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Abstract

Background: A neuromuscular junction (NMJ) (or myoneural junction) is a chemical synapse between a motor neuron (M N)am
a muscle fiber. Although numerous articles have been published, no such analyses on trend or prediction of citations in NMJ were
characterized using the temporal bar graph (TBG). This study is to identify the most dominant entities in the 100 top-cited articles
in NMJ (T100MNJ for short) since 2001; to verify the improved TBG that is viable for trend analysis; and to investigate whether
medical subject headings (MeSH terms) can be used to predict article citations.

Methods: We downloaded T100MNJ from the PubMed database by searching the string (“NMJ” [MeSH Major Topic] AND
(2001~ [Date - Maodification]: “2021” [Date - Modification])) and matching citations to each article. Cluster analysis of citations
was performed to select the most cited entities (e.g., authors, research institutes, affiliated countries, journals, and MeSH terms)
in TI00OMNJ using social network analysis. The trend analysis was displayed using TBG with two major features of burst spot and
trend development. Next, we examined the MeSH prediction effect on article citations using its correlation coefficients (CC) when
the mean citations in MeSH terms were collected in 100 top-cited articles related to NMJ (T100NMJs).

Results: The most dominant entities (i.e., country, journal, MesH term, and article in TTOONMJ) in citations were the US (with
impact factor [IF] = 142.2 = 10237/72), neuron (with IF = 151.3 = 3630/24), metabolism (with IF = 133.02), and article authored by
Wagh et al from Germany in 2006 (with 342 citing articles). The improved TBG was demonstrated to highlight the citation evolution
using burst spots, trend development, and line-chart plots. MeSH terms were evident in the prediction power on the number of
article citations (CC = 0.40, t = 4.34).

Conclusion: Two major breakthroughs were made by developing the improved TBG applied to bibliographical studies and

the prediction of article citations using the impact factor of MeSH terms in T100ONMJ. These visualizations of improved TBG and
scatter plots in trend, and prediction analyses are recommended for future academic pursuits and applications in other disciplines.

Abbreviations: AWS = author-weighted scheme, BS = burst spot/burst strength, CC = correlation coefficient, IF = impact
factors, IP = inflection point, NMJ = neuromuscular junction, MNs = motor neurons, MeSH = medical subject headings, TBG =
temporal bar graph, TT0ONMJ = 100 top-cited articles related to NMJ.

Keywords: bibliometric study, Google Maps, MeSH term, neuromuscular junction, prediction, social network analysis, temporal
bar graph

impulses generated by the MN into electrical activity in the
muscle fibers.!"l The NM]J is at the crossroads between the ner-

1. Introduction

The neuromuscular junction (NM]J) is a highly specialized
synapse between a motor neuron (MN) nerve terminal and
its muscle fiber that is responsible for converting electrical
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vous system (NS) and the muscle. Following neurotransmitter
release from MNs, muscle contraction occurs, and movement
is generated.!"?l The NM]J synapse formed between a lower MN
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Highlights

e The main features of this study are focused on TBG
and scatter plots in trend and prediction analyses that
were demonstrated:

e The trends of topical entities in NMJ were displayed
using the improved TBG, which is novel and innova-
tive in bibliographical studies and not mentioned for
clarity and computation in Citespace software.

* Based on the proportional publications or citations in
articles, the bubbles are sized based on cluster analysis
using social network analysis, which has never been
done in professional biblimetric software (e.g., VOS
Viewer and CiteSpace).

e Visual dashboards on Google Maps that can be
manipulated by readers on their own to examine
details about further information in topical entities.

and skeletal muscle fiber represents a major focus of both basic
neuroscience research and clinical neuroscience research. NMJs
are known to play an important role in many neurodegenera-
tive conditions affecting humans. Nonetheless, recent findings
have merely demonstrated major differences between the cellu-
lar anatomy and molecular anatomy of humans,®! although the
NM] is thought to play a crucial role, as it demonstrates distinct
age-related deterioration involving both neural and muscular
aspects.*! The trend and prediction of citations on NM]J are
required for investigations using bibliometric analysis

1.1. Bibliometric analysis is required to explore more
knowledge for readers

Much more knowledgel! is required from publications for read-
ers to understand the features of articles or data accumulated
at a high velocity, resulting in datasets that are too large in tra-
ditional data-processing systems.!®”! In practice, data in health
care need to incorporate visual representations with increasingly
sophisticated and analytical features in ways that make the data
meaningful and useful to humans in our lives.[®! Understanding
the trend and prediction of citations on NMJ motivates us to
conduct the current study comparing topical entities through
techniques (e.g., bibliometrics) in dealing with these so-called
big data in 100 top-cited articles (100 top-cited articles related
to NM]J [T100NM]] for short).

