual island, with a waterfall and campfire, and with an option of listening to music, via an iPad (www.apple.com). Stress was re-
ported to reduce in 73% of participants, more so in female participants and younger participants, aged 18-24 years [9]. In another
study, 18 participants (9 men and 9 women, average 32 (standard deviation [SD] = 12) years of age) were shown three, 15-min 360°
high-definition VR scenes in a randomized order. One scene, designated as the control, consisted of an empty classroom, with no
people, plants, or animals. The other two scenes were outdoor vistas, one of rural Ireland, and the other of beach locations in Australia.
The outdoor scenes were accompanied by soothing music and ocean sounds. Prior to watching each scene participants were mentally
stressed arithmetically for 2 min. Extra dermal activity and heart-rate variability of the participants were measured continuously
before and during the 15-min VR sessions. The Positive and Negative Affect Schedule questionnaire was given at the beginning of the
experiment, between the stress test and VR, and after VR. The 15-question Modified Reality Judgment and Presence Questionnaire was
given after VR. The results indicated a better response to the outdoor scenes with the suggestion that “VR could improve life (for people
living in isolated and confined environments) by providing a sense of being away and an escape from daily operational pressures and
stressors. For people in these kinds of environments (such as astronauts, submariners, and others), VR may be a way to improve mental health
outcomes.” [10]. In a randomized controlled investigation, nurses and teachers received a package of care that included VR (n = 40), or
cognitive behavioral therapy (CBT, n = 42) or waiting list for treatment (WL, n = 39). Both the VR group and the CBT group
demonstrated better outcomes than the WL group, with the VR group participants reporting significant reduction in chronic anxiety
and significant improvement in coping skills [10]. Early results of a mindfulness based stress reduction provided in an immersive VR
environment suggested higher levels of life satisfaction, and improvement in the Mindful Attention Awareness Scale and Satisfaction
with Life Scale [11].

Worldwide there has been a marked increase in stress and anxiety, including people who have experienced a traumatic brain injury.
Moreover, anxiety disorders affect approximately 18% of adults [12] with a worldwide prevalence of 7.3% [13], detrimentally
impacting the quality of life, increased stress, and increasing the incidence of persistent pain [14]. The statistics are concerning and
suggest a global health system that is in crisis with limited access to care in traditional brick and mortar environments, points to a need
for novel adjunct or standalone therapies to improve care. Reports suggest more than 50% of people who require care do not access
services due to inconvenience, embarrassment, or stigmatization concerns around mental health [11], which also suggests a new
approach is needed. Health service providers in response to research, as well as patient and society values, are increasingly introducing
drug-free therapies that include mindfulness programs, alongside or instead of traditional treatments.

The primary aim of this study was to determine if people seeking care for stress and anxiety would be willing to participate in
virtual reality treatment. The secondary aims were to [1]: Determine if there were any side effects, adverse events, or serious adverse
events [2]; Learn if outcome measures could be applied and completed remotely in a VR environment and via telehealth. Pain, fatigue,
functional ability, sleep, and memory has a bidirectional relationship with stress and anxiety [15-19]. As such, our final secondary aim
was to Ref. [3] gain formative information if virtual reality treatment delivered in the metaverse and supported by telehealth had a
potential positive benefit and whether there was any early evidence of effectiveness. To assess this, we included outcomes that
measured stress, anxiety, pain, fatigue, functional ability, sleep, memory, and a series of physical parameters.

To achieve these aims, data were analyzed retrospectively from multiple sets of health records (also known as a medical records
review) across three countries for participants experiencing low back pain.

2. Methods

A retrospective health and medical records review was conducted with a waiver of consent on participants who had remote VR
rehabilitation services between July 2020 and May 2022 at XRHealth clinics (https://www.xr.health/), an international hybrid
technology and healthcare company specializing in the provision of healthcare through the metaverse. In this unique healthcare
delivery model, licensed clinicians augment remote healthcare interventions with VR applications, after screening for contraindica-
tions for use of the technology.

2.1. Participants

Participants in this retrospective analysis of health records were from the United States of America, Israel, and Australia.
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2.2. Ethical approval

This protocol received an exempt status with a waiver of consent from the Biomedical Research Alliance of New York (BRANY) IRB
Protocol #22-12-618-947.

2.3. Outcome measures

Outcome measures were assessed at baseline, and every 30 days until discharged from care/follow-up. Thirty days was considered
the minimum level to receive treatment for these conditions. The outcome measures applied across the participants are detailed in
Table 1.

