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Research and Applications
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ABSTRACT
Objective: The aim of this study was to understand the usability and acceptability of virtual reality (VR) among a racially and ethnically diverse
group of patients who experience chronic pain.

Materials and Methods: Using the Technology Acceptance Model theory, we conducted semistructured interviews and direct observation of
VR use with English-speaking patients who experience chronic pain treated in a public healthcare system (n¼15), using a commercially available
VR technology platform. Interviews included questions about current pain management strategies, technology use, experiences and opinions
with VR, and motivators for future use.

Results: Before the study, none of the 15 participants had heard about or used VR for pain management. Common motivators for VR use
included a previous history of substance use and having exhausted many other options to manage their pain and curiosity. Most participants had
a positive experience with VR and 47% found that the VR modules distracted them from their pain. When attempting the navigation-based
usability tasks, most participants (73%–92%) were able to complete them independently.

Discussion: VR is a usable tool for diverse patients with chronic pain. Our findings suggest that the usability of VR is not a barrier and perhaps a
focus on improving the accessibility of VR in safety-net settings is needed to reduce disparities in health technology use.

Conclusions: The usability and acceptability of VR are rarely studied in diverse patient populations. We found that participants had a positive
experience using VR, showed interest in future use, and would recommend VR to family and friends.

LAY SUMMARY
Chronic pain is pain that lasts for weeks, months, or years, and it affects millions of adult Americans each year. Treatment options for chronic
pain typically involve over-the-counter and/or prescription pain medications. However, the use of pain medications, specifically prescription
opioids, if not used properly, can lead to serious harm. There is a need to explore pain management strategies without the use of medications.
Virtual reality (VR) has been shown to be a safe alternative to managing chronic pain, but it is unclear if patients who receive care in a safety-net
healthcare setting would find VR beneficial. To evaluate this gap, we interviewed 15 participants and observed them using a VR headset. Partici-
pants reported positive experiences after using the VR headset, ranging from usefulness as a pain distraction, to ease of navigation use. Ninety-
three percent of participants reported that they would recommend VR to their family and friends. Future research should investigate how VR can
be successfully implemented and sustained in safety-net healthcare settings.

Key words: virtual reality, medical informatics, information technology, implementation science, qualitative research

INTRODUCTION

Virtual reality (VR) has proven to be a safe and effective pain
management strategy.1–4 In general, patients consider VR to

be a positive experience in managing their pain.5 However,
most studies were conducted in primarily White, well-
resourced settings. It is unclear whether VR is a viable pain
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management strategy among historically marginalized
patients, who already face disparities in pain management.6

Among patients with chronic pain, Black or African Ameri-
can patients report significantly higher pain severity com-
pared to White patients.7–12 Despite this higher burden of
pain, Black or African American patients are 22% less likely
than White patients to receive pain medication due to physi-
cian perceptions, bias, and racism.13 Furthermore, uninsured
patients, who come from low socioeconomic backgrounds
and identify as a minority are more likely to experience delays
in care and poorly coordinated care.14 These patient groups
are also less likely to have access to primary care,14 where
most chronic pain is managed in the United States.15

Medication therapy for chronic pain has significant risks.
Nonopioid pain medications can cause serious adverse
events,16 and opioid misuse has reached epidemic proportions
in the United States.17,18 This leaves patients with chronic
pain in a vulnerable position if providers fail to prescribe and
monitor medications carefully. Policies to enhance opioid
safety have had the unintended consequence of leaving some
patients with chronic pain untreated, as they now face greater
difficulty accessing medication for pain.19 Safer, effective
alternatives to manage chronic pain are needed, particularly
for patients who already face access barriers to adequate care
and disparities in opioid overdose deaths.20

As patients are interested in using digital tools to manage
their health,21,22 and clinicians are interested in VR as an
adjunct or replacement pain management treatment,23 VR
may be a useful option for many patients with chronic pain.
However, despite the benefits of portability, and the potential
for an effective, safer treatment, VR has yet to be integrated
as an alternative for treating chronic pain. A recent study
assessing barriers to VR implementation in safety-net settings
found that providers faced challenges to VR adoption, includ-
ing lack of reimbursement, concerns that existing VR content
may not be relevant to diverse patients, and integrating VR
into current clinical workflows.23

Additionally, in the existing literature, there are limited
studies that have evaluated the usability of VR among
racially, ethnically, and/or socioeconomically diverse
patients.24 A recent study examined the usability and accept-
ability of VR for nutrition education among adult-child dyads
with low income.25 This evidence gap poses a barrier to VR
uptake in these populations as well as the integration of VR
as a treatment within safety-net settings, which disproportion-
ately care for non-White patients and those who are unin-
sured or have low income. To evaluate VR’s usability among
patient groups who receive care in the safety-net setting and
could potentially benefit from this technology, more research
must be done. Device designers should assess the quality of a
user’s experience as they interact with the product to adapt
these tools to be more appropriately and effectively designed
for the device users.26 To address this gap in research, we
aimed to characterize usability barriers and facilitators of VR
for chronic pain management.

