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Abstract

Background: Virtua redity (VR) has promise as an innovative nonpharmacol ogic treatment for improving a patient’s quality
of life. VR can be used as an adjunct or treatment for many acute and chronic conditions, including seriousillnesses.

Objective: This systematic review aims to assess the current state of the literature of randomized controlled trials that use VR
in patients with serious illnesses. Two secondary aims include assessing intervention components associated with improved
quality of lifeand functional outcomes among older adults, aswell as evaluating how well the randomized controlled trials adhere
to consensus standards for VR research.

Methods: We searched PubMed, Embase, and CINAHL for randomized controlled studies published at any time. We screened
and accepted studies that reported outcomes related to patients' quality of life, provided an immersive VR intervention, and
included patients with seriousillness. We narratively summarized key attributes of publications that shed light on study efficacy,
generalizability, replicability, and clinical utility. All studieswere assessed for study quality with the Cochrane Risk of Bias tool
and for concordance with 8 recent consensus standards for VR research.

Results: From the 12,621 articles searched in May 2024, atotal of 24 (0.19%) studies met the inclusion criteria, and of these,
88% (21/24) reported an improvement in at least 1 patient quality of life outcome and 67% (16/24) had a high risk of bias. In 7
(n=24, 29%) studies, VR was used to provide distraction therapy to reduce pain. Intotal, 5 (n=24, 21%) studiesincluded training,
supervision, and assistance in VR use, which demonstrated improvements in patient quality of life-related outcomes. Of 24
studies, 9 (38%) included patientswith stroke, 9 (38%) included patientswith cancer, 4 (17%) included patients with cardiovascular
disease, 1 (4%) included patients with chronic obstructive pulmonary disease, and 1 (4%) included patients who reported pain
in hospital. In all 9 studiesthat included patients with stroke, the main purpose of VR wasto improve mobility and strength; these
studies had higher frequency and longer durations of VR use, ranging from 2 to 9 weeks, as compared to a VR use duration of
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<2 weeksfor studies aiming to reduce pain or anxiety. Regarding consensus standards for VR research, 29% (7/24) of the studies
adhered to all 8 criteria, and all studies (24/24, 100%) adhered to =5 criteria.

Conclusions: Nascent evidence suggests VR’s potentia in mitigating pain, anxiety, and depression and improving mobility
among personswith seriousillnesses. Most studiesdid not provide detailed information about unassisted or assisted use, suggesting
that VR for older adults is currently most appropriate for observed settings with assistance available.

Trial Registration: PROSPERO CRD42022346178; https.//www.crd.york.ac.uk/prospero/display_record.php?RecordlD=346178

(J Med Internet Res 2025;27:€54452) doi: 10.2196/54452
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Introduction

Background

More than 60% of Americans will face a period of significant
disability before death, incurring a diminished quality of life
from the impact of serious illness, including multimorbidity
[1-3]. Seriousillnessis defined as ahealth condition with ahigh
risk of mortality that either negatively impacts daily function
or quality of life or strains a person’s caregivers [4]. Serious
illnesses include those of indeterminate but limited prognosis
and those that have a detrimental effect on the quality of life of
patients and their caregivers. They encompass malighancy,
organ failure, or frailty, acomplex state of vulnerability that is
often associated with dementia [4,5]. Serious illnesses are
associated with burdensome symptoms and functional decline
and include many leading causes of death, such as stroke, as
well as multimorbidity [6]. Patients also face a significant
financial burden because of medical treatment [7]. These
conditionsinterfere with aperson’sability to engagein activities
they once enjoyed and impose emotional and physical burdens
on family members and other caregivers, these conditions are
of growing importance with the population aging [4].

Functional outcomes are a useful adjunct to other quality of
life-relevant measuresto understand theimpact of seriousillness
on aperson’'slife[8]. Activities of daily living (ADLS) include
basic functions such as dressing, maintaining personal
cleanliness, toileting, transferring, and eating. The impairment
of 1 to 2 ADLs occurs in most Americans during the years
before death, and =3 ADL impairments are associated with
institutionalization. Important goals for patients include dying
at home and maintaining cleanliness, both of which are abetted
by functional status or require dedicated caregiving if adequate
support is unavailable [9]. Evaluating functional outcomes in
patients with serious illness is especially important because it
directly reflectstheir quality of life and their ability to perform
ADLs[10].

Virtua reality (VR) is one among emerging interventions (eg,
smart technologies) with the potential to improve a patient’s
quality of life, patient-reported outcomes, psychological
outcomes, and functional outcomes for persons living with
serious illness [11-14]. VR offers a computer-generated,
stereoscopically rendered, 3D visual environment, often with
complementary sound, which responds continuously to a
patient’s movement. Immersive VR creates a psychological
experience of treating the virtual simulation asareal experience.

https://www.jmir.org/2025/1/e54452

The sensory experience is thus distinct from nonimmersive
reality, such as augmented reality that allows the participant to
See computer-generated images superimposed on the real -world
visual field [15,16]. Immersion and distraction therapies have
been shown to be helpful in improving quality of life and
functional outcomes. The use of VR in health care for serious
illness care has been expanding to address pain, anxiety, and
other needsin palliative care and hospice settings[17,18]. There
isaneed to understand the quality of research and VR's efficacy,
especially in randomized controlled trials (RCTSs), asit applies
to older, seriously ill adults.

Objectives

Several recent reviews have explored content salient to our
interest, although not in the specific context of applying VR to
palliative care and seriousillness[19-21]. We aim to determine
the extent to which rigorous studies have focused on the rapidly
growing population of older adults, the quality of that research,
the extent to which it adheres to recently accepted VR research
standards, and the characteristics of that research (eg, common
outcomes) [22-24]. Two secondary aims include assessing the
components of interventionsin RCTs associated with improved
quality of lifeand functional outcomes, aswell as assessing the
extent to which the current RCTs related to VR adhere to
recommended consensus standardsfor high-quality VR research.

Methods

Protocol and Registration

Our review adhered to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) protocol s statement
and Enhancing the Quality and Transparency of Health Research
guidelines [25,26]. We registered our protocol to the
PROSPERO (CRD42022346178) [27].

Eligibility Criteria

Included in this systematic review are studies published in
peer-reviewed journals up through May 2024 that meet the
following criteria organized by population, intervention,
comparator, outcomes, timing, and setting framework (Textbox
1) [28]. Functional outcomesinclude patient-reported outcomes
relating to the quality of life and patient-demonstrated outcomes
(eg, arm curl, chair stand, back scratch, chair sit, reach, walk
test, overal cognition, and memory) [29,30]. Biological
intermediaries (eg, functional magnetic resonance imaging
scans, cortisol levels, blood test values, and balance) that do
not directly demonstrate patient function are not included as
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patient functional outcomes [31]. Eligibility criteria are
described using the population, intervention, comparator,

Maheta et al

outcomes, timing, and setting framework (Textbox 1).

Textbox 1. Eligibility criteria using the population, intervention, comparator, outcomes, timing, and setting framework.

Population

« Inclusion criteria: studies that include adult patients (aged =18 years) with serious illness, such as stroke, defined by a variable but limited

prognosis and an important illness impact quality of life

«  Exclusion criteria: studies that include pediatric or adolescent patients (aged <18 years) or patients without serious illness

Intervention

« Inclusion criteria: study participants must use some form of immersive virtual reality in the intervention arm.

«  Exclusion criteria
o Intervention description insufficient to describe immersiveness

«  Augmented or extended redlity (ie, nonimmersive reality)

« 2D screens (eg, Wii and Wii Fit [Nintendo], Xbox [Microsoft Gaming], and YouGrabber)

Comparator

o« Usua care

Outcomes

« Inclusion criteria: patient quality of life-related outcomes, including patient-reported (eg, pain and anxiety) or patient-demonstrated (eg, arm
curl, chair stand, back scratch, chair sit, reach, walk test, overall cognition, and memory) outcomes

«  Exclusion criteria: only biological intermediaries reported as results (eg, functional magnetic resonance imaging scans, cortisol levels, blood test

values, and balance)

Timing: interventions with any follow-up period

Setting: any care setting (including in-patient clinics or outpatient and ambulatory care)

Selection of Sourcesfor Evidence

Conceptsincluded in the literature search were RCTs, VR, and
seriousillnessas shownin Multimedia Appendix 1. We searched
PubMed, Embase, and CINAHL for studies published at any
time and identified 12,814 articles (n=10,799, 84.28% articles
after duplicates were removed). During the title and abstract
screening and full-text screening phases, 3 coauthor reviewers
screened each study and were blinded to each other’s decisions
(BM, AK, and SF). During the title and abstract screening, we
resolved conflicts predominantly by a“gold standard” reviewer
(KL or KG), occasionally by majority consensus. During the
full-text screening, reasons for exclusion were identified. Only
the gold standard reviewer (KL or KG) resolved conflictsduring
full-text screening. During full-text screening, if any systematic
reviews met inclusion criteria, we added their included articles
to thetitle and abstract screening phase. We used the Covidence
(Veritas Health Innovation) software to generate a PRISMA
diagramto track studies at each stage of the review (Multimedia
Appendix 2 [25]) [32].

Data Extraction

We built an abstraction form through an iterative process
(Multimedia Appendix 3). All aspects of the included article
interventions were recorded, including what the intervention
entailed; the type of VR and media (eg, type of scenery or
activity) used; any training, supervision, or assistance provided
during VR use; the duration of sessions; frequency of sessions;

https://www.jmir.org/2025/1/e54452

and duration of intervention. The main outcomes collected were
related to patient quality of liferelated outcomes. Data
abstraction for theincluded studieswas done through Covidence
with 2 reviewers per article. Two reviewers (BM, AK, or NI)
abstracted each articleindependently and resolved all abstraction
conflicts through a consensus discussion.

Risk of Bias and Quality Assessment

Risk assessment for bias was done using the Cochrane Risk of
Bias tool for RCTs [33]. Two reviewers (SF, AK, or BM)
independently assessed the risk of bias in the domains of
randomization, allocation conceament, blinding, accounting
of patients and outcome events, and sel ective outcome reporting
bias. Any disagreements were discussed by each of the 2
reviewers, and a consensus was reached.

Synthesis of Results

We performed a narrative synthesis of the data abstracted due
to the high degree of heterogeneity of the results, as each
included article reported different forms of patient functional
outcomes. We synthesized each VR-based intervention and
extracted the purpose of VR within theintervention and whether
there was any training, supervision, or assistance provided in
the use of VR. To better understand the individual differences
that may affect the efficacy of VR-based interventions, we
looked at the average patient age, SD and range, type of serious
illness, patient gender, patient ethnicity, and study location for
each of the studies. We characterized each study’s adherence
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to recent consensus standardsfor high-quality VR research using
the definitions below [22].

- Patient population: clear description of the study population
(including inclusion and exclusion criteria)

- Clinical setting: appropriate setting for the VR treatment

« Control and randomization: justification for control and
appropriate randomization

- Blinding and concealment of allocation: description of the
method of allocation conceal ment

- End points: determination and justification of end points
before the initiation of the study

«  Study duration: determination and justification of the study
duration before theinitiation of the study; the study should
be an apriori decision or hypothesis

« Presentation and analysis of results: clear presentation of
results with appropriate statistical analysis

https://www.jmir.org/2025/1/e54452
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« Reporting the trial: reporting of the trial with a national or
international  registry (World Heath Organization
International Clinical Trials or Clinical Trials.gov)

Results

Literature Selection

A total of 12,621 uniquetitles and abstracts were dual screened
by coauthors as per the inclusion and exclusion criteria. A total
of 152 full-text articles were retrieved and further assessed for
eligibility. Of the 152 full-text articles reviewed, 128 (84.2%)
studies were excluded for reasons noted in the PRISMA flow
diagram (Figure 1 [34]). Finally, we included 24 total studies
in our review [35-58], of which 21 (88%) reported an
improvement in at least 1 patient functiona outcome
[35-43,45-48,51-58]. The included articles are summarized in
Table 1.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. fMRI: functional magnetic resonance imaging;
RCT: randomized controlled trial.
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Table 1. Summary of the included studies (n=24).

