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Abstract

Background: Immersive technologies such as virtual reality (VR), augmented reality (AR), and
extended reality (XR) are transforming healthcare by enhancing diagnostics, training, and
therapy. However, fragmented research has limited its widespread clinical adoption.

Methods: This study employed bibliometric and co-word analyses to examine English-language
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kashanu.ac.ir utilized for dataset analysis.

scientific research indexed in Web of Science, Scopus, and PubMed between 2000 and 2024.
Advanced visualization tools, including VOSviewer and the R programming environment, were

Results: A total of 3150 documents were retrieved from 1328 journals. The findings revealed a
rapid growth trajectory in XR applications within healthcare research, with an annual growth
rate of 18.76%. Key thematic areas include “Medical Education”, “Mental Health”, and
“Rehabilitation”, with emerging topics such as “Metaverse”, “Digital Health”, and “Artificial
Intelligence” gaining prominence. Topic trends and word clouds underscore XR's versatility
across diverse healthcare domains such as pain management, mental health, and rehabilitation.
The co-occurrence network analysis highlights the critical role of XR in health education,
illustrating interconnections among themes such as medical education, training, nursing

education, and simulation.

Conclusion: The findings emphasize XR’s expanding role in medical training, mental health
care, and rehabilitation, advocating for stronger policymaker support to foster international
collaborations and adapt regulatory frameworks. Such adaptations are critical to integrating
emerging technologies, including artificial intelligence and AR, into healthcare systems. Despite

these insights, limitations include language restrictions and potential database bias. Future
research should aim to include non-English literature and broaden database coverage to ensure a
more comprehensive and globally representative understanding of XR applications in healthcare.
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Introduction

The advent of immersive technologies such as virtual
reality (VR), augmented reality (AR), and mixed
reality (MR) marks a paradigm shift across multiple
sectors, particularly healthcare (1). Collectively referred
to as extended reality (XR), these technologies offer
transformative potential for tackling complex medical
challenges through immersive, interactive, and highly
personalized solutions (2). VR provides fully immersive
simulations of real or imagined environments, whereas
AR overlays virtual elements onto the physical world. MR
bridges the gap between the two by enabling real-time
interaction between digital and physical objects (3). These
innovations are applied in patient and nurse education

(4,5), surgical training (6), rehabilitation (7), and mental
health therapies (8), paving the way toward a more
efficient, patient-centered healthcare system.

The integration of VR, AR, and MR into healthcare is
driven by a global push for digital transformation and
personalized medicine (9). As these technologies evolve,
they offer unique advantages in enhancing diagnostic
accuracy, surgical precision, therapeutic effectiveness,
and healthcare accessibility (10). For instance, VR-
based cognitive behavioral therapy has proven effective
in treating anxiety disorders and post-traumatic stress
disorder (PTSD) (11,12), while XR-assisted physical
rehabilitation programs have improved motor function
in post-stroke patients and individuals with Parkinson’s
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disease (13). In surgical settings, AR and VR systems
enhance preoperative planning, intraoperative
navigation, and resident training, leading to measurable
improvements in precision and learning outcomes (6,14).
VR-based surgical simulations allow trainees to practice
complex procedures in a risk-free environment, while
AR-assisted imaging facilitates real-time visualization of
anatomical structures during surgery (15).

MR’s ability to integrate physical and virtual
environments facilitates collaborative medical scenarios,
enabling geographically dispersed healthcare professionals
to jointly diagnose and treat patients (16). In education,
AR supports appropriate educational solutions for online
and blended learning (5). These advancements underscore
XR’s critical role in modernizing healthcare and improving
patient outcomes. Moreover, these technologies can
enhance learning and teaching, reduce costs, and increase
student motivation (17).

Despite its promise, XR integration into healthcare
is hindered by several interdisciplinary challenges.
Medicine, engineering, and psychology- the primary
domains involved in XR research-operate under different
paradigms, research methodologies, and regulatory
standards. For example, engineers prioritize technical
feasibility, system optimization, and user interface design
(18), clinicians emphasize patient safety, ethical concerns,
and evidence-based outcomes (19), and psychologists
focus on user cognition, immersion, and long-term
behavioral effects (20).

