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Abstract

Background: The metaverse driven by immersive technologies such as virtual reality (VR), augmented reality (AR), mixed
reality (MR), artificial intelligence (AI), and blockchain has begun to reshape medical education. By creating highly interactive
and personalized learning environments, the metaverse offers promising opportunities to enhance experiential learning, foster
collaboration, and overcome geographic and resource barriers.

Objective: This systematic review aimed to assess the current adoption and challenges of metaverse technologies in medical
education.

Methods: Following PRISMA guidelines, six major databases were searched in November 2024 and updated in June 2025.
Eligible studies were English-language publications from 2021 to 2025 investigating metaverse applications in medical and
clinical education. Exclusion criteria were non-English studies, articles under two pages, book chapters and studies unrelated to
medical education. After screening and quality assessment, 41 studies were included for qualitative synthesis.

Results: Evidence shows that the metaverse enhances experiential learning via simulated clinical environments, remote virtual
dissections, AI-driven diagnostics, and collaborative global training. It expands accessibility, particularly for learners in
underserved areas, by reducing geographic and financial barriers. However, significant challenges remain: high costs, limited
infrastructure, privacy and data security concerns, digital literacy gaps, and resistance to adoption; especially in low and middle-
income countries. Despite its promise, the metaverse cannot fully replace traditional hands-on clinical practice. Its successful
integration into curricula depends on rigorous, evidence-based strategies and supportive policy frameworks.

Conclusions: The adoption of metaverse technologies represents a transformative shift in medical education. These simulations
may enrich clinical skill training, encourage global collaboration, and support learner autonomy, mental well-being, and lifelong
learning; particularly for students in remote or underserved areas. However, substantial challenges must be addressed, including
privacy concerns, financial constraints, technological disparities, and ethical considerations. Realizing this potential requires
evidence-based integration, ethical safeguards, inclusive strategies, and supportive policies that preserve the humanistic core of
healthcare. Clinical Trial: N/A

(JMIR Preprints 21/08/2025:82754)
DOI: https://doi.org/10.2196/preprints.82754
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Exploring the Use of Metaverse in Future Medical

Education: Navigating Adoption and Challenges

Abstract
Background: The metaverse driven by immersive technologies  such as  virtual  reality  (VR),

augmented reality (AR), mixed reality (MR), artificial intelligence (AI), and blockchain has begun to

reshape medical education. By creating highly interactive and personalized learning environments,

the metaverse offers promising opportunities to enhance experiential learning, foster collaboration,

and overcome geographic and resource barriers.

Objective: This  systematic  review  aimed  to  assess  the  current  adoption  and  challenges  of

metaverse technologies in medical education. 

Methods: Following PRISMA guidelines, six major databases were searched in November 2024

and updated in June 2025. Eligible studies were English-language publications from 2021 to 2025

investigating metaverse applications in medical and clinical education. Exclusion criteria were non-

English studies, articles under two pages, book chapters and studies unrelated to medical education.

After screening and quality assessment, 41 studies were included for qualitative synthesis.

Results: Evidence shows that the metaverse enhances experiential learning via simulated clinical

environments, remote virtual dissections, AI-driven diagnostics, and collaborative global training. It

expands accessibility,  particularly for  learners  in  underserved areas,  by reducing geographic and

financial barriers. However, significant challenges remain: high costs, limited infrastructure, privacy

and data security concerns, digital literacy gaps, and resistance to adoption; especially in low and

middle-income countries. Despite its promise, the metaverse cannot fully replace traditional hands-

on clinical practice.  Its  successful integration into curricula depends on rigorous,  evidence-based

strategies and supportive policy frameworks.

Conclusion: The adoption of metaverse technologies represents a transformative shift in medical

education. These simulations may enrich clinical skill training, encourage global collaboration, and

support  learner  autonomy,  mental  well-being,  and  lifelong  learning;  particularly  for  students  in

remote or underserved areas. However, substantial challenges must be addressed, including privacy

concerns, financial constraints, technological disparities, and ethical considerations. Realizing this

potential requires evidence-based integration, ethical safeguards, inclusive strategies, and supportive

policies that preserve the humanistic core of healthcare.

Keywords: Metaverse,  Medical  Education,  Virtual  Reality  (VR),  Augmented  Reality  (AR),

Artificial Intelligence (AI), Immersive Learning, Experiential Learning, Healthcare Training, Digital
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Literacy, Digital Privacy

INTRODUCTION

The metaverse is the convergence of physical and digital realities, enabled by advanced technologies

such as virtual reality (VR), augmented reality (AR), mixed reality (MR), artificial intelligence (AI),

and blockchain, and has rapidly evolved from a conceptual vision into an emerging ecosystem with

transformative potential across many domains.[1] Initially driven by entertainment and gaming, the

metaverse is now reshaping industries such as education, commerce, urban planning, and healthcare.

Its defining features, including persistent 3D virtual worlds, immersive and interactive environments,

and real-time global collaboration, offer unprecedented opportunities for experiential learning, skill

development, and innovation.[2]

Metaverse  platforms  enable  immersive  practice,  enhance  engagement  through  gamification  and

personalized learning pathways, and bridge geographical and socioeconomic gaps by making world-

class education accessible to learners worldwide. This is particularly promising in medical education,

where experiential  training,  exposure  to  diverse  cases,  and real-time feedback are  vital  for  skill

acquisition  and  professional  development.  Virtual  patient  encounters,  collaborative  global

simulations, and realistic operative practice can equip future healthcare professionals with greater

confidence, competency, and empathy.[3] In education, especially medical education, the metaverse

promises to revolutionize teaching and learning by enabling students to explore virtual anatomy labs,

practice clinical scenarios, and conduct surgical simulations in safe and engaging environments.[4]

Despite these advantages, significant barriers hinder the widespread adoption of metaverse-based

education in healthcare. Technological constraints, including the need for robust broadband, costly

VR/AR  hardware,  and  scalable  IT  infrastructure,  pose  major  challenges  for  many  institutions,

especially those in under-resourced or rural areas.[5] Beyond hardware, there is a lack of established

best practices and standardized guidelines for integrating these technologies into medical education

curricula.[6] Concerns about data security, user privacy, and consent further compound the issue,

particularly  given  the  sensitivity  of  healthcare  information.[7]  Faculty  may  also  resist  these

innovations due to unfamiliarity with the technology, skepticism about its efficacy, or difficulties in

aligning virtual tools with traditional teaching methods.[8]

Additionally,  virtual  environments  can  contribute  to  cognitive  overload,  virtual  fatigue,  and

inequities  in  access  to  technology,  threatening  student  well-being  and  potentially  diminishing

educational outcomes. Without rigorous research to validate the effectiveness of metaverse tools,

educators and regulators may hesitate to fully embrace these platforms. Patient safety concerns also

persist; simulated practice must meet stringent educational and certification standards if it is to serve

https://preprints.jmir.org/preprint/82754 [unpublished, non-peer-reviewed preprint]
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as a substitute for traditional hands-on learning. [9]

While the metaverse offers a bold and exciting vision for the future of medical education, enabling

rich,  accessible,  and  adaptable  learning  experiences;  its  successful  integration  will  require  a

coordinated response to practical and ethical challenges. This includes investments in infrastructure,

the development of robust guidelines and policies, faculty training, and careful attention to privacy,

equity, and long-term evaluation of its educational impact. Addressing these barriers will help realize

the  metaverse’s  potential  to  advance  healthcare  training  globally,  ensuring  that  tomorrow’s

practitioners receive high-quality, immersive, and safe preparation for clinical practice. [10]

The  aim of  this  review is  to  identify  the  core  educational  values  of  the  metaverse,  explore  its

practical uses in medical education, and highlight its adoption and the barriers to implementation. To

the best of the researcher’s knowledge, existing systematic literature reviews (SLRs) have discussed

the  use  of  the  metaverse  in  medical  education  and  covered  its  current  status,  benefits,  and

applications in teaching both medical students and teaching personnel; however, no study is available

on the  adoption  of  the metaverse  and its  challenges.[11]  This  review aims to  inform educators,

students, policymakers, and stakeholders about the strategic integration of metaverse technologies

into future curricula and the associated barriers. It also proposes evidence-based guidelines to ensure

the ethical, inclusive, and effective use of immersive technologies in medical training.

