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Abstract

Background: Virtual reality (VR) has potential to improve chronic pain management outcomes. However, the majority of
studies assessing VR are conducted in predominantly White populations in well-resourced settings, thus leaving a gap in knowledge
of VR use among diverse populations who experience a significant chronic pain burden.

Objective: This review aims to examine the extent to which usability of VR for chronic pain management has been studied
within historically marginalized patient groups.

Methods: We conducted a systematic search to identify studies with usability outcomes located in high-income countries that
included a historically marginalized population, defined by a mean age greater than or equal to 65 years, lower educational
attainment (greater than or equal to 60% having attained high school education or less), and being a racial or ethnic minority (less
than or equal to 50% non-Hispanic White people for studies based in the United States).

Results: Our analysis included 5 papers, which we used to conduct a narrative analysis. Three studies examined VR usability
as a primary outcome. All studies assessed VR usability using different measures, of which 4 found VR to be usable by their
respective study population. Only 1 study found a significant improvement in pain levels post–VR intervention.

Conclusions: The use of VR shows promise for chronic pain management, but few studies include populations that are older,
have limited educational attainment, or have racial or ethnic diversity. Additional studies with these populations are needed to
further develop VR systems that work best for diverse patients with chronic pain.

(J Med Internet Res 2023;25:e40044) doi: 10.2196/40044
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Introduction

Background
Virtual reality (VR) has been defined as the use of computer
technology to create the effect of an interactive 3D world in
which the objects have a sense of spatial presence [1]. Over the
past 2 decades, VR has been tested and used in a variety of
health care settings, including medical education or training,
physical rehabilitation, pain management and distraction from
procedure-related symptoms (eg, anxiety and distress), and
treatment of psychiatric disorders (eg, phobias) [2-9].

VR Capabilities for Chronic Pain
There is evidence on the immediate effectiveness of VR on
acute and chronic pain management [10-13]. In clinical settings,
patients using VR have exhibited reduced levels of pain, anxiety,
and distress during medical procedures and experimental stimuli
[14]. Although exact neuropsychological mechanisms behind
VR’s effect are unclear, it is thought that VR may influence the
body’s pain signaling pathway [15]. To be effective for chronic
pain, VR treatments must be feasible for patients to navigate
and use, particularly because patients with chronic pain play a
more active role in their pain management, self-administering
medications, and engaging with nonpharmacological approaches
compared to patients with acute pain.

Disparities in Chronic Pain Treatment
Because there are significant disparities in chronic pain
incidence and treatment [16-18], it is critical to examine the
usability of VR among these groups in order to determine
whether VR as chronic pain treatment can be widely used.
Among older adults, chronic pain is highly prevalent and is
associated with greater health costs. However, older adults are
limited in their ability to take medication due to side effects that
may result in additional health risks, such as cognitive
impairment or increased risk of falls [19]. Additionally, in the
United States, those with a high school education or less have
been found to be more likely to experience severe chronic pain
in comparison to college graduates [20]. Moreover, Black
patients report significantly increased pain severity in
comparison to White patients [21-26]. Despite facing an unequal
burden of pain, Black patients are 22% less likely than White
patients to receive any analgesics as a result of physician
perceptions, bias, and racism [27]. Uninsured patients, as well
as those from low socioeconomic backgrounds or minority
groups, are also more likely to experience delays in care and
poorly coordinated care and are less likely to have access to
primary care [28], where most chronic pain is managed in the
United States [29]. Even if patients are able to access and receive
chronic pain treatment, it can lead to problematic and potentially
fatal opioid usage if not prescribed and monitored carefully
[30]. Decisions about pain management are complex,
particularly for chronic conditions that have no physical
indicators of disease (eg, complex regional pain syndrome and
fibromyalgia) [16], leading to physician reliance on stereotypes
when under conditions of uncertainty [31,32].

Opportunities for VR to Address Pain Disparities
With a clear divide in medication treatment for historically
marginalized patients who need it most, along with the risks of
opioids [33,34], there is an urgent need for alternative options
in chronic pain management. VR and other wearable devices
act as an adjunct treatment option for acute and chronic pain.
In previous studies, patient beliefs that medication use is the
best or an important treatment method decreased over time after
completing alternative pain management programs (ie,
meditation, physical therapy, and cognitive behavioral therapy)
[35,36]. Patients have demonstrated interest in using technology
to manage their health [37,38] as well as clinician interest to
use VR as an adjunct or replacement to opioid agents [39]. With
benefits of safety, portability, and potentially affordable relative
costs, VR may be an ideal option for patient groups who are
unable to access care and other treatment methods. However,
even with evidence proving the efficacy and feasibility of VR
therapies for pain management, standard care for chronic pain
has yet to integrate VR as part of it due to implementation
barriers such as cost, need to dedicate additional time to learn
how to use the VR device, and lack of culturally relevant VR
content [39-41]. Understanding more about its usability and
efficacy will help apply this method of treatment to diverse
patients who could benefit from this technology.

