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ABSTRACT

Background: The use of virtual reality in treat-
ing pain symptoms is a new and emerging
modality that has gained more traction, espe-
cially in light of the COVID-19 pandemic,
which has led to a rise in the remote care of
patients. Our study tested the effectiveness of a
home-based pain relief program that utilized
virtual reality and behavioral health for treating
acute and chronic pain.
Study Design: Retrospective Cohort Study.
Methods: Due to the remote nature of the pain
clinic during the COVID-19 pandemic, patients
with work-related injuries were considered for
inclusion in a 90-day Harvard MedTech Vx Pain
Relief Program, which consisted of home-based
virtual reality therapy (VRT) and tailored
behavioral therapy that was conducted through
phone consultations. Both the VRT and

behavioral therapy focused on the specific
workplace injury and centered around setting
three personal goals for each patient that were
considered meaningful to them. The progress
towards achieving these goals was then tracked.
The primary outcome of the retrospective
analysis was pain scores after completion of
home-based VRT. Secondary outcomes inclu-
ded: change in opioid therapy (opioid con-
sumption), psychological awareness/perception
of pain, level of immersion, and overall
improvement/achievement in patient goals.
Results: A total of 36 patients (16 male and 20
female) with acute and chronic pain secondary
to workplace injuries were included; these
injuries severely limited their activities of daily
living and reduced their quality of life. During
the course of VRT and after completion of the
90-day program, patients experienced a sub-
stantial immediate and legacy pain relief.
Specifically, patients reported an average 40%
reduction in pain while utilizing the program
and an additional 2.8 h of continued pain relief
at the conclusion of 90 days. Further, 69% of
patients also reported either a decrease in opioid
use or complete cessation after VRT. The
majority of patients also reported reduced
depression, fatigue, and sleep disturbance.
Conclusions: The Harvard MedTech Vx Ther-
apy appears to be an effective tool in the treat-
ment of pain and the psycho-social issues
associated with pain. This translates into a
greater degree of pain resiliency and an overall
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improvement in general wellness and improved
workplace functionality.

Keywords: Chronic pain; Virtual reality;
Workers compensation; Pain psychology

Key Summary Points

Virtual reality is an emerging modality for
treating chronic pain.

Our study tested the use of a virtual reality
program for treating chronic pain in
patients with work-related injuries.

Our results showed efficacy of virtual
reality in improving chronic pain.

Virtual reality adds another tool to treat
pain and can provide an alternative to
opioids.

INTRODUCTION

With the onset of the 2019 novel coronavirus
(COVID-19) pandemic, there was a rapid shift
towards caring for patients virtually through
telemedicine [1]. Although the clinical out-
comes of such a shift in practice were not well
described, this shift presented a unique oppor-
tunity to improve the care of patients through
remote care. For pain patients specifically,
where treating mental health and psychological
well-being is equally as important as the physi-
cal state of pain itself, [2] the COVID-19 pan-
demic introduced novel virtual treatment
avenues for the physician. Indeed, evidence has
indicated that virtual mental-health counseling
can be equally as effective as in-person patient
visits [3].

With the transition to virtual clinics, physi-
cians were tasked with identifying means to
remotely treat both acute and chronic pain
states. Virtual reality is one such means that
could be considered as a part of the toolbox and
is thought to improve pain through multimodal
sensory distractions [4]. Originally only

considered for entertainment value, the
COVID-19 pandemic provided the opportunity
to implement this technology for the treatment
of pain and psychiatric disorders [4]. However,
the true benefits of using such technology in
improving the overall pain state, including pain
psychology/perception, the behavioral aspects
of pain, and opioid consumption still remains
largely unknown.

The Harvard MedTech Vx Pain Relief Pro-
gram is one such new technology that leverages
home-based virtual reality with behavioral
health therapy to help treat acute and chronic
pain states. Although one aim of the program is
to improve pain, the ultimate goal is to provide
lasting relief along with the behavioral changes
needed to get the patient back to work and
restore a sense of normalcy to their social life.
With the COVID-19 pandemic in hand, this
created an opportunity to evaluate the impact
of using such a technology for patient care.