METHODOLOGY

This  systematic  review  was  conducted  in  accordance  with  the  Preferred  Reporting  Items  for

Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Information Sources

A comprehensive literature search was performed across six major databases between November

2024  and  June  2025:PubMed  (https://pubmed.ncbi.nlm.nih.gov),JMIR  Publications

(https://jmirpublications.com)IEEE  Xplore  (https://ieeexplore.ieee.org/Xplore/home.jsp),Google

Scholar(https://scholar.google.com), Wiley Online Library (https://onlinelibrary.wiley.com), Wolters

Kluwer (https://www.wolterskluwer.com/en)

Search Strategy

Search  terms  included  variations  and  combinations  of  the  following  keywords  and

phrases:“Metaverse”  OR  “Virtual  Reality”  OR  “VR”  OR  “Augmented  Reality”  OR  “AR”  OR

“Mixed Reality” OR “Medical Education” OR “adoption” OR “Clinical education” OR “Simulation-

Based Learning” OR “challenges” OR “Immersive Technology” OR “Healthcare Education” OR

“Simulation  Training”  OR  “Metaverse  in  Medical  Education”  OR  “Metaverse  in  Healthcare

Education”

https://preprints.jmir.org/preprint/82754 [unpublished, non-peer-reviewed preprint]
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Inclusion Criteria

Eligible studies were peer-reviewed articles published in English between January 2021 and June

2025 that investigated the application of metaverse technologies in medical or clinical education.

Priority  was  given  to  research  involving  VR,  AR,  and  AI-driven  simulations,  with  additional

consideration of studies addressing ethical implications, equity, and the digital divide.

Exclusion Criteria

Studies were excluded if they were non-English, less than two pages, book chapters, or outside the

scope of medical education and training.

Data extraction and synthesis

A comprehensive search of six electronic databases; PubMed (n = 7,279), IEEE (n = 4,271), Wiley

Online Library (n = 422), Wolters Kluwer (n = 298), JMIR (n = 212), and Google Scholar (n = 33);

yielded  12,515  records.  After  removing  duplicates,  9,286 unique  records  remained  for  title  and

abstract screening, of which 9,182 were excluded for not meeting the predefined inclusion criteria.

The remaining 104 full-text articles were assessed for eligibility. Of these, 56 were excluded due to a

lack of relevance to  the research objectives,  and a  further  7 were excluded for reasons such as

incomplete  data  or  failure  to  meet  methodological  requirements.  Ultimately,  41  studies  met  all

inclusion  criteria  and were  included  in  the  final  qualitative  synthesis.  Relevant  data  from these

studies were systematically extracted and synthesized to address the aims of this review.

Screening reliability 

Five independent reviewers (MA, MS, IS, SZ and SSJ) assessed abstracts to ensure the reliability of

the screening process and avoid duplication. Any discrepant cases between the three were resolved

by senior  reviewers (UA, SJ,  HI,  and GF).  Journal  abstracts  were downloaded,  and screened in

Rayyan. ai by using csv file$ formats Full text was also independently reviewed by (AJ, SJ, and GF)

for all may be included, and disagreements were resolved through discussion with the lead reviewer

(ZB, MIS, FI).

Comparative accuracy data was then extracted and synthesized from included studies by Authors

(SA, FI, UA and GF) in Rayyan. ai tool. None of these were done with the help of automation tools.

Any malcontent extracted data was addressed and solved via consensus between reviewers (IAS,

ZB).  
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Figure 1: PRISMA Chart
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RESULTS

The table 1 provides a synthesis of 41 recent studies examining the integration of metaverse technologies into medical education.

Author & Year Adoption  of  Metaverse  in  Medical
Education

Barriers/Challenges Conclusion Study Type

Li et al., 2025 [11]  Metaverse  tools  like  AR/VR/MR  are  used
across  surgery  training,  anatomy  teaching,
and  communication  skills  development,
enhancing  student  engagement,  confidence,
and reducing training time.

 Technical  issues,  hardware  cost,
varying  implementation  lengths,
and limited standardization across
programs.

 Metaverse tech effectively supports medical
teaching  and  skill  improvement,  warranting
more curriculum integration.

 Systematic review

Lau et al., 2025 [12]  Metaverse  tools  (AR/VR  simulators)  are
used  in  acute-care  training  e.g.,  managing
code  blues,  sepsis,  stroke  and  to  teach
technical  and  nontechnical  skills  like
teamwork and communication.

 Technical  difficulties,  plus
challenges  in  measuring
educational  impact  compared  to
traditional  high-fidelity
simulation.

 Metaverse is a growing educational tool with
strengths  and  limitations;  future  research
needed  to  compare  it  to  other  simulation
modalities and guide curriculum planning.

 Scoping review

Ghaempanah
et al., 2024 [13]

 The  metaverse  using  AR/VR/AI/IoMT  can
enhance  medical  education  via  immersive
training,  skill  development,  virtual  patient
interaction, and better communication.

 Limited internet access high cost
of  AR/VR gear,  user  discomfort,
risk  of  overreliance  on
simulations,  ethical/privacy
concerns, lack of guidelines.

 Metaverse  offers  promising  support  for
clinical  training but should supplement,  not
replace,  traditional  education.  More
guidelines and evidence are needed.

 Narrative review

Arpaci  et  al.,  2024
[14]

Metaverse  platforms  enable  immersive,
interactive,  and  personalized  virtual
education  that  supports  autonomy  and
engagement in medical training.

Common  method  bias,  sampling
limitations,  and  limited
transferability  across  different
contexts.

Autonomy and  hedonic  motivation  are  key
drivers  of  sustained  metaverse  adoption,
implying  practical  considerations  for
educators and developers.

Cross-sectional

Chauhan et al., 2024
[15]

Interactive campaigns, gamified apps, virtual
clinics, and collaborative simulations enhance
skill-building and knowledge retention.

Equipment  costs,  data  privacy,
usability, accessibility, ethics, and
lack of legislative support.

Strong  interest  in  metaverse  tools,  but
substantial technical and policy barriers must
be tackled for mainstream adoption.

Survey-based study

Jin et al., 2024 [16] The metaverse supports hybrid education and
collaborative  virtual  learning  spaces  for
medical instruction.

Digital  inequality,  social
technophobia,  and  transparency
concerns.

Trust  and  transparency  drive  metaverse
adoption;  digital  access  and  cultural
acceptance must be prioritized.

Empirical research

Kulkarni et al., 2024
[17]

Metaverse-based  predictive  models  and
digital  twins  enhance  hands-on  learning  of
complex procedures and diagnostics.