Maheta et al

Study Description of the intervention and me-  Control arm Purpose of Training, supervi-  Patient-reported outcomes or
dia content VR®inthein- Sion, or assis- pati ent-demonstrated outcomes
tervention tance providedin
theuse of VR
Bani Mo- The patients wore ahead-mounted diss «  The patientswere  Distraction Theprimary in- o  Statistically significant
hammad play with headphones and chose either given morphine therapy toim- vestigator re- improvement in pain
and Ah-  deep seadiving or sitting on the beach. (samedoseandtim- provepainand mained near the scores (VA Sb; P<.001)
mad [35], The VR exposure session ended at the ingasgiventothose anxiety inpa- participants dur- and anxiety levels (SAlc;
2018 peak time of morphine efficacy. inthe intervention  tients ing the VR ses- P<.001)
arm) with no addi- sion.
tional intervention.
Burrai et Participants used the Oculus Quest 2 «  Onegroup of pa Distraction Anursehelped .«  Statisticaly significant
a [36], HMD" to observe specific virtual envi- tientsreceived narras fromthestress  each participant decrease in anxiety
2023 ronments in a contemplative mode. The tive medicine, of antiblastic  position the VR (P=.001) and fatigue lev-
scenariosincluded 310 videos cl assified where patients therapy tore-  headset and the €els(P=.001) but no statisti-
into 9 categories (eg, Africa, hills, rivers, shared their experi- duce anxiety, joysticks. After cally significant changein
lakes, and waterfalls). The audio content ence with cancer. fatigue, and immersion, the average pain levels
of scenarios had abackground of nature *  Another groupof  pain nurse removed (P=231)
sounds and soothing musical stimuli in patients received the VR headset
high definition with panning stereo, and standard care and visor from the
was listened to via earphones to ensure served asthe control participant.
an immersive audiovisual experience arm.
with high-intensity multisensory immer-
sion.
Chatter-  The main requirement wasto allowthe «  Thepatientsre- Improverecov- Supervissdbya .«  Statistically significant
jeeetd  paientsto practice ADLE completely or ceivedsham VR,  eryandreduce therapy assistant improvement in attention
[37], in part when placed within a suitable wherethey wereof- thetimethata while taking part and orientation
2022 environment. The materials needed such fered the samefirst patient spends inthe VR ses- «  Nodatigtically significant
asfood items, kitchen gadgets, and coins VR sessionasthe  inthehospital sion. Assisted in difference in the primary
were within reach of the patient when intervention arm wearing the head- outcome measures at 3
they wereimmersed in the environment. and were subse- set and ensured a months
All the tasks were designed to be com- quently offered the comfortableand «  Secondary outcomes: sta-
pleted from asitting position using a same VR session correct seating tistically significant reduc-
single handheld controller. Theinterven- through the rest of position. The tionin anxiety scoresin
tion was delivered 5 days aweek for up the study. virtue program the mild to moderate cog-
to 2 weeks before the patient’s hospital wasstarted by the nitive impairment (Mo-
discharge. The dose of the virtue treat- therapy assistant, CAf 15-24) treatment
ment varied depending on the benefit and the difficulty group
and tolerability. of each scenario
was graded de-
pending on their
needs.
Chiricoet Each chemotherapy treatment lastedfor «  One group of pa- Reduce the Aresearchnurse, «  Statistically significant re-
a [38], 45 to 90 minutes. Patients used the VR tientsreceived mu-  anxiety, de- together with a duction in anxiety levels
2020 system for 5 to 10 minutes to become sic therapy, where  pression, and  trained psycholo- between pretest and
accustomed to it, and then the nurse ad- they were provided fatiguerelated gist, explained posttest and a significant
ministered the chemotherapy. In particu- an MPEG audio tochemotheras  how to use the interaction effect between
lar, participants explored an island by layer 3reader and  py through VR equipment the time factor and theiin-
walking through aforest, observing dif- headphones 5 min-  distraction and helped pa- tervention factor
ferent animals, climbing amountain, and utes after starting tientswith (timexintervention) onthe
swimming in the sea. the chemotherapy putting on the patient’s level of anxiety.
infusion. Patients headset. Furthermore, the analysis

listened to relaxing
music pretaped by
an expert music
therapist for 20
minutes.

«  Another group of
patients was al-
lowed to choose
common activities
during treatment,
such as conversa-
tion or reading.

showed asignificant main
effect for the time factor.
There was a significant
reduction between the
preintervention and the
postintervention phasesin
the following negative
mood states: tension, de-
pression, anger, and fa-
tigue (P<.001)
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Study Description of the intervention and me-  Control arm Purpose of Training, supervi-  Patient-reported outcomes or
dia content VR®inthein- Sion, or assis- pati ent-demonstrated outcomes
tervention tance providedin
theuse of VR
Groninger The study used the Forest of Serenity « Thepatientsre- VRamedto  Thestudy coordi- Statistically significant
eta [39], (Holosphere VR), which features a 10- ceived aguided im- provide dis- nator explained decrease in pain scores
2021 minute guide through aforest and water- agery sessionona traction thera-  the equipment (Likert scale); the VR
fall with voice narration. Each assigned portable tablet, py and positioned it, group had significantly
experience (VR or guided imagery) was which had options then left theroom lower scores than the
administered at the bedside by the study of guided medita- until theend or if guided imagery group
coordinator. When the participant was tion, instrumental assistance was (P<.001).
ready, the coordinator |eft the bedside to background music, asked for. Secondary outcomes:
stand immediately outside the room, and 2D imagery of there was a statistically
started to time the experience per the apeaceful lakeside significant improvement
protocol, and waited either for the end view. inthe total FACIT-Palg
of the assigned experience time or for a 14 score and an insignifi-
verbal signal from the participant request- cant changein thedistress
ing assistance with the equipment. score
Hsueta Inadditionto 20 minutes of therapist- «  One group of pa- Improveupper  Participants re- Statistically significant
[40], facilitated task-specific training as a tients performed extremity ceived 20 min- improvement in only the
2022 usual care session, patients each received hand exercisesand  movement, utes of therapist- FMA-UEi motor coordina
30 minutes of VR time. The sequences looked at their hand quality of mo- facilitated task- tion (P=.002) and the
of the hand exercises of VR consisted of motionsthrougha  tor movement specific training. MAL-AOUj (P=.002)
the movements of the forearm, supina- mirror. inthe affected They were super-
tion or pronation, wrist extension or «  Another group of arm, andman-  vised and assisted
flexion, finger extension or flexion, patients received ual dexterity by the physical
thumb opposition with the little finger, OTh in addition to therapist.
thumb extension or flexion, and tendon- physical therapy
gliding exercises, which involve aseries and speech therapy.
of hand movements (straight hand, hook
fist, straight fist, and full fist). Each
movement was repeated 50 times. The
participant sat in acomfortable chair in
front of adesk with the VR system.
Huang et A total of 20 VR scenesfrom commer- «  The patientsre- VRamedto After thepartici- Statistically significant
a [41], cial games were selected for the partici- ceived OT. improveupper pant confirmed time effect for all items of
2022 pants. Selected sceneswere chosen based extremity that the sight and upper limb assessment
on the origina upper limb activities. movementand sound were clear (P<.05), except FMA-UE
Participants could accomplish the first- range of mo-  and comfortable, motor coordination and
contact task with the help of their unaf- tion the controllers speed
fected hand, and then, they were encour- were handed to
aged to use the affected hand or both the participant,
hands at the same time. Upper limb and the therapist
movements in most scenes involved could even de-
aiming, shooting, hitting, waving arms, sign anew way
punching, and throwing objects. Partici- to play the game
pants’ activity performance and informa- for each partici-
tion were recorded, including training pant according to
intensity, duration, game scores, level their needs and
completed, and invalid activities. This capacities.
information allowed the therapist to as-
sign the tasks, adjust the difficulty inthe
VR game settings, and even design a
new way to play the game for each par-
ticipant according to their needs and ca-
pacities.
Huang et « Patientsreceiveda Improve mo- Statistically significant
a [42], 60-minute conven-  tor impair- improvementsin upper
2024 tional rehabilitation ment and extremity motor impair-
program per day. ADL ment and ADL for up to

