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ABSTRACT The digital economy has engendered Health Metaverse, an innovative technology with
vast potential to transform healthcare through immersive experiences. The Health Metaverse serves as a
convergence point for a multitude of technologies, including artificial intelligence (AI), virtual reality in
heath, augmented reality in health, internet-connected medical devices, quantum computing, and more. This
convergence opens up possibilities, for advancing quality healthcare. Therefore, reviewing recent influential
literature is critical to understand current methods and envision future improvements. This study utilizes
a hybrid bibliometric-structured methodology combining descriptive and bibliometric network analysis.
To gather information we conducted searches on the Web of Science database and reviewed references. Our
inclusion criteria focused on articles and reviews published between January 2012 and June 2023. We used
keyword groups for our searches. Then performed bibliometric analysis followed by content analysis.
Papers were reviewed, analyzed and categorized into focuses on multimodal medical information standards,
medical/social data fusion, telemedicine, online health management, and medical AI. This bibliometric
analysis of 34 thousand publications over 10 years proposes medical and health informatics in theMetaverse.
Five future research direction clusters were identified. It delineates intelligent solutions bridging healthcare
barriers. In conclusion, this review examines theMetaverse, in healthcare explores cutting edge technologies,
applications, projects and highlights areas where adaptation may be needed. It identifies adaptation issues
and suggests solutions warranting further research.

INDEX TERMS Health metaverse, healthcare technology, health informatics, quality of care, digital health,
data analysis, bibliometric analysis.

I. INTRODUCTION
In the field of healthcare the importance of smart healthcare
5.0 becomes clear as it aims to improve the well being of
people worldwide by addressing their physical, social and
mental health needs [1]. Healthcare systems are primarily
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focused on tasks that strengthen, rehabilitate, sustain and
optimize healthcare services making contributions, to a
nations growth and industrial progress. This dedication has
driven the advancement of the healthcare industry through
the integration of technology to enhance interactions among
healthcare providers, patients and other stakeholders. Digital
healthcare has played a role in transforming the health-
care industry [2]. The implementation of health services
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through tools and internet platforms has greatly impacted
how patients and physicians interact. This transformation
can be observed through innovations like decision making
systems in healthcare, virtual reality applications and digital
health platforms [3]. Embracing these technologies offers
opportunities to explore approaches for delivering treatments
at costs while improving patient outcomes. Despite progress
in the healthcare sector there are challenges that need to be
addressed. These challenges include an increasing prevalence
of diseases growing burdens on individuals and institutions
alike a population that is aging rapidly insufficient numbers
of healthcare professionals available for care delivery as well,
as limited resources.In this environment there is a demand to
offer healthcare services directly to peoples homes [4].
The healthcare industry worldwide including its employ-

ees, facilities and logistics has encountered difficulties as
a result of the unparalleled COVID 19 outbreak. The
ongoing global health crisis has sparked changes, in the
healthcare industry leading to the adoption of technological
advancements and proactive adaptations [5]. After the
pandemic noticeable shifts have occurred in healthcare.
Nowadays patients are actively involved in decision making
and readily embrace virtual healthcare systems and digital
innovations. The use of data and data analytics, accompanied
by a rising trend in collaborative development, has become
commonplace.

As a result governments, healthcare providers and other
stakeholders have felt compelled to adjust and innovate to
keep up [6]. However there are still challenges that need to
be addressed as they will shape the future trajectory of the
healthcare sector. Patients evolving needs and goals drive
innovations in healthcare as their experiences play a role.
They desire enabled, on demand interactions with clinicians
that ensure patient centered services across locations and
socioeconomic backgrounds. Recognizing the nature of each
individuals health journey is essential, for tailoring services
and creating personalized healthcare experiences [8].
Nowadays it has become crucial to utilize tools and

services to ensure customer satisfaction keep track of and
monitor health statuses and improve adherence, to medica-
tion. Consumers (Patients), in the healthcare industry are
becoming more open to sharing their information. Therefore
it is crucial for organizations to prioritize interoperability
and build trust with consumers by showing reliability,
transparency and empathy in their operations. The current
expectation is a shift from focusing on healthcare to an
textitasis on overall health and well being. This change calls
for adjustments in how services designed and delivered.
Embracing solutions has become essential to ensure con-
sumer satisfaction enable efficient tracking of health status
and promote better adherence to medications. Moreover
organizations must place importance on data interoperability
to foster trust among consumers by demonstrating reliability,
transparency and empathy in their operations [9]. This marks
a change towards prioritizing health and well being than
just healthcare itself leading to transformative modifications,

in service offerings and the channels through which they are
provided.

In the healthcare field it is possible to enhance involvement
during the process by using high quality immersive content
and incorporating gamification elements. The healthcare
system, in the Metaverse provides an enjoyable healthcare
experience that is tailored to each patients needs. The Meta-
verse combines technologies like artificial intelligence (AI),
augmented reality (AR), virtual reality (VR), telepresence,
digital twinning and blockchain, which have had a significant
impact on the healthcare industry [10]. By integrating
these technologies, new and cost effective approaches,
to treatment delivery can be explored, ultimately improving
outcomes.

By creating a digital world that can be accessed online,
the Metaverse replicates human actions and emotions, con-
necting the social and economic aspects of both the physical
and virtual realms [11]. These tools greatly help healthcare
professionals in effectively explaining complex concepts
to patients, providing detailed step by step explanations
of medical procedures and ensuring accurate adherence to
prescribed medications. Additionally, by integrating digital
twin solutions into the healthcare focused Metaverse, a new
approach is introduced to keep patients well informed and
engaged in their treatment journey. By combining vital signs,
CT scans, health records and genetic test results, a virtual
simulation of patients anatomy and physiology is generated
within this virtual environment. This allows for continuous
monitoring of their health status and provides valuable
insights. Patients have access to their health data through
a virtual dashboard where they can easily communicate
with doctors, researchers, nutritionists and other individuals
involved in their personalized care [12]. The recent pandemic
has led to an increased demand for remote healthcare ser-
vices, highlighting the potential of the Metaverse to provide
a more comprehensive experience compared to traditional
telemedicine systems based on video conferencing [13].

Additionally, Extended reality (XR) technologies like
mixed reality (MR) have the potential to bring significant
advancements to the healthcare and medical education fields.
One exciting application is the use of AR glasses, which
enable patients to have real time video consultations with
doctors, allowing for remote specialized care and quick diag-
noses. This not only improves patient provider interaction
but also allows offsite clinicians to receive live emergency
streaming for timely treatment [14]. By combining AI with
mapping mirror worlds can accurately simulate real life
medical scenarios for training purposes. The recent pandemic
has highlighted the usefulness of the Metaverse in providing
care. Augmented reality technology allows for explanations
of procedures going beyond mere theoretical knowledge.
Esteemed institutions are increasingly utilizing XR and AI
to educate physicians through simulations of procedures and
detailed models of cellular level anatomy [15].

As a result, these sophisticated technologies provide ele-
vated visual representations, improved comprehension, and
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practical experience in pioneering methods. Consequently
these advanced technologies offer enhanced representations
improved understanding and practical hands on experience in
methods. The Metaverse allows for 360 degree visualizations
of conditions showing promise as a platform, for preparation,
collaboration and immersive experiences although it is still
in its experimental stages [16]. The global market for
Metaverse healthcare has experienced growth with a value
of $5.06 billion in 2021. Projected to reach $71.97 billion
by 2030 demonstrating a Compound Annual Growth Rate
(CAGR) of 34.8% during the period from 2022 to 2030 [17].
North America is expected to take the lead due to the presence
of Metaverse focused companies and infrastructure as the
integration of AR and VR in healthcare which facilitates
substantial investments in AR products and applications.
Extensive research has explored applications of the Meta-
verse in healthcare. Notably potential transformations, across
collaboration, education, care delivery models monetization
strategies and wellness have been discussed [18]. A study
conducted by [19] investigated real life scenarios where
AI and data science were utilized in hospital management
to uncover the obstacles faced during implementation.
Furthermore cutting edge technologies such, as telepresence,
digital twinning and blockchain hold potential, in delivering
advantages particularly in the realm of remote patient
monitoring [20]. In summary, to put it simply innovative
and interactive reality technology solutions have potential to
revolutionize healthcare by improving training, delivery of
care and overall outcomes. Nevertheless, additional research
is essential to surmount current challenges and harness its full
potential in practical scenarios.

