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Abstract

Due to the challenges and restrictions posed by COVID-19 pandemic, technology and digital solutions played an important
role in the rendering of necessary healthcare services, notably in medical education and clinical care. The aim of this scoping
review was to analyze and sum up the most recent developments in Virtual Reality (VR) use for therapeutic care and medical
education, with a focus on training medical students and patients. We identified 3743 studies, of which 28 were ultimately
selected for the review. The search strategy followed the most recent Preferred Reporting ltems for Systematic Reviews and
Meta-Analysis for scoping review (PRISMA-ScR) guidelines. 11 studies (39.3%) in the field of medical education assessed
different domains, such as knowledge, skills, attitudes, confidence, self-efficacy, and empathy. 17 studies (60.7%) focused
on clinical care, particularly in the areas of mental health, and rehabilitation. Among these, 13 studies also investigated user
experiences and feasibility in addition to clinical outcomes. Overall, the findings of our review reported considerable
improvements in terms of medical education and clinical care. VR systems were also found to be safe, engaging, and bene-
ficial by the studies’ participants. There were huge variations in studies with respect to the study designs, VR contents,
devices, evaluation methods, and treatment periods. In the future, studies may focus on creating definitive guidelines
that can help in improving patient care further. Hence, there is an urgent need for researchers to collaborate with the
VR industry and healthcare professionals to foster a better understanding of contents and simulation development.
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Background

Since the inception of Virtual Reality (VR) in 1960s, where
it was initiated for computer graphics, it has extended stead-
ily to different disciplines—from gaming tools at homes to
work-related tools for professionals and researchers. The
remarkable progress of VR was observed in the past few
decades when the industry pioneers like Google,
Samsung, and Sony started making huge investments in
this field and thousands of articles were published by the
researchers from the interdisciplinary community.' One of
the industries where VR has made a significant impact is
healthcare, where VR has proved its potential benefits in
medical training, clinical evaluation, and healthcare care
delivery.>~ Due to the emergence of COVID-19 pandemic,
the educators were looking for the alternate solutions for
medical education and training instead of the traditional
face-to-face teaching methods due to the social distancing
restrictions. Given the lack of supervision and ideal practice
situations, medical and healthcare trainees had few oppor-
tunities to practice vocational skills during their clinical
rotations.® At that time, the digital learning/e-learning solu-
tions, such as VR, mobile learning, and digital skills trainers
appeared to be the best solution in transforming face-to-face
teaching to the digital education modalities.” Similarly, in
the clinical care settings, the risk of contamination and con-
strained access to healthcare resources made it difficult to
provide patient care, such as hospitalizations and emer-
gency services during the COVID-19 pandemic.® In those
scenarios, the latest VR technologies demonstrated their
abilities to build effective therapeutic experiences for
patients by offering safe and multi-modal simulations.’
Therefore, overall in the COVID-19 pandemic, medical
institutions and hospitals observed great uplift in the imple-
mentation of latest VR technologies in order to train
medical students for enhancing their technical skills and
to support healthcare professionals in clinical care and
crisis management.'*"!'!

VR technologies can be categorized into three primary cat-
egories, namely fully immersive, semi-immersive, and non-
immersive experiences.'> An immersive VR system projects
the visual scene using VR headsets, head-mounted displays
(HMDs), controller devices, motion detectors, or large projec-
tion surfaces so that users feel as if they had been transported
into a virtual environment. Semi-immersive systems use 3D
graphics with a high-performance computing system com-
bined with a large monitor; while non-immersive VR
system uses a monitor, keyboard, and mouse.'>13

VR simulations offer an environment where users can
move around, interact with, and manipulate virtual objects,
and see the results of their actions in real-time.'* Different
strategies can be used in VR for medical education, includ-
ing virtual patients and serious games. Interactive virtual
simulations of actual clinical circumstances are known as
VR patient simulations. Meanwhile, VR serious games

combine gaming principles like varying degrees of difficulty,
incentives, and feedback."® Additionally, smartphones can
also create VR visuals that can be seen using VR glasses
equipped with sophisticated lenses.'® One benefit of adopt-
ing virtual reality to upgrade health professional skills is
that it aids in overcoming obstacles including the lack of
cadavers, concerns for patient safety, and resource and
budget constraints.'* Furthermore, VR deployment enables
unbiased and documented evaluations of user experience.'’
VR-based education has been encouraging and beneficial
for building confidence in abilities,”*20 self—efﬁcacy,ﬁ’21
and knowledge and skill development.®!”1921-23
Moreover, VR provides a variety of other educational oppor-
tunities, including the development of nontechnical compe-
tencies, such as awareness and understanding, which are
essential elements in developing empathy.”* Due to the
increasing demand for distance learning brought on by the
COVID-19 pandemic, the use of VR in healthcare education
has never been more prevalent than now.

VR also has the potential to be a therapeutic tool.” One
of the main clinical applications of VR is to enhance mental
health, such as alleviating pain during medical treat-
ments,'®? and decreasing stress,”® depression,”’ and
anxiety.'®*2® VR has also demonstrated significant
levels of effectiveness in rehabilitation programs, where
the focus is on patient recovery, including motor perform-
ance®” > and cognitive function rehabilitation.>”*%-3!-
When completing certain therapeutic tasks in the virtual
world, patients can engage with various sensory informa-
tion from multiple modalities.®

Considering the wide range of VR simulations with the
ability to enhance medical education and clinical care, it is
time to identify research gaps that might be highly useful as
a teaching tool for medical students in maintaining patient
care. It will also be beneficial to study the influence of
VR-based medical training and patient care in existing
intervention studies.

Objectives

The aim of this scoping review was to present
state-of-the-art developments in VR use, for medical educa-
tion and therapeutic care, oriented towards training medical
students and treating patients. This scoping review also
aimed to identify any gaps in the existing literature and
make recommendations for the future research. The objec-
tives of our study are given below:

1. The primary objective was to evaluate the effectiveness
of VR systems in terms of medical education training
(knowledge, skills, attitude, confidence, and self-
efficacy) and clinical care (rehabilitation and mental
health).
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2. The secondary objective was to evaluate the feasibility
and acceptability of VR systems in medical education
training and clinical care.