Bibliometrics is a form of research that combines the tra-
ditional bibliographic research of analyzing the information
obtained from published materials with a technical method to
quantitatively calculate the impact of the publications,”! assess
the quality of the studies, analyze the key areas of research, and
predict the direction of future studies.!'”) Meanwhile, such bib-
liometric analysis can characterize and predict the development
of a specific field (e.g., NMJ) to compare contributions across
countries, institutions, and/or journals.!"

During the past few decades, there have been many reviews
about the prediction of NM], but no such in-depth scientomet-
ric analysis (or bibliometric analysis) of publications on NM]
has been provided in publications until now.

1.2. Quality as a bibliographic study

Many manuscripts are erroneously labeled bibliographic stud-
ies, as they do not use bibliometric (= statistical) methods and
only provide lists of important and impactful topical entities
(e.g., authors, journals, topics, articles, and affiliated institutes/
countries) because compiling and providing such lists is an essen-
tial first step but does not qualify the study as a bibliographic
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study."?l As such, a description and summary of “simple” bib-
liographic metadata (i.e., topical entities mentioned above) are
too superficial to derive specific answers to particular research
questions. Conversely, bibliographic studies are particularly use-
ful to describe the development of topical entities over time.!'?!
That is, a good bibliographic study provides a chronological
view of the field (e.g., how has the number of studies evolved,
how have the topics evolved, how have the outlets evolved) and
provides an overview of the most influential entities, such as
the temporal bar graph (TBG),!"*!¥ to interpret the evolution
of entities.

A bibliographic study should not stop at this stage using
TBG, which plays a critical role in any bibliographic study.
Instead, TBG can be a starting point to dig deeper into bib-
liographic data using bibliometric methods, such as the
prediction of citations in future articles. That is, a bibliographic
study should rely on more sophisticated, multivariate statisti-
cal analyses (e.g., cocitation analysis) to derive results instead
of those simple article and citation counts in Tables, as we saw
in those 100 top-cited studies.!'>8 Good examples of articles
following this approach are those!"?* to identify a relevant
and interesting “story” that is supported by their bibliographic
data and bibliometric analyses.

1.3. The improved TBG is required in bibliometrics

Traditionally, TBG!'31%25 has several drawbacks that should be
overcome, including no such information about the determina-
tion of burst spot and burst strength provided for readers by
merely performing the TBG tool of Sci2? and the trend stages
(e.g., increasing, ready to rise, decreasing, and slowdown) when
observing the end of time points. The improved TBG is thus
proposed in this study.

1.4. Study aims

This study aims to identify the most dominant entities in
T100NM] since 2001; to verify the improved TBG that is
viable for trend analysis; and to investigate whether medical
subject headings (MeSH terms) can be used to predict article
citations.

2. Methods

2.1. Data sources

We programmed Microsoft Excel’s Visual Basic for Applications
(VBA) modules to extract the downloaded abstracts pub-
lished on NM] within the article title since 2001. The search
terms were defined as (((NM]J [MeSH Major Topic]) or (NM]
[Title]))) AND ((“2001” [Date - Publication]: “3000” [Date
- Publication])).

A total of 3831 abstracts were retrieved from the PubMed
database. Only those articles labeled journal articles were
included. Others, such as those marked as “Published Erratum,
Editorial, or conference proceedings,” were excluded. Article
citations were extracted and matched to compare journal
research achievements. All those TI0ONM]Js are listed in ref-
erence.?”l No ethical approval was needed as all data were col-
lected from a publicly available database.

2.2. Data arrangement to fit the SNA requirement

Before visualizing our results using social network analysis
(SNA),281 we organized the data in compliance with the format
and guidelines defined by Pajek software.*”! Microsoft Excel’s
VBA routines were used to perform data fitting to SNA require-
ments; see the MP4 video.?!
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2.2.1. Bubbles sized by degree centrality. The number
of connections for a specific MeSH termP! in an article was
computed. The equal weight (Wi) shown in Equation (1) was
used to calculate the weighted degree centrality (DC), where L
denotes the number of MeSH terms in an article, and j represents
the location in an article byline. In SNA, each MeSH term defined
as a note earns the DC Equation (2), where n denotes the sample
size, and the DC for a given MeSH term is determined by using
the summed weights in all articles.

1
Wi*fs
-1 L
WDCk in an article:(ZZ(Wi+W,'))+(Lfl)
i=1 j=it+1
—2x W, XWALA)
zlexw+(L,1):1’

L 2

where L is the number of cooccurring entities (e.g., authors or
MeSH terms) in an article byline. Wi is the equal weight for an
entity in an article byline; see Equation (1). WDC is thus the
weighted DC. In Equation (4), Wi equals Wj based on Equation
(1). The sum of WDC for all entities in an article equals 1.0. The
total WDC is equal to the number of articles (e.g., in Equation
(3)), different from the traditional SNA ignoring the WDC equal
to the number of articles using Equation (4) to sum the connec-
tions of elements (=L) in an article.

