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Abstract—Virtual reality (VR) has recently been a prominent
study area. However, no published bibliometric studies have
assessed the relevant scientific literature covering these tools in
anatomy education. This study aims to locate and assess the
scientific literature on VR in anatomy education, revealing the
development of publishing, significant authors, scientific journals,
and nations. In addition, we aimed to identify and characterize the
anatomy education field and subjects most frequently addressed
by researchers. We looked for pertinent papers on VR research in
anatomy education in the Scopus electronic database. First, basic
publishing and citation data were gathered using the Scopus
database's ""Search document" functions within the title article,
abstract, and keyword. For subsequent analysis, the paper's
complete bibliographic data were exported to the bibliometric
software package VOSviewer. Finally, the researcher created
visualization maps to draw attention to the frequently occurring
words and phrases in the titles and abstracts. Based on data from
990 articles, this study suggests that the growth development in
Virtual reality with the most significant Scopus index occurred in
1998, which reached 190.90 percent. The Studies in Health
technology and informatics journal is the most international
publications in Virtual reality in anatomy with 98 documents. The
anatomical sciences education journal is the most influential, with
1114 citations. United States is the country that has the most
research papers on Virtual reality in anatomy, while Silverstein
J.C is the most prolific writer on Virtual Reality in anatomy
teaching. The Virtual Reality in anatomy field development map
based on co-occurrence is classified into seven clusters, and
"virtual reality" is the most highlighted term not only in cluster 1
but throughout the entire network. The bibliometric analysis
indisputably indicates the many growing anatomy education uses
of VR. We expect it to have a significant influence on anatomy
education as the technology continues to grow and becomes more
accessible in nations with VR research.
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I. INTRODUCTION

Anatomy is recognized as the "basis of the medical
sciences," through which healthcare professionals acquire
fundamental knowledge to build a strong foundation [1][2].
Although using cadavers is the gold standard for teaching
anatomy to medical and health science students, there are
significant financial, moral, and administrative restrictions on
its use. Additionally, universities have reduced the time for
teaching gross anatomy in favor of the applied clinical practice,
even though it remains one of the fundamental areas of medical
education [3]. As new learning tools are developed, more
interactive media and web-based courses are included in
medical school curricula [4]. With the advent of VR
technology, learning may now take place through interactive,
immersive experiences. All levels of medical education are
using this technology, and its uptake is expected to grow
significantly [3][4].

In actuality, virtual reality is not a new technology. At the
University of Utah in the 1970s, Daniel Vickers built the first
virtual reality headgear. The headgear's dual screens enable the
user to turn his head and look around at the virtual scene being
presented to him. A new interface called the data glove
(DataGlove) was created a few years later (DataGlove). This
1982 invention records the motion of the hand and fingers and
sends it to the computer [5]. Virtual reality is becoming more
and more common in our culture across a range of sectors,
including business and entertainment. Since technology enables
seeing almost anything or traveling anywhere in a novel way, it
also offers many benefits for education. Its application in
anatomy teaching is fascinating since it will allow users to study
any human body structure by placing them within each one
[6][7]. Learners can quickly master complex 3D anatomic
relationships via immersive virtual reality simulations [4].
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More engaging and enjoyable virtual environments will be
possible as this technology develops, helping learning and
instruction transcend conventional boundaries [8].

However, just a few in-depth studies of VR in anatomy
instruction have offered guidance for future investigation.
Therefore, to examine the research of VR in anatomy teaching,
this study is intended to undertake a macro research review of
the field.

II. METHOD

The researchers searched the following keywords based on

the publication's title, keywords, and abstract when conducting
this research on July 9, 2022. The keywords were relevant to
virtual reality and anatomy teaching. (Virtual; Reality;
Anatomy; Education; Learning; Teaching) TITLE-ABS-KEY
Searching for articles in an electronic database is a source of
information based on the defined keywords. Since Scopus is the
largest and most well-known scientific database currently
available and offers a variety of peer-reviewed journal articles,
the quality of the articles acquired may be guaranteed. Scopus
was chosen as the electronic database for this research.
In order to gain an understanding of research growth patterns,
the most prolific authors, the nation with the most publications,
publication types, and the most cited journals are extracted from
the Scopus database via the analyzed results menu and then
downloaded as necessary. Visualization and analysis of
research trends from article data downloaded in CSV format
using Vosviewer 1.6.18. Vosviewer will create a keyword map
based on shared networks.

