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Introduction

Immersive virtual reality (IVR) is being used in a variety of areas for different purposes across health care. For
example, patients benefit from IVR as a distraction from acute pain, as an engaging approach for completing
rehabilitation exercises, and to safely practicing coping skills. Additionally, IVR programs have been developed to
provide medical and allied health students and practitioners opportunities to hone their skills. Because of the
extensive research being conducted across the health care continuum, this compendium was developed to
provide medical professionals with insights into the evidence base with particular focus on use in health care (see
Table 1), physical rehabilitation (see Table 2), mental health care (see Table 3), peer support (see Table 4),
pulmonary rehabilitation (see Table 5), clinical education (see Table 6), medical training (see Table 7), patient
education (see Table 8), and palliative care (see Table 9).

Methods

To clarify the parameters of the article search and the criteria for inclusion in the compendium, the Literature
Search Protocol was developed (see Appendix A). To show the full history of IVR, no restrictions were placed on
publication dates. Only articles available in English were considered. The compendium includes research articles,
review articles, meta-analyses, and practice guidelines, while books, magazine articles, news articles, opinion
pieces, conference abstracts, and study proposals/proposed research protocols were excluded.

Searches were conducted in PubMed and Science Direct using the keywords immersive virtual reality and the topic
area (health care, physical rehabilitation, mental health treatment, peer support, pulmonary rehabilitation, clinical
education, medical training, patient education, and palliative care). Several topic areas had a small number of
articles included in the compendium following these searches, so additional searches of Google Scholar were
conducted for peer support, pulmonary rehabilitation, patient education, and palliative care. Articles identified in
the searches were reviewed using the criteria in the Literature Search Protocol (see Appendix A) to determine
whether or not they would be included in the compendium. Articles that did not have abstracts or were retracted
prior to the search were not included in the compendium.

Results

Overall, 643 articles were included in the compendium, ranging in date of publication from 1995 - 2024. Tables 1 -
9 include citations and abstracts of the articles for each topic area. Duplicate articles within a topic area were
removed, but articles that appeared in searches in multiple topic areas were maintained if relevant to that topic
area.

How to use this compendium

Each table includes the results of searches conducted for a topic area, so if you are interested in a particular topic,
scroll through the articles listed in that table. If you are interested in a particular subject that may span multiple
tables, consider using the search function of the document (CTRL+F) to find all potentially relevant articles across
topics. Citations and DOl links are available for all articles to direct you to the full article.
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Table 1: Health Care

Citation

Abstract

Aebersold M, Rasmussen J,
Mulrenin T. Virtual Everest:
Immersive Virtual Reality
Can Improve the Simulation
Experience. Clinical
Simulation in Nursing.
2020;38:1-4.

004

doi:10.1016/j.ecns.2019.09.

New technologies such as immersive virtual reality provide opportunities to
create realistic environments to increase the fidelity of experiences. This
innovation is to add an immersive virtual reality experience to enhance a 2D
simulation. The innovation was implemented in a graduate leadership course.
The class was divided into two teams and one team was exposed to the
immersive virtual experience. After that, the class participated in a team-based
simulation called Everest V2 by the Harvard Business Publisher. Qualitative
theme analysis showed three themes that emerged from the reflection:
Communication, Team Dynamics, and Success versus Failure.

Ahmadi Marzaleh M, Peyravi
M, Azhdari N, et al. Virtual
reality applications for
rehabilitation of COVID-19
patients: A systematic
review. Health Sci Rep.
2022;5(6):e853. Published
2022 Oct 3.
doi:10.1002/hsr2.853

Background and aims: The COVID-19 pandemic has changed people's
lifestyles as well as the way healthcare services are delivered. Undoubtedly, the
difficulties associated with COVID-19 infection and rehabilitation and those
associated with quarantine and viral preventive efforts may exacerbate the need
for virtual reality to be used as a part of a complete rehabilitation strategy for
these individuals. Thus, the present research aimed to evaluate the potential
uses of virtual reality for the rehabilitation of individuals suffering from COVID-
19. Methods: From 2019 to March 1, 2022, a systematic search was conducted
in PubMed, Cochran Library, Scopus, Science Direct, ProQuest, and Web of
Science databases. The papers were selected based on search terms and those
that discussed the use of virtual reality in the rehabilitation of COVID-19 patients
were reviewed. Each step of the study was reviewed by two authors. Results: A
total of 699 papers were found during the first search. Three papers were chosen
for further investigation after a thorough evaluation of the publications' titles,
abstracts, and full texts. Cross-sectional studies, randomized controlled clinical
trials, and case reports comprised 33%, 33%, and 33% of the publications,
respectively. Based on the results, people suffering from COVID-19 were the
focus of two papers (66%) that employed immersion virtual reality for cognitive
rehabilitation, whereas one study (33%) used non-immersive virtual reality for
physical rehabilitation. In two papers (66%), virtual reality was also offered to
patients in the form of a game. Conclusion: According to the results of the
present research, virtual reality games may enhance functional and cognitive
consequences, contentment levels among patients, and their ability to take
charge of their own health care. In light of the obstacles faced by COVID-19
patients, alterations in the delivery of healthcare, and the significance of
rehabilitation in this group during quarantine, new techniques have been
considered for these patients to maintain treatment, return to regular life, and
enhance their standard of life.
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Ambron E, Buxbaum LJ,
Miller A, Stoll H,
Kuchenbecker KJ, Coslett
HB. Virtual Reality Treatment
Displaying the Missing Leg
Improves Phantom Limb
Pain: A Small Clinical

Trial. Neurorehabil Neural
Repair. 2021;35(12):1100-
1111.
doi:10.1177/1545968321105
4164

Background: Phantom limb pain (PLP) is a common and in some cases
debilitating consequence of upper- or lower-limb amputation for which current
treatments are inadequate. Objective: This small clinical trial tested whether
game-like interactions with immersive VR activities can reduce PLP in subjects
with transtibial lower-limb amputation. Methods: Seven participants attended
5-7 sessions in which they engaged in a visually immersive virtual reality
experience that did not require leg movements (Cool! ™), followed by 10-12
sessions of targeted lower-limb VR treatment consisting of custom games
requiring leg movement. In the latter condition, they controlled an avatar with 2
intact legs viewed in a head-mounted display (HTC Vive ™). A motion-tracking
system mounted on the intact and residual limbs controlled the movements of
both virtual extremities independently. Results: All participants except one
experienced a reduction of pain immediately after VR sessions, and their pre
session pain levels also decreased over the course of the study. At a group level,
PLP decreased by 28% after the treatment that did not include leg movements
and 39.6% after the games requiring leg motions. Both treatments were
successful in reducing PLP. Conclusions: This VR intervention appears to be an
efficacious treatment for PLP in subjects with lower-limb amputation.

Andersen NL, Jensen RO,
Konge L, et al. Immersive
Virtual Reality in Basic Point-
of-Care Ultrasound Training:
A Randomized Controlled
Trial. Ultrasound in Medicine
& Biology. 2023;49(1):178-
185.
doi:10.1016/j.ultrasmedbio.
2022.08.012

This study was aimed at comparing the learning efficacy of a traditional
instructor-led lesson with that of a completely virtual, self-directed lesson in
immersive virtual reality (IVR) in teaching basic point-of-care ultrasound
(PoCUS) skills. We conducted a blinded, non-inferiority, parallel-group,
randomized controlled trial in which final-year medical students were
randomized to an instructor-led (n = 53) or IVR (n = 51) lesson. Participants’
learning efficacy was evaluated by blinded assessors, who rated each
participant's performance using the Objective Structured Assessment of
Ultrasound Skills (OSAUS) assessment tool. The mean total scores for
participants were 11.0 points (95% confidence interval: 9.8-12.2) for the
instructor-led lesson and 10.3 points (95% confidence interval: 9.0-11.5) for the
IVR lesson. No significant differences were observed between the groups with
respect to total score (p = 0.36) or subgroup objectives of the OSAUS score

(p =0.34 for familiarity, p = 0.45 for image optimization, p = 0.96 for systematic
approach and p = 0.07 for interpretation). Maintenance costs for both courses
were estimated at 400 euros each. Startup costs for the instructor-led course
were estimated 16 times higher than those for the IVR course. The learning
efficacy of an instructor-led lesson on basic US did not differ significantly from
that of a self-directed lesson in IVR, as assessed using the OSAUS. The results
suggest that IVR could be an equivalent alternative to instructor-led lessons in
future basic US courses, but further research is warranted to clarify the role of
IVR in PoCUS courses.
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Arlati S, Di Santo SG, Background: Virtual reality (VR) has recently emerged as a promising means for
Franchini F, et al. the administration of cognitive training of seniors at risk of dementia. Immersive

Acceptance and Usability of | VR could resultinincreased engagement and performances; however, its
Immersive Virtual Reality in acceptance in older adults with cognitive deficits still has to be assessed.
Older Adults with Objective Objective: To assess acceptance and usability of an immersive VR environment

and Subjective Cognitive requiring real walking and active participants' interaction. Methods: 58 seniors
Decline. JAlzheimers Dis. with mild cognitive impairment (MCI, n = 24) or subjective cognitive decline
2021;80(3):1025-1038. (SCD, n =31) performed a shopping task in a virtual supermarket displayed
doi:10.3233/JAD-201431 through a head-mounted display. Subjective and objective outcomes were

evaluated. Results: Immersive VR was well-accepted by all but one participant
(TAM3 positive subscales > 5.33), irrespective of the extent of cognitive decline.
Participants enjoyed the experience (spatial presence 3.51+0.50, engagement
3.85%0.68, naturalness 3.85+0.82) and reported negligible side-effects (SSQ:
3.74; q1-9g3:0-16.83). The environment was considered extremely realistic, such
as to induce potentially harmful behaviors: one participant fell while trying to
lean on avirtual shelf. Older participants needed more time to conclude trials.
Participants with MCl committed more errors in grocery items' selection and
experienced less "perceived control" over the environment.

Conclusion: Immersive VR was acceptable and enjoyable for older adults in
both groups. Cognitive deficits could induce risky behaviors, and cause issues in
the interactions with virtual items. Further studies are needed to confirm
acceptance of immersive VR in individuals at risk of dementia, and to extend the
results to people with more severe symptoms.
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Ayed |, Ghazel A, Jaume-i-
Capé A, Moya-Alcover G,
Varona J, Martinez-Bueso P.
Vision-based serious games
and virtual reality systems
for motor rehabilitation: A
review geared toward a
research methodology.
International Journal of
Medical Informatics.
2019;131:103909.

doi:10.1016/j.ijmedinf.2019.

06.016

Background: Nowadays, information technologies are being widely adopted to
promote healthcare and rehabilitation. Owing to their affordability and use of
hand-free controllers, vision-based systems have gradually been integrated into
motor rehabilitation programs and have greatly drawn the interest of healthcare
practitioners and the research community. Many studies have illustrated the
effectiveness of these systems in rehabilitation. However, the report and design
aspects of the reported clinical trials were disregarded. Objective: In this paper,
we present a systematic literature review of the use of vision-based serious
games and virtual reality systems in motor rehabilitation programs. We aim to
propose a research methodology that engineers can use to improve the
designing and reporting processes of their clinical trials. Methods: We
conducted a review of published studies that entail clinical experiments.
Searches were performed using Web of Science and Medline (PubMed)
electronic databases, and selected studies were assessed using the Downs and
Black Checklist and then analyzed according to specific research questions.
Results: We identified 86 studies and our findings indicate that the number of
studies in this field is increasing, with Korea and USA in the lead. We found that
Kinect, EyeToy system, and GestureTek IREX are the most commonly used
technologies in studying the effects of vision-based serious games and virtual
reality systems on rehabilitation. Findings also suggest that cerebral palsy and
stroke patients are the main target groups, with a particular interest on the
elderly patients in this target population. The findings indicate that most of the
studies focused on postural control and upper extremity exercises and used
different measurements during assessment. Conclusions: Although the
research community’s interest in this area is growing, many clinical trials lack
sufficient clarity in many aspects and are not standardized. Some
recommendations have been made throughout the article.

U.S. Department
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Bailey AL, Kirsh S, Rawlins
CR, Persky S, Clancy C. Early
Scaling of Immersive
Technology Within the
Veterans Health
Administration. NEJM
Catalyst. 2024;5(4).
doi:10.1056/CAT.23.0356

Over the past several years, accelerated by the Covid-19 pandemic,
immersive technologies — including virtual reality and augmented or mixed
reality, also known collectively as extended reality — have shown mounting
promise in their ability to enhance clinical care delivery and support clinical
staff. These immersive systems can be used alongside standard of care in
several areas and, at minimum, be used as additional ways to augment
evidence-based therapies. These noninvasive and easy-to-use tools have
demonstrated the ability to effectively channel patient experience into
therapeutic activities, facilitate home-based care, provide valuable
longitudinal patient data, and enhance treatment adherence. Given this
promise, immersive health care applications have spread across the U.S.
Veterans Health Administration (VA), building additional evidence for
efficacy and laying implementation groundwork. To date, VA has
documented more than 40 indications for immersive technology utilization
within the organization, with more in the pipeline. Early exploration of
immersive technology in VA began with 5 sites and 10 staff engaged in a
Community of Practice and has now grown to 172 sites and more than 2,400
engaged VA staff. The most uptake and impact have been seen in pain
management, physical rehabilitation, and mental health care, including
anxiety, depression, and posttraumatic stress disorder. Crucial to further
scaling the use of immersive technology, VA has developed standardized
resources, such as knowledge networks, implementation guides, electronic
health record templates, and standard operating procedures. VA continues
to offer opportunities for more heads in headsets, because this is an
effective way to demonstrate to veterans and staff how immersive
technology can enhance care. Key to future success in VA will entail
increasing equitable access, growing the scope of content, standardizing
training for staff and patients, and improving processes for synthesizing and
analyzing relevant data to optimize these tools. Through these activities and
continued planning, VA is poised to define the landscape of immersive
technology in health care and inform adoption beyond VA.
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Barry KS, Nimma SR,
Spaulding AC, Wilke BK, Torp
KD, Ledford CK.
Perioperative Outcomes of
Immersive Virtual Reality as
Adjunct Anesthesia in
Primary Total Hip and Knee
Arthroplasty. Arthroplast
Today. 2022;18:84-88.
Published 2022 Oct 22.
doi:10.1016/j.artd.2022.09.0
15

Background: Immersive virtual reality (IVR) is utilized as an adjunct to
anesthesia to distract patients from their intraoperative environment, thereby
potentially reducing sedative and narcotic medication usage. This study
evaluated intraoperative and acute postoperative results of patients undergoing
primary total hip (THA) and total knee arthroplasty (TKA) with and without IVR.
Methods: Utilizing IVR as an adjunct to spinal anesthesia, 18 primary THAs (n =
8) and TKAs (n = 10) were performed. These cases were 1:2 matched based on
procedure type, age, sex, and body mass index to those performed without IVR.
Intraoperative and postanesthesia care unit sedative/narcotic usage, vital signs,
and pain scores were compared. Acute perioperative outcomes, including 24-
hour oral morphine equivalent (OME), first ambulation distance, length of stay,
and 30-day complications, were also analyzed. Pearson Chi-square and
Wilcoxon-Mann-Whitney tests evaluated categorical and continuous variables,
respectively. Results: When compared to non-IVR primary THAs and TKAs, those
performed with IVR utilized significantly less intraoperative sedation (48 mgvs
708 mg of propofol; P <.001) and trended toward less narcotic usage (13 mcg vs
39 mcg of fentanyl; P =.07). In the postanesthesia care unit, IVR and non-IVR
patients showed no significant differences (P > .3) in vital signs, pain scores, or
OME received. Additionally, similar (P > .3) postoperative outcomes were noted
in both cohorts' 24-hour OME use, distance at first ambulation, length of stay,
and 30-day complications. Conclusions: The use of spinal anesthesia with the
IVR adjunct to perform primary THAs and TKAs appears to be well-tolerated and
associated with less intraoperative sedative medication usage than spinal
anesthesia alone.
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Besharat A, Imsdahl SI,
Yamagami M, et al. Virtual
reality doorway and hallway
environments alter gait
kinematics in people with
Parkinson disease and
freezing. Gait Posture.
2022;92:442-448.

12.013

doi:10.1016/j.gaitpost.2021.

Background: Many people with Parkinson disease (PD) experience freezing of
gait (FoG), a transient gait disturbance associated with increased fall risk and
reduced quality of life. Head-mounted virtual reality (VR) systems allow
overground walking and can create immersive simulations of physical
environments that induce FoG. Research question: For people with PD who
experience FoG (PD+FoG), are kinematic gait changes observed in VR
simulations of FoG-provoking environments? Methods: In a cross-sectional
experiment, people with PD+FoG walked at their self-selected speed in a
physical laboratory and virtual laboratory, doorway, and hallway environments.
Motion analysis assessed whole-body kinematics, including lower extremity
joint excursions, swing phase toe clearance, trunk flexion, arm swing, sagittal
plane inclination angle, and spatiotemporal characteristics. One-way repeated
measures analysis of variance was conducted to examine the effects of
environment on gait variables, with planned contrasts between laboratory
environments and the virtual doorway and hallway. Results: Twelve participants
with PD+FoG (mean age [standard deviation]=72.8 [6.5] years, disease
duration=8.8 [8.9] years, 3 females) completed the protocol. The environment
had significant and widespread effects on kinematic and spatiotemporal
variables. Compared to the physical laboratory, reduced joint excursions were
observed in the ankle, knee, and hip when walking in the virtual doorway and in
the knee and hip when walking in the virtual hallway. In both the virtual doorway
and hallway compared to the physical laboratory, peak swing phase toe
clearance, arm swing, and inclination angle were reduced, and walking was
slower, with shorter, wider steps. Significance: Virtual doorway and hallway
environments induced kinematic changes commonly associated with FoG
episodes, and these kinematic changes are consistent with forward falls that are
common during FoG episodes. Combined with the flexibility of emerging VR
technology, this research supports the potential of VR applications designed to
improve the understanding, assessment, and treatment of FoG.
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Borisova N, Moore N, Sira
Mahalingappa S, et al.
Virtual Reality-Based
Interventions for Treating
Depression in the Context of
COVID-19 Pandemic:
Inducing the Proficitin
Positive Emotions as a Key
Concept of Recovery and a
Path Back to

Normality. Psychiatr Danub.
2022;34(Suppl 8):276-284.

Background: During the COVID-19 pandemic as much as 40% of the global
population reported deterioration in depressive mood, whereas 26%
experienced increased need for emotional support. At the same time, the
availability of on-site psychiatric care declined drastically because of the
COVID-19 preventive social restriction measures. To address this shortfall,
telepsychiatry assumes a greater role in mental health care services. Among
various on-line treatment modalities, immersive virtual reality (VR) environments
provide an important resource for adjusting the emotional state in people living
with depression. Therefore, we reviewed the literature on VR-based
interventions for depression treatment during the COVID-19 pandemic.
Subjects and methods: We searched the PubMed and Scopus databases, as
well as the Internet, for full-length articles published during the period of 2020-
2022 citing a set of following key words: "virtual reality", "depression", "COVID-
19", as well as their terminological synonyms and word combinations. The
inclusion criteria were: 1) the primary or secondary study objectives included the
treatment of depressive states or symptoms; 2) the immersive VR intervention
used a head-mounted display (HMD); 3) the article presented clinical study
results and/or case reports 4) the study was urged by or took place during the
COVID-19-associated lockdown period. Results: Overall, 904 records were
retrieved using the search strategy. Remarkably, only three studies and one case
report satisfied all the inclusion criteria elaborated for the review. These studies
included 155 participants: representatives of healthy population (n=40), a case
report of a patient with major depressive disorder (n=1), patients with cognitive
impairments (n=25), and COVID-19 patients who had survived from ICU
treatment (n=89). The described interventions used immersive VR scenarios, in
combination with other treatment techniques, and targeted depression. The
most robust effect, which the VR-based approach had demonstrated, was an
immediate post-intervention improvement in mood and the reduction of
depressive symptoms in healthy population. However, studies showed no
significant findings in relation to both short-term effectiveness in treatment of
depression and primary prevention of depressive symptoms. Also, safety issues
were identified, such as: three participants developed mild adverse events (e.g.,
headache, "giddiness", and VR misuse behavior), and three cases of discomfort
related to wearing a VR device were registered. Conclusions: There has been a
lack of appropriately designed clinical trials of the VR-based interventions for
depression since the onset of the COVID-19 pandemic. Moreover, all these
studies had substantial limitations due to the imprecise study design, small
sample size, and minor safety issues, that did not allow us making meaningful
judgments and conclude regarding the efficacy of VR in the treatment of
depression, taking into account those investigations we have retrieved upon the
inclusion criteria of our particularistic review design. This may call for
randomized, prospective studies of the short-term and long-lasting effect of VR
modalities in managing negative affectivity (sadness, anxiety, anhedonia, self-
guilt, ignorance) and inducing positive affectivity (feeling of happiness, joy,
motivation, self-confidence, viability) in patients suffering from clinical
depression.
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Botha BS, De Wet L, Botma Y.
Undergraduate Nursing
Student Experiences in
Using Immersive Virtual
Reality to Manage a Patient
With a Foreign Object in the
Right Lung. Clinical
Simulation in Nursing.
2021;56:76-83.
doi:10.1016/j.ecns.2020.10.
008

Background: Within the ever-expanding world of virtual reality for education,
numerous strides have been made towards providing students with quality
teaching and learning opportunities. One such application area that has not
been exhaustively investigated is within nursing education. Methods: To help the
research community to understand nursing students' perceptions towards the
use of virtual reality as a possible alternative to high-fidelity simulation and to
determine whether students would enjoy virtual clinical simulation,
undergraduate nursing students for a South African higher education institution
were asked to partake in a virtual clinical simulation where they could manage a
patient with a foreign object in the airway. The virtual environment (VE) already
existed and was previously tested for the purpose of training third and fourth
year undergraduate nurses during previous research endeavours. For the project
discussed in this article, the participants consisted of third year undergraduate
nursing students, as they had the theoretical knowledge to partake in the
simulation. During the testing sessions, observational data were recorded along
with subjective opinions captured through questionnaires to determine how the
students experienced the VE and the simulation. Results: Although the results
indicated that future improvements were needed to maintain a relevant and
evolving VE and scenario, the students’ experiences were overwhelmingly
positive. Conclusion: The created VE and scenario were found to be useable to
the extent where the nursing students indicated that they would benefit from this
teaching and learning method.