To determine usability, device designers should assess the
quality of a user’s experience as they interact with the product
[42]. By gathering information on device usability, using user
feedback can improve these tools to be appropriately and
effectively designed for end users of the intervention [43]. In
existing literature, there is an evaluation gap on the use of VR
therapy among populations that have been historically
marginalized. This poses a barrier to clinical uptake in safety-net
settings, which provide health care and other services for
low-income and racially or ethnically diverse patients who are
on Medicaid or are uninsured [44]. In the United States,
safety-net health systems rely on local, state, and federal funding
to provide care to populations who are uninsured or underinsured
and therefore, would otherwise lack access to care [45].
Safety-net health systems stand to benefit from innovations like
VR, as they often lack access to scalable, effective technology
interventions and are at the front line of care for patients at risk
of experiencing health and health care disparities [46]. Even
when available, such tools may not be successfully implemented
in safety-net settings if they were not also designed for
historically marginalized patients as the intended users [47,48].
It is clear that VR, as well as other digital tools, must be
designed differently from those that are used in and designed
for White populations so that it is usable and relevant for diverse
populations.

In a previous study, health care providers and leaders from
safety-net settings identified VR to be useful, scalable, and an
appealing alternative to existing pain management approaches
[39]. Current providers using VR noted positive patient feedback
but raised concerns that existing VR content may not be
engaging for diverse patients and may pose challenges for
patients who are not comfortable using technology [39]. Thus,
this literature review will show that there is very little current
research that has explored VR usability for historically
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marginalized patient groups. This encompassed understanding
the studied patient populations, the usability of VR therapy
headsets, and the relevancy of VR content shown.

Methods

This review largely followed Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[49], though there is no statistical analysis, as this is a systematic
literature review and not a meta-analysis.

Search Strategy
We performed a search of the literature in PubMed on May 20,
2021. The search strategy combined 2 main concepts: VR for
pain management and usability testing, including search terms
reflecting feasibility and acceptability (Table 1).

We applied Boolean logic to the search by combining similar
terms with OR and using AND between the 2 concepts;
examples include “virtual reality” [Mesh] AND (“pain” OR
“analgesic”) [tiab]. Due to the specific focus of our review on
VR for chronic pain, this search was conducted only within the
biomedical literature in PubMed with no date restrictions.

Table 1. Search strategy details.

Results, nSearch strategyDatabase searchedDate

295(((“VR”[Mesh]) OR (“virtual reality”[Mesh])) AND ((“pain”[tiab) OR (“analge-
sia”[tiab])) AND ((“management”[tiab]) OR (“distraction”[tiab])) [232]

AND

(((“VR”[Mesh]) OR (“virtual reality”[Mesh])) AND ((“pain”[tiab]) OR (“analge-
sia”[tiab])) AND ((“usability”[tiab]) OR (“feasibility”[tiab]) OR (“acceptabili-
ty”[tiab]))) [63]

PubMed (2000-present)May 20, 2021

Inclusion Criteria
This review focuses on studies that included at least one
historically marginalized population, which we define using the
following criteria: mean age (≥65 years), education (≥60% high
school education or less), or race or ethnicity (≤50%
non-Hispanic White for US-based studies; race or ethnicity
standards do not apply to non-US studies). We have chosen to
use these 3 identities because all 3 are groups that face chronic
pain disparities [19,20,50,51]. Our rationale to include study
populations with a mean age of ≥65 years follows the World
Bank definition of older adults [52]. We included studies with
≥60% high school education or less to ensure that studies
included a majority of adults with low educational attainment
given that 66% of the world has attained a secondary education
[53]. Studies with ≤50% non-Hispanic White people were also
included for US-based studies to allow for equitable
representation of patients of color who are frequently not
included in clinical research [54]. Additionally, we focused on
studies in high-income countries, as defined by the World Bank
[55], due to relatively matched rates of technology uptake and
advancement [56]. Further, we included papers that examined
VR usability for chronic pain management, which we define as
studies that evaluate “how effectively, efficiently and
satisfactorily users” with chronic pain could interact with VR
[57].