Total WDC = >~ WDC,,
k=1

WDC; =L — 1,

where n = article number. The WDC is thus sized by a bubble
in SNA.

2.2.2. All weights equal article number. Traditionally, DC
is primarily denoted by the number of cooccurring entities in
an article (see Eq.). The sum of DC across all entities in all
articles might not be equal to the number of articles in the study
data (e.g., using Equations (3) and (4)). As such, a particular
adjustment is required to make the total WDC (in Equation
(3)) equal the number of articles via Equations (1) to (3) before
performing the Pajek software.?!!

For instance, there are two MeSH terms A and B in an article.
The WDC =2 x 1 x 2E2=0 - (2 — 1) = 1. Similarly, WDC
equals 1 if L is greater than 2. The WDC for a specific MeSH
term (or other entity) k is the summation of Wi in all articles in
Equation (5).

2.2.3. All citation weights equal article number multiplied by
citations. 1If article citations (denoted by the symbol IF) were
taken into account, the weights of a specific entity (e.g., WDC in
Equation (4)) are combined with IF to compute the IFWDC, via
Equations (5) and (6).

L-1 L
IFWDC in an article = IF x (3~ Y~ (W, + W) + (L — 1)
i=1 L=i+1
= IFx2x W, xwﬂLq)
fIFxlxlxM;(L—l)*lF
B L 2 i o
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IFWCDy = () _IFWDC;) +  WDCy,
j=1

Citations = » ~ IFWCDy,
k=1

where IFWCDy, is the mean IF of entity k. All citations in
articles are composed of individual IFWCDy, in Equation (7).
Accordingly, the bubble can be sized by IFWCD,, for each entity
if citations are applied to the topical entities.

It is worth noting that the computation of IFWDC for indi-
vidual authors in articles could be applied using the unequal
author-weighted scheme (AWS)233! instead of the equal credit
in Equation (4). As such, the first author earns the most credit
(approximately 63%), followed by others (e.g., the correspond-
ing author (assumed as the last author) with approximately
12% credit and other middle authors obtain the remaining por-
tions in descending order).

In this study, the weights in an article are assumed to be equal
using Equation (1) (called equal AWS) because only the first
authors and their corresponding affiliated institutes/counties are
involved in SNA. For instance, the entities in SNA include article
identity number, first author/institute/country, journal, publica-
tion year, and MeSH terms in the respective article.

2.3. Citation analysis in TTOONMJ

The publications over the years for countries and journals were
separately displayed using Tables. The top five most cited enti-
ties were selected by performing SNA via Equation (7) using
the data in TIOONM]J.” The relatively high density (i.e., the
weighted citations in Equation (7)) was used to represent the
dominant role in the respective cluster using the Alluvial plot!**l
to display(see how to draw the Alluvial in Supplemental Digital
Content 1, http://links.lww.com/MD/H365). Only citations for
dominant entities were considered for the following analyses
(e.g., trend and prediction).

Task 1: Comparisons of Non-AWS and AWS Approach in
SNA

We verified the AWS-based SNA by comparing the results in
Equation (4) using the traditional SNA. A four-quadrant dia-
gram was applied to interpret the differences and commonalities
between the two approaches (i.e., AWS and non-AWS) in three
scenarios using Pajek software.”?’! The three scenarios include
non-AWS as Equation (4), equal AWS, and unequal AWS.13%33

Quadrant I (without single authors in articles and weight = 1
in an article):

Quadrant II (without single authors in articles and weight > 1
in an article):

Quadrant IIT (with single authors in articles and weight = 1
in an article):

Quadrant IV (with single authors in articles and weight > 1
in an article):

Four articles with different author-affiliated countries were
included, such as countries in order: {US, US}, {US, China},
{China, UK, India}, {China, UK, US, India}. Only the first
involves a single author (i.e., the US) in the article.

Task 2: Trend Analysis in TI00NM] Using the Improved TBG

The improved TBGs combined with burst spot and trend
stage (e.g., increasing, ready to rise, decreasing, or slowdown)
were applied to display their trend evolution of selected entities
in SNA, different from the traditional TBG!'>'425] merely with
the former (i.e., burst spot) only in TBG; see the two panels in
Figure 1.

In the current study, the improved TBG is a transition from the
selected entities to the line-chart plot. There are five major com-
ponents (combined with the inflection point (IP), the heatmap,
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Figure 1. The improved TBG that can release more information (e.g., burst
spot, data trend, increasing type, and heatmap) on the bar graph. TBG =
temporal bar graph.

the data pattern using two bubbles to explain the trend, and the
burst strength) described in the next section.