P U.S. Department
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Botha BS, De Wet L.
CyPVICS: A framework to
prevent or minimise
cybersickness in immersive
virtual clinical simulation.
Heliyon. 2024;10(8):e29595.
doi:10.1016/j.heliyon.2024.e
29595

Cybersickness is a global issue affecting users of immersive virtual reality.
However, there is no agreement on the exact cause of cybersickness. Taking into
consideration how it can differ greatly from one person to another, it makes it
even more difficult to determine the exact cause or find a solution. Because
cybersickness excludes so many prospective users, including healthcare
professionals, from using immersive virtual reality as a learning tool, this
research sought to find solutions in existing literature and construct a framework
that can be used to prevent or minimise cybersickness during immersive virtual
clinical simulation (CyPVICS). The Bestfit Framework by Carrol and authors were
used to construct the CyPVICS framework. The process started by conducting
two separate literature searchers using the BeHEMoTh (for models, theories,
and frameworks) and SPIDER (for primary research articles) search techniques.
Once the literature searches were completed the models, theories and
framework were used to construct a priori framework. The models' theories and
frameworks were analysed to determine aspects relevant to causes, reducing,
eliminating, and detecting cybersickness. The priori framework was expanded
by, first coding the findings of the primary research study into the existing
aspects of the priori framework. Once coded the aspects that could not be
coded were added in the relevant category, for example causes. After reviewing
1567 abstracts and titles as part of the BeHEMoTh search string,19 full text
articles, a total of 15 papers containing models, theories, and frameworks, were
used to construct the initial CyPVICS framework. Once the initial CyPVICS was
created, a total 904 primary research studies (SPIDER) were evaluated, based on
their titles and abstracts, of which 100 were reviewed in full text. In total, 67
articles were accepted and coded to expand the initial CyPVICS framework. This
paper presents the CyPVICS framework for use, not only in health professions’
education, but also in other disciplines, since the incorporated models,
theories, frameworks, and primary research studies were not specific to virtual
clinical simulation.

Bowyer MW, Streete KA,
Muniz GM, Liu AV. Immersive
Virtual Environments for
Medical Training. Seminars
in Colon and Rectal Surgery.
2008;19(2):90-97.
do0i:10.1053/j.scrs.2008.02.0
05

Advances in simulation technology are fueling a paradigmatic shift in how
medicine will be taught and practiced in the future. Current simulators range
from simplified part task trainers to fully immersive virtual environments. We are
on the verge of training platforms that provide realistic representations of
medical and surgical scenarios that engage learners in a manner that
approximates reality. This article reviews the rationale for developing advanced
virtual environments and details the technologies that are currently available.
Immersive environments using virtual reality, herein reviewed, include Cave
Automated Virtual Environments, Distributive Virtual Environments for
collaborative learning over the internet (Project TOUCH), Serious Games for
medical education (PULSE and 3DiTeams), and a Wide Area Virtual Environment.
The ultimate role of these technologies in surgical education remains to be
determined but will undoubtedly play an important part in the future.
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Bridge P, Mehta J, Keane P, et | Background: Nursing and Allied Health Profession (NAHP) students undertake
al. Avirtual reality clinical placements as part of their pre-registration training. The remote nature
environment for supporting of some placement sites, shiftwork and the emotionally challenging nature of
mental wellbeing of students | the workload has led to mental wellbeing issues in many students. Aim: This
on remote clinical project aimed to evaluate a novel 3D immersive virtual reality environment that
placement: A multi-methods | supports mental wellbeing for NAHP students on clinical placement. It
evaluation. Nurse Education | comprises a calming 3D tropical beach environment where students and tutors

Today. 2024;138:106184. can meet for reflection and mutual support. Design: A multi-methods design
doi:10.1016/j.nedt.2024.106 | gathered quantitative impact data with validated measurement tools and
184 qualitative output related to the lived experience of students. Settings and

participants: All 600 pre-registration NAHP students within the institution
undertaking clinical placements were invited to participate, irrespective of
mental wellbeing status. Students were randomly assigned to either a VR or
Conventional cohort; all participants received the control support mechanism in
a subsequent placement. Methods: All participants completed an initial
demographic and Readiness for Therapy survey followed by weekly Beck Anxiety
and Depression Inventories during placement. All participants were invited to a
semi-structured interview. Results: Overall, 32 participants engaged with the
application; although the VR cohort demonstrated improved scores on both
Beck inventories, these were not statistically significant. This is probably due to
the low response rate for the control cohort. A total of 15 interviews were
conducted and several themes emerged from the data in relation to both
experiential outcomes (escapism, anonymity and sense of community) and
instrumental outcomes (calming, mindfulness and combatting loneliness).
Conclusions: User feedback indicates that a VR environment can provide a
calming escape from the pressures and anxiety arising from clinical placement
for healthcare students. The relaxing beach environment facilitated mindfulness
meditation and the additional opportunities for pseudo-anonymous interactions
with peers and tutors were well received by students.
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Brimelow RE, Thangavelu K,
Beattie R, Dissanayaka NN.
Feasibility of Group-Based
Multiple Virtual Reality
Sessions to Reduce
Behavioral and
Psychological Symptoms in
Persons Living in Residential
Aged Care. Journal of the
American Medical Directors
Association. 2022;23(5):831-
837.e2.
doi:10.1016/j.jamda.2021.07
.026

Objectives: To assess the feasibility of using group-based fully immersive virtual
reality (VR) across multiple sessions to reduce behavioral and psychological
symptoms (BPSs), including depression, anxiety, and agitated behaviors, in
cognitively diverse aged care residents. Design: A 6-session feasibility trial was
conducted within a residential aged care facility using convenience sampling to
recruit N = 25 residents of varying cognitive capacity. Groups of 5 residents
viewed 360-degree videos on a wireless head-mounted display to provide fully
immersive VR experiences. Setting and participants: Half of the participants
recruited from the 160-bed facility had a diagnosis of dementia (48%), whereas
assessment with the Psychogeriatric Assessment Scale for cognitive impairment
revealed that 64% experienced cognitive impairment (mild 20%, moderate 16%,
and severe 28%). Additionally, 32% of participants had an existing anxiety or
depression diagnosis. Measures: The Cornell Scale for Depression in Dementia,
Generalized Anxiety Disorder 7-item, and Cohen Mansfield Agitation Inventory-
Short were used to assess changes in persisting BPS pre- to postintervention
period. The Person-Environment Apathy Rating apathy subscale, Observed
Emotions Rating Scale, and a visual analog scale (Smileometer) were used to
assess immediate mood responses from residents at every VR session. VR
tolerability and resident feedback was also recorded. Results: Pleasure
(z=-5.892, P <.001) and general alertness (z = -2.455, P =.014) of participants
improved at VR sessions, whereas apathy diminished (z=-5.275, P <.001).
Compared to baseline, post-intervention depression was significantly lowered
(z=-2.60, P=.009), whereas agitation increased (z=-2.98, P =.003). No
significant changes in anxiety were observed. The quality of 360-degree videos
and the device used did not induce any major VR-related negative side effects.
Conclusions and implications: Overall group-based VR reduced depressive
symptoms and apathy, and induced a positive emotional response in most
residents, with few observed side effects. Results indicate feasibility of group-
based VR technological innovation within RAC.
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CantR, Ryan C, Kardong-
Edgren S. Virtual simulation
studies in nursing education:
A bibliometric analysis of the
top 100 cited studies, 2021.
Nurse Education Today.
2022;114:105385.
do0i:10.1016/j.nedt.2022.105
385

Objectives: Bibliometrics is an emerging science in nursing. Quantitative
methods were used to conduct a bibliometric analysis of highly cited virtual
simulation nursing education articles to describe rank order, breadth of topics
and authorship patterns. Design and data sources: A desktop analysis of
publication performance was conducted using the Scopus database as the
source of article citation data. Results and Discussion: The top 100 cited
articles clustered over 14-years, 2008 to 2021. Citations per paper ranged from
88 to a low of 3 (median 18, mean 22.1) and in the top 10 studies, from 88 to 41.
The citation trajectory was moderately correlated with article maturity (r = —.384,
p <0.001). Article citations in subsequent publications commenced the first year
after publication and three-year-old papers reached the mean citation rate of 22.
Nurse Education Today was the most cited journal. There was no significant
impact of article type (72% primary research, 17% literature reviews, 11%
descriptive papers) (p = 0.755). International representation was strong, as first
authors in 21 countries were cited — many (43%) from USA. One highly cited
author (M. Verkuyl) from Canada led six papers, with six other authors each
leading two studies. Virtual simulation modalities included virtual simulation,
virtual reality simulation, 3D virtual reality simulation, virtual games and virtual
worlds. The top 10 articles offer a diverse resource for faculty and educators
who wish to consider using virtual simulation. Conclusion: Virtual simulation
studies in nursing education cover an emerging field of research that has
relatively low citation rates. Nursing researchers and faculty need to understand
the usefulness and limitations of bibliometric analysis as this methodology can
make a unique contribution to research, policy, and funding decisions, and
enable productivity assessments of faculty staff and departments.

Chae D, Kim J, Kim K, Ryu J,
Asami K, Doorenbos AZ. An
Immersive Virtual Reality
Simulation for Cross-
Cultural Communication
Skills: Development and
Feasibility. Clinical
Simulation in Nursing.
2023;77:13-22.
doi:10.1016/j.ecns.2023.01.
005

Educational approaches proven to produce cultural competence among nurses,
consistently and cost-effectively, are not yet widely available. This study
describes the development and feasibility of an immersive virtual reality
simulation to improve cross-cultural communication skills. We used a multi-
methods approach, recruiting 15 nursing students from a nursing college in
South Korea to assess the simulation's feasibility according to sense of
presence, usability, simulation design, task difficulty, and satisfaction. This
theory-based immersive virtual reality simulation was developed through
content and face validity testing by expert panels. We identified high levels of
usability, simulation design, and satisfaction, a low level of task difficulty, and a
good level of sense of presence. Participants were satisfied with the simulation
“feeling real and immersive,” “improved cultural competence,” “useful for
repetitive learning,” “appropriate difficulty for learning,” and “easy to control.”
Reports of “insufficient prior information,” “insufficient cognitive fidelity,”
“limited to dialogue selection,” and “discomfort for wearers of glasses” indicate
needed improvements. Virtual reality simulation could contribute to filling a
critical gap in cultural competence in nursing education.

» «
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Chang YM, Lai CL. Exploring
the experiences of nursing
students in using immersive
virtual reality to learn nursing
skills. Nurse Education
Today. 2021;97:104670.
doi:10.1016/j.nedt.2020.104
670

Background: In recent years, virtual reality teaching applications exhibited
exponential development in numerous fields. An increasing number of virtual
reality application cases and modules have been developed in the nursing
education field to verify their effectiveness. Objective: The research objective is
to understand the experience of nursing students in using virtual reality skill
learning process. Design: This study is a qualitative research that adopts focus
group research methods. The participants were able to freely describe their
subjective feelings toward the virtual reality skill learning process.
Participants/settings: This research was conducted in a nursing school in
Taiwan. Purposive sampling was adopted to select 60 nursing students who
participated in the Adult Nursing and Practice course. The participants were
divided into six focus groups containing 10 participants each. Method: Aside
from learning with traditional practice equipment, the students also experienced
the virtual reality nasogastric tube care skill learning system. Focus group
interviews were held from March 25 to 27, 2019. During the interview, we
inquired about the students' subjective feelings toward the virtual reality skill
learning system and reflected on its influence on the students' learning process.
Results: An analysis of the focus group interview content of 60 students,
revealed that the students' experience toward the virtual reality skill learning
process could be classified into five themes, namely “convenient to practice,
but requires adaptation,” “fast skill learning process,” “stress-free learning
environment,” “environmentally friendly,” and “lacks a sense of reality.”
Conclusions: Instead of replacing conventional skill teaching methods, future
applications of the virtual reality nursing skill education support system shall
serve as a student self-learning supporting tool. Additionally, the research and
development of the virtual reality nursing skill education support system should
focus on its stereognosis aspect and include an interactive function to upgrade
the system into a practical teaching and learning support material.
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Chang YY, Chao LF, Chang
W, et al. Impact of an
immersive virtual reality
simulator education program
on nursing students'
intravenous injection
administration: A mixed
methods study. Nurse Educ
Today. 2024;132:106002.
do0i:10.1016/j.nedt.2023.106
002

Background: Undergraduate nursing students often face limited opportunities
to gain hands-on experience in performing invasive procedures and techniques.
Immersive media tools may be helpful in training and enhancing skill
development among nursing students. Objectives: The specific aims of this
study were threefold: (1) to describe the development process of an intravenous
injection virtual reality simulator (IIVRS) program, (2) to determine the effect of
the IIVRS program on intravenous injection knowledge, and (3) to examine the
acceptability, learning motivation, and experience of the IIVRS program among
nursing students. Methods: This study is a mixed method design, encompassing
a one-group pre- and post-test approach and the utilization of reflection logs
among 128 second-year nursing students enrolled at a university in northern
Taiwan. An innovative gamification IIVRS program was developed by our
research team. Knowledge of intravenous injection was assessed using a point
visual analog scale at pre-and post-testing. Acceptability and motivation were
assessed using items on a 5-point Likert scale. The IIVRS program experience
was evaluated using open-ended questions of reflection. A paired t-test was
used for comparing knowledge at pre-and post-tests, independent t-tests were
conducted to compare levels of acceptance and learning motivation among
different students' characteristics, and content analysis was used for qualitative
data. Results: Students' knowledge of intravenous injection was significantly
improved (Pre-test Mean = 3.08 vs. Post-test Mean =4.96, p < 0.001). Students
reported high levels of acceptance (Mean = 4.65) and learning motivation (Mean
= 4.69). Students reported three themes of their experience: (1) attracts my
attention and stimulates my motivation to learn, (2) enhanced memorization of
the skill and process, and (3) a sense of presence and realism/unrealism.
Conclusion: The virtual reality program for intravenous injection administration
can be an effective education tool, fostering students' motivation to learn and a
heightened sense of accomplishment.
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ChenT, Chen J, Or CK, Lo FP.
Path analysis of the roles of
age, self-efficacy, and TAM
constructs in the
acceptance of performing
upper limb exercises through
immersive virtual reality
games. International Journal
of Industrial Ergonomics.
2022;91:103360.
doi:10.1016/j.ergon.2022.10
3360

Objective: We aimed to assess whether individuals accept performing upper
limb exercises using immersive VR games, indicated by behavioral intention, and
the roles of age, self-efficacy, and technology acceptance model (TAM)
constructs in the acceptance. Methods: Sixty healthy participants aged 20-79
years were examined for their perceptions and acceptance of VR game-based
exercises using a questionnaire. Participants were instructed to perform upper
limb exercises by playing five immersive VR games in a laboratory. A theoretical
model delineated the roles of the focal constructs in the acceptance was
formulated and tested using path analysis. Results: At least 76.6% of
participants (n = 46) expressed their intention to perform upper limb exercises
through immersive VR games in the future. Overall, the model explained 83%
variance in behavioral intention. Significant associations were observed, as
follows. Age was positively associated with perceived usefulness ( = 0.27,

p =0.01), which positively influenced attitude (B = 0.64, p <0.001); in turn,
attitude positively affected behavioral intention (B = 0.84, p <0.001). Moreover,
self-efficacy positively affected perceived ease of use (B =0.84, p <0.001).
Conclusions: Factors such as age, perceived usefulness, attitude, and self-
efficacy were found to play significant roles in the acceptance of immersive VR
games for upper limb exercises. In the future, strategies should be devised to
meet the requirements of end users of different ages and promote usefulness,
attitude, and self-efficacy in performing upper limb exercises through immersive
VR games.

Clay F, Hunt R, Obiefuna N,
et al. The Use of Immersive
Virtual Reality in Sensory
Sessions on a Specialist
Dementia Unit: Service
Evaluation of Feasibility and
Acceptability. Occup Ther
Health Care.
2024;38(2):317-330.
doi:10.1080/07380577.2023.
2270052

This service evaluation reviewed inclusion of Immersive Virtual Reality (iVR)
relaxation activities as part of routine occupational therapy sensory sessions on
a specialist dementia unit. Twenty-five sessions were completed over 13 wk with
14 participants. Nine participants chose to engage in multiple sessions.
Feasibility was assessed through participant engagement and tolerability. Modal
first session length was in the range 30 s to 2 min. This increased to over 2

min on second sessions. There was a lack of significant adverse effects
measured by direct questioning, neuropsychiatric assessment before vs. after
sessions and adverse incident reporting. Acceptability was

assessed via structured review of user and staff feedback which noted positive
experiences such as relaxation, openness to discussion, reminiscence, wider
engagement and interest in future use. Further work is required to explore
efficacy and use in other settings.

Cypress BS, Caboral-
Stevens M. "Sense of
Presence" in Immersive
Virtual Reality Environment:
An Evolutionary Concept
Analysis. Dimens Crit Care
Nurs. 2022;41(5):235-245.
doi:10.1097/DCC.00000000
00000538

There is no concept analysis in the literature about "sense of presence" in
immersive virtual reality environment in the context of nursing clinical
education. The purpose of this article is to explore the meaning and derive an
operational definition of the concept of sense of presence within the context of
immersive virtual reality environment in nursing clinical education. Using
Rodgers' approach, this evolutionary concept analysis will clarify the concept's
surrogate and related terms, attributes, antecedents, and consequences. A
clearer conceptualization is paramount to help provide knowledge for nurses
and other health care professionals, thus guiding their practice, theory, and
research.
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Demeter N, Josman N,
Eisenberg E, Pud D. Who can
benefit from virtual reality to
reduce experimental pain? A
crossover study in healthy
subjects. Eur J Pain.
2015;19(10):1467-1475.
doi:10.1002/ejp.678

Background: The present study aimed to identify predicting factors affecting
experimental pain stimuli reduction by using 'EyeToy', which is an Immersive
Virtual Reality System (IVRS). Methods: Sixty-two healthy subjects (31 M, 31 F)
underwent a battery of pain tests to determine each participant's baseline
sensitivity to nociceptive. The battery included thermal pain tests (hot and cold)
as well as a paradigm to induce conditioned pain modulation (CPM). Later on,
each subject participated in two study conditions in random order: (1) An
exposure to tonic heat stimulation (46.5 °C/135 s) to the ankle while
participating in VR environment which included an activity requiring limb
movements; (2) Same heat stimulation with no exposure to VR. Six pain
measures were taken during each study condition (baseline, test 1-5).
Results: An interaction of time x treatment was found (RM ANOVA, F(5, 305) =
24.33, p <0.001, n®=0.28). Specifically, the reduction in pain score between
baseline and test 1 was significantly greater in VR condition than in control (p <
0.001). The maximal pain reduction in both conditions was between baseline
and test 1. Hierarchical regression revealed gender and the extent of CPM as
predictive factors for pain reduction in the VR condition (6.1% and 7.5%,
respectively). Conclusions: It can be concluded that VR can serve as an
effective manipulation for pain reduction in individuals with efficient CPM and in
women. These findings constitute a promising platform for future research and
hold potential for the improvement and facilitation of clinical treatment.