III. RESULT AND DISCUSSION

Scopus found 990 article documents in the initial keyword
search results. Since this research seeks to map the overall
development of the virtual reality and anatomy education
themes, the period for finding publications is unrestricted. Our
findings indicate that the first paper on virtual reality and
anatomy teaching was discovered in the early 1993, as shown in
Fig. 1.

A. Research Developments in the Field of VR in anatomy
education

The increase in scientific publications in the field of virtual
reality in anatomy teaching demonstrates a worldwide rise in
the number of researchers (Fig. 1).
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Fig. 1. Trend research of virtual reality and anatomy the worldwide

From 1999 to 2015, there was no rise in VR for anatomy
education. The peak accelerated from 2015 to 2021. The most
significant increases happened in 1998 and 2021, with
respective increases of 190.90 percent and 41.77 percent over
the preceding year. This potential is tied to the early creation of
VR technology in 1998 and the covid epidemic that swept the
globe in 2021; therefore, it is necessary to anticipate learning
that cannot be completed offline due to limited community
activities in many nations. Parallel to the growth of VR
investment sectors over the past year, there has been an increase
in publications regarding virtual reality in medical education,
including VR hardware, video, solutions/services, games,
advertising/marketing, consumer apps, distribution, tech, and
peripherals [9]. The use of virtual reality in medical education
is highly advantageous for students to experience the real
world, especially in basic disciplines like anatomy. In virtual
reality, a user is completely submerged and has a sense of
presence. Virtual objects, including anatomical models, are
positioned in the user's perspective of the real world in virtual
reality (VR) [10].

B. Virtual reality in anatomy education publishing by type of
document

The most publications are journal articles are 522 documents
(52,7%), conference papers are 304 documents (30,7%),
reviews 85 documents (8,6%), book chafter 24 documents
(2,4%), letters of 15 documents (1,5%), notes of 14 documents
(1,4%), conference review 13 documents (1,3%), editorials 10
documents (1 %) and at least short survey 3 documents (0,3%)

(Fig. 2).

C. The most productive authors in the publication of virtual
reality in anatomy education

Fig. 3 displays the top ten contributors to publications
published in Scopus journals. Silverstein J.C. is the most
prolific author on the list, having published approximately ten
works. Chung M.S. has authored nine publications, followed by
Reiner, Burkart, Dech, Moro, Navab, and Rasmussen, who
have each written eight papers. In addition to, Charissis and
Evenhouse have seven additional articles respectively and have
contributed a large number of works to virtual reality in
anatomy. Fig. 4 show in contributing authors in virtual reality
and anatomy research worldwide.
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Fig. 2. Type of documents that published in virtual reality in anatomy education

2

Authorized licensed use limited to: Cisco. Downloaded on November 24,2022 at 12:40:47 UTC from IEEE Xplore. Restrictions apply.



2022 1st International Conference on Smart Technology, Applied Informatics, and Engineering (APICS)

D. Top Ten Countries of Author based on Publication
Number

The United States publishes the most about virtual reality in
anatomy education, with 357 publications (36.06 percent),
followed by the United Kingdom with 93 documents (9.39
percent) and Germany with 82 papers (82.82 percent).

E. The core journal of virtual reality in anatomy education

Table 1 lists the top ten peer-reviewed journals that have
published the most articles in the field of virtual reality in
anatomy study over the past 38 years (1993-2021). The journal
with the most published papers is Anatomical Sciences
Education, which has 32 articles and 1114 citations. Then,
Studies in health technology and informatics journal
contributes to the publication of 98 documents and 927
citations, and Clinical anatomy journal (22 papers) contributes
to the publication of 663 citations, making it a leading scientific
publication worldwide.