The rapid expansion of XR technologies in healthcare
has generated a diverse but fragmented body of literature.
Much of the existing research examines isolated
applications or specific case studies, offering limited insight
into the field’s broader thematic trends and intellectual
structure (8). This fragmentation limits researchers’
ability to identify overarching trends and impedes
the translation of XR technologies from experimental
settings to widespread clinical adoption. Furthermore,
the interdisciplinary nature of XR healthcare research,
drawing from computer science, medicine, psychology,
and engineering, further complicates efforts to map its
knowledge landscape comprehensively (21).

Existing reviews are predominantly narrative or
systematic, often focusing narrowly on technical
implementations or clinical outcomes. However, they
frequently fail to address the interdisciplinary synergies
and thematic interconnections that shape the field.
Bridging these gaps necessitates the use of robust
methodologies, such as bibliometric and co-word analyses,
which can systematically assess research productivity,
reveal collaborative networks, and identify emerging
themes and knowledge gaps.

This study aimed to fill these shortcomings by
conducting a bibliometric and co-word analysis of VR,
AR, and MR applications in healthcare. It sought to
answer two critical research questions (RQs), including:

(RQ1): Which journals, publications, researchers, and
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nations demonstrate the highest productivity in advancing
the use of XR within healthcare research?

(RQ2): What are the dominant themes and trends in XR
healthcare research?

By addressing these questions, this study aimed to
provide a comprehensive overview of XR’s impact on
healthcare, identify gaps in knowledge and practice,
and offer actionable insights to guide future research
and innovation. The findings are expected to benefit
researchers, practitioners, and policymakers in fostering
interdisciplinary collaboration and promoting evidence-
based XR applications in healthcare.

Materials and Methods

This study investigated the application of VR, AR,

MR, and XR in healthcare through a systematic review

combined with bibliometric analysis. It addresses a critical

gap in understanding the trends, patterns, and impacts of
immersive technologies, offering a comprehensive view
of their current and potential uses in healthcare. The
systematic review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to ensure a transparent, structured, and
replicable process. This approach was chosen to minimize

bias and enhance the reliability of the findings (Figure 1)

(22).

The literature search was conducted using three
comprehensive and reputable scientific databases: Web
of Science (WoS), Scopus, and PubMed. These databases
were selected for their extensive coverage of peer-reviewed
journals and multidisciplinary content, ensuring a broad
and inclusive collection of relevant literature. The search
string for virtual reality (including terms such as “virtual
reality” OR “augmented reality” OR “mixed reality” OR
“extended reality”) was combined with healthcare-related
terms (e.g., “healthcare” OR “medic” OR “health”) using
the AND operator, focusing on the topic fields (title,
abstract, and keywords).

The search was limited to articles published between
2000 and 2024 to ensure the inclusion of recent and
relevant studies. Additionally, a language filter was applied
to include only English-language articles, which represent
the majority of globally disseminated scientific research.

Eligibility criteria were defined to ensure the selection of
high-quality and relevant studies as follows:

o The inclusion criteria included: (a) peer-reviewed
articles published in English, (b) studies examining
the application of VR, AR, MR, or XR in healthcare
contexts, and (c) empirical research, including
experimental or observational studies, as well as
systematic reviews.

e The exclusion criteria included: (a) conference
abstracts, editorials, and opinion pieces, (b) articles
not published in English, and (c) studies unrelated to
healthcare or immersive technologies.
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Data Analysis

Bibliometric methods were wused to quantitatively
examine the academic literature, including books, journal
articles, and other forms of scholarly output. It employs
mathematical and statistical techniques to measure and
analyze publication, citation, and collaboration patterns
within a specific domain of knowledge (23). In this study,
analyses were conducted using specialized software tools,
including VOSviewer and R packages. These tools are
widely recognized for their robustness in visualizing and
analyzing bibliometric data. They facilitated the creation
of bibliometric maps, enabling the identification of key
trends, thematic clusters, and relationships within the
dataset (24,25).