Methods

Search strategy

The search strategy followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis extension for
scoping review (PRISMA-ScR) guidelines.*® A comprehen-
sive literature search was conducted to identify scientific
studies that analysed VR-based training and interventions
targeting to healthcare professionals and patients.

We searched for studies published between January 1,
2017, and March 18, 2022, in the PubMed, Scopus,
Embase, and Web of Science electronic databases. The
search for studies was conducted on March 18, 2022.
Two of the authors of this study (ED and UP) independently
reviewed the titles and abstracts of all search yields to iden-
tify eligible articles. If either reviewer thought an article
was potentially significant, the complete text of the publica-
tion was retrieved. Furthermore, duplicate articles were
removed. The authors used a preliminary search method
based on medical subject heading (MeSH) terms and relevant
publication text keywords that had been commonly used
before. The following search terms were used: ‘Metaverse
and Healthcare’ or ‘3D Modeling and Healthcare’ or
‘Virtual Reality and Healthcare’. The detailed search strategy
and results are shown in Figure 1.

Eligibility criteria
We included original research articles that were published
in English language and met the following criteria:

1. Focused on VR-based medical education training and
interventions.

2. Included medical students/trainees/healthcare providers
or patients undergoing VR simulation.

3. Used VR-based systems and devices like HMDs,
motion tracking technology, VR glasses, VR robotics
system, VR headsets, VR controllers, desktop compu-
ters, headphones, mobile devices, or any other types
of VR tools for training and assessing health.

4. Included different immersion levels such as immersive
VR systems, non-immersive VR systems, and semi-
immersive VR systems.

5. Designed as a randomized controlled trial (RCT), clin-
ical trial, quasi-experimental study, feasibility study,
observational study, qualitative, randomized compari-
son/parallel group study, pre-post study, mixed
methods, or pilot study.

We excluded studies based on the following criteria:

—_—

Focused on predicting any health issue.

2. Did not involve the use of VR devices or system.

3. The primary focus of study was not training or interven-
tion in healthcare.

4. Focused on design, development, usefulness of a VR
system.

5. Review articles, trial protocols, trial registrations, con-

ference papers, book chapters, preprints, notes, brief

reports, letters, editorials, or case studies or published

in a language other than English.

Study selection and data extraction

On the basis of titles and abstracts, an initial screening was
conducted. For all abstracts that initially fulfilled the inclusion
criteria and articles that could not be rejected with certainty,
the full text articles were obtained. The references of the
studies that met the inclusion criteria were manually searched
to identify additional relevant research articles. Two research-
ers independently reviewed the full text of articles and
extracted the following data from each included article:

1. Characteristics of the study (authors, country of origin,
publication year, study design, sample size and outcome
measures, assessment tools, and results of the study).

2. Patient characteristics (target population and mean age).

3. Intervention characteristics (VR set-up, VR-type, and
VR exposure—training or intervention duration).

4. Study focus (medical education training and clinical
care). For this scoping review, the data on clinical out-
comes of VR training and interventions were retrieved.

Clinical outcomes

The reported outcomes in this scoping review were categor-
ized into two categories, namely medical education and
therapeutic care. We collected data on the following
primary outcomes to assess the effectiveness of VR as an
educational tool: learners’ knowledge, skills, attitudes, con-
fidence, and self-efficacy after the intervention. We also col-
lected data on the following primary outcomes to assess the
effectiveness of VR as a therapeutic treatment: patients’ clin-
ical improvement in rehabilitation (motor/cognitive func-
tion) and mental health outcomes (skills, stress, anxiety,
pain, depression, motivation, mood, and mentalization).
All information was presented in a descriptive manner.

Feasibility and user experience

Secondary outcomes included in this review were assessed
in terms of user experience, feasibility, acceptability, and
adherence. These outcomes were assessed through personal
interviews, feedback surveys, and drop-out rates.
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Identification of Studies via Database

Science)
n=3743

880 articles excluded based
on duplicates

The total no. of articles extracted from
(SCOPUS/PubMed/EMBASE/Web of

\ 4
No. of articles included /27 37 articles excluded based on th)
n= 2863 following criteria-
1. Type of  publication
(Review, Case study,
Article in press, Note, Book
chapter, Editorial,
Conference paper) Articles
2. Type of study (Mobile
applications/ Web portal)
v 3. Non-relevant articles
No. of articles included k /
n=126
99 articles were excluded based on
the following criteria-
=H 1. Primary focus of the study is
not intervention
¢ 2. Protocol studies
3. Primary focus was not
healthcare
No. of articles included k /
n=28

Figure 1. Preferred reporting items for systematic reviews and meta-analyses extension for scoping review (PRISMA-ScR) flow chart of
study identification and selection.
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Ethical considerations

This review did not require the approval of any national or
institutional ethical committee.

Results

Study selection

In total, 3743 articles were retrieved from PubMed (n =91),
Embase (n=790), Scopus (n =2435), and Web of Science
(n=427). After removing duplicates, 2863 articles were
evaluated. Finally, out of the 2863 articles, the full text of
126 relevant articles was reviewed. At this stage, articles
were screened on the basis of their study characteristics,
including the type of VR immersion and the primary
focus of the study. The main reasons for exclusion are
described in the methodology and presented in Figure 1.
In total, 28 publications were ultimately included in this
analysis.

Study characteristics

Of the selected 28 studies, four studies were conducted in the
United States and United Kingdom each; three in Italy,
Taiwan, and Korea; two in Australia and Canada; and one
in Turkey, Germany, Mexico, Jordan, the Netherlands,
Denmark, and China.

Among the 28 studies, eight were designed as RCTs,
seven as pilot studies, four as feasibility studies (mixed
methods study, pilot and feasibility study, and feasibility
only study), two as quasi-experimental studies (pilot and
pre-post), two as qualitative studies, one as an explorative
pilot study as an RCT, one as an observational cross-sectional
study, one as a single-blind randomized parallel-group study,
one as a pre-post study, and one as a randomized comparison
study, as described in Table 1.

