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The 100 most cited articles have fewer citations
than other bibliometric articles

A pairwise comparison using a temporal bubble graph
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Abstract

Background: More than 400 articles with the title of 100 top-cited articles (Top100) have been published in Publ\/led.m
unknown whether their citations are fewer (or more) than those found in other bibliometric studies (Nontop100). After determining
article themes using coword analysis, a temporal bubble graph (TBG) was used to verify the hypothesis that the Top100 had fewer
citations than the Nontop100.

Methods: Using the Web of Science core collection, the top 50 most cited articles were compiled by Top100 and Nontop100,
respectively, based on the research area of biomedicine and bibliometrics only. Coword analysis was used to extract themes. The
study results were displayed using 6 different visualizations, including charts with bars, pyramids, forests, clusters, chords, and
bubbles. Mean citations were compared between Top100 and Nontop100 using the bootstrapping method.

Results: There were 18 citations in total for the 2 sets of the 50 most cited articles (range 1-134; 5 and 26.5 for Top100 and
Nontop100, respectively). A significant difference in mean citations was observed between the 2 groups of Top100 and Nontop100
based on the bootstrapping method (3, 95% confidence interval: [1.18, 4.82]; 26.5, 95% confidence interval: [23.82, 29.18],
P < .001). The 11 themes were clustered using coword analysis and applied to a TBG, which is composed of 4 dimensions:
themes, years, citations and groups of articles. Among the 2 groups, the majority of articles were published in the journal of
Medicine (Baltimore), with 9 and 7, respectively.

Conclusion: Eleven themes were identified as a result of this study. In addition, it reveals distinct differences between the 2
groups of Top100 and Nontop100, with the former containing more recently published articles and the latter containing more
citations for articles. Clinical and research clinicians and researchers can use bibliometric analysis to appraise published literature
and to understand the scientific landmark using TBG in bibliometrics.

Abbreviations: Cl| = confidence interval, CJA = category, journal impact factor, and authorship, IF = impact factor, Nontop100
= none of Top100, RA = research achievement, SD = standard deviation, SNA = social network analysis, TBG = temporal bubble
graph, Top100 = 100 top-cited articles, WoS = Web of Science.
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count since 2013). Nonetheless, it is unknown whether their cita-
tions are fewer (or more) than their counterparts in other bibliomet-
ric studies (Nontop100) based on the research area of biomedicine
and bibliometrics. A comparison of article citations between Top100
and Nontop100 is therefore necessary for the study to be conducted.

1. Introduction

The number of bibliographic studies published in the field of life
sciences and biomedicine has steadily increased over time. There
are several reasons behind this rise, including improved accessi-
bility of bibliographic data and software packages that specialize
in bibliographic analysis."! Over 400 articles with titles of 100
top-cited articles (Top100) were published in PubMed,?' a free
search engine that primarily accesses the MEDLINE database of
references and abstracts on life sciences and biomedical topics.

1.1. Difference in citations between bibliometrics and
meta-analysis

A sharp rise in Top100 publications has also been observed® in
the past ten years (i.e., [18, 12, 11, 24, 29, 37, 57, 80, 90, 102] by
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Key Points

* A coword analysis was carried out to investigate the
article themes assigned to each article, which is a novel
and modern approach in the literature.

e The TBG enhances the traditional impact beam plot
(dot plot) and the temporal bar graph, with 4 dimen-
sions combined in a view.

* Six visualizations were provided in this study, and
future relevant studies can easily understand the study
results with a quick glance

respectively,>* somewhat lagging behind the number of 7912
for bibliometrics.! The availability of online data and software
packages for analyses has led to an increase in bibliographic
and meta-analysis (or systematic literature review) studies,>*!
rather than those relying solely on library literature searches.
Compared to the article mean citations, a distinct difference
was observed for meta-analysis (7.1:5.2).1"" The current study
is intended to compare the article mean citations between the
Top100 and Nontop100 within bibliographical studies, based
on the research area of biomedicine and bibliometrics only.

1.2. Challenges encountered in comparison of citations
between Top100 and Nontop100

Comparing article citations between Top100 and Nontop100
presents 3 challenges, including: how to conduct citation com-
parisons when citations are not normally distributed,”! classify-
ing article themes in comparison of mean citations (=citations/
publications = impact factor [IF]), and displaying citation com-
parisons on dashboards for a better understanding of detailed
features in the 2 groups of Top100 and Nontop100.

