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Introduction

Anatomy is the earliest branch of medicine
taught to all students in all fields of medicine. This relates
to the role of anatomy as the core of medicine studies
and considered to be a part that must be mastered by
professionals. Changes that then occurs in the human
body caused by a pathological process can be easily
identified when normal structures is comprehended.
Anatomy forms the basis for examination, formulation
of a diagnosis, and presentation of findings to patients
and health professionals. Anatomy also forms the
base for performing invasive, emergency, and other

procedures [1].

A comprehensive understanding of anatomy
provides a solid foundation to start learning medicine.
Nevertheless, the importance of studying anatomy in
the medical curriculum has recently become a topic of
contention among medical professional [2]. According
to Moxham, learning hours, teaching staff, and time
allocated on dissection in certain topics of anatomy
have decreased over the past decades. Anatomy
has become something only to be passed and not an
important learning process that must be mastered [3].
Nevertheless, the process of analysis, revision, and
then development of anatomy continues. As all medical

Abstract

BACKGROUND: Anatomy is an important part of medicine. Anatomical terminology also become the basis for
studying anatomy in particular and medicine in general. The need for standardization becomes something important
in ensuring effective communication.

AIM: This study aims to conduct a bibliometric analysis of publications related to anatomical terminology to
understand its development.

METHODS: This study uses bibliometric method. The data used in this study were obtained from the Scopus database
with publication related to anatomical terminology. The data obtained was then processed using VOSviewer software
to create a bibliometric map for later analysis.

RESULTS: There were 1821 publications published from 1914 to 2021 related to anatomical terminology. There was
an increase in publications from year to year with the highest number of publications in 2020 with 101 publications.
Based on the bibliometric map, the keywords “anatomical terminology” and “latin anatomical terms” were the most
widely published in recent years.

CONCLUSION: This study shows that anatomical terminology is still being developed to ensure more effective
communication between professionals.

professionals agree, a good understanding of anatomy
is related to the clinical competence of professionals [4].

Throughout history, anatomy has been the
initial bridge in studying medicine. Likewise, anatomical
terminology acts as a bridge to understand anatomy
specifically and medicine in general [5]. Anatomical
terminology has become the basis of medical languages
used all over the world. The anatomical terminology
has developed in the past 2500 years and comes from
the scientific language commonly used ancient Greek
and Latin civilization [6]. Anatomy itself means “cut” in
ancient Greek, the parts that were cut were then given
an appropriate name. The terminology used today is
the result of the development of the names given at the
beginning of its discovery and the colloquial language
used by clinical practitioners at that time. The language
that was previously only used in everyday conversation
between clinicians was then used as a means to write
findings, share knowledge among professionals, and
teaching methods for students in the medical field. The
development of medical science makes anatomical
terminology then develops to be more plentiful and
complete [7].

Terminology that is  precise, clear,
comprehensive,andaccepted by allmedical professional
in the world is important. It can prevent confusion,
misinterpretation, and errors in communication between
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professionals. As the oldest part of medicine, anatomy
and its terminology form the basis of various other
branches of science such as biology, midwifery, and
nursery. Although some clinicians do not pay attention
to the use of correct and precise terminology, the use of
incorrect terminology can lead to miscommunication of
information that can end up fatal. So that the need for
precise, clear, and accepted terminology by all circles
is something that cannot be debated. An international
agreement for grammatical and anatomical terminology
was then formed. Terminologia Anatomica, published in
1998, later became a means to standardize anatomical
terminology [8].

The International Federation of Anatomical
Associations (IFAA) has been the organization that
compile and publishes official anatomical terminology in
1998. Federative International Program on Anatomical
Terminology (FIPAT) is part of IFAA which specifically
ensures democratic input of terminology from all
members. Since its establishment, FIPAT formerly
known as Federative Committee on Anatomical
Terminology (FCAT) only published one version
of Terminologia Anatomica in 1998. The draft for
Terminologia Anatomica 2 as a revision of the first
version, which was published more than 20 years ago,
has been publicly available and published in 2019 [9]. In
Terminologia Anatomica, there are two official versions
of anatomical terminology, namely, in Latin and English.
Some medical professionals in the world, in clinical
practices, use English as a substitute for Latin, this then
causes some confusion, because based on Terminologia
Anatomica, anatomical terminology in English still has
some incorrect words, inaccuracy, or errors [10].

