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Abstract

Background: Virtual reality can play an important role during the COVID-19 pandemic in the health care sector. This technology
has the potential to supplement the traditional in-hospital medical training and treatment, and may increase access to training and
therapies in various health care settings.

Objective: This systematic review aimed to describe the literature on health care–targeted virtual reality applications during
the COVID-19 crisis.

Methods: We conducted a systematic search of the literature on the PsycINFO, Web of Science, and MEDLINE databases,
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines. The search string was as
follows: “[(virtual reality)] AND [(COVID-19) OR (coronavirus) OR (SARS-CoV-2) OR (healthcare)].” Papers published in
English after December 2019 in peer-reviewed journals were selected and subjected to the inclusion and exclusion criteria. We
used the Mixed Methods Appraisal Tool to assess the quality of studies and the risk of bias.

Results: Thirty-nine studies met the inclusion criteria. Seventeen studies showed the usefulness of virtual reality during the
COVID-19 crisis for reducing stress, anxiety, depression, and pain, and promoting physical activity. Twenty-two studies revealed
that virtual reality was a helpful learning and training tool during the COVID-19 crisis in several areas, including emergency
medicine, nursing, and pediatrics. This technology was also used as an educational tool for increasing public understanding of
the COVID-19 pandemic. Different levels of immersion (ie, immersive and desktop virtual reality), types of head-mounted
displays (ie, PC-based, mobile, and standalone), and content (ie, 360° videos and photos, virtual environments, virtual reality
video games, and embodied virtual agents) have been successfully used. Virtual reality was helpful in both face-to-face and
remote trials.

Conclusions: Virtual reality has been applied frequently in medicine during the COVID-19 pandemic, with positive effects for
treating several health conditions and for medical education and training. Some barriers need to be overcome for the broader
adoption of virtual reality in the health care panorama.

Trial Registration: International Platform of Registered Systematic Review and Meta-analysis Protocols (INPLASY)
INPLASY202190108; https://inplasy.com/inplasy-2021-9-0108/

(JMIR Serious Games 2022;10(4):e35000) doi: 10.2196/35000
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Introduction

Background
On March 11, 2020, the World Health Organization declared
the spread of the novel coronavirus (COVID-19) a global
pandemic [1]. As a primary measure to control the spread of
the virus, many governments worldwide recommended staying
at home and practicing social distancing, dramatically affecting
people’s daily lives [2-4]. Health care represents one of the
sectors most affected by the adverse effects of the COVID-19
pandemic [5]. Prolonged rules of social distancing and
stay-at-home directions caused relevant difficulties in carrying
out several in-hospital clinical activities [6,7], and the sudden
interruption of medical education and training programs [8-10].

In such times of isolation and limited resources due to the
COVID-19 crisis, information and communication technologies
(ICTs) have empowered medical institutions to meet mental
health and learning needs with scalable solutions [11,12]. Virtual
reality (VR) represents an ICT development with the potential
to revolutionize clinical support and education [13-17].

By definition, VR is a set of technologies, including
head-mounted displays (HMDs), computers, and mobile devices,
that can immerse users in a 3D environment to different degrees
[18-21], from a simple presentation on a 2D display screen
system (ie, desktop VR) up to highly immersive systems (ie,
immersive VR) that use HMDs.

VR in the last decade has become a game changer for the health
care sector in more than one way [22-25], representing a helpful
instrument both for the treatment of several health conditions
and for medical education and training [22,25-28]. This
technology has been successfully applied to a wide range of
mental disorders [29,30], including anxiety [31-33] and
depression [34]. Furthermore, VR is being used in physical
rehabilitation for improving motor function, fitness, movement
quality, and mobility [35,36], and it has also been adopted as
an enjoyable method for managing pain [37-40]. Regarding
education and training, VR was greatly appreciated by medical
and nursing students [41-43], and proved to play a crucial role
in improving medical knowledge [44-46] and fostering surgical
skills [44,46,47].

Therefore, during the COVID-19 crisis, VR has the potential
to supplement the traditional in-hospital medical training and
treatment [48], and may increase access to training and therapies
in various health care settings [49,50].

Research Question
Since, to the best of our knowledge, no previous work has
investigated the use of health care–targeted applications of VR
during the COVID-19 crisis, this systematic review aimed to
describe the literature on this topic.

Methods

Databases Searched
A systematic search of the literature was performed on March
3, 2022, by 2 of the authors (FP and AP) following the Preferred

Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines [51]. The review was preregistered
(September 29, 2021) in the International Platform of Registered
Systematic Review and Meta-analysis Protocols (INPLASY;
INPLASY202190108). The search databases were PsycINFO,
Web of Science, and MEDLINE.