Bibliometrics allows for the analysis of publications,
researchers, journals and institutions to uncover patterns,
in research impact and citations within a specific field [19],
[21]. Thus, this study conducts a review using analysis of
over 30 thousand spanning a decade to explore the impact
of Metaverse in transforming healthcare. It also expands
on surveys to examine how these technologies have been
integrated into the healthcare sector. This study employs a
bibliometric analytics framework to comprehensively ana-
lyze recent literature, delving into research trends concerning
emerging technologies in healthcare operations and system.
It scrutinizes both the challenges and potential solutions
within this burgeoning field.

Additionally this study aims to answer three research
questions (RQ) that address gaps in research;

• (RQ1) What is the primary focus of research on
healthcare management within medical and healthcare
contexts?

• (RQ2) How have keywords and clusters related to
emerging technologies in healthcare operations and
system evolved over time?

• (RQ3) What are the potential areas for practical
applications and future direction based on our analysis?

As a result, following our initial analysis, we conducted
a comprehensive systematic review aimed at elucidating the

conceptual framework of the emerging Health Metaverse
(HM) concept. This thorough review delves into its research
framework, explores the challenges encountered within
this domain, and assesses its potential applications. This
exhaustive analysis of existing literature serves to consolidate
current knowledge and identify areas of focus for future
research, development, and implementation of innovative
immersive technologies. These technologies encompass aug-
mented and virtual reality, telepresence, the Internet of Things
(IoT), digital twinning, AI techniques, blockchain, quality
of service, and experience. The ultimate objective is to
address healthcare issues through a combination of legal and
technological approaches.

II. MATERIALS AND METHOD
A. RESEARCH METHODOLOGY
The flowchart shown in Figure 1 illustrates the analysis
performed on a cutting edge technology in the digital realm,
which holds great potential in healthcare. This technology
aims to provide experiences for both patients and medical
professionals as part of the ongoing digital transformation in
healthcare. The analysis adheres to the following procedure:

Firstly, we identify relevant keywords and design search
strategies that cover three distinct research areas (RA);

• (RA1) digital transformation in the medical and health-
care sector,

• (RA2) operations management in healthcare,
• (RA3) quality of services in health management.
Secondly, using these selected keywords we utilize the

Web of Science database to retrieve publications for further
examination.

Thirdly, employing visualization tools we conduct trend
analysis and topic analysis on publications related to trans-
formation in healthcare. This enables us to extract findings
from the bibliometric study and identify areas with potential
for future research.

Lastly, we present our interpretation of research concepts,
future challenges and avenues for exploration, within the field
of HM.

B. DATA COLLECTION
The number of articles discussing advancements in healthcare
transformation has been increasing each year since 2012.
To analyze the research thoroughly we carefully selected
publications, from the regarded Web of Science (WoS)
database covering the period from January 2012 to 2023.
Our focus was exclusively, on articles and review articles.
We categorized these publications into three groups known as
RA1, RA2 and RA3 to gain an understanding of the subject
matter through a review of existing literature and reports.
For each category we identified a set of search keywords
using operators like ‘‘AND’’ and ‘‘OR’’ to refine our research
process as shown in Table 1. We retrieved a collection of
papers from the WoS database including titles, keywords,
author details, abstracts and references-all saved in plain text
format.
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TABLE 1. Summary of search keywords.

FIGURE 1. The methodology flowchart employed in this research.

C. DATA ANALYSIS METHOD
This research employs a range of methods to gain a thorough
understanding of the complex digital health landscape.
In response to the limitations encountered during our
database search, we expanded our search parameters to
encompass content related to digital medical and health
technology. This broader approach involved the inclusion of
news articles and reviews, in addition to academic publica-
tions and publicly accessible sources, in order to compile

a comprehensive collection of bibliometric data. Initially,
we conducted an analysis of keyword occurrences within the
category of healthcare transformation as a basis for empirical
research. We then used topic modeling to identify relevant
keywords related to healthcare operations and the quality of
primary care services grounded in evidence based practices.
For our core data source we utilized the WoS database,
which contained 30,015 relevant documents. We evaluated
bibliometric analysis software tools like Microsoft Excel
and VOSviewer ultimately selecting VOSviewer for its
graphical distance based mapping approach. In this approach
smaller distances indicate relationships between items such
as keywords, authors organizations and countries [22], [23].
The size of each label represents the frequency of publication
for that keywordwhile label color reflects cluster assignments
determined by VOSviewers clustering technique. By syn-
thesizing academic articles and reviews within the WoS
database, this study employs quantitative methods to provide
a comprehensive overview of advancements and strategic
directions in the digital transformation of healthcare through
emerging technologies in the HM.

III. RESULTS AND DISCUSSION
In this section, we present and provide an explanation for the
findings of the descriptive and bibliometric network analysis.

A. DESCRIPTIVE ANALYSIS
In this subsection, we perform a citation trend analysis
to evaluate the importance of contributions and quantify
the degree to which respected publications are cited or
referenced, following the approach outlined by Hajje and
Mulla in [24]. This method enables us to identify the top
10 authors, sources of publication, organizations, countries,
and influential articles characterized by the highest citation
counts.
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TABLE 2. Frequency of citations and publications across time.

Initial descriptive analysis examined the exported bibliog-
raphy file spanning 2012 to mid-2023. This analysis helped
me gather statistics about publications, including the total
number of publications (TP), total citations (TC), cumulative
articles (CA), cumulative citations (CC), average citations per
article (ACA), and average citations per year (ACY) as shown
in Table 2. After searching through databases, we found
30,015 articles published between January 2012 and June
2023 that focused on the transformation of healthcare. These
articles were then quantitatively analyzed to understand care
patterns over the past decade. The results revealed an increase
in both the publication and citation of articles related to
this topic (as indicated in Table 2). To summarize this
initial bibliometric analysis has provided a foundation of
publication and citation data. It will serve as a basis for
examinations of research progress in utilizing immersive
and interactive technologies, for healthcare industries over
the past ten years using rigorous quantitative methods. This
will help identify research trends, priorities and strategic
directions moving forward.

1) ANALYSIS OF THE OVERALL GROWTH
The analysis of publication and citation metrics provides
valuable insights into the trends and impact of research
in a specific subject area. By examining digital health
publications and citations from 2012 to 2023, we observe an
overall upward trend, although there is a decline in 2023 due
to the dataset only including data from the first half of the year
as depicted in Figure 2. Prior to 2012, there were very few
articles, indicating that digital health was not yet a prominent
research area during that time. However, from 2012 to 2014,
there was significant growth in research exploring the digital
transformation of the medical and healthcare industry. This
growth then slightly declined after reaching its peak in 2014.
Since 2016, we have seen a rapid proliferation of publications
focused on conceptual definitions, frameworks and virtual
reality applications for health purposes. The number of
these publications has exceeded 400 annually. Additionally,
citation analysis shows a consistent increase in research
activity with over 1,000 additional citations per year between
2019 2020. By fitting our publication and citation data to
Lotka’s Law [25], we obtained exponential growth equations;
y = 966.39 × e0.1444x and y = 581.33 × e0.1794x with

corresponding R2 values of 0.9801 and 0.7417, respectively.
These exponential trendlines indicate that the field of digital
health has evolved from an early stage to a phase of rapid
development [26]. To summarize, a preliminary analysis
of bibliometrics indicates that digital health is a rapidly
growing field of research. This lays the foundation for
more detailed examination of specific topics, trends and
future strategic directions regarding these groundbreaking
technologies.

The contemporary concept of primary care has spurred the
integration of diverse medical and healthcare services into
the healthcare ecosystem. Additionally, digital health is expe-
diting innovation in the realm of medicine and healthcare.
Health technologies involving VR and AR are enhancing
the patient experience and medical outcomes. Even routine
medical procedures, such as intravenous injections and blood
draws, can benefit from technology, like projecting human
vein maps onto the skin [27]. Many healthcare companies
are investing substantial sums in advancing AR and VR
technologies, aiming to enhance drug delivery and potentially
replicate physical presence, addressing one of the primary
limitations of current telemedicine models. The research
landscape since 2020 has witnessed a growing interest in
technologies such as digital health, online health communi-
ties, telemedicine, VR and AR, although this research is still
in its nascent stages.