As an important part of anatomy, anatomical
terminology continues to receive attention from
the international medical community. Terminologia
Anatomica which is considered to be in need of renewal
and the new update of it, which still needs to be revised,
has made anatomical terminology a subject of research
that is growing rapidly. Anatomical terminology that
is clearer, more precise, and can be used by medical
professional internationally is very important to ensure
that there are no errors in scientific or clinical activities.
The publication of a new version of anatomical
terminology indicates that there are continuing changes
in the terminology we use. Some of these changes
occurred because of the need to rearrange, too simple
or complicated, the discovery of parts that previously
did not have names or named incorrectly. In general,
there is a trend toward more precise and appropriate
terminology for the benefit of health sciences [11].

Bibliometry is a research approach used to
measure and analyze the impact of scientific work
on a particular research [12]. Bibliometry is a meta-
science study that makes science its object of study.
Bibliometrics uses three elements of scientific activity
as a basis: input, output, and influence of a publication.
These three elements can then be mapped and used to

expand knowledge in a particular research area. This
study clarifies the interrelationships between authors,
publications, institutions, and other characteristics of
a particular field [13]. The popularity of bibliometric
studies is on the rise. The advancement, availability,
and accessibility of bibliometric software such as
VOS viewer, the cross-disciplinary characteristics
of bibliometric methodologies, their usefulness for
processing scientific data on a large scale, and high
research impact have been directly linked to the
popularity of bibliometric studies [14].

Despite the increasing popularity of bibliometric
studies, based on analysis of bibliometric scientific
publications in the field of anatomy, are still very few [15].
Further bibliometric research that specifically examines
publications related to anatomical terminology is,
to date, not available. Thus, to find out the extent of
the development and trend of publications related to
anatomical terminology, further research is needed as
a basis for further research and the development of
medical science broadly.

Methods

This study aims to analyze the bibliographic
record, research activity, and dynamics related to
terminology anatomy. As such, a bibliometric review
of this topic in terms of both performance analysis and
science mapping is conducted in this paper.

The study was conducted in two main phases.
First, a search was carried out in the Scopus database,
where scopus is one of the most comprehensive peer-
reviewed journal databases in the world and can provide
credible scientific and academic information [16].
Second, using the data that has been extracted, VOS
viewer software was used as a tool to visualize and
structure a bibliometric maps and information. Third,
we analyze the data that has been processed as a
bibliometric analysis (Figure 1).

Data collection

To gather the literature data, a search strategy
was used on the Scopus database. Utilized the search
category of “Article title, Abstract, and Keywords” we used
the keyword “Anatomy OR Anatomica OR Anatomical
OR Anatomically and Terminology OR Terminologia.”
The search was conducted on September 14, 2022.
The data sample then downloaded in *.csv format.

Data processing and analyzing

The extracted data then used in VOS viewer to
visualize and analyze trends in the form of bibliometric
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Figure 1: Research method

maps. This software VOS viewer (version 1.6.17) has
widely used in making visualization of bibliometric
networks. This software allows extraction of information
form the data, such as authorship, time period,
countries, and keywords. The result is then shown as
interlocking keywords for viewing existing connections
between bibliometric data.

To analyze the data, we used the manual of
the software. From the map VOS viewer has presented,
the distance between two or more circles indicates the
strength of link between each term. Different clusters are
represented by different colors. The size of the circles is in
correlation with the frequency of appearance of the term.

Results

Based on the bibliometric data that was
compiled and arranged in Figure 2. On the topic of
Anatomical Terminology on a period as early as 1914
until 2021 a total of 1821 publication was retrieved.
Those publication was published in 160 journals, written
by 159 authors, and based on 89 countries Moreover,
as seen in Figure 3. Those publication received a total
of 70.183 citations. The analysis reveals that there was
a steady growth on the number of publications related to
anatomical terminology. This growth can be addressed
in the needs of a standardized anatomical terminology
for professionals [5]. The most productive year in terms
of publication was in 2020 with 101 publications. The
spike in publication is related to the publication of
Terminologia Anatomica 2, which is a revised version
of the previous Terminologia Anatomica that was
published in 1998. The publication related to TA2 was
used to popularize and criticized the revised term in

[ Bibliometric analysis ]

Result and Conclusion

TA2 as a standardized and authoritative arrangement
on anatomical terminology [10].

Table 1 shows the five publications with the
highest number of citations. All publications shown in
the table received more than 1000 citations and were
published from 1995 to 2010. The publication with
the highest number of citations is a publication titled
“The standardization of terminology of female pelvic
organ prolapse and pelvic floor dysfunction” which was
published in 1996.