To address the primary aim (Would people seeking care for stress and anxiety be willing to participate in virtual reality treatment?), we
assessed the number of participants who consented to and commenced treatment using home based virtual reality treatment and
compared that to the number of people who completed treatment. We also assessed the level of satisfaction with the treatment each
participant received. Satisfaction was assessed using the Customer Effort Score (CES), and Customer Satisfaction Score (CSAT) and a
series of questions using Likert measurements to assess response. CES is a metric used to measure a product or service’s ease of use to
customers, and CSAT measures happiness with a service, product, and/or customer support.

2.4. Customer Effort Score

Participants were asked, “How easy was it for you to setup and use your VR headset?” To assess this a Likert Scale ranging from 1
(worse response) to 7 (best response).

2.5. Customer Satisfaction Score

Participants were asked, “How satisfied are you with your treatment outcome?” To assess this a Likert Scale ranging from 1 (worse
response) to 5 (best response).

A secondary aim was to determine if there were any side effects, adverse events, or serious adverse events. Side effects were defined
as events that were known to occur when using VR. Adverse events were defined as undesired and unpredicted response to VR
treatment that may occur to some people when using VR. Examples include any event that was unwanted, and the risk of that event is
not currently known and did not result in hospitalization, permanent disability, or death. Serious adverse events were defined as an
event that resulted in hospitalization, permanent disability, or death.

Another secondary aim was to learn if outcome measures could be applied and completed remotely in a VR environment and via
telehealth. To assess this, the rates of completion of the outcome measures that were scheduled to be collected, before the start of
treatment, every 30 days of treatment, and at the end of treatment, were analyzed.

Our final aim was to gain formative information if virtual reality treatment delivered in the metaverse and supported by telehealth
had a potential positive benefit and whether there was any early evidence of effectiveness. To assess this, we included outcomes that
measured stress, anxiety, pain, fatigue, functional ability, sleep, memory, and a series of physical parameters.

2.6. Virtual reality hardware and therapeutic software

Participants were provided with the Pico Neo 2 (ByteDance, Beijing, China) head mount display (HMD) and hand controllers.

Table 1
Outcome Measures Used in this Retrospective Analysis.

Outcome Measure Description

Activities-Specific Balance Confidence (ABC) Scale A questionnaire developed to assess older individual’s balance confidence in performing daily activities.

[20]
Adult Executive Functioning Index [21] Executive functioning rating instrument (14 items) focusing specifically on working memory and inhibitory
Adult Executive Functioning Index — Working control.

Memory [21]
Adult Executive Functioning Index — Inhibition

[21]
Lower Extremity Functional Scale (LEFS) [22] Used to assess the functional impairment in individuals with musculoskeletal lower limb dysfunction.
NIH PROMIS - Pain Intensity [23] PROMIS® is a publicly available system for assessment of patient-reported health status for physical, mental,
PROMIS CAT v1.0 - Sleep Disturbance [23] and social well-being.

Brief Pain Inventory — Pain Interference [23]
NIH PROMIS CAT - Fatigue [23]
PROMIS v1.0 Sleep disturbance-SF [4a,23]

Generalized Anxiety Disorder Scale (GAD-7) This self-administered patient questionnaire is used as a screening tool and severity measure for generalized
anxiety disorder.
Perceived Stress Scale (PSS) 10 items used to assess the level of subjective stress over the past month.
Depression, Anxiety and Stress Scale - 21 (DASS- A set of 3 self-report scales designed to measure the emotional states of depression, anxiety, and stress.
21)
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Treatment software was uploaded to the HMD. Table 2 provides a description of the XRHealth therapeutic software provided for the
participants. The software is registered with the FDA (U.S. Food and Drug Administration), AMAR (Ministry of Health, Medical devices
Department, Israel), and has an ARTG (Australian Register of Therapeutic Goods) Certificate. The software generates motion tracking
and movement kinematics data. These data were collected but not analyzed in this retrospective analysis and will be used to inform the
design of future case control, cohort, and randomized clinical trials.

2.7. Application of treatment

Based on the assessment process, the clinician (licensed physical therapists, physiotherapists, and occupational therapists)
determined which software package(s) to prescribe the participants. Clinicians utilized training applications (apps) that were relevant
for the required rehabilitation (Table 2), which may have included one or more apps per patient. For example, an individual diagnosed
with stress and anxiety may be prescribed relaxation software, such as Mindset, while an individual presenting with symptoms in the
cervical region that includes pain may be prescribed Rotate in combination with Luna. Moreover, each application allows the clinician

Table 2
XR health therapeutic software applications used by the participants.
Therapeutic Software Intended Use
Company Code and
Name
CT-610* (ReAct) The VRCogni CT-610 (“Re-Act”) is a prescription only medical device software applications that provide various VR environments to aid

mitigate or assess conditions related to cognitive function by providing cognitive exercises and cognitive ability measurements. The
cognitive exercises and cognitive ability measurements rely on inputs from visual and auditory stimuli, and functional use of the hands
and enable:

e Guiding patients in the performance of various cognitive exercises.

e Track and analyze motion and movement kinematics.