at least 12 weeks postinter-
vention, and the magni-
tude of these improve-
ments was much greater
than that of other interven-
tion programs (P=.02)
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Study Description of the intervention and me-  Control arm Purpose of Training, supervi-  Patient-reported outcomes or
dia content VR®inthein- Sion, or assis- pati ent-demonstrated outcomes
tervention tance providedin
theuse of VR
Participantsin the imVR system re- No training, su-
ceived thefirst 30 minutes of convention- pervison, or as3s-
al rehabilitation, and in the second 30 tancewas provid-
minutes, the rehabilitation was per- ed; however, in
formed in imVR systems. Participants the early stages
in the imVR group were required to of rehabilitation,
complete 6 programs: frying dumplings due to poor func-
and noodles by controlling awok handle tioning of the
inavirtual kitchen; popping balloons by hemiplegic side
controlling asword in avirtual fencing upper limb, partic-
hall; punching dolls by controlling abig ipants used the
fist in avirtual boxing arena; playing help of their unaf-
basketball in avirtual court, in which the fected side limb.
ball isshot by acontroller and the height
and distanceis varied over time; collect-
ing eggsinto avirtual basket by a con-
troller; and tidying up adesk and moving
objects to adesignated positionin avir-
tual office. All participants received re-
habilitation training for 5 days per week
for 3 weeks.
Joetd Each participant of the 360° MTG' per- Onegroup received  Upper extrem- A thergpistadjust- «  FMA-UE, MFTo, and
[43], formed treatment tasks using their unaf- traditional MT ity rehabilita- ed the deviceto BBTp scoreswere signifi-
2024 fected extremities, which were recorded through an acrylic  tionin pa- fitthe eyelevel cantly improved in 360°
with a360° camera (Insta360° X3; Insta mirror that mirrored tients with of each patient. MTG and TMTG, while
360). The patients received treatment in the unaffected side  stroke The therapist in- improvementsin CGq
the same place where the videos were upper limb, where structed and were not significant. In
recorded. The therapist instructed and the affected side guided patientsto group comparisons,
guided patients to use the affected side limb was hidden be- use the affected changesin 360° MTG
following the immersive video during hind Lhe mirror. sri] de following were si %r(;ifi ca?]tly higher
m Another group re- the immersive compared to changesin
dltasks. TheMT taskswerethesame e 5 convention- video during all TMTG and CG (P<.001)
asthose of TMTG" (finger flexion and a physical therapy tasks.
extension, wrist flexion and extension, program consisting
pronation and supination, and e bow of warm-up, circiit,
flexion and extension for 10 repetitions; and cool-down exer-
the tasks instructed participants to use cises.
the affected limb while following the
mirror images of the unaffected limb to
induce movement re-education; and
playable tasks using ring toys were also
provided for 5 repetitions). The 360° MT
was provided for 30 minutes per session,
3 sessionsaweek for 4 weeks. The 360°
MTG also received additional conven-
tional physical therapy.
Laghlam  The VR session started during the The patients re- Reducepain  Thenursesuper- «  Nodtatisticaly significant
eta [44], preparative phase, at least 5 minutes be- ceived Kainox (Air during cardiac vised and assisted improvements in patient
2021 fore the removal of the drains, and was Liquide) 1 minute  surgery, patientswhile us- functional outcomes
continued for 10 minutes after. We used beforetheremoval  specifically ing VR. (Analgesia Nociception
aVRx helmet with a90° field of view of thedrains. This  during there- Index; P=.69)
with head tracking. Patients had achoice was delivered con-  moval of
between 5 different immersive environ- tinuously and drains
ments (360° videos): asnowy mountain, stopped 1 minute
alandscape in India or Camargue after removal to
(France), aballoon ride, or acanoe de- avoid side effects.
scent.
Leeand The patients re- Induce medita-
Kang celved adally rou- tionandim-
[45], tineseep interven-  prove sleep
2020 tion. quality
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Study Description of the intervention and me-  Control arm Purpose of Training, supervi-  Patient-reported outcomes or
dia content VR®inthein- Sion, or assis- pati ent-demonstrated outcomes
tervention tance providedin
theuse of VR
The*Relaxing Music for Meditation” No training, su- Statistically significant in-
program was designed to induce medita- pervison, or assis- crease in sleep scores
tion and consists of 8 meditation videos tance was men- (Pittsburg Sleep Quality
of 30 minutes. Scenes of mountains, tioned; however, Index), sleep time, and
seas, or lakes appear on the VR screen, it took about 20 mean sleep efficacy in the
and background sounds and calm music minutes for the experimental group com-
allow participantsto immerse themselves experimental pared to CG (P=.002)
in the experience. The study began on group to learn
the day of admission to the ICU". how to use the
HMD.
Mekbib  The VR rehabilitation training included «  The patientsre- Upper extrem-  The therapist Statistically significant
et a [46], reaching, grasping, and releasing tasks. ceived OT. itiestoaidin  helped train the improvement inthe FMA-
2021 Following the training schema, all pa- therecovery  patient. If the pa- UE scores (P<.001) and
tientsin the VR group received 1-hour of motor func- tient wasnot able Bls scores (P=.003)
VR and 1-hour OT per day, 4 days per tion after to move their up-
week for 2 weeks. In each VR session, strokeandim-  per extremity to-
the therapy modeswere set by atherapist proveupper  ward the target
based on the patient’sinterest and actual extremity ball, the therapist
motor capability. After choosing the functionand  could help move
therapy mode, the therapist randomly set the abilityto  the affected ex-
20 colored balls from the aeria view perform ADL  tremity to assist
map. Then, the patient was instructed to in the intended
reach, grasp, and release each ball into task.
the basket. After completing thefirst VR
session (20 balls), the therapist could set
the next VR session and adjust the task
complexity to beslightly higher or lower
or keep it asit wasin the previous ses-
sion based on the patient’s activity per-
formance.
Menekli  Patientsin theintervention groupwere «  The patientsre- Pain manage-  Supervision and Statistically significant
eta [47], educated ontheuseof VR glassesby the ceived conventional ment after im-  assistance were improvement in the SAI
2022 researcher. A smartphone and thevarious care. plantation provided by a scores (P<.001) and VAS
number of parks, nature, and seaside nurse, who was scores (P<.001)
walks; submarine; and museum tours giving directions
with the Matic Music were provided to to patients on
patients in the intervention group. Each how to use the
of these videos took approximately 3 to videos.
10 minutes, and patients could choose
the video that they wanted to watch. Pa-
tients started to use the VR &fter the
baseline assessment (about 1 minute be-
fore the implantation) and continued to
useit until the end of the implantation.
Patients were instructed to use VR after
implantation when they felt pain from
the implantation.
Ogiin et o Thepatientsre- Improveupper  None mentioned Statistically significant
al [48], ceived conventional  extremity improvement in FMA-UE,
2019 upper extremity ac- functionality ARATt, FIMu, and
tive exercisescom-  and make dai- PASSv scores (P<.001)
prising the same ly activities
tasksasused inthe more accessi-
VR group. ble
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Study

Description of the intervention and me-  Control arm

dia content

Purpose of
VR?%inthein-
tervention

Training, supervi-
sion, or assis-
tance providedin
the use of VR

Patient-reported outcomes or
pati ent-demonstrated outcomes

Park et al

(491,
2013

Roussaux
et a [50],

2022

Rutkows-
ki eta

(51,
2021

Patients used the VR deviceto play task-
oriented games that focused on gripping
and handling objects with arm and fore-
arm motion and stability. A different
game was used for each function, with
4 games: a cube handling game used for
grip function integrated with the leap
motion device to make the patients feel
like they were handling areal object us-
ing their own fingers without the use of
any external deviceto track hand motion;
another leap motion-integrated game
involving decorating atree with leaves
and fruits or picking up vegetables from
abow! and putting them back, which was
chosen to facilitate all hand motions
combined with complex motionsin a
task-oriented job; a kitchen experience
game used for stimulating forearm
supination and pronation and for combin-
ing complex arm movements; and a
drumming game, selected to randomly
assign each separate movement of upper
extremity flexion and abduction.

The VR-based postural control program
consisted of a program for the improve-
ment of gait ability by visual feedback
compared to reference motion scenesand
reality motion. The program consisted
of 3 stages: trunk stability and pelvic
tilting in a supine position (stage 1);
trunk upright control and pelvic tilting
exercisein asitting position, and aselec-
tive movement between trunk and pelvis
(stage 2); and lower extremity muscle
strengthening exercise and weight bear-
ing under maintenance of trunk stability
in a standing position (stage 3). The
participants were provided with specific
scenes on HMD showing the simultane-
ous output.

A 20-minute VR session was conducted,
where participants watched a 3D graphi-
cal landscape consisting of a mountain
cabin near alake at sunrise, followed by
arelaxing moment in the clouds. The
display was visual and audio, with
sounds of ambient nature but no voice.

The patientsre-

ceived targeted low-
er extremity muscle
strengthening exer-
cises, static and dy-
namic balancetrain-
ing, and gait train-

ing.

The patients re-

ceived conventional

care.

The patientsre-

ceived thetradition-
a pulmonary reha-
bilitation program.

Improve postu-
ral control,
Spatiotemporal
gait ability,
and functional
gait ability
andtoin-
crease walk-
ing ability

Lower anxiety
and decrease
pain

Reducedepres-
sion, anxiety,
and stress lev-
esandim-
provefunction-

a capacity

The participant
saw the prerecord-
ed reference mo-
tion and practiced
it again 3 times.
No other provi-
sion of training,
supervision, or
assistance was
mentioned.

None mentioned

None mentioned

No statistically significant
improvements in patient
functional outcomes

No statistically significant
differencesin the effective-
ness, either between the
techniques themselves or
between the techniques
and no treatment

Statistically significant
improvement in the
HADS-Ax (P<.001),
HADS-Dy (P<.001) and
general HADSz (P<.001)
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Study Description of the intervention and me-  Control arm

dia content

Purpose of
VRZinthein-

Training, supervi-
sion, or assis-

Patient-reported outcomes or
pati ent-demonstrated outcomes

tervention

tance providedin
the use of VR

Shinetal
(52],
2023

Song and
Lee[53],
2021

The primary aim of the software was to
calm the patient down and improve his
or her mood. The software features a
virtual therapeutic garden and is based
on the Ericksonian psychotherapy ap-
proach. The garden isametaphor for the
patient’s health: at the beginning, it ap-
pears untidy and gray; however, with
each session, it becomes more colorful
and alive, thus symbolizing the process
of recovery of energy and vigor. The 2
groups participated in the traditional
pulmonary rehabilitation program.
Componentswere performed once aday
each, for 15 to 30 minutes (depending
onthetask), 5timesaweek for 2 weeks.
Exercises were performed as follows:
fitness exercises while standing on the
knees and lying on the side, abdomen,
and back; strengthening exercises of the
diaphragm with resistance; prolonged
exhalation exercise; chest percussion;
inhalation with a 3% sodium chloride
isotonic solution administered viaan ul-
trasonic device; and stationary cycle er-
gometer exercise to obtain atraining

heart rate according to GOL D™ spiromet-
ric stages. The difference between the
groupsisin the type of relaxation train-
ing: the VR group performed 10 VR
therapy sessions of 20 minutes, and the
CG performed 10 Schultz autogenic
training sessions of 20 minutes.

Inthevirtua world, patients were greet-
ed by their respective attending physi-
cians and guided through the visual and
audio unfolding of the RT® process.
Patients were guided virtually with 360°
viewing of the different treatment envi-
ronments and RT machines that they
would encounter when undergoing RT.
Throughout the physician’s explanation,
patientswere abletowitnessareal exam-
pleof apatient with breast cancer under-
going the RT, offering patients a con-
crete example of what to expect on
treatment days.

The patients re-
ceived conventional
care.

The patients per-
formed exercises,
such asturning on
lights, arranging a
chest of drawers,
and arranging a
kitchen as part of
bilateral upper ex-

Alleviate anxi-
ety related to
undergoing
RT

Improve the
range of mo-
tion, bilateral
upper extremi-
ty movement,

and upper
limb function

Patients were as-
sisted with the
proper position-
ing of the VR
headset and
noise-cancelation
earphonesprovid-
ed by the hospi-
tal.

There was some
training, supervi-
sion, or assis-
tance provided,
however, thiswas
not written, al-
though figuresin
the study show

Significant reduction in
patient anxiety immediate-
ly, not only on the primary
end point, APAISab, but
also on the STAlac and
LASAad anxiety scales.
Among the 3 anxiety
scales, long-term anxiety
reduction was observed
only when anxiety was
measured by LASA

Stetistically significant
improvement in the propri-
oception test (P<.05)

tremity trainingina
real environment.