Visualization

To enhance the interpretation and presentation of the
findings, various advanced visualization techniques
were employed, including network maps, co-occurrence
analyses, and trend graphs. Visualizations generated
using VOSviewer and R packages provided an intuitive
and informative representation of the bibliometric
data, offering significant insights into the structural and
dynamic aspects of the research domain.

Limitations

It is important to acknowledge that this study has inherent
methodological limitations. Restricting the analysis to
English-language publications and relying exclusively on
WoS, Scopus, and PubMed may have excluded relevant
studies published in other languages or indexed in
alternative databases (e.g., IEEE Xplore). Future research
could expand linguistic and database inclusivity.

Results

The findings are presented in two distinct sections. The
first section provides a comprehensive performance
evaluation, analyzing the temporal distribution of
published studies and examining additional dimensions
such as influential authors, journals, documents, and
countries. The second section focuses on identifying the
key themes in XR applications within healthcare studies.

Performance Evaluation

Descriptive statistical analyses were performed based on
dataretrieved from three major academic databases, WOS,
Scopus, and PubMed. A detailed statistical summary of
the analyzed studies is presented in Table 1.

Table 1 provides a comprehensive overview of the
bibliometric trends in XR research within the healthcare
domain over 25 years (2000-2024). The dataset comprises
3150 documents sourced from 1328 journals, reflecting
the substantial body of knowledge in this field. An annual
growth rate of 18.76% underscores the accelerating
pace of research and the increasing recognition of VR’s
transformative potential in healthcare. Additionally,
the average citation rate of 17.47 per document signifies

Table 1. Statistical Summary of the Analyzed Studies

Description Results
Timespan 2000:2024
Sources (Journals) 1328
Documents 3150
Annual growth rate % 18.76
Average citations per doc 17.47
Authors 12314
Authors of single-authored docs 150
Single-authored docs 169
Co-authors per doc 5.41
International co-authorships % 18.92
Article 2640
Review 510

the academic influence and relevance of this research,
evidencing its wide acceptance and influence within the
scientific community.

Authorship and collaboration metrics further illustrate
the global and interdisciplinary nature of XR healthcare
research. A vast network of 12314 authors has contributed
to this field, with 150 authors producing single-authored
works and 169 single-authored documents. Despite these
individual contributions, an average of 5.41 co-authors per
document reflects a strong tendency toward collaboration,
aligning with the interdisciplinary demands of XR
research. Furthermore, an international co-authorship
rate of 18.92% highlights the field’s extensive global
interconnectedness and the vital role of cross-border
collaborations in advancing XR applications in healthcare.
These findings underscore a research ecosystem that
values cooperative multidisciplinary approaches to
tackling complex healthcare challenges through VR.

Figure 2 illustrates the exponential increase in the
number of published articles focusing on the use of XR
in healthcare, providing critical insights into the evolution
of this research domain. The graph reveals a pronounced
surge in publications beginning around 2015, marking a
significant growth in research activity. This trend suggests
rising interest and investment in XR applications within
the healthcare sector, potentially driven by technological
advancements, increased accessibility of XR tools, and
increased recognition of their transformative potential in
addressing healthcare challenges.

To address RQ1, the frequency distribution of authors,
journals, documents, and countries contributing to XR
application in healthcare research was analyzed. The
performance of the top 10 contributors is presented in
Tables 2-4. Table 2 lists the 10 leading journals in XR
healthcare research.

The results show that “IMIR Serious Games” and
“Journal of Medical Internet Research” have the highest
contribution in this domain, publishing 65 and 64 articles,
respectively (Table 2). Additionally, about half of all
documents (1576) were published across the top 140
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Table 2. Top 10 Journals in XR Healthcare Research

Rank  Sources Articles
1 JMIR Serious Games 65
2 Journal of Medical Internet Research 64
3 Cureus Journal of Medical Science 49
4 BM]J Open 46
5 Frontiers in Virtual Reality 46
6 International Journal of Environmental Research 44
and Public Health
7 BMC Medical Education 43
8 IEEE Access 39
9 Virtual Reality 39
10 Frontiers in Psychology 32
journals.

