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Objective: This study aims to systematically evaluate the influence of metaverse-based teaching tools on the med-
ical teaching effect and the improvement of students’ ability, providing evidence-based support for curriculum
development.

Methods: A comprehensive search of PubMed, Cochrane, Embase and Web of Science databases was conducted
up to 9 March 2025. Two researchers independently screened articles, extracted data, and assessed bias using the
Cochrane Handbook 5.1.0 checklist. Data analysis was performed using RevMan 5.3.

Results: Thirty studies involving 1,560 participants. The metaverse was applied in various areas such as surgery
training, anatomy teaching and communication skills. Common metaverse approaches include AR, VR, MR etc,
with simulated teaching times ranging from as little as 10 min to lasting several weeks. Most studies reported
improved student guidance, reduced training time, and enhanced learning interest, and confidence.

Conclusion: Metaverse technology proves effective for medical teaching, offering theoretical support for further

research.

Introduction

Due to constraints in working hours, regulations and ethical require-
ments, clinical teaching for medical students primarily relies on instruc-
tor demonstrations, theoretical explanations, and observation, which
hinders the integration of theory with practice.! In surgical education,
allowing a novice surgeon to use a scalpel requires patience, knowledge,
judgement and trust in the trainee’s ability.? With the growing demand
for healthcare and a persistent shortage of health professionals, along-
side ethical considerations like patient safety and privacy, modern tech-
nology must be leveraged to diversify teaching methods and enhance
effectiveness. Research has demonstrated that clinical simulations im-
prove students’ technical and non-technical skills, learning motivation
and the overall learning environment.® The metaverse offers an immer-
sive and innovative virtual world, utilising technologies like augmented,
virtual or mixed reality to create a simulation experience that engages
multiple senses.*

Originally proposed in the 1992 novel Snow Crash, the metaverse ex-
tends beyond a parallel dimension of the physical world, encompassing
applications like gaming, social networking and training. It constructs
a digital mirror of reality through code logic, forming a digital parallel
universe that bridges virtual and physical realms. Leveraging advanced
interactive technologies such as virtual reality (VR), augmented real-
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ity (AR) and mixed reality (MR), the metaverse offers users an immer-
sive experience through devices like high-definition headsets and smart
glasses. In this virtual realm, information is synchronised with reality,
allowing user actions to create cross-domain influences and trigger new
opportunities. While VR, AR and MR enhance perception and interaction
in distinct ways, their boundaries are increasingly blurred. VR provides
a fully virtual environment, AR overlays virtual information onto the
real world, and MR integrates virtual and real elements, allowing inter-
action between both realms. Together, these technologies are driving
the evolution of the metaverse.

The metaverse began to expand rapidly in 2021, penetrating various
industries, including education®° and industrial design.”*® In medicine,
it shows significant potential, facilitating drug sensitivity testing and
disease-specific health education,'® while revolutionising medical ed-
ucation through immersive, interactive virtual environments.!! For in-
stance, the pulse pressure simulator in the metaverse precisely replicates
the physiological characteristics of different age groups, enhancing pal-
pation training.!? Its interactive nature transcends geographic and tem-
poral boundaries, enabling real-time, synchronous learning experiences
that greatly improve teaching outcomes.'® The study demonstrated that
metaverse-based career guidance significantly boosts nursing students’
confidence in career decision-making, affirming its effectiveness in pro-
fessional training.!* From neurosurgery to ophthalmology, radiology to
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Metaverse in medical education

orthopaedics, and even nursing skill development, the metaverse is en-
riching medical education like never before. With high-fidelity graphics
and visualisation technologies, learners engage in hands-on practice, ad-
vancing medical education to new heights.!5-30

Despite its growing use in medical education, metaverse applications
vary in interventions, target populations and outcomes. Currently, no
comprehensive review offers a holistic view of its educational applica-
tions. Thus, this systematic evaluation reviews existing randomised con-
trolled studies on metaverse applications in medical education. It sum-
marises the current status, benefits and limitations of these applications,
offering insights for future educational strategies in medical education.