Inclusion Criteria
Two authors (FP and AP) established clear inclusion criteria to
determine papers’ eligibility for inclusion in the review. Only
studies meeting the following criteria were considered eligible
for inclusion: (1) type of participant: all human participants
(clinical and nonclinical population); (2) intervention: VR; (3)
comparators: usual intervention, non-VR group, or none; (4)
outcomes: focused on health care–targeted applications of VR
during the COVID-19 pandemic; and (5) study design:
randomized controlled trial (RCT), quantitative nonrandomized
study (eg, nonrandomized controlled trial and case-control
study), quantitative descriptive study (eg, survey, case series,
and case report), or mixed methods study.

Papers published in English between December 2019 and March
2022 in peer-reviewed journals were selected and subjected to
the inclusion criteria outlined above.

Exclusion Criteria
Studies were excluded if they (1) did not use VR; (2) did not
focus on the applications of VR for the treatment of health
conditions, or for medical education and training during the
COVID-19 pandemic; (3) did not describe research conducted
after the outbreak of the COVID-19 crisis; (4) did not specify
the period when the study was conducted; (5) did not include
outcome measures or did not include complete results; (6) did
use only qualitative data; and (7) were letter to the editor articles,
commentaries, or reviews.

Search Terms and Selection of Papers for Inclusion
The search string was as follows: “[(virtual reality)] AND
[(COVID-19) OR (coronavirus) OR (SARS-CoV-2) OR
(healthcare)].”

Initially, 2 authors (FP and AP) checked the titles and abstracts
of identified articles to determine their eligibility. Subsequently,
they independently reviewed the full text of potentially eligible
papers. A consensus between the authors (FP and AP) resolved
disagreements. When papers provided insufficient data for
inclusion in the analysis, the corresponding authors were
contacted to provide additional data. Five additional articles
emerged via hand-searching and reviewing the reference lists
of relevant papers.

Study Quality and Risk of Bias Assessment
We used the Mixed Methods Appraisal Tool (MMAT) [52] to
assess the methodological quality of the studies included and
the risk of bias. Studies could be awarded a score of 0, 25, 50,
75, or 100 (with 100 being the highest quality). The MMAT
has high reliability and efficiency as a quality assessment
protocol and can concomitantly appraise methodological quality
across various empirical research [53]. Two authors (FP and
AP) independently assessed the studies’ quality. Interrater
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reliability was calculated with Cohen kappa [54], using the
software package SPSS (IBM Corp).

Data Extraction
Two authors (FP and AP) independently extracted the following
data.

Study Characteristics
The study characteristics included (1) the study outcomes
(treatment, education, and training); (2) the study design used
(RCT, quantitative nonrandomized study, quantitative
descriptive study, or mixed methods study); (3) the populations
included in the study (sample size, profession or health
condition, gender, mean age or age range, and nationality); and
(4) the measures used for the assessment of outcomes (eg,
self-report questionnaires, semistructured interviews, and users’
session data). An indication of the mean age or age range
identified studies conducted on children (ie, under 12 years old),
adolescents (12-18 years old), young adults (18-35 years old),
middle-aged adults (36-55 years old), and older adults (over 55
years old). The division in these age ranges followed previous
studies [55-57]. Regarding the study outcomes, we divided the
selected papers into 2 main domain-specific categories related
to VR applications in health care: (1) treatment, and (2)
education and training.

VR Characteristics
The VR characteristics included (1) the level of immersion (high,
medium, or low); (2) in the case of immersive VR, the specific
type of HMD (ie, PC-based, console-based, mobile, or
standalone system); (3) the content (virtual environments, 360°
photos and videos, embodied virtual agents, VR video games,
social VR platforms, or hybrid); (4) the site of use (face-to-face
or remotely), the user mode (single user or multiuser); and (5)
the time of use (the total amount of sessions and VR duration
of use). The level of immersion, defined as a quantifiable feature
of a technology that includes the extent to which it is possible
to immerse oneself in the virtual world through interfaces [58],
was considered because, based on it, it is possible to distinguish
VR in different categories [18-21] (Table 1). Second, in the case
of studies where an HMD was used, the model was specified
to describe its specific type based on its implemented
technologies (Table 1). Third, since there are different types of
experiences in VR, information on the content was included
(Table 1). Fourth, the site of use was considered since it
represents crucial information concerning how VR can be
offered. Fifth, information on user mode was included since
VR content can be single user (ie, usable by a single user) or
multiuser (ie, 2 or more users can share the same VR experience
and communicate or interact with it). Finally, in the studies that
indicated the time of VR use, this information was included,
offering valuable insights about how and how long to use this
technology to treat mental and physical health conditions, and
in medical education and training.
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Table 1. Classification of the level of immersion in virtual reality (VR) systems [18-21], the types of head-mounted displays, and the VR content.