Exclusion Criteria
Papers were reviewed and excluded at 2 levels. At the first
screening level, we reviewed titles and abstracts and excluded
papers if they were not original research, were single case
reports, or studied VR usability to manage experimental pain,
acute pain, procedure-related pain, or psychological symptoms
(eg, anxiety, depression). These studies were excluded because
the interventions would potentially involve strategies specific
to a population group that does not experience physical chronic
pain, thus making it difficult to generalize their application to

patients with chronic pain. Any pediatric studies were excluded
due to interviews and surveys focusing on providers and
guardians of patients, rather than the patient’s own input.

At the second level, the full text of the papers was reviewed.
We excluded papers that we could not retrieve full text of, did
not collect participant demographics, did not assess VR
usability, or were not conducted in high-income countries.
Papers that did not include at least one historically marginalized
patient group were also excluded; this specifically excluded
populations that were <60% high school educated or less, were
aged <65 years, or >50% non-Hispanic White for US-based
studies. Due to lower- to upper middle–income countries facing
barriers to technology advancement [56], we excluded studies
conducted in these countries to account for device feature
differences that may limit VR usability.

Data Analysis
A spreadsheet was developed in Excel (Microsoft Corp) to
extract study characteristics. Data extracted from included
studies were study design, sample size, study setting, participant
demographics, outcome measures, measurement tools, and study
findings. MD completed title and abstract screening, as well as
full-text screening. Given that the data we aimed to extract are
fixed and leave no room for interpretation, we were able to
ensure uniform data extraction and analysis.

Results

Overview
In total, 295 studies were identified using our search criteria,
of which 44 duplicates were removed (Figure 1). We then
screened 251 papers for inclusion based on title and abstract,
of which we excluded 226 papers based on exclusion criteria.
Of the remaining 17 studies, 12 were excluded because they
did not meet demographic criteria (Multimedia Appendix 1).
Overall, 4 studies were missing the necessary data, and 8 studies
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did not have a sufficient number of participants from a
historically marginalized group. Thus, only 5 studies were found
that evaluated usability of VR for chronic pain management
among populations that have been historically marginalized
(Table 2). All included studies collected 1-3 participant

demographic characteristics and were published in the past 6
years (2015-2020).

Of these studies, 3 were conducted in the United States [58-60],
1 was conducted in Spain [61], and 1 was conducted in Germany
[62]. Across all 5 studies, participants rated VR very favorably
as a pain management strategy.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Table 2. Study characteristics (n=5).

FindingsUsability out-
come

Usability test-
ing method

Study objectivePopulation demographicsSize,
N

Study de-
sign

Author (year
of publication)

All participants reported
overall positive experi-

Qualitative
themes: usabil-

Qualitative in-
terviews

Examine applicabil-
ity and effective-

ness of a VRb inter-

12Observa-
tional
(mixed
methods

Benham et al
(2019) [59]

• 92% White
• 67% female

ences. Overall, 47% expe-
rienced an undesirable

ity assessment
and satisfac-
tion

• Mean age 70.2 (SD

3.6) yearsa vention for pain,
depression, andexplorato-

ry)
symptom, but all symp-
toms were related to a spe-
cific activity that could be

quality of life in
older adults.

avoided in future use;
91.7% reported they would
continue use if given the
chance; and 100% would
recommend the device to
other seniors.

Selected applications did
not calibrate in intensity as

Ratings of im-
mersion, self-

Quantitative
questionnaire

Assess effect and
feasibility of VR
usage on fear of

16Observa-
tional (sin-
gle-arm
feasibility)

Fowler et al
(2019) [58]

• 50% White, 25%
African American or
Black, 12% Hispanic
or Latino, and 13%

othera

expected (low-movement
applications rated higher
in intensity and high-
movement applications

reported VR
intensity, ses-
sion length,
and side ef-
fects

movement, pain
outcomes, and pa-
tient functioning.• Mean age 48.88

(11.62) years rated lower). Sessions
were also rated too short.• 81% male
Minor adverse events in-
cluded cybersickness
symptoms and neck strain.

Participants had high satis-
faction with VR treatment.

Rating of ac-
ceptability and
satisfaction

Quantitative
questionnaire

Assess acceptabili-
ty and efficacy of
VR based on activ-
ity level, pain,

61Random-
ized con-
trol trial

Garcia-Pala-
cios et al
(2015) [61]

• 100% White
• 100% female

They found the treatment
logical and useful and

• Mean age 50.48 (SD
9.78) years

quality of life, and would definitely recom-• 21% less than elemen-
tary level of educa- mend it to a friend. The

participants did not find
mood of patients
with fibromyalgia.tion, 36% elementary

level of education, the treatment aversive or
unpleasant. The VR device
was deemed highly useful.