Gradient  instability  and
implementation complexity in AI-
driven predictive tools.

Metaverse-based  predictive  tools  improve
accuracy in simulated practice and encourage
rapid skill acquisition.

Experimental

https://preprints.jmir.org/preprint/82754 [unpublished, non-peer-reviewed preprint]
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Letafati  et  al.,  2024
[18]

Metaverse-driven  healthcare  education  tools
enable safe practice in virtual clinics and AI/
ML-based learning modules.

Privacy  risks,  data  security,  and
vulnerability to cyberattacks.

Privacy-preserving  measures  and  secure
architectures  must  be  adopted  alongside
metaverse tools for safe and ethical use.

Review article

Lewis  et  al.,  2024
[19]

Immersive VR/AR tools enhance interactive
learning  and  practical  skill  development  in
medical education.

Technological inequities, need for
faculty adaptation, integration into
existing curricula.

Metaverse  tools  can  transform education  if
supported  by  proper  infrastructure  and
pedagogical strategies.

Review

Mizuta  et  al.,  2024
[20]

Metaverse-based  programs  promote  student
health  and  encourage  physical  activity  in
engaging virtual spaces.

Participant  engagement  issues,
difficulty  in  standardizing
program interventions.

Metaverse  environments  support  increased
participation  and  well-being  if  tailored  to
student needs.

Interventional Study

Ramos  et  al.,  2024
[21]

Metaverse  mental  health  interventions
enhance access to support for tech-savvy and
geographically diverse students.

Sociodemographic  barriers,
stigma, and preference differences
across user groups.

Targeting  specific  groups  can  improve
acceptance  and  impact  of  mental  health
interventions using metaverse tools.

Cross-sectional

Shwedeh et al., 2024
[22]

Metaverse  adoption  in  higher  education
provides  rich,  collaborative,  and  borderless
educational experiences.

Digital  divides,  inconsistent
regulation,  lack  of  institutional
policy support.

Policymakers,  educators,  and  stakeholders
must  collaborate  to  integrate  metaverse
successfully into curricula.

Empirical
Investigation

Farrukh et al.,  2024
[23]

Immersive  simulations  and  remote  training
tools  improve  surgical  skill  acquisition  and
enhance practical education.

Privacy  and  data  security  risks,
expensive  setups,  need  for
validation of simulations.

Metaverse  holds  substantial  potential  for
hands-on  skill  training  if  validated  and
privacy-secured.

Narrative Review

Jagatheesaperumal
et al., 2024 [24]

Metaverse  provides  interactive  skill-training
simulations  and  real-time  collaborative
learning.

Interoperability  and  integration
issues  across  devices  and
platforms.

Metaverse  could  greatly  enhance  skill
development with attention to standardization
and interoperability.

Narrative Review

Rane  et  al.,  2023
[25]

Virtual  surgical  training,  3D  anatomy
dissections,  and  collaborative  simulations
enhance practical skill sets.

Privacy concerns,  interoperability
with  existing  clinical  tools,  and
regulatory compliance.

Metaverse-based  surgical  training  can
improve  patient  care  preparedness  if
integrated securely and ethically.

Preprint

Suh et al., 2023 [26] Metaverse-facilitated problem-based learning
improves knowledge retention and diagnostic
skill practice.

Lack  of  rigorous  outcome  data
and  the  need  for  long-term
sustainability research.

Interactive,  virtual  education  enhances
learning but cannot fully substitute hands-on
clinical practice.

Peer-Reviewed

Kim  &  Kim  et  al.,
2023 [27]

Mixed-reality and VR tools enable simulated
surgical practice and urology skills training.

Limited clinical trials for wearable
devices,  discomfort,  and
acceptance challenges.

Extended-reality  tools  improve  skills  and
accessibility, with further research needed to
establish clinical benefits.

Review

https://preprints.jmir.org/preprint/82754 [unpublished, non-peer-reviewed preprint]
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Coşkun et  al.,  2023
[28]

Metaverse  integration  enhances  e-health
literacy  and  empowers  adolescents  with
health knowledge.

Variability  in  adoption  and
sustainability of behavior change.

Metaverse tools support adolescent education
if  backed  by  institutional  endorsement  and
evidence of long-term impacts.

Quantitative

Zaman., 2023 [29] Metaverse provides accessible skill practice,
virtual  skill  labs,  and  repeatable  learning
opportunities.

Digital  inequity,  lack  of
infrastructure,  privacy  risks,  and
platform accessibility.

Metaverse  offers  global  healthcare  training
solutions if equity and privacy are prioritized.

Review

Prakash et al.,  2023
[30]

Immersive tools and personalized simulations
improve  educational  engagement  and
knowledge application.

Technical  barriers,  data  security,
faculty capacity-building.

Effective  integration  of  metaverse  requires
clear  goals  and alignment  with institutional
priorities.

Literature Review

Imannezhad et  al.,
2023 [31]

Interactive  3D  models  and  virtual  flipped
classrooms promote active and collaborative
learning.

Device  cost,  addiction  risks,
mental health impacts.

Metaverse  enhances  education  but  cannot
fully  replace  physical  classrooms  without
proper guidelines.

Review

Shao  et  al.,  2023
[32]

Extended-reality  platforms  provide
experiential  learning  for  clinical  diagnostics
and patient interactions.

Hardware  and  data  privacy
limitations, high setup costs.

Metaverse  can  improve  practical  training,
though cost and privacy require attention.

Review/Conceptual

Alvarez-Risco et al.,
2022 [33]

Interactive  3D  training  and  collaborative
virtual sessions enrich learning experiences.

Poor  internet,  variable
institutional support.

Technical  and  institutional  investments  can
overcome access and adoption barriers.

Multivariate  (PLS-
SEM)

Benrimoh  et  al.,
2022 [34]

Immersive  simulations  improve  medical
training and remote therapeutic practices.

Privacy,  mental  health  effects,
need for regulation.

Metaverse-based  therapies  and  simulations
require rigorous ethical guidelines.

Commentary

Ganapathy.,  2022
[35]

Virtual  reality  simulations  enable  hands-on
skill practice in safe environments.

Demonstrating effectiveness, legal
and privacy hurdles.

Metaverse  can  enhance  education  and  care
once legal and efficacy concerns are met.

Review

Gobeka et  al.,  2022
[36]

3D  simulations  improve  surgical  skill
retention and visual-spatial understanding.

Technical  and  accessibility
constraints.

Virtual  simulations  offer  depth-perception
benefits that enhance training.

Research study

Huynh  et  al.,  2022
[37]

AI-driven  tools  provide  rich  learning
experiences with interactive virtual patients.

Explainability  of  AI  and
interpretability of algorithms.

AI-metaverse  synergy  can  elevate
educational tools if transparency is ensured.

Survey/Review

Jeon  et  al.,  2022
[38]

Virtual clinical training enhances safety and
practice in nursing education.

Device variations,  user trust,  low
immersion in some setups.

Metaverse  expands  opportunities  for  skill
development if usability is improved.

Cross-sectional

Petrigna  &
Musumeci.,  2022
[39]

Metaverse supports global anatomy learning
and  skill  acquisition  in  collaborative
environments.

Privacy,  cybersecurity,  internet
access.

Virtual  tools  enhance  global  access  to
training  if  privacy  and  equity  issues  are
managed.

Narrative Review
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Weinberger.,  2022
[40]

Metaverse  allows  immersive  learning  and
collaborative research across disciplines.