Hardware/examplesDefinitionVariable

Immersion

HMDsbThe user is immersed within a 3D content.High (immersive

VRa)

C-Automatic Virtual Envi-
ronment (CAVE)

Rooms within which computer-generated environments are projected onto the walls.Medium (semi-
immersive VR)

PC, television, mobile
phone, or tablet screen

Computer-generated environments made in 3D but which are shown on 2D displays.Low (desktop
VR)

Types of HMDs

Oculus Rift S and HTC ViveRequires a connection between an HMD and a computer with advanced computational and
graphics capabilities.

PC-based

PlayStation VRNeeds a connection between an HMD and a specific game console.Console-based

Samsung Gear VR and low-
cost HMDs compatible with
mobile phones, such as
Google Cardboard

Involves the integration of VR systems on mobile devices thanks to specific HMDs.Mobile

Meta Quest II, HTC Vive
Focus, and Pico Interactive
Neo

They do not need other technologies to work.Standalone (all-
in-one)

Content

N/AcSimulation on a computer of 3D environments, which can be explored in real-time and in which
the user can interact with objects contained within it [59]. They are created through specific
software such as Unreal or Unity.

Virtual environ-
ments

YouTube VR and Google
Earth VR

Images or videos of real or digital environments presented in a spherical version. They provide
a spherical view with multiple viewing angles and perspectives. The contents are omnidirectional
and can either be computer generated or captured from the real world [60].

360° videos and
photos

N/AGraphical representations of the individuals controlled by the computer itself using an artificial
intelligence program [61].

Embodied virtual
agents

Beat Saber, Half-Life: Alyx,
Superhot VR, and Fruit
Ninja VR

Video games played through HMDs in which the player can interact with virtual content not
only through a joypad or a keyboard, but also using head rotation, eye movements, or specially
designed controllers that respond to the position and movements of the player in a defined space
[62]. They include the following:

- Commercial off-the-shelf video games that are “games that one can purchase on the high
street” [63], or rather purchasable in online or physical stores

- Custom-made games, often defined in the literature as “serious games” [64], that are games
created ad hoc by researchers to educate, train, or change behavior

VR video games

AltspaceVR, Horizon
Worlds, VRChat, and VR-
zone

3D virtual spaces where multiple geographically remote users can interact with one another
through VR HMDs [65,66]. At present, several online VR applications with a social component
exist.

Social VR plat-
forms

aVR: virtual reality.
bHMD: head-mounted display.
cN/A: not applicable.

Results

Overview
The search strategy retrieved 2503 records published after
December 2019. A total of 1687 studies remained after
deduplication and language examination, and 905 records were

excluded after the first screening, and title and abstract analysis.
Full-text copies of the 782 remaining studies were obtained and
subjected to further evaluation. After reading the full-text copies,
743 studies were excluded based on our exclusion criteria,
resulting in 39 studies being included in our systematic review
(Figure 1).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart. VR: virtual reality.

Quality Assessment Outcomes
Interrater reliability was 0.827, representing substantial
agreement [67]. Within this systematic review, the distribution
of MMAT scores varied significantly with the study design

(Table 2). Nineteen studies (49%) met the MMAT quality
assessment score of 75% or above, implying that much of the
research in this area is of high quality (Multimedia Appendix
1). Nevertheless, the quality scores varied substantially
according to the study design.
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Table 2. Study design and Mixed Methods Appraisal Tool score distribution.

Value, n (%)ReferencesMMATa score distribution

Quantitative randomized controlled trial (N=4)

0 (0)N/Ab0

0 (0)N/A25

2 (50)[68,69]50

0 (0)N/A75

2 (50)[70,71]100

Quantitative nonrandomized study (N=10)

0 (0)N/A0

1 (10)[72]25

5 (50)[73-77]50

4 (40)[78-81]75

0 (0)N/A100

Quantitative descriptive study (N=19)

0 (0)N/A0

4 (21)[48,82-84]25

6 (32)[49,85-89]50

5 (26)[90-94]75

4 (21)[95-98]100

Mixed methods study (N=6)

1 (17)[99]0

0 (0)N/A25

1 (17)[100]50

2 (33)[101,102]75

2 (33)[103,104]100

aMMAT: Mixed Methods Appraisal Tool.
bN/A: not applicable.

Study Characteristics

Study Outcomes
Seventeen studies focused on the applications of VR during the
COVID-19 pandemic to treat different health conditions, while
22 studies investigated its use for medical education and training
(Multimedia Appendix 2).