MATERIALS AND METHODS
Study design

We conducted usability testing to examine VR for pain man-
agement among patients who receive care within a public
healthcare system. We used semistructured, qualitative

interviews to collect information about technology use, cur-
rent pain management approaches, challenges with pain man-
agement, and opinions about VR (see Supplementary
Appendix S1). We conducted direct observations of partici-
pants while they used the VR headset and completed usability
tasks. We also asked participants about their pain before and
after using the VR headset using the following question,
“Please rate your pain by indicating the number that best
describes your pain on average in the last 24 hours, with 0
meaning ‘No pain’ and 10 meaning ‘Pain as bad as you can
imagine’”27—to explore patient-reported pain in an explora-
tory way within our usability testing sample. We obtained
institutional review board approval (# 19-29025) for this
study from the University of California, San Francisco
(UCSF).

Setting and participants

This study took place at a publicly funded, urban, safety-net
health system. We recruited participants via an existing pain
management registry list from April 2021 to September 2021.
We queried this registry through electronic health records to
identify patients who (1) had established primary care within
the network and (2) had been prescribed an opioid for greater
than 90 days and seen in the Pain Clinic within the past 6
months. Per health system policy, we contacted participants’
primary care providers to review their patient’s eligibility for
our study and ask for permission to contact their patients.
Patients were recruited using convenience sampling. Patients
were eligible for the study if they were (1) over 18 years of
age, (2) English speaking, (3) not currently incarcerated, (4)
had the cognitive ability to consent, and (5) had no history of
seizure disorder, vertigo, or claustrophobia.

VR platform

Participants used the RelieVRx system (AppliedVR, Los
Angeles, CA), an FDA-authorized digital therapeutic for
chronic lower back pain (Supplementary Figure S1). The
RelieVRx system is typically used as an 8-week curriculum
that incorporates relaxation-response exercises, biopsychoso-
cial pain education, mindfulness exercises, executive function-
ing games, and diaphragmatic breathing training, ranging
from 2 to 16 minutes in length. For our study, only a subset
of the available modules was used to assess user experience
and usability in 1 session (Supplementary Figure S2). We
selected 3 modules that focused on pain distraction, breath-
ing, and mindfulness for a total of 14 minutes of platform use
conducted in that 1 research session. Shorter modules were
selected based on literature suggesting that 15–30 minutes of
continuous VR use is optimal.28 In addition, we wanted to
ensure participants were able to experience different types of
modules. The immersive therapeutic system includes a VR
headset and hand-held controller. The system also offers
hands-free, gaze-based control. For this study, we had partici-
pants use gaze-based control to navigate the VR content. We
chose gaze-based control as an interaction method because it
allows for faster pointing,29,30 reduces arm fatigue,31 and
frees the hand for other tasks.31,32

Analysis

We used the qualitative software Dedoose (Los Angeles, CA)
to conduct our analysis. Two authors (MD and KO) inde-
pendently read through 4 transcripts to identify themes that
emerged from the interviews. We then developed a
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preliminary codebook based on these themes and applied
them to the remaining transcripts. We subsequently met regu-
larly in the larger research team meetings to discuss any new
inductive codes that emerged from the transcripts. After we
completed coding all transcripts, we systematically reviewed
the codes and read the accompanying excerpts in greater
detail to identify thematic clusters. We continued recruiting
participants until thematic saturation was reached. Cluster
themes were then grouped under the Technology Acceptance
Model (TAM) (Figure 1). TAM was adapted from 2 psycho-
logical theories, the theory of reasoned action and the theory
of planned behavior. TAM asserts that a user’s acceptance of
technology is influenced directly by 2 main factors: perceived
ease of use and perceived usefulness,33,34 alongside external
variables that impact perceptions (such as existing treatment/
care management practices).

