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ABSTRACT
Objectives: This study aimed to investigate the significance of publications examining the effectiveness of

education methods in the field of anatomy with the method of bibliometric and altmetric analysis, as well as

online attention levels. 

Methods: To search all publications, “Anatomy education” was entered as a search term on the Web of Science

database. The topics, journal impact factors, publication years and research centers of the first 100 articles

with the highest numbers of citations were examined, and their analysis was conducted with the “Altmetric it

on website: http: almetric.com”. 

Results: Four thousand, three hundred fifty-six articles published in the period of 1975-2019 containing the

key phrase “Anatomy education” were found on Web of Science. The study with the highest number of citations

was the study published by McLachlan et al. titled “Teaching anatomy without cadavers, 2004”. It was observed

that the study titled “The production of anatomical teaching resources using three-dimensional (3D) printing

technology, 2014” was the article with the highest rate of sharing on Twitter with the highest altmetric attention

score (AAS) value. The AAS rates varied between 130 and 0. 

Conclusions: Bibliometric and altmetric analysis provides significant but different points of view regarding

the effects of an article in the world of science. The altmetrics score may provide contributions in determining

the direction of studies regarding the high-level interests and perceptions of the public on dynamic science

and the field of medicine. 
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It is important to assess the effectiveness of medical

education in today’s conditions with evidence-

based analyses, because these assessments have the

potential of directing practices of developing curric-

ula. While anatomy education is the building block of

medicine, it is seen by students as a difficult to learn

subject at the beginning of medical education [1]. The

rapid development of technology has allowed devel-

opment of various methods that present the practical

ways of learning anatomy today. The practices of

anatomy education have been enriched by cadaver dis-

section coming from traditional medical education,

followed by plastic modellings of body parts and

highly diverse online electronic sources that provide

information gathering methods today, interactive

three-dimensional (3D) visualization technologies and
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“multimodal” approaches such as radiological imag-

ing [2]. Especially 3D mobile applications that include

virtual anatomy animations supported by videos,

YouTube videos and animations obtained from other

social sharing sites, colorful 3D images and problem-

focused learning have taken their place as the current

methods used in anatomy education [3, 4]. With the

initiatives of anatomy educators to preserve traditional

basic training methods such as dissection, there has

been a face off between some clinical field educators

that have transitioned to virtual simulative applications

and conventional educators [2]. 

      In this context, a process that gives rise to a neces-

sity of updating the curriculum with various education

and instruction methods has emerged. In addition to

these methods, sharing of anatomy information via so-

cial networks today has started to be used by students

as a learning method. For this reason, investigating the

usage of existing anatomy learning methods and social

platforms today for medical instruction purposes and

shedding light on anatomy education have become a

current need. For this purpose, we aimed to investigate

publications that examine existing anatomy learning

methods that are prevalently used by using metric

methods. Especially bibliometric analysis (index cri-

teria) is used in several fields to define the most sig-

nificant studies [5]. This analysis method uses citation

ranking to define the output with the largest intellec-

tual effect in ranking articles. 

      The number of citations made to published articles

is a reference in measuring the influence of the journal

they are published in and assessing the capability of

authors, and it is based on bibliometrics, which inves-

tigates such associations. Other important indicators

that show the effect and quality of a journal are the

journal impact factor (IF) which is based on citations

and the h-index value provided by Web of Science

(WoS), Scopus, Google Academics and Scimago Jour-

nal & Country Rank (SJCR) [6, 7]. IF is a significant

bibliometric indicator that needs to be used carefully

as it is known to be a value in which several criteria

play a role on the final value. JCR calculates the cita-

tions and publications of the last two years and returns

the value of IF every September [12]. It is clearly seen

that although it allows the evaluation of large data sets,

keeping track of changes in citation databases over

time and evaluating journal IF that vary from year to

year creates measurement and technical problems for

bibliometric analysis. 