DingJ, He Y, Chen L, et al.
Virtual reality distraction
decreases pain during daily
dressing changes following
haemorrhoid surgery. J Int
Med Res. 2019;47(9):4380-
4388.
doi:10.1177/0300060519857
862

Objective: To investigate whether immersive virtual reality (VR) distraction could
decrease pain during postoperative dressing changes. Methods: This was a
prospective, open-label randomized clinical trial that enrolled patients that had
undergone hemorrhoidectomy. Patients were randomly assigned to one of two
groups: a control group that received the standard pharmacological analgesic
intervention during dressing change and a VR group that received VR distraction
during dressing change plus standard pharmacological analgesic intervention.
Pain scores and physiological measurements were collected before, during and
after the first postoperative dressing change. Results: A total of 182 patients
were randomly assigned to the control and VR groups. The baseline
characteristics of the VR and control groups were comparable. There was no
significant difference in mean pain scores prior to and after the dressing change
procedure between the two groups. The mean pain scores at the 5-, 10-, 15- and
20-min time-points during the first dressing change were significantly lower in
the VR group compared with the control group. Heart rates and oxygen
saturation were not significantly different between the two groups.

Conclusion: Immersive VR was effective as a pain distraction tool in
combination with standard pharmacological analgesia during dressing change in
patients that had undergone hemorrhoidectomy.
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du Sert OP, Potvin S, Lipp O,
et al. Virtual reality therapy
for refractory auditory verbal
hallucinations in
schizophrenia: A pilot
clinical trial. Schizophr Res.
2018;197:176-181.
doi:10.1016/j.schres.2018.0
2.031

Schizophrenia is a chronic and severe mental illness that poses significant
challenges. While many pharmacological and psychosocial interventions are
available, many treatment-resistant schizophrenia patients continue to suffer
from persistent psychotic symptoms, notably auditory verbal hallucinations
(AVH), which are highly disabling. This unmet clinical need requires new
innovative treatment options. Recently, a psychological therapy using
computerized technology has shown large therapeutic effects on AVH severity
by enabling patients to engage in a dialogue with a computerized representation
of their voices. These very promising results have been extended by our team
using immersive virtual reality (VR). Our study was a 7-week phase-ll,
randomized, partial cross-over trial. Nineteen schizophrenia patients with
refractory AVH were recruited and randomly allocated to either VR-assisted
therapy (VRT) or treatment-as-usual (TAU). The group allocated to TAU consisted
of antipsychotic treatment and usual meetings with clinicians. The TAU group
then received a delayed 7weeks of VRT. A follow-up was ensured 3months after
the last VRT therapy session. Changes in psychiatric symptoms, before and after
TAU or VRT, were assessed using a linear mixed-effects model. Our findings
showed that VRT produced significant improvements in AVH severity, depressive
symptoms and quality of life that lasted at the 3-month follow-up period.
Consistent with previous research, our results suggest that VRT might be
efficacious in reducing AVH related distress. The therapeutic effects of VRT on
the distress associated with the voices were particularly prominent (d=1.2). VRT
is a highly novel and promising intervention for refractory AVH in schizophrenia.
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Feenstra TM, Van Der Storm
SL, Barsom EZ, Bonjer JH,
Nieveen Van Dijkum EJM,
Schijven MP. Which, how,
and what? Using digital tools
to train surgical skills; a
systematic review and meta-
analysis. Surgery Open
Science. 2023;16:100-110.
doi:10.1016/j.sopen.2023.10
.002

Background: Digital tools like digital box trainers and VR seem promising in
delivering safe and tailored practice opportunities outside of the surgical clinic,
yet understanding their efficacy and limitations is essential. This study
investigated Which digital tools are available to train surgical skills, How these
tools are used, How effective they are, and What skills they are intended to
teach. Methods: Medline, Embase, and Cochrane libraries were systematically
reviewed for randomized trials, evaluating digital skill-training tools based on
objective outcomes (skills scores and completion time) in surgical residents.
Digital tools effectiveness were compared against controls, wet/dry lab training,
and other digital tools. Tool and training factors subgroups were analysed, and
studies were assessed on their primary outcomes: technical and/or non-
technical. Results: The 33 included studies involved 927 residents and six digital
tools; digital box trainers, (immersive) virtual reality (VR) trainers, robot surgery
trainers, coaching and feedback, and serious games. Digital tools outperformed
controls in skill scores (SMD 1.66 [1.06, 2.25], P <0.00001, 12 =83 %) and
completion time (SMD -1.05[-1.72, -0.38], P =0.0001, 12 =71 %). There were no
significant differences between digital tools and lab training, between tools, or in
other subgroups. Only two studies focused on non-technical skills. Conclusion:
While the efficacy of digital tools in enhancing technical surgical skills is evident
- especially for VR-trainers -, there is a lack of evidence regarding non-technical
skills, and need to improve methodological robustness of research on new
(digital) tools before they are implemented in curricula. Key message: This study
provides critical insight into the increasing presence of digital tools in surgical
training, demonstrating their usefulness while identifying current challenges,
especially regarding methodological robustness and inattention to non-
technical skills.

Ferrandini Price M,
Escribano Tortosa D, Nieto
Fernandez-Pacheco A, et al.
Comparative study of a
simulated incident with
multiple victims and
immersive virtual reality.
Nurse Education Today.
2018;71:48-53.
doi:10.1016/j.nedt.2018.09.
006

Objectives: The main objective of the study is to determine the efficiency in the
execution of the START (Simple Triage and Rapid Treatment) triage, comparing
Virtual Reality (VR) to Clinical Simulation (CS) in a Mass Casualty Incident (MCI).
The secondary objective is to determine the stress produced in the health
professionals in the two situations described. Materials: A comparative study
on the efficiency and the stress during triage in a MSI was conducted. The basal
and post levels of salivary a-amylase (sAA) activity were measured in all the
participants before and after the simulation. Results: The percentage of victims
that were triaged correctly was 87.65% (SD = 8.3); 88.3% (SD = 9.65) for the
Clinical Simulation with Actors (CSA) group and 87.2% (SD = 7.2) for the Virtual
Reality Simulation (VRG) group, without any significant differences (p =0.612)
between both groups. The basal sAA was 103.26 (SD =79.13) U/L with a
significant increase (p <0.001) with respect to the post-simulation levels
(182.22, SD =148.65 U/L). The increase of sAA was 80.70 (SD = 109.67) U/mL,
being greater for the CSA group than the VRG group. Conclusion: The results
show that virtual reality method is as efficient as clinical simulation for training
on the execution of basic triage (START model). Also, based on the sAA results,
we can attest that clinical simulation creates a more stressful training
experience for the student, so that is should not be substituted by the use of
virtual reality, although the latter could be used as a complementary activity.
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Flood LS. Use of Virtual
Reality Simulations to
Embody a Patient: Exploring
the Impact on Nursing
Students' Confidence,
Feelings, and

Perceptions. Nurse Educ.
2024;49(1):36-40.
doi:10.1097/NNE.00000000
00001442

Background: Using immersive virtual reality (VR), students are able to physically
and emotionally embody patients while interacting in simulated environments
with family and health care providers. Purpose: This pilot study explored how
embodying patients with Alzheimer disease and terminal cancer at end of life
using highly immersive VR impacted nursing students' confidence, feelings, and
perceptions. Methods: A quasi-experimental design was used with a
convenience sample of bachelor of science in nursing students who completed
pre/posttest scaled and open-ended questions. Results: Participants (N = 32)
reported significant confidence increases; feelings about dying and hospice
were also significantly changed. The majority described how the simulations
would impact their future nursing care. Conclusion: Using VR, students
experienced disease, dying, and health care from the patient's perspective
reporting differences in confidence, feelings, and perceptions. Immersive VR
simulations warrant further study and have the potential to transform nursing
education and impact health care.

Flores A, Hoffman HG,
Navarro-Haro MV, et al.
Using Immersive Virtual
Reality Distraction to Reduce
Fear and Anxiety before
Surgery. Healthcare (Basel).
2023;11(19):2697. Published
2023 Oct 9.
doi:10.3390/healthcare1119
2697

Presurgical anxiety is very common and is often treated with sedatives.
Minimizing or avoiding sedation reduces the risk of sedation-related adverse
events. Reducing sedation can increase early cognitive recovery and reduce
time to discharge after surgery. The current case study is the first to explore the
use of interactive eye-tracked VR as a nonpharmacologic anxiolytic customized
for physically immobilized presurgery patients. Method: A 44-year-old female
patient presenting for gallbladder surgery participated. Using a within-subject
repeated measures design (treatment order randomized), the participant
received no VR during one portion of her preoperative wait and interactive eye-
tracked virtual reality during an equivalent portion of time in the presurgery
room. After each condition (no VR vs. VR), the participant provided subjective 0-
10 ratings and state-trait short form Y anxiety measures of the amount of anxiety
and fear she experienced during that condition. Results: As predicted,
compared to treatment as usual (no VR), the patient reported having 67% lower
presurgical anxiety during VR. She also experienced "strong fear" (8 out of 10)
during no VR vs. "no fear" (0 out of 10) during VR. She reported a strong sense of
presence during VR and zero nausea. She liked VR, she had fun during VR, and
she recommended VR to future patients during pre-op. Interactive VR distraction
with eye tracking was an effective nonpharmacologic technique for reducing
anticipatory fear and anxiety prior to surgery. The results add to existing evidence
that supports the use of VR in perioperative settings. VR technology has recently
become affordable and more user friendly, increasing the potential for
widespread dissemination into medical practice. Although case studies are
scientifically inconclusive by nature, they help identify new directions for future
larger, carefully controlled studies. VR sedation is a promising non-drug fear and
anxiety management technique meriting further investigation.
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Francis ER, Bernard S,
Nowak ML, Daniel S, Bernard
JA. Operating Room Virtual
Reality Immersion Improves
Self-Efficacy Amongst
Preclinical Physician
Assistant Students. Journal
of Surgical Education.
2020;77(4):947-952.
d0i:10.1016/j.jsurg.2020.02.
013

Objective: To assess the impact on self-efficacy for preclinical physician
assistant (PA) students through immersive virtual reality (VR) operating room
simulation. Design: Randomized double-blinded controlled experiment
measuring self-efficacy using Schwarzer and Jerusalem's general self-efficacy
scale. An entirely novel operating room was created, casted, and filmed using VR
software. Fifty-two preclinical PA students were randomly assigned to VR
(n=26) or traditional lecture (n = 26) and self-efficacy was measured in both
conditions using a general self-efficacy scale given before and after the virtual
experience. A mixed ANOVA, independent sample t tests, and paired samples t
tests were performed. Setting: Shenandoah University Physician Assistant
program, Winchester, Virginia. Results: Exposure to VR training after the
traditional lecture improves self-efficacy amongst PA students (p < 0.05).
Exposure to VR improved self-efficacy compared to traditional methods (p <
0.05). There was no difference in self-efficacy amongst PA students with the
traditional model (p < 0.05). Conclusions: The introduction of VR simulation
improved preclinical PA student self-efficacy in the operating room setting.

Garrett B, Taverner T,
Masinde W, Gromala D,
Shaw C, Negraeff M. A rapid
evidence assessment of
immersive virtual reality as
an adjunct therapy in acute
pain management in clinical
practice. Clin J Pain.
2014;30(12):1089-1098.
doi:10.1097/AJP.0000000000
000064

Objectives: Immersive virtual reality (IVR) therapy has been explored as an
adjunct therapy for the management of acute pain among children and adults for
several conditions. Therapeutic approaches have traditionally involved
medication and physiotherapy but such approaches are limited over time by
their cost and side effects. This review seeks to critically evaluate the evidence
for and against IVR as an adjunctive therapy for acute clinical pain applications.
Methods: A rapid evidence assessment (REA) strategy was used. CINAHL,
Medline, Web of Science, IEEE Xplore Digital Library, and the Cochrane Library
databases were screened in from December 2012 to March 2013 to identify
studies exploring IVR therapies as an intervention to assist in the management of
pain. Main outcome measures were for acute pain and functional impairment.
Results: Seventeen research studies were included in total including 5 RCTs, 6
randomized crossover studies, 2 case series studies, and 4 single-patient case
studies. This included a total of 337 patients. Of these studies only 4 had a low
risk of bias. There was strong overall evidence for immediate and short-term
pain reduction, whereas moderate evidence was found for short-term effects on
physical function. Little evidence exists for longer-term benefits. IVR was not
associated with any serious adverse events. Discussion: This review found
moderate evidence for the reduction of pain and functional impairment after IVR
in patients with acute pain. Further high-quality studies are required for the
conclusive judgment of its effectiveness in acute pain, to establish potential
benefits for chronic pain, and for safety.
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Geraets CNW, Van Der
Stouwe ECD, Pot-Kolder R,
Veling W. Advances in
immersive virtual reality
interventions for mental
disorders: A new reality?
Current Opinion in
Psychology. 2021;41:40-45.
doi:10.1016/j.copsyc.2021.0
2.004

Immersive virtual reality (VR) has been identified as a potentially revolutionary
tool for psychological interventions. This study reviews current advances in
immersive VR-based therapies for mental disorders. VR has the potential to
make psychiatric treatments better and more cost-effective and to make them
available to a larger group of patients. However, this may require a new
generation of VR therapeutic techniques that use the full potential of VR, such as
embodiment, and self-led interventions. VR-based interventions are promising,
but further well-designed studies are needed that use novel techniques and
investigate efficacy, efficiency, and cost-effectiveness of VR interventions
compared with current treatments. This will be crucial for implementation and
dissemination of VR in regular clinical practice.

Hamilton T, Burback L,
Smith-MacDonald L, et al.
Moving Toward and Through
Trauma: Participant
Experiences of Multi-Modal
Motion-Assisted Memory
Desensitization and
Reconsolidation

(BMDR). Front Psychiatry.
2021;12:779829. Published
2021 Dec 22.
doi:10.3389/fpsyt.2021.7798
29

Introduction: Military members and Veterans are at risk of developing combat-
related, treatment-resistant posttraumatic stress disorder (TR-PTSD) and moral
injury (MI). Conventional trauma-focused therapies (TFTs) have shown limited
success. Novel interventions including Multi-modal Motion-assisted Memory
Desensitization and Reconsolidation therapy (3MDR) may prove successfulin
treating TR-PTSD. Objective: To qualitatively study the experiences of Canadian
military members and Veterans with TR-PTSD who received the 3MDR
intervention. Methods: This study explored qualitative data from a larger mixed-
method waitlist control trial testing the efficacy of 3MDR in military members
and veterans. Qualitative data were recorded and collected from 3MDR
sessions, session debriefings and follow-up interviews up to 6 months post-
intervention; the data were then thematically analyzed. Results: Three themes
emerged from the data: (1) the participants' experiences with 3MDR; (2)
perceived outcomes of 3BMDR; and (3) keys to successful SMDR treatment.
Participants expressed that 3MDR provided an immersive environment, active
engagement and empowerment. The role of the therapist as a coach and
"fireteam partner" supports the participants' control over their therapy. The
multi-modal nature of 3MDR, combining treadmill-walking toward self-selected
trauma imagery with components of multiple conventional TFTs, was key to
helping participants engage with and attribute new meaning to the memory of
the traumatic experience. Discussion: Preliminary thematic analysis of
participant experiences of 3SMDR indicate that 3MDR has potential as an
effective intervention for combat-related TR-PTSD, with significant functional,
well-being and relational improvements reported post-

intervention. Conclusion: Military members and Veterans are at risk of
developing TR-PTSD, with worse outcomes than in civilians. Further research is
needed into 3BMDR and its use with other trauma-affected populations.

Hannans J. Integrating
LGBTQI+ Content in Nursing
Education Using Immersive
Virtual Reality: Embodying
Eden. Nurs Educ Perspect.
2023;44(5):321-322.
doi:10.1097/01.NEP.000000
0000001181

Teaching nursing students to understand LGBTQI+ health care perspectives is
criticalin providing safe and effective care. Nursing curricula often have limited
LGBTQI+ content to prepare students, with clinical experiences too varied to
ensure exposure to specific gender diversity learning opportunities. Immersive
virtual reality is a promising strategy to offer rich learning experiences from the
perspective of the LGBTQI+ community.
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Hanson J, Andersen P, Dunn
PK. The effects of a virtual
learning environment
compared with an individual
handheld device on
pharmacology knowledge
acquisition, satisfaction and
comfort ratings. Nurse
Education Today.
2020;92:104518.
do0i:10.1016/j.nedt.2020.104
518

Background: Virtual reality is reported to improve post-intervention knowledge
and skills outcomes of health professionals compared to traditional teaching
methods or digital online media. However, providing equitable access to high
quality virtual reality resources for large, diverse nursing and midwifery student
cohorts within multi-campus settings remains challenging. Objectives: This
study compared the effect on student learning, satisfaction and comfort
following exposure to a three-dimensional pharmacology artefact in a virtual
facility (CAVE2™)11CAVE2™ Cave Automatic Virtual Environment is an immersive
virtual reality environment with viewing of the same artefact using a mobile
handheld device with stereoscopic lenses attached. Design: The study used a
pretest-posttest design. Setting: School of Nursing and Midwifery in a regional
university in Southeast Queensland, Australia. Participants: Two hundred and
forty-nine second year undergraduate nursing and midwifery students.
Methods: Online multiple choice tests were deployed to measure knowledge
acquisition. Self-reported satisfaction scores and comfort ratings were collected
using questionnaires. Results: Participants were not disadvantaged in terms of
knowledge acquisition by using either CAVE2™ or the mobile handheld
visualisation mode (P = 0.977). Significant differences in favour of the CAVE2™
environment were found in between students' satisfaction scores for clinical
reasoning (P =0.013) and clinical learning (P < 0.001) compared to the handheld
mode, and there were no significant differences in their satisfaction with
debriefing and reflective practice processes (P =0.377) related to undertaking
visualisation activities. A small number of students using handheld devices with
stereoscopic lenses reported greater discomfort in relation to the visualisation
that negatively impacted their learning (P = 0.001). Conclusion: Three-
dimensional artefacts using mobile devices is promising in terms of cost-
effectiveness and accessibility for students with restricted access to on-campus
teaching modes.

U.S. Department
of Veterans Affairs

Immersive Virtual Reality in Health Care Literature Compendium 26



%
")’5;4 e AD“I\\

Hargett JL, McElwain SD,
McNair ME, Palokas MJ,
Martin BS, Adcock DL.
Virtual Reality Based Guided
Meditation for Patients with
Opioid Tolerance and Opioid
Use Disorders. Pain
Management Nursing.
2022;23(3):259-264.
doi:10.1016/j.pmn.2022.02.
005

Background: The management of acute pain in patients with pre-existing opioid
tolerance or opioid use disorders presents unique challenges. In light of the
concerns regarding opioid use, safe and effective alternatives to opioid
medications are of increasing interest. Aims: This study was conducted to
determine if the use of guided meditation delivered through immersive virtual
reality can reduce pain in patients with opioid tolerance or opioid use disorders,
including opioid abuse or opioid dependence. Design: A quasi-experimental
pre-test and post-test study design was used. Settings: A 31-bed inpatient
orthopedic/trauma unit in the southeastern United States.
Participants/Subjects: Subjects of the pilot study were hospitalized adults over
the age of 18 with pre-existing opioid tolerance or opioid use disorder who were
experiencing acute pain. Methods: This pilot study examined the effect of a 10-
minute guided meditation activity through immersive virtual reality on the
reported acute pain of hospitalized adults (n = 11) with pre-existing opioid
tolerance or opioid use disorders. The Calm® application on an Oculus Go®
virtual reality head-mounted display was used for the meditation activity.
Results: Before the intervention, the mean patient-reported pain rating was
6.68, and the mean pain score after the virtual reality experience was 3.36. Using
the Wilcoxon signed rank test, this was a statistically significant difference

(p =.003). Patients were also observed and queried regarding any significant side
effects or other incidental findings, none of which were reported. Conclusions:
This study demonstrates that the use of guided meditation through virtual reality
can result in statistically significant reductions in patient-reported pain scores.
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Hendricks TM, Gutierrez CN,
Stulak JM, Dearani JA, Miller
JD. The Use of Virtual Reality
to Reduce Preoperative
Anxiety in First-Time
Sternotomy Patients: A
Randomized Controlled Pilot
Trial. Mayo Clinic
Proceedings.
2020;95(6):1148-1157.
doi:10.1016/j.mayocp.2020.
02.032

Objective: To report the first randomized controlled trial to investigate if
immersive virtual reality (VR) treatment can reduce patient perceptions of
anxiety compared with a tablet-based control treatment in adults undergoing a
first-time sternotomy. Method: Twenty first-time sternotomy patients were
prospectively randomized (blinded to investigator) to a control or VR
intervention. The VR intervention was a game module “Bear Blast” (AppliedVR)
displayed using a Samsung Gear Oculus VR headset. The control intervention
was a tablet-based game with comparable audio, visual, and tactile
components. The State-Trait Anxiety Inventory was administered before and
after the assigned intervention. Self-reported anxiety measures between the
control and VR groups were evaluated using an unpaired t test. Changes in self-
reported anxiety measures pre- and post-intervention were evaluated with a
paired t test for both the control and VR groups. The study took place from May
1, 2017, through January 1, 2019 (Institutional Review Board 16-009784).
Results: Both control and VR groups were 90.0% male, with a mean = SD age of
63.4+9.11 and 69.5 + 6.9 years, respectively. VR users experienced significant
reductions in feeling tense and strained, and significant improvements in feeling
calm when compared with tablet controls (P<0.05). They also experienced
significant reductions in feeling strained, upset, and tense when compared with
their own self-reported anxiety measure pre- and post-intervention (P<0.05).
Critically, control patients had no change in these categories. Conclusion:
Immersive VR is an effective, nonpharmacologic approach to reducing
preoperative anxiety in adults undergoing cardiac surgery and shows the validity
and utility of this technology in adult patients.