The VRCogni CT-610 can be used as an assessment aid to determine the level of cognitive function for which there exists other valid
methods of cognitive assessment.

CB-510 (Luna) The CB-510 (“Luna”) is intended to assist in the mitigation of pain, hot flashes and physical discomfort through distraction and
supporting exercises, performed in a virtual reality (VR) environment using commercially available VR headsets. The CB-510 is a
prescription only device that can be used in clinical setting or at home, with or without the assistance of licensed health care provider.
The CB-510 provides VR exercises and takes measurements that
enables the patient and/or clinician to monitor changes over time.

MC-320* (Color The MC-320 (“Color Match™) is a physical medicine and motor-cognitive rehabilitation software, as a medical device, intended for use in

Match) upper extremity, full body and motor-cognitive conventional rehabilitation. The software enables:
o Tracking motion and movement kinematics.
e Guiding patients in the performance of motor-cognitive exercises according to the treating medical practitioner’s guidelines.
e The MC-320 provides VR exercises and takes measurements that enables the patient and/or clinician to monitor changes over time.

CT-620 (Memorize) The VRCogni CT-620 (“Memorize™) is a prescription only medical device software applications that provide various VR environments to
aid mitigate or assess conditions related to cognitive function by providing cognitive exercises and cognitive ability measurements. The
cognitive exercises and cognitive ability measurements rely on inputs from visual and auditory stimuli, and functional use of the hands
and enable:

o Guiding patients in the performance of various cognitive exercises.

e Track and analyze motion and movement kinematics.

o Monitoring changes in patient’s measurements over time.

o The VRCogni CT-620 can be used as an assessment aid to determine the level of cognitive function for which there exists other valid
methods of cognitive assessment.

PD-810 (Mindset) The PD-810 (“Mindset™) is intended to assist in relaxation and management of pain and physical discomfort through distraction and
supporting meditation and relaxation exercises, performed in a virtual reality (VR) environment using commercially available VR
headsets. The PD-810 is a prescription only device that can be used in clinical setting or at home, with or without the assistance of
licensed health care provider. The PD-810 provides VR exercises and takes measurements which enables the patient and/or clinician to
monitor changes over time.

MT-220* (Balloon The MT-220 (“Balloon Blast™) is a physical medicine and rehabilitation software, as a medical device, intended for use in upper

Blast) extremity and full body conventional rehabilitation and active shoulder ROM assessment. The software enables:
o Tracking motion and movement kinematics.
o Guiding patients in the performance of physical exercises according to the treating clinician’s guidelines.
e Monitoring changes in patient’s measurements over time.

N-140* (Rotate) The N-140 (“Rotate”™) is a physical medicine and rehabilitation software, as a medical device, intended for use in cervical region

conventional rehabilitation and active cervical spine ROM assessment. The software enables:

e Tracking motion and movement kinematics.

e Guiding patients in the performance of physical exercises according to the treating clinician’s guidelines.
o Monitoring changes in patient’s measurements over time.

MD-710 (Relax8) The MD-710 (“Relax8") is intended to assist in relaxation and management of pain and physical discomfort through distraction and
supporting meditation and relaxation exercises, performed in a virtual reality (VR) environment using commercially available VR
headsets. The MD-710 is a prescription only device that can be used in clinical setting or at home, with or without the assistance of
licensed health care provider. The MD-710 provides VR exercises and takes measurements which enables the patient and/or clinician to
monitor changes over time.

All the motion software (*) generates motion tracking and movement kinematics data. These data were not analyzed in this retrospective analysis but
will be used to inform the design of future case control, cohort, and randomized clinical trials.
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to adjust specific training parameters, such as training area, speed, and cognitive challenge according to specific patient’s medical
needs.
Further information on the description and use of the applications used is available; https://www.xr.health/products/.

2.8. Statistical analysis

Data were analyzed using R software (V. 4.1.0) and R studio software (V. 2022.02.3). Descriptive statistics were reported using
means (m) and SDs for continuous variables and absolute and relative frequencies for categorical variables. Bivariate comparisons
were conducted using paired t-tests to examine pre-post change. Outliers that exceeded 3 standard deviations were examined using box
plots and excluded. For each participant, the pre-treatment data was calculated based on the average of the first three scores of the test.
The post-treatment data were calculated as the average of the last three scores on the test.