      Altmetrics, which is a new web-based metric

analysis method, has started to be used as a current

method in assessing the impact analyses of publica-

tions on social media platforms [14]. This method that

conducts an analysis as the Altmetric Attention Score

(AAS) and Altmetric feedback was designed to make

it easier to define how much and what type of interest

a certain research output receives [15]. AAS is calcu-

lated by an automated algorithm created by the com-

pany Altmetric based on the weighted quantity of the

online interest received by a research output. This al-

gorithm that is used under the name of Altmetric Ex-

plorer (Altmetric, London, the United Kingdom)

Score is a web-based application that can use some re-

search output resources to present the online activities

of publications and the most relevant discussion forms

in a current sense [15]. While making calculations,

three main factors are used to determine the weights:

volume, sources and authors. The role of social media

platforms in the publicity, dissemination and presen-

tation of the medical literature was increased substan-

tially in the last few years [17]. Altmetrics are

advantageous in that they can reflect significant non-

academic effects and are visible before even academic

citations occur, but they also have some disadvan-

tages. At the beginning of these disadvantages, we can

say that it is still not clear which general conclusion

to draw from the altmetric analysis. In addition, data

sparseness is an important disadvantage that makes

altmetric analysis insufficient alone. 

      In this context, this study aimed to determine the

relationship between bibliometric analysis on the num-

ber of citations of articles and journal IF values and

Altmetric analysis (highest AAS and IF) which deter-

mine the social media usage score of studies in deter-

mining the quantitative impacts of methods in the field

of anatomy in the world of medicine. 

METHODS

      In this study, WoS Core Collection database was

used for bibliometric citation analysis and PubMed

was used for other article information. PubMed data

was used to see the total number of authors of the ar-

ticle and the type of article (eg Review etc.) and to

evaluate the altmetric score on the "altmetric it / alt-
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metric.com" website. The WoS database was accessed

(date of access: 15 January 2020) to determine the

publications between 1975 and 2019 that contained

the key phrase “Anatomy Education”. As the WoS ar-

ticle database includes articles that have been pub-

lished since 1975 on February 15, 2020, our access

date, earlier articles could not be reached. As a result,

4356 articles related to the subject were obtained, and

among these results, the 100 articles that received the

most citations (T100) were subjected to bibliometric

and altmetric score analysis. After writing "Anatomy

education" in the "topic" criterion in WoS, there were

articles outside the scope of anatomy education among

the articles exhibited. For this reason, during the cre-

ation of the T100 article list, the Pubmed MESH terms

were first examined to evaluate whether the studies

were covered by the term "Anatomy education". In ad-

dition, the abstracts of the articles were read independ-

ently and carefully by the article researchers and the

compatible articles with the subject of anatomy edu-

cation were determined. The full texts of the articles,

whose article summary was not clear enough, were

also examined and carefully evaluated in such a way

that bias was not allowed. At the end of these evalua-

tions, articles that fall within the scope of “Anatomy

education” are included in the study list, while other

articles were excluded from the study as they are out-

side the scope of “Anatomy education”. Subsequent

articles were included within the scope to complement

100 in place of the articles that were omitted. For the

studies published in the relevant field, name of the

journal of publication, journal IF (2019 Journal Cita-

tion Reports (Clarivate Analytics)), year of publica-

tion, topic of article, type of article and sub-types were

determined. 

      The AASs were obtained from the Altmetric.com

website (https://www.altmetric.com/products/free-

tools/bookmarklet/) by using the "Altmetric it" func-

tion. Each color in altmetric feedback represents a

different source from the social media sharing network

[18]. As Altmetric Explorer is a licensed application,

Altmetric it was used instead. In the color spectrum of

feedback, blue represents Twitter, dark blue represents

Facebook, yellow represent blogs, red represents news

stories, orange represents patents, pink represents

Google, and brown represents Wikipedia (Fig. 1). The

study included original research articles, review arti-

cles, conference manuscripts and letters to the editor.

Additionally, PubMed was utilized to obtain additional

data for the study. This study did not need to be ap-

proved by an ethics committee, because it only con-

ducted bibliometric and altmetric analyses on classical

studies that have been published. 

Statistical Analysis 

      To determine the relationships between the num-

ber of citations of the selected T100 anatomy educa-

tion articles and AAS and between IF and AAS,

descriptive statistics was revealed and evaluated, and

Spearman's correlation analyses were carried out in

SPSS package software. 
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  Fig. 1. Example of altmetric feedback scoring sources. 
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RESULTS

      In the search for publications in the period of

1975-2019 on WoS containing the key phrase

“Anatomy education”, 4356 articles were found. The

T100 list on anatomy education shown in the literature

was examined (Supplementary Table 1). In the list, the

publications’ numbers of citations, journals of publi-

cation, the highest numbers of publications based on

years and AAS values were shown. 