P U.S. Department
5% of Veterans Affairs

VA |

Immersive Virtual Reality in Health Care Literature Compendium 28



%
")@4 e AD“I\\

Hess SP, Levin M, Akram F, et
al. The impact and feasibility
of a brief, virtual,
educational intervention for
home healthcare
professionals on Parkinson's
Disease and Related
Disorders: pilot study of |
SEE PD Home. BMC Med
Educ. 2022;22(1):506.
Published 2022 Jun 28.
doi:10.1186/s12909-022-
03430-7

Background: Individuals with advanced Parkinson's Disease (PD) and
Parkinson-related disorders (PRD) are frequently referred for home allied
therapies and nursing care, yet home healthcare professionals have limited
training in PD/PRD. While recognizing the need for such care, patients and
families report home healthcare professionals are unfamiliar with these
conditions, which may be driven by neurophobia and may contribute to
suboptimal care and early termination of services. We sought to determine the
feasibility and effects of a virtual, multimodal educational intervention on PD
knowledge, confidence, and empathy among home health professionals.
Methods: Home health nurses, occupational therapists, physical therapists and
physical therapy assistants, and speech-language pathologists participated in a
daylong, virtual symposium on advanced PD/PRD, combining focused lectures,
discipline-specific breakout sessions, immersive virtual reality vignettes, and
interactive panels with both patients and families, and movement disorders and
home healthcare experts. Participants completed online pre- and post-
symposium surveys including: demographics; PD/PRD knowledge (0-10 points
possible); empathy (Interpersonal Reactivity Index); and 10-point scales of
confidence with and attitudes towards individuals with PD/PRD, respectively.
Pre-post intervention changes and effect sizes were evaluated with paired t-
tests and Cohen's d. We performed qualitative analyses of post-symposium
free-text feedback using a grounded theory approach to identify participants'
intentions to change their practice. Results: Participants had a mean
improvement of 3.1 points on the PD/PRD knowledge test (p < 0.001,d =1.97),
and improvement in confidence managing individuals with PD/PRD (p = 0.00083,
d =.36), and no change in empathy. The interactive, virtual format was rated as
effective by 95%. Common themes regarding symposium-motivated practice
change included: interdisciplinary collaboration; greater involvement and
weighting of the patient and caregiver voice in care plans; attention to visit
scheduling in relation to patient function; recognition and practical management
of the causes of sudden change in PD/PRD, including infections and orthostatic
hypotension. Conclusions: A virtual, multimodal, brief educational pilot
intervention improved PD/PRD-specific knowledge and confidence among home
healthcare nurses and allied health professionals. Future studies are necessary
to test the short- and long-term effects of this intervention more broadly and to
investigate the impact of this education on patient and caregiver outcomes.
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Hitching R, Hoffman HG,
Garcia-Palacios A, et al. The
Emerging Role of Virtual
Reality as an Adjunct to
Procedural Sedation and
Anesthesia: A Narrative
Review. J Clin Med.
2023;12(3):843. Published
2023 Jan 20.
doi:10.3390/jcm12030843

Over the past 20 years, there has been a significant reduction in the incidence of
adverse events associated with sedation outside of the operating room. Non-
pharmacologic techniques are increasingly being used as peri-operative
adjuncts to facilitate and promote anxiolysis, analgesia and sedation, and to
reduce adverse events. This narrative review will briefly explore the emerging
role of immersive reality in the peri-procedural care of surgical patients.
Immersive virtual reality (VR) is intended to distract patients with the illusion of
"being present"” inside the computer-generated world, drawing attention away
from their anxiety, pain, and discomfort. VR has been described for a variety of
procedures that include colonoscopies, venipuncture, dental procedures, and
burn wound care. As VR technology develops and the production costs
decrease, the role and application of VR in clinical practice will expand. Itis
important for medical professionals to understand that VR is now available for
prime-time use and to be aware of the growing body in the literature that
supports VR.

Hoffman HG, Boe DA,
Rombokas E, et al. Virtual
reality hand therapy: A new
tool for nonopioid analgesia
for acute procedural pain,
hand rehabilitation, and VR
embodiment therapy for
phantom limb pain. Journal
of Hand Therapy.
2020;33(2):254-262.
doi:10.1016/j.jht.2020.04.00
1

Introduction: Affordable virtual reality (VR) technology is now widely available.
Billions of dollars are currently being invested into improving and mass
producing VR and augmented reality products. Purpose of the Study: The
purpose of the present study is to explore the potential of immersive VR to make
physical therapy/occupational therapy less painful, more fun, and to help
motivate patients to cooperate with their hand therapist. Discussion: The
following topics are covered: a) psychological influences on pain perception, b)
the logic of how VR analgesia works, c) evidence for reduction of acute
procedural pain during hand therapy, d) recent major advances in VR
technology, and e) future directions—immersive VR embodiment therapy for
phantom limb (chronic) pain. Conclusion: VR hand therapy has potential for a
wide range of patient populations needing hand therapy, including acute pain
and potentially chronic pain patients. Being in VR helps reduce the patients’
pain, making it less painful for patients to move their hand/fingers during hand
therapy, and gamified VR can help motivate the patient to perform therapeutic
hand exercises, and make hand therapy more fun. In addition, VR camera-based
hand tracking technology may be used to help therapists monitor how well
patients are doing their hand therapy exercises, and to quantify whether
adherence to treatment increases long-term functionality. Additional research
and development into using VR as a tool for hand therapist is recommended for
both acute pain and persistent pain patient populations.
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Hofmann SM, Klotzsche F,
Mariola A, Nikulin V,
Villringer A, Gaebler M.
Decoding subjective
emotional arousal from EEG
during an immersive virtual
reality experience. Elife.
2021;10:e64812. Published
2021 Oct 28.
doi:10.7554/eLife.64812

Immersive virtual reality (VR) enables naturalistic neuroscientific studies while
maintaining experimental control, but dynamic and interactive stimuli pose
methodological challenges. We here probed the link between emotional
arousal, a fundamental property of affective experience, and parieto-occipital
alpha power under naturalistic stimulation: 37 young healthy adults completed
an immersive VR experience, which included rollercoaster rides, while their EEG
was recorded. They then continuously rated their subjective emotional arousal
while viewing a replay of their experience. The association between emotional
arousal and parieto-occipital alpha power was tested and confirmed by (1)
decomposing the continuous EEG signal while maximizing the comodulation
between alpha power and arousal ratings and by (2) decoding periods of high
and low arousal with discriminative common spatial patterns and a long short-
term memory recurrent neural network. We successfully combine EEG and a
naturalistic immersive VR experience to extend previous findings on the
neurophysiology of emotional arousal towards real-world neuroscience.
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Huai P, Li Y, Wang X, Zhang L, | Aim: The purpose of this study was to analyze the effectiveness of virtual reality

Liu N, Yang H. The technology in nursing education. Background: Virtual reality technology is
effectiveness of virtual regarded as one of the advanced and significant instructional tools in

reality technology in student | contemporary education. However, its effectiveness in nursing education

nurse education: A remains a subject of debate, and there is currently limited comprehensive
systematic review and meta- | research discussing the impact of varying degrees of virtual technology on the
analysis. Nurse Education educational effectiveness of nursing students. Design: Systematic review and
Today. 2024;138:106189. meta-analysis. Methods: The present systematic review and meta-analysis were
doi:10.1016/j.nedt.2024.106 | applied according to the Preferred Reporting Items for Systematic reviews and
189 Meta-Analyses (PRISMA) statement. The PubMed, Embase, CINAHL, ProQuest,

Cochrane Library, Web of Science, and Scopus were searched for relevant
articles in the English language. The methodologies of the studies evaluated
were assessed using Cochrane Risk of Bias2 (ROB 2) tool and Joanna Briggs
Institute (JBI) assessment tool. We took the learning satisfaction, knowledge,
and skill performance of nursing students as the primary outcomes, and nursing
students' self-efficacy, learning motivation, cognitive load, clinical reasoning,
and communication ability were assessment as secondary outcomes. The meta-
analysis was performed using R 4.3.2 software according to PRISMA guidelines.
Heterogeneity was assessed by |12 and P statistics. Standardized mean
difference (SMD) and 95 % confidence intervals (Cls) were used as effective
indicators. Results: Twenty-six studies were reviewed, which involved 1815
nursing students. The results showed that virtual reality teaching, especially
immersive virtual reality, was effective in improving nursing students' learning
satisfaction (SMD: 0.82, 95%CI: 0.53-1.11, P <0.001), knowledge (SMD: 0.56,
95%Cl: 0.34-0.77, P <0.001), skill performance (SMD: 1.13, 95 % CI: 0.68-1.57,
P <0.001), and self-efficacy (SMD: 0.64, 95%ClI: 0.21,1.07, P <0.001) compared
to traditional teaching methods. However, the effects of virtual reality
technology on nursing students' motivation, cognitive load, clinical reasoning,
and communication ability were not significant and require further research.
Conclusions: The results of this study show that virtual reality technology has a
positive impact on nursing students. Nonetheless, it is crucial not to
underestimate the effectiveness of traditional education methods, and future
research could analyze the impact of different populations on nursing education
while improving virtual reality technology, to more comprehensively explore how
to improve the quality of nursing education. Moreover, it is imperative to
emphasize the integration of virtual education interventions with real-world
experiences promptly. This integration is essential for bridging the gap between
the virtual learning environment and real-life scenarios effectively.
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Jahn FS, Skovbye M,
Obenhausen K, Jespersen
AE, Miskowiak KW. Cognitive
training with fully immersive
virtual reality in patients with
neurological and psychiatric
disorders: A systematic
review of randomized
controlled trials. Psychiatry

Research. 2021;300:113928.

doi:10.1016/j.psychres.2021
.113928

Cognitive impairment occurs across several neuropsychiatric diseases and
impede everyday functioning and quality of life. Fully immersive Virtual Reality
(VR) aid motivation and engagement and therefore has a potential to help
overcome the obstacles in the field of cognitive rehabilitation. The aim of this
systematic review is to investigate whether VR can be a useful intervention in
cognitive rehabilitation transdiagnostically. We identified nine studies with
randomized controlled trials following the PRISMA guidelines in databases
Pubmed, Embase and Psychlinfo. The trials were all evaluated through Cochrane
Collaboration's Risk of Bias. The studies were conducted in patients with mild
cognitive impairment (k=4), schizophrenia (k=3), ADHD (k=1), or stroke (k=1) and
involved 6-12 weeks of training. Overall, results showed improvement in some
domains of cognition, primarily executive function and attention. The studies
were pilot studies with 6-34 participants per treatment group. Risk of bias was
either high (k=3) or moderate (some concerns) (k=6). Key reasons were
suboptimal statistical analyses and lack of clarification on randomization and
blinding of participants and assessors. In conclusion, this review found
promising evidence for VR cognitive rehabilitation for neuropsychiatric illnesses.
However, larger and methodologically stronger studies are warranted to
establish the full potential of VR.

Javvaji CK, Reddy H, Vagha
ID, Taksande A,
Kommareddy A, Reddy NS.
Immersive Innovations:
Exploring the Diverse
Applications of Virtual
Reality (VR) in

Healthcare. Cureus.
2024;16(3):e56137.
Published 2024 Mar 14.
doi:10.7759/cureus.56137

Virtual reality (VR) has experienced a remarkable evolution over recent decades,
evolving from its initial applications in specific military domains to becoming a
ubiquitous and easily accessible technology. This thorough review delves into
the intricate domain of VR within healthcare, seeking to offer a comprehensive
understanding of its historical evolution, theoretical foundations, and current
adoption status. The examination explores the advantages of VR in enhancing
the educational experience for medical students, with a particular focus on skill
acquisition and retention. Within this exploration, the review dissects the
applications of VR across diverse medical disciplines, highlighting its role in
surgical training and anatomy/physiology education. While navigating the
expansive landscape of VR, the review addresses challenges related to
technology and pedagogy, providing insights into overcoming technical hurdles
and seamlessly integrating VR into healthcare practices. Additionally, the review
looks ahead to future directions and emerging trends, examining the potential
impact of technological advancements and innovative applications in
healthcare. This review illuminates the transformative potential of VR as a tool
poised to revolutionize healthcare practices.
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Jawed YT, Golovyan D, Lopez
D, et al. Feasibility of a
virtual reality intervention in
the intensive care unit. Heart
& Lung. 2021;50(6):748-753.
d0i:10.1016/j.hrtlng.2021.05
.007

Background: Delirium prevention requires optimal management of pain and
anxiety. Given the limitations of current pharmacologic interventions, evaluation
of novel non-pharmacological interventions is required. Virtual reality (VR)
stimulation may be a promising intervention because of its capability to reduce
psychophysiological stress, pain, and anxiety and to restore cognitive and
attentional capacities. Objective: To ascertain patients’ and providers’
perceptions of acceptability and safety of VR intervention in the intensive care
unit (ICU). Methods: We enrolled a cohort of 15 ICU patients and 21 health care
providers to administer a 15-minute session showing a relaxing beach scene
with VR headsets and nature sound effects. Participants were then asked to rate
their experiences on a Likert scale survey. Results: The majority of patients
(86%, 12 of 14) rated the headsets as moderately to very comfortable. All had
moderate or greater sense of presence in the virtual environment, and 79% (11
of 14) rated their overall experience at 3 or greater (5 indicating that they enjoyed
it very much). Seventy-one percent (10 of 14) of the patients felt that their anxiety
was better with VR, and 57% (8 of 14) did not notice a change in their pain or
discomfort. All health care providers found the headset to be at least moderately
comfortable and felt a moderate or greater sense of presence. All providers
concluded that VR therapy should be available for their patients. Both groups
experienced minimal side effects. Conclusion: In this prospective study of
perceptions of VR therapy for ICU patients and health care providers, there was
a high level of acceptance, with minimal side effects, for both groups despite
their low levels of prior experience with virtual reality and video gaming.

Junge K, Larsen JD,
Stougaard SW, et al.
Education in Focused
Assessment With
Sonography for Trauma
Using Immersive Virtual
Reality: A Prospective,
Interventional Cohort Study
and Non-inferiority Analysis
With a Historical Control.
Ultrasound in Medicine &
Biology. 2024;50(2):277-284.
doi:10.1016/j.ultrasmedbio.
2023.10.013

Objective: Focused assessment with sonography for trauma (FAST) is a valuable
ultrasound procedure in emergency settings, and there is a need for evidence-
based education in FAST to ensure competencies. Immersive virtual reality (IVR)
is a progressive training modality gaining traction in the field of ultrasound
training. IVR holds several economic and practical advantages to the common
instructor-led FAST courses using screen-based simulation (SBS). Methods:
This prospective, interventional cohort study investigated whether training FAST
using IVR unsupervised and out-of-hospital was non-inferior to a historical
control group training at a 90 min SBS course in terms of developing FAST
competencies in novices. Competencies were assessed in both groups using
the same post-training simulation-based FAST test with validity evidence, and a
non-inferiority margin of 2 points was chosen. Results: A total of 27 medical
students attended the IVR course, and 27 junior doctors attended the SBS
course. The IVR group trained for a median time of 117 min and scored a mean
14.2 £ 2.0 points, compared with a mean 13.7 £ 2.5 points in the SBS group. As
the lower bound of the 95% confidence interval at 13.6 was within the range of
the non-inferiority margin (11.7-13.7 points), training FAST in IVR for a median of
117 min was found non-inferior to training at a 90 min SBS course. No significant
correlation was found between time spent in IVR and test scores. Conclusion:
Within the limitations of the use of a historical control group, the results suggest
that IVR could be an alternative to SBS FAST training and suitable for
unsupervised, out-of-hospital courses in basic FAST competencies.
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Kamaraj DC, Dicianno BE,
Mahajan HP, Buhari AM,
Cooper RA. Interrater
Reliability of the Power
Mobility Road Test in the
Virtual Reality-Based
Simulator-2. Arch Phys Med
Rehabil. 2016;97(7):1078-
1084.
doi:10.1016/j.apmr.2016.02.
005

Objective: To assess interrater reliability of the Power Mobility Road Test (PMRT)
when administered through the Virtual Reality-based SIMulator-version 2
(VRSIM-2). Design: Within-subjects repeated-measures design.

Setting: Participants interacted with VRSIM-2 through 2 display options (desktop
monitor vs immersive virtual reality screens) using 2 control interfaces (roller
system vs conventional movement-sensing joystick), providing 4 different driving
scenarios (driving conditions 1-4). Participants performed 3 virtual driving
sessions for each of the 2 display screens and 1 session through a real-world
driving course (driving condition 5). The virtual PMRT was conducted in a
simulated indoor office space, and an equivalent course was charted in an open
space for the real-world assessment. After every change in driving condition,
participants completed a self-reported workload assessment questionnaire, the
Task Load Index, developed by the National Aeronautics and Space
Administration. Participants: A convenience sample of electric-powered
wheelchair (EPW) athletes (N=21) recruited at the 31st National Veterans
Wheelchair Games. Interventions: Not applicable. Main outcome

measures: Total composite PMRT score. Results: The PMRT had high interrater
reliability (intraclass correlation coefficient [ICC]>.75) between the 2 raters in all
5 driving conditions. Post hoc analyses revealed that the reliability analyses had
>80% power to detect high ICCs in driving conditions 1 and 4. Conclusions: The
PMRT has high interrater reliability in conditions 1 and 4 and could be used to
assess EPW driving performance virtually in VRSIM-2. However, further
psychometric assessment is necessary to assess the feasibility of administering
the PMRT using the different interfaces of VRSIM-2.

Kamm CP, Kueng R, Blattler
R. Development of a new
immersive virtual reality (VR)
headset-based dexterity
training for patients with
multiple sclerosis: Clinical
and technical

aspects. Technol Health

Care. 2024;32(2):1067-1078.

doi:10.3233/THC-230541

Background: Impaired manual dexterity is frequent and disabling in patients
with multiple sclerosis (MS), affecting activities of daily living and quality of life.
Objective: To develop a new immersive virtual-reality (VR) headset-based
dexterity training to improve impaired manual dexterity in persons with MS
(pwMS) while being feasible and usable in a home-based setting. Methods: The
training intervention was tailored to the specific group of pwMS by implementing
a simple and intuitive application with regard to hardware and software. To be
efficacious, the training intervention covers the main functions of the hands and
arm relevant for use in everyday life. Results: Taking clinical, feasibility, usability
as well as technical aspects with regard to hardware and software into account,
six different training exercises using hand tracking technology were developed
on the Meta quest 2 using Unity. Conclusion: We report the developmental
process of a new immersive virtual VR headset-based dexterity training for pwMS
implementing clinical and technical aspects. Good feasibility, usability, and
patient satisfaction was already shown in a feasibility study qualifying this
training intervention for further efficacy trials.
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Khalifa YM, Bogorad D,
Gibson V, Peifer J, Nussbaum
J. Virtual Reality in
Ophthalmology Training.
Survey of Ophthalmology.
2006;51(3):259-273.
doi:10.1016/j.survophthal.20
06.02.005

Current training models are limited by an unstructured curriculum, financial
costs, human costs, and time constraints. With the newly mandated resident
surgical competency, training programs are struggling to find viable methods of
assessing and documenting the surgical skills of trainees. Virtual-reality
technologies have been used for decades in flight simulation to train and assess
competency, and there has been a recent push in surgical specialties to
incorporate virtual-reality simulation into residency programs. These efforts
have culminated in an FDA-approved carotid stenting simulator. What role
virtual reality will play in the evolution of ophthalmology surgical curriculum is
uncertain. The current apprentice system has served the art of surgery for over
100 years, and we foresee virtual reality working synergistically with our current
curriculum modalities to streamline and enhance the resident's learning
experience.