Thus, the aim of this retrospective cohort
study was to evaluate the effectiveness of the
Harvard MedTech Vx Pain Relief Program on
adult patients with acute and chronic pain.
Specifically, our primary outcome was to assess
the impact of such therapy on improving
overall pain scores. The secondary aims were to
evaluate its use on opioid consumption, pain
perception, and the behavioral aspects of pain.

METHODS

In the setting of the COVID-19 pandemic, this
retrospective cohort study received institutional
review board (IRB) exempt status due to inves-
tigation of a benign behavioral intervention.
This study was performed in accordance with
the Helsinki Declaration of 1964 and its later
amendments.

Study Sample and Setting

All adult patients aged 18 to 65 treated from
April 2019 to April 2020 for acute or chronic
workplace injuries and were on workers’ com-
pensation were retrospectively identified for
inclusion. All patients were referred to and
overseen by a prescribing physician and referred
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to the Harvard MedTech Vx Pain Relief Program
by orthopedic specialists, pain specialists, pri-
mary care physicians, and occupational health
providers. All types of workplace injuries were
considered, and patients were excluded if their
attorney required them to discontinue therapy.
Patients were also excluded if they attended less
than five in-person behavioral therapy sessions
with their behavioral health clinician, as this
would indicate possible poor compliance with
the Harvard MedTech Vx Pain Relief Program.

Study Intervention/Procedure

The Harvard MedTech Vx Pain Relief Program
consisted of both home-based virtual reality
therapy (VRT) and tailored behavioral therapy
that was conducted through phone consulta-
tions. The length of therapy lasted 90 days, or
approximately 12 weeks. The VRT component
of the program involved using the Vx headset
(Manufactured by PICO), which patients were
instructed to use at least 1 to 2 times daily for
45 min. The headset was received by patients
via mail after enrolling in the study and the
patients would be contacted within 2 days to
have their baseline phone call. During this first
phone call, patients were instructed on how to
use the headset and were asked a series of
questions related to the study outcomes (dis-
cussed below) for baseline measurements. Dur-
ing headset use, patients selected specialized
categories, or experiences, pre-loaded onto the
headset to target either the knowledge of pain,
meditation techniques, escape from pain, or
distraction from pain. The choice to view a
specific category of VRT was based on weekly
phone calls between the physician and patient.
For the tailored behavioral therapy component
of the program, patients and clinicians dis-
cussed their progress with headset use (all out-
comes re-reassessed) and the goals of therapy for
30–60 min each week and set three specific
goals for the patients care. The goals could be
related to pain reduction, sleep improvement,
behavioral health, or social well-being. Any
adjustments in therapy were also made at this
meeting (as previously discussed). The patient’s
clinician directed the program, ensured

compliance, and also provided further educa-
tion on how to generalize the skills acquired by
the virtual reality headset.

Study Outcomes

The primary outcome of this study was defined
to be average pain relief, as defined on a Visual
Analog Scale (VAS) score on 0–10 (0 = no pain,
10 = worst pain imaginable) while actively
using the Harvard MedTech Vx Pain Relief
Program.

The secondary outcomes of this study
included (1) change in opioid use; (2) average
time thinking about pain; (3) anxiety awareness
and level of immersion in therapy; (4) and
patients’ perception of set goals being achieved.

Measurement of Outcome Data

Pain was assessed using a 0-to-10-point VAS
scale score using the Patient-Reported Out-
comes Measurement Information System
(PROMIS), with 0 representing no pain and 10
representing the worst pain imaginable. Simi-
larly, perceived immersion in therapy and ben-
efit of therapy was assessed using a 0-to-10-
point VAS scale score, with 0 representing no
immersion/benefit and 10 representing maxi-
mal immersion or benefit. Opioid change data
were represented as the proportion of patients
either reducing, increasing, having no change,
or stopping opioid use as a result of therapy.
Average time thinking about pain was recorded
in units of hours. Finally, in regard to assessing
degree of progress towards patient-centered
goals (discussed previously), metrics studied
were whether or not the goals were met as well
as the percentage of change towards specific
goals.