To examine effectiveness of the VR intervention, we conducted a series of paired t-tests between the baseline (pre) and the final
(post) measurements. P-values <0.05 were considered significant. We also report p-values <0.10 as a trending toward significance. It
was determined a priori that analyses of results would be conducted for participants who were treated for a minimum of 30 days and
had a minimum of two full data sets. These time points were baseline (prior to initiation of treatment) and at the conclusion of
treatment.

3. Results
3.1. Participants

The sample consisted of 61 participants seeking treatment for stress and anxiety, with a mean age of 45.7 (15.7) years. The cohort
consisted of 50% females, 19% males and 31% self-identified as other. Overall, the participants in this sample had an average of 125.2
(51.4) days in treatment, with 18.7 (14.3) appointments on average and a mean of 128.3 sessions. Descriptive statistics and data from
the cohort’s virtual sessions in the metaverse with and without a clinician are provided in Table 3.

3.2. Primary aim: would people seeking care for stress and anxiety would be willing to participate in virtual reality treatment?

One month of treatment (30 days) was considered a priori to be a minimum time to receive treatment (Table 4). We also assessed
the participants level of satisfaction with the treatment that they received (Table 5).

3.3. Secondary aim: side effects, adverse events, and serious adverse events

As part of the data collection, clinicians asked participants if they had experienced any side effects or adverse events and partic-
ipants were encouraged to report them. Any serious adverse events would also be reported. A review of the health records suggest that
this patient population did not report any side effects, adverse events, or serious adverse events.

3.4. Secondary aim

To learn if outcome measures could be applied and completed remotely in a VR environment and via telehealth. These data are
presented in Table 6.

3.5. Secondary aim

To gain formative information if virtual reality treatment delivered in the metaverse and supported by telehealth had a potential

Table 3
Demographic and therapeutic intervention characteristics of the patients.
M (SD) With a clinician Without a clinician

Days in treatment 125.2 (51.4)
Total appointments 18.7 (14.3)
Total treatments in the metaverse 128.3 (142.8)
Virtual sessions
Light Punch 1.3 (3.7) 2.4 (3.7)
Luna 1.1 (2.0) 4.3 (6.2)
MC320 21.5 (34.5) 25.0 (50.3)
Memorize 7.6 (12.3) 15.4 (28.8)
Mindset 0.0 13.0 (16.0)
MT220 8.1 (16.0) 12.9 (17.7)
N140 1.7 (4.0) 3.0 (6.3)
Reducept 0.0 2.4 (7.5)

Abbreviations: M, mean; SD, standard deviation.
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Table 4
Participant flow through treatment.
Participants ~ Baseline Cohort at minimum 30 days Drop out before 30 days ~ Drop out between 31 and 59  Completed 60 or more days in
(n) study cohort (% of baseline) n (% of baseline) days n (% of baseline) treatment n (% of baseline)
Men 20 12 (60%) 8 (40%) 4 (20%) 8 (40%)
Women 45 31 (68%) 14 (31%) 9 (20%) 22 (48%)
Other 22 18 (81%) 4 (18%) 3 (13%) 15 (68%)
<29 years 28 18 (64.3%) 10 (36%) 4 (14%) 5 (18%)
30-59 years 49 38 (77.6%) 11 (22%) 10 (20%) 12 (24%)
>60 years 10 5 (50.0%) 5 (50%) 3 (30%) 4 (40%)
Table 5
Participant satisfaction.
N Mean (SD) Median (Range)
CES*** 25 5.12(1.28) 6 [3-7]
CSAT* 34 4.12 (1.31) 5 [2-5]
My condition and plan of care were clearly explained by my therapist.* 18 4.68 (0.51) 5 [3-5]
How would you rate your overall experience with XRHealth?** 18 9.04 (1.15) 10 [5-10]
1 am satisfied with my treatment, and I have made progress since starting VR treatment.* 18 4.71 (0.45) 5 [3-5]
The VR headset was easy to set up and use during treatment.* 18 4.37 (0.71) 4.5 [2-5]
My therapist was sensitive to my needs and adjusted my treatment based on my progress.* 18 4.83 (0.23) 5 [4,5]
I prefer XRHealth to other therapy/rehabilitation options (e.g., going to a clinic to see a therapist in person)* 18 4.39 (0.81) 4.5 [3-5]
***Scale 1-7.
*Scale 1-5.