2.3.1. The IP on an ogive curve. The IP (IP as the location of
the burst spot in the data) can be obtained through the Newton—
Raphson Iteration Method-%; see the two examples in Figure 2.

Seven cumulative observed data points (named item
responses) are illustrated in Figure 3. The IPs on ogive curves
for each score with the respective category probability decrease
as the items become more difficult across the ordered item
responses*+* shown in Figure 3. We can see that the IP (or the
burst spot) is located on the point at item difficulty**?! based on
the item response theory feature.353¢

2.3.2. Heatmap. Geospatial visualizations often use heatmaps
since they quickly help identify “hot spots” or regions of
high concentrations of a given variable.*¥) Compared to the
traditional TBG,!'>1%2] the improved TBG (in the lower panel of
Fig. 1) is composed of four colors made for data values: Q1 in
blue, Q2 in white, Q3 in light red, and Q4 in dart red using the
function of the interior.color index in MS Excel (e.g., the color
values (X) are separated by the formula (= ;A2 - 256),
where X from 0 (blue), 1 to 90 (white), 91 to 180 (light red), to
181 to 256 (dark red).

2.3.3. The data pattern using two bubbles to explain. In
the bottom panel of Figure 1, three data patterns (including
left skewness, right skewness, and normal distribution) are
identified by the two bubbles: median and IP point.

2.3.4. The trend using the growth/share matrix. Four stages
(i.e., ready to rise, increasing, decreasing, and slowdown) are
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divided into four quadrants based on the end-point stage (e.g.,
in the latest four endpoints). The 4-quadrant matrix is derived
from previous studies***! using the growth/share matrix coined
by the Boston Consulting Group (BCG) in 1970 to classify
the evolution of a specific product in features (i.e., growth
on the Y-axis and share on the X-axis).*>*! The two axes are
represented by the two indicators (i.e., share in the x-axis and
growth on the y-axis); see the right-bottom corner in Figure 1.

NESOE SRS
Growth—(X%S. 1+Xn73 0.5) x 2,

where Xn is the observed value at the endpoint and Xn-3 is
the value at the latest four-time points. The growth rate ranged

between -1.0 and 1.0.
x 1/3 1
i+1 Xn \°®
()
Xi ) Xn—3

n—1
Share = < H
i=n—3
where x denotes the cumulative count at the last (Xn) and the
start point (Xn-3) time points, and n stands for the sequential
days observed. The Share is in a range between —oo and co with
the median at 0.

2.3.5. The burst strength sized by the IP bubble in TBG. The
burst strength (BS) was proposed to denote the critical spot?®>
261 in Equation (10), based on the two factors of intensity (or
momentum) and the increasing slope in the important part

(burst spot) and recent part, respectively, in the time-series
data.[4(]’41]

BS = In (/Nip x a),

where Nip is defined as the number at IP, and the parameter a
denotes the item slope parameter in item response theory.5¢ A
steeper ogive curve (or a higher Nip) leads to a stronger BS, as
denoted by the bar on the TGB.

2.4. Using line-chart plot to verify the features in TBG

The line charts of observed citations annually and the cumula-
tive data together appear on the website once the black bubble
of the median is clicked on the TBG.

2.5. Prediction analysis of article citations in TIOONMG

2.5.1. Calculation of weighted MeSH terms. Mean citations

per MeSH term were computed via Equation (6) by performing
the SNA.

2.5.2. Prediction power between MeSH terms and
citation counts. The correlation coefficient (CC) was used
to determine the prediction power between the weighted
MeSH terms and the original article citations. The ¢ value of

cc

W), and displayed

on a scatter ploti??l(see how to draw the scatter chart in
Supplemental Digital Content 1, http://links.lww.com/
MD/H3635). A prediction equation was produced by using
simple regression analysis in MedCalc 9.5.0.0 for Windows
(MedCalc Software).

CC was calculated by the formula =

2.6. Creating dashboards on Google Maps

We applied the author-made modules in Microsoft Excel and
the SNA in Pajek to obtain the CD of each topical entity. The
pages of Hypertext Markup Language (HTML) used for Google
Maps were created. All relevant information was linked to the
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dashboards on Google Maps. The study flowchart is shown in
Figure 4.