F. Topic Area Visualization Using Vosviewer

The default rendering in Vosviewer for the depiction of
keywords associated with virtual reality and anatomy education
research themes was circles. The more frequently an object or
keyword appears, the larger the circle, indicating its increasing
significance. The things' sizes are influenced by how frequently
they occur. Virtual reality was the most popular research topic
because it occurs most frequently. Each circle has a unique
color associated with its cluster when the color is applied to the
items [11]. The outcome was derived using Vosviewer's
analysis of the frequency with which author keywords appeared
in the bibliographic data. Researchers established a minimum
of five keyword occurrences. Then, out of the 1852 keywords
we received, only 80 met the criteria.

The retrieved keywords were sorted into seven groups. As
expected, "virtual reality" is the most emphasized term not only
in cluster 1 but throughout the entire network. The network
visualization in Fig. 6 shows the connections between the seven
clusters and the evaluated problem areas. The map's structure
shows that each cluster consists of many keywords that are
highly congruent with one another. In addition, particular high-
frequency keyword occurrences represent the previous
research's focus for each cluster. The top three clusters that
appear most frequently in the top three keywords are listed. For
instance, the terms education (72), simulation (67), and surgical
simulation are most frequently used in the first cluster (28).
Anatomy (112), medical education (89), and anatomical
education (34) are the most prevalent standard terms in the
second cluster. Finally, the most general terms, including
augmented reality (71), mixed reality (23), and surgical
training, are found in the third cluster (12).

Based on Fig. 6, it is known that there is an era of virtual
reality that shows a relationship between the anatomical
education and anatomy, medical education and undergraduate,
learning and teaching anatomy, surgical simulation and
training, and mixed reality. The visualization illustrates that
virtual Reality is closely related to anatomy education. The
existence of virtual reality technology is used to facilitate
students in learning activities.

VR is a relatively recent technology utilized in anatomy
instruction and numerous other areas. The papers and
inventions in this potential area of research are rising and
getting more sophisticated yearly. It isn’t easy to assess all the
benefits of employing those kinds of technology in anatomy
education and other areas of education because some of their
consequences are not measured statistically but can be seen in
the long term in all the domains of human existence. This study
has shed light on the development and the trend of the literature
on VR in anatomy education [12].
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Fig. 3. Top Ten Contributing Authors in the area of virtual reality and anatomy
research worldwide (from Scopus)
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Fig. 4. Top Ten Countries in the area of virtual reality and anatomy research
worldwide (from Scopus)

TABLE L TOPTEN JOURNAL BY CITATION
Journal Citation Documents
anatomical sciences education 1114 32
studies in health technology and 927 98
informatics
clinical anatomy 663 22
neurosurgery 650 18
surgical endoscopy 562 8
medical education 481 6
computers and education 379 5
academic medicine 367 5
anatomical record 331 7
laryngoscope 328 7
journal of neurosurgery 308 6
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publication co-occurrence map using Vosviewer.
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Fig. 6. The highlight of co-occurrence in Vosviewer

The developed system provides a real-time 3D
representation of the anatomical model in an engaging virtual
reality environment that offers tools for independent learning
and assessment via numerous interfaces and features. Virtual
reality offers a more realistic and "hands-on" learning
experience to improve student's skills in a secure, controlled
environment without the hazards associated with direct patient
contact. The student can enjoy studying and teaching in a VR
environment while better understanding the links between
anatomical parts in a virtual setting [13]. To gain practical
understanding, a person can explore and interact in a three-
dimensional (3D) environment using virtual reality (VR)
technology [14]. It has been demonstrated that teaching
anatomy via a 3D immersive VR system may be a superior
alternative to traditional teaching methods [15]. While offering
an exciting and engaging learning experience that is supposed
to provide a sense of immersion, VR also lessens the level of
physical discomfort and disorientation related to more
immersive modalities [16].

IV. CONCLUSION

Our study comprehensively reviews current developments in
using VR technology in anatomy instruction. Germany is rapidly
gaining prominence as a major in this sector that stresses
academic quality and actively shapes linked scientific norms. At
the same time, the USA continues to be the clear leader in this
field, followed by the United Kingdom. Future research is
expected to focus on crucial topics, including virtual reality,
teaching and learning anatomy, training in surgical simulation,
augmented reality, and mixed reality. We anticipate that these
technologies will continue to assist anatomy education through
such analyses and the increased number of studies on this
subject. They may even be a suitable replacement for
conventional teaching methods.
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