**Scale 1-10.
CES, Customer Effort Score; CSAT, Customer Satisfaction Score; N, number; SD, standard deviation.

positive benefit and whether there was any early evidence of effectiveness.

3.5.1. Post intervention change for pain, fatigue, function, and sleep outcomes

Due to the bidirectional relationship between stress and anxiety, and, pain, fatigue, function, and sleep [15-19] outcome measures
that could assess these variables were included. Table 7 presents pre-post intervention change for all participants with recorded
pre-post data points for each of the outcomes measured. The findings of this analysis of the medical records suggest that overall,
participants did not report any deterioration over the course of treatment using VR in the metaverse. Moreover, several significant
results indicated improvement in health over the course of time. The remaining outcome measures indicate a trend of improving health
and function, with no evidence for deterioration. Examples of the findings include anxiety, as measured by the Generalized Anxiety
Disorder Scale (GAD-7), decreased by 34.4% (p = 0.002); pain severity, measured by the Brief Pain Inventory, decreased by 40.1% (p
= 0.01); and finally, pain interference, also measured by the Brief Pain Inventory, decreased by 46.4% (p = 0.07).

3.5.2. Post intervention change for impairment outcomes and memory
Due to the bidirectional relationship between stress and anxiety, and, pain, fatigue, function, and sleep [15-17,19] outcome
measures that could assess these variables were included. Table 8 presents pre- and post-intervention change in VR applications.

4. Discussion

Mental health conditions including stress and anxiety are associated with substantial morbidity. These conditions may detri-
mentally impact on an individual’s ability to participate in valued activities. Once diagnosed and following a shared decision-making
process between clinician and patient, an appropriate and agreed upon management strategy is put in place. Current interventions for
the management of stress and anxiety include pharmacological management, CBT, talking therapies, clinical meditation, relaxation,
participation in physical activity, and more recently VR exposure therapy (VRET) and other VR applications that aim to promote
relaxation [9-11,16,24]. VRET gradually and repeatedly exposes people to an anxiety provoking situation, such as seeing spiders,
experiencing flying, heights, participating in job interviews, and public speaking [25].

For many people living with persistent stress and anxiety the requirement to frequently travel for ongoing assessment, in-
vestigations, medication evaluation, and rehabilitation presents challenges in terms of time, convenience, and cost. The results of this
retrospective analysis of health records strongly suggest that people seeking care for stress and anxiety disorders are willing to consent
for treatment and participate for a prescribed course of treatment in the metaverse. The data indicate that a minimum of 50.0% (people
over the age of 60 years) to a maximum of 77.6% (people aged between 30 and 59 years) were willing to participate for a minimum of
one month in treatment. Comparable levels of men (71.4) and women (68.9%) across the spectrum of ages were willing to participate
in one months of training. Between 22% and 50% of participants in all categories dropped out in the first month. The reasons for this
are not available from the health records. This may indicate participants had achieved acceptable levels of improvement, had dete-
riorated, had not changed in status, were experiencing side-effects, or were dissatisfied with the treatment they were receiving. To
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Table 6

Complete and incomplete data sets.
Outcome N baseline ~ Complete outcome data at end of Incomplete outcome data for any reason at any