In the past medicine has always revolved around interac-
tions. It usually starts with a patient initiating a conversation
with a doctor to discuss their health condition. Afterwards
the doctor evaluates the patients symptoms using sources of
physiological information, such as emotional and physical
responses, clinical data and more. Ultimately the doctor
develops an optimal treatment plan for the patient. However,
in todays world where big data, Metaverse and AI technol-
ogy’re prevalent individuals have somewhat become digital
citizens. Even before the COVID 19 hit people were already
exploring digital medical and health technologies to address
their personal health concerns. The global pandemic has
further accelerated this trend by promoting the growth of ser-
vices wearable devices and telemedicine. The advancement
of medical information technology, in healthcare is no longer
limited to medical institutions or government agencies. At the
time significant technological advancements have expanded
existing medical information systems into a comprehensive
healthcare ecosystem.

The advancement of healthcare industry innovation relies
on a combination of computer science, telecommunications
technology, medical and health services and computational
biology. Furthermore behavioral science, psychology and
education have roles to play in the research areas of VR/AR
in the field of health. These fields are driving innovation
in domains such as pain management, surgical procedures,
medical training, virtual fitness programs, telemedicine
practices and virtual patient communities. However there
are still challenges to overcome including limitations like
interchangeability and mobility issues as well as human
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FIGURE 2. Analysis of publication and citation trends over time.

factors such as skills development, resistance to change
and building trust. Regulatory and legal considerations also
pose hurdles. Hence digital healthcare embodies a virtual
community focused on health matters existing alongside the
world but functioning autonomously. It serves as a space that
combines medical knowledge with various forms of medical
information. The primary goal is to encourage the adoption of
digital transformation within the medical and healthcare sec-
tor. In contrast to the broader concept of primary care within
healthcare settings, our specific focus in digital healthcare
revolves around processes related to knowledge acquisition,
including digitization initiatives, as well as operations
management within healthcare that pertains to interactions
among users. Additionally, we textitasize the perspectives
related to the quality of services, which entail harnessing
advanced technologies. In the healthcare landscape today
seamless interoperability between systems is crucial. Service
providers and stakeholders increasingly require the ability
to exchange data effortlessly across systems institutions
even international borders. Unlike existing health tools
available today; future virtual health services aim to create
a more immersive environment rooted in healthcare by uti-
lizing AR/VR technologies along, with related virtualization
technologies.

According to the data presented in Figure 3, Health
Care Sciences Services emerge as the predominant domain,
comprising 20.3% of the articles within this category.
It is followed by Surgery, accounting for 11.5% of the
articles, and Public Environmental Occupational Health
at 10.8%. The Cardiovascular System Cardiology, Neuro-
sciences Neurology, and Medical Informatics domains make
up 7.3%, 7.2%, and 6.0% of the articles, respectively.
Research Experimental Medicine contributes 4.7% of the

articles. In contrast, areas like Rehabilitation, Emergency
Medicine, and Psychology have made minimal or neg-
ligible contributions to telemedicine and science. These
areas present opportunities for interdisciplinary research that
can involve aspects such as laws, technology, and human
elements.

Previous studies on improving virtual healthcare services
have often had a narrow focus. They mainly examined
individual performance metrics like waiting times or time
until diagnosis [28], [29], [30]. Some research looked into
the collaboration among healthcare providers [31], specific
interventions such as electronic consultations [32] or referral
letters [33] and specific referral categories like cross referrals
and palliative care [34], [35]. Additionally, certain studies
explored the impact of risk factors such as low income,
age and medical conditions on referral outcomes [36], [37].
A systematic review also examined performance measures
related to specialty referrals [38]. While these studies
were valuable, many of them had limited scopes or only
considered literature published before 2015. As a result, they
failed to consider more recent approaches like simulation
and optimization models [39], [40]. The objective of this
study is to provide a comprehensive exploration of digital
healthcare topics. To achieve this goal, we will conduct a
bibliometric analysis of the literature from previous years.
By studying publication and citation patterns, our study
aims to identify trends in research and pinpoint areas that
require further knowledge. Ultimately, our findings will
guide future research directions and offer an extensive
perspective on advancements across different fields and
methodologies. Virtual healthcare services aim to create
a more engaging healthcare environment by utilizing the
virtualization technologies.
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FIGURE 3. Total papers by subject area.

In brief, the assessment suggests that digital health is a
swiftly growing research area marked by contributions from
around the world. Initial results reveal significant investments
by healthcare firms in advancing AR and VR technologies.
The objective is to improve drug delivery and potentially
recreate physical presence, addressing a crucial limitation in
telemedicine. From 2020 onwards, there has been a rising
interest in research concerning technologies such as digital
health, telemedicine, online health communities, andVR/AR,
although these are still in their early stages. This sets the
groundwork for more in-depth investigations into specific
topics, trends, and strategic directions concerning these inno-
vative technologies. Papers in fields such as rehabilitation,
emergency medicine, and psychology have made minimal
or negligible contributions to telemedicine. This presents
interdisciplinary opportunities that involve technology, law,
and human aspects. Identified publication trends indicate a
probable increase in the number of papers focusing on AR,
VR, and MR surgical techniques. In addition, recognizing
prolific authors and institutions contributing to digital health
acknowledges key contributors in the field. A more in-depth
analysis of publication and citation trends across disciplines
and over time can offer a profound understanding of the
impact of technologies and their evolution in shaping the
future of healthcare.

2) PUBLICATION SOURCES
In this subsection, we analyze the distribution of journals
within the field of health services research and subsequently
assess their citations. To gauge the influence and overall
quality of these journals, we utilize the 5-year impact factor
(IF) data provided by WoS. This metric is calculated by
dividing the total number of citations (TC) received by papers
published in a journal over the previous five years by the

total number of papers (TP) published in the journal during
that same five-year period. Table 3 presents a summary
of the top 10 journals based on various criteria, including
TP, TC, highly cited journals (h-index), and their respective
5-year IF.

Analysis of contributing journals revealed BMJ Open
as the top source with 1,090 articles included in this
study, followed by PLOS One with 507 articles and BMC
Health Services Research with 437 articles in Figure 4.
Ranking journals by total citations shows the Cochrane
Database of Systematic Reviews received the most citations
at 16,076, despite only contributing 197 articles. BMJ
Open (12,492 citations) and PLOS One (7,825 citations)
also ranked highly. The impact factors for these most-cited
journals were also relatively high, with JAMA Network
Open at 13, Cochrane Database of Systematic Reviews
at 10.9, and Journal of Medical Internet Research at
7.6, all exceeding 6. In summary, bibliometric analysis
identified the major contributing journals and highlighted
those with significant impact in the field based on publication
volume, citation counts, and impact factors. This informs
the influence of key sources publishing research related to
improving referral processes and connectivity in healthcare
delivery.

3) MOST IMPACTFUL ARTICLES
Historically, healthcare followed a hospital-centric model
with professionals treating patients in clinical settings [51].
However, a paradigm shift towards patient-centered care now
textitasizes individuals taking an active health management
role. For instance, wearable devices enable continuous, non-
invasive monitoring of vital signs and biometrics to improve
outcomes and quality of life [52], [53]. By providing real-
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TABLE 3. Top productive and cited journals contribution and its impact.

FIGURE 4. Top journal contributions.

time data, wearables facilitate early detection of conditions
like heart disease, diabetes, and sleep disorders, allowing
users to monitor health status daily and make informed
lifestyle decisions. Furthermore, analysis of top articles by
journal, citations, references, and research directions shows
a focus on areas including healthcare services, decision

support, referrals, economics, risk factors, virtual reality
therapy, assessments, meta-analyses, and tele-rehabilitation
are summarized in Table 4.