Table 3 provides a compilation of the 10 most frequently
cited articles in the field of XR in healthcare. Among
the most impactful publications is “The growing field of
digital psychiatry: Current evidence and the future of apps,
social media, Chatbots, and virtual reality” (26), which
has achieved an annual citation rate of 89.75. Another
highly influential article, “Virtual reality in the assessment,

understanding, and treatment of mental health disorders”
(27), has accumulated a total of 649 citations.

Table 3 details each article’s title, total number of
citations, and average citations per year, highlighting
various XR applications, including mental health
treatment, medical education, and technological
advancements. Key trends include the prevalence of
systematic reviews on XR in medical training, as well as
the emergence of new themes such as “Digital Psychiatry”
and the “Metaverse”, reflecting the evolving nature of the
field.

Table 4 lists the top 10 prolific authors in the field of
XR in healthcare, with Lee J being the most productive,
authoring 40 articles.

Figure 3 displays a bar chart illustrating the number
of VR-related publications in healthcare across the
top 10 contributing countries. The data is divided
into single-country publications (SCP), representing
research conducted within one nation, and multi-
country publications (MCP), which indicate international
collaborations. This distinction offers insight into national
research productivity and the global collaborative nature
of the field, emphasizing the global scope of XR health
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Table 3. Top 10 Most Cited Articles in XR Healthcare

. Total Citations
Rank  Reference Title Citations Per Year
1 (27) Virtual reality in the assessment, understanding, and treatment of mental health disorders 649 81.13
2 (28) The effectiveness of virtual and augmented reality in health sciences and medical anatomy 457 57.13
3 29) state—éf—the—art and applications of 3D imaging sensors in industry, cultural heritage, medicine, and criminal 436 2795
investigation
4 26) Tbe growing field of digital psychiatry: Current evidence and the future of apps, social media, chatbots, and 359 89.75
virtual reality
5 (30) Systematic review on the effectiveness of augmented reality applications in medical training 326 36.22
6 31 Educational applications of the metaverse: Possibilities and limitations 319 79.75
Virtual reality for health professions education: Systematic review and meta-analysis by the Digital Health
7 (32) . . 318 53.00
Education Collaboration
8 (33) Neuroscience of virtual reality: From virtual exposure to embodied medicine 307 51.17
. - — . 5
9 (34) Can v1rFuaI reality improve anatomy education? A randomised controlled study of a computer-generated 3D 304 16.00
anatomical ear model
10 (35) Treatment of specific phobia in adults 291 16.17

Table 4. Top 10 Most Prolific Authors in XR Healthcare Research

Authors Articles Percent
Lee ) 40 1.27
Kim ) 28 0.89
Riva G 28 0.89
Navab N 23 0.73
Kim S 22 0.70
Huang C 20 0.63
Lee S 20 0.63
WangY 20 0.63
Park ) 18 0.57
ZhangY 17 0.54
research.

According to Figure 3, the United States is the leading
contributor to XR health research, with the highest
number of publications in both SCP and MCP. This
reflects the country’s robust research infrastructure
and strong support for innovation in this sector. China
and the United Kingdom follow closely, demonstrating
substantial contributions and a high level of international
collaboration. These trends highlight the pivotal roles
of these countries as key players in shaping XR health
research and fostering global cooperation through joint
research initiatives.

Conceptual Structure
To elucidate the primary research themes associated with
the application of XR in healthcare, a co-occurrence word
analysis was conducted, accompanied by a visualization
of the conceptual structure based on a network of
terms spanning the period from 2000 to 2024. This
methodological approach is instrumental in revealing
the relationships among researched topics, identifying
emerging trends, and highlighting pivotal hotspots in
domains such as research, innovation, and development
(36).