treatment time point
N % of baseline N % of baseline

Generalized Anxiety Disorder Scale (GAD-7) 29 14 48.3% 15  51.7%
Perceived Stress Scale (PSS) 53 14 26.4% 39 73.6%
DASS21 52 11 21.2% 41 78.8%
DASS21 - Anxiety 52 8 15.4% 44 84.6%
Patient Health Questionnaire — 9 (PHQ-9) 27 7 25.9% 20 74.1%
NIH PROMIS CAT - Pain Interference 16 6 37.5% 10  62.5%
NIH PROMIS CAT - Fatigue 18 5 27.8% 13 72.2%
NIH PROMIS - Pain Intensity 14 4 28.6% 10 71.4%
Brief Pain Inventory — Pain Severity 12 4 33.3% 8 66.7%
PROMIS CAT v1.0 — Anxiety 18 4 22.2% 14 77.8%
Adult Executive Functioning Index 10 4 40.0% 6 60.0%
PROMIS CAT v1.0 - Sleep Disturbance 12 3 25.0% 9 75.0%
Brief Pain Inventory — Pain Interference 9 3 33.3% 6 66.7%
Adult Executive Functioning Index — Working Memory 8 3 37.5% 5 62.5%
Adult Executive Functioning Index — Inhibition 6 3 50.0% 3 50.0%
Pain
VAS-pain (at start of VR session) 59 43 72.9% 16 27.1%
VAS-pain (at start of VR session) 54 40 74.1% 14  25.9%
Change in VAS-pain (within session) 54 39 72.2% 15  27.8%
Range of Movement
Flexion left 9 5 55.6% 4 44.4%
Flexion right 8 5 62.5% 3 37.5%
Abduction left 11 5 45.5% 6 54.5%
Abduction right 7 5 71.4% 2 28.6%
Horizontal abduction left 6 5 83.3% 1 16.7%
Horizontal abduction right 9 4 44.4% 5 55.6%
Quality of movement
Left hand 59 40 67.8% 19 32.2%
Right hand 59 41 69.5% 18 30.5%
Average 59 44 74.6% 15 25.4%
Peak velocity left hand 60 40  66.7% 20 33.3%
Peak velocity right hand 60 41  68.3% 19  31.7%
Peak velocity average 60 41  68.3% 19  31.7%
Response time left hand 60 40  66.7% 20  33.3%
Response time right hand 60 41  68.3% 19  31.7%
Response time average 60 44 73.3% 16  26.7%
Efficiency left hand 57 32 56.1% 25 43.9%
Efficiency right hand 57 33 57.9% 24 42.1%
Efficiency average 57 33 57.9% 24 42.1%
Action time left hand 58 34 58.6% 24 41.4%
Action time right hand 58 33 56.9% 25  43.1%
Action time average 58 38  65.5% 20 34.5%
Speed 58 36 62.1% 22 37.9%
Neck rotation
ROM rotation right 8 2 25.0% 6 75.0%
ROM rotation left 8 2 25.0% 6 75.0%
ROM extension 8 2 25.0% 6 75.0%
Session accuracy 21 12 57.1% 9 42.9%
Session constant error 21 12 57.1% 9 42.9%
Final speed level 41 36 87.8% 5 12.2%
Memory
Final number of items 39 27  69.2% 12 30.8%

understand this more fully, these variables need to be the focus of prospective investigations and concomitant qualitative research.

With many health systems facing considerable challenges in terms of available space and the ability to provide care remotely when
pragmatic, safe, effective, and possible, this approach may help to improve care by offering in-house care when an alternative does not
exist. The finding that people would be willing to participate in virtual and remote treatment for stress and anxiety may support many
of the challenges faced by health systems globally. Arguably this may contribute to reducing the environmental impact of healthcare by
decreasing the number of road journeys required to attend traditional ‘brick and mortar’ institutions. This hypothesis requires testing
in future research, as well as identifying those that would be willing and would benefit from remote treatment.