According to Table 4 offers an in-depth analysis of the
top articles, with a notable focus on the first five articles
aimed at providing valuable insights into decision support
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techniques and computer-aided detection. These insights are
intended to enhance healthcare systems and address diseases,
including COVID-19. Furthermore, among these top articles,
five highly-cited studies delve into various aspects of diseases
care, encompassing topics such as diagnosis, risk assess-
ments, referrals, real-time health data sharing through wait-
lists and services, and the resulting impacts on behaviors,
health outcomes, and healthcare systems. Additionally, there
are four review articles suggesting that this research holds
substantial value by exploring the emerging integration of
technologies such as AI, blockchain, the HM, IoT, robotics,
and cloud computing in healthcare. Despite being relatively
new within academia and among professionals, these areas
represent economically feasible real-world solutions for
virtual healthcare. In summary, this study aims to strategically
build upon existing interdisciplinary literature by analyzing
the focus and influence of these key prior works, thereby
advancing our understanding of the technologies that are
shaping the future of healthcare delivery. The shift to patient-
driven care and technologies empowering self-monitoring
has driven research on improving care coordination, connec-
tivity, and personalized interventions to engage individuals
in their health. A comprehensive perspective is critical
to strategically advance patient-centered innovations in
healthcare.

The work in [47] studied assesses the efficacy of decision
aids as interventions providing information on treatment or
screening options, benefits, and risks to improve decision
alignment with personal values, synthesizing evidence from
randomized controlled trials comparing decision aids to usual
care or alternatives across outcomes related to decision-
making processes, behaviors, health, and healthcare systems.
It was the most-cited article, with 1,914 citations. Paper
in [54] contributes to evidence-based guidelines, which advo-
cate for the implementation and assessment of interventions
such as site-specific programs. These interventions aim to
reduce unnecessary antibiotic use by relying on scientific
evidence, ultimately promoting appropriate stewardship. The
work textitasizes the pressing need for research into optimal
models, taking into account organizational and prescriber
factors. This research can enhance care coordination, inform
clinical and operational decisions, improve referral accuracy,
mitigate economic risks, and reduce patient safety risks asso-
ciated with inappropriate antibiotic prescribing. The work has
received 1,760 citations. More recently, article [64] explains
recent research on post-stroke active rehabilitation indi-
cates extended reality and robotic technologies demonstrate
equivalent or superior outcomes to conventional therapy
for improving motor function and activity in both subacute
and chronic patients, with meta-analyses showing virtual
reality and robotics significantly outperform conventional
methods in the chronic phase, underscoring the promise of
immersive and intelligent HM innovations for advancing
patient recovery through personalized interventions adapted
to impairment severity. The research conducted in refer-
ence [65] explores the feasibility of incorporating Cognitive

Remediation (CR) as an additional therapeutic approach for
treating bipolar disorder (BD) by utilizing fully immersive
VR in the healthcare context. Furthermore, it seeks to offer
preliminary insights into the therapeutic effectiveness of
this study protocol, which involves integrating CR within a
fully immersive VR environment alongside the standard BD
care regimen. The notable increase in the number of cited
references, totaling 103, can be attributed to the burgeoning
field of research within the HM. A pivotal concern within the
healthcare industry revolves around its impact on healthcare
referrals.

Within the framework of advancing digital transformation
in healthcare, paper in [66] explored delves into potential
research directions to provide insights for future studies
and strategies regarding the effective integration of AR into
telemedicine. This study is significant for establishing a
human-centered theoretical framework for the metaverse as
a therapeutic space, linking it with existing psychotherapy
theories, and paving the way for innovative psychotherapy
strategies. It addresses the current lack of a unified def-
inition for the metaverse, highlighting the importance of
building a solid theoretical foundation for future research
in this area.

The analysis of highly impactful articles reveals a concen-
tration on various areas, encompassing healthcare services,
referrals, decision support, assessments, economics, virtual
reality therapy, and tele-rehabilitation. Five studies that are
extensively cited explore aspects of disease care, that is, diag-
nosis, referrals, data sharing, risk assessments, and resulting
impacts. From the four influential reviews, the roles of
emerging technologies in healthcare are highlighted, ranging
from robotics to AI, cloud computing, blockchain, and
human-meta. Through a careful examination of computer-
based health decision support systems, the process of design-
ing evidence-based and patient-centered care has become
evident. This can be highly beneficial in improving connec-
tivity, coordination, and interventions that are personalized to
individuals.

4) AUTHOR PERFORMANCES
Analysis of highly cited authors identified influential
researchers with high citation rates per publication, reflect-
ing renowned healthcare and service scholars advancing
knowledge through impactful publications. These pro-
lific authors make notable contributions to state-of-the-art
research and practice. Bibliometric assessments of individ-
ual researcher productivity and influence provide further
insights into the scientific progress advancing healthcare
knowledge.

In light of extensive collaboration, we have identified
the top highly cited authors based on three key metrics:
total publications (TP), total number of citations (TC), and
citations per publication (C/P). The results, presented in
Table 5, reveal that Liu, Yao (abbreviated as Liu, Y.) from
Harvard University stands out as a prominent and well-
recognized contributor, boasting a remarkably high C/P
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TABLE 4. The productive and cited article contribution.

value of 39.48. Following closely are Keely, E. from the
University of Ottawa and Wang, J. from the University
of South Alabama, with C/P values of 19.79 and 19.60,
respectively. Additionally, notable authors in terms of C/P
productivity include Liddy, C. from the University of Ottawa
and Patel, A. from the University of New South Wales
Sydney.

Overall, understanding key drivers of research impact
can inform strategies to build on existing evidence and
promote meaningful discoveries. Bibliometric analysis uti-
lizes author-level metrics like the h-index, g-index, and m-
index to quantify scholarly impact and influence. The h-
index measures productivity as the number of papers (h)
with at least h citations. The g-index indicates g papers

23896 VOLUME 12, 2024



H.-S. Nguyen, M. Voznak: Bibliometric Analysis of Technology in Digital Health

with at least g2 citations. Proposed in 2005, the h-index
gained popularity for assessing productivity and impact,
although variants address limitations (e.g. g-index, m-index)
[67]. For instance, scholar Lee has an h-index of 16 based
on 29 highly cited papers out of 61 articles that garnered
over 800 citations during 12 active publishing years, giving
an m-index of 1.33. In summary, bibliometric assessments
of researchers’ productivity and citation counts provide
insights into scientific influence and progress in healthcare
research.

To assess authors’ productivity in terms of total publica-
tions, we have generated Figure 5. This graph illustrates that
among the top ten authors, Lee, J. and Li, J. emerge as the
most prolific contributors.

5) COUNTRY-SPECIFIC CONTRIBUTIONS
Bibliometric analysis identified the countries exhibiting the
most robust research output are detailed in Table 6. In the
realm of healthcare research, the United States (USA),
England, Canada, Australia, Netherlands, and Germany as
the top contributing countries in healthcare research by
total publications. The United States, England, and Canada
also led in total citations, while the People’s Republic of
China and Spain had the fewest. Moreover, the negligible
Middle Eastern contribution indicates a knowledge gap
this review can help fill by establishing a foundation for
subsequent regional research on referrals and healthcare
systems.

For example, the United States dominates publishing and
citations, with over 179,000 citations far exceeding other
countries. England published the second highest number
of papers 4,617 with 103,620 citations. Analyzing citation
rates per publication shows France, Germany, and Italy as
the most citation-intensive countries, highlighting key global
research hubs advancing healthcare knowledge. Strategic
collaboration across these productive regions can catalyze
advancements through knowledge sharing. Following the
descriptive analysis, we have conducted bibliometric network
analysis to discern bibliographic couplings, co-citations, and
topic co-occurrences. The outcomes of this analysis are
meticulously documented in the next section.

B. BIBLIOMETRIC NETWORK ANALYSIS
Bibliometric network analysis provides insights into research
collaboration and influence through coupling and co-
citationmapping across authors, organizations, countries, and
journals [68]. This methodology summarizes contributions
within a research topic by performing a literature review to
identify key theme clusters while minimizing subjective bias.
Network analysis thereby enables an objective assessment of
research progress on a given topic to inform future agenda-
setting. In this study, coupling and co-citation mapping will
elucidate mutual research efforts and citation interdependen-
cies in order to synthesize the current state of knowledge
around improving referral processes and connectivity in

healthcare delivery. We summarize the results of the analysis
as follows.

1) BIBLIOMETRIC COUPLING OF AUTHORS
Bibliographic coupling identifies document pairs with the
highest similarity based on shared references, reflecting
related research areas and potential future directions [69].
Coupling between authors can elucidate collaborations
and shared research foci in a field. This part conducts
bibliometric author coupling analysis to extract insights
into cooperative efforts advancing healthcare research
and services, as illustrated in Table 7 and Figure 6.
Examining coupling networks reveals connections between
researchers that catalyze knowledge building and scientific
progress.