Figure 4 presents a word cloud visualization of XR-

related healthcare publications, categorizing data by
themes and topics. The largest word, “Virtual Reality,”
emphasizes its dominance as the central technology in this
research domain. Prominent categories such as “Medical
Education” and “Training” highlight XR’s significant role
in healthcare teaching and skill development. “Mental
Health” and “Rehabilitation” also emerge as significant
themes, showcasing XR’s potential in therapeutic
applications.

The figure further highlights emerging trends such as
“Metaverse”, “Digital Health”, and “Artificial Intelligence”,
indicating the evolving landscape of XR applications in
health. These smaller categories reflect the expanding
scope of research beyond traditional XR uses.

Figure 5 presents a line graph depicting the cumulative
occurrences of key terms related to XR in health from
2000 to 2024. The graph shows a significant exponential
increase in the frequency of these terms over time,
reflecting the growing research interest and activity in this
field.

Key observations from the graph highlight the
dominance of “Virtual Reality”, which shows the
steepest growth, indicating its central role in health-
related applications. Emerging trends, such as “Artificial
Intelligence”, “Digital Health”, and “Metaverse”, display
more recent surges, pointing to newer areas of research.
Additionally, “Medical Education” and “Training” exhibit
steady growth, reflecting VR’s increasing role in healthcare
education.

Figure 6 presents a visual timeline tracking the
evolution of research terms related to XR in health from
2002 to 2024. The vertical axis lists key terms, while the
horizontal axis indicates the years, with dots marking the
first appearance of each term in the literature.

Key observations highlight early research in terms
such as “VR”, “AR”, and “Medical Education”, indicating
longstanding areas of interest. Emerging terms such as
“Metaverse”, “Digital Health”, and “Artificial Intelligence”
appear later, signalling recent trends. The timeline also
reflects a shift in focus, with terms related to “Medical
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Training” and “Simulation” appearing earlier, and
“Mental Health” and “Rehabilitation” gaining prominence
in recent years.

This timeline offers valuable insights into the historical
development and changing landscape of XR applications
in health research. While it highlights emerging trends and
evolving focus areas, it does not account for the frequency,

importance, or impact of terms over time. Additionally,

the selection of terms may also be incomplete, and factors
such as research quality are not considered.

The word co-occurrence network offers a powerful
visualization of the interconnections between keywords
and concepts within XR in healthcare. This method reveals
both the thematic focus and the structural relationships
among key terms. In the network, node size corresponds
to the frequency of term occurrence, thereby reflecting

J Educ Community Health. 2025; 12(2) | 137



2500 -
2000 -
2 1500 -
=
o
=
g
&= 1000 -
500 -
0 t : . .
1995 2000 2005 2010 2015 2020 2025 2030
Year
VIRTUAL REALITY AUGMENTED REALITY
e MEDICAL EDUCATION e MENTAL HEALTH
MIXED REALITY SIMULATION
EDUCATION AUGMENTED REALITYTIFICIAL INTELLIGENCE
DIGITAL HEALTH TRARTIFICIAL INTELLIGENCENING
Figure 5. Word Growth
teaching-

three-dimensional displays-
nursing students-

mixed reality-

artificial intelligence-
digital health-

virtual reality-

augmented reality-
medical education-
medical training-

surgery-

electronic health-
medical -

medical informatics-
exposure therapy-

medical robotics-

medical image processing-
mobile leaming-

autism-

medical visualization-
medical knowledge-

E multimedia-
E otolaryngology -
= computed tomography-
medical simulation-
haptics-