Lack  of  a  unified  definition  and
conceptual understanding.

Metaverse  holds  great  promise  if  its  scope
and concepts are clearly defined.

Literature Review

Skalidis  et al.,  2022
[41]

AR/VR  tools  enhance  cardiovascular
education and procedural training.

Infrastructure  cost,  privacy
concerns, interoperability.

Metaverse can transform cardiovascular care
and teaching if adopted responsibly.

Review Article

Kala.,  2022 [42] Metaverse  simulations  support  personalized
training and collaborative skill-building.

Integration  complexity,  privacy,
and security concerns.

Virtual  clinical  training  enhances  learner
experience  with  appropriate  privacy
protections.

Conceptual Paper

Pregowska  et  al.,
2022 [43]

Mixed-reality  tools  help  visualize  complex
structures and processes.

User  accessibility  and  hardware
limitations.

Interactive  tools  improve  retention  and
engagement  if  they  are  accessible  and
affordable.

Descriptive

Bansal  et  al.,  2022
[44]

Metaverse  aids  clinical  teaching  and
telemedicine through simulated practice and
real-time collaboration.

Technical  and  legal  challenges
including  privacy,  security,  and
interoperability.

Metaverse  promises  advanced  healthcare
training  if  legal  and  technical  risks  are
mitigated.

Survey

Almarzouqi  et  al.,
2022 [45]

Interactive  virtual  classrooms  support
personalized education and skill-sharing.

Response bias, cultural influences
on adoption.

Ease  of  use  and  perceived  usefulness
promote  adoption  if  cultural  factors  are
considered.

Cross-sectional

Wang  et  al.,  2022
[46]

Metaverse-powered  diagnostic  learning
enhances student engagement and accuracy.

Privacy,  data  disparities,
regulation hurdles.

Metaverse  and  AI  improve  scalability  and
effectiveness  if  supported  by  strong
regulation.

Review/Conceptual

Lin et al., 2022 [47] Metaverse  supports  personalized,  visualized
teaching and collaborative virtual practice.

Privacy/security  concerns,  ethical
and governance gaps.

Metaverse can make learning more engaging
and  cost-effective  if  ethical  and  security
frameworks are adopted.

Survey/Review

Yang  et  al.,  2022
[48]

Metaverse tools enable surgical skill practice
and AI-driven clinical learning.

AI  opacity,  lack  of  empathy,
privacy and security.

Immersive  technologies  improve  hospital
education  if  transparency  and  privacy  are
ensured.

Review

Gurusamy  &
Mohamed., 2021
[49]

AI-assisted  virtual  simulations  support
clinical skill practice and enhance diagnostic
accuracy.

Data  privacy  and  acceptance
concerns, technology costs.

AI  and  virtual  tools  improve  healthcare
training  with  careful  attention  to  data
governance and cost.

Review

Kye et al., 2021 [50] Virtual  consultations  and  AR-assisted
teaching support practical skill learning.

Privacy  and  adaptation  risks,
social disconnection.

Metaverse  can  enrich  practical  education  if
mental health and privacy considerations are
managed.

Review

Thomason.,  2021
[51]

Interactive  gamified  learning  supports
collaborative education and skill mastery.

Security  risks,  implementation
complexity, and scalability.

Metaverse  holds  significant  potential  to
innovate  collaborative  training  with  proper
security and implementation.

Narrative Review

Table 1:  overview of the selected studies on adoption and challenges of metaverse technologies into medical education.
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Overall,  the  findings  in  table  1,  highlight  that  the metaverse  is  regarded as  a  transformative

educational tool,  offering immersive,  interactive and highly personalized learning experiences

that enhance both knowledge retention and skill acquisition. Commonly reported applications

include virtual simulations, three-dimensional anatomy dissections, AI-assisted diagnostics and

remote clinical skills training. The literature underscores the metaverse’s potential to promote

experiential  learning, enable collaborative practice,  and transcend geographic and institutional

barriers, thereby expanding access to high-quality education.

Despite these promising outcomes, substantial challenges have also been noted. Technological

limitations such as the high cost of equipment, unreliable internet access, and insufficient digital

infrastructure were frequently cited, especially in low and middle-income countries. Ethical and

legal  considerations  surrounding  data  privacy,  cybersecurity,  and  the  realism  of  virtual

simulations  also  emerged  as  significant  concerns.  Furthermore,  barriers  including  inadequate

digital literacy, user resistance to new technologies, and insufficient faculty training may restrict

the effective implementation of these tools within traditional curricula.

Nevertheless, a cautious optimism prevails across the reviewed literature. The majority of authors

agree  that  the  metaverse  holds  considerable  potential  to  enhance  medical  education  and

healthcare delivery by improving accessibility, engagement, and the overall quality of training.

However, most studies also stress that these tools cannot fully substitute for hands-on clinical

practice.  Researchers  advocate  a  balanced,  evidence-based  approach  to  adoption,  that  is

supported by appropriate regulatory frameworks, robust data protection policies, ongoing user

support  and  long-term  sustainability.  Overall,  the  reviewed  literature  comprising  empirical

studies,  cross-sectional  research,  narrative reviews and conceptual  analyses  reflects  a  diverse

range of perspectives and emphasizes the need for further  rigorous evaluation and continued

innovation in this rapidly evolving field.
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Adoption of Metaverse in Medical Education

Theme                                          Key Dimensions
Immersive  Learning
and Simulation

 Virtual  anatomy and  dissection  labs  enhance  spatial  and  structural
understanding.

 Interactive  case-based  scenarios  help  improve  diagnostic  and
management skills.

 High-fidelity VR/AR learning immerses students in authentic clinical
experiences.

 Learners practice in real-time 3D clinical environments that replicate
real-world settings.

 Virtual practice improves diagnostic accuracy and decision-making.
Personalized  and
Adaptive Education

 AI algorithms personalize  learning pathways for  individual  student
progress.

 Performance  tracking  systems identify  strengths  and areas  needing
improvement.

 Adaptive testing formats adjust question difficulty based on learner
performance.

 Emotion-aware algorithms respond to student engagement and stress
levels.

 Customizable learning environments reflect students’ preferences and
needs.

Global  Collaboration
and Accessibility

 Multinational virtual classrooms connect learners across countries.
 Students collaborate across time zones, broadening perspectives.
 International teamwork enhances cultural awareness and global health

education.
 Inter-institutional  platforms  facilitate  resource  sharing  and

cooperative learning.
 Rural  and  remote  learners  gain  access  to  world-class  educational

content.
Skill  Acquisition  and
Surgical Training

 Stepwise skill-building enhances surgical proficiency gradually.
 Haptic VR devices simulate hands-on surgical practice.
 Simulated  complications  prepare  students  for  unexpected  clinical

events.
 Virtual procedure walkthroughs improve retention of surgical steps.
 Preoperative  skill  rehearsal  builds  student  confidence  before  real

surgery.
 Operative task simulations improve surgical speed and accuracy.
 Repeated virtual learning allows mastery of technical procedures.