someone guiding
the participant.
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Study Description of the intervention and me-  Control arm Purpose of Training, supervi-  Patient-reported outcomes or
dia content VR®inthein- Sion, or assis- pati ent-demonstrated outcomes
tervention tance providedin
the use of VR
The VRBAT® group underwent immer-
sive VRBAT. The VR content consisted
of rehabilitation tasks to improve upper
limb function, the ability to perform
ADL, and visual perception. The VR
tasks performed included everyday activ-
ities, such as turning on lights, organiz-
ing achest of drawers, organizing a
kitchen, watering plants, and purchasing
itemsat aconvenience store. Thevirtual
living room, kitchen, veranda, and con-
venience storewere designed to simulate
real environments. I nterventions were
performed for 30 minutes aday, 5 times
aweek, for 4 weeks, for atotal of 20
sessions. All participantsin the VRBAT
group also underwent an hour of conven-
tiona rehabilitation per day.
Spiegedl et Participants selected one of the21 VR«  The patients Reducepain  Participantswere «  Significant improvement
a [54], experiences from an app. Patients were watched the“Hedth inhospitdized instructed on pro- in pain scores 48 hours
2019 asked to use the headset for 10 minutes and WellnessChan- patients ceduresfor wear- and 72 hours postinterven-
in the presence of study staff to practice nel,” whichincludes ing the headset, tion using anumericrating
with the equipment and then advised to guided relaxation how to select scale (P=.03 and P=.04,
use the headsets thrice daily, for 10 content (eg, yoga amongthe21VR respectively)
minutes per session, and | ater, as needed and meditation pro- experiences, and
for breakthrough pain, for the subsegquent gramming), discus- how to adjust
48 hours. Following theseinitial instruc- sions about health volume and
tions, patients decided for themselves and wellnesstopics, brightness. Re-
and in partnership with their care team and poetry readings. garding supervi-
whether, how frequently, and how long sion, patients
to use the VR equipment without direct wereinitially
input from study staff. asked to use the
headset for 10
minutes with the
presence and as-
sistance of the
study staff and
care team.
Torres The sessions recreated a chemotherapy «  The patientsre- Improvepa-  Thetherapistwas «  Statistically significant
Garciaet procedure. Using VR, patients managed ceived aregular tients anticipa-  present through- differencesin the decrease
a [55], their anxiety and fear through relaxation, psychoeducational  tory anxiety  out the proce- of anxiety and depression
2023 attentional focus, and mindfulness intervention. and adherence dure. with the Anxiety and De-
strategies. The completeinterventionin- to chemothera- pression Scale. At 3
cluded 3 modules, which each patient py and facili- months, amore notable
repeated during 4 individual sessions, tate better and decrease in the Emotional
aiming to improve their preparation and faster adapta- Discomfort Detection
adaptation to the cancer treatment they tion to treat- Scale was observed in the
had to start. ment coping experimental group, and
mechanisms the fighting spirit and
cognitive avoidance in-
creased, which was as-
sessed with the MINI-
MACaf coping scale
Turrado « Thepatientsre- Reduce None mentioned Statistically significant
et a [56], ceived conventional  presurgical changes for both the
2021 care. anxiety and HADS subscales and for
depression those measuring statusand

trait in the STAI scale for
patients who were ex-
posed to the VR simula-
tion experience (P<.001)
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Study Description of the intervention and me-  Control arm Purpose of Training, supervi-  Patient-reported outcomes or
dia content VR®inthein- Sion, or assis- pati ent-demonstrated outcomes
tervention tance providedin
theuse of VR
A realistic environment was generated
inwhich the patient could experiencethe
various steps of their admission to
surgery, from thefirst interview with the
surgeon to admission into the surgical
ward, the operating room, and the post-
operative recovery room. Patients com-
pleted both questionnairesto assesstheir
basal anxiety levels. The patientsin the
intervention group had unlimited access
to VR glasses and to the VR app. This
group completed both questionnaires
again on the day before the surgical pro-
cedure.
Usluand The patients watched and listened to « Thepatientsre- Reduce anxi-  Patientswerein- Themean postintervention
Ardan beach and nature content with VR ceived conventional ety andfatigue formed about us- anxiety scores decreased
[57], glasses for 30 minutes. The VR glasses care. levels ing VR and view- in the intervention group.
2023 used were Zore G04BS VR Shinecon ing the content. In this group, the mean
VR glasses, compatible with smart- From the content posttest fatigue and sub-
phones (eg, Android and 10S). The con- opened by there- scales scores decreased in
tents were determined in the YouTube searche, it was all cycles compared with
library and included 360° relaxing beach ensured that the the mean pretest scores
and nature images. patient watched
and listened to
the content of
their choice.
Zhanget  The patients watched and listened to « Thepatientsre- Reducinganx- Patientswerein- Themean postintervention
a [58], beach and nature content with VR ceived conventional ety and fa- formed about us- anxiety scores decreased
2023 glasses for 30 minutes. The VR glasses care. tigue levels ing VR and view- in the intervention group.
used were Zore G04BS VR Shinecon ing the content. In this group, the mean
VR glasses, compatible with smart- From the content posttest fatigue and sub-
phones (eg, Android and 10S). The con- opened by there- scales scores decreased in
tents were determined in the YouTube searche, it was all cycles compared with
library and included 360° relaxing beach ensured that the the mean pretest scores
and nature images. patient watched
and listened to
the content of
their choice.

3/R: virtual redlity.

bVAS: visual analog scale.
CSAl: State Anxiety Inventory.
9HMD: head-mounted display.
€ADL: activities of daily living.

*MoCA: Montreal Cognitive Assessment.

9FACIT-Pal: Functional Assessment of Chronic Iliness Therapy—Palliative Care.
hoT: occupational therapy.

IFMA-UE: Fugl-Meyer assessment for upper extremity.
IMAL-AOU: motor activity log-amount of use.

KimVR: immersive virtual reality.

IMTG: mirror therapy group.

MM T: mirror therapy.

"TMTG: traditional mirror therapy group.

OMFT: manual function test.

PBBT: box and block test.

9CG: control group.

"ICU: intensive care unit.

SBl: Barthel Index.
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'ARAT: action research arm test.

UFIM: functional independence measure.

VPASS: performance assessment of self-care skills.

WGOLD: Global Initiative for Chronic Obstructive Lung Disease.
*HADS-A: Hospital Anxiety and Depression Scale-Anxiety.
YHADS-D: Hospital Anxiety and Depression Scale-Depression.
ZHADS: Hospital Anxiety and Depression Scale.

%RT: radiation therapy.

DAPAIS; Amsterdam Preoperative Anxiety and Information Scale.
STAl: State-Trait Anxiety Inventory.

) ASA: linear analog scal e assessment.

%V RBAT: VR-based bilateral arm training.

AMini-MAC: mini-mental adjustment to cancer.

Participant Characteristics

In total, the studies included 1225 participants. Of the 24
included studies, 3 (12%) included patientswith an average age
of <50 years [43,49,58]; 8 (33%) included patients with an
average age of 51 to 60 years [35,36,38-41,46,52,55,57]; 5
(21%) included patients with an average age of 61 to 65 years

https://www.jmir.org/2025/1/e54452

RenderX
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[42,45,48,51,52]; 3 (12%) included patients with an average
age of 66 to 70 years[44,50,56]; and 1 (4%) included patients
with an average age of >75 years [37]. Two studies did not
report the average age of the patients, as listed in Table 2
[47,54]. No studies reported how many patients in the sample
were aged >65 years. A total of 16 (67%) of the 24 included
studies had ahigh risk of bias (Multimedia Appendix 4 [35-58]).
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Table 2. Patient characteristics.

Maheta et al

Study Petients, Patient age (y), aver- Seriousillness, n (%) Sex, n (%) Study Ethnicity
n age (SD); range location
Bani Mo- 80 o 52(10.34); 30- Breast cancer stage: « Femde Jordan . Information
hammad 70 . 1:9(113) 80 (100) not provided
and Ah- . 2:32(40)
mad [35], . 3:29(36.3)
2018 « 4:10(125)
Burrai et 74 « 59(10.8);33- « Breastcancer: 35(47.2) « Femde Italy o tdian: 24
al [36], 83 «  Colon cancer: 10 (13.5) 55 (74.3) (97.2)
2023 «  Rectum cancer: 6 (8.1) « Made 19 « Notltaian: 1
. Méanoma 2 (2.7) (25.7) (0.8)
o Non-Hodgkin lymphoma: 1 (1.4)
«  Stomach cancer: 2 (2.7)
o  Ovary cancer: 5 (6.8)
«  Pancreas cancer: 4 (5.4)
o Uterine cervix cancer: 1 (1.4)
«  Larynx cancer: 2 (2.7)
«  Esophaguscancer: 1 (1.4)
. Testiclecancer: 1 (1.4)
. Prostate cancer: 1 (1.4)
« Lungcancer: 2 (2.7)
« Biliary tract cancer: 1 (1.4)
Chatter- 40 . Average age: « Ischemic: 34 (85) « Femade United . Information
jeeeta not reported « Hemorrhagic: 6 (15) 19 (47.5) King- not provided
[37], (SD 17.67) « Mae2l dom
2022 « Intervention (52.5)
median (IQR)
age: 77.5 (43-
89) years
«  Control median
(IQR) age: 63
(29-86) years
Chiricoet 92 . 55(6.00) Breast cancer stages: . Femde Italy « Information
a [38], . 1:24(26.1) 92 (100) not provided
. 3:29(315) ©)
Groninger 88 o 56(13.24) o  Heartfailure: 19 (51.4) « Femae United « African
eta [39], o  Other cardiac diseases. 5 (13.5) 35(39.8) States American: 74
2021 o Other medical and surgical problems: 13 (35.1) « Mae 53 (84.1)
(60.2) o Hispanic: 1
(1.1)
. White: 13
(14.8)
Hsuetal 52 . 55(12.11) Stroke type: « Femade Tawan . Information
[40], «  Ischemic: 29 (55.8) 32 (61.5) not provided
2022 .  Hemorrhagic: 23 (44.2) + Mae20
(38.5)
Huanget 30 . 58(11.78) . Infarction: 22 (73) « Femde Tawan . Information
a [41], « Intervention « Hemorrhage: 8 (27) 20 (67) not provided
2022 group range: . Mae 10
22-70 (33)
«  Control group
range: 28-71
Huang et 40 « 64(10.99) Stroke type: « Femade China . Information
al [42], «  Ischemic: 37 (92.5) 16 (40) not provided
2024 . Hemorrhagic: 3 (7.5) . ?gg')e: 24
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Study Petients, Patient age (y), aver- Seriousillness, n (%) Sex, n (%) Study Ethnicity
n age (SD); range location
Jo et a 45 o 50(13.36) Stroke paretic side: « Femade  South « Information
[43], . Right: 23(51) 22(49) Korea not provided
2024 . Left: 22 (49) + Made23
(51)
Laghlam 180 . 68 o Isolated coronary bypass surgery: 99 (55) « Femae France « Information
et al [44], o Intervention «  Combined coronary bypass surgery: 7 (3.9) 46 not provided
2021 group range: o Isolated or combined valve surgery: 61 (33.9) (25.56)
61.5-75.0 « Aortasurgery: 5(2.8) « Mde
« Controlgroup « Myxoma 1 (0.6) 134
range: 60.0- o  Pericardiocentesis for tamponade: 6 (3.3) (74.49)
74.0 o Abdominal aorta surgery: 1 (0.6)
Leeand 48 . 66 (16.40) « CHFa 6(12.5) « Femae  South « Information
Kang «  Cardiomyopathy: 2 (4.2) 16 (3.33) Korea not provided
[45], «  Milb: 26 (54.2) « Mde 32
2020 « Others: 12 (25.1) (66.7)
Mekbib 23 . 56 (10.96) Stroke type: « Femade China . Information
et a [46], « Ischemic: 17 (73.9) 6(26.1) not provided
2021 «  Hemorrhagic: 6 (26.1) + Mae17
(73.9)
Menekli 139 « Average age: «  Breast cancer: 53 (38.1) o Femade Turkey . Information
et d [47], not reported o Lung cancer: 46 (33.1) 87 (62.6) not provided
2022 « Agebycatego- «  Stomach (gastric) cancer: 18 (12.9) . Mae 52
ry (years), n «  Colon cancer: 12 (8.6) (379
(%): 20-30: 23 «  Pancreas cancer: 10 (7.2)
(16.55); 31-40:
34 (24.46); 42-
52: 60 (43.17);
53-63: 22
(15.83)
Oginet 65 . 61(9.62) .  Stroke: 65 (100) o Femade Turkey . Information
al [48], 14 (22) not provided
2019 « Mdeb5l
(78)
Park etal 16 . 48(7.89) Stroke type: « Femade Korea . Information
[49], «  Ischemic: 9 (56.3) 5(31.25) not provided
2013 «  Hemorrhagic: 7 (43.7) + Maell
(68.75)
Rousssaux 100 .« 66 (11.50) «  Coronary artery bypass graft surgery: 57 (57) . Femde Bd- « Information
et a [50], «  Mitra valve replacement: 26 (26) 24 (24)  gium not provided
2022 . Multipleinterventions: 4 (4) . Mae 76
o Others 4 (4) (76)
Rutkows- 50 . 64(7.77) « COPDc: 50 (100) « Femade Poland . Information
ki et a 41 (82) not provided
[51], . Made9
2021 (18)
Shineta 196 « 475(7.63) . Femae  South « Information
[52], 196 Korea not provided
2023 (100)
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Study Petients, Patient age (y), aver- Seriousillness, n (%) Sex, n (%) Study Ethnicity
n age (SD); range location
Breast cancer stages:
«  Stage0: control group: 28 (28.3); VR group: 15
(15.5)
«  Stage 1A: control group: 43 (43.4); VR group: 47
(48.5)
«  Stage 1B: control group: 3 (3); VR group: 8 (8.3)
«  Stage2A: control group: 16 (16.2); VR group: 21
(21.7)
«  Stage2B: control group: 5 (5.1); VR group: 2 (2.1)
«  Stage 3A: control group: 2 (2); VR group: 2 (2.1)
«  Stage3C: control group: 1 (1); VR group: 1 (1Stage
4: control group: 1 (1); VR group: 1 (1)
Songand 10 . 64(9.18) «  Hemorrhagic stroke: 3 (30) « Femade Korea . Information
Lee[53], « Intervention o Ischemic stroke: 7 (70) 4 (40) not provided
2021 group range: . Madeb6
51-80 (60)
. Control group
range: 51-80
Spiegel et 120 . 60 (15.50) I ntervention: « Femae United . African
al [54], . Gastrointestinal: 13 (10.8) 60(50)  States American: 21
2019 . Infectious disease: 15 (12.5) + Mdeé&0 (34.4)
« Internal medicine: 25 (20.8) (50) +  White: 38
«  Oncology: 10 (8.3) (62.3)
. Orthopedics: 36 (30) + Other:2(3.3)
«  Other: 21(17.5)
Torres 133 . 49(11.6);30- « Breast cancer: 133 (100) « Femade Span « Information
Garciaet 82 133 not provided
al, 2023 (100)
[55]
Turrado 126 . 64 «  Colorectal cancer: 58 (46) « Femade Span « Information
et al [56], «  Intervention « Right colectomy: 21 (16.7) 53 (42) not provided
2021 group range: «  Sigmoidectomy: 20 (15.9) . Made 73
41-85 . LARd+TaTMEe: 25 (19.8) (58)
o Control group «  Transverse colon resection: 2 (1.6)
range: 50-86
Usluand 66 . 52(8.89) »  Breast cancer patients receiving adjuvant « Femade Turkey . Information
Ardan chemotherapy: 66 (100) 66 (100) not provided
(571,
2023
Zhanget 60 . 3438(10.76) « Acutemyeloid leukemia: 47 (78.33) « Femade China . Information
al [58], o Lymphoblastic leukemia: 1 (21.67) 33 (55) not provided
2023 . Mae27
(45)

