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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 the Metaverse.
Five future research direction clusters were identified. It delineates intelligent solutions bridging healthcare
barriers. In conclusion, this review examines the Metaverse, 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 focused on tasks that strengthen, rehabilitate, sustain and

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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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,
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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 (Al),
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 Al 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 Al
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
Al 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;

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

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

e (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
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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, Al techniques, blockchain, quality
of service, and experience. The ultimate objective is to
address healthcare issues through a combination of legal and
technological approaches.

Il. 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,

o (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.

Research area

Keywords

RALl

RA2

RA3

"Online health community*", "Digital health*", "Mobile health*", "telemedicine*", "virtual reality in health*", "augmented reality in
health*", "Health monitoring", "face recognition”, "sensors", "smart life", "virtual reality and health", "Metaverse*", "Artificial intelli-
gence*", "Data mining*", "medical information standards*", "Machine learning*", "Optimization*", "Support vector machines*", "Particle
swarm optimization*", "Simulation optimization*", "Decision making*", "Decision support system*", "Clinical decision support*",
"Decision-making technique*", "Computed tomography*", "Collaboration*", "Simulation*", "Queueing theory*", "Bayesian inference*",
"Exponential-family random graph models", "Interfirm networks*", "Social network analysis models*", "Governance agreement structure*",
"Coordination control*", "Real-time data*","Service improvement*", "Service design*", "Knowledge modeling*", "Information flow*",
"Process improvement*", "Operations Research*"

"Medical transfer*", "*Referral”, "Delayed Diagnosis*", "Patient-physician matching*", "Tiered healthcare systems*", "Referral rate*",
"Referral payment*", "Referral alliance*","Reverse Referral*","Intervention*", "Specialist*", "health communication*", "mutual referral*",
"Referral process*", "Physician Referral Decision*", "consultation*", "general medical*", "Electronic referral system*", "patient-based*",
"Specialty referral*", "Referral system™*", "specialties*", "Referral protocol computerization*", "connected healthcare*", "online referral*",
"referral letter*", "waiting to access*", "Wait times*", "wait list*", "Patient referral system*", "patient referral network*"

"Hospital quality*", "Hospital referral*", "Medical center partnership,*", "Healthcare*", "Patient referral problem*", "Hospital*", "Magnetic
resonance imaging*", "Healthcare systems*", "interhospital*", "Healthcare coordination*", "integrated healthcare*", "Medical services*",
"Ambulatory care*", "Specialties*", "Specialty care*", "medical clinical practice*", "Quality of healthcare*", "General practice*", "Primary
care*", "Secondary care*", "Health system*", "quality of health care*", "health centres*", "healthcare innovation*", "patient centered care*",

"healthcare improvement"

The extant literature

Identify relevant keywords and
develop search strategies pertaining
to studies on digital transformation
(specifically VR/AR) in health-related
contexts.

Database (Web of science)

Identify the data sources
from which publications are
obtained.

Analyse the trends of digital
transformation (VR/AR) in
publications related to healthcare.
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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

23890

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 keyword while 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.

IIl. 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.

Year TP TC CA CC ACA ACY
2023 1,950 430 30,015 22,965 19145  0.22
2022 4,511 3,117 28,065 22,535 1,878 0.69
2021 4,481 3,989 23,554 19,418 1,618 0.89
2020 3,755 4,656 19,073 15,429 1,2865 1.24
2019 2,998 2,308 15,318 10,773 898 0.77
2018 2,481 1,893 12,320 8,465 705 0.76
2017 2,146 1,509 9,839 6,572 548 0.70
2016 2,017 1,187 7,693 5,063 422 0.59
2015 1,733 1,138 5,676 3,876 323 0.66
2014 1,505 1,260 3,943 2,738 228 0.84
2013 1,298 729 2,438 1,478 123 0.56
2012 1,140 749 1,140 749 62 0.66

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 x %144 and y = 581.33 x 0179 with
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corresponding R? 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 Al 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

23891



IEEE Access

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

5.000 5.000
4500 4500
4.000 4.000
3500 35500
g .
k=) c
E 3.000 ¥ = 966,390 1444 3.000 .g
5 R?=0,9801 . : . N
- 1794
£ 25500 y=581,33e 2500 %5
< R?=0,7417 l
o Qo
8 2000 2000 €
€ S
= =
=

1.500

1.000

500

2012

2013

2014 2015 2016

o—Citations =~ —e— Publications

2017

Year

Publication trend

1.500

1.000

500

2018 2019 2020 2021 2022

Citation Trend

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
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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, and VR/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
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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.