According to Table 7, the author coupling analysis
identified researchers with the most publications related
to healthcare science and services research meeting a
minimum citation threshold of 15. Of 140,807 authors in
the WoS database, 15 met inclusion criteria. Analyzing
authors who exhibit both prolificacy and influence sheds
light on the pivotal contributors to knowledge advancement
through collaborative research efforts. In this context, it is
noteworthy that Lee, J. emerges as the most productive
author, while Liddy, C. stands out for having the highest
count of bibliographically linked authors within this research
domain.

Authorship data from the WoS database identified leading
researchers to map collaborations through bibliographic
coupling visualization in VOSviewer, as shown in Figure 6.
This generated 5 clusters, with Cluster 1 showing active
collaborations among Kumar, Gupta, Patel, and Singh.
Cluster 2 reveals linking between Keely and Liddy. Cluster 3
contains Lee, Kim, and Lee, while Cluster 4 includes
Li, Li, and Wang. Finally, Cluster 5 consists of Liu and
Wang individually, indicating no collaboration with other top
authors in the field. Examining coupling networks in this
way provides objective insights into research clusters and
active collaborations advancing healthcare science. Targeted
collaboration initiatives could help connect disparate clusters
to share knowledge.

Nevertheless, it’s important to note that this analysis
remains incomplete, primarily because document clustering
cannot be effectively applied to older publications. To address
this limitation and enhance our understanding of the research
landscape, it is advisable to supplement this approach
with citation analysis and co-citation analysis, as suggested
in [70].

2) ANALYSIS BASED ON ORGANIZATIONAL AFFILIATION
Organization-level analysis identified the top 10 most
productive countries and their leading academic institutions
by total citations and bibliographic coupling link strength
illustrated in Table 6. The University of Toronto and Harvard
Medical School were the most productive and influential
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TABLE 5. Analyzing author’s citations and publications over time.

FIGURE 5. Top 10 productive authors (by number of contributions).

TABLE 6. Top 10 countries based on contributions and citations.

organizations. The University of Toronto, Canada had the
highest total link strength of 54,528 despite Canada not
affiliating any top authors, highlighting this research group’s
significant contributions to advancing healthcare innovation.
The USA followed with 43,698 total link strength from
Harvard Medical School. The University of Sydney led
Australia in third with 43,251 link strength. Examining pro-
ductive research institutions provides insights into key hubs
driving progress through impactful scholarship. Targeted

TABLE 7. List of authors in terms of bibliographic coupling.

collaboration could synthesize strengths across organizations
to accelerate healthcare advancements.

Moreover, to elucidate the collaborative dynamics among
various countries/regions within the realm of healthcare
research, we crafted a country collaboration network graph,
as depicted in Figure 7. The connecting lines within the
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FIGURE 6. Author coupling.

TABLE 8. Top 10 universities/organizations in terms of bibliographic
coupling.

graph visually represent instances of co-authorship between
countries and regions. Upon examination of node size and the
thickness of connection lines, it becomes apparent that the
United States exhibits remarkable activity levels, engaging
in substantial collaborations across the continent. Following
closely in terms of active involvement are England and
Canada, as indicated by their prominently sized nodes.
Conversely, Italy, Spain, and France appear to have made
comparatively limited strides in fostering collaborative
research efforts.

A visualization depicting collaborations among various
universities/organizations within the research field is pre-
sented in Figure 8. Notably, some of the most prolific
universities identified in this analysis also hold positions
in the top 100 universities according to the QS World
University Rankings for 2023. These notable institutions
include the University of Oxford (ranked 3rd), the University

of Melbourne (ranked 14th), the University of Sydney
(ranked 19th), the University of Toronto (ranked 21st), and
King’s College London (ranked 40th), among others. This
observation underscores the significant textitasis placed by
top universities on research within the medical and health
service ecosystem.

3) KEYWORD CO-OCCURRENCE ANALYSIS
In the following subsection, we conduct co-citation analysis,
an approach aimed at revealing thematic commonalities
among publications and facilitating the clustering of doc-
uments based on their conceptual structures. This analysis
serves as the foundation for semantically clustering related
documents within the same domain [71], [72]. To further
enhance our understanding, we complement co-citation
analysis with a co-word analysis, which assists in identifying
keyword co-occurrences. Keywords play a pivotal role
in the retrieval of specific information during literature
searches, effectively linking search topics with relevant
research content. The resulting keyword network visually
represents the knowledge domain, offering insights into
key research themes and illustrating the interrelationships
among these topics. In this study, we employ VOSviewer
for the construction and visualization of the keyword
network.

Keyword co-occurrence analysis was conducted on author-
assigned keywords using a threshold of 5 minimum occur-
rences, optimized through experiments for visual clustering.
Singular and plural keyword forms were consolidated (e.g.
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FIGURE 7. Visualization for collaborations between countries/regions.

FIGURE 8. Visualization for collaborations between universities/organizations.

wait-times, wait-time; health services, health service), along
with abbreviations and full forms (e.g. ICU, intensive care
unit; coronavirus, sars-cov-2 and COVID19). Of 42,214
initial keywords, 3,628 met the threshold. Notably, synony-

mous terms emerged, including ‘‘health care’’ and ‘‘health-
care’’, ‘‘primary care’’ and ‘‘primary-care’’, ‘‘quality of
life’’ and ‘‘quality-of-life’’, ‘‘computer-aided diagnosis’’
and ‘‘computer aided diagnosis’’, ‘‘decision making’’ and
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‘‘decision-making’’, and ‘‘Virtual reality’’ and ‘‘Virtual-
reality’’ etc. To enhance relevance and minimize noise from
generic topics, certain regular keywords unrelated to the
research theme were removed through manual screening
and post-processing. This yielded a 150 node keyword
network with 5,629 links and 9,865 total link strength
presented in Figure 9. Salient terms like ‘‘primary care,’’
‘‘telemedicine’’, and ‘‘virtual reality in health’’ occurred
frequently, suggesting telemedicine is integral to healthcare
quality while virtual reality is a widely adopted technique.
Eliminating tangential keywords focuses the analysis on
core topics and technologies advancing healthcare research.
Network mapping enables objective visualization of research
clusters to inform opportunities for collaboration across
disciplines.

Precise keyword analysis was obtained through quan-
titative measurements in VOSviewer. Label size denotes
occurrence weight. Links represent connections between
keywords, and total link strength indicates the cumulative
link weights for a given keyword [22]. Merging application
and technology keywords investigated their relationships.
Current expectations indicate a shift from healthcare to health
and wellbeing is motivating changes in service offerings
and delivery channels. Thus, organizations encourage imple-
menting virtual care, health tracking, digital diagnostics,
decision support systems, prescription delivery, and self-
service health applications, with enthusiastic adoption of
virtual healthcare systems and related digital innovations.
Density visualization revealed 5 clusters of application and
technique keywords (Figure 9). The objective keyword
mapping techniques enable researchers to chart connections
between healthcare applications and enabling technologies to
inform future priorities at the intersection of health system
needs and technical capabilities.

• Cluster 1 reveals digital health services have become
essential for optimizing patient satisfaction by enabling
health tracking, monitoring, and medication adherence,
relating to e-health, hospital quality, and telemedicine
applications. In several ways, human-computer interac-
tion enabled healthcare stands to gain better medical
services including illness prevention, tele-healthcare,
physical examinations, diagnosis, treatment, rehabilita-
tion, chronic disease management, in-home care, and
first aid. In summary, keyword clustering highlights con-
nections between digital health applications and quality,
satisfaction, and access improvements, underscoring
technology’s role in advancing healthcare services. Tar-
geted initiatives synthesizing applications and technical
capabilities can further accelerate development along
these high-need areas.

• Cluster 2 encompasses quality of healthcare keywords
related to connected healthcare, diagnosis, critical
care, and medical decision-making, which rely on
human experts and knowledge engineers to construct
domain-specific rules, thereby enhancing patient trust
in modern healthcare. Whereas communication research

previously focused solely on provider interactions,
patient involvement in communications is now a pillar
of quality. Collaboration between human expertise
and technical capabilities can further advance drug
discovery, disease forecasting, emergency response,
and overall health system performance. In sum-
mary, keyword analysis highlights trust, communica-
tion, and human-AI collaboration as critical facets
of improving healthcare quality through technology
integration. A balanced, patient-centered approach syn-
thesizing human and technical strengths is key to
optimization.