Ethical,  Privacy,  and
Data Security

 Data anonymization protocols protect sensitive information.
 User access controls limit data visibility to authorized individuals.
 End-to-end encryption secures communications and data exchange.
 Consent management systems respect privacy rights and choices.
 Privacy-preserving AI protects learner and patient identities.
 Cybersecurity training raises awareness of potential digital threats.
 Institutional ethical compliance aligns with professional standards.
 Surveillance  risk  mitigation  strategies  maintain  a  safe  digital

environment.
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Faculty  Development
and  Institutional
Readiness

 Faculty receive digital training to use metaverse tools effectively.
 Change  management  strategies  and  address  faculty  resistance  to

innovation.
 IT-pedagogy collaboration enhances curriculum design.
 Institutions  improve  their  technical  infrastructure  to  support

metaverse tools.
 Curriculum  alignment  strategies  integrate  VR/AR  seamlessly  into

programs.
 Mentorship programs support immersive teaching skill development.

Technical
Infrastructure  and
Integration

 Broadband  and  5G  internet  enable  seamless  virtual  learning
experiences.

 AR/VR devices interoperate across platforms and systems.
 Learning management system integration centralizes student data and

progress.
 Low-bandwidth  optimization  supports  diverse  technological

environments.
 Cross-device functionality provides flexible access to content.

Digital  Literacy  and
Student Readiness

 VR onboarding sessions introduce students to new tools.
 Interface training enhances learners’ comfort with virtual platforms.
 Interpretation  of  feedback  empowers  students  to  use  data  for

improvement.
 Digital professionalism ethics encourage appropriate behavior online.
 Tool-specific proficiency prepares students for diverse virtual learning

systems.
Mental  Health  and
Well-being

 Anonymous mental health chats encourage help-seeking behavior.
 Mental health analytics identify students at risk of burnout.
 Integration with institutional  support  bridges  virtual  and real-world

care.
AI  and  Decision
Support Integration

 AI-guided diagnostic cases enhance clinical reasoning.
 Smart tutoring agents offer personalized learning support.
 Adaptive AI assessments tailor questions to skill level.
 Real-time coaching algorithms offer guidance during practice.
 AI-assisted grading simplifies evaluation and improves consistency.

Cross-Discipline
Learning

 Role-play across disciplines enhances communication and empathy.
 Shared virtual patients improve cooperative clinical care.
 Joint diagnostic projects foster collaborative problem-solving.
 Communication training strengthens teamwork and patient safety.
 Group problem-solving exercises simulate real-world practice.
 Multidisciplinary  rounds  allow  shared  decision-making  across

professions.
 Mutual  skill  exchange  exercises  highlight  the  value  of  each  team

member.
Evaluation  and
Competency
Assessment

 Virtual OSCEs simulate clinical exams in a controlled environment.
 Peer-based evaluations encourage constructive feedback.
 AI feedback analytics identify performance gaps and strengths.
 Formative self-assessments encourage continuous learning.
 Real-time scoreboards motivate students to improve.

Cultural  and
Contextual Sensitivity

 Socioeconomic considerations ensure relevance to all contexts.
 Community-based  VR  learning  engages  learners  with  local  health

challenges.
 Religion- and ethics-integrated content acknowledges cultural values.
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 Healthcare models highlight local traditions and practices.
 Language inclusion improves accessibility for multilingual learners.
 Regional clinical scenarios reflect diverse practice settings.

Policy and Regulation  Long-term funding models promote sustainable metaverse initiatives.
 Public-private collaboration supports innovation in medical education.
 Open educational resources increase content accessibility.
 Environmental impact tracking promotes technological choices.
 Institutional  accreditation  supports  the  recognition  of  VR-based

learning.
 Metaverse regulation ethics shape responsible technology use.

Table 2: Thematic Synthesis of Adoption of Metaverse in Medical Education

Immersive Learning and Simulation

A substantial number of studies identified immersive simulation as a core strength of metaverse-

based education. Virtual anatomy labs and 3D dissection tools were shown to enhance spatial

understanding  and  structural  visualization  [42,43].  These  environments  enabled  students  to

interact  with  anatomical  structures  in  lifelike  detail,  thereby  improving  engagement  and

knowledge retention.  Interactive, case-based simulations helped learners refine diagnostic and

clinical decision-making skills [32,49], while high-fidelity VR/AR tools immersed students in

near-authentic  clinical  settings  [19,23].  Real-time  3D  practice  environments,  as  reported  in

[13,21], allowed learners to apply theoretical knowledge in realistic scenarios, fostering critical

thinking and building confidence. Additionally, metaverse-based diagnostic simulations improved

accuracy and accelerated decision-making, particularly in disciplines such as surgery and internal

medicine [11,24].

Personalized and Adaptive Education

Several studies highlighted the metaverse’s capacity to support personalized learning through AI-

powered tools. Adaptive technologies such as digital twins and predictive models were employed

to  tailor  educational  experiences  to  individual  learner  needs,  thereby  enhancing  knowledge

retention  and  engagement  [17,42].  Performance  tracking  systems  embedded  within  these

platforms  identified  areas  of  strength  and  weakness,  enabling  data-driven  self-improvement

[18,46]. Emerging approaches, including emotion-aware algorithms and customizable learning

environments, were also noted in studies emphasizing learner-centric design [14,45].
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Global Collaboration and Accessibility

Metaverse  platforms  were  reported  to  overcome geographical  barriers,  enabling  international

collaboration and cross-cultural exposure. Studies such as [22,33] described virtual classrooms

that  connected  students  across  different  time  zones,  fostering  global  health  perspectives  and

teamwork.  This  accessibility  was particularly  valuable  for  learners  in  remote  or  underserved

regions, who could now access high-quality medical content without the constraints of location

[39,28]. Additionally, inter-institutional collaborations within these platforms facilitated shared

learning and effective knowledge transfer [47].

Skill Acquisition and Surgical Training

Surgical education has emerged as one of the most active areas of metaverse adoption. Studies

reported that repeated virtual practice significantly enhanced procedural retention and technical

precision  [11,36].  The  use  of  haptic  feedback  devices  enabled  realistic  surgical  rehearsal,

improving tactile learning [27]. Virtual simulations prepared students for potential intraoperative

complications  and  allowed  for  preoperative  rehearsals  in  a  risk-free  environment  [35,48].

Furthermore, metaverse-based training was associated with increased confidence and faster skill

acquisition [49,42].

Ethical, Privacy, and Data Security

As metaverse platforms handle sensitive learner and patient data, multiple studies emphasized the

need for robust ethical safeguards. Privacy concerns and the risk of cyberattacks were among the

most frequently cited barriers [18,34]. The use of secure data encryption and strict user access

controls was highlighted as essential for maintaining trust [44,50]. Consent management systems

and anonymization protocols were considered vital for upholding professional standards in digital

learning  environments  [19,23].  Additionally,  ethical  compliance  and  strong  institutional

governance frameworks were recommended as prerequisites for safe and responsible adoption

[48,47].

Faculty Development and Institutional Readiness
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For successful metaverse integration, faculty support and institutional readiness were considered

essential.  Many  studies  reported  that  providing  digital  training  for  educators  significantly

influenced adoption success [19,42]. Effective change management strategies were necessary to

reduce  faculty  resistance  and  ensure  alignment  with  pedagogical  goals  [16,30].  Mentorship

programs  and  collaborations  between  IT  specialists  and  educators  facilitated  the  effective

integration  of  immersive  tools  into  curricula  [11,46].  Several  authors  also  emphasized  the

importance  of  curriculum  realignment  to  seamlessly  incorporate  metaverse-based  modules

[23,32].