Materials and methods
Search strategy

This systematic review was registered in PROSPERO
(https://www.crd.york.ac.uk/PROSPERO/), the international database
for registered systematic reviews, under the registration number
CRD42023446864.

A systematic literature search was conducted up to 9 March 2025,
utilising databases such as PubMed, Cochrane CENTRAL, Embase and
Web of Science. The MeSH terms were “Metaverse” “Education, Med-
ical”, “Augmented Reality” and “Virtual Reality”, and are searched in
combination with other free words such as Mixed Reality, AR, VR, Med-
ical Education. A comprehensive literature search was conducted in
the PubMed database as following: (((Metaverse) OR (((“Augmented
Reality”[Mesh]) OR ((((((((Augmented Realities) OR (Realities, Aug-
mented)) OR (Reality, Augmented)) OR (Mixed Reality)) OR (Mixed
Realities)) OR (Realities, Mixed)) OR (Reality, Mixed)) OR (artificial
reality))) AND (((((C(((((((Virtual Reality[MeSH Terms]) OR (Reality,
Virtual)) OR (Virtual Reality, Educational)) OR (Educational Virtual
Realities)) OR (Educational Virtual Reality)) OR (Reality, Educational
Virtual)) OR (Virtual Realities, Educational)) OR (Virtual Reality, In-
structional)) OR (Instructional Virtual Realities)) OR (Instructional Vir-
tual Reality)) OR (Realities, Instructional Virtual)) OR (Reality, Instruc-
tional Virtual)) OR (Virtual Realities, Instructional)))) AND (((((Educa-
tion, Medical[MeSH Terms]) OR (Medical Education)) OR (Teaching))
OR (Training)) OR (Learning))) AND ((((((cross-sectional) OR (cohort))
OR (randomised controlled trial)) OR (RCT)) OR (trial)) OR (random*)),
and the search strategy of other databases was detailed in Supplemen-
tary information. Subsequently, a manual search was conducted to in-
corporate references that were acknowledged as Table S1 in the litera-
ture.

Inclusion exclusion criteria

Studies were selected based on defined inclusion and exclusion cri-
teria.

Inclusion criteria: (1) Study type: randomised controlled trials
(RCTs) related to medical pedagogy; (2) Study demographic: Medical
personnel or students; (3) Instructional technology: Use of metaverse
elements, including augmented reality (AR), virtual reality (VR) and
mixed reality (MR); (4) Outcome metrics: Studies reporting relevant out-
comes.

Exclusion criteria: (1) Repetitive or redundant publications; (2) Non-
English literature; (3) Non-primary research, including conference sum-
maries, letters, editorials and responses.

Literature screening and data extraction

Using Endnote, duplicates were removed from the literature. Two re-
searchers, Q.L and X.Z, independently evaluated the remaining studies
based on predetermined inclusion and exclusion criteria. A preliminary
review of titles and abstracts was followed by a thorough full-text as-
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sessment to exclude ineligible articles. In case of disagreement, a third
researcher, H.D, was consulted to reach a consensus.

Data extraction from the selected studies was conducted systemati-
cally, covering: (1) Authors; (2) study period; (3) Country; (4) Teaching
scene; (5) Teaching object; (6) Participants; (7) Intervention; (8) Out-
come.

Quality assessment

The quality of the randomised controlled trial (RCT) literature was
assessed based on the Cochrane Handbook for Systematic Reviews of
Interventions 5.1.0. The evaluation included seven domains: random
sequence generation, allocation concealment, participant and personnel
blinding, outcome assessment blinding, completeness of outcome data,
selective reporting, and other potential biases.?! Each domain was rated
as low, high or unclear risk. Studies with more ‘low-risk’ ratings were
considered high quality. Two researchers (Q.L and X.Z) independently
conducted the assessments, and disagreements were resolved by a third
researcher (X.L).