The following questionnaires were also used
to evaluate different component of each out-
come previously discussed, including the Social
Avoidance and Distress Scale (SADS) for
depression and anxiety screening; the Pitts-
burgh Sleep Study for sleep screening; and the
Short Post-Traumatic Stress Disorder Rating
Interview (SPRINT) for post-traumatic stress
disorder (PTSD) screening).
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Data Collection and Analysis

Data were collected for all outcomes from the
physician–patient interactions during the
weekly behavioral phone calls and patient
records. The data were entered into a Microsoft
Excel spreadsheet and stored on an encrypted
server. All continuous outcome data (i.e., VAS
score data [pain and degree of immersion/ben-
efit of therapy] and average time thinking about
pain) was reported as mean of the overall pop-
ulation. In contrast, all categorical data (i.e.,
opioid change data and patient goal data) were
presented as frequency numbers.

Sample Size

Given that this was a pilot retrospective study to
assess the effectiveness of the Harvard MedTech
Vx Pain Relief Program, a sample size/power
analysis calculation was not undertaken.

Data Management

Data analyses were performed using SPSS
Statistics Version 26.0. All data were provided in
aggregate form with means. All tests for signif-
icance were two-tailed with a p value threshold
of 0.05.

RESULTS

A total of 36 patients (16 male and 20 female)
who had acute and chronic pain secondary to
workplace injuries were included; these injuries
severely limited their activities of daily living
and reduced their quality of life. The mean age
of patients was 45, with an age range of 20 to
65. The types of injuries the patients incurred
were in the (1) head and neck (eight patients);
(2) legs and feet (ten patients); (3) shoulders and
arms (11 patients); (4) back (15 patients); or v)
hips, buttocks, glutes, and groin region (five
patients). All patients had workplace injuries
and were on workers’ compensation. The mean
baseline pain score of patients prior to partici-
pating in the program was noted to be 5.71 cm.

Primary Outcome

Pain Severity After Therapy
Throughout each of the 12 weeks of the pro-
gram, patients were noted to have considerably
reduced mean VAS pain scores at each week
after their virtual reality therapy session (Fig. 1).
On average, patients experienced a reduction in
pain by approximately 40% while using the
virtual reality headset, and this was found to be
statistically significant (p\0.05) at each weekly
session. Initially, patients only experienced this
pain relief for 1.9 h; however, with completion
of each weekly session, this was found to be
prolonged to approximately 2.8 h once the
12-week program was completed.

Secondary Outcomes

Average Hours Thinking About Pain
In combination with pain relief, patients also
appeared to have a reduction in the mean daily
time spent thinking about pain symptoms.
Specifically, the average time spent thinking
about pain symptoms decreased from 9.78 h at
the start of the therapy to 2.76 h after comple-
tion of the 12-week program, representing a
roughly 72% reduction (Fig. 2). Importantly,
the reduction in time thought about pain
symptoms was found to broadly improve with
each successive week of therapy.

Opioid Therapy Change
Patient opioid use was assessed at each behav-
ioral visit session and dose changes were recor-
ded. Overall, 69% of patients (n = 25) reported
either a decrease in opioid use or complete
cessation of opioids as a result of virtual reality
therapy. In contrast, only 6% of patients (n = 2)
reported an increase in opioid use as a result of
virtual reality therapy (Fig. 3).

Achievement of Patient-Centered Goals
Patient-centered goals were created at the
beginning of each visit pertaining to pain
reduction, sleep improvement, behavioral
health, or social well-being. The improvement
in pain was previously discussed; however, the
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remaining goal results are presented below
(Fig. 4).