Treatment
Ten studies showed the usefulness of VR for reducing stress,
anxiety, and depression during the COVID-19 pandemic, and
there were several findings. First, a self-administered at-home
VR-based intervention through low-cost HMDs was useful
during the COVID-19 lockdown for diminishing depression
levels, stress levels, general distress, and perceived stress in
healthy individuals up to the 2-week follow-up [74]. Second,
immersive VR experiences showing calming nature scenes (ie,
VRelax and Tranquil Cinematic-VR simulation) were helpful
in reducing perceived stress among COVID-19 intensive care
unit (ICU) health care workers [80,81]. Third, guided meditation

and exploration of natural environments using immersive VR
were highly satisfactory for patients recovering in a COVID-19
ICU, with perceived benefits in coping with isolation and
loneliness [49]. The ICU staff considered VR logistically and
operationally feasible [49]. Fourth, remote reminiscence training
conducted during the first months of the COVID-19 pandemic
using immersive VR diminished state anxiety without serious
side effects (ie, nausea, dizziness, and headache) in patients
with mild cognitive impairment [91]. Fifth, immersive VR
exposure therapy showing scenes related to COVID-19 was
effective in diminishing anxiety symptoms among patients with
chief complaints of fear of COVID-19 [85], and in reducing
levels of posttraumatic stress disorder (PTSD), anxiety, and
depression among patients treated in the ICU due to COVID-19
[96]. The use of VR in the ICU was considered by patients to
be feasible, and improved their satisfaction with and ratings of
the ICU after care [71]. Sixth, immersive VR showing 360°
YouTube videos reduced depressive symptoms in an adult with
mild depressive disorder [95]. Seventh, 360° virtual tourism
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experiences diminished perceived stress among healthy young
adults [92].

VR has also been used as a distraction tool for pain management
during the COVID-19 pandemic. A self-administered daily
at-home immersive VR-based program (ie, EaseVRx) helped
reduce pain intensity and interference with activity, stress, mood,
and sleep over time among young adults experiencing chronic
low back pain [70].

Four studies reported the efficacy of VR for promoting physical
activities during the COVID-19 crisis. First, a desktop VR video
game developed ad hoc and used at home improved movement
performance and physical activity intensity among patients with
cerebral palsy [79]. Second, commercial off-the-shelf VR video
games (ie, “Box VR” and “NVIDIA VR Fun House”) fostered
physical exercise in 4 older people without adverse effects [90].
Participants reported that using such games was “positive and
relaxing, and motivates you to exercise” [90]. Third, VR
recreational use significantly increased during the COVID-19
lockdown period, and users expressed overwhelmingly positive
opinions on the impact of VR activities on their mental and
physical health. The self-reported intensity of physical activity
was considerably more strenuous in VR users than in console
users [86]. Fourth, VR fitness impacted individuals’ physical
and mental health, playing a substantial role in improving the
overall quality of life and positively influencing the behavior
and attitude of users [94].

Two studies provided early indications that Spanish-speaking
(ie, Spain and Latin America) therapists have begun using VR
to help their patients during social isolation due to COVID-19
[97,98], and 20% of the therapists indicated that they had used
VR technology for remote psychological support [98].

Education and Training
Six studies revealed that VR represented a helpful learning and
training tool during the COVID-19 pandemic in several areas.
First, watching 360° videos on desktop displays effectively
taught emergency medicine during the COVID-19 crisis [102].
Second, immersive VR showed relatively better outcomes
regarding skills acquired, learning speed, and information
retention rates than classroom training in a sample of frontline
health workers [100]. Third, pediatric residents experienced a
desktop VR-based training program as immersive, feasible, and
realistic in terms of the clinic setting, and as a safe space to
practice and learn new skills [101]. Fourth, VR-based
pregraduation medical training was considered realistic with
regard to the initial clinical assessment and diagnostic activity
by medical students [48], even if a nonnegligible proportion of
the students experienced difficulties in online access to the VR
platform [48]. Fifth, an immersive social VR platform was
reported as easy to use, helpful, and better than tele and video
conferencing for remote multidisciplinary heart team meetings
[82]. Sixth, applicants of a radiology residency reported positive
attitudes toward a nonimmersive social VR platform [83].

Six studies successfully adopted VR for teaching various
medical topics during the COVID-19 pandemic, and there were

several findings. First, immersive VR was useful for teaching
brain and spinal cord neuroanatomy and for practicing
neurorehabilitation exercises [93]. Second, desktop VR–based
training was used successfully for teaching nursing content
[72,75,78] and urology [84]. Third, immersive VR experiences
helped simulate pediatric ICU clinical scenarios, with some
specific critiques regarding limited realism in some mechanical
aspects of the simulation [99].