Results
The literature searching and basic information of included articles

Our study focused on the use of augmented reality (AR), virtual re-
ality (VR), and mixed reality (MR) in medical education via randomised
controlled trials (RCTs), excluding reviews, surveys and case—control
studies. A total of 30 articles were included (Fig. 1), spanning from
2012 to 2025, with most originating from the USA, South Korea and
Europe. Among these, 23 studies involved medical students, four in-
volved doctors, one involved nurses, and two included both medical
staff and students. The applications covered surgical training (n=11),
ophthalmic surgery (n=1), theoretical knowledge and nursing practice
(n=12), anatomy teaching (n=4), radiology teaching (N=1) and commu-
nication training (n=1). One study used a metaverse virtual simulation
for teaching, eight used MR, four used AR, and 15 used VR. Table 1
provides the list of included articles.

The result of quality assessment

A quality assessment revealed that 18 studies generated randomised
sequences, 0-17,20,23,25-30,32-39 and 17 studies implemented allocation
concealment.!6-17,20,22,23,25-27,29,32-39 Ejght studies lacked blinding,
but outcome assessments were unaffected.!”-28-33,37-41 Blinding of pa-
tients and principal investigators was maintained in three studies, with
no risk of unblinding.'®:2%2% Blinding of outcome measures was used
in 16 studies.!?-21-23,26,27,29,30,32,34-36,42-45 pour studies provided de-
tails on sample loss and reasons for attrition, with outcome data gener-
ally complete.!”-22:24.35 The remaining studies reported complete data,
with primary and secondary outcomes thoroughly described, and no
other bias was detected. The quality assessment results are presented in
Figs. 2 and 3.

Meta-universe in teaching medical students

Meta-universe technology is increasingly influencing medical edu-
cation, offering an immersive learning environment for students. Yang
et al*®> employed this technology for immersive simulation in nursing
care of early-onset schizophrenia, reporting significant improvements
in students’ knowledge, critical thinking and communication skills com-
pared to traditional online lectures. Similarly, Stojanovska et al'® used
Microsoft HoloLens for MR visualisation in anatomy teaching, cutting
teaching time nearly in half while seamlessly integrating art with ed-
ucation. Bogomolova et al'” demonstrated that HoloLens augmented
reality is particularly effective for students with poor mental rotation
skills, making the learning process more appealing. Blumstein®? focused
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Table 1
Characteristics of include studies.
Authors Study Country Teaching scene Teaching object Participants Intervention Outcome
period (intervention
group / control
group)
Greuter et al'® 2018-2020 Switzerland Cerebrovascular Neurosurgery residents 40/40 VR Aneurysm detection time;
anatomy and medical students Accuracy of describing the
(4th-6th years) anatomical and spatial features of
the aneurysm
Bogomolova et al'” 2018 The Netherlands Anatomy First- and second-year 20/(20/18) AR Visual-spatial abilities;
undergraduate students of Anatomy knowledge;
medicine and biomedical Evaluation of learning experience
sciences
Stojanovska et al'® 2017 USA Musculoskeletal Second-year medical 31/33 MR Curricular time;
anatomy students Exam score
Liu et al'” 2020 China Understanding of ~ Radiologists, surgeons and 30/30 MR Task scores;
the pulmonary medical students NASA Task Load Index Scores;
lesions caused by Likert-scale questionnaire scores
COVID-19
Rai et al*° 2012 Canadian Binocular indirect Postgraduate year 1 13/15 AR Time required;
ophthalmoscopy (PGY1) ophthalmology Total score;
residents Performance
Logishetty et al*! 2019 UK Total hip Surgical trainees 12/12 VR Procedure-based assessment (PBA)
arthroplasty (THA) (postgraduate years 3-5) global
surgical training summary scores;
The number of satisfactory
components in the expert-assessed
PBA;
Technical performance and
operative time
Blumstein et al** 2020 USA Tibial First- and second-year 10/10 VR Aggregate global assessment
intramedullary medical students without scores;
nailing (IMN) prior experience of Percentage of steps completed
procedure procedure correctly;
Completion of later steps;
Scored in knowledge of
instruments;
Average improvement
William et al*® 2022 USA Reverse total Junior orthopaedic surgery 6/8 VR Objective structured assessment of
shoulder residents (postgraduate technicals
arthroplasty year (PGY) 1-3) kill (OSATS);
Global rating scale;
Time to completion of assessment;
Post-training
written knowledge score
Lohre et al** 2020 Canada Orthopaedic Orthopaedic surgical 12/11 VR OSATS score;
education residents and orthopaedic Knowledge score;
shoulder arthroplasty Time to completion of the
surgeons cadaveric task.
McKinney et al?® 2019-2020 USA Unicompartmental Orthopaedic surgery 11/11 VR Programme operation score;
knee arthroplasty  residents Time spent in study and
(UKA) procedural
Participant Questionnaire
Orland et al.?® 2020 USA Tibial First- and second-year (8/9)/8 VR Proportion of participants who
intramedullary medical students completed the task;
nailing (IMN) Proportion of incorrect steps;
procedure The number of hints requested
during the test;
Mean time to completion of the
task
Birrenbach et al*’ 2020 Switzerland COVID-19-related Medical students 15/14 VR Number of missing areas during
skill hand disinfection;
Nasopharyngeal swab test score;
Number of contaminated body
areas during doffing;
Usability, satisfaction, simulator
sickness, sense of presence, and
immersion
Heo et al*® 2022 Korea Mechanical Nurse 15/15 AR Overall score of the procedure;