Khirallah Abd El Fatah N,
Abdelwahab Khedr M,
Alshammari M, Mabrouk
Abdelaziz Elgarhy S. Effect of
Immersive Virtual Reality
Reminiscence versus
Traditional Reminiscence
Therapy on Cognitive
Function and Psychological
Well-being among Older
Adults in Assisted Living
Facilities: A randomized
controlled trial. Geriatric
Nursing. 2024;55:191-203.
doi:10.1016/j.gerinurse.2023
.11.010

Background: Virtual reality (VR) reminiscence is an innovative strategy that
integrates technology into the care of older adults. Limited research was
conducted to compare the role of VR reminiscence and traditional RT in
improving older adults' cognitive and psychological well-being. Aim: Investigate
the effect of virtual reality reminiscence versus traditional reminiscence therapy
on cognitive function and psychological well-being among older adults in
assisted living facilities. Methods: A randomized controlled trial research design
was followed. Sixty older adults were recruited and randomly assigned to three
equal groups (20 older adults for each group). Results: Post interventions, a
significant increase in the mean scores of cognitive function and psychological
well-being was evident among the VR and RT groups with statistically significant
differences (P <0.05) compared with pre-intervention and the control group.
Conclusion: Application of VR reminiscence or traditional RT is efficacious in
improving cognitive function and psychological well-being among
institutionalized older adults.
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Kragting M, Pool-
Goudzwaard AL, Pezzica C,
Voogt L, Coppieters MW.
Does having an external
focus in immersive virtual
reality increase range of
motion in people with neck
pain?. Musculoskelet Sci
Pract. Published online
March 13, 2024.
d0i:10.1016/j.msksp.2024.1
02940

Background: When instructing exercises to improve Range of Motion (ROM),
clinicians often create an internal focus of attention, while motor performance
may improve more when using an external focus. Objectives: Using Virtual
Reality (VR), we investigated the effect of tasks with an internal and external
focus on maximal ROM in people with neck pain and explored whether this
effect was associated with fear of movement. Method: In this cross-over
experimental design study, the cervical ROM of 54 participants was measured
while performing a target-seeking exercise in a VR-environment (external focus
task) and during three maximal rotation and flexion-extension movements with
the VR-headset on, without signal (internal focus task). The main statistical
analysis included two dependent T-tests. Pearson correlation coefficients were
calculated to investigate whether the differences in ROM in both conditions were
correlated to fear of movement. Results: Maximal neck rotation was larger in the
external focus condition than in the internal focus condition (mean difference:
26.4°,95% CI1[20.6, 32.3]; p <0.001, d = 1.24). However, there was a difference
favouring the internal focus condition for flexion-extension (mean difference:
8.2°,95% CI[-14.9, -1.5]; p =0.018, d = 0.33). The variability in ROM was not
explained by variability in fear of movement (for all correlations p = 0.197).
Conclusion: An external focus resulted in a larger range of rotation, but our
flexion-extension findings suggest that the task has to be specific to elicit such
an effect. Further research, using a task that sufficiently elicits movementin all
directions, is needed to determine the value of an external focus during exercise.
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Landowska A, Roberts D,
Eachus P, Barrett A. Within-
and Between-Session
Prefrontal Cortex Response
to Virtual Reality Exposure
Therapy for

Acrophobia. Front Hum
Neurosci.2018;12:362.
Published 2018 Nov 1.
d0i:10.3389/fnhum.2018.00
362

Exposure Therapy (ET) has demonstrated its efficacy in the treatment of phobias,
anxiety and Post-traumatic Stress Disorder (PTSD), however, it suffers a high
drop-out rate because of too low or too high patient engagement in treatment.
Virtual Reality Exposure Therapy (VRET) is comparably effective regarding
symptom reduction and offers an alternative tool to facilitate engagement for
avoidant participants. Neuroimaging studies have demonstrated that both ET
and VRET normalize brain activity within a fear circuit. However, previous studies
have employed brain imaging technology which restricts people's movement
and hides their body, surroundings and therapist from view. This is at odds with
the way engagement is typically controlled. We used a novel combination of
neuralimaging and VR technology-Functional Near-Infrared Spectroscopy
(fFNIRS) and Immersive Projection Technology (IPT), to avoid these limitations.
Although there are a few studies that have investigated the effect of VRET on a
brain function after the treatment, the present study utilized technologies which
promote ecological validity to measure brain changes after VRET treatment.
Furthermore, there are no studies that have measured brain activity within VRET
session. In this study brain activity within the prefrontal cortex (PFC) was
measured during three consecutive exposure sessions. N =13 acrophobic
volunteers were asked to walk on a virtual plank with a 6 m drop below. Changes
in oxygenated (HbO) hemoglobin concentrations in the PFC were measured in
three blocks using fNIRS. Consistent with previous functional magnetic
resonance imaging (fMRI) studies, the analysis showed decreased activity in the
DLPFC and MPFC during first exposure. The activity increased toward normal
across three sessions. The study demonstrates potential efficacy of a method
for measuring within-session neural response to virtual stimuli that could be
replicated within clinics and research institutes, with equipment better suited to
an ET session and at fraction of the cost, when compared to fMRI. This has
application in widening access to, and increasing ecological validity of,
immersive neuroimaging across understanding, diagnosis, assessment and
treatment of, a range of mental disorders such as phobia, anxiety and PTSD or
addictions.
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Larsen JD, Jensen RO,
Pietersen PI, et al. Education
in Focused Lung Ultrasound
Using Gamified Immersive
Virtual Reality: A
Randomized Controlled
Study. Ultrasound in
Medicine & Biology.
2023;49(3):841-852.
doi:10.1016/j.ultrasmedbio.
2022.11.011

Focused lung ultrasound (FLUS) has high diagnostic accuracy in many common
conditions seen in a variety of emergency settings. Competencies are essential
for diagnostic success and patient safety but can be challenging to acquire in
clinical environments. Immersive virtual reality (IVR) offers an interactive risk-
free learning environment and is progressing as an educational tool. First, this
study explored the educational impact of novice FLUS users participatingin a
gamified or non-gamified IVR training module in FLUS by comparing test scores
using a test with proven validity evidence. Second, the learning effect was
assessed by comparing scores of each group with known test scores of novices,
intermediates and experienced users in FLUS. A total of 48 participants were
included: 24 received gamified and 24 received non-gamified IVR training. No
significant difference was found between gamified (mean = 15.5 points) and
non-gamified (mean = 15.2 points), indicating that chosen gamification elements
for our setup did not affect learning outcome (p = 0.66). The mean scores of both
groups did not significantly differ from those of known intermediate users in
FLUS (gamified p = 0.63, non-gamified p = 0.24), indicating that both IVR
modules could be used as unsupervised out-of-hospital training for novice
trainees in FLUS.
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Lau ST, Siah RCJ, Dzakirin Bin
Rusli K, et al. Design and
Evaluation of Using Head-
Mounted Virtual Reality for
Learning Clinical
Procedures: Mixed Methods
Study. JMIR Serious Games.
2023;11:e46398. Published
2023 Aug 30.
d0i:10.2196/46398

Background: The capacity of health care professionals to perform clinical
procedures safely and competently is crucial as it will directly impact patients'
outcomes. Given the ability of head-mounted virtual reality to simulate the
authentic clinical environment, this platform should be suitable for nurses to
refine their clinical skills for knowledge and skills acquisition. However, research
on head-mounted virtual reality in learning clinical procedures is limited.
Objective: The objectives of this study were (1) to describe the design of a head-
mounted virtual reality system and evaluate it for education on clinical
procedures for nursing students and (2) to explore the experience of nursing
students using head-mounted virtual reality for learning clinical procedures and
the usability of the system. Methods: This usability study used a mixed method
approach. The stages included developing 3D models of the necessary
instruments and materials used in intravenous therapy and subcutaneous
injection procedures performed by nurses, followed by developing the
procedures using the Unreal Engine (Epic Games). Questionnaires on the
perception of continuance intention and the System Usability Scale were used
along with open-ended questions. Results: Twenty-nine nursing students took
partin this questionnaire study after experiencing the immersive virtual reality
(IVR) intervention. Participants reported largely favorable game perception and
learning experience. Mean perception scores ranged from 3.21 to 4.38 of a
maximum score of 5, while the mean system usability score was 53.53 of 100.
The majority found that the IVR experience was engaging, and they were
immersed in the game. The challenges encountered included unfamiliarity with
the new learning format; technological constraints, such as using hand
controllers; and physical discomfort. Conclusions: The conception of IVR for
learning clinical procedures through deliberate practice to enhance nurses'
knowledge and skills is promising. However, refinement of the prototypes is
required to improve user experience and learning. Future research can explore
other ways to use IVR for better education and health care purposes.

P U.S. Department
5% of Veterans Affairs

VA |

Immersive Virtual Reality in Health Care Literature Compendium 40



<
§ z
Cod:
7,
N B \w\éb
€4LTH AD\‘I\

Li S. Immersive technologies
in health professions
education: A bibliometric
analysis. Computers &
Education: X Reality.
2024;4:100051.
do0i:10.1016/j.cexr.2024.100
051

Immersive technologies are playing an increasingly crucial role in revolutionizing
health professions education, as they provide students with realistic and
interactive learning experiences. These experiences better prepare them for the
complexities and challenges they will encounter in real-world healthcare
practice. To comprehensively explore the growth, trends, and patterns at the
intersection of immersive technologies and health professions education, a
bibliometric analysis was conducted in May 2023 using the Clarivate Analytics -
Web of Science Core Collection database. Specifically, we conducted a
thorough descriptive examination of various facets within the dataset of 956
bibliographic records, obtained through a systematic literature search. We
presented descriptive insights from this scientific literature at multiple levels,
including the article (e.g., most frequent words, important themes, trends of
keywords), journal (most productive, and most cited journals), affiliation (most
productive affiliations), and country (most productive, and most cited countries)
levels. Furthermore, we explored the conceptual, intellectual, and social
structures of this field of study, represented by the co-occurrence network, co-
word network, and collaboration network, respectively. These analyses
collectively painted a comprehensive picture of the research landscape within
the realm of immersive technologies in health professions education. This study
not only contributes to the identification of trends and gaps in the literature but
also provides actionable insights for educators, researchers, and policymakers
regarding influential players, resource allocation, and global collaboration.
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Liu JYW, Mak PY, Chan K, et
al. The Effects of Immersive
Virtual Reality-Assisted
Experiential Learning on
Enhancing Empathyin
Undergraduate Health Care
Students Toward Older
Adults With Cognitive
Impairment: Multiple-
Methods Study. JMIR Med
Educ. 2024;10:e48566.
Published 2024 Feb 15.
d0i:10.2196/48566

Background: Immersive virtual reality (IVR)-assisted experiential learning has
the potential to foster empathy among undergraduate health care students
toward older adults with cognitive impairment by facilitating a sense of
embodiment. However, the extent of its effectiveness, including enhancing
students' learning experiences and achieving intended learning outcomes,
remains underexplored. Objective: This study aims to evaluate the impacts of
IVR-assisted experiential learning on the empathy of undergraduate health care
students toward older people with cognitive impairment as the primary outcome
(objective 1) and on their learning experience (objective 2) and their attainment
of learning outcomes as the secondary outcomes (objective 3). Methods: A
multiple-methods design was used, which included surveys, focus groups, and a
review of the students' group assignments. Survey data were summarized using
descriptive statistics, whereas paired 2-tailed t tests were used to evaluate
differences in empathy scores before and after the 2-hour IVR tutorial (objective
1). Focus groups were conducted to evaluate the impacts of IVR-assisted
experiential learning on the empathy of undergraduate health care students
toward older people with cognitive impairment (objective 1). Descriptive
statistics obtained from surveys and thematic analyses of focus groups were
used to explore the students' learning experiences (objective 2). Thematic
analysis of group assignments was conducted to identify learning outcomes
(objective 3). Results: A total of 367 undergraduate nursing and occupational
therapy students were recruited via convenience sampling. There was a
significant increase in the students' empathy scores, measured using the
Kiersma-Chen Empathy Scale, from 78.06 (SD 7.72) before to 81.17 (SD 8.93)
after (P<.001). Students expressed high satisfaction with the IVR learning
innovation, with a high satisfaction mean score of 20.68 (SD 2.55) and a high
self-confidence mean score of 32.04 (SD 3.52) on the Student Satisfaction and
Self-Confidence scale. Students exhibited a good sense of presence in the IVR
learning environment, as reflected in the scores for adaptation (41.30, SD 6.03),
interface quality (11.36, SD 3.70), involvement (62.00, SD 9.47), and sensory
fidelity (31.47, SD 5.23) on the Presence Questionnaire version 2.0. In total, 3
major themes were identified from the focus groups, which involved 23 nursing
students: enhanced sympathy toward older adults with cognitive impairment,
improved engagement in IVR learning, and confidence in understanding the key
concepts through the learning process. These themes supplement and align
with the survey results. The analysis of the written assignments revealed that
students attained the learning outcomes of understanding the challenges faced
by older adults with cognitive impairment, the importance of providing person-
centered care, and the need for an age-friendly society. Conclusions: IVR-
assisted experiential learning enhances students' knowledge and empathy in
caring for older adults with cognitive impairment. These findings suggest that IVR
can be avaluable tool in professional health care education.
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Liu JYW, Yin YH, Kor PPK, et
al. The Effects of Immersive
Virtual Reality Applications
on Enhancing the Learning
Outcomes of Undergraduate
Health Care Students:
Systematic Review With
Meta-synthesis. J Med
Internet Res.
2023;25:39989. Published
2023 Mar 6.
d0i:10.2196/39989

Background: Immersive virtual reality (IVR) applications are gaining popularity in
health care education. They provide an uninterrupted, scaled environment
capable of simulating the full magnitude of sensory stimuli present in busy
health care settings and increase students' competence and confidence by
providing them with accessible and repeatable learning opportunities in a fail-
safe environment. Objective: This systematic review aimed to evaluate the
effects of IVR teaching on the learning outcomes and experiences of
undergraduate health care students compared with other teaching methods.
Methods: MEDLINE, Embase, PubMed, and Scopus were searched (last search
on May 2022) for randomized controlled trials (RCTs) or quasi-experimental
studies published in English between January 2000 and March 2022. The
inclusion criteria were studies involving undergraduate students majoringin
health care, IVR teaching, and evaluations of students' learning outcomes and
experiences. The methodological validity of the studies was examined using the
Joanna Briggs Institute standard critical appraisal instruments for RCTs or quasi-
experimental studies. The findings were synthesized without a meta-analysis
using vote counting as the synthesis metric. A binomial test with P<.05 was used
to test for statistical significance using SPSS (version 28; IBM Corp). The overall
quality of evidence was evaluated using the Grading of Recommendations
Assessment, Development, and Evaluation tool. Results: A total of 17 articles
from 16 studies totaling 1787 participants conducted between 2007 and 2021
were included. The undergraduate students in the studies majored in medicine,
nursing, rehabilitation, pharmacy, biomedicine, radiography, audiology, or
stomatology. The IVR teaching domains included procedural training (13/16,
81%), anatomical knowledge (2/16, 12%), and orientation to the operating room
setting (1/16, 6%). The quality of the 75% (12/16) of RCT studies was poor, with
unclear descriptions of randomization, allocation concealment, and outcome
assessor blinding procedures. The overall risk of bias was relatively low in the
25% (4/16) of quasi-experimental studies. A vote count showed that 60% (9/15;
95% CI116.3%-67.7%; P=.61) of the studies identified similar learning outcomes
between IVR teaching and other teaching approaches regardless of teaching
domains. The vote count showed that 62% (8/13) of the studies favored using IVR
as a teaching medium. The results of the binomial test (95% Cl 34.9%-90%;
P=.59) did not show a statistically significant difference. Low-level evidence was
identified based on the Grading of Recommendations Assessment,
Development, and Evaluation tool. Conclusions: This review found that
undergraduate students had positive learning outcomes and experiences after
engaging with IVR teaching, although the effects may be similar to those of other
forms of virtual reality or conventional teaching methods. Given the
identification of risk of bias and low level of the overall evidence, more studies
with a larger sample size and robust study design are required to evaluate the
effects of IVR teaching.
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Lo YT, Yang CC, Yeh TF, Tu
HY, Chang YC. Effectiveness
of immersive virtual reality
training in nasogastric tube
feeding education: A
randomized controlled trial.
Nurse Education Today.
2022;119:105601.
do0i:10.1016/j.nedt.2022.105
601

Background: Given rapidly aging societies worldwide, improving the quality of
long-term care through the cultivation of immense nursing assistants is critical.
Accordingly, developing a satisfactory learning model to improve the learning
outcomes of nursing assistant students is imperative. Objective: This study
tested the hypothesis that students in long-term care departments who
underwent immersive virtual reality (IVR) training would have significantly (1)
higher levels of knowledge about the skills of nasogastric tube feeding, (2) higher
learning motivations (i.e., intrinsic and extrinsic motivations, task values, and
self-efficacy), (3) lower cognitive load, and (4) higher satisfaction than a control
group. Design: A randomized controlled trial with pretest and posttest design.
Settings and participants: We randomly assigned 107 students from the long-
term care departments of two universities in central Taiwan to the IVR group
(n=54) or the control group (n = 53). Methods: The IVR group learned the
procedure of nasogastric tube feeding through IVR, whereas the control group
watched a 15-min 2D video. The participants filled pretest and posttest
questionnaires on nasogastric tube feeding knowledge. After the experiment
was completed, the participants answered another questionnaire on their
learning motivations, cognitive load, and learning satisfaction. Results: The
nasogastric tube feeding knowledge improved significantly in the IVR and control
groups after the intervention, with no significant between-group differences. The
IVR group scored significantly higher than the control group on extrinsic goals,
task value, and satisfaction; nevertheless, they also experienced a significantly
higher cognitive load. Conclusions: Both the IVR training and the traditional 2D
video improved the learning outcomes of the nursing assistant students. The
students were more satisfied with IVR than with the conventional learning model
and indicated that IVR inspired their extrinsic learning motivations and perceived
task value. However, IVR incurred a high cognitive load, which must be
addressed in future course designs.
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Lépez Chavez O, Rodriguez
LF, Gutierrez-Garcia JO. A
comparative case study of
2D, 3D and immersive-
virtual-reality applications
for healthcare education. Int
J Med Inform.
2020;141:104226.
doi:10.1016/j.ijmedinf.2020.
104226

Background and objective: The workings of medical educational tools are
implemented using a myriad of approaches ranging from presenting static
content to immersing students in gamified virtual-reality environments. The
objective of this paper is to explore whether and how different approaches for
designing medical educational tools affect students' learning performance.
Materials and methods: Four versions of an educational tool for the study of
clinical cases were implemented: a 2D version, a gamified 2D version, a
gamified 3D version, and a gamified immersive-virtual-reality version. All
complying with the same functional requirements. Each version was used and
evaluated by an independent group of students. The participants (n =78)
evaluated the applications regarding usefulness, usability, and gamification.
Afterward, the students took an exam to assess the retention of information on
the clinical cases presented. Results: One-sample Wilcoxon signed-rank tests
confirmed that the participants perceived that it was at least quite likely that
gamification helped improved their learning. In addition, based on the
participants' perception, the gamification of the immersive-virtual-reality version
helped the most to improve their learning performance in comparison with the
gamified 2D and 3D versions. Conclusions: Regardless of whether different
versions of a medical educational tool (complying with the same functional
requirements) are perceived as equally useful and usable, the design approach
(either 2D, 3D, or immersive-virtual-reality with or without gamification) affects
students' retention of information on clinical cases.