3. Results

3.1. The AWS-SNA approach in comparison to the
traditional SNA

The total DCs in the three scenarios were distinctly different in
the four quadrants (Fig. 5):

Quadrant I (without single authors in articles and weight = 1
in an article): 9, 3, 3

Quadrant II (without single authors in articles and weight > 1
in an article): 10, 6, 6

Quadrant III (with single authors in articles and weight = 1
in an article): 7, 7

Quadrant IV (with single authors in articles and weight > 1 in
an article): 4, 4 (equal to the number of articles = 4)

Accordingly, the AWS-SNA approach is superior to the tradi-
tional SNA without the adjustment in Equations (2) and (5). An
equal AWS was applied to this study to achieve total citations

1.00 - °
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080 - — Ajtem
§0.70 1 = Bitem
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F 0.50 -
] w— Ditem
£ 040 _
030 - = Eitem
0.20 - — Fitem
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0.00 - — - d e IP
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Series number
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Figure 3. An illustrative example of IPs determined on seven output curves
(Note. The IPs on the locations of item difficulties form the easy (left) to the
hard (right)). IP = inflection point.

equal to the summation of weighted citations in individual enti-
ties via Equation (3).
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Figure 4. The study flowchart (Note. Trend and prediction using visualiza-
tions and weighted MeSH terms to predict the article citations).

3.2. Distribution of publications and citations in countries
and journals

Publications and citations over the years in TI0ONM] since
2001 are shown in Tables 1 and 2 for affiliated counties
and journals, respectively. The most highly cited entities are
the US and the journal Neuron, with IF = 142,2 and 151.3,
respectively.

3.3. Degree centrality by citation for each entity in SNa

Figure 6 shows the most frequently cited entities in the six
clusters. There are five top members of each cluster (by
column): 2006 (665 citations), the US (2656), ] Neurosci
(332), Physiology (2957), Research Support (4215), and
PMID = 20331995 (203) in terms of years, countries, jour-
nals, MeSH terms, document types, and articles. In Figure 6,
having a larger block implies that there are more citations in
T100NM]J. As compared to their counterparts, the red curves
indicate the most flow vertically.

3.4. Trend analysis in TBGs and line-chart plots

In addition to the top three entities in 10 clusters, we collected
the three top-cited articles and the annual counts in publications
in TBGs (Fig. 7). The larger bubble of the burst spot is from the
US shown at the top TBG. All data in the selected entities are
tailed to the left, but the bottom (annual publications) has an
identical location in the burst and median points.

Most entities present a slowdown trend (i.e., with the red
burst bubble or symbol 3 in the last column in TBS). The line-
chart plot immediately appears on the website once the black
median bubble of interest is clicked. In Figure 7, we can see that
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the trends with a slowdown are in the US, annual publications,
and the article with PMID = 16543132 based on the last four
time points. On the other hand, the trend of the MeSH term of
physiopathology is increasing.

3.5. Prediction analysis in citation in T1T00NMJ

3.5.1. MeSH clusters and MeSH weights. For citation
analysis, six clusters with MeSH terms are shown in Figure 9.
The top three most cited MeSH terms are physiopathology
(=184), physiology (=179.63), and innervation (=162.21). In
addition, other MeSH IFs are presented as red numbers, as
demonstrated in Figure 9.

3.5.2. Prediction model using MeSH terms. To utilize the
MeSH weights (represented by weight denoted by IF) to predict
article citations, according to our results, MeSH terms were
evident in prediction power on the number of article citations
(CC=0.40, t=4.34) (Fig. 10). The regression equation is
defined as Article citation (y) = 20.55 + 0.7169 x Weight (x) of
the MeSH term. The slope coefficient was statistically significant
(F=18.83, t=4.34, P<.001). The majority of articles fall
within the 95% confidence interval curves. When the QR-code
in Figure 10 is clicked, the article appears immediately on the
Pubmed website. The reader is encouraged to practice the
dashboard on his or her own.

3.6. Creating dashboards on Google Maps

Figures 2-4 are provided with links to the references.*’-5l

Readers are invited to see the detailed information on the dash-
board laid on Google Maps.

4. Discussion

4.1. Principal findings

Since the concept of bibliometrics has been introduced in the
literature, the IF for NM]J is required for discussions about
the journals of interest. Bibliometric analysis has proven
the important role played in the formulation of policies
and clinical guidelines, making it attractive as an analytical
method.!!

Based on the results of this study, the principal findings
include the following: The most dominant entities (i.e., coun-
try, journal, MesH term, and article in TIOONM]) in cita-
tions were the US (with IF = 142.2 = 10237/72), neuron (with
IF = 151.3 = 3630/24), metabolism (with IF = 133.02), and arti-
cle authored by Wagh et al from Germany in 2006 (with 342 cit-
ing articles), respectively; the improved TBG was demonstrated
to highlight the citation evolution using burst spot, trend devel-
opment, and line-chart plot; and MeSH terms were evident in
prediction power on the number of article citations (CC = 0.40,
t =4.34).