In addition to employing an inductive-deductive approach
to understanding the acceptance of VR for pain management,
we focused on predetermined tasks to assess for task comple-
tion (Table 1). We categorized levels of task completion based
on a previous usability study we conducted.35 Our usability
test focused on participants’ ability to navigate through each
session using gaze-based control. All 3 modules required navi-
gating through the same number of tasks: (1) library, (2)

specified curriculum (eg, pain distraction), (3) specified mod-
ule (eg, “Hocus Focus Immersion”), and (4) library. For each
session, participants attempted to complete all tasks before
needing direct intervention from the interviewer. Although
there is not a gold standard, many developers use a cut-off of
70% task completion on the first attempt as a useful metric
for usability.36

RESULTS

We received a list of 154 prospective English-speaking partici-
pants from our query. We then reached out to the primary
care providers of 148 prospective participants (6 individuals
did not have an assigned PCP). We received a response for 86
patients. Based on our eligibility criteria, 19 individuals were
deemed ineligible by their PCP. We received permission to
contact 67 prospective participants. During our outreach, 7
were deemed ineligible after screening for history of seizure
disorder, vertigo, or claustrophobia. Forty-five either declined
to participate or did not answer our calls after 3 attempts. In
total, we recruited 15 participants with chronic pain in any
part of the body between April 2021 to September 2021. The
majority were male (67%), and half the participants identified
as Black or African American (Table 2).

Participants with chronic pain perceived the VR interven-
tion as useful and acceptable. Before participating in the
study, no participants had heard about or used VR for pain
management, but the majority were interested and willing
to try it. After using the VR headset, 93% (14/15) of partic-
ipants said they would recommend VR to their family and
friends.

External variables influencing perceived usefulness

and perceived ease of use

Participant experiences with existing pain management strat-
egies were a key factor in the perceived usefulness of VR. In
discussing current strategies, 87% (13/15) reported using pre-
scribed or over-the-counter medication to manage their
chronic pain. However, 67% (10/15) of unique participants
mentioned facing various challenges with their medication:
40% (6/15) reported that their medications fail to relieve their
pain, 20% (3/15) reported not wanting to be prescribed

Figure 1. Technology acceptance model.

Table 1. Definitions for each completion type

Completion type Definition of each completion type

Successfully
completed

Participant immediately navigates to the correct
screen and selects the appropriate module
after receiving verbal instructions once.

Successfully
completed
with help

Participant has clarifying questions about the
appearance of a menu or page, but not ques-
tions about actions that need to be taken. The
participant eventually completes the task
without direct intervention from the
interviewer.

Partial After providing verbal instructions twice, the
participant can navigate to the correct screen
on their own.

Unsuccessful Participant requires interviewer’s direct interven-
tion/guidance after at least two unsuccessful
attempts to find the correct module.
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opioids due to the previous history of drug addiction, and
13% (2/15) mentioned their provider wanting to change their
medication dosage.

I was on opiates for a while, but opiates don’t do it for me.

The best thing that does it for me is ibuprofen, but I can’t

take ibuprofen because it messes with my stomach so

badly. [PTID75, 47 years old, White male]

Additionally, 53% (8/15) reported participating in physi-
cal therapy or exercise as a current approach to managing
their pain, although 27% (4/15) of participants mentioned
having a difficult time staying active due to exercise causing
more pain. As a result, most participants were open to
exploring alternative pain management strategies, citing key
motivators such as a previous history of substance use and/or
abuse, and having exhausted all other methods to manage
their pain.

If I’m going to my physical therapy and stuff and she does

my exercise, then I’m in pain using muscles I haven’t been

using in over ten years I can’t stand. I can stand for maybe

eight seconds or seven seconds. [PTID82, 62 years old,

Black male]

In our exploratory analysis, when we asked participants
to describe their pain in the last 24 hours, the average rating
was 7.3 before using the VR headset, with 3 being the lowest
number reported and 10 being the highest number reported
(Figure 2). When we asked participants to describe their pain
after using the VR headset, 9 participants’ pain levels
remained unchanged; 3 participants rated their pain lower
after using the VR headset.

Perceived usefulness: pain distraction

Overall, 47% (7/15) of participants reported that the VR
modules distracted them from their pain. Participants com-
mented that the modules helped them focus on something
other than their pain. However, of those who reported dis-
traction, 43% (3/7) mentioned that once the VR headset is
removed, their pain came back despite having been dis-
tracted from it while wearing the headset. Conversely,
57% (4/7) of participants who reported distraction
noted that they felt calming after-effects on their pain after
using VR.