Journal Name h- 5 TP TC Most cited article Citation
Index Year number
IF article

BMJ Open 46 33 1,090 12,492 Impact of COVID-19 pandemic on utilisation of health- 356
care services: a systematic review [41]

PLOS One 42 3.8 507 7,825 An Integrative Model of Patient-Centeredness - A Sys- 376
tematic Review and Concept Analysis [42]

BMC Health Services Research 32 35 437 4,724 Identitying keys to success in reducing readmissions 99
using the ideal transitions in care framework [43]

Trials 22 2.5 389 2,955 A remote monitoring and telephone nurse coaching in- 51
tervention to reduce readmissions among patients with
heart failure: study protocol for the Better Effectiveness
After Transition-Heart Failure (BEAT-HF) randomized
controlled trial [44]

Journal of Medical Internet Research 34 7.6 231 4,819 A Changing Landscape of Physician Quality Reporting: 259
Analysis of Patients’ Online Ratings of Their Physicians
Over a 5-Year Period [45]

JMIR Research Protocols 15 1.8 211 1,078 Impact of the Mobile Health PROMISE Platform on 43
the Quality of Care and Quality of Life in Patients
With Inflammatory Bowel Disease: Study Protocol of a
Pragmatic Randomized Controlled Trial [46]

Cochrane Database of Systematic Reviews 63 109 197 16,072 Decision aids for people facing health treatment or 1,881
screening decisions [47]

Telemedicine and E-Health 27 4.3 195 3,071 Cost-Utility and Cost-Effectiveness  Studies of 253
Telemedicine, Electronic, and Mobile Health Systems
in the Literature: A Systematic Review [48]

JAMA Network Open 29 13 158 2,964 Patient Characteristics Associated With Telemedicine 309
Access for Primary and Specialty Ambulatory Care Dur-
ing the COVID-19 Pandemic [49]

International Journal Of Environmental Re- 14 479 147 812  Impact of Nurse-Patient Relationship on Quality of Care 63

search and Public Health and Patient Autonomy in Decision-Making [50]

BMJ OPEM 3632%
PLOS ONE 1.689%
BMC HEALTH
SERVICES RESEARCH
TRIALS
N JOURMAL OF MEDICAL
I INTERMET RESEARCH
=
o JMIR RESEARCH 0 686%
a PROTOCOLS e
- COCHRANE 0.656%
DATABASE OF T
TELEMEDICINE AND E 0.65%
HEALTH e
JAMA NETWORK OPEN 0.526%
INTERMATIOMAL 049%
JOURMAL OF o
0 250 500 750 1,000 1,250
Number of documents

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
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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 Al, 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
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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 Al, 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.

Title of the article Journal name Number Cited Category Key directions

of refer- quartile

citations ences
Decision aids for people facing health treat- Cochrane Database of Systematic Re- 1,914 405 Ql patient-decision; decision
ment or screening decisions [47] views support techniques; evidence-

Implementing an Antibiotic Stewardship Pro- Clinical Infectious Diseases
gram: Guidelines by the Infectious Diseases

Society of America and the Society for Health-

care Epidemiology of America [54]

based information

1,760 225 Ql antibiotic stewardship
programs;  decision-support-
system; health system

Convolutional Neural Networks for Medical IEEE Transactions on Medical Imag- 1,680 76 Ql computer-aided detection;

Image Analysis: Full Training or Fine Tuning? ing
[55]

Identifying Medical Diagnoses and Treatable CELL
Diseases by Image-Based Deep Learning [56]

Health Care-Associated Infections A Meta- JAMA Internal Medicine
analysis of Costs and Financial Impact on the
US Health Care System [57]

Clinically applicable deep learning for diagno- Nature Medicine
sis and referral in retinal disease [58]

American Society of Clinical Oncology Pro- Journal of Clinical Oncology
visional Clinical Opinion: The Integration of

Palliative Care Into Standard Oncology Care

[59]

Automated Identification of Diabetic Retinopa- Ophthalmology
thy Using Deep Learning [60]

convolutional neural networks;
medical image analysis

1,409 19 Ql clinical-decision support; diag-
nosis and referral

1,145 54 Q1 health care system; excess
length; economic-impact;

risk-factors

1,101 43 Q1 fully automated detection;
meta-analysis; artificial
intelligence; referral

936 30 Q1 controlled-trial; advanced can-
cer; health care services; refer-
ral

654 34 Ql computer-aided diagnosis; reti-

nal images; referral;artificial
intelligence based

Interventions for improving upper limb func- Cochrane Database of Systematic Re- 472 249 Ql virtual reality ; interventions;

tion after stroke [61] views collaboration; clinical decision
making

Virtual reality exposure therapy in anxiety dis- Depression and Anxiety 349 44 Ql cognitive  behavior therapy;

orders: a quantitative meta-analysis [62] waiting-list; interventions;

long-term effect

Can virtual reality exposure therapy gains be Behaviour Research and Therapy 245 33 Ql virtual reality therapy;

generalized to real-life? A meta-analysis of
studies applying behavioral assessments [63]

behavioral assessment; meta-
analysis; wait-list

New technologies promoting active upper limb European Journal of Physical and Re- 3 65 Q1 robotics; virtual reality; telere-

rehabilitation after stroke: an overview and net- habilitation Medicine
work meta-analysis [64]

A Recovery-Oriented Program for People Journal of Clinical Medicine
with Bipolar Disorder through Virtual Reality-

Based Cognitive Remediation: Results of a

Feasibility Randomized Clinical Trial [65]

Perceptions About Augmented Reality in Re- JMIR Formative Research
mote Medical Care: Interview Study of Emer-
gency Telemedicine Providers [66]

habilitation; primary care

- 103 Q2 virtual reality; cognitive reme-
diation; mental health; recov-
ery

- 72 Q3 virtual reality; augmented real-

ity; telemedicine; remote med-
ical services

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.
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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
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with at least g> citations. Proposed in 2003, 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-
citation mapping 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
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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