Characteristics of the intervention

VR type. The majority of the research included modalities that
were fully immersive (20/28, 71.42%) followed by semi-
immersive (6/28, 21.42%) and non-immersive (2/28,
7.142%). A fully immersive virtual technology provides
users with a realistic experience within the virtual world by
utilizing VR equipment, such as HMDs, headsets, 3D
glasses, and motion sensors. The VR technology gives
them the impression that they are in person in a virtual envir-
onment and that everything is occurring to them in real-time.
Semi-immersive VR depends on powerful processors with
cutting-edge 3D graphics. This innovation uses a computer,
controllers, or a room specifically designed for this technol-
ogy to partially imitate the operation of real-world mechan-
isms. With non-immersive VR, users could access a virtual
space through a computer and controllers to control certain

characters or activities inside without really interacting with
the surrounding environment.

VR exposure/duration. Our review indicated that the average
period of training medical groups using virtual reality was
between one session (15 min) and six sessions (12 h) (see
Table 1). The VR intervention period for clinical care
varied from one session (3 min) to 60 sessions (45 h).

VR systems/tools. Many VR tasks were conducted using
Windows operating systems that provide a platform, in
which the user appears to enter into an interactive 3D
virtual world; virtual environments with vehicle and
sound systems that simulate motion in the virtual world;
simulator tasks practiced on a 3D-printed model; cave auto-
matic virtual environment (CAVE) systems in which one
enters a room where they are surrounded by large screens
that project a nearly continuous virtual space; VR training
games using VR headsets and controllers; a simple
desktop with mouse and keyboard; and a phone (with a
Google cardboard headset). Studies also included inter-
active and tracking tools, such as VR glasses, sensor
gloves, and leap motion sensors in addition to HMDs.

VR content. The VR content used for medical education
varied greatly depending on the scope of the research,
and type of education and learning. The majority of
studies used virtual scenarios to give VR training by simu-
lating the actual tasks or workflow processes.®!7!972123-37
Three studies incorporated pre-recorded videos for training
purposes.”*>"® Two studies used experiential learning to
help medical professionals understand the difficulties that
patients faced, such as language barriers, cultural barriers,
financial limits, or the impact of the disease.”**” Two
studies provided additional web-based VR materials or
resources to participants.'”'

The majority of studies for clinical care were primarily
focused on providing patients with virtual environments
in which they were required to execute physical or mental
tasks and activities.®*>2%-3133-3539 Eour studies explored
virtual nature experiences as relaxation or distraction ther-
apies for stress and pain management.'®***° Four studies
employed VR-based games as rehabilitation interventions
(motor and cognitive functions).?®324142 There was only
one study that used VR to build a virtual world where
patients could think about outside events and internal
feelings.*?

Characteristics of research participants

The studies addressed two target populations: medical stu-
dents and the patients. 11 of the 28 studies focused on teach-
ing medical professionals, while the remaining 17 focused on
treating the patients. Numbers of participants in the studies
ranged from 10 to 116 (see Table 1). Medical professionals




DIGITAL HEALTH

(panunuod)

(ulw 0ST) Yy Gz 38etany SAISISWIW| Joiuas ‘Joiunf) € =N [ERIEIN
Sujuiesn
s3n0|8 Josuas ‘sauoydpeay (JuawaSeuew Joluas uonedINpad N
V/N SNISIBW W] ‘sasse|3 uonenwis ‘SI3pUaLIYa] ‘siaied) 8T =) Apnis anneyenp |e21pa ,26T0C “[e 19 431e|S
Sututen vsn
(syuapnis Apnis 10/1d 359} 3sod-a.d uoneINnpd 50202
ulw 0z ANISIBW W] (pleogpJed) 19speay YA 3|iqoly 3dul1dSs Suisinu o) 05 =N |eruawIIadxa-1seny |ea1pap “|e 13 ouepioln
Suruien
uoneINpa 3N
ulw ST AAISIaWIW| 19speay YA (s10120p Jounf) 6 =N Apnis 10)1d |ea1papy 02120T “[e B 1|jeW
Sujuies
uoieINpad ejjedisny
V/N ANISIaWW| $13]|0J3U0d ‘}3speay YA (stuapnis [W ‘1Y ON) 99=N Apnis annelenp |ea1papy £:720T “[2 13 uunp
Sujuies
(Aynoey (Apnas uolnesInpa vsn
uiw o€ ANISIBW W] 19speay YA ‘syuapisal [ejuap) Lz=N  10]id) [ejuswiiadxa-I1seny |e2Ipa ,cT20T “[e 13 luiwy
Sururen
1Dy ue uopednpa  ewusq ,,120T
uiw 0z ANISIBW W] S13]043U0d ‘QWH YA (syuapnis |eaipaw) 6T =)  se Apnis 1ojid aanelo|dx3 |ea1pap “|e 19 uasiapuy
Sututes NN
Apnys uorneINpa a1 120T
ulw 0€~0t dAISIaWW| 19spesy YA (sjuapmis Buisinu) 6T=pN  Ajiqises} spoyrdw-paxi |e3Ipay “le 19 Leylypy
Sujuies
(s1aydesSoiped ‘sasinu uoieINpad ejjesisny
ulw 1 ANISIaWW| aWH YA ‘sisieads) 40T =N Apnis 10]1d |ea1papy ,1720T ““[e 13 pooH
Sututen uemie]
(sysidesayy uoneINpad 120C
(ulw ozT) Yy T SNISIBW W] aWH YA ‘sasinu ‘suepishyd) 09 =y Apnys 3sod-alid [ERILEIN “le 32 Sueiy)

‘'sSulpuy sy} jo Aewwns °t 3|qel




Dhar et al.