31% completed high
school, and 11%

completed universitya

• 79% married, 10%
single, 10% divorced,
and 2% widow

All participants assigned
higher avoidance, expected

Ratings of
content validi-
ty; SUS

Usability
questionnaire

(SUSc)

Determine content
validity and feasi-
bility of VR appli-
cation use.

12Observa-
tional (con-
tent validi-
ty and feasi-
bility)

Hennessy et al
(2020) [60]

• 100% Blacka

• 67% female
pain, and expected concern
for high-intensity modules
compared with low-intensi-
ty modules. Participants

• Mean age 54.3 (SD
5.1) years

rated the usability of the
VR application as accept-
able.

Key requirements were
target-group–specific and

Expert and us-
er require-

Qualitative
questionnaire

Understand expec-
tations, desires,
preferences, and

15Observa-
tional (us-
ability
evaluation)

Stamm et al
(2020) [62]

• Mean age 75.9 (SD
6.9) yearsa

included individual brief-
ing, user-friendly handling,
inclusion of movement

ments assess-
mentsbarriers of VR pain

therapy. Determine
limitations, presentation offrameworks of
everyday scenarios intherapy by physio-
combination with biofeed-therapists and psy-

chotherapists. back, age-appropriate
feedback through praise
and awards, and a maxi-
mum exercise duration of
30 and 15 min of relax-
ation.
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aReported study demographic that met inclusion criteria.
bVR: virtual reality.
cSUS: System Usability Scale.

Age
Stamm et al [62] and Benham et al [59] specifically sought to
examine usability among adults aged 65 years or older. Age
was the only demographic reported by the former study, whereas
the latter also reported gender and race, which revealed study
participants to be majorly female and White. Additionally,
Stamm et al [62] focused on testing VR with participants
experiencing chronic back pain, and while VR usability as an
outcome was an inclusion criterion met by all included studies,
their study had usability as a primary study outcome, and
Benham et al [59] had it as a secondary outcome. Both studies
deployed qualitative questionnaires and interviews, respectively.
However, only Benham et al [59] asked participants about their
overall experience with VR in addition to exploring the usability
of the device. All participants found VR to be a positive
experience and would recommend the device. However, Benham
et al [59] also found that almost half of the study’s participants
experienced an undesirable symptom that was related to a VR
activity that could be avoided in the future.

Stamm et al [62] solely conducted a requirement analysis of the
VR device; thus, they did not inquire about patient satisfaction
with the device. Instead, this study found key elements and
content that should be included in VR to make it relevant and
usable for patients and health care providers, including device
tutorials, user-friendly handling, and positive system feedback.
Both studies explicitly recommended supervision of VR usage
if applying the device to groups who face difficulties navigating
the device (ie, patients with low digital literacy) and when used
by older adults due to the possibility of adverse side effects
from VR.

Education
Garcia-Palacios et al [61] was the only study we found that
included a significant percentage of participants who were high
school educated or less. This study was conducted in Spain, and
the majority of study participants were female; the study authors
did not mention intentional recruitment of participants who
were high school educated or less. They had VR usability as a
secondary outcome. To assess usability, they used an adapted
quantitative scale to assess participant satisfaction and
acceptability with the VR treatment. Patients found the VR
system logical and useful and rated the overall treatment
positively. This study did not gather data to evaluate VR content
relevancy.

Race
Hennessy et al [60] and Fowler et al [58] did not mention
intentional recruitment of participants from racial or ethnic
minority backgrounds; however, the former study specifically
focused on evaluating VR with participants experiencing chronic
back pain. Both studies examined VR usability as a primary
study outcome. Hennessy et al [60] conducted a feasibility trial
to determine content validity of a VR-graded exposure approach
for patients with chronic low back pain. Participants deemed

the VR treatment usable through the System Usability Scale
[63]. This was the only study to use the System Usability Scale
as a primary measure of intervention usability. Fowler et al [58]
assessed usability through a quantitative rating questionnaire.
Even though it was not significant, participants reported minor
side effects and heaviness of the VR headset. In general,
participants rated 20-minute VR sessions as too short. Finally,
both studies found that participants expressed concern about
using VR because some VR content required higher levels of
activity intensity than manageable for them.