Unbelievable. It distracted me. Everything went away. I

was in a whole different world. [PTID26, 63 years old,

Hispanic/Latino male]
. . .while I was using the system and my mind was focused,

I didn’t feel anything. But now that I’m back and I’m not

using anything, we go back to reality, my knees said,

“Hey, I’m here, buddy. Let’s get going,” you know?

[PTID18, 43 years old, Pacific Islander male]

Perceived usefulness: adjunct therapy

Although 13% (2/15) of participants viewed VR as a
useful and acceptable replacement for their existing pain
management strategies, 27% (4/15) could not see it as a
replacement.

I wouldn’t go that far [to replace my pain medication with

VR] . . . the limited amount of use, but I imagine it could.

[PTID75, 47 years old, White male]

Twenty-seven percent (4/15) of participants were unsure if
VR could be a replacement strategy, citing reasons such as
individual preferences and requiring extended use. Sixty per-
cent (9/15) of participants were more open to using VR as a
supplement to their existing pain management strategies.

I mean, it’s a tool that helps but I don’t think that it could

100% replace the regimen that they got me on. . . It would

just be a perk. Luxury is what it would be. [PTID18, 43

years old, Pacific Islander male]

Perceived ease of use: comfort

When we asked participants to provide feedback on how the
headset fit and felt on their heads, most participants expressed
that the headset was comfortable to wear.

It’s not too heavy. It’s just right. It’s just the right fit.

[PTID31, 61 years old, Black female]

Table 2. Participant demographics

Characteristics Overall, N¼15, n (%)

Age (mean 6 SD) 55.80 (9.99)
Sex

Male 10 (67)
Female 5 (33)

Sex at birth
Male 10 (67)
Female 5 (33)

Gender
Male 10 (67)
Female 5 (33)
Nonbinary 0 (0)

Ethnicity
Hispanic/Latino 2 (13)
Not Hispanic/Latino 13 (87)

Racea

White or Caucasian 3 (21)
Black or African American 7 (50)
Asian 1 (7)
Native Hawaiian/Pacific Islander 1 (7)
American Indian/Alaskan Native 2 (14)
Other 3 (21)

Educationb

No high school 0 (0)
Some high school 0 (0)
High school 7 (50)
Some college 3 (21)
College degree 3 (21)
Graduate degree 1 (7)

Comfort filling out medical forms
Not at all 2 (13)
A little bit 1 (7)
Somewhat 6 (40)
Quite a bit 2 (13)
Extremely 4 (27)

Abbreviation: SD: standard deviation.
a Participants could provide multiple responses. N¼ 14 (1 participant

did not respond).
b N¼ 14 (1 participant did not provide a response).
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Two participants commented on the weight of the headset.
They thought that the headset was a little heavy, and conse-
quently, they were hyperaware that they were wearing the head-
set. Participants recommended a lighter and thinner design.

If they could make something a little thinner or a little
lighter too – as you could get into your breathing and your
everything, get more relaxed, and if that thing was a little
bit lighter, you could completely forget about wearing it.
[PTID20, 68 years old, White female]

Perceived ease of use: navigation

For the pain distraction module, 73% (11/15) of participants
were able to complete the navigation-based tasks independ-
ently; 13% (2/15) of participants were able to complete the
tasks “partially or with assistance,” with clarifying questions
or repeated instructions from the interviewer; and 13% (2/
15) required the interviewer’s direct intervention to complete
the task. For the breathing module, 80% (12/15) of partici-
pants were able to complete the tasks independently; 13% (2/
15) completed tasks “partially or with assistance”; and 7%

Figure 2. Pain assessment of participants before and after use of virtual reality. Missing data for 3 participants pt88, pt82, and pt83.

Figure 3. VR usability tasks. *Two participants decided to stop and did not complete the module.

JAMIA Open, 2023, Vol. 6, No. 3 5



(1/15) required the interviewer’s direct intervention to com-
plete the task. For the mindfulness module, 2 participants
chose not to complete the module. Of the participants who
completed the module, 92% (12/13) completed all tasks inde-
pendently and 8% (1/13) of participants were unable to com-
plete the tasks without the interviewer’s direct intervention
(Figure 3).

It’s perfect. Just go to the library and select what you need.