(panunuod)

Juswleal) ajoym YA
1o} Hy93m u3d shep €-z Joj uiw 09-Gh  SAISISWIWI-UON

ulw o% ‘y T PIJse| UoIssas

{SY9IM ZT-8 I3AO SUOISSIS 9T |ejo] ANISIaWW|

uoIssas HA
awes ulw-oT Aep A1ana ‘S2aM 9 BAISIBWIWI-UON

Repjuiw og sem uojssas

YJed ISYI3M # 10} }99M/SUOISSSS G IQAISIaWWI-IWas

(S)99M # 10}) suoIsses ZT SAISIWWI- WIS

uiWw G4 Pa3JSe| UOISSIS
U283 {S)99M 8 J0j YDIM/SUOISSIS €  SAISIIWWI-WIS
(uonexe|as ahs
UIW-0T 934y} pue ‘suoissas Sululety
YA UIW-0Z 334Y3}) ulw 00T SeMm uoneinp

|B10] {S)33M 8 10} Y33M/SUOISSIS € ANISIBWW|
uiw
Gh~0f SBM UOISS3S UIed pue (Suolssas
8T [©10]) S}93M 9 10} }33M/SUOISSIS € AAISIBW W
(urw
0TL 40 Y ZT |e10]) Y T 0} SEM UOISSSS
U283 pue SY33M Z 0} }39M/SUOISSIS € AAISIBWW|

sieaf z'1¢ aSe ueaw

pleogAay ‘asnow ‘dopiseq  (adg yum sjusned) sT=pN

(43pa0sip d130ydAsd e wouy
awH Surayns syuaned) 91T =)
sieah
L€ 9Se ueaw !(s|0Juod 0z
pue syuaned S\ 0z) ‘o =N

lojyuow @7 ‘pieoq
aduejeq ‘snid 1M OpUSUIN

sieah
87°85 a5e ueaw :(sjuaijed
90415 dIN2R-QNS) TZ=N

(80> ojopy) waishs
Sulurey uoney|igeya. snHuS0)

sieak
#9 95e ueaw (sjuaied
9043 dNdeYNS) 0Z =N

$9IA3P
pajsisse-2110qol ‘suaauds Aejdsiqg

sieak
ot 3Se ueaw :(spuanied

euUBMIU-S| g ayjodis-1s0d) zT =N

sieah G-z, aSe
SI9[|0J3U0d puey ‘}3speay YA  ueaw ‘(swuaned D) 89 =N
J3]]043u0d uoielSAe|d
‘10123(01d yono} Ja8uy ‘yusw.es
Jews ‘19}3wWo813-3|2A)

siedh ¢'¢/ aSe
ueaw ¢(syuaned D) 0T =N

(wa1sAhs

YA JAVYD) J3]j013u0d YA @€

‘10SU3S UOIOW ‘sasse|S YA @E  (SIuapnis |edipaw) sz=p

wJojpe|d
Joje|nwis J-Ap ‘SSSAP 21100y

(suapms
|e2184ns ‘saauled) |ea1paw

Apnis Aujiqerdarde pue
Ku1qisesy ‘spoylaLu-paxipy

104

Apnis [eu01323s-550.3
[eUOIIRAIBS]Q

134
(sdnos8

[3]|e4ed ¢) 13Y 10)1d

Apnis 10i14

104

Apnis 10)14

104

Apnis
uosiiedwod paziwopuey

aJed [ed1ul])

aJed [ed1ul])

aled |eaiul)

aled [eaqul|)

aled [edqul|)

a.ed [ed1ul])

aled |eaiul)

aJed |eaiul|)

Suruten
uonesnpa
[e2Ip3

Sututes
uonesnpa

AN ¢,LT0Z
.._m 19 Jauo0d|e

spuejIayiaN
;8102
“[e 13 Jap|oy-1od

uepuof ,.6T0C
“|e 19 uewJeys-|y

2310y
,2020T “|e 19 93]

Auew.ag 28702
“le 19 uuewsiag
Ajey

11102
“le 13 ean7 3q

e3l0Y

4:020T “'[e 19 edey]

Aey
48702 “|B 13
e1sods-dyelpy

uemie]

,220T | 32 Suey)

epeue) . /T0Z
“|e 19 sauaSooH

‘panuiuo) ‘I ajqeL




DIGITAL HEALTH

‘snouanesjul ‘Al ‘Ayjigesig pue SuiSy juswsamodwy uewny ‘qyaH ‘sjeuoissajold aledyyeay ‘sdiH Anful uresq pasinboe ‘|gy ‘uspaosip Aljeuosiad auljiapioq ‘adg ‘sIsolads djdiynw ‘S ‘Judwaiedwi aauSod
PliW ‘[DW JUSWUOIIAUD [BNUIA JIJRWOINE AR ‘JAY)D fJBUIRJ] DUIA BP'IAP “Joje[nwis S[|1YS [eIISINS 1DUIA BP‘SSSAP f|Bl} Pa|joJjuod paziwopued 1)y ‘SuiSew [eaipaw ‘|| ‘Adesayjoipes 1y 9jenpesSiapun ‘gn

sieaf
s9sse|n xog YA G ¢t 38e ueaw ‘(Asdoiq Aayuny . TZ0C
Asdoiq 1seauq ays noySnoayy ANISIBWW| ‘dde Jafe|d YA @€ ‘duoyduews  1seasq Sulnp) 09 =N 10¥ aled [exiul)) “|e 19 uewedey|
sieaf
£'TT 98e ueaw ‘(3unpadoid epeue) ,, 0202
ainpadcoud Al 3y} Inoysnodyl JAISIBWW| awH Al Suio81apun) z9=pN 174 10]ld aled |eaiul|d “|e 19 nijjuewsQ
J3|jo13u0d uonow des) sieah £ a8e ueaw ((A1a8uns
*19||0J3U0d UOIlOW J95Uly pUB  SAI}IS|/RISIYISIUR |BISUIS £3.0Y|
Ul G 10} SeM UOISSDS SAISISWW| puey ‘loyuow uoineinies ‘qwH Suro8iapun) 69 =pN 10 aled [edIUl]) 8107 “|B 13 nAy
(19speay 0dIXa|y
pieogpJe) 3|5009 yum) (uonpasal ewod 0,810 “|e 1
A1381ns Jaye ulw € 10} paIsSe| uoissas SAISISWW| auoyd ‘gWH ‘sasse|S as YA Suipasu suaned) #h=)  (paziwopues) Apnis jojid  3Jed |e2IUI) zanbzey\ ossopy
sieaf
G'6¢ 95e ueaw {(ssatis VSN 4,220C
UoISSaS YA-aUl) ,09€ UIW-E ANISIBWW| awH woJj Suliayns sdiH) 06 =N Apmis 10i14 aled [ediul)) “|e 19 AjJanag
(Ssuolssas 09 [e101) Sy9aM ZT
10} )99M/SUOISSIS G :QYIH SWOH pue sieaf
(SUOISSaS ZT |L10}) UIW G UIBD ‘SHIaM SNIEN GG 98e ueaw :(suaned Ajey . Tz0T
# 10} )99M/SUOISSDS € :QYIH dIUl|)  DAISISWWI-IWIS uoloW ‘ulIIS UOISIASIDL )041S dIU0IYD) HE =N Apmis 1014 a.led [eaiul|) “le 39 Jimopsuo|
Y T 10} UOISSDS sieaf g'9g aSe ueaw Apnis dnouS-|3|jesed euly) . T0¢
Y2e3 {SHIIM T 10} YDIM/SUOISSIS # SNISISWW| X0q ul| ‘@IA3p Suidedt ‘QWH  ((Slusned ayouls) sg=pN  ‘paziwopuel ‘puljq 3|SulS Jed |edrul|) “le 19 qIgyaW
$19(]0J3U0d dwWes |enuewiq
‘19AJ3s 3j0wal ‘sauoydpesy sieaf 1 9Se ueaw ‘(|gy Apnis SN ,,020
Syaam 9 SAISISWIWI-IWIS SSIIIM ‘Jojuow pue saindwo) yum suedpied) Tg=pN  1ojid pue el Aljiqises{  3Jed |eajul)) “|e 19 oje||93dng
Ul 0€ SBM UOISSIS uemie]
2B {SHI9M § 10} YDIM/SUOISSIS €  DAISIDIWIWI-IWDS wrAnun auiSus swes gg (suaned ay041s) 9T =N Apms Anjiqisesaq aled [edul)  LTOZ “[B 13 YdA