• Cluster 3 shows the patient referral network relates to
patient-centered care, waiting lists, referral payment,
e-referrals, e-consultations, and health record access,
with studies assessing alliances between public and
specialized hospitals using reverse referrals to balance
loads and reduce wait times. Digital technologies can
rapidly analyze referrals to offer immediate, trustworthy
recommendations to doctors. This trend emerged from
advances in computer programming and information
technology enabling simulation-based analysis of sys-
tem issues. In summary, keyword clustering spotlights
how referral innovations, collaboration between care
settings, and technical capabilities in computation and
simulation can improve coordination and outcomes.
Further synthesizing emerging solutions across the
referral process life-cycle represents an impactful area
for optimization.

• Cluster 4 indicates healthcare delivery relates to stretch-
able electronics, strain and temperature sensors, the
Internet of Healthcare Things (IoHT), and the Medical
Internet of Things (MIoT) for measuring biological
parameters and monitoring real-time patient data, espe-
cially when integrated with remote sensing. Healthcare
and medical data like ECG, heart rate, blood pressure,
glucose, and cholesterol are gathered and preprocessed
via edge computing using noise removal and deep
learning for pattern recognition. Diagnostic reports
from deep models at the edge are then transmitted to
cloud servers, institutions, and patients. Edge computing
enables real-time analysis for MIoT while ensuring
low latency, highlighting how emerging sensor and IoT
technologies can transform point-of-care diagnostics
and data sharing. However, challenges prompt devel-
opment of information management technologies to
facilitate seamless integration. In summary, keyword
analysis provides research insights into how fron-
tier sensing, edge computing, and cloud architectures
can collaborate to enable next-generation data-driven
healthcare.

• Finally, cluster 5 indicates quality of life improvement
relates to AR and VR in health, AI, ML, and computer
vision to take telemedicine to the next level, solving
referral process problems and enabling new research
possibilities. Virtual care technologies can aid providers
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TABLE 9. List frequently top occurring authors keywords by
co-occurrence analysis.

in effective planning and diagnosis. AI andML empower
computers to automatically learn from data without
explicit programming, applying to precision medicine
by analyzing patient attributes to predict and recommend
optimal treatments. In summary, keyword clustering
highlights the monumental potential of emerging tech-
nologies like extended reality, AI, and ML to transform
referral systems, care delivery, diagnosis, treatment
planning, and personalized care. However, thoughtfully
addressing integration challenges will be critical to
unlocking the full potential of human-AI collaboration
in revolutionizing health outcomes.

This work is centered on the comprehensive review of
state-of-the-art technologies facilitating the realm of digital
and smart healthcare. The analysis of keywords associated
with these techniques and applications has provided valuable
insights. Table 9 presents a compilation of author-assigned
keywords, ranked by total link strength. The primary terms,
ranked in descending order of overall prominence, include
telemedicine, primary care, and COVID-19. Additionally,
there are supporting technologies such as telehealth, mobile
health, metaverse and ML. The lively interaction of these
key technologies supports autonomous learning and ongoing
enhancements, empowering these systems to increasingly
replicate human expertise with growing accuracy. This
transformation is crucial for the development of healthcare
access, that is more scalable, less humans are involved and
significantly improves the service quality.

Among the various healthcare technologies examined
in this analysis, telemedicine emerges as a dominant and
highly prevalent technology in the academic landscape. It is
noteworthy for its highest occurrence count (1,316), highest
link count (143), and highest total link strength (1,055)
compared to other healthcare technologies. This observation
aligns intriguingly with findings in the context of smart
healthcare 5.0, which underscores telemedicine’s role in
ambient patient tracking, emotive telemedicine, telesurgery,
wellness monitoring, virtual clinics, and personalized care.
Furthermore, the evolution of primary care has played a
pivotal role in driving transformation within the digital
healthcare industry. The advent of digital health services
utilizing digital tools and internet-based technologies has
significantly impacted the dynamics of patient-physician
interactions on a large scale. Notably, technologies such
as virtual care have brought about substantial changes in
this regard. In spite of the rapid advancements within the
healthcare sector, several enduring challenges persistently
loom large. These encompass the formidable burden posed
by long-term chronic conditions, the relentless escalation
of healthcare costs, the demographic shift toward an aging
population, a persistently inadequate healthcare workforce,
and the ongoing challenge of resource scarcity. These salient
issues have catalyzed a pressing need to revolutionize
healthcare delivery, extending services directly into the
homes of individuals [73].
The advent of the COVID-19 pandemic has imposed an

unprecedented strain on the global healthcare sector, extend-
ing its impact to encompass workforce dynamics, infrastruc-
ture readiness, and the management of supply chains. Indeed,
the pandemic has emerged as the primary catalyst for the
rapid transformation of the healthcare ecosystem, compelling
stakeholders to expedite the adoption and adaptation of
cutting-edge technologies within the sector [74]. Conse-
quently, the post-pandemic era has witnessed significant
foundational shifts within the healthcare landscape. Notably,
the contemporary generation of healthcare consumers has
assumed a proactive role in healthcare decision-making,
showcasing an enthusiastic embrace of virtual healthcare
systems and associated digital innovations. Their paramount
preferences revolve around the development of digitally-
empowered, on-demand, and seamlessly integrated patient-
clinician interactions, facilitating the delivery of patient-
centric services that transcend geographical constraints and
socio-economic disparities [75]. It is crucial to acknowledge
the intrinsic uniqueness of each individual’s healthcare jour-
ney, underscoring the imperative to tailor specific services
and elevate each interaction to the pinnacle of a personalized
healthcare experience [8].
The imperative to incorporate advanced digital tools

and services has become paramount, aimed at enhancing
consumer satisfaction, enabling health status tracking and
monitoring, and improvingmedication adherence. Healthcare
consumers are increasingly open to sharing confidential
data, necessitating organizations to establish interoperability,
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FIGURE 9. Visualization author keywords by co-occurrence analysis for 150 keywords.

thereby maintaining consumer trust through demonstrated
reliability, transparency, and empathy in their operations [9].
The current paradigm shift textitasizes a transition from
healthcare to a broader focus on health and well-being,
prompting changes in the design of service offerings and
delivery channels. Organizations are actively endorsing the
implementation of VR and AI technologies to empower
healthcare professionals in effective disease planning and
diagnosis [76].

For instance, in 2020, neurosurgeons at Johns Hopkins
Hospital conducted surgery using an AR headset developed
by Augmedics. This pioneering procedure involved the use
of a see-through eye display projecting patients’ anatomical
images akin to X-ray vision, facilitating the fusion of six
vertebrae in the patient’s spine to alleviate chronic back
pain [77]. VR applications in healthcare offer advanced
surgical pre-operative planning by transforming CT scans
into accessible 3D reconstructions through headsets. Sur-
geons can use this technology to precisely view, isolate, and
manipulate anatomical regions, facilitating intricate surgeries
with precision. Additionally, VR tools show potential in
enhancing prescription treatments, particularly in contexts
like plastic surgery, where patients can visualize potential
surgical outcomes on virtual avatars, gaining insights into
the surgeon’s abilities. Successful VR surgical procedures
require a profound understanding of human anatomy and

proficiency in using highly dexterous and individually
adjustable instruments [78].

Furthermore, AI in healthcare encompasses a broad
spectrum of applications, employing ML algorithms to repli-
cate human cognitive processes, including the presentation,
analysis, comprehension, and learning from complexmedical
and healthcare data [79], [80]. It is worth noting that ML,
a subset of AI, comprises a set of statistical algorithms
capable of learning from data during a training phase and
making predictions during an inference stage.

The keyword network highlights that primary care and
telemedicine have become popular due to the covid-19 with
the enabling technologies that are mobile, VR, ML, etc.
This has indeed formed an ecosystem, as evident from the
studies in JAMA Network Open. Up to 25% of the hospital
readmission can be reduced with the help of AI-based disease
management tools that incorporate self-learning algorithms
and friendly user interaction. The persistent adaptive cycle,
underscored by Stanford Medicine’s research revealing a
70% precision rate in AI-driven virtual mental health
assessments, empowers these platforms to imitate human
expertise with remarkable faithfulness. The groundbreaking
capacity for transformation opens up unparalleled scalability,
as demonstrated by theWorld Health Organization’s initiative
program employing mobile health interventions to connect
with remote communities. This sets the stage for decreased
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reliance on human resources, ultimately broadening the
accessibility of high-quality healthcare for everyone.