8CHF: congestive heart failure.

VI myocardial infarction.

SCOPD: chronic obstructive pulmonary disease.
dLAR: low anterior resection.

®TaTME: transanal total mesorectal resection.

Seriouslliness

Stroke, cancer, and cardiovascular disease were the most
common types of seriousillnesses for which VR interventions
were used to impact the outcomes related to patients' quality
of life. Out of 24 included studies, 9 (38%) focused on patients
who experienced stroke, which included both ischemic stroke
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and hemorrhagic stroke [37,40-43,46,48,49,53], and 9 (38%)
included patients who were diagnosed with sometype of cancer,
varying in the stages of cancer in each patient
[35,36,38,42,43,47,52,55-58]. In 5 (21%) of the 24 studies, only
patients who were diagnosed with breast cancer wereincluded;
1 study (4%) included patients with colorectal cancer, and 1
(4%) included patients with heterogeneoustypes of cancer. Four
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(17%) out of 24 studies included patients who had some form
of cardiovascular disease, including heart failure and other
conditions that required cardiac surgery [39,44,45,50]. One
study included patients with chronic obstructive pulmonary
disease (COPD), and another included patients who reported
pain during their hospitalization [51,54].

Purpose and Content of VR

In 9 (38%) out of 24 included studies, the main purpose of VR
was to improve mobility and strength in the patient, ranging
from upper extremity, lower extremity, and pelvic or abdominal
region to acombination of theseregions[37,40-43,46,48,49,53].
All of these mobility studies also included patients who
experienced strokes. The VR media used in these studies
encouraged active participation from the patients in various
tasks and games. Some examples of VR media used to help
improve mobility and strength in patients’ poststroke treatment
weredaily exercisesthat encouraged increased range of motion,
strength for specific movements, and reach and grasp through
the use of balls. A total of 8 (89%) of the 9 studies that used
VR for the purpose of improving mohility and strength improved
patient quality of life-related outcomes [37,40-43,46,48,53].

There was some overlap in the protocols and diseases of the
additional studies. Out of 24 studies, 12 (50%) used VR
distraction therapy to reduce pain in patients with cancer or,
cardiovascular discase  or hospitalized patients
[35,36,38,39,42-44,47,50,52,54-58]. A total of 9 (38%) out of
24 studies used VR to reduce anxiety in patients with cancer,
cardiovascular disease, or COPD [36,38,42,43,50-52,55-58].
In studies aiming to reduce pain and anxiety, patients
experienced immersive natural scenery and comforting music
while comfortably sitting or lying down. In another study, to
reduce anxiety, patients experienced the hospital environment
and could visualize and review all the steps of an upcoming
procedure [56]. In another study, patients with cardiovascular
disease went through avisual guided meditation track with the
VR mediafor patients with cardiovascular disease [45].

Training, Supervision, and Assistance

In 18 (75%) out of 24 studies, staff or physical therapists either
trained patientson VR use before the intervention or supervised
or assisted them through the experiment. Supervision was
defined as the research team watching over the participants,
ensuring their use and adherence to study guidelines. However,
assistance was defined as the research team supporting patients
during the intervention without constant watching throughout
the experiment. A total of 5 (20.8%) out of 24 studiesincluded
VR training, supervision, and assistance, all of which reported
improvements in patient quality of liferelated outcomes
[38,40,43,46,54]. Of 24 studies, 7 (29.2%) included VR
supervision and assistance only [36,37,41,44,47,53,57], and 2
(8.3%) included VR training and assistance only [39,49]. Two
(8.3%) out of 24 studies included only VR supervision while
patients were using VR [35,55]. In studies that included a
variation of personnel working with the patient, only 1 staff
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member physically accompanied the patient in the room, where
they freely communicated with the patient to fulfill their role.
During a typical training, the staff member would walk the
patient through the VR activity and teach them how to adjust
the headset. Out of 24 studies, 6 (25%) did not describetraining,
supervision, or assistance with the use of VR
[42,45,48,50,51,56].

Frequency and Duration of I ntervention on Quality
of Life Outcomes

The frequency and duration of VR experience varied based on
the intervention purpose; interventions aiming to improve pain
or anxiety were shorter. whilethose aiming to improve mobility
and strength were longer. Out of the 24 included studies, 9
(38%) studieswith pain or anxiety reduction asagoal, involved
only 1 VR session, ranging from 8 minutes to 4 hours (ie,
patients could use VR at any time within a 4-hour window)
[35,38,39,44,47,50,52,56]. A total of 7 (78%) of these 9 studies
had improvements in pain and anxiety metrics, such as the
Hospital Anxiety and Depression Scale (HADS), State Anxiety
Index, or the Numeric Pain Scale (NPS). One study, which
conducted a single 30-minute meditation session, showed
improvement in sleep scores of patients with cardiovascular
disease [45]. In 1 case where VR was used for 10 minutes per
session, for 3 sessions per day for 2 days, patients experienced
statistically significant improvement in the NPS (P<.04) [54].
Patients in another study who used VR for 20 minutes per
session for 5 sessions per week for 2 weeks had statistically
significant improvement in the HADS (P<.001) [51].

In the 9 studies aimed at improving mobility and strength in
patients who had a stroke, VR was used for alonger duration
thanin pain and anxiety studies. Out of 9 studies, 6 (67%) lasted
between 2 and 4 weeks [37,42,43,46,49,53], while 3 (33%)
lasted between 5 and 9 weeks [40,41,48]. A total of 8 (89%) of
these 9 studies showed an improvement in the patient’s
functional capacity measured via the Fugl-Meyer upper
extremity assessment, proprioception, or orientation metrics.