[PTID69, 58 years old, Hispanic/Latino male]
I probably would need help getting started. [PTID56, 60

years old, Black female]

DISCUSSION

Patients have demonstrated interest in using digital tools, such
as VR, to manage their health.37–39 Our findings show that
VR may be a useful tool for diverse patients experiencing
chronic pain. Future studies should further explore VR use in
the safety-net healthcare setting. Most participants were able
to complete the navigation-based tasks without any help. In
the context of TAM, this suggests that perceived ease of use
(ie, usability) of VR was not a barrier for most participants in
this study. Instead, and moving beyond ease of use and useful-
ness, (1) improving awareness and integration of VR in
safety-net settings and (2) ensuring that implementation will
work in patients’ homes/contexts, is needed to address the
widening gap in health technology use.40–42 We hope that
future researchers employ implementation science research
designs and methods, such as a hybrid type 2 implementation
trial to assess the effectiveness, feasibility, and implementation
of VR for chronic pain in a safety-net healthcare setting,43 to
better understand VR’s impact for clinical use.

Although more than half of the participants were either
unsure or did not see VR replacing their existing pain man-
agement strategies, the majority did think it could be a useful
tool to supplement their treatment. For example, among
almost half of the participants, VR use may be an effective
distraction from pain. This finding is similar to that of
randomized trials that found VR to be an effective distraction
technique in patients with chronic back pain and breast can-
cer pain.2,3

Similarly, the influence of external variables, including the
patient’s history of pain, technology use, and pain manage-
ment strategies, impacted participants’ perception of how
beneficial VR would be for them. Many faced challenges
related to their pain management, having exhausted other
treatment options, and some even choosing to endure the pain
without treatment. As such, participants were curious and
willing to try a new approach that could potentially help with
their pain. This experience is consistent with a prior study
examining acupuncture for chronic pain among a racially/eth-
nically diverse patient population.44 However, some partici-
pants were hesitant about the therapeutic effects of VR, due
to the “type of pain” they have, suggesting that some partici-
pants’ perception of their pain severity may directly impact
their attitude toward trying VR. A review of pain beliefs
emphasized that patients’ beliefs influence their pain percep-
tion and response to treatment.45

Limitations

Our study has some key limitations. First, although we
attempted to recruit a diverse sample in our study, half of our
participants received a college education, which may have
potentially biased our results in terms of participants’ per-
ceived usability of VR. In addition, most participants in our
study were male and, therefore, our findings may not be rep-
resentative of all chronic pain patients. Past studies have
shown that women are more likely to experience chronic
pain46 but are less likely to be prescribed analgesics.47

Although we attempted to recruit a balanced sample, we
found that many eligible female participants declined to par-
ticipate; future studies should focus on recruitment strategies
to achieve a representative sample. Second, we included only
English-speaking patients, excluding a large portion of
patients at our study site whose primary language is not Eng-
lish. We included English-speaking participants because the
VR content was only available in English. Third, because
usability testing involved interviewing as a data collection
method, participants may have been hesitant to be completely
honest in their feedback due to social desirability bias. Fur-
thermore, our navigation method (ie, using gaze-based con-
trol vs hand-held controller) may have impacted the usability
of VR for some participants since a gazed-based control may
not be as commonly used as a hand-held controller. Our qual-
itative study reached thematic saturation and identified key
themes for the usability of VR, and future studies may focus
on the generalizability of these findings within a larger sam-
ple. Additionally, the device used in our study is clinically
demonstrated to decrease pain for patients with chronic lower
back pain. Study participants were not limited to those experi-
encing chronic lower back pain; hence usability could be
affected by the device’s application to a broader population
than was intended. We only assessed the usability of 1 user
interface. Future studies should evaluate other VR devices for
technology acceptance to be more generalizable. We asked
participants to rate their pain in the last 24 hours before and
after using the headset as opposed to asking participants to
rate their pain “right now.” This may have skewed partici-
pants’ pain rating after using the headset. Last, our sampling
was based on opioid use because our health system has an
electronic registry for patients receiving chronic opioid pre-
scriptions, and therefore this group of patients was more reli-
ably identified than the broader group of patients with
chronic pain, which can be challenging to accurately identify
using the electronic health record.

CONCLUSION

The objective of our study was to assess the usability and
acceptability of VR among patients diverse in race, ethnicity,
education, and health literacy. We found that participants
had a positive experience using VR, showed interest in future
use, and would recommend VR to their family and friends.
Future studies should evaluate the use of VR for chronic pain
among diverse populations in real-world settings, including
engagement, effectiveness, and sustainability of VR for
chronic pain treatment.
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