Technical Infrastructure and Integration

Reliable technical infrastructure was identified as a prerequisite for smooth adoption.  Studies

highlighted  the  importance  of  robust  internet  connectivity  and  platform compatibility  across

devices [22,36]. Integrating Learning Management Systems (LMS) and optimizing platforms for

low-bandwidth  settings  were  also  recommended  to  accommodate  diverse  user  environments

[33,50]. Ensuring cross-device functionality and consistent AR/VR performance across hardware

systems  was  considered  essential  for  scalability  [42,20].  These  infrastructural  enablers  were

frequently associated with improved user experience and wider adoption.

Digital Literacy and Student Readiness

Adoption also depended on students’ comfort and familiarity with virtual tools. Several studies

identified onboarding sessions,  interface  training,  and guidance on feedback interpretation  as

crucial  for  preparing  learners  [15,21].  Emotional  readiness  and  digital  professionalism were

particularly  emphasized  in  simulations  involving  ethical  or  patient-centered  tasks  [34,45].

Research indicated that digitally literate students were more likely to engage meaningfully with

metaverse content, leading to improved learning outcomes [14,42].

Mental Health and Well-being

Although  this  theme  was  less  frequently  reported,  a  few  studies  examined  the  metaverse’s

potential to support mental well-being. Virtual platforms could provide anonymous mental health

support and facilitate group-based interventions tailored to vulnerable populations [21]. These
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features were particularly valuable in contexts where stigma limits access to traditional care.

AI and Decision Support Integration

AI-powered  metaverse  tools  were  found  to  enhance  decision-making,  diagnostics,  and

personalized tutoring. Intelligent agents and real-time AI feedback improved learning accuracy

and engagement [17, 46]. Digital twins and adaptive testing further customized clinical practice

simulations to individual needs, creating dynamic and responsive learning environments [31, 32].

AI-enabled grading and diagnostics were regarded as efficient tools for monitoring progress and

assessing competency [37, 49].

Cross-Discipline Learning

Metaverse platforms also facilitated interdisciplinary collaboration. Several studies highlighted

the use of shared virtual patients and multidisciplinary teamwork simulations [40, 47]. These

initiatives fostered a deeper understanding of professional roles and enhanced communication in

clinical  contexts  [11,  51].  Interactive  role-play  and  group  problem-solving  exercises  within

metaverse environments enabled students to collectively experience real-world challenges [41,

42].

Evaluation and Competency Assessment

Finally, evaluation systems within the metaverse were reported to offer innovative approaches for

assessing clinical competency. Virtual OSCEs, peer evaluations, and AI-driven analytics enabled

formative assessments and continuous feedback loops [42, 19]. Real-time scoring and adaptive

assessments  enhanced  motivation  and  accountability,  while  aligning  closely  with  established

medical education standards [32, 42].

Cultural and Contextual Sensitivity

The metaverse represents a major step forward in the digital humanities. This integration opens

new  possibilities  for  presenting  and  preserving  cultural  heritage  in  this  growing  space.

Addressing  the  challenge  of  portraying  historical  figures  and  cultures  appropriately,  close

collaboration with cultural experts is required to ensure both accuracy and respect [66]. There is
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growing discussion about how the metaverse could influence religion and spiritual practices. For

billions of people, faith is a central part of their social identity and a key pillar of emotional and

psychological well-being. The metaverse could open up fresh opportunities to connect with these

long-standing sources of meaning and human fulfillment in entirely new ways [67].

Policy and Regulation

The use of metaverse also raises important ethical concerns, such as the risk of losing personal

identity  [66].  Creating  well-structured  implementation  strategies  enables  institutions  and

educators to maximize the advantages of emerging technologies while anticipating and managing

potential challenges, ensuring a balanced and impactful learning experience for future healthcare

professionals [68]. 

Barriers and Challenges in the Adoption of Metaverse in Medical

Education (with Subtheme Statements)

Barrier Theme                                           Descriptive Statements
Technical  and
Infrastructure
Limitations

 Many  institutions  lack  access  to  high-speed  internet  necessary  for  metaverse
applications.

 There  is  a  widespread  shortage  of  AR/VR  devices  compatible  with  immersive
technologies.

 Interoperability issues persist between different hardware and software systems.
 Current institutional hardware often cannot support high-performance simulations.
 Maintaining  and  updating  metaverse  platforms  requires  significant  ongoing

investment.
 Device variability among students leads to unequal access and usability.

Privacy,  Ethics,
and  Data
Security

  Data collected in virtual environments is often vulnerable to breaches and misuse.
 Many platforms do not use end-to-end encryption or secure transmission protocols.
 Consent management systems are underdeveloped or absent in virtual learning tools.
 Institutions face challenges ensuring compliance with data protection regulations.
 Storage and sharing of sensitive student performance data remain unsecured.

Faculty
Readiness  and
Resistance

 There is limited availability of training programs on virtual teaching methods.
 Institutions often fail to incentivize faculty to engage with digital platforms.
 Many  educators  lack  confidence  in  their  ability  to  teach  within  metaverse

environments.
 Technophobia continues to be a barrier among senior faculty members.
 Time constraints discourage faculty from exploring and integrating new tools.
 Collaboration between educators and IT staff is insufficient for implementation.
 Faculty often do not receive technical support tailored to educational innovation.
 Recognition and evaluation systems do not reward digital teaching initiatives.

Cost  and
Resource
Constraints

 The high cost of AR/VR technology poses a barrier to institutional adoption.
 Funding for digital innovation in education remains limited or inconsistent.
 Financial resources are often insufficient for maintenance and software upgrades.
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 Institutions struggle to budget for both conventional and metaverse education.
 Students may be unable to afford necessary personal hardware.
 Budget allocations often prioritize infrastructure over educational innovation.
 Disparities in institutional funding create unequal access to immersive tools.
 Content development for simulations requires substantial investment.

Regulatory  and
Policy Gaps

 There is a lack of national or institutional legal frameworks for metaverse use.
 Accreditation bodies have not standardized criteria for virtual education platforms.
 Institutional policies for immersive learning are inconsistent or missing entirely.
 Policy changes are slow to adapt to the evolving technological landscape.
 Intellectual property rights for virtual content are poorly defined.
 Benchmarks for evaluating metaverse-based learning outcomes are underdeveloped.

Student
Readiness  and
Acceptance

 Many learners lack prior exposure or training in virtual learning tools.
 Virtual settings can induce anxiety or confusion in some students.
 VR/AR environments can disorient students, especially during extended use.
 Initial novelty can fade, leading to disengagement over time.
 Students struggle with interface navigation without sufficient support.
 Some learners are demotivated by the lack of physical presence or peer interaction.

Evaluation  and
Outcome
Uncertainty

 There is insufficient empirical research on the effectiveness of metaverse education.
 Many platforms lack accurate tools for performance assessment.
 Learner progress tracking can be subjective or unreliable.
 Inconsistency in data collection affects evaluation integrity.
 Analytic tools may produce biased or incomplete feedback.
 AI-generated assessments lack transparency and interpretability.

Integration  in
Existing
Curriculum

 Metaverse tools often do not align with current learning objectives.
 Faculty struggle to balance multiple educational technologies simultaneously.
 Simulation tools may not synchronize with institutional LMS systems.
 Scheduling metaverse sessions within rigid academic calendars is difficult.
 Integration often lacks input from multidisciplinary teams.
 Faculty may resist curriculum overhaul due to workload or uncertainty.
 Integration demands substantial time and resources that are rarely allocated.