Gold Standard Adherence

Asshownin Table 3, 7 studies adhered to all the 8 gold standard
VR consensus standards criteria (100%) [41,43,44,48,51,52,54],
10 adhered to 7 criteria (88%) [36,37,39,40,42,46,55-58], 6
adhered to 6 criteria (75%) [35,38,47,49,50,53], and 1 adhered
to 5 criteria (62%). The reasons for not adhering to the criteria
wereinadequate blinding, concealment of allocation, reporting
of the trial, and a priori failure to justify study duration. The
studies that did not report the trial via World Health
Organization International Clinical Trials or Clinicaltrials.gov
originated from countrieswhereit may not be standard practice
to report the clinical trial before the study initiation. All 24
assessed studiesreceived theinstitutional review board or ethics
committee approval. A total of 4 (17%) of the 24 included
articles were published before the 2019 study by Birckhead et
al [22] that defined the gold standard VR consensus standards
criteria.
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Table 3. Study adherence to the “gold standard.”
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Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationandanal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Bani Mohammad and Ahmad [35], 2019
Met crite-  Completely met  Completdly Completely met Not com- Completely Completely Completely met Not com-
ria met pletely met  met met pletely met
Descrip- «  Atotal of Medica Randomassign- /a2 TheVASY Onesession Therewasasta-  None men-
tion 80 patients and surgi-  ment was done wasusedto occurred for tigtically signifi- tioned out-
(average  cal wards  based on flip- measure  20to 30 min- cant improve- sideof ethics
ageof 52  ofaspecid- pingacoin; if pain,and  utes; VRYwas ment in pain or IRB ap-
years) with - ized cancer  headsappeared, thesal®  timed with scoresand anxi-  provalsfrom
breast can- centerin then the first wasusedto Peak mor- ety levels, and individual
cer Jordan participant was phine efficacy noMCIDewas  pogpitals
. : measure .
placedinthein- - and the goal mentioned.
tervention anxiety. wasacute pain
group. The rest relief.
of the partici-
pants were
placed inthe
study groups by
the order of
meeting the eli-
gibility criteria.
Burrai et al [36], 2023
Met crite- Completely met Completely Completely met Not com- Completely Completely Completely met Completely
ria met pletely met  met met met
Descrip- « Atotal of Regional Anindependent Owingtothe Anxiety VRwasadmin- Mean anxiety The study
tion 74 patients hospital in  researcher used natureof VR wasmea-  istered just af- significantly de- wasregis-
(average  Italy arandomnum- andnarrative sured with g ATN began creased over tered in the
ageof 59 ber generation  medicinein- the STAI-  gdtheimme- timefor theVR  USNational
years) with softwarewith  terventions, v 19 fa sion duration group and narra-  Ingtitutes of
cancer simplerandom-  itwasimpos-  tiguewas ~ was 30 min- tive medicine Hedlth
ization. Atotal sibletoob-  easured  utes, group. (NCTOE2807).
of 3numerical  tainablind- \iththere- There was no
codesforthe3 ingbetween ;igeq Piper significant differ-
alocation thepartici-  Figue encein levels of
groups were pants and Scale and fatigue, but over-
used: 1forthe  knowledge  pain was al levels of far
VRgroup, 2for of thegroup, measured tigue decreased
the narrative sothisstudy  \ith the for participants
medicinegroup, isopen-label \ag inthe VR inter-
and3forthe  type. scored vention.
standard care from O to Therewas no
group. Toimple- 10, where significant differ-
ment the ran- 0indicates enceinpain lev-
dom allocation no painand els.
sequence, se- 10indi-
quentially num- cates the
bered, opague, worst possi-
sealed en- ble pain.
velopes were
used.
Chatterjeeet al [37], 2022
Met crite-  Completely met  Completely Completely met Not com- Completely Completely Completely met Completely
ria met pletely met  met met met
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Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationand anal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Descrip- «  Atotal of  Strokeunit Participants Thisstudy  TheMo- A total of 5 « Therewasastar Thetria was
tion 40 patients  at the wererandom-  wasnot ef-  calyasthe daysaweek tigtically signifi-  registeredin
(average  Countess izedona3:lal- fectivetoim- primary forupto 2 cant improve- thelS
age:not  of Chester locationbasis. plementasa eagqre — Weeks before mentinattention RCTN" reg-
provided, Hospital double-blind ;5o and their hospital and orientation. istry (IS-
median NHS trid, asmost  the dischargetime «  Therewereno  RemNIGIEZD)
77.5ye_ers) Foundation patientswere NEADLk, t_hat each pa- st_afustlcal!y sig-
withunilat- gt ableto de- tient spentina nificant differ-
eral stroke duce HADS), VR session encesin the pri-
whether they and quality was very spe- mary outcome
wereapart  Of life (Eu-  cific to thein- measures at 3
of thetreat- roQoL™)  dividual. Time months.
ment group.  werethe spentinasess «  Secondary out-
secondary ~ sionwould de- comes: therewas
measures  pend on their adatigticaly sig-
used. level of well- nificant reduc-
ness on the tionin anxiety
day and how scoresin the
tired they mild to moderate
were feeling. cognitiveimpair-
ment (MoCA 15-
24) treatment
group.
Chirico et al [38], 2020
Met crite- Completely met Completely Completely met Not com- Completely Completely Completely met Not com-
ria met pletely met  met met pletely met
Descrip- « Atotal of Nationa Patientswere  Participants  SAI for Each « Therewasasta None men-
tion 58 patients Cancer In-  randomly as- and person- adultsand  chemotherapy tigtically signifi- tioned out-
(average  dtitute, IR-  signed to the nel knew SV - treatment last- cantreductionin sideof ethics
ageof 55 CCS"Fon- VRormusic  which POMSP edfor 45t0 90 anxiety levels  or IRB ap-
years)with dazioneG. therapy group  groups were minutes, but between the provalsfrom
breast can- Pascae,” and werecom-  control and the patient pretest and individual
cer Naples, pared with a intervention used VR for posttest and a hospitals.
e Tumor Italy nonconcurrently — groups. 20 minutes. significant inter-
stages, n recruited CGP. action effect be-
(%): 1: 8 tween the time
(26.6); 2: factor and thein-
13 (43.3); tervention factor
3:9(30) (time xinterven-
tion) on the pa-
tient's level of
anxiety. Further-
more, the analy-
sisshowed asig-
nificant main ef-
fect for the time
factor and signif-
icant reduction
between the
preintervention
and the postinter-
vention phasesin
the following
negative mood
states: tension,
depression,
anger, and fa-
tigue.
Groninger et al [39], 2021
Met crite-  Completely met Completely Completely met Not com- Completely Completely Completely met Completely
ria met pletely met  met met met
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Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationand anal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Descrip- o« Atotal of A 912-bed Participants Thenature  Sdf-report- Therewasl « Therewasastas Thetria was
tion 88 patients academic  wererandom-  of thestudy ed pain session for 10 tistically signifi- registered on
(average  hospital lo- ized by the prevented scoresand  minutes. In cant improve- Clinica Tri-
ageof 56  cated with- study coordina participants the FAC-  distraction ment in pain als.gov
years)with jypmwHC' toronal:lba  andthe IT-Pal 145 therapy re- score. (identifier:
ACCor inWashing- Sisusingacom-  study coordi-  jtem scale ~ Search, there NCTO467242%),
AHAq ton, DC. puterized ran-  nator from  \yereuseg.  iSCurrently no
stage C or domized being blind- predetermined
D heart scheme. edto as- timethreshold
failure signed inter- for the effect
ventions. on pain experi-
ence; 10 min-
utesfallswith-
in the range of
timeframes (2
to 15 minutes)
that have
demonstrated
the benefit of
using VR for
pain manage-
ment.
Hsu et al [40], 2022
Met crite-  Completely met Completely Completely met Completely Completedly Completely Completely met Not com-
ria met met met met pletely met
Descrip- «  Atotal of  Depart- Followingdligi- Eligiblepa= TheFMA- Thestudydu- « Therewasastas Nonemen-
tion 52 patients  ment of bility screening, tientswere gV motor  ration was 30 tigtically signifi- tioned out-
(average  physical patientsmeet-  randomly a-  ooording-  Minutes twice cant improve- sideof ethics
ageof 55 medicine  ingtheinclu- located until o score aweek for 9 ment inonly the or IRB ap-
years) with  andrehabil-  sion criteria al theavail-  gnd the weeks. VR FMA-UE motor  provalsfrom
stroke itationata wererandomly ableen- MALY timing was coordinationand individual
medical allocated to velopes had time-matched theMAL amount hospitals
center in conditionsus-  beenexhaus- V&€ used. to the control of use; noMCID
South Tai- ing opagueen-  ed, resulting group. was mentioned.
wan velopes with inal:llra
computer-gener-  tiointhe
ated random MTt, COTU,
numbers that or VR-MT
the investigator group.
opened uponre-
celving a con-
senting partici-
pant.
Huang et al [41], 2022
Met crite- Completely met Completely Completely met Completely Completely Completely Completely met Completely
ria met met met met met
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Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationand anal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Descrip- « Atotaof TheVR A total of 30 Clinicad as TheFMA- All partici- « Therewasastar Thetria was
tion 30patients equipment  patients with sessments UE and pantsreceived tigticaly signifi- registered in
(average  wasin- chronic stroke  were per- AROMX 16 sessions of canttimeeffect e \WHOY
ageof 58 dalledina wererandom-  formedwith- \yere yseg.  iNtervention foralitemsof  |niernational
years)with  room with- izedtothe VR in1week for 60 min per upper limb as- Clinical Tri-
strokein-  out exter-  or COT groups  before and day, 2to 3 sessment except s registry
farction nal distur- after thein- days per FMA-UE motor (chic-
hemor- bances, and terventions week. coordinationand TR0,
rhageand thevirtua by another speed.
ischemic  environ- therapist not
stroke ment was involved in
setina6 training and
m2 physi- blinded to
cal spacein the purpose
ahospital and group al-
in southern location.
Taiwan.
Huang et al [42], 2024
Met crite-  Completely met Completely Completely met Not com- Completely Completely Completely met Completely
ria met pletely met  met met met
Descrip- « Atotal of SecondAf- Eachparticipant Becauseof  The FMA- All partici- « Theaeweeddts Thetrial was
tion 40 patients filiated wasrandomly  thenatureof UE[20] pantsreceived ticaly significant  registered on
(average  Hospita assigned acode theinterven- gqihepi? rehabilitation improvementsin Clinical Tri-
ageof 63 andYuy-  basedoncom- tion, partici- \yereused, trainingfor 5 FMA-UE motor  as.gov
years) with ing Chil- puter-generated, pants and days per week impairment and  (identifier:
ischemic  dren'sHos- permuted block therapists for 3 weeks. Bl scores. NCTO3085839).
or hemor-  pital of randomization  could not be Thefirst 30
rhagic Wenzhou  with ablock blinded to minutes was
stroke Medica sizeof 4. the allocated conventional
University, treatment. rehabilitation,
China These thera- followed by
pists did not 30 minutes of
participatein rehabilitation
assessments performed in
of the out- imVR® sys-
comes. tems
Jo et al [43], 2024
Metcrite- Completely met Completely Completely met Completely Completely Completely Completely met Completely
ria met met met met met
Descrip- o  Atotal of Hospital in  Randomized The study FMA-UE Inadditionto . Therewasasig- Thetrial was
tion 45patients Seoul, Re- controlled trial  wasconduct- wasused,  conventional nificantimprove- registered on
(average  publicof  withthepartici- edasanas  and sec- physical thera- mentin FMA-  ClinicalTri-
ageof 50 Korea pantsrandomly sessor-blind- ondary out- py, traditional UE, MFT, and als.gov
years) with alocatedinto3 edandran- comemea MT was pro- BBT in 360° (NCTGB/R8343)
stroke groupsusinga domized surements  vided for 30 MTG and and received
computer-gener-  controlled were minutes per TMTG and approval
ated list of num- trial. MFT®ang session, 3 ses- changesin 360° fromthe
bersatal:1:1 BBT® sions aweek, MTGweresgnif- Sahmyook
ratio: imVR- ’ for 4 weeks icantly higher University
based 360° compared to IRB (SYU
MTG®, TMTGand CG. 2023-01-
TMTG®, and a 009-001)
CG
Laghlam et al [44], 2021
Met crite-  Completely met Completely Completely met Completely Completdly Completely Completely met Completely
ria met met met met met
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Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationand anal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Descrip- « Atota of oy of Randomization Patients The One session Therewereno  Thetrial was
tion 180 pa- the Centre Wasperformed  wererandom- NRsfor Started at least statigtically sig-  registered on
tients(aver-  Meédico- using an exter- |y assigned pain and 5 minutes be- nificantimprove- Clinical Tri-
ageageof  chjpyrgica al interactive  (L:1)inper-  gnyjety forethere- mentsin patient  as.gov
68years) Ambroise Webresponse  muted wereused. moval of the functional out-  (NCTO3E5%4).
withcar-  pgréin system. blocks. drains and comes, noMCID
diac Neuilly- continued for was mentioned.
surgery sur-Seine, 10 minutes af-
France. ter there-
moval of the
drains. VR
was timed
with morphine
administration
(and the goal
was for acute
pain relief).
Lee and Kang [45], 2020
Met crite- Completely met Completely Completely met Not com- Completely Did not com- Completely met Not com-
ria met pletely met  met pletely meet pletely met
Descrip- « Atotal of Cardiac Patientswere  Double The The study du- Therewasasta Nothing was
tion 48 patients  1CU, randomly allo-  blindness PSQI ah ration was 30 tistically signifi- mentioned
(average  Dong-A catedwithal:l wasnotpos \yasused. Minutes be- cant higher PTSI  other than
ageof 63  University randomlistor- sibledueto fore bedtime scoreinthe VR  the IRB ap-
years) with  Medical der using the the interven- (9PMto 11 group. proval.
cardiovas- Center,Bu- randomalloca- tiona charac- PM) on the
cular diss  san, South  tion software teristics of day of ICU
ease Korea. program (ver-  thestudy us- admission.
son2.0.0).ICU ing VR Thedifference
nursesdid not  equipment. in sleep quali-
know which ty and the ef-
group the next fects of inter-
participant vention during
would be as- the ICU stay
signed to. could not be
investigated
Mekbib et al [46], 2021
Met crite-  Completely met Completely Completely met Completely Completedly Completely Completely met Not com-
ria met met met met pletely met
Descrip- «  Atotal of Depart- Thisclinicd tri- The group The FMA-  Study duration Therewasasta None men-
tion 23patients mentof Re- al usedasingle- alocation UEand Bl was 1 hour tistically signifi- tioned out-
(average  habilitation blind, random-  procedure scores VR and 1 hour cant improve- sideof ethics
ageof 56 Medicine ized, parallel was man- wereused. OT per day, 4 ment in FMA- or IRB ap-
years)with atZhejiang groupdesign.  aged by a days per week UE and BI provalsfrom
stroke Province  Patientswere  physician for 2 weeks. scores, NnOoMCID individual
People's randomly as- who was un- VR timing was mentioned.  hospitalsand
Hospital signed to either  aware of the was time- the Helsinki
(Hangzhou, theyR or OT@ Study proto- matchedtothe Declaration
China). group using col. CG. of _Ethi ca
random num- Principles
bers generated for Medical
by a computer Research In-
program. volving Hu-
man Sub-
jects
Menekli et al [47], 2022
Met crite-  Completely met Completely Completely met Not com- Completely Not complete- Completely met Completely
ria met pletely met  met ly met met

https://www.jmir.org/2025/1/e54452

RenderX

JMed Internet Res 2025 | vol. 27 | 54452 | p. 23
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Maheta et al

Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationand anal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Descrip- « Atotal of Maatya Computer-assist- Therewas  The SAl Thestudywas « Therewasasta- Thetria was
tion 139 pa- Turgut edsimpleran- noblinding andVAS  conducted at tigticaly signifi-  registered on
tients(aver- Ozal Uni-  domizationwas for the pa- scores the liberty of cant improve- Clinica Tri-
age age: versity On- usedtodeter-  tientsorthe wereused. the patient ment inthe SAI  as.gov
not provid-  cology mine the researchers throughout the and VAS scores;  (NCTURIA0107).
ed) with Hospital groups. throughout procedure, no MCID was
cancer the study. lasting 4 mentioned.
hours.
Ogiin et al [48], 2019
Met crite-  Completely met Completely Completely met Completely Completely Completely Completely met Completely
ria met met met met met
Descrip- « Atotal of BoluAbant Patientswere  Bothpatients FMA-UE, TheVRgroup . Therewasasta= Thetria was
tion 65 patients  1zzet randomly divid- andoutcome agard ~ received VR tigtically signifi-  registered on
(average  Baysd edinto 2 assessors FIME rehabilitation cant improve- Clinica Tri-
ageof 61  University, groups, VRor  were PA SS-’ 3daysaweek, ment in FMA- als.gov
years) with  Physical control, with masked, o on Monday, UE, ARAT, (NCTOBRL3HA1.
ischemic Therapy  stratifiedran-  achieveduss |ADL®,  Wednesday, FIM, and PASS
stroke and Reha domizationac- ingshamVR adPASS-  and Friday, at scores.
bilitation ~ cordingtoage, therapy with BADL®" thesametime
Hospital sex, and stroke  the CG, with wereused each day for 6
onset, usingan theoutcome as sec- weeks. Each
online random-  assessor ondary out- session |asted
ization website. blinded to comemea approximately
thegroups.  surements. 60 minutes
and comprised
4 games that
lasted 15 min-
utes each.
Park et al [49], 2013
Met crite-  Completely met Completdly Completely met Not com- Completely Completely Completely met Not com-
ria met pletely met  met met pletely met
Descrip- « Atotal of Stroke The 16 partici-  N/A The pa- Thestudy du- « Therewereno  Nonemen-
tion 16 patients unitsof a  pants were ran- tient'sspa-  ration was 60 statistically sig-  tioned out-
(average  hospital in  domly assigned tiotempora  minutes per nificantimprove- sideof ethics
ageof 48  Seoul, Ko- to either the ex- gait ability, day, 5 days mentsin patient or IRB ap-
years) with  rea. perimental functional  per week for 4 functional out-  provalsfrom
stroke group (n=8) or gait ability, weeks. VR comes; NoMCID individual
the CG (n=8) andin- timing was was mentioned.  hospitals
by selection of creased time-matched
white or black functional  to the CG.
go stones 1 walking
hour before the ability
start of the were mea-
pretest. sured.
Rousseaux et al [50], 2022
Met crite-  Completely met Completely Completely met Not com- Completely Not complete- Completely met Completely
ria met pletely met  met ly met met
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Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationand anal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Descrip- o Atotal of LiegeUni- Randomization Giventhe TheVAS  The study There was no Thetrial was
tion 100 pa- versity was undertaken nature of the wasused.  comprised a statistically sig-  registered
tients(aver- Hospitals, inblocksof 5  techniques, 20-minute ses- nificant differ- retrospective-
ageageof Domaine  patients. neither the sion on the encein effective-  ly on Clini-
66 years)  Universi- patients nor preoperative ness between caTrias.gov
whounder- tairedu theinvestiga- day (TO and hypnosisand VR (NCTO3320/00).
went car-  Sart torswere T1) and a 20-
diac Tilman blinded to minutesession
surgery thetreatment after surgery
assignment. (T2and T3).
No justifica-
tion was writ-
teninthe
manuscript for
the study dura-
tion.
Rutkowski et al [51], 2021
Met crite-  Completely met Completely Completely met Completely Completedly Completely Completely met Completely
ria met met met met met
Descrip- « Atotal of A specia- Randomization Anassessor- The Thestudywas «  Therewasstatiss Thetria was
tion S50 patients istHospital wasperformed blindedpard- HADS, conducted ticaly significant  registered on
(average  inGlu- using the Re- lel group PSQ®, once a day, improvementin ~ Clinical Tri-
ageof 64  chotazy, search Random- EMWTE each session the HADS-Aar, as.gov
years) with  Poland izer (ratio of and lun ' for15t030 HADS-Das, and (NCT0460154).
COPDan 1:1), aweb- fun ctior? minutes (de- general HADS.
based service test with pending onthe
that offersin- task), 5 times
stant random FEVI®  aweek for 2
assignment. wereused.  eeks. VR
Sedled en- group per-
velopes were formed 10VR
used for group therapy ses-
assignments. sions of 20
minutes.
Shin et al [52], 2023
Met crite-  Completely met Completely Completely met Completely Completedly Completely Completely met Completely
ria met met met met met
Descrip- « Atotal of Academic Randomization Physicians  Anxiety Thestudywas « Therewasasta- Theprotocol
tion 196 pa- hospital in  wasdoneusing wereblinded levelswere for asingle tigticaly signifi- wasregis-
tients(aver-  Seoul, anonlineran-  tothestudy measured time; on the cant reductionin tered on
ageageof SouthKo- domizingtool armsanddid usingthe  sameday of patient anxiety  Clinical Tri-
47.5years) rea (www.randomiz- notinteract apa|s?t ag randomiza immediately and as.gov
with breast er. org) by an withthecoor-  he primary tion, patients ontheprimary  (NCTOA41943
cancer independent re-  dinator. endpoint  Watchedthe7- end point, and ap-
search coordina and the to 8-minute- APAIS,andon  proved by
tor. STAland 0N VR the STAI and the Sever-
au video. LASA anxiety  ance Hospi-
;i;':\daras scales. Long- tal IRB (4-
o poi mys term anxiety re-  2019-0795).
P duction was ob-
served only
when anxiety
was measured by
LASA.
Song and Lee[53], 2021
Met crite-  Completely met Completely Completely met Not com- Completely Completely Completely met Not com-
ria met pletely met  met met pletely met
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Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationand anal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Descrip- o« Atotal of CRehabili- Randomization N/A Manual Interventions Therewasasta None men-
tion 10 patients tation Hos-  was achieved function were per- tigtically signifi- tioned out-
(average  pital or G using the test and formed for 30 cant improve- sideof ethics
ageof 64 Rehabilita- opague sealed propriocep- minutesaday, ment inthe pro- or IRB ap-
years) with tionHospi- envelope tion test 5timesa prioception test.  provalsfrom
strokewith tal in method. week, for 4 individual
chronic Gwangju weeks, for 20 hospitals
hemiplegia city sessions.
Spiegel et al [54], 2019
Met crite-  Completely met Completely Completely met Completely Completely Completely Completely met Completely
ria met met met met met
Descrip- « Atotal of Cedars Patientswere A scriptthat  AnNRSof The study du- Therewasasta Thetrial was
tion 120 pa- Sinai Medi- randomizedon used neutral patient-re-  ration was 10 tistically signifi- registered on
tients(aver- cal Center, al:lbasisbe- languagere- portedpain minutes per cant improve- ClinciaTri-
age age: alarge, ur- tweengroups  gardingboth wasused.  session, 3 ment in pain als.gov
not provid-  ban, ter- using the Mi- interventions times a day, scores 48 hours  (NCTOB37°8).
ed) with  tiary care  crosoft Excel wasused. In- for 48 hours, and 72 hours
pain hospital random number vestigator in- 10 minutes postintervention.
generator. teractions was selected
with the to reduce the
study partici- risk of devel-
pant were oping cyber-
minimized, sickness.
relying on Longer expo-
nonstudy suretimes are
nursing staff associated
to collect with a higher
pain scores. risk of cyber-
sickness.
Torres Garcia et al [55], 2023
Met crite-  Completely met Completely Completely met Not com- Completely Completely Completely met Completely
ria met pletely met  met met met
Descrip- « Atotal of occy®of Randomization Theoncolo- HADS, The study Therewasasta The study
tion 133 pa- the wascarriedout gistwasun- ppg comprised 4 tistically signifi- was ap-
tients (aver- CIMARY using a rgndom aare of'the scale, and ~ Sessions Ia_i- cant reductionin prove(_j t_)y
age age of Campus, number list ob- information  {he Mini- 1N approxi- anxiety andde-  the Clinical
49 years) Milenium tained with the  provided MACY mately 30 to pressionandsig- Research
with breast radier Random.org other than coping 45 minutes. nificantimprove-  Ethics Com-
cancer Medical app. The prder the_ order in calewere Thefi rst_3 ses- men'tsi nemotion- mittee (CE-_
Center in which it was whlc_h ran- Lsed sions coinci d- a d!stress and 1C) of Hospi-
Barcel 'ona, generated was  domization ’ ed with the coping mecha-  tal CIMA
. unknown to the  was generat- chemotherapy nisms, including (Barcelona,
Spain oncologist. ed. treatment pre- fighting spirit, Spain), a
scribed by the cognitive avoid-  center autho-
oncologist. ance, and anx- rized by the
The fourth iousworry. Department
session was of Health
conducted 3 (H08621946).
months after
the third ses-
sion to check
whether the
benefits of the
previousinter-
ventions were
maintai ned.