It is fortunately possible to obtain the bootstrapping method
module from a previous study!”! if the data are not normally dis-
tributed when estimating the mean and standard error. By using
cluster names in CiteSpace,”®! we are able to mimic the method
of determining article themes by coword analysis. Each docu-
ment can be assigned a theme based on a reference to a previous
study,””! and a timeline clustering map of the articles’ cocitation
networks can be constructed using CiteSpace (i.e., themes on the
row, years on the column, bubbles sized by citations).™"!

Furthermore, temporal bar graphs have been used in biblio-
metric research.'""* It is the disadvantage of temporal bubble
graph (TBG)!"!! and timeline clustering maps in CiteSpace!®!*!
that they cannot be linked to websites as a dashboard does
for readers. This study proposes to enhance TBGs by combin-
ing their advantages and adding the function of dashboards
to TBG.

1.3. Top100 have fewer citations than Nontop 100

Reviewing the top 100 most highly cited articles in PubMed,?!
most of these articles focus on a specific topic or discipline and
thus limit audiences to those working in that area. On the other
hand, Nontop100 articles focus on methods and techniques of
analysis, as well as the application of bibliometric metrics (e.g.,
h-/x-/Y-/ht-index!"-'¥1). According to previous studies,'”2? a
higher IF has been associated with the publication of reviews
and original articles rather than case reports. A rigorous sys-
tematic review receives a greater number of citations than a
narrative review, whereas case reports with low impact factors
are characterized by their focus on a specific topic and are then
rarely cited. Therefore, it is proposed and required to verify the
hypothesis that the Top100 papers have fewer citations than
the Nontop100 papers in the current study.
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1.4. Study aims

The aim of this study is to verify the hypothesis that the Top100
articles have fewer citations than the Nontop100 articles, as
well as to examine which countries, institutes, departments,
authors, and journals dominate the articles in the Top100 and
Nontop100.

2. Methods

2.1. Data sources

We searched the keywords of (bibliometric [MeSH Major
Topic]) since 2013 in PubMed to ensure articles related to the
research area of biomedicine and bibliometrics only. A total of
4574 articles with the PubMed identity number were matched
to those in the Web of Science core collection for the extraction
of corresponding authors because it is difficult to identify which
are corresponding authors in PubMed. The top 50 most cited
articles in Web of Science (WoS) were compiled each by Top100
and Nontop100; see Supplemental Digital Content 1, http://
links.lww.com/MD/143.

As this study did not involve the examination or treatment of
patients or review of patient records, it was exempt from review
and approval by our research ethics committee.

2.2. Four approaches applied to this study

2.2.1. Descriptive statistics in publications. A bar chart was
drawn to illustrate the publication trend of articles related to
bibliometrics. Pyramid plots in R were used to visualize the top
journals with the most publications and mean citations; see
Supplemental Digital Content 2, http:/links.lww.com/MD/144.

2.2.2. Research achievements in Top100 and Nontop100. A
4-quadrant plot?®! was applied to present the dominant entities
based on the CJAL score® determined by the category, journal
impact factor, and authorship (CJA) score?*! and the L-index!?’!
via Equations 1 to 3.

CJA score = Zil Ci x Ji x Aj, (1)

CJAL score = Zn . Ci x J; x A; x L — index;, 2)
i

Citation

L — index = round (log (m

)z

Three factors are considered in the CJA scores for a published
article: the Category (C; e.g., review, original article, case report,
etc.), the journal “quality” (J; e.g., impact factor, JIF, or ranking
of the journal), and the authorship order denoted by A). The
CJAL score is calculated by multiplying each of these 3 aspects
as well as the L-index (Equation 3). CJA scores original research
articles higher than other types of manuscripts; co-first authors
(denoted RP and FP to compute the Y-index RP + FPI?%7]) score
higher than other collaborators; for the journal’s quality assess-
ment, they use the JIF or SCI/SSCI journal rankings for SCI/
SSCl-indexed papers.?* SCI/SSCI journal rankings are based on
JIF in each research domain; therefore, domain-specific journal
rankings are usually not significantly different from those based
on JIE2324

The top 10 elements in each entity with CJAL scores in
Top100 and Nontop100 are shown on a 4-quadrant radar
plot,*l including countries, institutes, departments, and authors
by 2 factors (i.e., RP and FP) on the coordinates. Bubbles were
sized by the CJAL score. Accordingly, it is possible to compare
the research achievements (Ras) of the top 10 members in each
entity with a glance view.
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2.2.3. Thematic analysis and comparison of major themes
between groups.