mobile augmented reality-

L™

it

computer simulation- @
endoscopy - -
laparoscopic surgery- L ]
image processing- L]
visualisation- ®
computer graphics- [ ]
surgical simulation- L]
problem-based learning- .
medical simulator- L]
medication- L
modeling- L]
augmented- L]
image-guided surgery- @
internet- -
computer-assisted instruction- @
collision detection- e
ureteroscopy - L]
medical application- [
o < M M s M M M ® o M M
(=1 (=1 (=1 (=1 — — —~ - - [x] [x] [x]
& 8 8 8 8 8 & & 8 8 8 8
Year
Figure 6. Trend Topics
their prominence within the dataset (37). Edge thickness and multifaceted overview of how various concepts
indicates the strength of associations between terms, which interact within the broader context of XR applications in
is determined by their co-occurrence frequency in the  healthcare.
literature (38). Together, these features provide a dynamic According to Figure 7, the term “virtual reality” acts as
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the primary hub. This centrality underscores its pivotal
role as the foundation of research in the XR healthcare
domain. The dense web of connections radiating from
this hub illustrates the broad reach and versatility of XR
technologies in addressing diverse healthcare challenges.
The co-occurrence network’s ability to reveal key themes
and clusters offers invaluable insights into the scope of
research, helping to identify areas of overlap and potential
interdisciplinary integration. These insights form the basis
for exploring the thematic clusters in the visualization.
The co-word analysis revealed three major thematic
clusters: (a) medical education and training, (b) mental
health and rehabilitation, and (c) technology and
development. The co-occurrence network illustrates
intriguing interconnections between these clusters,
shedding light on how different thematic areas interact
and evolve. For example, the strong link between “Medical
Education” and “Simulation” suggests that simulation-
based training is central to XR applications in healthcare
education. This connection emphasizes the importance of
immersive, realistic environments in equipping medical
professionals with practical skillsand confidence. Similarly,
terms such as “pain” and “stress” serve as bridges between
the “Mental Health” and “Medical Treatment” clusters.
This indicates that XR is increasingly explored as a tool
for managing pain and stress across various healthcare
contexts, from chronic pain relief to perioperative care.
These interconnections highlight the versatility of XR
and its potential for cross-disciplinary integration, further

underscoring the need for a comprehensive study of its
applications.

The third cluster represents the convergence of XR
with emerging technologies such as artificial intelligence
and machine learning, illustrating innovative directions
in personalized and predictive healthcare. These insights
have enabled us to qualitatively synthesize the evolution
and specialization of XR applications across diverse
healthcare domains and user groups.

Discussion

This article offers a comprehensive analysis and overview
of bibliometric trends in XR research within the healthcare
sector over the past 25 years. The dataset encompasses
3,150 documents published across 1328 journals,
highlighting the extensive and growing knowledge base
in this field. The findings indicate a remarkable annual
growth rate of 18.76%, reflecting the rapid expansion
in research activity and increasing recognition of XR’s
transformative potential in healthcare.

The results demonstrate that the United States, China,
and the United Kingdom significantly contribute to XR
health research. Several European countries, including
Germany, Italy, and the Netherlands, also show significant
involvement, particularly in the SCP category. This
underscores the important role of European nations in
advancing XR applications in healthcare. Moreover, the
findings highlight an increasing trend of international
research collaborations, where countries share resources
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and knowledge, accelerating the development and
adoption of XR technologies in health (39,40).

The word cloud and trend topics visualization of key
terms related to XR in health highlight major themes
in the field. Dominant terms such as “VR” and “AR”
reaffirm their central role in healthcare research, while
“Medical Education”, “Training”, “Mental Health”,
and “Rehabilitation” reflect their strong applications
(1,4,16,17,41,42). Emerging trends, including “Metaverse”,
“Digital Health,” and “Artificial Intelligence”, indicate
evolving research directions (40,43-45). The word cloud
offers valuable insights into the field’s focus areas, helping
researchers identify key themes, relationships, and
potential gaps for further investigation.

Beyond the quantitative bibliometric and co-word
analyses, this study also incorporated a qualitative
thematic categorization derived from the co-occurrence
network. Several distinct clusters emerge from the co-
occurrence network, each representing a thematic focus
within the XR in the health domain. These clusters not
only highlight the broad range of XR applications but also
provide a lens into specific areas where its impact is most
pronounced.