4.2. The features of citation analysis in bibliometrics

Authors can easily identify the impact factors (IF) related to
MeSH terms that are associated with their submitted articles
to the target journal through a visual display of major MeSH
terms (Fig. 9). This study provides Google Maps and SNA to
display all associated entities (e.g., countries and MeSH terms)
on dashboards and is a major breakthrough made for future
similar studies. Such a network yielded by the bibliometric anal-
ysis can be defined as a type of co-occurrence pattern, which is a
phenomenon search, similar to previous studies.s54

As age advances, the nervous system begins to suffer a slow
and continued reduction in its functions. NM]Js are one of the
structures of changes in the aging process and the physical link
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Figure 5. The comparison of three scenarios between the non-AWS and AWS approaches (Note. Only the scenario IV that can make the weighted DC equal

counts of publications or citations in articles through a series of adjustments

in Equations (1)—(7)). AWS = author-weighted scheme.

between neurons and muscle cells and play a central role in the
communication between these two cell types.>>¢ T100NM]J?!
can be considered influential articles on NM], with citation
numbers and publications in journals with high IF serving as
indicators of an article’s quality.

Classically, it is not expected for the articles published in
recent years to be cited as much as the older ones. There are
many factors determining whether an article will be cited in
high numbers or not.’” Therefore, the current study merely pro-
vides a timely broad understanding of NM] for readers as future
research directions.

4.3. Three most-cited articles

The top-ranked article was titled “Bruchpilot, a protein with
homology to ELKS/CAST, is required for structural integrity
and function of active synaptic zones in Drosophila” by Wagh

et al®¥ The article was cited 432 times. Adults show loss of T
bars at active zones, absence of synaptic components in elect-
roretinograms, locomotor inactivity, and unstable flight (hence
the term “bruchpilot”-crash pilot). According to the authors,
Bruchpilot protein (BRP) is necessary for intact AZ structure
as well as normal-evoked neurotransmitter release at chemical
synapses in Drosophila. As a result, the articles were frequently
cited in numerous studies.

The second-ranked article was authored by Sanes and
Lichtman®’ and titled “Induction, assembly, maturation, and
maintenance of a postsynaptic apparatus”. The article was cited
379 times. This article discusses the fact that embryonic NM]Js
are very different from adult NM]Js. An oval plaque changes
into a pretzel-like set of branches, and the junctional membrane
changes from a flat sheet to an invaginated surface with gut-
ters and folds. Currently, the mechanisms underpinning each
of these transformations are only beginning to be understood.
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Article distribution for countries in TIOONMJ over the years.

Country 2001 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 n Ci IF*
us. 6 8 4 7 7 5 8 6 2 5 1 6 2 1 1 1 2 72 10237 1422
Germany 1 2 1 1 1 1 7 1264 180.6
UK. 1 1 1 1 1 1 6 688 1147
Canada 1 1 1 1 1 5 652 130.4
France 1 2 3 277 92.3
Switzerland 1 1 2 228 114
Australia 1 1 83 83
Belgium 1 1 172 172
China 1 1 9N 91
Italy 1 1 139 139
Japan 1 1 148 148
Total 8 10 7 8 8 8 10 9 4 7 3 8 2 2 2 1 1 2 100 13979 139.8
IF = impact factors, TT0ONMJ = 100 top-cited articles related to NMJ.

*IF = Ci/n.

Article distribution for journals in TIOONMJ over the years.

Journal 2001 02 03 04 05 06 07 o08 09 10 11 12 13 14 15 16 17 2018 n Ci IF*
Neuron 1 7 2 3 2 2 1 3 1 1 1 24 3630 1513
Cell 1 1 1 2 2 1 8 1321 165.1
J Neurosci 2 2 2 1 1 8 953 1191
Hum Mol Genet 1 1 2 1 1 6 834 139
Nat Neurosci 1 3 1 5 675 135
Science 1 1 2 1 5 790 158
Nature 2 2 4 510 127.5
PLoS One 1 1 1 1 4 381 95.3
Development 1 1 1 3 550 183.3
Curr Biol 1 1 2 182 91
Curr Opin Neurobiol 1 1 2 259 129.5
J Appl Physiol (1985) 1 1 2 185 92.5
Lancet Neurol 1 1 2 285 1425
Proc Natl Acad Sci U S A 1 1 2 321 160.5
Others 3 1 2 1 0 0 2 1 1 2 2 2 2 1 1 1 0 1 23 3103 134.9
Total 8 10 7 8 8 8§ 10 9 4 7 3 8 2 2 2 1 1 2 100 13979 139.8

IF = impact factors, TT0ONMJ = 100 top-cited articles related to NMJ.
*IF = Ci/n.

With the use of microscopic and genetic approaches, the molec-
ular and cellular mechanisms that govern each of these stages
are now being clarified, allowing the NM] to serve as a model
for smaller and less accessible central synapses. This is the rea-
son why this article has been cited in a number of studies.