Turrado et al [56], 2021
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tion setting randomization  conceal ment ysis of results thetria
of allocation
Met crite-  Completely met Completely Completely met Not com- Completely Completely Completely met Completely
ria met pletely met  met met met
Descrip- « Atotal of Third-level Patientswere  Patientsand HAD-D, Thepatientsin « Therewasasta- Thetria was
tion 126 pa- Academic randomizedus- hedlthcare  HAD-A, the interven- tistically signifi- registered on
tients(aver- Centerin  ingenblocran- professonas STAI_A/S, tiongrouphad cant improve- ClinicaTri-
ageageof the Gas domizationwith could not be and unlimited ac- ment for boththe as.gov
66years) trointesti- randomblock  blindedre-  STAI_A/T cesstoVR HADS-A and (NCTOAB30).
with the nal Surgery sizes. garding scores glasses and to HADS-D sub-
following  Depart- groupassign- wereused. the VR app. scales and those
condition, mentin ment. measuring status
n (%): col- Barcelona, and trait in STAI
orectal Spain scalesin patients
cancer: 58 who were ex-
(46); right posed to the VR
colectomy: simulation expe-
21 (16.7); rience.
sigmoidec-
tomy: 20
(15.9);
LARez+Tal-
MEba: 25
(19.8);
transverse
colon re-
section: 2
(1.6)
Uslu and Ardan [57], 2023
Met crite-  Completely met  Completely Completely met Not com- Completely Completely Completely met Completely
ria met pletely met  met met met
Descrip- « Atotal of Oncology Thisstudywas Blindingwas TheSTAlI  Thestudywas « Therewasasta- Thetria was
tion 66 patients outpatient  conductedusing not possible scaleand  conducted tisticaly signifi- registered
(average  department therandomiza- duetothe  {hecpsPP onceevery 21 cant decreasein  withthe US
ageof 52  of auniver- tion block nature of the \yere useg,  daysfor 4 ses- mean postinter- ~ National In-
years)with sity hospi-  method (6:5).  study. With sions (1 ses- vention anxiety  stitutes of
breastcan- tain Combinations VR, the pa- sion per scoresand mean  Health Clini-
cer Turkey withrandomiza- tients could chemotherapy posttest fatigue.  cal Trials
tionwereenu-  not be blind- cyclefor 4 cy- Registry on
merated usinga ed duringthe cles) for 30 September
web-based ran-  intervention minutes. 12, 2021
dom queuegen- becausethey (NCTOB1633%)
erator with per-  knew that
muted random  they werein
block allocation  the interven-
(block size: 33). tion group.
Theinterven- Randomiza-
tiongroupand tionwaspre-
CG weredeter- pared by a
mined by lots.  statistician,
but this was
hidden from
there-
searcher per-
forming the
study.
Zhang et al [58], 2023
Met crite-  Completely met  Completely Completely met Not com- Completely Completely Completely met Completely
ria met pletely met  met met met
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Study Patient popula-  Clinical Control and Blindingand End points Study duration Presentationand anal- Reporting
tion setting randomization  conceal ment ysis of results thetria
of allocation
Descrip- o« Atotal of A public Participants Owingtothe The SAI Fromdaysl Thoseintheinterven- Theprotocol
tion 60 patients hospital in wererandomly natureof VR scde, CES-  to 14, partici-  tiongroup demonstrat- was regis-
(average  Guangzhou, assignedtothe intervention, pbc g-g e Pants experi-  ed asignificantly tered retro-
ageof 34 China intervention blindingthe ghq pacT. enced 14 dif-  greater reductionin  spectively in
years) with groupand CG  participants leu? ques- ferentimmer- anxiety (P<.05) and  the ISRCTN
leukemia inal:lratioby andtheinter- i onn:ire sive videos. improvementinquali- registry (IS
generating 70 ventionist Toavoidinter- ty of life (P=.04). RCTN
codes written wasimpossi- were used. ruptionfrom  Therewasno s gnifi- 84842464,
onidenticaly  ble. commontreat-  gnt differenceinde-  JUNE6,
sized pieces of ment activi- pression levels be- 2022).
paper, which ties, every in- yyeen groups (P=.09),
were placed in tervention 0C-  gthough a decreasing
opague, sealed, curred from 3 rend was observed in
numbered en- group.
velopes.

8N/A: not applicable.

bVAS: Visua Andl og Scale.

CSAl: State Anxiety Inventory.

dv/R: virtual reality.

EMCID: minimal clinically important difference.

fIRB: institutional review board.

9STAI-Y 1: State-Trait Anxiety Inventory-Y 1.

NAT: antiblastic therapy.

'NHS: National Health Service.

IMoCA: Montreal Cognitive Assessment.

KNEADL: Nottingham extended activities of daily living.

'HADS: Hospital Anxiety and Depression Scale.

MEuroQOL : European Quality of Life.

MSRCTN: International Standard Randomized Controlled Trial Number.
OCG: control group.

PSV-POMS: short version of profile of mood states.

9AHA or ACC: American Heart Association or American College of Cardiology.
"'MWHC: MedStar Washington Hospital Center.

SFACIT-Pal 14: Functional Assessment in Chronic IlIness Therapy—Palliative Care 14-item scale.
'MT: mirror therapy.

UCOT: conventional occupational therapy.

YEMA-UE: Fugl-Meyer assessment for upper extremity.

YWMAL: motor activity log.

XAROM: active range of motion.

YWHO: World Health Organization.

“Bl: Barthel Index.

FmVR: immersive virtua reality.

360° MTG: 360° mirror therapy group.

LTMTG: traditional mirror therapy group.

NMFT: manual function test.

#®BBT: box and block test.

&) cU: intensive care unit.

INRS: numeric rating scale.

Z"hPSQI: Pittsburg Sleep Quality Index.

agT: occupational therapy.

3 ARAT: action research arm test.

EIM: functional independence measure.

dpASSIADL: performance assessment of self-care skills—instrumental activities of daily living.
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dMPASS-BADL : performance assessment of self-care skills—basic activities of daily living.

aNCOPD: chronic obstructive pulmonary disease.

#pSQ: Perception of Stress Questionnaire.

@EMWT: 6-minute walk test.

AIFEV 1: forced expiratory volume for 1 second.

THADS-A: Hospital Anxiety and Depression Scale-Anxiety.
BSHADS-D: Hospital Anxiety and Depression Scale-Depression.
AAPAIS; Amsterdam Preoperative Anxiety and Information Scale.
U ASA: Linear Analog Scale Assessment.

&0OCCU: Oncology Counseling and Care unit.

VCIMA: Chartered Institute of Management Accountants.
DDE: emotional discomfort detection.

HMini-MAC: mini-mental adjustment to cancer.

#|_AR: low anterior resection.

PAT4TME: transanal total mesorectal resection.

bOCFS: Cancer Fatigue Scale.

BCCES D: Center for Epidemiological Studies-Depression Scale.
bAEACT-leu: functional assessment of cancer therapy-leukemia.

Discussion

Principal Findings

We found 24 RCTs of VR for older adults with serious illness
that encompassed diverse conditions, such as stroke, cancer,
cardiovascular disease, and COPD. Among these studies, VR
has been applied to improve anxiety and pain, as measured by
the HADS, State Anxiety Inventory, or NPS, or mobility and
strength, as measured by the Fugl-Meyer upper extremity
assessment, proprioception, or orientation metrics. In this
review, short VR experiences were typically used to improve
outcomes related to anxiety and pain, while longer ones were
used to improve mobility and strength after stroke. Training,
supervision, and assistance provided were described in 5 studies
[38,40,43,46,54]. Of theincluded RCTSs, al 24 studiesaddressed
older adults; however, only afew focused entirely on the older
adult population: 3 studies (12%) included adults with an
average age of 66 to 70 years[44,50,56], and only 1 study (4%)
included older adults with an average age of >75 years [37].
From the 24 RCTsincluded in this systematic review, 7 (29%)
studies adhered to all 8 gold standard VR consensus standards
criteria, and al studies (100%) adhered to at least 5 criteria.

Although there are emerging bodies of evidence on VR use for
acute pain, physical therapy, and mental health, we found
relatively few studies that met our criteria, focused on
symptomatic and functional aspects of serious illness or their
use for older adults [59-61]. Acute pain and pain associated
with serious illness are distinct, as suggested by the total pain
model for serious illness by Saunders; are multifactorial; and
explicitly consider physical, emotional, social, and existential
factors in worsening symptoms [62,63]. Function is also
impaired to a greater degree in older adults, and the average
American lives with 1 to 2 ADL disabilities during the last 2
years of life [64]. Comorbidity is common among older adults,
and underlying conditions and treatments can interact to
exacerbate symptoms[65]. Owing tothis, the sameinterventions
used to manage acute pain may not be efficacious for managing

https://www.jmir.org/2025/1/e54452

pain associated with serious illness, especially among older
adults with seriousilInesses.

The practicality and efficacy of VR for older patients may be
limited by difficulty using the technology, cost, and limited
accessibility in medical settings [66]. For example, an
approximately 1- to 2-pound VR headset may be relatively
heavy, which is challenging for patients with frailty, aswell as
those with a serious illness [67]. In many cases, older patients
may tend to be unfamiliar with new technologies and, therefore,
may require supervision and assistance. Thisrole can befulfilled
with caregivers, friends, or clinicians. In addition, immersive
VR can cause motion sickness, which is a concern for older
adultswith seriousillnesses, and are costlier than nonimmersive
therapies[68]. Unfortunately, 5 (21%) of the 24 assessed studies
lacked descriptions of supervision, training, or assistance
provided, which may limit the ability of other researchers or
providers to trandate the results to their settings
[45,48,50,51,56]. Therefore, VR assessments in older adults
should include whether and how users were trained and
supported, how their clinical condition impacted their ability
to use the system, and how their ability to independently use
VR was verified.

The extent to which VR treatment efficacy is reliant on media
content remains unclear. Thisis particularly important because
VR audio and visual media content varies generally within and
between different VR systems. Furthermore, different clinical
conditions and intervention goals may lead to the use of specific
VR resources, interactive functionality, interactivity, and
content. As a result, there are fundamenta limitations for
researchers and cliniciansin understanding the mechanismsand
efficacy of VR due to the opaqueness or lack of content
descriptions in many publications [69]. In addition, subtleties
in achieving high presence or in how perceived redlity is
portrayed may significantly impact the clinical impact and
patient satisfaction. Therefore, better-published specifications
of VR media, such as soundscapes, public accessibility, and
other features, are required to better evaluate and clinically
apply VR to patients[11].
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This evaluation is limited by the sparse availability of specific
VR content that was used in the previous studies. In addition,
the outcomes related to patients’ quality of life in the different
studies were heterogeneous, and therefore, a quantitative
synthesis was not possible. These factors, combined, limited
the ability to characterize the effects of specific VR featureson
patient outcomes. However, this may be a representation of an
evolving field with limited reporting guidelines. In addition,
this study focused specifically on immersive VR, and future
research can further examine the effectiveness of different types
of VR. One of the original aims of this study was to compare
individual differencesin VR effectiveness (eg, by gender, race,
and ethnicity); however, this was not possible due to alack of
sufficient detail inincluded studies. Nonethel ess, this systematic
review provides researchers and clinicians with a detailed
overview of the current state of the literature for older adults
with serious illness, as well as an awareness and emphasis on
the need to follow standard best practices to enhance VR
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research rigor. Future directions to build upon this systematic
review include evaluating different types of VR media and
frequency and duration to target improvements in specific
outcomes in patients with serious illness. Future studies may
also consider more structured supervision and training for VR
use for older adults and determine whether this leads to
increased compliance and efficacy of VR to improve outcomes
in seriousillness. Finally, future research can focus on making
VR more accessible to everyone, including older adults[70].

Conclusions

Our systematic review identified a growing body of research
evaluating VR appsfor older adultswith seriousillnessthrough
RCTs. The literature review illustrates the potential of VR in
this population and finds promising but limited extant evidence.
These limitations also highlight an important gap in the
development and understanding of using VR to improve health
and wellness, which are crucial to address for rapidly aging
populations.
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