The level of assistance required;
Confidence, suitability, and
whether they intended to
recommend AR system to others

ventilator setup

(continued on next page)
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Table 1 (continued)
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Authors Study Country Teaching scene Teaching object Participants Intervention  Outcome
period (intervention
group / control
group)
Plotzky et al*® 2023 Germany Endotracheal Undergraduate nursing 47/(43/41) VR And MR  Knowledge test;
suctioning skill students Objective structured clinical
examination (OSCE);
Satisfaction with learning;
Acceptance of VR technology;
Qualitative data
Schoeb et al*® 2017-2018 Germany Male The students of 4th and  59/105 MR Teaching preference and learning
catheterisation 5th year in a 6-year MD experience;
(medical doctor) Self-evaluation;
Objective structured clinical
examination (OSCE);
Standardised system usability scale
Tadlock et al*? 2020 USA Combat casualty Special forces medics, 8/6 MR Likert scale-based questionnaire
care-related non-surgeon physicians,
procedures and junior surgeons
Wang et al*® 2020 New Zealand Anatomy Second-year medical 19/(15/18) MR Minute-by-minute EEG signals;
students Anatomy test;
User perception and usability
survey;
Memorability and long-term
retention survey;
psychometric tests
Nagayo et al** 2021 Japan Suture techniques Medical students 19/19 AR Global rating (GR) form;
in open surgery Task-specific (TS) checklist;
System usability measure;
Level of confidence and interest
Pulijala et al*® 2017 UK Le Fort I osteotomy Novice surgical residents 51/40 VR Evaluation scores of the
perceived self-confidence levels;
Changes in the knowledge
levels;
Perceived self-confidence scores
Veer et al*® 2022 Australia Asthma medical First-year undergraduate  33/34 MR Knowledge retention scores after 2
knowledge students weeks;
Participant perceptions
Liaw et al*? 2018 Singapore Nurse-physician Third or fourth year of 60/60 VR Team communication
communication medicine or nursing performance;
team training students Teamwork attitudes
Yang et al*® 2022 South Korea Early-onset Third-year nursing 29/29 Metaverse Knowledge,;
schizophrenia students Critical thinking ability;
nursing programme Learning self-efficacy;
Communication ability;
Learning satisfaction and
confidence
Francis et al*® 2020 USA Operating room Second year physician 26/26 VR Measuring self-efficacy
simulation teaching assistant students
Lamb** 2023 USA Tibia Fourth-year medical 19/19 VR Global assessment five-point scale
intramedullary nail students assesses overall performance;
(IMN) procedure Evaluate satisfaction, confidence,
applicability and overall interest
Alam®” 2024 India Lumbar pedicle Residents and fellows 19/19 VR The accuracy of the placement of
screw insertion lumbar pedicle screws
(LPSD)
Guha*® 2023 UK Basic arteriotomy  Clinical medical student  18/18 MR Overall proficiency score;
and closure Score for instrument selection;
Suture quality;
Participant learning style and
performance;
Participant feedback
Cetinkaya Uslusoy®® 2023 Turkey Course ‘Nursing First-year students 20/22 Metaverse Instructional materials motivation
Process’ studying in the survey (IMMS);
Department of Nursing Academic success assessment
(quiz)
Brix*’ 2024 Denmark Basic life support ~ Third-year nursing 30/29 VR Self-efficacy and professional
students competence;
Interviews
Dubinski*® 2025 Rostock Familiar with Medical students 12/12 VR The number taking the wrong
operating room direction;
techniques and Dress in surgical gown;
environment The number getting stuck
d’Aiello*! 2022 Italy Congenital heart ~ Medical students 19/(20/20) MR Proficiency survey;