      Sixty-eight of the T100 articles in this study were

published in journals with an IF value of at least 2. Ac-

cording to Clarivate Analytics (2017), the average IF

of 10 journals (Table 1) out of 26 journals in which at

least two T100 articles were published was found, was

2.987, and the average h-index value was 80. The

number of citations of the studies varied between 29

and 268. The study with the highest number of cita-

tions was published by McLachlan et al. [Suppl. Table

1 Rank 1] with the title “Teaching anatomy without

cadavers, 2004”. The one with the lowest number of

citations was published by Baskaran et al. [Suppl.

Table 1 Rank 100] with the title “Current applications

and future perspectives of the use of 3D printing in

anatomical training and neurosurgery”. 

      Considering the publication years of the articles,

it was determined that the time that passed since the

article in the first place showed a change in favor of

citations. Concerning the numbers of citations based

on years, it was determined that the T100 publications

almost did not receive any citations in 1998 and 1999,

their numbers of citations continued to increase in the

following years, and the highest number of citations

was in 2019 (Fig. 2). Considering the distribution of

the publications on the topic of anatomy education

based on years, while there was no publication in the

years 1997 and 1998 among the articles, the lowest

number of publications were in 1996 and 2003 by one

article each, while the highest numbers of publications

were in 2007 and 2016 (Fig. 3). 

      The journal with the highest number of publica-

tions in this field was “Anatomical Sciences Educa-

tion” with 39 publications, which was followed by

“Clinical Anatomy” in the second place with 19 and

“Medical Education” in the third place with 13 publi-

cations. On the field of anatomy education, the Jour-

nals Anatomical Record, ANZ Journal of Surgery,

Computers Education and Surgical and Radiologic

Anatomy had 2 publications each (Table 1). 

      Among the T100 articles with the highest numbers

of citations, 86 were research articles, 6 were reviews,

5 were verbal presentations, and 3 were letters to the

editor. The highest number of original articles pub-

lished in the relevant field was 34 for the period of

2006-2010, the highest number of reviews was 4 for

2011-2015, and the highest number of verbal presen-

tations was 2 for 2011-2015 (Table 2). 

      Considering the countries of publication of these

articles, the United States of America (USA) had the

first place with 37 publications, while the United

Kingdom was in the second place with 18 publica-

tions, and Australia was in the third place with 15,
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whereas 70% of the T100 articles were found to have

been published by these three countries. The years

with most publications for the USA and UK were

2006-2010, while Australia published more in the pe-

riod of 2011-2015 in comparison to the other years

(Table 2). From Turkey, only the article by Küçük. et

al. [Suppl. Table 1 Rank 84] titled “Learning anatomy

via mobile augmented reality: effects on achievement

and cognitive load, 2016” was in this list. 

      When the types of research centers where the pub-

lications were made were examined, it was seen that

these centers mostly operate in the fields of Education

and educational research, Anatomy morphology and

Health sciences. The highest number (68) and ratio

(48.83%) of the articles were in the field of education

research, which naturally included studies on educa-

tion. As seen in Table 3, it was observed that the num-

ber higher than 100 in the T100 list was caused by sep-

arate assessment of multidisciplinary studies and other

fields. 

      The AAS values varied between 0 and 130. The

article “The production of anatomical teaching re-

sources using three-dimensional (3D) printing tech-

nology, 2014” (score 130) had the highest AAS score

and most shares on Twitter. It was determined that it

gained a fast scoring with social media shares although

it was published on a close date. The T100 anatomy

education articles’ AAS, total number of citations, ci-

tations based on years, IF and h-index values are

shown in Table 4. Accordingly, for the T100 articles

ranked based on their total number of citations, the

mean ASS was 5.29 ± 40.44, and the mean total num-
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Fig. 2. Number of citations of publications in the field of anatomy education by years.

 

 
Fig. 3. Distribution of publications in the field of anatomy education by years.
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ber of citations was 66.84 ± 1.23. The mean number

of citations per year was 6.33 ± 35.73, the mean IF

was 3.31 ± 15.70, and finally, the mean h-index was

65.75 ± 3.87 (Table 4). 

      Correlation analyses were conducted to determine

the relationship between AAS and the number of cita-

tions based on years and h-index. While there was a

positive moderate relationship between AAS and num-

ber of citations based on years (r = 0.428), AAS and

h-index had a negative weak relationship (r = -0.358).

Likewise, there was a positive weak relationship be-

tween IF and h-index and number of citations based

on years. There was no significant relationship be-

tween total number of citations and AAS (Table 5). 