‘panuiuo) ‘1 ajqel




Dhar et al.

comprised of undergraduate medical students, pre-registered
nurses, therapists, radiographers, dental residents/faculty,
junior trainees, senior trainees, senior management staff,
and surgical students. Patients included for therapeutic treat-
ment in the trials were dealing with stress, psychotic disor-
ders, borderline personality disorder (BPD), stroke
(sub-acute, chronic, and post-stroke), multiple sclerosis,
acquired brain injury, and preoperative anxiety. In addition
to these, there were participants who were undergoing a
breast biopsy, anesthesia, and IV treatment.

Assessment tools

The research covered in this scoping review included sub-
jective self-reported questionnaires, clinical test batteries,
task performance tests, interviews, and VR tools or
systems to assess medical students’ learning and patients’
healthcare outcomes. Written materials, like multiple-
choice tests, were also used to determine what a student
learned. A tool called Kirkpatrick’s model was also utilized
for evaluating the training programs.

Major study focus

The focus of our review was assessing the role of VR
mainly in clinical care and medical training. The selected
studies explored knowledge, skills, confidence, self-
efficacy, learning efficacy, attitudes, and empathy as
outcome measures in medical education training. The
outcome measures for therapeutic care research included
cognitive functioning, motor performance, depression,
motivation, walking function, anxiety, paranoia, behavioral
function, stress, pain distraction, social participation, men-
talization, and mood (see Tables 2 and 3).

Effectiveness of VR training and intervention on
clinical outcomes

Medical education teaching/training

Knowledge. In total, six studies assessed knowledge as
an outcome.®'"18:2123:38 Bive studies showed a significant
increase in knowledge acquisition from pre- to post-VR
training. The results showed that those who underwent
VR simulation training had an improvement in
tracheostomy-related knowledge and care skills, stroke
management, pneumonia with sepsis management, surgical
expertise for a urethrovesical anastomosis task, and oral
care-related knowledge in the care of elderly people with
disabilities. However, one study by Giordano et al.*® did
not show a significant difference between the student’s
knowledge retention about opioid-related overdoses when
administering intranasal naloxone compared to individuals
participating in standard education.

Learning efficacy. One study focused on learning effi-
cacy.”? The VR-based training simulation centered on tip
tracking abilities in order to improve medical students’
learning efficacy in placing peripheral venous cannulas.
The VR group had a considerably higher proportion of suc-
cessful cannula emplacements.

Skills. Six studies, in total, evaluated skills as an
outcome.'’~'*2'"2* The results showed that those trained
with a VR simulation exhibited improved tracheostomy
care skills, optimal stroke workflow processes, decision-
making competency in managing pneumonia with sepsis,
ultrasound-guided peripheral venous catheter placement,
computed tomography (CT) scanning skills, and acquisition
of surgical skills for a urethrovesical anastomosis task.

Confidence. Four studies focused on the effectiveness of
VR simulation on learners’ self-confidence.'’° According
to all trials, VR education significantly increased confi-
dence in learners’ ability to make improvements in stroke
management, dealing with sepsis patients, clinical CT con-
fidence, and managing diabetic emergencies.

Attitudes. Two studies investigated attitudes as an
outcome.®*® One of them discovered similar attitudes
toward dealing with opioid overdoses and delivering emer-
gency medical care as compared to the learners participat-
ing in conventional training.*® On the other hand, a study
by Chang et al.® managed to improve oral care-related atti-
tudes in medical students. Those students successfully
simulated treating senior citizens with various physical
and oral ailments using virtual settings, and they used
appropriate oral-care techniques for each situation.

Empathy. Two studies assessed empathy as an
outcome.”**” The study by Slater and colleagues®* enabled
the emotive, moral, and cognitive components of empathy
and helped to educate healthcare professionals about the real-
ities of a person with dementia. Ultimately, the experiential
education program was considered effective. Emotionally, it
gave participants the chance to understand what it is like to
live with dementia, which improved their capacity for
empathy. The results of the other trial’” indicated immediate
post-training improvements in dental care delivery and patient
relationships. However, there was no notable difference
between skills assessed just after training and in the survey
administered one month later.

Self-efficacy. The impact of VR education on self-efficacy
was examined in two trials.**' Both studies showed a signifi-
cant trend of improvement in self-efficacy for tracheostomy
care skills and oral healthcare behavior among healthcare
professionals.
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Table 2. Virtual reality (VR) used as a medical education tool.

Increased trainees’ familiarity, enhanced their
confidence, and decreased their anxiety with respect
to tracheostomy-related knowledge and care skills.

Increased confidence in their ability to make
improvements in stroke management.

Improved confidence and anxiety post-intervention.