disease

Satisfaction regarding
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on orthopaedic surgery training for students with no surgical experi-
ence, showing that VR technology led to substantial improvements in
intramedullary nail surgery technique compared to traditional printed
guide-based teaching. Overall, meta-universe teaching enhances the
learning experience, accelerates knowledge acquisition and improves
practical skill development.

Meta-universe in the teaching of medical personnel

As an innovative tool for medical education, the connectivity and in-
teractivity of the metaverse have significantly optimised medical train-
ing and enriched teaching practices. Pulijala et al®> applied VR in max-
illofacial surgical skills training for novice hand surgery residents, en-

abling them to practise complex procedures in a risk-free virtual en-
vironment. This approach notably improved both their confidence and
skills compared to traditional two-dimensional methods. Similarly, Tad-
lock et al®? introduced mixed reality (MR) technology in the training
of special forces non-surgeons, utilising HoloLens for real-time holo-
graphic guidance from experts. This enhanced teacher-student interac-
tion and feedback, suggesting potential for future telemedicine educa-
tion. Heo et al*® demonstrated the efficacy of AR in respiratory train-
ing for nurses, showing improvements in learning efficiency, reduced
help-seeking and increased confidence. Collectively, metaverse-based
teaching not only reinforces medical fundamentals but also offers new
avenues for skill enhancement and confidence-building among medical
professionals.
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Application of meta-universe in different teaching scenarios

Meta-universe-based simulation teaching

Innovative metaverse models in medical teaching accelerate skill ac-
quisition among students and foster teamwork. Rai et al*® introduced
EyeSI AR simulators in ophthalmology residency training, demonstrat-
ing their superiority over traditional methods in enhancing resident
skills. Liaw et al*> found that VR environments effectively improved
communication and collaboration in medical student teams. Francis et
al*® showed that VR in operating room simulations significantly in-
creased students’ self-efficacy. Collectively, these studies highlight the
metaverse’s vast potential for improving diverse skills in complex med-
ical simulations.

Metaverse opens new path for surgical training

The meta-universe technology holds significant promise in medical
education, particularly in orthopaedic surgical training. Virtual reality
(VR) not only accelerates learning and skill refinement, but also en-
hances the overall learning experience. Logishetty et al>! demonstrated
that VR training for total hip arthroplasty (THA) led to superior out-
comes compared to traditional methods, including better overall scores,
reduced operative time and improved accuracy. Similarly, McKinney
et al*® found that VR training for unicompartmental knee arthroplasty
(UKA) resulted in higher accuracy, faster completion, and an improved
learning experience compared to conventional training. Orland et al*°
reported that VR was more effective than traditional graphic materials
for teaching tibial intramedullary nail insertion, enhancing both effi-
ciency and accuracy. Lohre et al’* showed that VR outperformed jour-
nal reading for learning glenoid exposure, providing greater realism and
improved manoueving skills. Although William et al*® did not find a sig-
nificant difference in OSATS scores between VR and traditional methods
for reverse-T shoulder arthroplasty, the immersive nature of VR still of-
fers valuable advancements in surgical training.