Table 1: Top 5 publications based on citations

Publication title

The standardization of terminology of female
pelvic organ prolapse and pelvic floor
dysfunction

Standardization of uveitis nomenclature for
reporting clinical data. Results of the first
international workshop

ISB recommendation on definitions of joint
coordinate systems of various joints for
the reporting of human joint motion-part II:
Shoulder, elbow, wrist and hand

Automatic parcellation of human cortical
gyri and sulci using standard anatomical
nomenclature

A probabilistic atlas of the human brain:
Theory and rationale for its development

Writers Citations
Bump R.C., Mattiasson A., 3421
Bo K., Brubaker L.P,, et al.

Jabs D.A., Nussenblatt R.B., 2838
Rosenbaum J.T., et al.

Wu G., Van Der Helm F.C.T., 2418
Veeger HE.J., et al.

Destrieux C., Fischl B. 1433
Dale A., Halgren E.

Mazziotta J.C., Toga A.W., 1174
Evans A., Fox P., Lancaster J.

Keyword mapping was carried out to see the
scope of research and the main topics of publications
related to anatomical terminology. This analysis is
conducted to determine the latest research trends and
emerging research topics. From the keyword analysis,
a total of 4421 keywords were obtained and among
those keywords, 38 keywords met the cooccurrence
criteria for minimum of 7 times.

The size of the label shows the number of
occurrences and the number of relationships with other
keywords, the larger the size of the label, the more
the number of occurrences of the word, and the more
relationships the word has with other keywords. The
five keywords with the highest number of occurrences
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Figure 4: Visualization of bibliometric maps and keywords cluster

Figure 5 shows the development of research
topics related to anatomical terminology. Keywords

Figure 5: Visualization of bibliometric maps based on year

The research topics most related to anatomical
terminology in the Scopus database are Medicine with
1252 publications (49%), followed by Agricultural and
Biological Sciences with 317 publications (12.4%),
biochemistry, genetics, and molecular biology with 264
publications (10.3%), followed by neuroscience with
123 publications (4.8%). Fields of research related to
anatomical terminology are shown in Table 2.

Table 2: Top 5 research topic related to anatomical terminology

Research topics Publication
Medicine 1252
Agricultural and biological sciences 317
Biochemistry, genetics, and molecular biology 264
Neuroscience 123

Social sciences 71

There were 160 journals that publish
publications related to anatomical terminology. The five
most productive journals that published article related
to anatomical terminology are shown in Table 3. The
journal that publishes the most publications related to
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anatomical terminology is the Zootaxa Journal with 65
publications. Then followed by Clinical Anatomy with
58 publications, Journal of Comparative Neurology and
Plos one was next with 32 publications.

Table 3: Top 5 journals based on publication counts

Journal Publications

Zootaxa 65
Clinical anatomy 58
Journal of comparative neurology 32
Plos one 32
Surgical and radiologic anatomy 29

Based on data, United States is the country
with the greatest number of publications with 764
publications (29.1%), followed by England with
200 publications (7.62%) and Germany with 156
publications (5.94%). Based on the bibliometric map in
Figure 6, regarding the relationship between countries,
the United States also dominates the publication
relationship related to anatomical terminology. Greece
as the country of origin of anatomical terminology study,
contributed 34 publications and also not in the vicinity
of international collaboration on anatomical terminology
study [17].

;,‘2\ VOSviewer

Figure 6: Relation between countries

Of the 159 authors that published articles
on the topic of anatomical terminology, the most
prolific writer is from Czech Republic and affiliated
with Charles University, David Kachlik, contributed to
writing 17 publications (2.85%). Then Nuemann, P.E.
with 15 publications (2.51%), Anderson, R.H. with 14
publications (2.35%), Rosse, C. with 14 publications
(2.51%) and Musil, V. with 13 publications (2.18%). The
ten authors who compile the most publications related
to anatomical terminology are shown in Figure 7.

Kachlik, D.
Neumann, P.E.
Rosse, C.
Anderson, R.H.
Musil, V.
Brinkley, J.F.
Baca, V.

Tubbs, R.S.
Skandalakis, J.E. ‘

Mejino, J.L.V.

Figure 7: Most prolific author

Figure 8 shows the ten institutions with the
highest number of publications on the topic of anatomical
terminology. The institution with the highest number of
publications is the Universidade de Sao Paulo located
in Brazil which publishes 37 publications. Of the ten
institutions, seven are located in the United States,
three in Brazil, the Czech Republic, and Canada.