Although not a direct measure of willingness to participate, patient satisfaction or lack of it, might be a reason for continuation or
cessation of treatment. The mean CES was 5.12 (SD = 1.28) and mean CSAT was 4.12 (SD = 1.31), both scores supported substantial
participant satisfaction. This is further supported by the responses to the six questions, notably question three (I am satisfied with my
treatment, and I have made progress since starting VR treatment) with a mean response 4.71 (SD = 0.71) where 5 represents best score.
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Table 7
Pre-post intervention change for impairment outcomes and memory.
Test N Pre Post Pre-Post Mean Difference ~ 95% CI t p
Delta (%)
M SD M SD L 1)
Pain
VAS-pain (at start of VR session) 43 5.0 2.1 3.7 1.9 27.3% 1.4 0.8 1.9 5.1 <0.001
VAS-pain (at start of VR session) 40 3.8 1.6 3.0 1.5 20.4% 0.8 0.2 1.4 2.8 0.009
Change in VAS-pain (within session) 39 1.0 0.9 0.5 0.7 49.5% 0.5 0.2 0.8 3.4 0.001
Range of Movement
Flexion left 5 178.0 26.5 162.0 252 8.9% 15.4 -17.5 48.3 1.3 0.26
Flexion right 5 170.0 15.3 163.0 26.0 4.1% 6.9 —20.6 34.3 0.7 0.53
Abduction left 5 189.0 31.7 168.0 36.5 11.1% 21.6 —-61.9 105.2 0.7 0.51
Abduction right 5 192.0 18.4 160.0 20.5 16.7% 315 -15.7 78.6 1.9 0.14
Horizontal abduction left 5 82.6 25.6 89.0 32.0 7.8% —6.4 —67.9 55.1 -0.3 0.79
Horizontal abduction right 4 73.8 9.5 77.9 21.5 5.6% —4.0 —52.2 44.1 -0.3 0.81
Quality of movement
Left hand 40 717 8.5 721 9.8 0.6% -0.4 -3.1 2.3 -0.3 0.78
Right hand 41 715 8.6 74.0 10.0 3.5% —2.4 -5.3 0.4 -1.7  0.09
Average 44 71.0 8.9 73.3 10.2 3.2% -2.3 -5.2 0.6 -1.6 0.11
Peak velocity left hand 40 1.9 0.7 1.9 0.7 1.1% —0.02 -0.2 0.2 -0.2 0.84
Peak velocity right hand 41 1.9 0.6 1.9 0.9 0% 0.01 -0.1 0.2 0.1 0.93
Peak velocity average 41 1.9 0.6 1.9 0.6 2.1% —0.04 —0.2 0.1 —0.1 0.58
Response time left hand 40 646.0 233.0 508.0 164.0 21.4% 137.5 67.5 207.4 3.9 <0.001
Response time right hand 41 643.0 223.0 5390 210.0 16.2% 103.6 28.5 178.8 2.8 0.008
Response time average 44 570.0 235.0 469.0 213.0 17.7% 101.0 21.3 180.8 2.6 0.01
Efficiency left hand 32 78.1 9.1 79.4 8.9 1.7% -1.3 -39 1.3 -1.0 0.32
Efficiency right hand 33 772 10.5 80.6 8.2 4.4% -3.3 —6.6 -0.04 -21 0.05
Efficiency average 33 768 10.1 79.6 8.7 3.7% -2.8 -5.8 0.2 -1.9 0.07
Action time left hand 34 1073.0 309.0 977.0 246.0 8.9% 95.3 8.4 182.2 2.2 0.03
Action time right hand 33 1085.0 291.0 973.0 265.0 10.3% 111.6 24.8 198.3 2.6 0.01
Action time average 38  865.0 5340 813.0 346.0 6.0% 52.3 —90.9 195.5 0.7 0.46
Speed 36 11.8 4.3 12.9 3.9 9.3% -1.1 —2.6 0.5 —-1.4 0.16
Neck rotation
ROM rotation right 2 67.4 0.4 75.3 1.5 11.7% —7.88 —24.8 9.10 -5.9 0.11
ROM rotation left 2 64.0 14.6 71.4 0.9 11.6% —7.48 -146.4 1315 -0.7  0.62
ROM extension 2 61.6 6.2 66.5 2.8 7.9% —4.88 —35.5 25.7 -2.0 0.29
Session accuracy 12 85.3 12,5 88.8 121 4.1% —3.55 -15.4 8.30 -0.7 0.52
Session constant error 12 2.5 1.5 2.3 1.7 9.5% .24 -1.35 1.83 0.3 0.74
Final speed level 36 55 3.8 4.3 2.7 21.8% 1.2 .14 2.24 2.3 0.03
Memory
Final number of items 27 3.3 1.4 7.4 3.7 125.5% —4.1 -5.5 —-2.7 —6.1 <0.001

Abbreviations: L, lower confidence interval; M, mean; ROM, range of motion; SD, standard deviation; U, upper confidence interval; VAS, visual analog

scale.

Table 8

Pre- and post-intervention change in anxiety, stress, pain, fatigue, disability, and sleep outcomes.
Outcome N Pre Post Pre-Post Delta Mean 95% CI t P-

(%) Difference Value
M SD M SD L U
Generalized Anxiety Disorder Scale (GAD-7) 14 12.3 5.4 8.1 5.5 34.39% 4.2 1.9 6.5 3.9 0.002
Perceived Stress Scale (PSS) 14 22.0 4.1 14.9 7.3 32.27% 7.1 3.6 10.5 4.4 <0.001
DASS21 11 8.8 4.8 6.4 2.0 27.89% 2.5 -0.8 5.7 1.7 0.12
DASS21 - Anxiety 8 5.9 3.0 3.1 2.4 46.94% 2.8 -0.8 6.3 1.8 0.11
Patient Health Questionnaire — 9 (PHQ-9) 7 9.1 4.2 5.3 2.2 42.12% 3.9 0.1 7.6 2.5 0.04
NIH PROMIS CAT - Pain Interference 6 0.9 0.9 0.6 0.3 39.18% 0.4 —0.4 1.1 1.3 0.26
NIH PROMIS CAT - Fatigue 5 1.0 0.5 0.9 0.6 10.00% 0.1 -0.8 1.0 0.3 0.77
NIH PROMIS - Pain Intensity 4 0.7 0.6 0.7 0.4 0.00% 0 -0.4 0.4 0.1 0.95
Brief Pain Inventory — Pain Severity 4 4.7 1.8 2.8 1.5  40.09% 1.9 0.8 2.9 5.7 0.01
PROMIS CAT v1.0 — Anxiety 4 1.4 0.8 1.1 0.6 20.44% 0.3 —-0.4 0.9 1.3 0.27
Adult Executive Functioning Index 4 47.2 9.9 372 94  21.19% 10.0 -39 239 23 011
PROMIS CAT v1.0 - Sleep Disturbance 3 0.8 0.01 0.7 0.3 13.58% 0.1 -0.5 0.8 0.8 0.52
Brief Pain Inventory — Pain Interference 3 5.2 2.3 2.8 3.4  46.37% 2.4 -0.6 5.5 3.5 0.07
Adult Executive Functioning Index - Working 3 28.7 25 23.0 53 19.86% 5.7 —-13.0 243 1.3 0.32
Memory
Adult Executive Functioning Index — 3 13.7 3.1 12.3 6.4 10.22% 1.3 -9.9 12.5 0.4 0.66
Inhibition