Mental  Health
and  Wellbeing
Risks

 Extended use of VR may cause fatigue and burnout among learners.
 Motion sickness is a common side effect of immersive simulations.
 Digital environments can lead to increased social isolation.
 Some students may become overly dependent on virtual settings.
 High-tech environments can trigger stress and performance anxiety.
 Simulations may reduce empathy by distancing learners from real patients.

Table 3: Barriers and Challenges in Adopting the Metaverse in Medical Education

Interpretation of Barriers and Challenges in Adopting the Metaverse

in Medical Education

As the metaverse gains traction in medical education, many studies highlight its promise yet they

also bring to light a range of practical, ethical, and pedagogical challenges that must be addressed

before widespread adoption becomes feasible. Here's how these barriers, organized into themes,
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appear across the literature:

Technical and Infrastructure Limitations

A recurring  barrier  identified  across  studies  is  the  lack  of  adequate  infrastructure  to  support

metaverse technologies. For example, many institutions do not have the necessary hardware or

internet bandwidth to run AR/VR simulations smoothly [11, 29]. Interoperability issues—where

different devices or platforms fail to work seamlessly—further hinder the learning experience

[24, 41]. Limited device accessibility can also widen the digital divide among students, especially

in low-resource settings [36]. These challenges are compounded by the high costs of maintaining

advanced platforms and the need for frequent updates [42].

Privacy, Ethics, and Data Security

Many studies [18, 34, 13] highlight ethical concerns and data protection as major issues. Key

risks include insecure data storage, weak encryption, and unclear consent procedures in virtual

environments. Without strong legal frameworks, both students and institutions remain vulnerable

to privacy breaches and the misuse of sensitive information [44, 48].

Faculty Readiness and Resistance

Several  studies  highlight  the  human  element—particularly  faculty  attitudes—as  a  significant

barrier.  Many educators feel uncomfortable teaching in metaverse environments,  often due to

insufficient training or low confidence [19, 16]. The lack of institutional incentives and limited

collaboration with IT departments further leaves faculty without adequate support [21, 30]. This

reluctance is not necessarily a sign of unwillingness, but rather a result of workload pressures and

limited time [22].

Cost and Resource Constraints

Metaverse  technologies  come  with  significant  financial  demands.  The  cost  of  acquiring  and

maintaining AR/VR systems is substantial [27, 17]. Many students cannot afford the required

devices,  further contributing to unequal access [31,  49].  Moreover,  while  innovation  is  often

encouraged,  funding  seldom  follows,  resulting  in  projects  that  remain  underdeveloped  or
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unsustainable [15].

Regulatory and Policy Gaps

Studies  also  highlight  a  clear  lack  of  policy  guidance  for  immersive  education  [42].  Legal

frameworks and intellectual property rights remain undefined in most institutions. Additionally,

the absence of accreditation standards makes it difficult to evaluate or formally integrate these

platforms into curricula [13, 34].

Student Readiness and Acceptance

Students  may  be  digital  natives,  but  that  doesn’t  mean  they  are  automatically  prepared  for

metaverse-based learning. The initial  novelty can quickly fade, leading to disengagement [20,

32]. Learners may also face navigation challenges and feelings of social disconnection, especially

when the experience lacks human interaction or emotional cues [28]. Some studies have even

found that wearable devices can cause physical discomfort,  negatively impacting the learning

experience [27].

Evaluation and Outcome Uncertainty

Another major concern is determining how to measure success in a virtual classroom. Many

remain skeptical about current assessment tools, which often lack transparency and reliability

[40,  47].  AI-generated  feedback  can  also  be  difficult  to  interpret,  highlighting  the  need  for

empirical validation of these tools before they can be fully trusted [11, 37].

Curriculum Integration and Alignment

Even if the tools are ready, aligning them with the curriculum remains a hurdle. Many metaverse

applications are not tailored to specific learning outcomes, and faculty often struggle to fit them

into already packed schedules [43]. Integration efforts frequently lack interdisciplinary planning,

resulting in isolated rather than systemic adoption [15, 42].

Mental Health and Wellbeing Risks
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Finally, mental health risks are increasingly being acknowledged. Extended VR use can lead to

burnout  and  motion  sickness  [20].  Moreover,  if  virtual  environments  are  not  thoughtfully

designed, they may contribute to social isolation or exacerbate stress and anxiety, particularly

among vulnerable students [21, 34].

DISCUSSION

Adopting the Metaverse in medical education offers transformative benefits, as recent studies

clearly  demonstrate  its  ability  to  deliver  immersive,  interactive,  and  personalized  learning

experiences  that  not  only  enhance  skill  acquisition  but  also  foster  global  collaboration  and

promote  digital  health  literacy  [14,  55].  Through  the  integration  of  VR,  AR,  and  AI-driven

simulations,  students  are  empowered  to  practice  complex  procedures  in  safe,  controlled

environments, receive real-time feedback, and refine critical thinking and problem-solving skills

via gamified and scenario-based training [11, 12, 43, 54]. Furthermore, the Metaverse actively

supports student autonomy, flexible learning pathways, and equitable access, thereby particularly

benefiting underserved populations by bridging educational gaps and promoting mental health

awareness [12, 39, 48, 59]. Nevertheless,  several studies caution against potential  drawbacks,

most notably ethical concerns related to AI bias, data privacy, and the potential erosion of human

empathy in clinical training [19, 48, 58]. Moreover, persistent disparities in access to advanced

technologies  and  the  digital  divide  remain  significant  challenges,  which  may  limit  both  the

inclusivity  and  overall  effectiveness  of  Metaverse-based  education  [40,  45,  56,  59].

Consequently,  while  the  Metaverse  holds  immense  promise  for  revolutionizing  medical

education,  sustained  research  and robust  policy  development  are  imperative  to  address  these

ethical,  technical,  and  accessibility  issues,  thereby  ensuring  responsible  and  equitable

implementation.

This systematic review underscores the multifaceted role of the Metaverse in reshaping medical

education by enabling immersive, interactive, and globally accessible learning environments. On

one hand, emerging evidence  highlights  its  transformative  potential  through simulation-based

training, personalized education, and interdisciplinary collaboration [1, 3, 24]; on the other hand,

it  simultaneously  reveals  persistent  systemic  and  practical  barriers  that  hinder  widespread

adoption [6, 8, 60].

One of the Metaverse’s most significant  strengths lies in its capacity  to enhance experiential

learning and simulation. For example, virtual anatomy labs, high-fidelity case simulations, and
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AI-supported clinical  scenarios  provide students  with opportunities  to  acquire  diagnostic  and

procedural  skills  in  lifelike  settings  [4,  5,  43].  Importantly,  these  tools  are  particularly

advantageous  for  learners  in  low-resource or remote areas,  as  they eliminate  geographic  and

logistical  barriers  while  increasing  exposure  to  complex  clinical  situations  [23,  29,  35].

Additionally,  the  integration  of  personalized  and  adaptive  education  powered  by  AI  further

refines  the  learning  process,  fostering  individualized  progression  and  enabling  data-informed

feedback loops [3, 19, 53].

Beyond experiential learning, another major advantage is the facilitation of global collaboration

and accessibility. Specifically, Metaverse-based platforms enable multinational classrooms and

inter-institutional  content  sharing,  thereby  creating  spaces  for  cross-cultural  exchange  and

collaborative learning [10, 24, 31]. This, in turn, is invaluable for strengthening global health

competencies and expanding equitable learning opportunities, particularly in underserved regions

[23, 64].