Manuli A, Maggio MG, Tripoli
D, et al. Patients’ perspective
and usability of innovation
technology in a new
rehabilitation pathway: An
exploratory study in patients
with multiple sclerosis.
Multiple Sclerosis and
Related Disorders.
2020;44:102312.
doi:10.1016/j.msard.2020.1
02312

Introduction: Multiple sclerosis (MS) is an inflammatory neurodegenerative
disease of the central nervous system, which causes sensori-motor and
cognitive disabilities, as well as neuropsychiatric abnormalities. Technological
innovations could offer a valuable way to improve neurorehabilitation outcomes.
Aim of the study is to assess the feasibility and usability of new rehabilitation
technologies as perceived by patients suffering from MS. Materials and
Methods: MS inpatients attending the Robotic and Behavioral
Neurorehabilitation Service of the IRCCS Centro Neurolesi Bonino Pulejo
(Messina, Italy) from February 2017 to April 2019, were enrolled in this
exploratory study. The patients were submitted to a personalized rehabilitation
treatment using robotics (such as Lokomat, Geosystem, Ekso, Armeo) and
virtual reality (i.e. BTS-Nirvana, CAREN, VRRS), following a dedicated innovative
pathway. Results: All patients completed the study. Significant pre-post-
treatment differences were found in the perception of patients' quality of life,
regarding both physical and mental items (p<0,001), as well as in the
achievement of the therapeutic goal. Finally, we observed that patients declared
a high usability of the robotic devices, and that rehabilitation with the new
devices was well tolerated. Conclusions: our results support the idea that
neurorehabilitation using innovation technologies can be useful for the
commitment and motivation during the rehabilitation process, with possible
positive effects on the functional and psychological outcomes of patients with
MS.
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Martino Cinnera A, Bisirri A,
Chiocciall, et al. Exploring
the Potential of Immersive
Virtual Reality in the
Treatment of Unilateral
Spatial Neglect Due to
Stroke: A Comprehensive
Systematic Review. Brain
Sci. 2022;12(11):1589.
Published 2022 Nov 20.
doi:10.3390/brainsci121115
89

The present review aims to explore the use of Immersive Virtual Reality (IVR) in
the treatment of visual perception in Unilateral Spatial Neglect (USN) after a
stroke. PubMed, Scopus, Embase and Pedro databases were searched, from
inception to 1 February 2022. All studies that investigated the effect of IVR on
USN, such as outcome in the stroke population, have been included. The current
comprehensive systematic review was performed following Preferred Reporting
Iltems for Systematic Reviews and Meta-Analyses (PRISMA) recommendations
and was registered in the PROSPERO database [CRD42022311284].
Methodological quality was assessed through JBI critical appraisal tool. A total
of 436 articles were identified through the database searches. A total of 10
articles, with a heterogeneous study design, which involved 77 patients with
USN with low-to-moderate methodological quality, have been selected. Five out
the included studies tested usability of IVR for assessed or treated visual
perception deficits in USN, comparing the results with 134 healthy subjects. In
the rest of studies that tested IVR such as treatment, three showed statistical
positive results (p < 0.05) in visual perception outcome. To date, the literature
has suggested the potential benefits in the use of IVR for the treatment of visual
perception disorders in USN. Interestingly, IVR motivates patients during the
rehabilitation process improving compliance and interest. The heterogeneity in
the studies’ design and in IVR treatments indicate the need of future
investigations in the consideration of potentiality and low-cost of this
technology.

McCullough M, Osborne TF,
Rawlins C, Reitz RJ 3rd, Fox
PM, Curtin C. The Impact of
Virtual Reality on the
Patients and Providers
Experience in Wide-Awake,
Local-Only Hand Surgery. J
Hand Surg Glob Online.
2023;5(3):290-293.
Published 2023 Mar 26.
do0i:10.1016/j.jhsg.2023.01.0
14

Purpose: Virtual reality (VR) is an emerging technology with the potential to
enhance patient care by reducing pain and anxiety for a variety of medical
procedures. The aim of this study was to evaluate an immersive VR program as a
nonpharmacologic intervention to reduce anxiety and increase satisfaction in
patients undergoing wide-awake, local-only hand surgery. The secondary aim
was to assess providers' experience with the program. Methods: An
implementation evaluation was employed to assess the experience of 22
patients who used VR during outpatient, wide-awake hand surgery at a veterans
affairs hospital. We assessed the patients' anxiety scores and vital signs before
and after the procedure as well as postprocedural satisfaction measures. The
providers' experience was also assessed. Results: Patients who used VR
exhibited lower anxiety scores after the procedure compared with what they
exhibited before the procedure and had high satisfaction levels with their VR
experience. Surgeons who used the system reported that VR improved their
ability to teach learners and better focus on the procedure. Conclusions: Virtual
reality, as a nonpharmacologic intervention, reduced anxiety and contributed to
the patients' perioperative satisfaction with wide-awake, local-only hand
surgery. As a secondary finding, VR positively impacted the providers'
experience by increasing their ability to concentrate on tasks during the surgery.
Clinical relevance: Virtual reality represents a novel technology that can reduce
anxiety and contribute to a positive experience for both patients and providers
during wide-awake, local-only hand procedures.
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McLean E, Cornwell MA,
Bender HA, et al. Innovations
in Neuropsychology: Future
Applicationsiin
Neurosurgical Patient

Care. World Neurosurg.
2023;170:286-295.
doi:10.1016/j.wneu.2022.09.
103

Over the last century, collaboration between clinical neuropsychologists and
neurosurgeons has advanced the state of the science in both disciplines. These
advances have provided the field of neuropsychology with many opportunities
for innovation in the care of patients prior to, during, and following neurosurgical
intervention. Beyond giving a general overview of how present-day advances in
technology are being applied in the practice of neuropsychology within a
neurological surgery department, this article outlines new developments that
are currently unfolding. Improvements in remote platform, computer interface,
"real-time" analytics, mobile devices, and immersive virtual reality have the
capacity to increase the customization, precision, and accessibility of
neuropsychological services. In doing so, such innovations have the potential to
improve outcomes and ameliorate health care disparities.

Mehrotra D, Markus AF.
Emerging simulation
technologies in global
craniofacial surgical training.
Journal of Oral Biology and
Craniofacial Research.
2021;11(4):486-499.
doi:10.1016/j.jobcr.2021.06.
002

The last few decades have seen an exponential growth in the development and
adoption of novel technologies in medical and surgical training of residents
globally. Simulation is an active and innovative teaching method, and can be
achieved via physical or digital models. Simulation allows the learners to
repeatedly practice without the risk of causing any error in an actual patient and
enhance their surgical skills and efficiency. Simulation may also allow the
clinical instructor to objectively test the ability of the trainee to carry out the
clinical procedure competently and independently prior to trainee's completion
of the program. This review aims to explore the role of emerging simulation
technologies globally in craniofacial training of students and residents in
improving their surgical knowledge and skills. These technologies include 3D
printed biomodels, virtual and augmented reality, use of google glass, hololens
and haptic feedback, surgical boot camps, serious games and escape games
and how they can be implemented in low and middle income countries.
Craniofacial surgical training methods will probably go through a sea change in
the coming years, with the integration of these new technologies in the surgical
curriculum, allowing learning in a safe environment with a virtual patient,
through repeated exercise. In future, it may also be used as an assessment tool
to perform any specific procedure, without putting the actual patient at risk.
Although these new technologies are being enthusiastically welcomed by the
young surgeons, they should only be used as an addition to the actual
curriculum and not as a replacement to the conventional tools, as the mentor-
mentee relationship can never be replaced by any technology.
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Miyahira SD, Folen RA, Stetz
M, Rizzo A, Kawasaki MM.
Use of immersive virtual
reality for treating

anger. Stud Health Technol
Inform. 2010;154:82-86.

Poorly managed anger responses can be detrimental to one's physical and
psychosocial well-being. Cognitive behavior therapies (CBT) have been found to
be effective in treating anger disorders. A key component of CBT treatment is
exposure to the anger arousing stimuli. Virtual reality (VR) environments can
elicit potent reactions and may facilitate the treatment of anger. An anger VR
environment with six video vignettes was developed by this study to examine the
anger arousal potential of VR. Outcome measures included assessment of
emotional reactivity, state anger, and presence. The results showed that
significant anger arousal occurred during exposure to the VR environment, and
arousal was greater when viewed in an immersive HMD than a non-immersive
flat screen. In addition, presence was found to moderate the effects of VR. Low
presence resulted in low reactivity regardless of the display modality.

Mottelson A, Vandeweerdt C,
Atchapero M, et al. A self-
administered virtual reality
intervention increases
COVID-19 vaccination
intention. Vaccine.
2021;39(46):6746-6753.
doi:10.1016/j.vaccine.2021.1
0.004

Effective interventions for increasing people’s intention to get vaccinated are
crucial for global health, especially considering COVID-19. We devised a novel
intervention using virtual reality (VR) consisting of a consultation with a general
practitioner for communicating the benefits of COVID-19 vaccination and, in
turn, increasing the intention to get vaccinated against COVID-19. We
conducted a preregistered online experiment with a 2x2 between-participant
design. People with eligible VR headsets were invited to install our experimental
application and complete the ten minute virtual consultation study at their own
discretion. Participants were randomly assigned across two age conditions
(young or old self-body) and two communication conditions (with provision of
personal benefit of vaccination only, or collective and personal benefit). The
primary outcome was vaccination intention (score range 1-100) measured three
times: immediately before and after the study, as well as one week later. Five-
hundred-and-seven adults not vaccinated against COVID-19 were recruited.
Among the 282 participants with imperfect vaccination intentions (<100), the VR
intervention increased pre-to-post vaccination intentions across intervention
conditions (mean difference 8.6, 95% CI1 6.1 to 11.1, p<0.0001). The pre-to-post
difference significantly correlated with the vaccination intention one week later,
p=0.20, p<0.0001. The VR intervention was effective in increasing COVID-19
vaccination intentions both when only personal benefits and personal and
collective benefits of vaccination were communicated, with significant retention
one week after the intervention. Utilizing recent evidence from health psychology
and embodiment research to develop immersive environments with customized
and salient communication efforts could therefore be an effective tool to
complement public health campaigns.
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Mugisha S, Job M, Zoppi M,
Testa M, Molfino R.
Computer-Mediated
Therapies for Stroke
Rehabilitation: A Systematic
Review and Meta-Analysis.
Journal of Stroke and
Cerebrovascular Diseases.
2022;31(6):106454.
doi:10.1016/j.jstrokecerebro
vasdis.2022.106454

Objective: To evaluate the efficacy of different forms of virtual reality (VR)
treatments as either immersive virtual reality (IVR) or non-immersive virtual
reality (NIVR) in comparison to conventional therapy (CT) in improving physical
and psychological status among stroke patients. Methods: The literature search
was conducted on seven databases: ACM Digital Library, Medline (via PubMed),
Cochrane, IEEE Xplore, Web of Science, Scopus, and science direct. The effect
sizes of the main outcomes were calculated using Cohen's d. Pooled results
were used to present an overall estimate of the treatment effect using a random-
effects model. Results: A total of 22 randomized controlled trials were
evaluated. 3 trials demonstrated that immersive virtual reality improved upper
limb activity, function and activity of daily life in a way comparable to CT. 18
trials showed that NIVR had similar benefits to CT for upper limb activity and
function, balance and mobility, activities of daily living and participation. A
comparison between the different forms of VR showed that IVR may be more
beneficial than NIVR for upper limb training and activities of daily life.
Conclusions: This study found out that IVR therapies may be more effective
than NIVR but not CT to improve upper limb activity, function, and daily life
activities. However, there is no evidence of the durability of IVR treatment. More
research involving studies with larger samples is needed to assess the long-term
effects and promising benefits of immersive virtual reality technology.
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Munoz J, Mehrabi S, Li Y, et
al. Immersive Virtual Reality
Exergames for Persons Living
With Dementia: User-
Centered Design Study as a
Multistakeholder Team
During the COVID-19
Pandemic. JMIR Serious
Games. 2022;10(1):e29987.
Published 2022 Jan 19.
do0i:10.2196/29987

Background: Advancements in supporting personalized health care and well-
being using virtual reality (VR) have created opportunities to use immersive
games to support a healthy lifestyle for persons living with dementia and mild
cognitive impairment (MCI). Collaboratively designing exercise video games
(exergames) as a multistakeholder team is fundamental to creating games that
are attractive, effective, and accessible. Objective: This research extensively
explores the use of human-centered design methods that involve persons living
with dementia in long-term care facilitates, exercise professionals, content
developers, game designers, and researchers in the creation of VR exergames
targeting physical activity promotion for persons living with dementia/MCI.
Methods: Conceptualization, collaborative design, and playtesting activities
were carried out to design VR exergames to engage persons living with dementia
in exercises to promote upper limb flexibility, strength, and aerobic endurance.
We involved a total of 7 persons living with dementia/MCI, 5 exercise
professionals, 5 community-dwelling older adults, a VR company for content
creation, and a multidisciplinary research team with game designers, engineers,
and kinesiology experts. Results: An immersive VR exergame called Seas the
Day was jointly designed and developed and it is freely available to be played in
state-of-the-art VR headsets (Oculus Quest 1, 2). A model for the triadic
interaction (health care institution, industry partner, academia) is also
presented to illustrate how different stakeholders contribute to the design of VR
exergames that consider/complement complex needs, preferences, and
motivators of an underrepresented group of end users. Conclusions: This study
provides evidence that a collaborative multistakeholder design results in more
tailored and context-aware VR games for persons living with dementia. The
insights and lessons learned from this research can be used by others to co-
design games, including remote engagement techniques that were used during
the COVID-19 pandemic.
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Patterson DR, Drever S,
Soltani M, etal. A
comparison of interactive
immersive virtual reality and
still nature pictures as
distraction-based analgesia
in burn wound care. Burns.
2023;49(1):182-192.
do0i:10.1016/j.burns.2022.02
.002

Purpose: Non-pharmacologic adjuncts to opioid analgesics for burn wound
debridement enhance safety and cost effectiveness in care. The current study
explored the feasibility of using a custom portable water-friendly immersive VR
hardware during burn debridement in adults, and tested whether interactive VR
would reduce pain more effectively than nature stimuli viewed in the same VR
goggles. Methods: Forty-eight patients with severe burn injuries (44 adults and 4
children) had their burn injuries debrided and dressed in a wet wound care
environment on Study Day 1, and 13 also participated in Study Day 2.
Intervention: The study used a within-subject design to test two hypotheses
(one hypothesis per study day) with the condition order randomized. On Study
Day 1, each individual (n = 44 participants) spent 5 min of wound care in an
interactive immersive VR environment designed for burn care, and 5 min looking
at still nature photos and sounds of nature in the same VR goggles. On Study Day
2 (n =12 adult participants and one adolescent from Day 1), each participant
spent 5 min of burn wound care with no distraction and 5 min of wound care in
VR, using a new water-friendly VR system. On both days, during a post-wound
care assessment, participants rated and compared the pain they had
experienced in each condition. Outcome measures on Study Days 1 and 2:
Worst pain during burn wound care was the primary dependent variable.
Secondary measures were ratings of time spent thinking about pain during
wound care, pain unpleasantness, and positive affect during wound care.
Results: On Study Day 1, no significant differences in worst pain ratings during
wound care were found between the computer-generated world (Mean = 71.06,
SD =26.86) vs. Nature pictures conditions (Mean = 68.19, SD =29.26; t <1, NS).
On secondary measures, positive affect (fun) was higher, and realism was lower
during computer-generated VR. No significant differences in pain
unpleasantness or “presence in VR” between the two conditions were found,
however. VR vs. No VR. (Study Day 2): Participants reported significantly less
worst pain when distracted with adjunctive computer generated VR than during
standard wound care without distraction (Mean = 54.23, SD = 26.13 vs 63.85, SD
=31.50, t(11) =1.91, p <.05, SD = 17.38). In addition, on Study Day 2, “time
spent thinking about pain during wound care” was significantly less during the
VR condition, and positive affect was significantly greater during VR, compared
to the No VR condition. Conclusion: The current study is innovative in that it is
the first to show the feasibility of using a custom portable water-friendly
immersive VR hardware during burn debridement in adults. However, contrary to
predictions, interactive VR did not reduce pain more effectively than nature
stimuli viewed in the same VR goggles.
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Preston AM, Brown L, Padala
KP, Padala PR. Veterans
Affairs Health Care Provider
Perceptions of Virtual
Reality: Brief Exploratory
Survey. Interact J Med Res.
2022;11(2):e38490.
Published 2022 Sep 2.
d0i:10.2196/38490

Background: Virtual reality (VR), a simulated experience that can be similar to or
completely different from the real world, has become increasingly useful within
the psychiatric and medical fields. This VR technology has been applied in
medical school trainings, exposure therapy for individuals with posttraumatic
stress disorder (PTSD), and reminiscence therapy associated with mood
disorders for older adults. Perceptions of VR through the lens of the health care
provider require further exploration. VR has grown in popularity; however, this
modality continues to be underused in most Veterans Affairs (VA) hospitals.
Objective: A web-based survey was used to explore health care provider
perceptions of immersive VR availability and use for older adults and identify
potential barriers for immersive VR use in older adults with cognitive
impairment. Methods: An 8-item web-based survey was developed to obtain
health care provider feedback. This survey was disseminated throughout a single
Veterans Integrated Services Network (VISN). The VR survey was developed via
the Survey Monkey platform and distributed through the secure VA email
network. Providers were asked to voluntarily participate in the brief, anonymous
survey and offer their perceptions of immersive VR use within their patient
population. Survey data were reviewed and interpreted using descriptive
statistics. Results: A total of 49 respondents completed the survey over a 15-
day period. Of them, 36 respondents (73%) had heard of a VR device, though the
majority (n=44, 90%) had never used or prescribed a VR device. Respondents
identified several potential barriers to immersive VR use in older adults with
cognitive impairment (eg, hearing difficulties, perceptions of technology,
cognitive concerns, access to resources, and visual impairment). Despite the
barriers identified, providers (n=48, 98%) still reported that they would feel
comfortable prescribing immersive VR as an intervention for their patient
population. Conclusions: Survey findings revealed that health care providers
within this VISN for VAs have heard of VR, although they may not have actively
engaged in its use. Most of the providers reported that they would prescribe the
use of an immersive VR intervention for their older adult patients. This key point
highlights the desire to implement VR strategies for patient use by their
providers. If underlying barriers can be addressed and relatively resolved, this
technological intervention has the potential to create substantial breakthroughs
in clinical care.

Pugnetti L, Mendozzi L,
Motta A, Cattaneo A, Barbieri
E, Brancotti A. Evaluation
and retraining of adults’
cognitive impairments:
Which role for virtual reality
technology? Computers in
Biology and Medicine.
1995;25(2):213-227.
doi:10.1016/0010-
4825(94)00040-W

Immersive virtual reality (IVR) is a technology already developed to assist
cognitive psychologists and therapists in their clinical work with brain-damaged
patients. The rationale, the software and the hardware of the first application
(ARCANA 1) based on affordable technology are discussed here, in order to
provide a concrete example of what the authors think may be the role of IVR as a
clinical tool. Although prospects are exciting, extensive research is needed to
validate this new approach and reveal its limitations and advantages.
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Qiao J, Xu J, Li L, Ouyang YQ.
The integration of immersive
virtual reality simulation in
interprofessional education:
A scoping review. Nurse
Educ Today.
2021;98:104773.
doi:10.1016/j.nedt.2021.104
773

Background: Contemporary healthcare systems are in dire need of teamwork
and interprofessional collaboration, however, existing curricula of health
education programs offer few opportunities to build these capabilities. Virtual
simulations enable interaction and cooperative learning for students pursuing
health majors. Objective: To explore the effectiveness of immersive virtual
reality simulation (IVRS) in interprofessional education (IPE) and the experience
of students from various disciplines in a virtual clinical environment. Design,
data sources and methods: A scoping review was conducted. Literature was
systematically searched from CINAHL, EMBASE, ERIC, MEDLINE/PubMed,
ProQuest, PsycINFO, Scopus, Science Direct, Cochrane Library and Open Grey
databases. Among 2352 records, 12 research articles were found and analyzed.
Results: The experiences of students participating in IVRS centered on
enhanced cooperation and communication across their disciplines. They
obtained a more accurate picture of the patient and developed an
interdisciplinary care plan. After the IPE session, they had greater appreciation
of the importance of a team approach and shared learning. Students
acknowledged the usability of virtual worlds (VWSs) and appreciated the
immersive learning experience that was offered. They gained valuable insight
into mutual roles and believed that this experience would benefit their role as a
health care team member. Conclusions: This study supports the usability of
VWs for IPE. As a new teaching modality, the IVRS experience effectively
promotes interprofessional collaboration and communication. Future advances
in the use of these technologies are expected to revolutionize health science
education.