The first prominent cluster centers on medical
education and training. This includes terms such as
“Medical Education”, “Medical Training”, “Nursing
Education”, “Simulation”, and “Anatomy”. The
prevalence of these terms indicates that XR is widely
used to enhance educational experiences across various
healthcare disciplines. Notably, simulation-based training,
in particular, has emerged as a critical application area,
enabling medical professionals to develop and refine their
clinical skills in a controlled, immersive environment (41).

The integration of XR into medical education offers
significant advantages. It allows the replication of complex
anatomical structures and surgical procedures, thus
providing learners with hands-on practice opportunities
without posing risks to patients (6,14,46,47). This cluster
not only underscores XR’s transformative potential in
medical education but also highlights ongoing research
efforts aimed at refining and expanding its applications in
this area.

Another prominent cluster pertains to mental health
and rehabilitation, characterized by terms such as “Mental
Health”, “Depression”, “PTSD,” and “Rehabilitation.”
This cluster demonstrates VR’s growing role in addressing
psychological and neurological conditions. For instance,
XR-based therapeutic interventions have demonstrated
promise in treating anxiety disorders, phobias, and PTSD
by offering controlled and safe environments for exposure
therapy (12,48-50). Additionally, XR’s immersive and
engaging nature makes it a valuable tool in rehabilitation
programs, particularly for stroke survivors and individuals
with motor impairments (7,13,19,51,52). By facilitating
tailored, patient-specific therapies, XR enhances both
the effectiveness and accessibility of mental health and
rehabilitation services.

A third major cluster focuses on technology and
development, featuring terms such as “Artificial
Intelligence”, “machine learning”, “AR”, and “MR”. This
cluster highlights the convergence of XR with cutting-edge
technologies, reflecting a forward-looking perspective
in healthcare research. The integration of artificial
intelligence and machine learning with XR over 25 recent
years has enabled more sophisticated simulations, real-
time analytics, and personalized healthcare solutions
(21,33,40,53-55). AR and MR further extend the
capabilities of VR by enabling hybrid environments
where digital and physical elements coexist seamlessly.
These technological advancements not only enhance the
functionality of XR systems but also open new avenues for
innovative healthcare applications.

One of the key limitations of this study lies in its
reliance on bibliometric and co-word analysis, which,
while valuable for mapping research trends and thematic
structures, does not provide an in-depth evaluation of
how XR technologies directly influence specific health
promotion interventions, behaviour change mechanisms,
or public health outcomes. Moreover, the study lacks a
focused examination of how immersive technologies are
applied to distinct target populations such as youth, the
elderly, or underserved communities within community-
based health promotion settings. Future studies should
focus on evaluating the quality, effectiveness, and
long-term impact of XR applications, particularly in
underserved environments. Further investigation is
also needed into the integration of XR with emerging
technologies such as the metaverse and digital health
platforms. Additionally, exploring mechanisms to
optimize international collaborations is essential. These
efforts can further enhance XR’s role in reducing health
disparities and advancing healthcare innovation on a
global scale.

Conclusion

This bibliometric and co-word analysis of 3,150
publications over the past 25 years reveals both the rapid
growth and the thematic evolution of XR applications
in healthcare worldwide. From these observations,
several implications emerge. First, the central role of
simulation-based training within the thematic network
underscores XR’s integration into modern medical
education, with significant implications for improving
training outcomes and patient safety. Second, the strong
emphasis on mental health and rehabilitation reflects a
growing recognition of VR’s potential as a powerful tool
for addressing complex psychological and neurological
conditions. Third, integrating advanced technologies such
as artificial intelligence and AR signals a dynamic, fast-
evolving research landscape, in which innovation drives
more sophisticated and effective XR solutions. This study
highlights VR’s transformative potential in healthcare,
advancing theoretical understanding of immersive
learning and interdisciplinary approaches. Practically, it

140 | J Educ Community Health. 2025; 12(2)



underscores XR’s applications in medical training, mental
health, and rehabilitation, offering actionable insights
for healthcare providers and educators. From a societal
perspective, XR addresses critical health challenges,
including improving access to mental health services
and enhancing the training of healthcare professionals in
underserved regions.
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