Abbreviations: L, lower confidence interval; M, mean; SD, standard deviation; U, upper confidence interval.
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VR applications generally are not useable by individuals with cognitive or visual deficiencies, and prolonged exposure to a digital
screen a few centimeters from the eyes may lead to strain, headaches, and symptoms of cybersickness (Brady et al., 2021, 2022). This is
an encouraging finding as it suggests that not only were participants willing to be treated in a virtual environment, but they were able
to complete a course of treatment with no reported harm.

Findings suggest that data collection in a virtual environment although variable was highly viable. Sixty per cent of all outcome
measures were collected on at least two occasions. The data suggest that patient reported outcome measures were less likely to be
collected on two occasions in comparison to the data collected primarily via the software while using the headset and hand controllers.
Future consideration need focus on methods that would increase the response rate for such outcome measures. Thus, prospective
feasibility and pilot trials will be needed to more robustly analyze the viability and veracity of outcome data collected virtually in the
metaverse.

Data suggest that no individual reported deterioration during the treatment and data collection periods. The reported findings
suggest there is a statistically significant reduction in anxiety and stress by using a VR treatment approach, as measured by the GAD-7
and the Perceived Stress Scale (PSS). There were also statistically significant improvements in health and pain as measured by the
Patient Health Questionnaire — 9 (PHQ-9), Brief Pain Inventory — Pain Severity, and Brief Pain Inventory — Pain Interference. Im-
provements in visual analog scale (VAS) (pain) at the end of a single VR session and statistically significantly improvements for
movement quality as demonstrated by movement response times and action times for both hands, neck movement speed and the
number of items remembered was also observed.

Another important finding was that more than half (52.6%) of treatments were conducted without any clinical input. This strongly
suggests that this model of treatment supports self-management. It allows people requiring care to access treatment at a time and place
convenient for them and reduces the need for both clinical input and attendance at physical ‘brick and mortar’ health establishments.
This finding will be of interest to patients, clinicians, educators, policy makers, funders, and all stake holders in the provision of
healthcare for people seeking care with stress and anxiety disorders.

This study has limitations that need be acknowledged. The retrospective analysis of data was not blinded, is subject to selection
bias, respondent bias, recall bias, and response bias. The study design did not include a non-treatment control group and, therefore, the
outcomes may be due to natural improvement over time or contextual effects such as placebo. There were potential confounding
variables that were unmeasured and uncontrolled in the analysis which includes unequal populations in the three countries where
participates received treatments. Other examples include age of participants, duration of symptoms, concurrent comorbidities, and
potential lack of standardization of condition education within and between clinicians for the various conditions being treated. Finally,
although the findings suggest that statistical significance was achieved in several patient-reported outcomes, it is uncertain if clinically
important change occurred during the VR intervention. While not the focus of this study, it must be addressed in future more robust
prospective clinical trials.

5. Conclusions

After musculoskeletal disorders, mental health conditions rank globally as the second largest group of health conditions, associated
with years lived with disability. More than 50% of people who live with stress and anxiety do not access services due to inconvenience,
embarrassment, or concerns relating to stigmatization around mental health. This suggests that additional approaches are needed.
Virtual reality can offer several interventions recommended for reducing stress and anxiety, such as embodying people in relaxing
environments, encouraging relaxed breathing, and increasing physical activity. The results of this retrospective review of health re-
cords for people being treated with virtual reality in the metaverse suggest that this method is safe, can be performed by patients
independent of clinicians, and away from traditional ‘brick and mortar’ institutions. The data also suggest that some outcomes used to
assess change in people being treated for stress and anxiety significantly improved. The value of this approach needs to be more
robustly tested in prospective randomized clinical trials.
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