Verstreken et al® published an article titled “Synaptic mito-
chondria are critical for mobilization of reserve pool vesicles at
Drosophila NM]Js”, which ranked third. The article was cited
374 times. Mutations in dynamin-related protein (DRP1) were
identified by the authors. During intense stimulation, mutants
are unable to maintain normal neurotransmission. However,
FM1-43 labeling indicates that reserve pool vesicles cannot
be mobilized, despite normal exo- and endocytosis. They sug-
gest that mitochondria play a specific role in regulating synap-
tic strength. A large number of citations in the past have been
attributed to this article, providing a deeper understanding of
NM].

4.4. The strength of this study

Three major strengths are illustrated in this study:

1. A particular adjustment was made for SNA using the
AWS approach to make sense of bubble size equal to the
weighted DC, based on the requirement of Pajek soft-
ware. Otherwise, the weighted DC in SNA would be

biased to the meaning of bubble size when referring to
Equation (3).

2. The improved TBG is superior to the traditional TBG,!%!4
which lacks an explanation of how to determine the burst
spot and burst strength as well as display the trend type
in TBG. For instance, multiple studies!®'-*3 have reported
cluster analysis and keywords with the strongest citation
bursts using VOS viewer!® and CiteSpace.!®! There is no
correlation between bubble size and the number of pub-
lications or citations, as indicated in Equations (1) to (7).
The citation analyses of keywords (or referenced articles)
with the strongest citation bursts are not provided for
the sake of clarity and computation, as we provided in
Equations (8) to (10) and Figures 7 and 8.

3. A bibliographic study should dig deeper insight into data
using statistical methods, such as the prediction of cita-
tions in future articles.

These articles!'”?* have followed a relevant and interesting
“story” that is supported by their bibliographic data and bib-
liometric analyses.

4.5. Limitations and suggestions

Although the findings were based on the aforementioned anal-
ysis, our study also has several limitations. First, articles with
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Top 5 total citations in TLOONMJ

Year

Strongest
Relationship

J Neurosci: 332 .

Country MeSH
Journal

PMID
Type

20331995: 203 [l

physiology: 2,957

U.S: 2,656

2006: 665 I

2010: 653 J Physiol: 267

U.K: 599

2011: 569 I

2003: 545

Eur J Neurosci: 252 ]

Hong Kong: 301 .

China: 292

Neuroscience: 237

2001: 515 I

France: 272 .

pharmacology: 322 . 1 \1

immunology: 263

Research Support: 4,215 12850445: 197

metabolism: 1,093

A4 17947296: 171 Il
iy ;;

Comparative Stu_dy: 789
Vv

\

15244175: 158
!

Journal Article: 538 I

17278125: 149

Review: 339

pathology: 246 [}

Hum Mol Genet: 223 |li

Case Reports: 82 wm

Figure 6. The selection of top 5 topical entities (Note. All entities are analyzed together using SNA and shown on the Alluvial diagram). SNA = social network

analysis.

more publication years may receive more citations!®>*’! than
those articles in the earlier ten years. The number of citations in
the latter publication years might have increased in recent years.
The change in TI00NM] might be exhibited over time.

Second, citation counts do not directly reflect the quality
of an article but enable a quantitative evaluation of the scien-
tific impact of an article in a specific discipline. The advanced
hotspot would be dependent on the number of citing articles on
an article in the future.

Third, only articles with MeSH terms were included in this
study to predict the number of article citations. Others with-
out MeSH terms were excluded from this study. This might be

biased by omitting a large number of article citations outside
the TIOONM].

Fourth, although our cluster analysis using SNA is unique
and useful, it is still challenging for the authors to include all rel-
evant entities on a board without mess and confusion to readers.
The results should be improved further to make it clearer and
easier to understand than the one we provided in this study, such
as clusters separated by an entity (e.g., author, journal, coun-
try, institute, MeSH, etc.) instead of closed actors, as we did in
Figure 9, to highlight the top ones in citations.

Finally, article citations have many associated factors, such as
the number of references and the number of authors. As such,
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the finding of MeSH terms associated with article citations is
not the only factor influencing article citations. Further studies
are encouraged to investigate the factors predicting the number
of citations in the future.

5. Conclusion

This study is the first to report TIOONM] in bibliographi-
cal studies. Two major breakthroughs were made by devel-
oping the improved TBG applied to bibliographical studies

Medicine

and the prediction of article citations using the IF of MeSH
terms in T100NM]J. These visualizations of improved TBG
and scatter plots in trend, and prediction analyses are rec-
ommended for future academic pursuits and applications in
other disciplines.

Acknowledgment

We thank Enago (www.enago.tw) for the English language re-
view of this manuscript.