2.2.3.1. Themes derived from those 100 articles. By using
social network analysis (SNA),2”28! coword analysis was
performed to extract the chief components in clusters as themes
(or leaders) in Keywords Plus that were retrieved from the Web
of Science core collection. Next, articles were assigned with
themes extracted from SNA using equation 4.

L n
Theme = At[maxo<y<i Zi:l Zi:l (m < —m+1),.p] (4)

where L is the number of keywords in article 7, 7 is the num-
ber of keywords denoted by keyword k belonging to the theme
defined in SNA (i.e., the more coexisting keywords are gathered
in an identical cluster). Accordingly, the theme is redirected to
the maximal number of keywords (=) involved in the cluster
via Equation 4.

Using a chord diagram,”?”’ we can understand which themes
dominate these 100 articles and their relationship through the
color-coded curves to connections; the way to draw the chord
diagram is shown in Supplemental Digital Content 2, http://
links.lww.com/MD/144.

2.2.3.2. Comparison of major themes between
groups. Comparisons of these themes extracted from the SNA
were made for both groups of Top100 and Nontop100 using
forest plots.[3% Vertical lines represent no effect (e.g., OR = 1).
For example, if the confidence intervals (CI) for an individual
study (e.g., keyword in this study) overlap with this line, the effect
size does not differ from zero (or 1.0) for that study (standard
mean difference or odds ratio) at a given level of confidence
(e.g., P <.05). If the points of the diamond touch the line of no
effect, the overall effect cannot be said to differ from no effect
at a given level of confidence."! With the additional function of
zoom-ins and zoom-outs on Google Maps, we incorporated the
forest plot on a dashboard to better present the effect on each of
these observed studies.

2.2.4. Identification of hypothesis. To confirm the hypothesis
that the Top100 articles have fewer citations than the Nontop100
articles, TBG and forest plots were used.

2.2.4.1. The use of TBG. Similar to CiteSpace,®! the TBG
contains 4 dimensions, namely, themes on the row, years on the
column, bubbles sized by article citation, and colors by group.

The way to draw the TBG is shown in Supplemental Digital
Content 2, http:/links.lww.com/MD/144.

2.2.4.2. The use of bootstrapping method and forest
plot. A forest plot was used to compare the mean citations
of each theme between the 2 groups using the standard mean
difference. The bootstrapping method was used to compute
the mean and standard error of citations for each theme in
each group. The standard deviation (SD) was then obtained by
using Equation 5.

SD = SE x v/ ny(5)

where 7 is the sample size for the theme in either Top100
or Nontop100; the way to draw the forest plot is shown in
Supplemental Digital Content 2, http://links.lww.com/MD/
144.

The bootstrapping method!!531:321 was performed to verify
the difference in mean citations for each theme between the
groups. A total of 1000 medians were retrieved from random
samples of 100 repetitions of median values for each theme
in each group. Thus, the mean and 95% CI were obtained to
compare differences in mean citations for each theme between
groups by inspecting whether the two 95% CI bands were not
overlaid.

www.md-journal.com

2.3. Creating dashboards on google maps

All graphs were drawn by author-made modules in Excel
(Microsoft Corp). We created pages of HTML used for Google
Maps. All relevant CJAL scores for each member can be linked
to dashboards on Google Maps. The way to draw visualiza-
tion involved in this study is deposited in Supplemental Digital
Content 2, http://links.lww.com/MD/144. The bootstrapping
method involved with a module is provided in Supplemental
Digital Content 3, http://links.lww.com/MD/145. The study
flowchart is shown in Figure 1.

3. Results

3.1. Descriptive statistics

A significant rise in publications regarding bibliometrics in
PubMed is evident in Figure 2. We can expect that articles in
2022 would be higher than those in 2021 based on the expo-
nential trend.