Six studies evaluated this technology to teach
COVID-19–related skills to doctors and nurses, and as an
educational tool for increasing public understanding of the
COVID-19 crisis, and there were several findings. First, an
immersive VR simulation (ie, COVID-19 VR Strikes Back)
was at least as effective as traditional learning methods for
training medical students regarding COVID-19–related skills
[68]. Second, 2 immersive VR experiences, one involving
wearing and stripping personal protective equipment [73] and
the other involving the management of patients with respiratory
infectious diseases due to COVID-19 [77], provided an effective
and safe alternative to training nurses during the first year of
the COVID-19 pandemic. Third, a virtual simulation of 2
patients (ie, COVID-19 and surgical trauma), which tried using
desktop displays, helped nursing students bridge gaps in teaching
and learning processes [104]. Fourth, a VR intervention using
HMDs effectively increased COVID-19 vaccination intentions
among unvaccinated young adults [69]. Fifth, VR, using desktop
displays and HMDs, provided an effective educational tool for
COVID-19 pandemic fundamental knowledge, increasing public
understanding of the spread of the crisis [76].

Four studies investigated the adoption rate and the perception
of VR in medicine during the COVID-19 pandemic. First,
pediatric health care providers reported frequent modifications
to existing simulation programs during the first months of the
COVID-19 pandemic, including VR training [88]. Second,
medical students mostly agreed that VR and online teaching
compensated for the suspension of face-to-face medical
education and reported that these technologies are the best
alternatives to physical learning [89]. Third, the potential of VR
for future teaching was rated low in a sample of medical students
and lecturers, probably due to a lack of practical experience
[87]. Fourth, high-fidelity immersive VR and specialized
profession-specific resources were used heavily in medical
education and training during the first year of the COVID-19
pandemic [103].

Study Design
Considering the entirety of the studies, the quantitative
descriptive was the design of 19 studies (ie, 12 surveys and 7
case report studies). Ten studies adopted a quantitative
nonrandomized design, 6 adopted a mixed methods design, and
4 adopted an RCT design (Table 2).

Populations
The number of participants ranged from 1 [95,96] to 4300 [94].
The study samples’ characteristics are described in Table 3.
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Table 3. Study characteristics.

Value (N=39), n (%)ReferencesCharacteristic

Study outcome

17 (44)[49,70,71,74,79-81,85,86,90-92,94-98]Treatment

22 (56)[48,68,69,72,73,75-78,82-84,87-89,93,99-104]Education and training

Sample

Students

8 (21)[48,68,83,84,87,89,101,102]Medical students

4 (10)[72,77,78,104]Nursing students

Health professionals

5 (13)[82,88,93,99,103]Doctors

2 (5)[73,75]Nurses

3 (8)[80,81,100]COVID-19 frontline workers

2 (5)[97,98]Mental health professionals

Patient health condition

3 (8)[49,71,96]Recovered in the ICUa due to COVID-19

1 (2)[95]Depression

1 (2)[70]Chronic back pain

1 (2)[79]Cerebral palsy

1 (2)[91]Mild cognitive impairment

1 (2)[85]Chief complaints of fear of COVID-19

General population

7 (18)[69,74,76,86,90,92,94]Healthy individuals

Age range

0 (0)N/AbUnder 12 years old

1 (2)[79]12-18 years old

14 (36)[68,69,72,74,75,78,80,86,87,89,92,94,101,104]18-35 years old

6 (15)[70,81,85,95,97,98]36-55 years old

4 (10)[71,90,91,96]Over 55 years old

14 (36)[48,49,73,76,77,82-84,88,93,99,100,102,103]Unspecified

Gender

24 (62)[68-72,74,75,77-82,85,86,89,91,92,94,97,98,101,102,104,105]Both male and female

3 (8)[90,95,96]Male only

0 (0)N/AFemale only

12 (31)[48,49,73,76,83,84,87,88,93,99,100,103]Unspecified

Nationality

18 (46)[48,68,69,71,74,81,82,84,86,87,89,90,96-98,102-104]Europe

9 (23)[49,70,72,73,80,83,95,99,101]North America

1 (2)[79]South America

8 (20)[75-78,85,91,92,94]Asia

2 (5)[93,100]Africa

0 (0)N/AOceania

1 (2)[88]Various
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Value (N=39), n (%)ReferencesCharacteristic

Outcome measures

39 (100)AllSelf-report questionnaire

3 (8)[68,78,79]Performance task

3 (8)[95,101,104]Semistructured interview

2 (5)[95,104]User session data

1 (2)[104]Focus group

6 (15)[72,73,75-77,100]Knowledge task

1 (2)[73]Physiological data

aICU: intensive care unit.
bN/A: not applicable.