Based on our investigation, the results suggest that
the identified domains seek to promote the application
of analytical methodologies. These endeavors primarily
focus on facilitating decision-making, improving patient
results, optimizing resource distribution, and tackling ethical
concerns within the healthcare sphere.

IV. POTENTIAL APPLICATIONS AND FUTURE DIRECTIONS
Historically, the healthcare industry has exhibited a cau-
tious approach to adopting and implementing emerging
information technologies, marked by meticulous evalua-
tion of their impact on patients. This careful assessment
encompasses various challenges, including technological
considerations (interoperability, portability, stakeholder cus-
tomization), human factors (skills, resistance, distrust, cyber-
attacks), as well as legal and regulatory aspects.

A. POTENTIAL APPLICATIONS IN HEALTHCARE
The healthcare industry has begun adopting remote patient
monitoring through modern telemedicine techniques in an
efficient and effectivemanner, ensuring optimal service deliv-
ery for patients. Specifically, virtual care presents numerous
potential applications in medicine ranging from research,
physical examination, and diagnosis to insurance. Some plau-
sible implementations of the HM that may gain momentum in
the near future include virtual physiotherapy, virtual biopsy,
virtual counseling, and virtual alert response systems. Virtual
biopsy involves non-invasive tissue characterization through
image acquisition and processing. Virtual physiotherapy can
guide rehabilitation patients through therapeutic movements
and exercises. The convergence of telepresence, digital
twinning, and blockchain stands to yield substantial benefits
from HM, especially for patient monitoring. Moreover,
medical diagnosis involves determining a patient’s medical
condition based on symptoms. Adopting healthcare and med-
ical applications can significantly assist efficient diagnosis of
patient conditions through advanced technologies like AR,
VR, extended digital twins, blockchain, 5G, etc. Table 10
summarizes potential healthcare applications.

Recent technology trends in healthcare have begun
leveraging revolutionary techniques like metaverse and
big data integrated with AI in software and hardware to
enhance medical device efficacy, reduce health service costs,
improve healthcare operations, and expand access to medical
care [101]. HM enables immersive learning, understanding,
and sharing of patient health issues and medical data with
clinicians, while AI analyzes and diagnoses patient health
data. For example, AR and VR, aided by AI, provide doctors
with high-quality 3D patient images and scans required for
interventions. AI can offer crucial insights to prioritize critical
patients, minimize potential electronic health record analysis
errors, and enable more accurate diagnoses [102]. The vast
volume of health data and records can overwhelm doctors
trying to stay current on the latest medical advancements and

provide quality, patient-centered care. AI algorithms in the
HM can rapidly analyze electronic records and biomedical
data collected bymedical facilities and professionals, offering
doctors prompt and reliable recommendations [103]. The
HM and AI collaboration can also assist drug discovery,
disease forecasting, and emergency response. While an AI-
enabled Metaverse may significantly risk patient privacy
and ethical issues, or even cause medical errors that
mislead doctors’ treatment decisions, it can also open
new healthcare data insights and expedite clinician-patient
interactions [104]. The lack of result justification poses a
major adoption challenge for the AI-enabled Metaverse.
Future medical VR applications will require high-precision
multimodal medical information standards based on patient
conditions.

The use of technologies has the potential to revolution-
ize healthcare experiences within environments. A study
explores applications such, as tracking, emotive telemedicine,
telesurgery wellness monitoring, virtual clinics and person-
alized care through healthcare 5.0 and the Metaverse. The
integration of technology in the nature of the Metaverse
could enhance transparency and immutability for health-
care transactions [81]. Another research article critically
examines how the Metaverse can be integrated with IoT,
blockchain, AI and other technologies to unlock its potential
in healthcare [82]. Additionally, there is a study in [83] that
focuses on AR and VR glasses with the Medical Internet
of Things (MIoT) for Metaverse healthcare applications.
However challenges such as costs, privacy concerns, ethical
considerations and organizational adoption issues still need
to be addressed [84]. In conclusion the Metaverse holds
promise in transforming healthcare through technologies like
AI, blockchain, IoT and extended reality. Further research
is necessary to overcome implementation barriers for its
impact on medical education quality improvement care
delivery and health outcomes. Private partnerships will play a
role, in improving accessibility security interoperability and
clinical integration to unleash the disruptive potential of the
Metaverse in democratizing global personalized healthcare.

For instance, disease coding will use three-dimensional
virtual entities, not text like ICD codes, to precisely describe
each information type [105]. However, processing and
standardizing multimodal medical information poses signif-
icant challenges [106]. Various medical and health services
built in the HM should consider developing multimodal
medical information standards based on existing mature
and authoritative standards. The HM connects stakeholders
like doctors, patients, administrators, and governments,
with virtualized, gamified user relationships [107]. Medical
stakeholders utilize medically meaningful virtual images, 3D
models, MR, spatial environments, and other asset categories
with metadata to form secure, encrypted content packages
that construct the HM. Moreover, combined with hospital
equipment information, immersive experiences in a virtual
world allow students to replay actual operations as if they
were the surgeon [108]. During patient operations, the HM
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TABLE 10. The contribution of productive articles in potential applications.

platform can also provide students with suggestions and
domain knowledge to reduce actual operation error risks.

Based on our investigation, the results point to several
key domains seeking to promote the potential applications of
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TABLE 11. The summaries of the future domain aim of potential applications.

analytics methods. Table 11 shows the domain aim include
supporting decision-making, improving patient outcomes,
optimizing resource allocation, and addressing ethical con-
cerns in the healthcare sector.

B. FUTURE DIRECTIONS
The modern digital transformation of healthcare systems
with telemedicine services and remote patient monitoring has
increased the gap between patients and doctors. With the
development of communications and virtual technologies in
an efficient and effective manner to ensure optimal service
delivery for patients using modern telemedicine techniques,
doctors can now suggest remote treatment procedures after
collecting the necessary patient history and current conditions
or reviewing digital health recordswithout directly examining
patients. Thus, quality healthcare can be provided by
aligning treatment procedures with standards set by medical
agencies. Integrating blockchain technology in theMetaverse
enables efficient storage and exchange of health-based
digital assets across platforms, facilitating more informed
and precise diagnosis of various medical conditions by
practitioners.

HM represent an emerging field expected to spur disruptive
transformations across healthcare. However, adopting HM
will enhance present patient monitoring services by changing
how people interact with healthcare systems, adding interac-
tive features in a virtual world using technologies like VR for
medical training and AR in surgical procedures. While show-
ing promise for healthcare, Metaverse still faces challenges
summarized in Table 12. Future directions should explore
mitigating these challenges through research on improving
AR/VR accuracy and realism, developing intuitive user inter-
faces, and establishing robust data security and privacy pro-
tections. Successful HM integration requires collaboration
between technology companies, healthcare providers, regula-
tors, and patients to co-design human-centered systems that

balance innovation, ethics, and accessible care. In conclusion,
these cutting-edge healthcare technologies hold the potential
to deliver effective and satisfactory care on a global scale.
Continuous interdisciplinary research and thoughtful gover-
nance are essential for harnessing the full benefits of VR/AR
within the healthcare Metaverse while actively mitigating
associated risks.

C. SAFETY AND PRIVACY
As individuals explore the virtual world further, more
unexplored territories within it will reveal new and diverse
security and privacy issues. This calls for clever solutions,
demanding careful user protection. The metaverse presents
unique challenges in security and privacy due to the
increasing creation of sensitive personal data [118]. The
extensive interconnectedness of the metaverse will inevitably
create vulnerabilities, raising questions about the appropriate
surveillance methods for effective navigation [119]. These
risks jeopardize the personalized relationships between
physicians and patients [120]. As a result, concerns about
patient safety and privacy become significant at personal,
public, and societal levels [11], [121].