In Figure 3, we present a list of the top 13 journals in both
the Top100 and Nontop100 groups. There are 9 and 7 articles
in the journal of Medicine, respectively, which rank top in the 2
Top100 and Nontop100 groups.

When the mean citations are taken into account, the journal
World Psychiatry ranks at the bottom of Figure 4, with 134
mean citations in Nontop100. As shown at the top of Figure 4,
the journal of Medicine has mean citations of 9.8 for Top100
articles and 24.7 for Nontop100 articles.

3.2. Research achievements in Top100 and Nontop100

There were 18 citations in total for the 2 sets of the 50 most cited
articles (range 1-134; 5 and 26.5 for Top100 and Nontop100,
respectively).

The dominant entities in the Top100 are China, Hallym
University (South Korea), the medicine department, and the
author Vincenzo Montinaro from Italy, with CJAL scores of
69.86, 12.88, 18.08, and 7.80, respectively, in countries, insti-
tutes, departments, and authors.

The dominant entities in Nontop100 are China, Huazhong
University Science & Technology (China), the medicine depart-
ment, and the author Dennis F Tompson from the US, with

Start
Hypothesis l Search strategy
oL : bibliometric
Citations in Top100 Data [MeSH Major Topic]
ial:‘?\lfgnwtz:)tlh;{')‘ those  download| «— since 2013 -
(n=4,574)
Visualizations i Too cited artic]
ted articles
1. Bar chart Top100 & ropa
2. Radar plot | Nontop100| «— M thetwogroups
3. Cluster, chord (=100)
diagrams, forest plot
4. TBG & forest plot l
To comfirm
the study
. «
| hypothesis

TBG:temporal bubble
graph [End]

Figure 1. Study flowchart.
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Figure 2. Trend analysis of publications regarding bibliometrics in PubMed
(n=7912).

CJAL scores of 77.74, 18.60, 18.08, and 15.60, respectively, in
countries, institutes, departments, and authors.

3.3. Thematic analysis and comparison of major themes
between groups

As shown in Figure 5, eleven themes were extracted from the
coword analysis of these 100 articles. According to the chord
diagram, the majority of keywords are from the theme of cita-
tion-analysis, followed by citation-classics and h-index. Colors
are used to identify themes. It is important to note that only
the top 3 keywords for each cluster are displayed in the chord
diagram.

The majority of major keywords in proportional counts
observed in themes are in favor of Nontop100, as shown in
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Figure 6. Only 2 of citation analysis and information science are
in favor of Top100.

3.4. Comparison of major themes between groups

A significant difference in mean citations was observed between
the 2 groups of Top100 and Nontop100 based on the boot-
strapping method (3, 95% CI: [1.18, 4.82]; 26.5, 95% CI:
[23.82,29.18], P <.001). Readers are invited to scan the QR
code and click on the bubble of interest to examine the details
about the article information on PubMed.

The 11 themes were clustered using coword analysis and
applied to a TBG, which is composed of 4 dimensions: themes,
years, citations and groups of articles, as shown in Figure 7.

3.5. Online dashboards shown on google maps

All the QR codes in Figures are linked to the dashboards.?33-!
Readers are suggested to examine the displayed dashboards on
Google Maps.

4. Discussion
4.1. Principal findings

We observed that there were 18 citations in total for the 2 sets
of 50 most cited articles (range 1-134; 5 and 26.5 for Top100
and Nontop100, respectively). A significant difference in mean
citations was observed between the 2 groups of Top100 and
Nontop100 based on the bootstrapping method (3, 95% CI:
[1.18, 4.82]; 26.5, 95% CI: [23.82, 29.18], P <.001). The
eleven themes were clustered using coword analysis and applied
to a TBG, which is composed of 4 dimensions: themes, years,
citations, and groups of articles. Among the 2 groups, the
majority of articles were published in the journal of Medicine
(Baltimore), with 9 and 7, respectively.