Outcome Measures
All the studies used self-reported questionnaires. Twenty-three
studies adopted only this type of measure, while 16 studies also
used other instruments, including performance tasks,
semistructured interviews, knowledge tasks, users’ session data,
focus groups, and physiological data (see Table 3 for details).

VR Characteristics
Of the 39 studies included, 31 tested the efficacy of specific VR
systems (Table 4), while 8 investigated the general use of VR
in different samples (eg, mental health professionals and doctors)
(Multimedia Appendix 3) [86-89,94,97,98,103].
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Table 4. Virtual reality characteristics.

Value (N=31), n (%)ReferencesCharacteristic

Immersion

19 (61)[49,68-71,73,77,80-82,84,85,90,91,93,95,96,99,100]High

0 (0)N/AaMedium

9 (29)[48,75,78,79,83,92,101,102,104]Low

3 (10)[72,74,76]Both high and low

Type of HMDb

8 (36)[68,70,73,76,82,85,90,93]PC-based

Console-based

3 (14)[72,74,84]Mobile

9 (41)[49,69,71,77,80,81,91,95,99]Standalone

2 (9)[96,100]Unspecified

Content

8 (26)[68,69,73,75-77,82,83]Virtual environments

11 (35)[71,72,74,80,81,84,91,92,95,96,102]360° videos or photos

5 (16)[48,78,99,101,104]Embodied virtual agents

2 (6)[79,90]VRc video games

4 (13)[49,70,93,100]Hybrid

1 (3)[85]Unspecified

User mode

29 (93)[48,49,68-81,84,85,90-93,95,96,99-102,104]Single user

2 (7)[82,83]Multiuser

Site of use

19 (61)[49,68,70,71,73,76-78,80-82,84,85,90,92,93,96,99,100]Face-to-face

10 (32)[48,69,74,79,83,91,95,101,102,104]Remotely

1 (3)[72]Both

1 (3)[75]Unspecified

Time of use (in total)

6 (19)[80,81,91-93,99]<10 minutes

9 (29)[71,73,76-79,90,95,101]11-60 minutes

4 (13)[72,74,83,100]61-180 minutes

2 (6)[48,70]>180 minutes

10 (32)[49,68,69,75,82,84,85,96,102,104]Unspecified

aN/A: not applicable.
bHMD: head-mounted display.
cVR: virtual reality.

Level of Immersion
Nineteen studies used a VR system with high immersion (ie,
immersive VR), while 9 tested a system with low immersion
(ie, desktop VR). Three studies adopted both immersive and
desktop VR systems [72,74,76]. No study used semi-immersive
VR systems (Table 4).

Types of HMDs
Of the 22 studies that used an HMD, standalone systems were
the most popular, with 9 studies using them. Eight studies
adopted PC-based VR systems, 3 studies used mobile VR
systems [72,74,84], and 2 studies did not specify the model of
HMD [96,100] (Table 4).
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Content
The most adopted VR content was 360° videos or photos, used
in 11 studies. Eight studies used virtual environments, 2 studies
adopted VR video games [79,90], 5 studies used embodied
agents [48,78,99,101,104], 4 studies used hybrid content (ie, a
mix of 360° videos or photo and virtual environments or VR
video games) [49,70,93,100], and 1 study did not specify the
content [85] (Table 4).

User Mode
The virtual content was of the single-user type in 29 studies and
was of the multiuser type in 2 studies [82,83] (Table 4).

Site of Use
Nineteen studies used VR through face-to-face experiments, 10
used it remotely, and 1 used it both face-to-face and remotely
[72]. Finally, 1 study did not specify the site of use [75] (Table
4).

Time of Use
In 21 studies reporting the number of sessions using VR, the
mean number of sessions was 4.1, ranging from 1 (eg,
[91,92,99]) to 56 sessions [70]. The number of minutes spent
using VR differed among studies from about 5 minutes (eg,
[79,99]) to up to 4 hours [48,70]. Ten studies did not indicate
the exact time of use of VR (Table 4).

Discussion

Principal Findings
This systematic review examined studies conducted on VR
applications in medicine during the COVID-19 pandemic, with
a focus on using VR to treat health conditions and in medical
education and training. After applying the inclusion criteria, 39
papers were included and analyzed.