Metaverse applied to teaching radiological knowledge

In orthopaedic surgery education, virtual reality (VR) is widely
utilised, while mixed reality (MR) is increasingly applied in radiology
instruction. Integrating meta-universe technology into medical teaching
enhances student engagement through immersive and interactive learn-
ing experiences, potentially optimising educational outcomes. Veer et
al explored MR technology in teaching asthma medical knowledge by
developing a Unity 3D platform that enables students to interact with
3D models of the lungs and heart using gestures and voice commands.
This MR-based approach received higher ratings for experiential quality,
learning efficiency and recommendation willingness compared to tradi-
tional graphic materials.>® MR not only maintains effective knowledge
transfer but also enhances learning appeal and interactivity, offering
practical insights for making medical teaching more efficient, intuitive
and engaging.

Metaverse applied to knowledge and skill enhancement training

In medical education, meta-universe technology enhances students’
professional knowledge and skills. Schoeb et al applied MR technology in
bladder catheterisation training, significantly improving students’ oper-
ative skills, providing a reference for future studies.*? Birrenbach et al*’
used VR to optimise COVID-19 nasopharyngeal swab collection train-
ing, showing that the experimental group outperformed the control in
performance scores (scoring a median of 14 vs 12), with higher rat-
ings for immersion, tolerance and satisfaction. These studies demon-
strate the effectiveness of immersive technologies in improving proce-
dural skills. Liu et al'® found that MR-based teaching significantly im-
proved students’ cognitive ability to recognise COVID-19 lung lesions.
Nagayo et al** explored AR technology for suturing technique training
and found that the motion provided in the AR system was more helpful
for manipulating surgical instruments compared to the video. Plotzky
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et al*® reported that while VR did not significantly improve endotra-
cheal suctioning success rates compared to the control group, the VR
group showed higher levels of cognitive satisfaction, ease of use and en-
joyment (15.72 vs (19.93 and 17.96)). The application of meta-universe
technologies across basic and advanced skill training enhances hands-on
skills, expertise and learning satisfaction, despite accompanying techni-
cal and practical challenges.

Applying the metaverse in teaching anatomy

Anatomy is a crucial area in medical education. Wang et al*® ap-
plied MR technology to a neuroanatomy course, showing that while
text-based instruction outperformed 3DM in the short term, knowledge
retention was more sustained over time in students taught with MR.
Greuter et al'® used VR to teach neurosurgical cerebrovascular anatomy,
and the study demonstrated that the immersive environment of VR sig-
nificantly reduced the time to aneurysm detection, with most partici-
pants favouring VR for anatomical knowledge acquisition. While these
studies emphasise the advantages of MR and VR in improving learning
outcomes, they also indicate potential drawbacks such as dizziness or
nausea during use.

Discussion

The rapid advancement of technology has led to the widespread in-
fluence of the metaverse on human life and work patterns, garnering
significant attention in medical education research.*” Compared to tra-
ditional models — such as laboratory practice, clinical internships and
classroom teaching - the metaverse offers a novel approach to med-
ical education with its benefits of resourcefulness, cost-effectiveness,
safety, convenience and efficiency.>-18:4¢ In the metaverse’s virtual en-
vironment, students can perform virtual surgeries, engage in simulated
case discussions, and practise communication skills without impacting
real patients, thereby enhancing practical skills and teamwork abili-
ties.42-4%:49 Additionally, metaverse-based teaching enables the collec-
tion and analysis of students’ learning behaviour data, allowing educa-
tors to tailor personalised learning resources and course content, thus
improving educational management and personalising the learning ex-
perience.!?

Research on the application of metaverse technology in medical ed-
ucation is extensive; however, the interventions, research targets and
conclusions across studies lack a unified standard. This study synthe-
sises and systematically evaluates the use of the metaverse in medi-
cal teaching, finding a consensus that supports its positive potential
in this field.>” Compared to traditional teaching methods, metaverse-
based instruction enhances teaching effectiveness, significantly short-
ens the teaching cycle,'®-'8 and transcends temporal and spatial con-
straints.*3 Its unique three-dimensional visual environment offers learn-
ers unprecedented immersion to explore complex medical knowledge
and skills.!®17,19:34.50 guch immersive experiences effectively boost
students’ interest in learning and enhance their self-confidence and self-
efficacy.?8:29,35,46 Moreover, the metaverse provides more standardised
instruction®? and improves the retention and application of knowledge
among medical students.>*