Successful cannulation (skills) was significantly higher in
the intervention group.

There was no significant difference in cognitive, affective
or skill-based learning immediately post-training.

Increased perceived confidence for performing CT scans.

Increase confidence in managing diabetic emergencies.

There was no difference in knowledge or attitudes
post-intervention.

More awareness and greater appreciation of the effect of
the environment upon dementia patients.

Training with dVSSS over the dV-T showed improvement
in junior trainees compared to seniors and medical

students.

Improved students’ oral care-related knowledge,

Chiang et. al., Knowledge, care skills, Questionnaire and written/
2021% and self-efficacy knowledge test

Hood et al., Knowledge, skills, and Questionnaire
2021"7 confidence

Adhikari Knowledge, skills, and Questionnaire and interview
et al., confidence
2021"

Andersen Skills (procedural) and Skill/task test
etal., learning efficacy
202122 (knowledge)

Amini et al., Empathy (KSA) Kirkpatrick’s model, a quiz, and
2021% questionnaires

Gunn et al., Skill acquisition and Questionnaire
2021 confidence

Mallik et al.,  Confidence Questionnaire and Kirkpatrick’s
2021%° model for evaluating training

programs

Giordano Knowledge and attitudes Questionnaires
etal,
2020%

Slater et al., Empathy Face-to-face and telephonic
2019%* interviews

Hoogenes Knowledge and skills Task performed (assessed
etal., automatically via robotic VR
2017% system)

Chang et al.,  Knowledge, attitudes, Questionnaire
2022° and self-efficacy

attitudes, and self-efficacy.

KSA, Knowledge Skills Attitude; CT, computed tomography; dVSSS, da Vinci surgical skills simulator; dVT, da Vinci trainer.

Clinical care
Rehabilitation
Motor performance. Eight rehabilitation studies focused

primarily on VR-based therapy and analyzed their
impact on motor performance.””>>** Seven VR-based
training programs improved patients’ physical abilities,
including fine motor recovery, upper extremity, dexterity
functions, gait resistance/speed, balance, gripping,
mobility, walking time, and the extent to which they
could independently carry out daily activities. Although
one trial failed to reach statistical significance, it demon-
strated the VR system’s potential to increase the access
to care.*?

Cognitive functioning. Six rehabilitation studies investi-
gated the effects of VR-based treatment on cognitive func-
tioning.?"%-313%3%42 Eour of six trials reported successful
improvement in different domains of cognition, including
patients’ attention, executive function, memory, processing
speed, and awareness.> 303135

Mental health
Anxietry. Three studies assessed anxiety as an

outcome.'®*>?% One study employed VR-based relaxation
and distraction therapy that managed to lower anxiety in
patients undergoing a biopsy.'® Another study utilized
VR-based gaming and successfully reduced anxiety in
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VR devices (HMD and mobile) effectively reduced pain during
ambulatory surgery.
Reduced preoperative anxiety.
No significant improvement in pain or distress during an IV
procedure.
Significant improvement in the reduction of pain and anxiety.

Questionnaires and vital signs
Questionnaire
Questionnaires
Questionnaires

Pain distraction
Preoperative anxiety
Procedural pain and distress
Pain and state-trait anxiety

2020*

2018*
MCI, mild cognitive impairment; HMD, head-mounted display; UE, upper extremity; ADLs, activities of daily living.

Mosso Vazquez et al.,

Table 3. Continued.
Ryu et al., 2018%®
Osmanlliu et al.,

16

kids receiving anesthesia.”® Cognitive behavior therapy
(CBT) was also conducted via VR in patients suffering
from a psychotic illness. The treatment was effective in
reducing paranoia and momentary anxiety. However, the
therapy was unable to promote social participation, which
they defined as the duration of time spent with other
people in one of the studies.*

Pain. The impact of VR therapy on pain was examined in
three trials.'®***! Two out of three trials demonstrated a
positive effect of VR on pain management.'®** While, in
contrast, the third one—Osmanlliu et al.*' found no signifi-
cant difference in levels of pain during an intravenous (IV)
procedure, which was the main clinical outcome. However,
in this study VR-based treatment proved to be a feasible and
acceptable treatment.

Stress. Two  studies investigated distress as an
outcome.”®*' Beverly et al.?® reported that presenting tran-
quil CINEVR as an intervention had a significant influence
on the psychological stress of participants (who were front-
line healthcare professionals in COVID-19 treatment facil-
ities). The other study showed no significant improvement
in stress reduction.*'

Motivation. Two studies assessed motivation as an
outcome.”’* According to one study,”® VR therapy was
well-received and boosted patients’ motivation to walk
for longer periods of time. The other study®’ demonstrated
the effectiveness of VR-based cognitive training on partici-
pants’ motivation for rehabilitation.

Depression. A study conducted by Lee et al.?” focused on
depression as a clinical outcome. The VR cognitive
rehabilitation training program significantly improved
symptoms of depression.

Mentalization and mood. Only one study evaluated menta-
lization and mood as part of the treatment of BPD.*
However, no changes in self-reported measures of
mentalization or mood were observed in the trial. The
symptoms did not worsen as measured by a subjective
questionnaire.

Feasibility and user experience

In our review, 13 studies assessed the feasibility and user
experience in addition to clinical outcomes (see Table 4).
Five studies explored the feasibility and acceptability of
VR systems via qualitative interviews or paper-based ques-
tionnaires or surveys.'*2?3>43 All reported studies showed
positive responses to VR intervention/training with high
acceptability and feasibility. Participants found the VR
systems to be useful and engaging. In addition to these
studies, two studies investigated the feasibility as their
primary outcome.’*** Self-reported questionnaires and
surveys were used to assess the feasibility of using this
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Table &. Assessment of virtual reality (VR) feasibility and user experience.

VR system significantly motivated learners: trainees gave
positive feedback.

Feedback was constructive and useful. VR was
convenient, enjoyable, and accessible.

VR system was useful, appropriate, and relevant for
nursing education.

Feedback provided ways to improve the training
application and to support extending the virtual

training format beyond technical skills.

Showed positive responses to perceived usefulness, ease
of use, and enjoyment.

The study delivered effective VR training for clinicians.
Students were satisfied with the system. The VR-based
training system was easy to use.