The variation of the instruction methods used in

anatomy education was determined (Table 6). A broad

scale of anatomy learning methods was determined to

include current methods in the form of virtual and aug-

mented reality applications, mobile technology appli-

cations in the form of ultrasonography, virtual

simulators, laparoscopy and other radiological imag-

ing methods, clinical anatomy instruction methods,

outputs obtained by 3D printer technology, plastina-

tion, web-based interactive 3D visualization, enriched

multimedia e-book applications, close peer, problem-

focused instruction, clay models, and YouTube and so-

cial media sharing. Comparisons of education with

and without cadavers had a significant place. While

there was also an education method in the form of in-

tegrated multimodal-multidisciplinary and blended in-

struction method examinations, this method involved

comparison of several models. 

DISCUSSION

      For the purpose of determining the effectiveness

of methods that are used in the field of anatomy edu-

cation, determining the online interest value and social

media sharing scores of articles published on this topic

and received the highest numbers of citations is highly
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important in terms of determining trends towards the

future. There are numerous studies and discussions

carried out on suitable methods in obtaining academic

information. Measuring the value and impact of stud-

ies and determining the trending topics are a signifi-

cant criterion in determining the direction of studies.

Considering that studies covering the comparative ex-

aminations of current practices used in anatomy edu-

cation were conducted mostly in the period of

2007-2016, it was thought that this situation may be

related to the date where especially virtual reality ap-

plications started to enter education. Virtual reality

studies started to be carried out in 2006, and virtual

reality became included in the education process as a

technology-integrated instrument [19]. 

      AAS assessment in our study revealed that the ar-

ticles shared via social networks were rather on look-

ing for answers to the question of “how to learn

anatomy”, and the effects of current practices such as

“the contribution of 3D applications on anatomy edu-

cation” were investigated. As Marsland and Lazarus

[20] in 2018 stated in their work, information sharing

via social media is more popular with students due to

the continuous existence of technology throughout the

lives of young people, and that it is an international

academic platform for sharing knowledge and educa-

tion research experiences among academicians. This

situation showed that youths focused on studies on

learning methods involving current techniques rather

than conventional ones. When studies on learning with

YouTube videos, which is another method used in

anatomy education, is examined by bibliometric

analysis, it was stated that YouTube videos would dis-

play low educational value in the case that they are not

checked by member of academia [21-23]. In their

study on the learning levels of students with anatomy

education videos uploaded on YouTube, Jaffar [24] in

2012 emphasized that videos could be useful, but their

effect on examination performance is weak, and stu-

dents prefer to learn surface anatomy by cadavers and
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models. This idea was supported by the findings that

YouTube videos and three-dimensional virtual reality

videos have lower value in terms of education then

dissections [25]. On the other hand, Winkellman [26]

in 2007 reported that anatomy teaching with living be-

ings and medical imaging methods is dominant over

cadaver teaching. They added that these methods,

which are especially advantageous for visual learners,

are more compatible with clinical examination [26].

However, teaching about the 3D structure of the

human body using 2D images is highly complicated.

It is especially more difficult to perform volumetric

examinations on the organs and structures that are de-

sired to be imaged. For this reason, anatomic applica-

tions created in 3D are seen as an important method

in making it easier to access structures by three-dimen-

sional imaging. 

      Besides, teaching with cadavers should not be un-

derestimated by relying solely on social media posts.

Wilson et al. [27] in 2018 advocated the idea that the

anatomical knowledge obtained by teaching with ca-

daver dissection remains in mind for a longer term in

the temporal course in their studies where anatomy

teaching methods were examined using meta-analysis

method. However, they still recommended the exam-

ination and dissection of cadavers in the post-gradua-

tion surgical training of cadaver training. 

      When the social media sharing frequency of the

article with the highest AAS (130) in our study, “The

production of anatomical teaching resources using

three dimensional (3D) printing technology,” is exam-

ined, it was determined that it was shared via Twitter

30 times, Facebook 7 times, Google users 6 times,

blogs 4 times and other networks 10 times. The high-

est number of shares made for the article with the sec-

ond highest AAS, “Human cadaver vs. multimedia

simulation: a study of student learning in anatomy,”

was again on Twitter. These findings confirm the com-

ments of previous studies concluded that students and

academicians have increased their interest in teaching

styles with increased visual aspects. Regardless, as re-

ported by Marsland and Lazarus [20], MD discussions

around the anatomy teaching on twitter shows the

need to develop potential educational resources to

eliminate the difficulty in teaching and learning diffi-

cult areas in anatomy education. 