Universidade de S3o Paulo e
University of Washington
Charles University I
Harvard Medical School —
University of California, San Francisco I
University of Toronto I
Oregon Health & Science University I
Massachusetts General Hospital I
University of California, Los Angeles I

University of Michigan, Ann Arbor I

o

10 20 30 40

Figure 8: Top 10 institutions based on publication counts

Discussion

Research related to anatomical terminology
obtained from the Scopus database from 1914 to 2021
acquired 1821 publications. The number of publications
related to anatomical terminology shows an increase
in the specified timeframe. In 1990, there were 10
publications related to anatomical terminology, in
2000, there were 29 publications, in 2010, there were
52 publications, and in 2020, there was an increase
in publications to 101 publications which was the year
with the highest number of publications. This increase
can be attributed to the increased flow of information
exchange and the need for a standard of anatomical
terminology. This increase in the number of publications
can also be attributed to the publication of Terminologia
Anatomica by the FCAT in 1998, which made research
on anatomical terminology easier to carry out.

The publications with the highest number of
citations are shown in Table 1, all publications in the table
are articles with the number of citations above 1000.
The publication with the highest number of citations is
occupied by the publication titled “The standardization of
terminology of female pelvic organ prolapse and pelvic
floor dysfunction” which was published in 1996. This
publication is an example of a publication that directly
discusses the need for standardization of anatomical
terminology, specifically terminology of pelvic organ
and pathological abnormalities that occur [17].

Figure 4 in addition to showing the number
of occurrences of words also shows the relationship
between keywords and cluster of each keyword.
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From the bibliometric map formed using VOSviewer
application, the keywords were classified into six
clusters. Clusters 1 and 2 are arranged with words
related to anatomy as a science. Keywords such
as “gross anatomy,” “comparative anatomy,” and
“morphology,” make up the first cluster while, “anatomy,”
“histology,” and “embryology” occupy the second cluster.
Clusters 3 and 4 are mostly arranged with keywords
related to anatomical terminology. The third cluster is
organized with the keywords “terminologia anatomica,”
“anatomical terminology,” “anatomical nomenclature,”
and “latin anatomical terms” which shows keywords
from publications related to anatomical terminology.
“Nomenclature” and “definition” make up the fourth
cluster. In clusters 5 and 6, more keywords related
to anatomy as a basis in clinical practice came out.
Cluster 5 is composed of keywords such as “diagnosis”
and “surgery,” while in cluster 6, there are keywords
such as “neuroanatomy,” “spine,” and “cranial nerves.”

Based on the bibliometric map with the overlay
display in Figure 5, keyword analysis can be carried
out from year to year. On the map created using the
VOS viewer application, keyword labels are shown
using certain colors. The darker the label means the
older it is and vice versa, the lighter the color of the
label means that the keyword is newer. Keywords
such as “nomenclature,” “homology,” and “comparative
anatomy” with blue labels indicate that these topics are
no longer widely researched and there are not many
publications related to these topics, while keywords
such as “new species,” “anatomical terminology,” and
“latin anatomical terms” with yellow labels means these
topics have been studied a lot recently.

The keywords “anatomical terminology”
and “latin anatomical terms” which have been widely
published in the past 5 years can be related to the need
for revision of the terminologia anatomica which was
first published in 1998 and revised in 2019. Before
terminologia anatomica, nomina anatomica has been
published since 1895, as a means to standardized
anatomical terminology, this publication then received
six other revisions in 1961, 1966, 1977, 1983, and 1989.
In the final revision in 1996, nomina anatomica the
revised with different name of terminologia anatomica
that was published in 1998 [6].

The year with the most publications related to
anatomical terminology obtained in 2020 which can also
be related to the reaction of researchers in the field of
anatomy to the publication of TA2 by FIPAT in 2019 [9].
Publications published in 2020 or after the publication
of TA2 indirectly aim to provide medical professionals
a view on these official anatomical terminology
publications [18]. Chmielewski in his publications
emphasizes the importance of revisions and extensions
of Terminologia Anatomica to ensure effective
communication. Terminology which is then revised must
be published and popularized for professionals to use
in their professional activities [10]. The need for clear,

complete, and acceptable terminology by professionals
is important to ensure that there is no confusion,
misinterpretation, and communication errors [7].

Conclusion

This study provides an overview of the
development and trends related to the publication of
anatomical terminology. The increasing number of
publications from year to year shows that topics related
to anatomical terminology are still developing. The
keywords “Anatomical Terminology” and “Terminologia
Anatomica” have also received more attention in the
publications of the past 5 years, which shows that
publications related to anatomical terminology that are
more precise, clear, comprehensive, and acceptable
are still being carried out.
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