Sleep Improvement
Overall, patients experienced a 115% increase
in the duration of their sleep and 280% increase
in the subjective quality of their sleep after

using virtual reality therapy. Importantly,
patients reported an 85% reduction in sleep
interruptions. For those patients that experi-
enced sleep interruptions, however, 92% were
able to fall back asleep more quickly after
enrolling in the 12-week program (Fig. 5).

Fig. 1 Pain relief on a 0-10 cm visual analog scale (VAS)
across each week before and after completion of virtual
reality therapy. Baseline therapy represents the initial
telephone encounter with patients when the headset was

first received, and prior to initiation of therapy. Values are
represented as means

Fig. 2 Daily hours thinking about pain after each weekly session. Values are represented as means
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Fig. 3 Change in opioid therapy as a result of virtual reality therapy for 12 weeks. Percentage of patients with either no
change, increase, decrease, or complete cessation are depicted

Fig. 4 Improvement in patient goals as a result of virtual reality therapy after 12 weeks. Percentage of improvement towards
goal from baseline (prior to initiation of therapy) is depicted
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Behavioral and Physical Health
After completing the 12-week program, patients
reported an approximately 470% increase in
their ability to focus and complete tasks. Fur-
ther, patients reported a 70% reduction in
anxiety related to pain, thereby leading to
increased engagement in their specific behav-
ioral activity goals.

In regard to physical activity specifically,
many patients reported considerable difficulty
in performing physical activities secondary to
limitations of pain. However, after completion
of the program, patients reported a near 300%
increase in the duration of time physical activ-
ities could be performed and a seven-times
increase in the number of activities performed.

Social Well-Being
Prior to initiating therapy, the majority of
patients reported that pain and psycho-social
comorbidities significantly interfered with their
participation in social activities. However, after
completion of the 12-week program, patients
reported an overall seven-times increase in their
participation in social activities. Furthermore,
patients reported an 85% decrease in overall
forgetfulness and 57% decrease in fatigue.

Patient Immersion and Satisfaction
Across all 12-weeks of the programs, patients
appeared to be highly immersed and satisfied
with virtual reality therapy. Importantly, near

the end of the program, on average, patients
reported their satisfaction and immersion at a
mean of 8.0.

DISCUSSION

The overarching results of our retrospective
analysis suggests that the Harvard MedTech Vx
Pain Relief Program can be an effective means to
manage acute and chronic pain related to work-
related injuries. The program, when completed,
appears to provide meaningful reductions in
pain and opioid use, while also improving the
psychosocial aspects of pain, such as sleep,
behavior, and physical activity. Importantly,
the program was well received by patients, and
very little difficulty was noted immersing in
virtual reality therapy. Taken together, our
findings support the potential role that virtual
reality therapy, through the Harvard MedTech
Vx Pain Relief Program, can play a part of a
multimodal therapeutic option for treating
patients with acute and chronic pain.

Pain is both a sensory and an emotional
experience and is also known to be affected by
various psychological factors [5]. Several differ-
ent theories of pain control have been pro-
posed, however, one of the most widely
adopted theories revolves around the Gage
Control Theory of pain, which posits that
alternative stimuli can reduce the intensity of

Fig. 5 Percentage change in sleep goals for patients after completion of 12 weeks of virtual reality therapy. Percentage of
improvement towards goal from baseline (prior to initiation of therapy) is depicted
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physical pain by blocking pain messages at
nerve gates in the spinal cord [6]. Virtual reality
therapy has the ability to affect this pathway by
blocking or de-sensitizing the physiologic sen-
sation of pain from the peripheral nervous sys-
tem through psychological inputs to the brain
[4]. Mechanisms of this control on an acute
level stem from the possible analgesic role of
virtual reality, which may be due to intercorti-
cal modulation of pain-related signals such as
touch and memory [7]. Indeed with much of
the science research focused on its role in the
acute setting, clinical evidence has thus far
found benefit of its use in the acute pain pop-
ulation, such as in burn care patients and out-
patient medical procedures [8, 9]. However, our
evidence sheds insight on its potential benefi-
cial role for chronic pain patients, and espe-
cially those who have work-related disabilities.
Further, the results of our review further suggest
that improvements in both the physical aspects
of pain, in addition to the psychosomatic
aspects/behavioral components, lend way to
sustained positive outcomes for patients.