Enhancing experiences through communication and virtual
technologies in the metaverse involves integrating the phys-
ical and virtual realms [122]. While this integration enables
physiological monitoring and the gathering of patient data,
concerns about privacy and security arise [123]. Innovations
like ‘‘clone clouds’’ and ‘‘private copies’’ have the potential
to mitigate risks of exploitation and data leaks [124].
It is crucial to prioritize privacy in the development of
healthcare solutions in the metaverse, considering sensory,
communication, and behavioral dimensions [125]. As the
virtual universe undergoes further evolution, robust security
measures should be in place to safeguard user privacy and
data, unlocking the transformative healthcare potential of the
metaverse through ongoing research [115]. This ensures a
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TABLE 12. The summaries challenge issue and future directions.

safe environment for interactions, transactions, and digital
experiences within the metaverse [126].

In academic research, it is crucial to avoid a singular,
all-encompassing solution for addressing all data-related
challenges in the metaverse. Instead, specialists in health
metaverse privacy and security should tactically choose, cre-
ate, or complement authenticity-based and privacy-enhancing
mechanisms with inventive approaches. Essential goals and
issues related to privacy and security must be carefully
identified and solved. Some concerns about privacy and
security issues are listed below.

• Confidentiality of trained AI models: AI model will
contain sensitive user data in the Health Metaverse.
Therefore, it is essential to prevent the trained AI
model from leakage and unauthorized access to
models [127].

• Security analysis of the proposed protocol: The protocol
proposed for any health system should undergo an
extensive security analysis, whose security and privacy
can be significantly improved with blockchain and AI
technologies [128].

• Homomorphic encryption: Healthcare data can be
analyzed in encrypted form to preserve privacy while
valuable insights can be extracted [129].

• Anti-man-in-the-middle and anti-replay attack secu-
rity attributes: Blockchain-based solution can prevent
personal health data tampering and protect privacy
effectively [130].

• The vulnerability of IoMT devices to cyber-attacks due
to a lack of built-in security: It should be emphasized
the significant role of identity verification and AI-driven
error detection in IoMT systems [131].
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• Smart contracts for data access Smart contracts enabled
by blockchain can manage and reinforce privacy-
preserving data access rules in the Health Metaverse
[130], [132].

• Seamless interactions between data suppliers: Ensuring
the seamless, fast, and easy interaction between data
suppliers using blockchain-based digital platforms is
crucial for enhancing privacy and data security for
patients [133].

• Secure identity verification: Blockchain, encryption,
and cryptographic can be employed for identity verifi-
cation in the Health Metaverse [134], [135].

• Novel contract for patient data search: New contracts
should support data searching in a controlled and
consent-based approach [136].

• Blockchain’s immutable data records: The immutable
structure of blockchain technology can facilitate and
secure comprehensive data records in healthcare [137].

• Building trusted AI models over Blockchain: Integration
of AI and blockchain can open the door to a transparent
platform for data sharing which is consent-based and
highly confidential [138].

• Blockchain-based privacy solutions in healthcareMore
novel blockchain-based solutions integrated with AI can
improve significantly the datamanagement in healthcare
[137], [138], [139].

• Access to EHRs free from treatment website and service
providers: Patients can access their Electronic Health
Records (EHRs) on any websites and service providers
[140].

• Personal health data sovereignty: Individuals are
empowered to control their own health data in the Health
Metaverse [100], [135].

• Biometric security measures: AI-driven biometric
authentication alongwith other dynamic securitymodels
can enhance security and privacy concerns in the Health
Metaverse [141].

• Privacy Challenges in virtual clinics: Given that data
privacy laws may not allow data sharing between virtual
clinics and other parties, and healthcare AI models
contain extensive medical data, they are subject of
malicious actors in the metaverse [142].

• Privacy and security in healthcare solutions: The
awareness about privacy and security requirements has
to be raised for cloud computing environments [143].

To sum up, in the landscape of digital healthcare and
metaverse, security and privacy are crucial. We have
examined it from various perspectives, such as IoMT,
blockchain technology, medical algorithms based on ML/AI,
data access and usage, and human-centric interactions. From
the evaluation, it is possible to chart novel pathways to realize
metaverse healthcare services. Future perspectives can be
dedicated to offering valuable insights to network designers
and engineers in the era of the metaverse. The solutions
have to be lightweight and scalable while not compromising
the security and privacy aspects. Deeper analysis of these

critical issues can optimize the transformative potential
of the metaverse in healthcare delivery while responsibly
addressing emerging risks.

V. CONCLUSION
In conclusion, the key findings have answered the research
questions with bibliometric study. Regarding the focus of
current healthcare research (RQ1), due to the covid-19 boost,
modern healthcare is moving in the direction of telemedicine
for primary care with enabling technologies such as mobile,
ML, VR, etc. The keyword and cluster studies (RQ2) reveal
the exponential growth of publication in the field of remote
healthcare in recent years. It can also be observed the profilic
contributors in terms of countries, organization, authorship,
and the list of highly prestigious publishers with highly
cited research. The top ten countries with a high number
of contributions also show the characteristics and direction
of research funds in the field. Detailed insights drawn
from the bibliometric study can be found at the end of
all the subsections in Section III. Emerging themes can be
categorized into five clusters. In Cluster 1 (digital health
services), the clustering of keywords emphasizes the connec-
tions between digital health applications and advancements
in quality, satisfaction, and access, highlighting the role of
technology in the progress of healthcare services. In Cluster
2 (quality of healthcare) the analysis of keywords underscores
trust, communication, and collaboration between humans
and AI as crucial elements to improve healthcare quality
through integration of technology. Cluster 3 (the patient
referral network) highlights how innovations in referrals,
collaboration in care settings, and technical capabilities in
computation and simulation can enhance coordination and
outcomes. In Cluster 4 (healthcare delivery), the analysis
of keywords offers insights into how frontier sensing,
edge computing, and cloud architectures can collaborate
to facilitate the next generation of data-driven healthcare.
Lastly, Cluster 5 (quality of life improvement) emphasizes
that emerging technologies such as extended reality, AI, and
machine learning possess significant potential to revolution-
ize healthcare, provided integration challenges are effectively
addressed. Furthermore, in response to RQ3 regarding the
potential for future research, a conceptual framework was
developed in Section IV. The current advancements in mod-
ern telehealthcare have laid the groundwork for the Health
Metaverse, presenting an opportunity to overcome significant
healthcare challenges and revolutionize care delivery across
various applications. These applications range from medical
education and training to immersive clinical care and surgical
procedures. The forthcoming research domains, along with
their associated issues, have been discussed, emphasizing
state-of-the-art enabling technologies, security, and privacy,
as we progress towards a scalable, secure, affordable, and
more human-centric healthcare system.

Summarized from our findings, the rapid digitization and
automation of healthcare has catalyzed the emergence of
innovative models that create new channels for delivering
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cost-effective treatment. It has also provided invaluable impe-
tus for advancing medical education, surgical procedures,
and connections between providers and patients. This is
evidenced by the focus on multimodal medical information
standards, biomedical and social data fusion, health meta-
verse, telemedicine and online health management systems,
and medical AI applications. However, there are salient
challenges including technology upgrades, ethical gamifica-
tion of medical services, safeguarding patient privacy, and
preventing escapism from reality. This bibliometric study
has provided a holistic overview and granular insights into
past, current, and future research trends in smart health
using articles from the Web of Science database. A total of
over 3000 research articles from 2012-2023 were analyzed
using VOSviewer. It was found that the publication volume
follows a power trendline of publications y = 966.39 ×

e0.1444x with corresponding R2 values of 0.9801, indicating
the rapid proliferation of research in health metaverse. The
leading authors, countries, and institutions were discussed,
demonstrating the dominance of USA and England which
accounted for 64% of total publications. This research
aims to identify evidence-based best practices that enhance
operational efficiency, care quality, patient satisfaction, pop-
ulation health outcomes, and financial sustainability across
diverse healthcare settings. This is achieved through five
cluster research streams integrating healthcare management
perspectives frommedicine, public health, business, psychol-
ogy, informatics, and other relevant disciplines to develop
practical and theoretical knowledge. This knowledge can
inform ongoing health system improvement efforts to create
sustainable, patient-centric, equitable and value-based care
models. In conclusion, this bibliometric analysis provides
a foundation for stakeholders to advance health metaverse
adoption to transform care delivery while mitigating risks
through ethical guidelines and iterative human-centered
design.
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