Showed high acceptability and a low drop-out rate.

Chiang et al., User feedback Open-ended questions
2021
Hood et al., Usability and VR user survey feedback
2021" acceptability
Adhikari et al.,  Feasibility (acceptability Qualitative feedback
2021%8 and applicability) (one-to-one interviews)
Amini et al., User feedback Qualitative feedback
2021% (One-to-one interviews)
Gunn et al., User experience Qualitative feedback (survey)
2021"
Mallik et al., Feasibility E-survey (feedback)
2021%°
Chang et al., User feedback Satisfaction survey
2022°
Bergmann Feasibility and Dropout rate and
et al., 2018%° acceptability questionnaire (about the VR

scenarios)

Qualitative feedback
(interviews)

Falconer et al.,
2017

Feasibility and
acceptability

Yeh et al., 2017
33

Usability of the VR
system

Questionnaire

Feedback form
(questionnaires)

Buccellato
et al., 2020*

Feasibility

Jonsdottir et al., Feasibility and

2021% acceptability satisfaction scale
(questionnaire)
Osmanlliu Feasibility and Recruitment rate and
et al., 2020* acceptability satisfaction survey

system in clinical trials. Six studies assessed user experi-
ence or feedback to the VR systems via interviews, ques-
tionnaires, or surve:ys.6’17’19’21’33’37 The feedback from
participants was positive, insightful, and constructive; and
they considered VR to be accessible, pleasurable, and
effective. Two studies used the criteria of the dropout rate
(adherence) to evaluate the feasibility and showed good
adherence.***

Adherence and usability

Positive response to the VR intervention. All participants
wanted to continue with VR therapy.

Participants considered the system to be useful, playful,
easy to use, and wanted to continue using the VR
system.

High system enjoyment and usability.

Results showed high level of usability. Adherence was
good.

Recruitment rate was slightly lower (78.7%) than the
expected threshold (80%); the VR intervention was
feasible and acceptable.

Discussion

Focus of study

The aim of this scoping review was to investigate the exist-
ing literature on the use of VR for training medical students,
supporting clinical care provided by healthcare profes-
sionals and interventions for the patients. 28 VR-based
studies were reviewed to determine the effectiveness of
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VR training and interventions on medical professionals and
patients. Despite the wide variety of studies considered for
our review, outcomes showed that VR-based training and
interventions were beneficial and well-received.

We initially found 3743 studies using our search strat-
egy, out of which 28 were ultimately included in this
scoping review. The included studies comprised of RCTs
(28.6%), feasibility studies (14%), and pilot studies
(25%), while the remaining 32.4% studies comprised of
qualitative, observational, and randomized parallel and
group studies. Sample sizes ranged between 10 and 116.
VR systems and tools were employed in all of the trials,
as well as subjective questionnaires, task performance
tests, and interviews. The intervention duration varied
from one to 60 sessions. Furthermore, 60.7% of studies in
the review evaluated individuals seeking therapeutic treat-
ment, while 39.3% focused on training medical students
and professionals. In our review, clinical outcomes were
divided into two categories: medical education and thera-
peutic treatment. 11 of the 28 studies were classified as
medical education-based trials, while the remaining 17
were identified as clinical care-based trials. Of the 28
studies, 22 reportedly improved clinical outcomes. In nine
of 11 trials, VR training enhanced knowledge, skills, com-
petency (confidence, attitudes, and self-efficacy), and
empathy of medical trainees. Only two of 11 (18%) trials
that investigated the impact of VR training for educational
purposes found no significant difference in clinical out-
comes. Our findings are consistent with a review,** that
found evidence of improvements in knowledge and skills
among participants using VR interventions compared to
those participating in traditional digital learning methods.
Inconclusive results were found for attitudes and satisfac-
tion outcomes, although none of the studies included in
their review reported any patient-related outcomes or
behavioral changes in either patients or students.

In 14 of 17 trials, VR training was effective in providing
rehabilitation therapy (cognitive and motor rehabilitation)
and improving mental health outcomes (stress, anxiety,
depression, pain, mentalization, and mood) in patients.
Only four of 17 (23.5%) trials that investigated the effect-
iveness of VR intervention in delivering therapeutic treat-
ment reported no substantial improvement. Our findings
were similar to other reviews where effects of virtual train-
ing helped patients in their health outcomes.*>**®

Both RCTs and trials using a pre-test/post-test design
were included in our review. Since there is a vast amount
of quantitative study literature, it can be implied that
virtual simulation was a helpful tool for participants
(medical professionals and patients) to learn and experience
fewer symptoms during clinical trials.

Our review reported that the duration of the research (in
weeks or sessions) had no effect on the effectiveness of the
majority of outcome measures. However, in studies explor-
ing medical education learning,'’**7-*® all training were

scheduled within a single session and lasted from 15 min
to a maximum of 2.5h. Only one research focusing on
medical education carried out six therapy sessions of
720 min.° Therefore, it still needs to be seen whether long-
term VR training can result in more-productive learning and
improved functional results. Meanwhile, studies focusing
on clinical care'®*>332%*3 indicated a wide range of treat-
ment durations (rehabilitation and mental health). Both
long-term treatment with 60 sessions *> and short-term
treatment of one session”® were found to be effective in
our review. Unfortunately, there was no consensus or stand-
ardization of the optimal duration of VR treatment sessions.

Despite the positive VR outcomes, one study?® in our
review did state that the length, number of sessions, and
setting of many VR therapies may be significant hurdles
to VR interventions. They concluded that in order to meet
the demands of participants, particularly frontline health-
care professionals, VR treatments in the future must be
fast and easy to access.

In our review, VR technologies were classified into three
broad categories: non-immersive, semi-immersive, and fully
immersive. Immersion is an essential element of VR study
since it affects users’ experiences and their feeling of involve-
ment.*’ The level of immersion may potentially have an effect
on the effectiveness of VR-based therapy.**** Our findings
are consistent with these studies, as 16 of the 20 trials
included in our review used immersive technology and
demonstrated significant improvements in training and clin-
ical care.

Of the studies included in the review, 46% assessed feasi-
bility and user experiences in addition to clinical outcomes.
The qualitative analysis emphasized how highly engaged
and perceptive the learners were, which motivated them to
continue using VR for training or treatment purposes.