From this systematic review, VR was found to be useful during
the COVID-19 pandemic for reducing stress (eg, [75,80,96]),
anxiety [91], depression [95], and pain [70], and promoting
physical activity [79,90]. This technology has been successfully
used in healthy people (eg, [74,86,92,94]); COVID-19 ICU
health care workers [80,81]; patients with various diseases,
including mild cognitive impairment [91], mild depressive
disorders [95], and cerebral palsy [79]; chief complaints of fear
of COVID-19 [85]; and individuals treated in the ICU due to
COVID-19 [49,71,96].

VR has been successfully applied for decades to diminish stress,
anxiety, depression, and pain [38,40,106-110]. Besides, this
technology, especially immersive video games [111,112],
stimulates physical activity [108], with long-term positive
outcomes on mental and physical health [113,114]. What is new
from the past, as noted in this review, is that VR is no longer
used only in the specialist’s office or at the hospital but is also
used remotely. The release of current standalone and low-cost
mobile VR systems, thanks to the high ease of use and limited
costs, has made this technology feasible for everyday in-home
use [115]. Studies from this review showed that VR during the
COVID-19 pandemic has begun to be adopted into mainstream
clinical practice for remote psychological support [97,98]. This

fact appears relevant since VR home-based training represents
new promising interventions for remote support [98,116,117].

From this review, not only VR environments developed ad hoc,
but also commercial contents (eg, VR video games downloaded
from the Steam platform, and 360° videos and photos available
on YouTube) were useful for diminishing stress [92], anxiety
[91], and depression [95], and for promoting physical activity
[90]. These findings seem interesting since using commercial
off-the-shelf VR video games and experiences for promoting
mental health and physical activity could have several
advantages, including their low cost and ready-to-use format,
their advanced graphic quality, and the possibility to reach
millions of individuals worldwide [107,118].

The second main result of this systematic review is that during
the COVID-19 pandemic, VR was a helpful learning tool for
medical education and training in several areas, including
emergency medicine, nursing, pediatrics, radiology, and
cardiology (eg, [100-102]). This technology has been
successfully used for teaching various topics, including
neuroanatomy and clinical anatomy (eg, [84,93]). VR has also
been adopted to train COVID-19–related skills among doctors
and nurses [68,73]. Studies that emerged from this systematic
review showed that, where available, high-fidelity immersive
VR was adopted heavily after the outbreak of the COVID-19
pandemic [88,103].

Several previous studies proved the usefulness of VR for the
training of medical students and nurses [43] and for teaching
many medical topics and procedures, such as clinical anatomy
[41,45] and radiation oncology [42]. This technology is
considered a superior educational modality in comparison to
passive teaching methods, such as learning from a textbook,
slideshow, or lecture, thanks especially to the greater
involvement of individuals in the learning process [119-121].

This review, with regard to treatment, showed that during the
COVID-19 pandemic, VR started to be used for medical
education and training in face-to-face sessions and remotely.
This flexibility of access allowed the adoption of this technology
into medical education curricula for both in-person and
home-based activities [122]. Medical students mostly agreed
that online teaching using VR compensated for the suspension
of face-to-face medical education and reported this technology
as the best alternative to physical learning [89].

Some studies that emerged in this review used content in
multiuser VR, including social VR platforms [82]. Such VR
environments are an emerging diverse group of multiuser online
applications creating new opportunities for remote simulation
and communication, and facilitating and extending the existing
communication channels of the physical world [123,124].
Although its exploration has been limited so far, education using
social VR will be increasingly relevant in the next few years.
Indeed, major technology companies are making huge
investments in the so-called “metaverse” (ie, a simulated digital
environment that incorporates VR and other technologies,
including augmented reality and artificial intelligence, to build
spaces where users can interact as in the actual world) [125].
“Metaversities” could become the universities of the future
[126].
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In this systematic review, VR was also an effective educational
tool for increasing public understanding and knowledge of the
COVID-19 pandemic [76] and COVID-19 vaccination intentions
[69]. This result, in line with previous literature [127,128],
stresses the potential of VR as a useful and innovative tool for
promoting scientific and medical knowledge among the general
population. VR can improve health awareness and assist in
health-related decision-making for the general population [129],
increasing the overall motivation and engagement and leading
to a more effective transfer of medical knowledge and
comprehension of information [130,131]. In turn, this could
improve individuals’ overall health, decrease hospitalization
rates, and save long-term physician consultation costs [129].

Moreover, studies from this systematic review showed the
usefulness of VR for treating health problems and for medical
education and training in both the high (ie, immersive VR) and
low immersion (ie, desktop VR) formats. This result appears
important as these VR systems have very different
characteristics and costs [132-134]. On the one hand, as emerged
from studies included in this review (eg, [68,70]), immersive
VR offers advantages over desktop VR [62,135]. However,
desktop VR has the main advantages of being more readily
usable and accessible, and having a lower cost.