Accordingly, the hypothesis that the Top100 articles have
fewer citations than the Nontop100 articles is confirmed.
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4.2. Additional information

Articles with a higher IF have usually been associated with the
publication of reviews and original articles rather than case
reports.l'”-22l The statement that case reports are rarely cited is
questionable, since the number of citations that a case report
receives are highly dependent on the content of the report, the
type of publication, the journal, and even the topic of the article.
For instance, an article classified as a case-report type, submit-
ted on March 18, 2020, and titled “A first case of meningitis
and encephalitis associated with SARS-Coronavirus-2” received
1138 and 423 citations in WoS and PubMed, respectively,*’!
during the past 2 years and meeting the main strengths noted in
accepted manuscripts as the importance “or timeliness” of the
problem studies, the quality of the writing, and the soundness of
the study design.[*!42!

It is important to note that most Top100 articles using soft-
ware (e.g., CiteSpace!®! and VOSviewer®!) with routine reports
on article characteristics are case-study types that have low
reader interest due to their focus on a particular topic “fishing
expeditions in data and conducting systematic reviews that do
not provide impactful findings.”*! These articles are thus rarely
cited.

The best way to increase citations for Top100 articles is to
clearly explain or investigate their novel methodology rather than
listing only their entity raking. There is a reason for this: readers
are interested in articles that provide concise hypothesis and new
insight or significant contribution to the field.! For instance, the
article would be more interesting if readers were provided with
adequate information (e.g., how to conduct this study with visu-
alizations as Supplemental Digital Content 2, http:/links.lww.
com/MD/I44 in this study) regarding replication of the study.

There have been over 400 publications in PubMed with the
titles of 100 top-cited articles.?! Most of the articles ranked

among the top 100 in citations were published in the Journal of
Medicine (Baltimore), making it the leading journal in this area.

The characteristics of 100 top-cited articles are commonly
visualized with 3 categories of information on descriptive sta-
tistics, research domain, and research achievement (RA).[844-#1
Some studies!®*~#$#! have applied citation prediction to predict
article citations based on the mean citations of article keywords,
but the themes have not been definitely classified and clearly
visualized through Equation 4.7

Additionally, many articles include many Tables and graphs
in bibliometrics without applying radar plots**! and chord dia-
grams!'?’! to condense information of interest for readers, as we
did in Figures 5, 8, and 9, particularly with the TBG in Figure 7
and forest plots in Figures 6 and 10 to display all 100 articles
on a dashboard and save article spaces when compared to those
with 100 and 50 articles listed in their studies®**! or with 42
Tables and graphs in an article.’

4.3. Most cited articles in Top100 and Nontop100

The article cited 32 times was authored by Yeung (Hong Kong)
et al®? and classified it as the theme of VOSviewer in Top100.
Based on data provided by WoS in this study, the 100 most-cited
articles relevant to neuroscience were identified and character-
ized. The 100 most-cited articles were mostly research articles
published from 1996 to 2000. Stephen M. Smith and Science
each had the largest share of these articles. Thirty-seven out of
the 100 most-cited articles were interlinked via citations of 1
another, and 41 out of 63 non-interlinked articles could also
be categorized under the above 5 topics. It is worth noting that
there is no such information regarding VOSviewer that could be
directly related to the theme of VOSviewer in the abstract of this
study. In contrast, only keywords plus of brain and others were
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Research institute CJAL Country of origin CJAL
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Chi Mei Med Ctr(Taiwan) 221

Hallym Univ(South Korea) 12.88 RP
Univ Hong Kong(Hong Kong)  6.24
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. Dokur, Mehmet(Turkey) 1.56
Bubbles sized by CJAL score Liu,Lei(China) 1.56

colored by perspective
RP=publications of the corresponding author
FP=publications of the first author
L-index toward outside

Figure 5. Eleven themes were extracted from coword analysis in these 100 articles.
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RP=publications of the corresponding author
FP=publications of the first author
L-index toward outside

Figure 6. Comparison of proportional counts for major keywords in themes between groups of Top100 and Nontop100. ClI = confidence interval.
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11 themes are involved using cowOrd analysis
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Figure 7. Three dimensions of themes, years, and article citations shown on the TBG. CI = confidence interval, IF = impact factor, SD = standard deviation,

TBG = temporal bubble graph.

indexed in this article. The article is classified as VOSviewer that
could be found in context instead, which is the feature of the
current study using coword analysis to extract article theme via
Equation 4.°!