Though, there was a lack of guidance on how to conduct
usability tests for VR health interventions, but patients’
acceptability and users’ feedback are crucial factors to
take into account because they indicate whether or not
users will use/adopt a technology in the future.*>*°
Overall, patients and healthcare providers seemed to be sat-
isfied with the VR experience and indicated that they would
like to use this technology (VR) in the future as well.
Recently, one study did attempt to create a summary of
evaluation approaches in order to provide developers and
researchers with an understanding of key factors to consider
when integrating VR, allowing them to make continual
improvements prior to clinical use.”®

Future of VR

In the near future, it is possible that VR might be used to
provide standardized clinical training in therapeutic set-
tings. But in order to succeed in that, it must be decided
which devices or tools best meet the requirements of both
patients and therapists. The use of VR in various clinical




Dhar et al.

15

contexts would necessitate further investigations in this
regard in future.’' The need for collaboration with software
developers, clinical users, therapists, and researchers is
indeed significant.”'

Our review supports the role of VR technologies in the
terms of medical education and clinical care among the
healthcare professionals, students, and patients. A recent
review literature also highlights the benefits of VR technol-
ogy for patients’ education and treatment.>> In contrast to
this review, our study found that 75% of the total included
articles reported improvements in patient care. Besides this,
our study also assessed the user experience along with the
effectiveness of VR on outcome measures.

Our results are in agreement with those of previously
published review studies ,”>*>7 showing the positive
effects of VR. A review conducted by Jiang et al.’
focused on the diverse applications of VR in medical edu-
cation. In terms of outcomes, our findings are comparable
to those of this study, including surgical abilities, anatom-
ical skills, clinical knowledge, and clinical scenario man-
agement. Additionally, our review also categorized
different VR modalities based on the level of immersion.
The primary difference was that we made an attempt to
assess the effects of VR-based education on participants
learning skills.

The findings of our review have been mirrored in other
literature,>*>> showing the positive effects of VR in terms
of clinical care for pain and anxiety. The results of other
studies by Afsoon Asadjadeh et al.’® and Omar Mubin
et al.>’ also support the findings of our review, showing
that VR rehabilitation has a considerable favorable impact
on motor function and cognitive impairment.

Impact of COVID-19

During the COVID-19 pandemic, VR simulation training
proved to be crucial in rendering healthcare services,
improving both operational and clinical care.”® According
to Michael Co et al.,”® web-based surgical skills learning
(WSSL) can be a feasible alternative to face-to-face surgical
skills teaching. Another study with similar conclusions
claims that VR skill training is a beneficial substitute for trad-
itional methods of learning for surgical residents.®
Technologies for remote communication are being explored
as prospective options for supporting medical treatments for
rehabilitation.® 2 Thus, given the current scenario, immedi-
ate action in the healthcare delivery system is needed to
address challenges post COVID-19 pandemic. During this
period, medical facilities were temporarily shut down, and
patients with other conditions received much less attention.®®
However, it also paved the way for the employment of
digital technology in the provision of medical treatment
and education. As educators throughout the world struggle
with how to continue offering education, many institutions
now use pre-recorded or live videoconferencing services.®®

Prior to COVID-19, only 10 studies were published that
focused on the application of virtual reality in medicine.
During and post COVID-19, we found 18 studies were con-
ducted in 2.5 years and the number is continuously rising.
One of the studies included in our review looked into the
use of virtual reality (VR) to reduce stress and anxiety
among COVID-19 frontline health professionals.?® This
study demonstrated its effectiveness.

Strengths

Our scoping review is the first of its kind to focus on patient
care, which involved both medical education for students
and therapeutic treatment of patients. In addition, the
review examined studies using different VR modalities,
such as semi-immersive, non-immersive, and immersive
technologies. The majority of the studies showed an
improvement in outcome measures in both patient care
domains. Certain studies not only investigated improve-
ments in learners’ abilities or patients’ clinical outcomes
but also the users’ experiences and feasibility of using VR
systems. The findings implied that VR system was safe,
entertaining, and effective for the participants. Despite the
benefits of using VR technology in health care, there were
various limitations in our review, as described below.

Limitations

The major limitation of this scoping review was that we were
unable to conduct a meta-analysis or systematic review due
to numerous variations in the study designs and clinical out-
comes. As a result, we conducted a scoping review and pre-
sented a tabulated analysis of the studies. The wide
heterogeneity in study designs, outcome measures, types of
VR (devices, immersion levels, contents, and durations),
and evaluation methodologies also made reliable compari-
sons challenging. One aspect that stood out was the lack
of continuous monitoring of the level of immersion, which
might have an effect on outcome measures. Moreover,
many of the included studies had small sample sizes,
which makes it difficult to generalize the findings. Thus,
large intervention studies with big sample sizes are required
for a greater understanding of VR and its implications in the
future. In order to effectively sustain the long-term impacts
of VR interventions, much rigorous research is required, par-
ticularly in the case of therapeutic care where rehabilitation
and recovery are long processes that can last for a lifetime.

Conclusions

Healthcare professionals are using VR to provide improved
care for patients and better training for doctors and medical
students. The literature reflects the popularity of VR as a
tool for teaching medical students as well as for managing
health and rehabilitation in patients with a variety of
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medical conditions. Nine out of eleven medical education-
based studies have shown the positive outcomes in terms of
knowledge, skills, confidence, and empathy. Besides this,
VR has emerged as a promising tool for clinical care of
patients. 13 out of 17 clinical care-based studies have
revealed positive outcomes in rehabilitation programs and
mental health. In the near future, more studies should
compare intervention groups to control groups to ascertain
whether VR therapies are superior or more effective. We
also recommend a thorough examination of how levels of
immersion affect the treatment response. Future research
should also emphasize on establishing the standards that
explicitly describe VR procedures with regard to immersion
levels, study designs, VR contents, and intervention treat-
ment periods. Hence, there is an urgent need for a collabor-
ation between the VR simulation industries and healthcare
professionals for more effective and specific VR contents
development. Finally, more exploration is required to deter-
mine the feasibility and user experience of VR in health
care among healthcare professionals and the patients.
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