In anatomy education, although cadaveric dissection offers un-
matched authenticity and intuition, its limitations include resource
scarcity and high costs. The meta-universe introduces a virtual platform
that allows students to practise before engaging with physical speci-
mens. This approach not only reduces costs but also enables unlimited
repetition of knowledge, enhances understanding of anatomical space,
and achieves teaching outcomes comparable to or even superior to ca-
daveric dissection.!>>16,18

In surgical education, the metaverse demonstrates significant poten-
tial. It offers a platform for practising rare and complex surgeries as
well as for novice surgeons, providing a virtual environment that simu-
lates both complications and routine cases. This set-up enables repeated
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practice under safe conditions, enhancing emergency response, surgi-
cal precision and operational efficiency.?!-25-35 Additionally, the meta-
verse allows for precise capture of fine motor movements, such as fin-
ger positioning, facilitating real-time monitoring and guidance by edu-
cators.??-°1 This capability improves surgical accuracy®® and enhances
students’ learning experience and satisfaction. Furthermore, studies by
Lorenzo-Alvarez°®? show that the metaverse’s gamified learning environ-
ment, with realistic graphics and visual interactions, overcomes the lim-
itations of traditional 2D materials and greatly boosts students’ learning
enjoyment and knowledge retention.

The metaverse, functioning as a ‘simulated workplace’, allows stu-
dents to familiarise themselves with the future healthcare environment
through near-realistic simulations of consultations, medical communica-
tion and hands-on practice, facilitating a smooth career transition.>3-54
In first aid training, metaverse-based scenarios offer realistic simula-
tions, enabling learners to train efficiently anytime and anywhere while
reducing teaching costs.>®> Additionally, the metaverse supports patient
education and health management through digital twins, providing sim-
ilar high-quality training scenarios.>® In English teaching, the metaverse
creates virtual environments that offer immersive and interactive learn-
ing experiences for both teachers and students, meeting their educa-
tional needs in both real and virtual settings, and enhancing student
interactivity, immersion and cognitive engagement.®

The integration of the metaverse into medical education is becom-
ing increasingly prevalent, utilising VR/AR/MR technologies to en-
hance teaching and learning. This method transcends physical limits,
providing an immersive educational experience. However, the meta-
verse, especially through digital twin technology, fails to fully repli-
cate real-world interactions, such as nuanced facial expressions.*> Ad-
ditionally, users may experience discomfort, including dizziness and
nausea, while engaging with the metaverse.'® These challenges under-
score the complex, interdisciplinary nature of metaverse development,
requiring continual technological advancements. Moreover, the meta-
verse raises significant concerns regarding mental health, privacy and
adherence to medical ethics.”” Addressing these multifaceted issues,
particularly in technological refinement and ethical considerations, is
essential for the effective integration of the metaverse into medical
education.

This study has several limitations. The variability of indicators across
studies results in a lack of uniformity, making meta-analysis unfeasible.
Moreover, the small sample sizes in the included studies may introduce
selection bias, and the impact of the metaverse on medical education
with larger, more representative samples remains unexplored. Thus, the
applicability of the metaverse in medical education, particularly with
larger populations, requires further investigation.

Most research on the metaverse’s application in medical education
is concentrated in Europe and the USA, with limited studies in devel-
oping countries, likely due to the technological and financial demands
of metaverse implementation. This disparity indicates that widespread
adoption of metaverse technology in global medical education may face
significant challenges. However, technological advancements could help
overcome these barriers, improving the feasibility of metaverse utilisa-
tion.

This study represents the first systematic evaluation of the meta-
verse’s role in medical education, offering a novel contribution to the
field. To maintain rigorous standards, only randomised controlled tri-
als (RCTs) were included, excluding case—control and cross-sectional
studies. The findings provide a theoretical foundation to support and
guide future research. Future RCTs with larger sample sizes could yield
more generalised and robust insights into the metaverse’s effectiveness
in medical education.
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