Discussion

Principal Findings
By examining existing literature on VR usability for chronic
pain management, our findings expand beyond prior systematic
reviews that found VR to be effective [64-66]. To our
knowledge, there are no other reviews on the usability of VR
for chronic pain management. By specifically including studies
that included historically marginalized participants, our results
offer the first comprehensive assessment of existing literature
on VR usability for chronic pain management among
marginalized populations, who are most likely to experience
high burdens of disease and health inequities. Although we
found 5 studies that met our review’s parameters, our findings
point out a clear need for future studies in VR for pain
management to intentionally include historically marginalized
groups who frequently do not have access to alternative pain
management strategies [67,68].

Even if these population groups are offered VR, the technology
is currently designed to cater toward usability and content
relevancy needs of White patients with higher income. In
particular, we only found 2 studies that included a significant
percentage of racially marginalized patients [58,60], despite
their lower likelihood to be prescribed analgesics or more likely
to be given lower dosages compared to White patients
[16,27,69]. Additionally, the identities of historically
marginalized populations do not exist in isolation and are
intersectional. For example, Black and Hispanic patients are
more likely to have a high school education or less than White
students [70]. Should VR devices be designed to target
historically marginalized populations, there would still remain
a wide range of experiences and user needs. This requires deeper
research that focuses on understanding usability and content
relevancy needs of diverse patient groups.

Furthermore, we found 4 studies that examined VR content
relevancy within their respective study populations [58-60,62].
However, these study results revealed a need for VR modules
that were adjusted to the limited movement capabilities of
patients with chronic pain in order to avoid overexertion or
kinesiophobia. We did not find any relevancy results in relation
to cultural and linguistic needs to improve VR usability for
diverse patients. Expanding innovations such as VR to be
culturally relevant and usable for historically marginalized
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patients living with chronic pain is an unrealized opportunity
to improve their quality of life.

Moreover, although the 5 studies included historically
marginalized patients, only 2 studies stated their intentional
inclusion of these groups [59,62]. As such, the other 3 studies
did not explicitly consider any usability findings to be associated
with their respective study population. This makes it difficult
to conclude that their findings will be applicable to the same
type of patient groups. To address this clinical need and fill this
gap in knowledge, we are conducting a study that reveals the
opportunity for culturally relevant and usable VR for diverse
safety-net patients experiencing chronic pain. To our knowledge,
our study examining the usability of VR for pain management
will be the first conducted in a safety-net setting. This will not
only add to the sparse number of studies with racially or
ethnically diverse, lower-income participants but will help
improve our understanding of the technological interface and
hardware needs for historically marginalized communities.

Limitations
This study has several limitations. Due to the wide variation in
definitions, measurements, and reporting of outcomes, we used
terms reflecting VR, usability testing, and chronic pain in our
search strategy to capture studies evaluating VR usability for
chronic pain management. It is possible that we have not
captured all relevant studies, especially if they used different
terminology. Given our specific focus on VR used to manage
chronic pain, our search was limited to PubMed as it is the
primary database for biomedical literature. Thus, we may have
only missed studies available on other databases. Additionally,
only 5 studies met the criteria of including a historically
marginalized population. Of these studies, only 1 was a

randomized control trial, and all had small sample sizes, thereby,
limiting the generalizability of our findings. Finally, the studies
we included used different measures of usability and pain
outcomes. Taken together, this suggests a need to report usability
and pain outcomes in a consistent manner in order to facilitate
comparisons across studies.

Conclusions
Despite the limitations of this review, we believe this paper
adds to the literature on VR by focusing on the usability of the
tool for chronic pain management in historically marginalized
populations that face large health disparities. We found VR to
be a promising tool for use in these populations as a potential
pain treatment alternative, yet this review also highlights the
need to specifically include diverse populations and collect
sociodemographic data in digital health studies. Given the
varying measures of usability, it is important that researchers
assessing VR use the same evaluation tools in order to facilitate
comparisons for generalizability. Further, digital health
technology designers and researchers should consider
incorporating strategies, such as co-design or human-centered
design, to ensure diverse patient satisfaction [71,72]. This
intentional engagement of end users throughout the design
process has already been exhibited to help develop digital health
care technology that meets the needs and preferences of
historically marginalized groups [73-76]. It is critical to ensure
VR technologies are usable and relevant for diverse populations.
Not only will it help improve patient uptake and sustained
technology use [77], but it can also serve as an opportunity to
identify any disparities in chronic pain care [78] that may be
perpetuated by the growing availability of VR tools, which are
heavily studied among and for White users [59,61,79-81].
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