Rashidian N, Giglio MC, Van
Herzeele |, et al.
Effectiveness of an
immersive virtual reality
environment on curricular
training for complex
coghnitive skills in liver
surgery: a multicentric
crossover randomized trial.
HPB. 2022;24(12):2086-
2095.
do0i:10.1016/j.hpb.2022.07.0
09

Background: Virtual reality (VR) is increasingly used in surgical education, but
evidence of its benefits in complex cognitive training compared to conventional
3-dimensional (3D) visualization methods is lacking. The objective of this study
is to assess the impact of 3D liver models rendered visible by VR or desktop
interfaces (DIs) on residents' performance in clinical decision-making. Method:
From September 2020 to April 2021, a single-blinded, crossover randomized
educational intervention trial was conducted at two university hospitals in
Belgium and Italy. A proficiency-based stepwise curriculum for preoperative liver
surgery planning was developed for general surgery residents. After completing
the training, residents were randomized in one of two assessment sequences to
evaluate ten real clinical scenarios. Results: Among the 50 participants, 46 (23
juniors/23 seniors) completed the training and were randomized. Forty residents
(86.96%) achieved proficiency in decision-making. The accuracy of virtual
surgical planning using VR was higher than that using DI in both groups A
(8.43+1.03vs6.86+1.79,p <0.001) and B (8.08 +0.9vs 6.52 + 1.37, p < 0.001).
Conclusion: Proficiency-based curricular training for liver surgery planning
successfully resulted in the acquisition of complex cognitive skills. VR was
superior to Dl visualization of 3D models in decision-making.
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Robison RA, Liu CY, Apuzzo
MLJ. Man, Mind, and
Machine: The Past and
Future of Virtual Reality
Simulation in Neurologic
Surgery. World
Neurosurgery.
2011;76(5):419-430.
do0i:10.1016/j.wneu.2011.07.
008

Objective: To review virtual reality in neurosurgery, including the history of
simulation and virtual reality and some of the current implementations; to
examine some of the technical challenges involved; and to propose a potential
paradigm for the development of virtual reality in neurosurgery going forward.
Methods: A search was made on PubMed using key words surgical simulation,
virtual reality, haptics, collision detection, and volumetric modeling to assess
the current status of virtual reality in neurosurgery. Based on previous results,
investigators extrapolated the possible integration of existing efforts and
potential future directions. Results: Simulation has a rich history in surgical
training, and there are numerous currently existing applications and systems
that involve virtual reality. All existing applications are limited to specific task-
oriented functions and typically sacrifice visual realism for real-time interactivity
or vice versa, owing to numerous technical challenges in rendering a virtual
space in real time, including graphic and tissue modeling, collision detection,
and direction of the haptic interface. Conclusions: With ongoing technical
advancements in computer hardware and graphic and physical rendering,
incremental or modular development of a fully immersive, multipurpose virtual
reality neurosurgical simulator is feasible. The use of virtual reality in
neurosurgery is predicted to change the nature of neurosurgical education, and
to play an increased role in surgical rehearsal and the continuing education and
credentialing of surgical practitioners.

Rogers MP, DeSantis AJ,
Janjua H, Barry TM, Kuo PC.
The future surgical training
paradigm: Virtual reality and
machine learning in surgical
education. Surgery.
2021;169(5):1250-1252.
doi:10.1016/j.surg.2020.09.0
40

Surgical training has undergone substantial change in the last few decades. As
technology and patient complexity continues to increase, demands for novel
approaches to ensure competency have arisen. Virtual reality systems
augmented with machine learning represents one such approach. The ability to
offer on-demand training, integrate checklists, and provide personalized,
surgeon-specific feedback is paving the way to a new era of surgical training.
Machine learning algorithms that improve over time as they acquire more data
will continue to refine the education they provide. Further, fully immersive
simulated environments coupled with machine learning analytics provide real-
world training opportunities in a safe atmosphere away from the potential to
harm patients. Careful implementation of these technologies has the potential
to increase access and improve quality of surgical training and patient care and
are poised to change the landscape of current surgical training. Herein, we
describe the current state of virtual reality coupled with machine learning for
surgical training, future directions, and existing limitations of this technology.
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Rudschies C, Schneider I.
Ethical, legal, and social
implications (ELSI) of virtual
agents and virtual reality in
healthcare. Social Science &
Medicine. 2024;340:116483.
doi:10.1016/j.socscimed.20
23.116483

Virtual agents (VAs) and immersive virtual reality (VR) applications broaden the
opportunities for accessing healthcare by transposing certain processes from
the analogue world into a virtual realm. While these innovations offer a number
of advantages including improved access for individuals in diverse geographic
locations and novel therapeutic options, their implementation raises significant
ethical, social, and legal implications. Key considerations pertain to the doctor-
patient relationship, privacy and data protection, justice, fairness, and equal
access as well as to issues of accountability, liability, and safety. This paper
conducts a comprehensive review of the existing literature to analyse the
ethical, social, and legal ramifications of employing VAs and VR applications in
healthcare. It examines the recommended strategies to mitigate potential
adverse effects and addresses current research gaps in this domain.

Salatino A, Zavattaro C,
Gammeri R, et al. Virtual
reality rehabilitation for
unilateral spatial neglect: A
systematic review of
immersive, semi-immersive
and non-immersive
techniques. Neuroscience &
Biobehavioral Reviews.
2023;152:105248.
doi:10.1016/j.neubiorev.202
3.105248

Introduction: In recent decades, new virtual reality (VR)-based protocols have
been proposed for the rehabilitation of Unilateral Spatial Neglect (USN), a
debilitating disorder of spatial awareness. However, it remains unclear which
type of VR protocol and level of VR immersion can maximize the clinical benefits.
To answer these questions, we conducted a systematic review of the use of VR
for the rehabilitation of USN. Method: Studies between 2000 and 2022 that met
the inclusion criteria were classified according to their research design and
degree of immersion (non-immersive, NIVR; semi-immersive, SIVR; immersive,
IVR). Results: A total of 375 studies were identified, of which 26 met the
inclusion criteria. Improvements were found in 84.6% of the reviewed studies:
85.7% used NIVR, 100% used SIVR and 55.6% used IVR. However, only 42.3% of
them included a control group and only 19.2% were randomized control trials
(RCT). Conclusion: VR protocols may offer new opportunities for USN
rehabilitation, although further RCTs are needed to validate their clinical
efficacy.

Samant S, Bakhos JJ, Wu W,
et al. Artificial Intelligence,
Computational Simulations,
and Extended Reality in
Cardiovascular
Interventions. JACC:
Cardiovascular
Interventions.
2023;16(20):2479-2497.
do0i:10.1016/j.jcin.2023.07.0
22

Artificial intelligence, computational simulations, and extended reality, among
other 21st century computational technologies, are changing the health care
system. To collectively highlight the most recent advances and benefits of
artificial intelligence, computational simulations, and extended reality in
cardiovascular therapies, we coined the abbreviation AISER. The review
particularly focuses on the following applications of AISER: 1) preprocedural
planning and clinical decision making; 2) virtual clinical trials, and
cardiovascular device research, development, and regulatory approval; and 3)
education and training of interventional health care professionals and medical
technology innovators. We also discuss the obstacles and constraints
associated with the application of AISER technologies, as well as the proposed
solutions. Interventional health care professionals, computer scientists,
biomedical engineers, experts in bioinformatics and visualization, the device
industry, ethics committees, and regulatory agencies are expected to streamline
the use of AISER technologies in cardiovascular interventions and medicine in
general.
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Sayma M, Tuijt R, Cooper C,
Walters K. Are We There Yet?
Immersive Virtual Reality to
Improve Cognitive Function
in Dementia and Mild
Cognitive

Impairment. Gerontologist.
2020;60(7):e502-e512.
doi:10.1093/geront/gnz132

Background and objectives: Cognitive training therapies may delay cognitive
deterioration in dementia. There is potential to enhance delivery through
immersive virtual reality (IVR), as removing potential distractors for cognitively
impaired individuals can enhance their experience, resulting in increased
engagement. Evidence in this field is emerging and not yet synthesized. We
aimed to summarize research investigating the use of IVR in dementia to
evaluate the current extent of use, acceptability, feasibility, and potential
effectiveness. We also aimed to identify gaps in current research and to create a
set of recommendations in utilizing this therapy. Research design and
methods: A systematic literature review was conducted. Our review was
registered with PROSPERO, registration number: CRD42019122295. We
undertook searches of five databases, article references, and citations. Key
authors in the field of health care VR were also contacted to identify additional
papers. Articles were assessed for inclusion by two researchers independently.
Data were extracted using standardized forms. Results: Our search identified a
total of 2,824 citations, following screening for duplicates and application of
inclusion and exclusion criteria, five studies were included for analysis. Included
studies were heterogeneous, with small sample sizes and mixed outcomes.
Discussion and implications: We were unable to reach definitive conclusions
over the use, acceptability, and effectiveness of IVR for dementia and mild
cognitive impairment. Future studies should focus on ensuring their
interventions are truly immersive, developing more robust controls and account
for the rapid rate of obsolescence in digital technologies.

ShiY, Peng Q. AVR-based
user interface for the upper
limb rehabilitation. Procedia
CIRP. 2018;78:115-120.
doi:10.1016/j.procir.2018.08
311

Existing uses of rehabilitation devices are not user-friendly in convenience,
comfort and efficiency. There is a lack of accuracy and adaptability in the
rehabilitation process. Virtual reality (VR) technologies support effective
interactions between patients and rehabilitation devices. This paper introduces
an interface to improve patients’ experience in the upper limb rehabilitation
processes. Quality function deployment and ergonomic analysis are applied to
identify needs to improve patients’ interest and rehabilitation. AVR-based user
interface is developed to meet the needs using the Unity3D software and Kinect
motion sensor. Patient rehabilitations are improved through game playing using
the developed interface.
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Spiegel BMR, Rizzo A, Persky
S, et al. What Is Medical
Extended Reality? A
Taxonomy Defining the
Current Breadth and Depth
of an Evolving Field. J Med
Ext Real. 2024;1(1):4-12.
d0i:10.1089/jmxr.2023.0012

Medical extended reality (MXR) has emerged as a dynamic field at the
intersection of health care and immersive technology, encompassing virtual,
augmented, and mixed reality applications across a wide range of medical
disciplines. Despite its rapid growth and recognition by regulatory bodies, the
field lacks a standardized taxonomy to categorize its diverse research and
applications. This American Medical Extended Reality Association guideline,
authored by the editorial board of the Journal of Medical Extended Reality,
introduces a comprehensive taxonomy for MXR, developed through a
multidisciplinary and international collaboration of experts. The guideline seeks
to standardize terminology, categorize existing work, and provide a structured
framework for future research and development in MXR. An international and
multidisciplinary panel of experts was convened, selected based on publication
track record, contributions to MXR, and other objective measures. Through an
iterative process, the panel identified primary and secondary topics in MXR.
These topics were refined over several rounds of review, leading to the final
taxonomy. The taxonomy comprises 13 primary topics that jointly expand into
180 secondary topics, demonstrating the field's breadth and depth. At the core
of the taxonomy are five overarching domains: (1) technological integration and
innovation; (2) design, development, and deployment; (3) clinical and
therapeutic applications; (4) education, training, and communication; and (5)
ethical, regulatory, and socioeconomic considerations. The developed
taxonomy offers a framework for categorizing the diverse research and
applications within MXR. It may serve as a foundational tool for researchers,
clinicians, funders, academic publishers, and regulators, facilitating clearer
communication and categorization in this rapidly evolving field. As MXR
continues to grow, this taxonomy will be instrumental in guiding its development
and ensuring a cohesive understanding of its multifaceted nature.
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Sridhar A, Shiliang Z,
Woodson R, Kwan L. Non-
pharmacological anxiety
reduction with immersive
virtual reality for first-
trimester dilation and
curettage: a pilot study. EurJ
Contracept Reprod Health
Care. 2020;25(6):480-483.

doi:10.1080/13625187.2020.

1836146

Objectives: Most women experience moderate to severe pain during first-
trimester surgical termination of pregnancy despite the application of various
analgesic techniques. Studies have shown that virtual reality (VR) is effective in
reducing anxiety among a range of women in differing circumstances. Our study
objectives were to assess the feasibility of using VR during first-trimester dilation
and curettage under local anaesthesia and understand the effect of VR on
procedure-related anxiety during first-trimester dilation and curettage.
Methods: A pilot feasibility study was conducted in a convenience sample of 30
women (15 in the intervention group and 15 in the control group). Anxiety scores
were recorded before, during and after the procedure. In-depth interviews were
conducted after the procedure. Results: Participants reported that VR was
either very effective (53%) or somewhat effective (40%) in relieving anxiety during
and after the procedure. Eleven participants used the VR device for the entire
procedure and four participants removed it during the procedure. The anxiety
scores before the procedure were not significantly different between the groups.
The intervention group had a median five point post-procedure decrease in
anxiety score rated on a visual analogue scale, which was significantly different
from that of the control group. Overall, participants had a positive experience
but there were some technological frustrations. Conclusion: Women
undergoing dilation and curettage in the first trimester were able to use a VR
device during the procedure. VR-induced distraction and relaxation helped to
reduce anxiety in some participants both during and after the procedure.

Tsai TY, OnumaY, Ztahoda-
Huzior A, et al. Merging
virtual and physical
experiences: extended
realities in cardiovascular
medicine. Eur Heart J.
2023;44(35):3311-3322.
doi:10.1093/eurheartj/ehad3
52

Technological advancement and the COVID-19 pandemic have brought virtual
learning and working into our daily lives. Extended realities (XR), an umbrella
term for all the immersive technologies that merge virtual and physical
experiences, will undoubtedly be an indispensable part of future clinical
practice. The intuitive and three-dimensional nature of XR has great potential to
benefit healthcare providers and empower patients and physicians. In the past
decade, the implementation of XR into cardiovascular medicine has flourished
such thatitis now integrated into medical training, patient education, pre-
procedural planning, intra-procedural visualization, and post-procedural care.
This review article discussed how XR could provide innovative care and
complement traditional practice, as well as addressing its limitations and
considering its future perspectives.
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Van Doren N, Ng H, Rawat E,
McKenna KR, Blonigen DM.
Virtual reality mindfulness
training for veteransin
residential substance use
treatment: Pilot study of
feasibility and

acceptability. J Subst Use
Addict Treat. Published
online February 18, 2024.
doi:10.1016/j.josat.2024.209
315

Background: Mindfulness training is effective in recovery from substance use
disorders; however, adoption can be difficult due to environmental and personal
distractions. Virtual reality (VR) may help overcome these challenges by
providing an immersive environment for practicing mindfulness, but there is
currently limited knowledge regarding patient and provider perceptions of VR-
based tools. Objective: The present study investigated the feasibility and
acceptability of VR mindfulness training for veterans in residential substance
use treatment as well as potential benefits of VR mindfulness interventions in
this population. We conducted a pilot feasibility/acceptability study as a first
step toward conducting a larger randomized controlled trial (RCT). Methods: The
study recruited participants (N = 32) from a 30-day residential substance use
program and collected both qualitative and quantitative feedback on the VR
mindfulness intervention using a mixed-methods approach. Patients (n = 20) and
providers (n = 12) rated the acceptability, usability, and satisfaction of the
intervention. Using a within-subjects design, patients provided pre-post emotion
ratings and reported on state mindfulness and VR presence after completing a
single-session self-guided VR mindfulness intervention. Patients provided
qualitative interview data on their overall impressions, while providers gave the
same information via survey. Results: Both patients and providers reported high
satisfaction and confidence in the intervention. Moreover, within subjects t-tests
showed that patients experienced significant reductions in negative affect and
significant increases in positive affect from pre-post, along with high levels of
state mindfulness and presence. Results of thematic analysis revealed that the
intervention facilitated focused attention on the present moment, induced a
state of calm and relaxation, and reduced negative thoughts and emotions.
Participants requested improvements such as better integration of audiovisual
elements, a more personalized and longer intervention, and more comfortable
fitting headset. Finally, the intervention presented with several advantages
compared to other mindfulness experiences including reduced distractions and
a sense of safety and privacy. Conclusions: Self-guided VR mindfulness
intervention is feasible and acceptable to patients and providers. VR
mindfulness training provides an immersive experience that uplifts mood and
reduces distractions. VR may provide a scaffolding tool to set the stage for
deepening mindfulness skills. Results of the present study could inform further
development and tailoring for future interventions.

U.S. Department
of Veterans Affairs

Immersive Virtual Reality in Health Care Literature Compendium 59



%
"Y@ALTH AD“"\

van Gelderen MJ, Nijdam MJ,
Haagen JFG, Vermetten E.
Interactive Motion-Assisted
Exposure Therapy for
Veterans with Treatment-
Resistant Posttraumatic
Stress Disorder: A
Randomized Controlled
Trial. Psychother
Psychosom. 2020;89(4):215-
227.d0i:10.1159/000505977

Background: Veterans with posttraumatic stress disorder (PTSD) tend to benefit
less from evidence-based treatments than other PTSD populations. A novel
virtual reality and motion-assisted exposure therapy, called 3MDR, provides
treatment in an immersive, personalized and activating context. Objective: To
study the efficacy of 3SMDR for veterans with treatment-resistant PTSD.

Method: In a randomized controlled trial (n = 43) BMDR was compared to a non-
specific treatment component control group. Primary outcome was clinician-
rated PTSD symptoms at baseline, after 3BMDR, and at the 12-week and 16-week
follow-up (primary end point). Intention-to-treat analyses of covariance and
mixed models were applied to study differences between groups at the end point
and over the course of intervention, controlling for baseline scores. Results: The
decrease in PTSD symptom severity from baseline to end point was significantly
greater for SMDR as compared to the control group, with a large effect size (F[1,
37]1=6.43, p=0.016, d = 0.83). No significant between-group difference was
detected in the course of PTSD symptoms during treatment when including all
time points. The dropout rate was low (7%), and 45% of the patients in the SMDR
group improved clinically. The number needed to treat was 2.86.

Conclusions: In this trial, SMDR significantly decreased PTSD symptoms in
veterans with, on average, a history of 4 unsuccessful treatments. The low
dropout rate may be indicative of high engagement. However, a lack of
significant differences on secondary outcomes limits conclusions that can be
drawn on its efficacy and underlines the need for larger phase lll trials. These
data show emerging evidence for 3MDR and its potential to progress PTSD
treatment for veterans.

Wrzesien M, Burkhardt JM,
Botella C, Alcaniz M.
Evaluation of the quality of
collaboration between the
client and the therapistin
phobia treatments.
Interacting with Computers.
2012;24(6):461-471.
doi:10.1016/j.intcom.2012.0
9.001

A growing number of empirical studies evaluate the influence of Mental Health
(MH) technology on the clinical effectiveness, the therapeutic relationship (i.e.,
therapeutic alliance), and usability issues. However, to the authors’ knowledge,
no studies have yet been performed regarding the influence of technology on the
therapeutic process in terms of collaboration. This study evaluates the quality of
collaboration between the client and therapist in Augmented Reality Exposure
Therapy (ARET) context and the traditional, In Vivo Exposure Therapy (IVET)
context with the Therapeutic Collaborative Scale (TCS). Twenty participants
received an intensive session of cognitive behavioral therapy in either a
technology-mediated therapeutic context or in a traditional therapeutic context.
The results indicate that both therapeutic conditions show high collaboration
scores. However, the asymmetry of roles between the therapist and the client
under both conditions were detected. Also, a greater level of distraction was
observed for therapists in ARET, which affected the quality of the therapists’
involvement in the therapeutic session. The implications of these results are
discussed.
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Zackoff MW, Davis D, Rios M,
et al. Tolerability and
Acceptability of Autonomous
Immersive Virtual Reality
Incorporating Digital Twin
Technology for Mass Training
in Healthcare. Simul
Healthc. Published online
November 13, 2023.
do0i:10.1097/SIH.000000000
0000755

Introduction: As part of onboarding and systems testing for a clinical expansion,
immersive virtual reality (VR) incorporating digital twin technology was used.
While digital twin technology has been leveraged by industry, its use in health
care has been limited with no prior application for onboarding or training. The
tolerability and acceptability of immersive VR for use by a large population of
healthcare staff were unknown. Methods: A prospective, observational study of
an autonomous immersive VR onboarding experience to a new clinical space
was conducted from May to September 2021. Participants were healthcare staff
from several critical care and acute care units. Primary outcomes were
tolerance and acceptability measured by reported adverse effects and degree of
immersion. Secondary outcomes were attitudes toward the efficacy of VR
compared with standard onboarding experiences. Results: A total of 1522
healthcare staff participated. Rates of adverse effects were low and those with
prior VR experience were more likely to report no adverse effects. Odds of
reporting immersion were high across all demographic groups, though
decreased with increasing age. The preference for VR over low-fidelity methods
was high across all demographics; however, preferences were mixed when
compared with traditional simulation and real-time clinical care.