The article cited 134 times was authored by Fusar-Poli,
Paolo (UK)®4 and classified as the theme of classification in
Nontop100. Current psychiatric classification is based on ICD/
DSM categorical diagnoses, and a promising alternative has
been put forward as the “transdiagnostic” approach. A multi-
step Web of Science literature search was performed to identify
all studies that used the word “transdiagnostic” in their title up

to May 5, 2018. A total of 111 studies were included, and the
quality of the studies was generally low. The conceptual analysis
showed that transdiagnostic approaches are grounded more on
rediscoveries than on true innovations and are affected by con-
ceptual biases.

A review of 4 productive authors (Lutz Bornmann, Yuh-
Shan Ho, Giovanni Abramo, and Ciriaco Andrea D’angelo)
with more than 100 bibliometric articles indexed in WoS,
with mean citations of 37.6 and median citations of 19. There
were no articles entitled with 100 top-cited found in their
publications.
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Theme Term Top100 NonTop100 Odds ratio

Even Non EvenMNon FEstimate 95%Cl 10 nl _n2 7 p-value Weight(%)

1h-index 1. h-index 0 50 13 37 -4.00 (-40.00,-100.00) e 50 50 -20.00 <0.00113.0
2. publications 347 545 057 (013, 254) 7 5050 -0.730 0465 2.8

3. national heart lung and blood 050 248 -4.00 (-40.00,-100.00) M 50 50 -20.00 <0.001 3.0

2.citation-classics 4. citation classics 347 248 153 ( 024, 958) I * 5050 046 0648 1.8
5. citation-classics 842 248 457 (092, 2274) I/ ""s0s50 186 0.063 2.4

6. citations 743 149 798 (094, 67.49) ] *®5050 191 0.057 1.4

3.citation analysis 7. citation analysis 18 32 941 256 (102, 6.46) T ®* 5050 200 0.046 7.3
8. bibliometric 644 842 072(023 224) ™ 50 50 -0.57 0.566 4.8

9. science 644 644 100 (030, 3.34) ™ 50 50  0.00 1.000 4.3

4.classification 10.classification 149 347 032(003 318 | 50 50 -0.97 0331 12
11.artificial intelligence 050 2 48 -4.00 (-40.00, -100.00) N 50 50 -20.00 <0.001 3.0

. 12.cardiology 0 50 2 48 -4.00 (-40.00, -100.00) - 50 50 -20.00 <0.001 3.0
5.citespace 13.citespace 050 644 -4.00 (-40.00, -100.00) 50 50 -20.00 <0.001 7.7
14.management 149 347 032 (003 3.18) 7 50 50 -0.97 0.331 1.2

) 15.history 050 347 -4.00 (-40.00, -100.00) _ 50 50 -20.00 <0.001 43
6.vosviewer 16.vosviewer 347 644 047 (011, 199) -1 50 50 -1.03 0.303 3.0
17.cell-death 050 347 -4.00 (-40.00,-100.00) e 50 50 -20.00 <0.001 43

18.information science 248 050 4.00 (40.00, 100.00) *®50 50 20.00 <0.001 3.0

7.therapy 19.therapy 347 248 153 (024,  9.58) 1" s0s50 046 0.648 1.8
20.cancer 347 248 153(024, 958 1" " s0s0 046 0648 1.8

i . 21.bariatric surgery 0 50 2 48 -4.00 (-40.00, -100.00) —. 50 50 -20.00 <0.001 3.0
8.immunity 22.immunity 050 149 -4.00 (-40.00, -100.00) —ue 50 50 -20.00 <0.001 16
23.google-scholar 050 3 47 -4.00 (-40.00, -100.00) —= 50 50 -20.00 <0.001 4.3

24 defects 149 149 100 (006 16.44) —ae 50 50 0.00 1.000 0.8

9.traditional medicine 25 traditional medicine 050 248 -4.00 (-40.00, -100.00) —ae 50 50 -20.00 <0.001 3.0
26.natural-products 050 149 -4.00 (-40.00, -100.00) —ae 50 50 -20.00 <0.001 16

27.alternative medicine 050 149 -4.00 (-40.00, -100.00) —ae 50 50 -20.00 <0.001 16