For the chronic pain population, our evi-
dence is largely consistent with other smaller
studies [10–12] that have investigated the use of
virtual reality. However, with a much larger
patient population, our study was able to
demonstrate that the program can be success-
fully adhered to and incorporated as a part of a
multimodal regimen to treat patients. This
becomes especially important in the light of the
COVID-19 pandemic, which has prompted a
shift towards telemedicine in treating patients
[13]. Equally as important, virtual reality may
offer patients a remote option for treatment of
their pain that could easily supplement existing
treatments. The role of virtual reality therapy in
this setting may become integral in further
neuromodulation techniques that can be
employed by the chronic pain physician.

It is also important to highlight aspects of
the therapy program itself. Although Harvard
MedTech Vx Pain Relief Program lasted 12
weeks, the optimal duration of therapy and
number of sessions needed has yet to be fully
established. For instance, in case [12] where
virtual reality was used to help treat chronic
neuropathic pain, a total of 33 sessions were

used to provide sustained pain relief. In con-
trast, a study conducted on burn patients
requiring multiple treatments used as little as
three virtual reality sessions on separate days
have also been used [11]. Based on our findings
and evidence from prior studies, it appears that
the optimal duration of therapy may vary based
on the pain state, type, and patient character-
istics. Further, there is some evidence that
repeated exposure to virtual reality therapy may
lead to desensitization; however, our analysis
and those by Rutter et al. (2009) [14] appear to
contradict this claim since benefits of virtual
reality therapy were maintained and persisted.

Strengths and Limitations

Our analysis comes with several strengths. In
one, by using a work-related disability popula-
tion, we covered a select group of patients that
were likely to suffer from chronic pain as a
result of their injury. Further, restricting our
focus to a homogenous population (i.e., work-
place disability) enabled us to validate the
therapeutic benefits of virtual reality therapy for
this specific group of patients. Second, all
patients were able to complete the Harvard
MedTech Vx Pain Relief Program. This is very
encouraging and indicates that this therapy
may be considered practical and not cumber-
some for patients to use. Third, we were
uniquely able to identify reductions in pain and
opioid use as a result of therapy implementa-
tion. Finally, even though the resource limited
COVID-19 pandemic, we were able to imple-
ment the virtual training therapy program,
which signifies its ease of use and limited bar-
riers to adherence.

Our study also comes with several limita-
tions. First, we did not include a control group
of patients who did not undergo the interven-
tion. Unfortunately, as a result of this, we are
unable to draw conclusions regarding the true
incremental effectiveness of the Harvard Med-
Tech Vx Pain Relief Program in comparison to
standard behavioral therapy. Second, our results
were limited by the lack of quantification of
opioid reduction; we were able to provide
qualitative data on this outcome, however,
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quantitative data may be more meaningful for
the clinician. Third, we were unable to evaluate
the cost of using such an intervention for
patients. Given that electronic innovations can
be cost prohibitive, this is an aspect that needs
to be investigated prior to widespread use of the
program. Fourth, our analysis was limited to
workplace injury patients; however, pain may
be perceived differently by this population
[15, 16], and this limits the external generaliz-
ability of our results.

CONCLUSIONS

In conclusion, the Harvard MedTech Vx Ther-
apy appears to be an effective tool in the treat-
ment of pain and the psycho-social issues
associated with pain. This translates into a
greater degree of pain resiliency and an overall
improvement in general wellness and improved
workplace functionality. Overall, the therapy
appears to provide another effective option in
managing acute and chronic pain in patients
with work-related injuries using a multimodal
approach.
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