      It is highly important to comprehend basic

anatomy in terms of being able to make the connec-

tions between anatomy knowledge and the clinic and

integrate knowledge in surgical practices. For this rea-

son, developing effective methods to teach anatomy is

very important for medical practices. Since the Ren-

aissance, cadaver dissection is still considered to be

the most ideal and universal method for this purpose,

and thus, it continues to be used as the building block

of anatomy education [1, 28]. Moreover, considering

the increasing prevalence of robotic surgeries, it may

be stated that application of cadaver surgery and vir-

tual simulations together could be more ideal. Students

are no longer satisfied with looking at the pictures of

a textbook or observing from the corner of a crown

surrounding a cadaver [29]. Therefore, it was thought

that in could be sufficient in meeting educational

needs for educators to plan a modern anatomy educa-

tion that will integrate “new and old” approaches for

these searches of students and put these plans into

practice. 

      Altmetric scoring assesses an interest shown in a

publication from a different perspective. While a rela-

tionship is expected between bibliometric and altmet-

ric assessment, such a relationship could not be found

in the analyses that were conducted. An interesting

finding in our study was that the articles with the high-

est IF values did not receive more interest than the

ones with low IF values. For example, journals like

Computers Education, Medical Education and

Anatomical Sciences Education that are included in

the high-IF journal list or contributed to a large num-

ber of articles in the field of anatomy education were

observed to be not in the highest rating in terms of Alt-

metric scoring. While it was expected for the relation-

ship between altmetric scoring and number of citations

based on years to be stronger, it was determined that

this relationship was moderate. Due to the contribution

of the public in addition to the scientific world to the

scores of articles shared on social networks, it was

considered that the main factor determining the direc-

tion is the attractiveness of the topic. eBizMBA Inc.

[30] in 2020 listed the most popular social websites

worldwide as Facebook, YouTube, Instagram and

Twitter and stated Facebook as the most popular

among these. The popular social networks in the list

followed as WhatsApp, Pinterest, Reddit, Ask.fm,

Tumblr, Flickr, SnapChat, VK, LinkedIn, Tagged and
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Meetup. 

      Although eBizMBA stated that Facebook is the

most popular social network for sharing, it was seen

that literature sharing was carried out more on Twitter.

Marsland and Lazarus [20] in 2018 reported that an

online community has formed on Twitter regarding lit-

erature sharing, but the impact of Twitter has not been

completely demonstrated in anatomy instruction. They

showed that Twitter could only be an instrument that

strengthens the collaboration and communication of

students with academicians, and social platforms may

only have a useful impact under the appropriate guid-

ance of academicians. Facebook is the most popular

social media site visited daily by university students

in integrating social media technologies into educa-

tion. In their study that examined the usage activity of

Facebook for the purpose of education in the field of

anatomy, Jaffar [21] in 2014 reported that it has a nat-

ural potential in increasing learning in students, and it

may be accepted as an instruction tool supportive of

conventional education.

      AASs are observed to provide new points of view

in collecting scientific information. However, as the

Altmetric system has started to collect data since the

end of 2011, this method is only sensitive for later

news. It may be considered that new articles may re-

ceive more AAS in time and lead to some incomplete

interpretations. For this reason, by using bibliometric

analysis, the weak aspect of the method was strength-

ened. Another important issue that should not be over-

looked in AASs is social media policies of journals.

Managers of some journals can develop planning dig-

ital scientific marketing practices for such social

media metrics, which can influence the social media

visibility of the journal and hence the journal's publi-

cations. This can be an important study topic that

needs careful consideration. Even so it may be stated

that AAS may be an indicator of the perceptions of the

public on the dynamic field of science and medicine,

and it will make it easier to determine the direction of

studies in line with the high levels of interest by the

public in time. It may also be considered as a catalyst

that encourages reading scientific articles on a topic

that is considered valuable by the public.

CONCLUSION

      In this study, articles that examined instruction re-

sources and strategies that are used in the discipline of

anatomy were evaluated with analysis methods that

allow looking from a broad perspective. The necessity

of planning an anatomy education that comprehen-

sively integrates conventional and modern approaches

and the necessity of presenting these in practice were

determined by the analyses. It may be stated that there

is no strong evidence yet to suggest that social net-

works are strong anatomy instruction instruments.

While the interest received by a scientific study in the

literature is usually measured by the number of cita-

tions it receives, the interest received by it in the public

is measured with parameters such as the number of

news stories published on it and the speed of being

shared on social platforms. Consequently, for being

able to more comprehensively assess scientific re-

search outputs, we recommend assessment of AAS

and conventional metrics in combination. 
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