10.dental implants 28.dental implants 050 149 -4.00 (-40.00, -100.00) —e 50 50 -20.00 <0001 16
29.rigid endosseous implants 050 149 -4.00 (-40.00, -100.00) —me 50 50 -20.00 <0.001 16

30.beam computed-tomography 050 149 -4.00 (-40.00, -100.00) — e 50 50 -20.00 <0.001 1.6

11.research trend 31.research trend 050 149 -4.00 (-40.00, -100.00) 50 50 -20.00 <0.001 16
32.oxidative stress 050 149 -4.00 (-40.00, -100.00) e 50 50 -20.00 <0.001 16

33.dna-damage 050 149 -4.00 (-40.00, -100.00) e 50 50 -20.00 <0.001 16

Overall 1.08 (0.84, 1.38) ’ 0.60 0.550 100.0

Q=15.145 df= 32 p=0.995
12=0 Tau=0

Favors NonTop100 Favors Top100

Figure 8. Research achievements in the Top100 for 4 entities using the 4-quadrant radar plot.

Year

2013 14 15 16 17 18 19 20 212022
n=1 5 7 6 10 820 1915 9

* . ’ )
. *
.. . * ’ )

Theme n Citation IF=citation/n
citation analysis 19 362 191
citation-classics 29 469 16.2
citespace 7 239 341
classification 4 225 563
dental implants 1 33 330
h-index 18 579 322
immunity 3 72 240
research trend 2 59 295
therapy 7 88 126
traditional medicine 1 46 46.0
vosviewer 9 176 196

n

Bubbles sized by article citations

100 2348 235

e - - [ ] °

® median=3, 95%Cl: [1.18, 4.82];
® medioan=26.5, 95%Cl: [23.82,29.18]
p<0.001

. Top100(m=7.54, SD=7.43) . NonTopl00(M=39.42, SD=31.97)

Figure 9. Research achievements in Nontop100 for 4 entities using the 4-quadrant radar plot.

4.4. Implications and changes

Chord diagrams®! were used to visualize dynamics related to
contraceptive use and to bring data into practice. The dash-
boards (e.g., in Figure 5)5¢ provide an easy way to visualize the

relationship between elements in themes. As a result of chord
diagrams, we gain a clear understanding of the relationship
between 2 or more entities (e.g., the themes and clusters shown
at the top of Figure 5), something that is rare in bibliometric
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Topl00 NonTop100

Mean Citation(SMD)
Theme Mean SD Mean SD  Estimate 95%Cl 00 nl n2 Z pvalue Weight(%)
1. h-index 2.99 0.68 43.3611.29 -3.93(-5.55, -2.31) - 513 4,76 <0.001 23.2
2. citation-classics 7.81 3.50 34.76 7.88 -5.04(-6.55, -3.54) *—&e 20 9 -6.56 <0.001 26.7
3. citation analysis 8.59 1.96 37.29 9.94 -448( -6.17, -2.80) - 12 7 _523<0.001 214
4. classification 500 0.00 73.26 8.14 -4.79(-8.35 -123) - 13 264 0008 48
5. citespace 9.96 0.98 43.57 9.50 -3.33( -5.55, -1.10) - 23 593 0003123
H 4 5

g- v:swewer 15.27 2.22 2298 0.86 -4.32( -6.63, -2.00) - 5 2 -3.66<0.00111.3
. therapy 3.40 0.51 35.45 2.05 -26.41(-40.32, -12.51) oo 1 2 -3.72 <0.001 0.3
Overall -4.43( -5.20, -3.65) .

Q2-11.608 df=6 p=0.071 -11.15 <0.001 100.0

12=48.31 Tau=1.107

n n
immunity 1 2
traditional medicine 1
dental implants 1
research trend 2

Favors NonTop100

Figure 10. A significant difference in mean citations was observed between the 2 groups of Top100 and Nontop100 across 7 themes in favor of Nontop100.

Cl = confidence interval, SMD = standard mean difference.

analysis. Supplemental Digital Content 2, http:/links.lww.com/
MD/I44 provides the R code for reproducing the chord diagram.

Furthermore, chord diagrams could be used by network
diagrams to clearly illustrate their network relationships, with
more effective representations than the traditional displays, as
illustrated at the top of Figure 5.