Moreover, the Metaverse advances skill acquisition in surgical and procedural training through

features  such as haptic  feedback systems, virtual  complication management,  and preoperative

rehearsals  [17,  20,  36,  42].  Such  repetitive,  low-risk  practice  environments  significantly

contribute to improved retention, reduced performance anxiety, and greater technical accuracy [5,

24,  43].  Furthermore,  the  integration  of  AI  and  decision  support  systems  enriches  precision

learning  by  providing  real-time  diagnostics,  intelligent  tutoring,  and  adaptive  assessments

tailored to each learner’s specific needs [3, 16, 44].

Despite  these promising developments,  significant  barriers  persist  in many institutions.  Chief

among  these  are  technical  and  infrastructure  limitations  [6,  8,  13,  25].  In  particular,  many

educational institutions lack the necessary broadband capacity, AR/VR-compatible hardware, and

interoperable systems to run immersive simulations effectively [22, 44, 60]. Compounding these

issues are the high costs associated with procurement, maintenance, and continual updates, which

exacerbate digital inequities, especially in low and middle-income regions [19, 64].

Equally  problematic  are  concerns  related  to  privacy,  ethics,  and data  security,  which  further

complicate implementation. Because the management of sensitive learner and patient data within

virtual environments demands robust encryption, strict access control, and comprehensive ethical

consent systems, the absence of these safeguards in many current platforms raises substantial

risks [7, 18]. In addition, the lack of national or institutional policies, regulatory benchmarks, and
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clearly defined intellectual property rights amplifies the threat of data breaches, surveillance, and

misuse [7, 18, 57].

The human dimension, particularly faculty readiness and resistance,  also plays a pivotal  role.

Many  educators  lack  sufficient  training,  institutional  incentives,  and  collaboration  with  IT

specialists  to  fully  embrace  these  technologies  [26,  50,  59].  Without  structured  support  and

recognition for digital teaching efforts, metaverse-based pedagogy often remains underutilized

[26,  31,  64].  Similarly,  student  readiness  and  digital  literacy  must  be  proactively  addressed

through  structured  onboarding,  user  interface  training,  and  the  integration  of  mental  health

safeguards  to  prevent  disengagement,  disorientation,  or  social  isolation  issues  that

disproportionately impact learners unfamiliar with immersive technologies [12, 28, 34].

In  addition,  the  review  identifies  significant  uncertainties  in  evaluation  and  outcome

measurement.  The  absence  of  validated  tools  for  assessing  clinical  competence  on  many

Metaverse platforms, coupled with the opacity or bias in AI-generated assessments, undermines

evidence-based curricular integration [3, 13, 24, 44]. These challenges are particularly pressing

when institutions are accountable to standardized educational outcomes [60, 63].

Furthermore,  aligning  Metaverse  innovations  with  established  curricula  presents  a  logistical

hurdle. Faculty often struggle to incorporate these tools into rigid academic schedules and pre-

existing  learning  objectives,  especially  in  the  absence  of  interdisciplinary  coordination  or

dedicated time for integration [26, 30, 31]. Finally, growing concerns about student mental health

and well-being cannot be overlooked. Extended VR use may lead to fatigue, motion sickness, or

even social detachment, which underscores the urgent need for thoughtful instructional design

and integrated wellness support systems [28, 32, 34].

Taken  together,  these  findings  clearly  indicate  that  while  the  Metaverse  offers  extraordinary

opportunities  for advancing medical  education,  its  successful integration demands a far more

comprehensive  approach  than  technological  innovation  alone.  Addressing  issues  of  equity,

infrastructure, ethics, pedagogy, and policy in a coordinated manner is essential [12, 44, 59]. To

this  end,  institutions  must  invest  in  capacity-building,  ensure  inclusive  access,  and  establish

ethical frameworks that align with professional standards [7, 18, 64]. Without such measures, the

Metaverse is likely to remain an auxiliary tool rather than a core component of future medical

training [23, 26, 60].
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Conclusion  

The integration of the Metaverse into medical education marks a transformative shift  in how

medical knowledge and skills are delivered. Through immersive technologies like VR, AR, and

AI, it offers interactive, personalized, and globally connected learning experiences that enhance

clinical  training  and  support  diverse  learning  needs.  It  also  promotes  equitable  access  and

addresses digital literacy and mental well-being. However, challenges such as ethical concerns,

data  privacy,  high  costs,  and  infrastructure  disparities  must  be  carefully  addressed.  To  fully

harness  its  potential,  adoption  must  be  evidence-based,  inclusive,  and  ethically  responsible;

ensuring technology to complement core humanistic values in medical training.

Recommendations 

To ensure equitable access to medical education, investment in affordable XR/VR solutions and

digital  infrastructure  is  essential,  especially  in  underserved  areas.  Collaborations  between

institutions,  governments,  and  tech  providers  can  bridge  the  digital  divide.  Medical  schools

should integrate  VR/AR simulation and gamified learning to  enhance skills  and engagement,

while adaptive platforms enable personalized, self-paced learning. Ethical guidelines for AI and

data privacy, along with mental  health  support,  are crucial.  Finally,  overcoming cost barriers

through funding and partnerships is key to sustainability and wider access.

Future Researches 

Future  research  on  Metaverse  in  medical  education  should  focus  on  assessing  its  long-term

impact on clinical competency and patient outcomes. Key areas include improving access to XR/

VR technologies  in  underserved  regions,  evaluating  AI-driven  adaptive  learning  for  diverse

needs, and addressing ethical concerns like AI bias and transparency. Studies should also explore

curriculum integration,  faculty  readiness,  psychological  impacts  of  virtual  platforms,  and the

effectiveness of virtual global classrooms. Additionally, research on gamification, digital health

literacy, and cost-benefit analysis will help guide the sustainable integration of the Metaverse.

Implications of Metaverse in Medical Education 
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The  metaverse  is  transforming  medical  education  by  providing  immersive,  interactive,  and

personalized learning through VR, AR, and AI-driven simulations. It enables students to practice

complex procedures in realistic environments, receive tailored feedback, and progress at their

own  pace,  ensuring  mastery  before  real-world  application.  Fostering  global  collaboration,  it

bridges educational gaps and promotes inclusivity while offering personalized learning pathways.

However,  ethical  concerns  regarding  AI  transparency,  data  privacy,  and  maintaining  human

empathy in medical decision-making must be addressed for its full potential to be realized.

Implications for Medical Students 

The  metaverse  is  reshaping  medical  education  by  offering  immersive,  interactive,  and

personalized learning experiences through virtual and augmented reality. It allows students to

practice complex procedures safely, receive instant feedback, and learn at their own pace. By

enabling global collaboration and enhancing digital health literacy, it bridges educational gaps

and supports  skill  development.  However,  it  also raises  ethical  concerns  around AI and data

privacy, while preparing students for the challenges of modern healthcare.

Implications for Medical Schools

The metaverse is revolutionizing medical education by providing immersive, interactive learning

through virtual and augmented reality, enabling realistic simulations and personalized training. It

enhances  global  collaboration,  offering  accessible  resources  to  students  worldwide,  including

underserved  regions.  While  promoting  student  autonomy,  digital  health  literacy,  and  critical

thinking, it also raises ethical concerns around AI, data privacy, and equitable access. Ultimately,

the  metaverse  empowers  medical  schools  to  deliver  flexible,  inclusive,  and  future-ready

education for modern healthcare.
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