Various types of HMDs (ie, PC-based, mobile, and standalone)
and contents (ie, 360° videos and photos, virtual environments,
VR games, and embodied virtual agents) have been used with
positive results in medicine during the COVID-19 crisis (eg,
[48,73,101]). This underscores how nowadays it is possible to
choose among different VR hardware and software. To select
the potentially most effective ones, it is critical to reason about
the specific goal of VR use [136]. For example, in the case of
VR for relaxation, it may be sufficient to include a low-cost
mobile system and 360° videos or commercial off-the-shelf VR
games. The same is true when VR is adopted to offer doctors
and nurses “soft skills” (eg, problem-solving, communication,
and interpersonal skills) training. On the other hand, in the case
where VR is used for complex operations, simulation training,
a PC-based system, haptic devices, and specially created virtual
content should be used. In fact, in this case, the graphical and
sensory fidelity of VR are crucial [137,138].

Barriers for Using VR in the Health Care Sector
In addition to offering data in favor of the usefulness of VR in
the health care sector, this review also raises some critical
reflections on the possible limits of using this technology for
these aims.

First, some health care workers experienced difficulties in using
VR [48]. Due to a lack of knowledge of this technology, many
individuals may find it challenging to use VR. To overcome
the mentioned obstacle, governments and other societal bodies
(eg, medical societies, medical schools, and residency training
programs) should provide information about VR (eg, through
training courses dedicated to health care practitioners and mental
health professionals). They should offer clear guidelines for
correctly using this technology in mental health, and medical
education and training [15].

Second, when the graphic quality of the virtual experience was
perceived as too low, users had difficulties comprehending a
target scenario [73,87]. To prevent graphical or technical
problems (eg, breakdown or problems with interaction)
[139,140], with potential detrimental effects on treatment and
learning outcomes [137,141], the principles and practices of
user-centered design are recommended [142,143]. Many
VR-based treatment, and medical education and training
programs are currently taking a technology approach rather than
a human-centered approach, which can lead to limited impact
of VR in these fields. Due to the close bond between the user
and the system within virtual environments, it may be impossible
to segregate human factors from design issues when striving to
achieve the potential of VR [144]. For this reason, it appears
critical that a psychologist with expertise in human-computer
interaction always be included in the team developing virtual
experiences for the medical field.

Third, a primary issue in using this technology in the mental
health panorama is related to its costs. The price of HMDs range
from US $300 to US $1500. In the case of VR content developed
ad hoc, the costs for implementation are high. One way to
overcome the economic barrier of VR could be to use standalone
or low-cost mobile systems [115,145] and, whenever possible,
commercially available content [107,118]. Another solution
could be providing hospitals with a certain number of VR
systems to be available for their patients and staff for free [15].

Recommendations for Future Research
More studies should be undertaken to expand the limited
literature on home-based VR for treatment, and medical
education and training. Multiuser VR platforms could be studied
more deeply in education and as tools to implement future
interventions for treating mental and physical health conditions.
More research should be conducted to test the efficacy of
commercial off-the-shelf VR experiences for treatment and in
educational settings. Limitations and possibilities of VR systems
with high versus low immersion require further investigation,
for example, through RCT studies comparing their effectiveness
for clinical or learning outcomes. It might be worth investigating
the longer-term effects of VR on such outcomes. Finally, the
number of desired or needed VR sessions and the specific time
to spend using VR remain matters of debate.

Limitations
This review summarizes health care-targeted applications of
VR during the COVID-19 pandemic based on specific keywords
used in the search string, the databases included, and the
review’s time period. Therefore, certain articles could have been
missed. Second, only articles written in English and peer
reviewed were included. Hence, preprints and gray literature
were left out, which may have introduced some biases. Third,
a meta-analysis was not possible due to the heterogeneity of the
included studies. Fourth, the quality assessment performed using
the MMAT suggests that even if much of the research in this
area is of high quality, methodological concerns are significant
issues for many studies.
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Conclusions
VR has been applied frequently during the COVID-19 pandemic
in medicine, with positive effects for treating several health
conditions and for medical education and training. Some barriers
need to be overcome for a broader adoption of VR in the health
care panorama. Based on these findings, it is possible to offer
certain VR-based programs even remotely for therapeutic or
educational purposes, and not only VR environments developed

ad hoc, but also commercial content can be helpful in clinical
or educational support. Moreover, VR-based interventions have
the potential to be used effectively for the treatment of several
mental and physical conditions, as well as for medical education
and training in both immersive and desktop systems. Various
VR contents are helpful in treating health problems and for
medical education and training, including 360° videos and
photos, VR games, and embodied virtual agents.
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