There are 4 factors that contribute to the CJAL score: subject
category, journal impact factor, authorship in positions on the
article byline, and article citations. The evaluation of individ-
ual RAs has traditionally been based on bibliometric metrics
(e.g., h-/x-/Y-/ht-index!'>181), These metrics have a number of
disadvantages, such as assuming that all coauthors contributed
equally to the article, regardless of the type of document or jour-
nal impact factor. The CJAL score?*! bridges the gap between
publications and citations when evaluating the RA beyond
those bibliometric metrics.

The current study on Top100 and Nontop100 represents
the first attempt to compare the difference in mean citations of
articles. The dashboard-type 4-quadrant radar plots depicted
in Figures 4 and 8 provide a summary of 4 important entities
each in the 2 groups rather than Fables and graphs in traditional
bibliometrics. A unique and modern approach of the 4-quad-
rant radar plots has been applied to bibliometrics before.?3! It is
possible to advance bibliometric analysis in this manner in the
future.

As seen from the CJAL score, China dominates the bibliomet-
ric studies. This study differs from many traditional bibliograph-
ical studies in that the publications are computed based on the
first and corresponding authors rather than just the first author,
as in traditional bibliometric studies. In this study, the domi-
nant entities in the Top100 are China, Hallym University (South
Korea), the medicine department, and the author Vincenzo
Montinaro from Italy, with CJAL scores of 69.86, 12.88, 18.08,
and 7.80, respectively. It is therefore recommended that the
CJAL score be used to measure RAs in bibliometric research,
particularly when using a radar plot to condense information
at a glance.

Traditional bibliographical studies with descriptive statistics,
research domain, and RA provided us with a clear understanding
of what distinguishes a discipline or field (or topic) from the oth-
ers and provided insight for physicians and researchers. However,
2 main concerns were frequently overlooked. In such cases, a
simplified visualization of all relevant entities is lacking (as in
Figures 8 and 9), and a method for displaying all 100 top-cited
articles at a glance using the TBG is missing, as shown in Figure 5.

4.5. Limitations and suggestions

A number of issues need to be examined in further research. The
first concern is that the Rstudio package used for drawing the
chord diagram is not unique and irreplaceable. It is also possible
to draw them using several other software packages.

Second, this study uses Google Maps to display dashboards.
Since Google Maps requires a paid project key, these install-
ments are not free. It may therefore be difficult for other authors
to replicate the usage within a short period of time.

Third, calculating the CJAL score requires considerable com-
putation. The development of this technology will require dedi-
cated software in the future.

Fourth, it has been recommended that the radar plot and
CJAL score be combined to simplify article spaces in com-
parison to other traditional bibliographical studies with many
Tables and graphs. However, the RAs are determined by other
factors that must also be considered when drawing radar plots
in the future.

Fifth, to present the study results, 6 typical visualizations
were used, including charts with bars, pyramids, forests, clus-
ters, chords, and bubbles. It is common for bibliometric analysis
to be represented visually in a variety of ways. For future stud-
ies, it is recommended that more appropriate visual displays be
used to facilitate readers’ understanding of the study features.

Sixth, article citations should not be solely determined by
IF as we compared themes in citations between Top100 and
Nontop100 in this study. According to some studies,>! IF
should not be used alone as a criterion for evaluating journals.
A better assessment of their significance and importance in par-
ticular disciplines can be achieved by using Eigenfactor Score,
Article Influence Score, and Cited Half-life.

Finally, even though 100 top-cited articles were extracted pri-
marily from WoS and PubMed, the results were different for
articles retrieved from other databases (such as Google Scholar
and Scopus), while other types of research fields (e.g., engineer-
ing and agriculture) were also considered. Future studies should
examine whether the Top100 articles have fewer citations than
Nontop10 0 articles, as found in this study.

5. Conclusion

A breakthrough was achieved by comparing mean citations in
articles of Top100 and Nontop100, which included chord dia-
grams and the TBG with a demonstration of theme classification.
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It is possible to match article themes with author-collaboration
clusters (e.g., countries, institutes, and authors) as cluster names
labeled in CiteSpace. In future studies, a TBG with 4 dimensions
should be applied to 100 top-cited articles in bibliometrics.
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