Conclusions: Large-scale VR onboarding is feasible, tolerable, and acceptable
to a diverse population of healthcare staff when using digital twin technology.
This study also represents the largest VR onboarding experience to date and may
address preconceived notions that VR-based training in health care is not ready
for widespread adoption.
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Citation

Abstract

Adlakha S, Chhabra D,
Shukla P. Effectiveness of
gamification for the
rehabilitation of
neurodegenerative
disorders. Chaos, Solitons &
Fractals. 2020;140:110192.
doi:10.1016/j.chaos.2020.11
0192

The present review aims to analyze distinctive features of gamification in
rehabilitation from neurodegenerative disorders. This work is an effort to
decipher various gamified elements which are commonly used for the
rehabilitation of patients suffering from neurodegenerative diseases including
the scope of these gamified techniques towards their role with traditional
methods for recovery of such disorders. Further, gamified tools and techniques
used in the treatment process are studied in depth. Moreover, an overview of the
inclusion of gamified techniques used in healthcare for neurodegenerative
diseases towards enhancing patient engagement is reviewed and modeling of
gamification effectiveness using statistical tools have also been discussed.
Subsequently, it is found out that the virtual reality games, active video games
and serious games are most commonly used in rehabilitation of
neurodegenerative diseases. The most used gamified techniques are found to
be virtual reality and mobile video games followed by serious games. Moreover,
despite some limitations, it is concluded that the gamified methods prove to be
avaluable addition to traditional treatments as they enhance patient
engagement, socialization, feedback, adherence to the treatment process and
provides better health outcomes. Finally, it adds motivation, literacy and helps
in diverting patients from painful treatments with effective therapeutics.
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Ahmadi Marzaleh M, Peyravi
M, Azhdari N, et al. Virtual
reality applications for
rehabilitation of COVID-19
patients: A systematic
review. Health Sci Rep.
2022;5(6):e853. Published
2022 Oct 3.
d0i:10.1002/hsr2.853

Background and aims: The COVID-19 pandemic has changed people's
lifestyles as well as the way healthcare services are delivered. Undoubtedly, the
difficulties associated with COVID-19 infection and rehabilitation and those
associated with quarantine and viral preventive efforts may exacerbate the need
for virtual reality to be used as a part of a complete rehabilitation strategy for
these individuals. Thus, the present research aimed to evaluate the potential
uses of virtual reality for the rehabilitation of individuals suffering from COVID-
19. Methods: From 2019 to March 1, 2022, a systematic search was conducted
in PubMed, Cochran Library, Scopus, Science Direct, ProQuest, and Web of
Science databases. The papers were selected based on search terms and those
that discussed the use of virtual reality in the rehabilitation of COVID-19 patients
were reviewed. Each step of the study was reviewed by two authors. Results: A
total of 699 papers were found during the first search. Three papers were chosen
for further investigation after a thorough evaluation of the publications' titles,
abstracts, and full texts. Cross-sectional studies, randomized controlled clinical
trials, and case reports comprised 33%, 33%, and 33% of the publications,
respectively. Based on the results, people suffering from COVID-19 were the
focus of two papers (66%) that employed immersion virtual reality for cognitive
rehabilitation, whereas one study (33%) used non-immersive virtual reality for
physical rehabilitation. In two papers (66%), virtual reality was also offered to
patients in the form of a game. Conclusion: According to the results of the
present research, virtual reality games may enhance functional and cognitive
consequences, contentment levels among patients, and their ability to take
charge of their own health care. In light of the obstacles faced by COVID-19
patients, alterations in the delivery of healthcare, and the significance of
rehabilitation in this group during quarantine, new techniques have been
considered for these patients to maintain treatment, return to regular life, and
enhance their standard of life.
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Aida J, Chau B, Dunn J.
Immersive virtual reality in
traumatic brain injury
rehabilitation: A literature
review. NeuroRehabilitation.
2018;42(4):441-448.
doi:10.3233/NRE-172361

Background: Traumatic brain injury (TBI) is a common cause of morbidity and
mortality in the United States with its sequelae often affecting individuals long
after the initial injury. Innovations in virtual reality (VR) technology may offer
potential therapy options in the recovery from such injuries. However, there is
currently no consensus regarding the efficacy of VR in the setting of TBI
rehabilitation. Objective: The aim of this review is to evaluate and summarize
the current literature regarding immersive VR in the rehabilitation of those with
TBI. Methods: A comprehensive literature search was conducted utilizing
PubMed, Google Scholar, and the Cochrane Review using the search terms
"virtual reality," "traumatic brain injury," "brain injury," and "immersive."
Results: A total of 11 studies were evaluated. These were primarily of low-level
evidence, with the exception of two randomized, controlled trials. 10 of 11
studies demonstrated improvement with VR therapy. VR was most frequently
used to address gait or cognitive deficits. Conclusions: While the current
literature generally offers support for the use of VR in TBI recovery, thereis a
paucity of strong evidence to support its widespread use. The increasing
availability of immersive VR technology offers the potential for engaging therapy
in TBI rehabilitation, but its utility remains uncertain given the limited studies
available at this time.

Alvarez de la Campa Crespo
M, Donegan T, Amestoy-
Alonso B, Just A, Combalia
A, Sanchez-Vives MV. Virtual
embodiment for improving
range of motion in patients
with movement-related
shoulder pain: an
experimental study. J Orthop
Surg Res. 2023;18(1):729.
Published 2023 Sep 26.
doi:10.1186/s13018-023-
04158-w

Background: Recent evidence supports the use of immersive virtual reality (VR)
as a means of delivering bodily illusions that may have therapeutic potential for
the treatment of musculoskeletal conditions. We wanted to investigate whether
a single session of an embodiment-based immersive VR training program
influences pain-free range of motion in patients with shoulder pain.

Methods: We designed a rehabilitation program based on developing ownership
over avirtual body and then "exercising" the upper limb in immersive VR, while
the real arm remains static. We then carried out a single-arm pre-post
experiment in which 21 patients with movement-related musculoskeletal
shoulder pain were exposed to the 15-min VR program and measured their
active pain-free range of motion immediately before and afterwards.

Results: We found that shoulder abduction and hand-behind-back movements,
but not shoulder flexion, were significantly and clinically improved post-
intervention and that the level of improvement correlated with the level of
embodiment. Following this one session, at 1-week follow-up the improvements
were not maintained. Conclusions: Virtual embodiment may be a useful
therapeutic tool to help improve range of motion in patients with movement-
related shoulder pain in the short term, which in turn could expedite
rehabilitation and recovery in these conditions.
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Appel L, Appel E, Bogler O, et
al. Older Adults With
Cognitive and/or Physical
Impairments Can Benefit
From Immersive Virtual
Reality Experiences: A
Feasibility Study. Front Med
(Lausanne). 2020;6:329.
Published 2020 Jan 15.
do0i:10.3389/fmed.2019.003
29

Background: Older adults living in long term care, rehabilitation hospitals, and
seniors' residences often experience reduced mobility, sometimes resulting in
confinementindoors and isolation, which can introduce or aggravate symptoms
of depression, anxiety, loneliness, and apathy. As Virtual Reality (VR)
technologies become increasingly accessible and affordable, there is a unique
opportunity to enable older adults to escape their restricted physical realities
and be transported to both stimulating and calming places which may improve
their general well-being. To date no robust evaluations of the use of immersive
VR therapy [experienced through a head-mounted-display (HMD)] for older
adults within these settings have been reported. VR-therapy may prove to be a
safe, inexpensive, non-pharmacological means of managing depressive
symptoms and providing engagement and enjoyment to this rapidly growing
demographic. Objectives: Establish whether it is feasible to use immersive VR
technology as therapy for older adults who have reduced sensory, mobility
and/or impaired cognition. This includes evaluation of tolerability, comfort, and
ease of use of the HMD, and of the potential for immersive VR to provide
enjoyment/relaxation and reduce anxiety and depressive

symptoms. Methods: Sixty-six older adults (mean age 80.5, SD = 10.5) with
varying cognitive abilities (normal = 28, mild impairment = 17, moderate
impairment = 12, severe impairment = 3, unknown cognitive score = 6), and/or
physicalimpairments, entered a multi-site non-randomized interventional study
in Toronto, Canada. Participants experienced 3 to 20 min of 360°-video footage
of nature scenes displayed on Samsung GearVR HMD. Data was collected
through pre/post-intervention surveys, standardized observations during
intervention, and post-intervention semi-structured interviews addressing the
VR experience. Results: All participants completed the study with no negative
side-effects reported (e.g., No dizziness, disorientation, interference with
hearing aids); the average time spent in VR was 8 min and 76% of participants
viewed the entire experience at least once. Participants tolerated the HMD very
well; most had positive feedback, feeling more relaxed and adventurous; 76%
wanted to try VR again. Better image quality and increased narrative video
content were suggested to improve the experience. Conclusion: It is feasible
and safe to expose older adults with various levels of cognitive and physical
impairments to immersive VR within these settings. Further research should
evaluate the potential benefits of VR in different settings (e.g., home/community
based) and explore better customization/optimization of the VR content and
equipment for the targeted populations.
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Asadzadeh A, Salahzadeh Z,
Samad-Soltani T, Rezaei-
Hachesu P. An affordable
and immersive virtual reality-
based exercise therapy in
forward head posture. PLoS
One. 2024;19(3):e0297863.
Published 2024 Mar 6.
doi:10.1371/journal.pone.02
97863

Forward Head Posture (FHP) is one of the most commonly occurring
musculoskeletal abnormalities. Despite exercise therapy being an effective
approach for FHP treatment, it can be long, monotonous, and tedious. Virtual
reality (VR) can be used as an innovative solution to address these challenges.
We designed an affordable and immersive VR-based exercise therapy (VRET)
system for FHP correction. The VRET contents (i.e., exercises and VR scenarios)
were determined by physiotherapists and game designers at the focus group
meetings. Hardware requirements include a VR box, smartphone, and sensors
(i.e., a smartphone accelerometer and an affordable Inertial Measurement Unit
(IMU)) to measure head motions and transfer them via Wi-Fi to the VRET system.
The IMU was designed using the MPU6050, Arduino Nano, and ESP8266-01S.
Gwet's AC1, Game Experience Questionnaires (GEQ), and System Usability
Scale (SUS) were used to measure intra-rater reliability, user experience, and
system usability, respectively. The determined exercises, including Capital
Flexion-Extension and Chin Tuck, were designed in the form of a shooting game.
A physiotherapist and twenty-one FHP individuals took part in evaluating the
system. High precision was obtained for the designed IMU (i.e., pitch and roll <
0.1°and yaw < 1.3°). Gwet's AC1 and SUS results showed very good intra-rater
reliability (coefficient = 0.892) and excellent usability (score = 87.14),
respectively. According to the mean scores of the GEQ, participants were
confident about competence, immersion, flow, and positive affect components.
The development of low-cost VRET systems for FHP correction is a step towards
facilitating rehabilitation challenges by providing positive experiences for users
as well as helping them perform therapeutic exercises correctly.

Bacha JMR, Pereira GAF,
Silva IBAN, et al. Immersive
Virtual Tasks with Motor and
Cognitive Components: A
Feasibility Study of Adults
and Older Adult Fallers and
Nonfallers. Cyberpsychol
Behav Soc Netw.
2023;26(3):169-176.
doi:10.1089/cyber.2022.002
5

The objective of the present study was to compare the feasibility, safety, and
satisfaction of an immersive virtual reality system developed specifically for
cognitive-sensory-motor training among older adult fallers and nonfallers and
adult individuals. This was a cross-sectional observational study, and 20 adults,
20 nonfaller older adults, and 20 faller older adults were assessed. The primary
outcome was feasibility assessed with safety and satisfaction measures. Safety
outcomes were associated with adverse events occurred during the experience
with the immersive virtual reality system (IVRS), assessed through the Simulator
Sickness Questionnaire and by registering the falls, pain, or any discomfort
reported by the participants. Satisfaction was assessed with a structured
questionnaire, answered after 10 minutes of experiencing the IVRS. The dates
were assessed with one-way analysis of variance or the Kruskal-Wallis test and
Bonferroni post hoc test. The results showed that the IVRS was safe and the
participants related good satisfaction with the system. Most of participants
related no symptoms (93.6 percent) or light cybersickness symptoms (6.0
percent). There were no occurrences of falls or pain associated with the IVRS.
The IVRS was feasible for adults and nonfaller and faller older adults.
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Baldominos A, Saez Y, Pozo
CGD. An Approach to
Physical Rehabilitation Using
State-of-the-art Virtual
Reality and Motion Tracking
Technologies. Procedia
Computer Science.
2015;64:10-16.
doi:10.1016/j.procs.2015.08.
457

This paper explores an approach to physical rehabilitation using state-of-the-art
technologies in virtual reality and motion tracking; in particular, Oculus Rift DK2
(released in July, 2014) and Intel RealSense (released in November, 2014) are
used. A game is developed which requires from the patient to perform an
established set of abduction and adduction arm movements to achieve rotator
cuff rehabilitation after injury. While conduct of clinical trials is outside the
scope of this work, experts in physical rehabilitation working in the medical field
have carried out a preliminary evaluation, showing encouraging results.

Baragash RS, Aldowah H,
Ghazal S. Virtual and
augmented reality
applications to improve
older adults' quality of life: A
systematic mapping review
and future directions. Digit
Health.
2022;8:20552076221132099
. Published 2022 Oct 31.
doi:10.1177/2055207622113
2099

Objective: The use of virtual reality and augmented reality to improve older
adults' quality of life has rapidly increased in recent years. This systematic
mapping review aimed to provide a comprehensive overview of existing research
that identifies and classifies current virtual reality and augmented reality
applications that enhance the quality of life of older adults to increase the
understanding of the impact of these technologies. Methods: To reach this
objective, a systematic mapping review was conducted of the studies published
between 2009 and 2020 in major scientific databases, such as IEEE Xplore, Web
of Science, Scopus, and PubMed. A total of 57 studies were analyzed and
classified into four main quality of life domains: physical, cognitive,
psychological, and social well-being. Results: The findings showed that virtual
reality and augmented reality have found their places in many quality of life
studies of older adults. Although virtual reality and augmented reality
applications are notably growing in the physical and cognitive well-being
domains in training and rehabilitation settings, they are still in the early stages of
development in psychological and social well-being research as well as
healthcare settings. Our findings also revealed that virtual reality games,
particularly motion-based exergames, and 3D augmented reality systems are
the most common virtual reality and augmented reality types among the
reviewed studies. Moreover, balance and attention were the most prevalent
physical and cognitive functions when using motion-based and immersive
virtual reality exergames and augmented reality systems and games,
respectively, while confidence and interaction were the most dominant
psychological and social functions. Conclusion: This mapping review provides a
comprehensive overview of potential areas for further research in this field,
thereby assisting researchers, technologists, and health practitioners in
expanding this field of research.
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Benham S, Kang M,
Grampurohit N. Immersive
Virtual Reality for the
Management of Pain in
Community-Dwelling Older
Adults. OTJR (Thorofare N J).
2019;39(2):90-96.
do0i:10.1177/1539449218817
291

Immersive virtual reality (VR) can provide a high level of engagement and
distraction analgesia to address pain. However, community-based applications
of this technology for older adults have not been studied. The objective of this
study was to examine the applicability and effectiveness of an immersive VR
intervention for pain, depression, and quality of life (QOL) in older adults. This
pretest-posttest, mixed-methods design included senior center members (n =
12) with pain that interfered with daily functioning. The outcomes included the
Numeric Pain Rating Scale, Patient-Reported Outcomes Measurement
Information System (PROMIS®) depression scale, World Health Organization
Quality of Life Scale Brief Version (WHO QOL-BREF), and open-ended questions.
The VR intervention (15- to 45-min sessions, 12 sessions over 6 weeks) was well
accepted with no dropouts. There was a significant decrease in pain (p =.002, d
=-1.54) with no effect on depression and QOL. There were no adverse effects,
and positive perceptions of VR were reported. The 6-week immersive VR
intervention was applicable and effective in reducing pain intensity for
community-dwelling older adults.
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Bertoni R, Mestanza Mattos
FG, Porta M, et al. Effects of
immersive virtual reality on
upper limb functionin
subjects with multiple
sclerosis: A cross-over
study. Mult Scler Relat
Disord. 2022;65:104004.
doi:10.1016/j.msard.2022.1
04004

Background: Upper limb dysfunctions are common in people with multiple
sclerosis (PwMS) and lead to limitations in activities of daily living. In this study,
we investigated the feasibility and effects of an immersive commercial virtual
reality system for upper limb bilateral rehabilitation. Methods: A total of 20
participants were included in a cross over study with two arm sequences:
Treatment-Waiting List (T-WL; N = 9) and Waiting List-Treatment (WT-T; N = 11).
T-WL sequence performed 12 sessions of bilateral UL rehabilitation over a 4-
week period, based on the use of a commercially VR immersive platform
(Oculus Rift), followed by a 4-week wash-out period and a 4-week waiting list
period. WL-T sequence followed the protocolin the reverse order. Participants
were tested at baseline (T0), after the end of the first 4-week period (T1), at the
end of the wash-out period and finally at the end of the third 4-week period (T2).
The primary outcome was the Box and Blocks test (BBT). Secondary outcome
measures were: Nine Hole Peg Test (NHPT), Maximal isometric handgrip
strength, Manual Ability Measure-36 (MAM-36), Modified Fatigue Impact Scale
(MFIS), and the System Usability Scale (SUS). In absence of carryover effects, we
analyzed primary and secondary outcome measures with mixed linear effect
models. Treatment efficacy was assessed on the within-subject differences.
Specifically, we used the intra-individual differences at the end of treatment and
waiting-list periods (T1 and T2) as dependent variables and sequences (T-WL or
WL-T) as independent variable. In presence of carryover effects (p-value <0.05),
we assessed between sequence differences by an unpaired t-test considering TO
and T1 as time points, and sequence as group factor. Results: We observed
clinical and statistical improvements for BBT, with an overall between-sequence
difference of 8.6 + 2.6 blocks (p < 0.01) favoring treatment period in the less
affected side, and a not significant change of 3.0 + 2.6 blocks (p = 0.28) in the
most affected side. Small and not significant between-sequence differences
were found for 9HPT, and handgrip strength in both sides. Similarly, no
differences were found for patient reported outcomes, MFIS and MAM-36.
Finally, mean SUS score was 45.9 = 11.1 points, representing a moderate
usability of the system. Conclusion: An immersive VR-based approach resulted
useful to improve gross manual dexterity in the less affected limb in PWMS.
However, such improvement did not translate into modifications in terms of self-
reported ability to carry out activities of daily living nor went along with
improvement in fine hand dexterity, strength or fatigue. Finally, usability of this
technology was overall judged moderate, with lower scores assigned to items
representing user-friendliness.

U.S. Department
of Veterans Affairs

Immersive Virtual Reality in Health Care Literature Compendium 69



%
")’5;4 e AD“I\\

Besharat A, Imsdahl SI,
Yamagami M, et al. Virtual
reality doorway and hallway
environments alter gait
kinematics in people with
Parkinson disease and
freezing. Gait & Posture.
2022;92:442-448.

12.013

doi:10.1016/j.gaitpost.2021.

Background: Many people with Parkinson disease (PD) experience freezing of
gait (FoG), a transient gait disturbance associated with increased fall risk and
reduced quality of life. Head-mounted virtual reality (VR) systems allow
overground walking and can create immersive simulations of physical
environments that induce FoG. Research question: For people with PD who
experience FoG (PD+FoG), are kinematic gait changes observed in VR
simulations of FoG-provoking environments? Methods: In a cross-sectional
experiment, people with PD+FoG walked at their self-selected speed in a
physical laboratory and virtual laboratory, doorway, and hallway environments.
Motion analysis assessed whole-body kinematics, including lower extremity
joint excursions, swing phase toe clearance, trunk flexion, arm swing, sagittal
plane inclination angle, and spatiotemporal characteristics. One-way repeated
measures analysis of variance was conducted to examine the effects of
environment on gait variables, with planned contrasts between laboratory
environments and the virtual doorway and hallway. Results: Twelve participants
with PD+FoG (mean age [standard deviation]=72.8 [6.5] years, disease
duration=8.8 [8.9] years, 3 females) completed the protocol. The environment
had significant and widespread effects on kinematic and spatiotemporal
variables. Compared to the physical laboratory, reduced joint excursions were
observed in the ankle, knee, and hip when walking in the virtual doorway and in
the knee and hip when walking in the virtual hallway. In both the virtual doorway
and hallway compared to the physical laboratory, peak swing phase toe
clearance, arm swing, and inclination angle were reduced, and walking was
slower, with shorter, wider steps. Significance: Virtual doorway and hallway
environments induced kinematic changes commonly associated with FoG
episodes, and these kinematic changes are consistent with forward falls that are
common during FoG episodes. Combined with the flexibility of emerging VR
technology, this research supports the potential of VR applications designed to
improve the understanding, assessment, and treatment of FoG.

P U.S. Department
5% of Veterans Affairs

VA |

Immersive Virtual Reality in Health Care Literature Compendium 70



%
/754 e AD“I\\

Brouwer VHEW, Stuit S,
Hoogerbrugge A, et al.
Applying machine learning to
dissociate between stroke
patients and healt