Cluster Entity BS Citation Median Burst spot Trend
1 v @ 0
YT
5 2 - = - :
il % nm .
3 Tooum .
| 2w 3
-
4 e + @ Increasing
— : @ Slowdo
5 - s
. i s y
FrT H
7 7 .
6 1 F
— 2 Pt 4
7 9 T :
o — + © Readytorise
8 - i
— P = :
9 wom - H
. 6 1w .. @slowdown
wonu - y :
10 _| e i e m -
Article | iEa2 moa o :
e i
=1 Fblication 228 M - . .siuwdown
Count
of articles 2001 2010
BS: burst strength Year

Figure 7. Citation trend of major topical entities shown on TBG (Note. The
first feather of this study is to develop the enhanced TBG used for bubliomet-
rics). TBG = temporal bar graph.

IF=179.63 IF=162.21

ation

IF=184

Panalysis

IF=93.4

— metabalism_

IF=133.02 »

IF=Impact Factor

Figure 9. Influential MeSH terms with higher mean citations using SNA to

display the IF (i.e., the mean citations based on T100NMJ) on Google Maps.

IF = impact factors. MeSH = medical subject headings, TT00NMJ = 100 top-
cited articles related to NMJ.

Cummulative Cummulative
Citation The US Citation ., _,. . Citation
900 T - Citation Physiopathology
750 75 Increasing
600 60
450 e 45 P
300 30
150 15
0
2001 2021 2001 2021
Year Year
Count L Cummulative Cummulative
240 Publications  Count citation PMID=16543132 Citation
200 64
{
160 50
120 4
80 IP 3¢
40 Slowdown | 2C Slowdown
o 1
0
2001 2021 2001 v 2021
Year ear

Figure 8. Citation trend and burst spot for the targeted entity using a line-chart plot (Note. Once the bubble of interest in TBG is clicked, the line chart appears

immediately). TBG = temporal bar graph.

10


www.enago.tw

Wu et al. ® Medicine (2022) 101:40

PMID=15244175

Article Ci=158 Wi=125.42

Citation

Top 20

Top 21-40
Top 41-60
Top 61-80

Bottom 20
95% Cl curve

MeSH weight

y = 20.55 + 0.7169 x Weight(x) of MeSH
CC=0.40, t=4.34, df=98

Figure 10. Predicting the number of articles in TT0ONMJ using the weighted
DC of MeSH terms in Equations (1) to (7) (Note. Bubbles are sized and col-
ored by article citations). MeSH = medical subject headings, T100NMJ = 100
top-cited articles related to NMJ.

Author contributions

JW and YH initiated the research, collected data, TWC conduct-
ed the analysis, and wrote the manuscript. TWC contributed to
the design of the study and provided critical reviews of the man-
uscript, and YH contributed to the interpretation of the results.
WC monitored the study as a whole.

Conceptualization: Jian-Wei Wu.

Data curation: Yu-Hua Yan.

Investigation: Willy Chou.

Methodology: Tsair-Wei Chien.

References

[1] Cruz PMR, Cossins J, Beeson D, et al. The neuromuscular junction in
health and disease: molecular mechanisms governing synaptic forma-
tion and homeostasis. Front Mol Neurosci. 2020;13:614435.

[2] Stanga S, Boido M, Kienlen-Campard P. How to build and to protect

the neuromuscular junction: the role of the glial cell line-derived neuro-

trophic factor. Int ] Mol Sci . 2021;22:136.

Boehm I, Alhindi A, Leite AS, et al. Comparative anatomy of the mam-

malian neuromuscular junction. J Anat. 2020;237:827-36.

Kougias DG, Das T, Perez AB, et al. A role for nutritional intervention in

addressing the aging neuromuscular junction. Nutr Res. 2018;53:1-14.

Riba M, Sala C, Toniolo D, et al. Big data in medicine, the present and

hopefully the future. Front Med (Lausanne). 2019;6:263.

Bates DW, Saria S, Ohno-Machado L, et al. Big data in health care:

using analytics to identify and manage high-risk and high-cost patients.

Health Aff (Millwood). 2014;33:1123-31.

Provost F, Fawcett T. Data science and its relationship to big data and

data-driven decision maki. Big Data. 2013;1:51-9.

[8] Weintraub WS. Role of big data in cardiovascular research. ] Am Heart
Assoc. 2019;8:¢012791.

[9] Bonciu C. Title, abstract and keywords: essential issues in medical bib-
liographic research. Rev Med Chir Soc Med Nat Iasi. 2005;109:916-26.

[10] YuY, Li Y, Zhang Z, et al. A bibliometric analysis using VOSviewer of

publications on COVID-19. Ann Transl Med. 2020;8:816.

[11] Xie M, Wu Q, Wang Y, et al. Publication trends of research on uveal

melanoma during 2000-2020: a 20-year bibliometric study. Ann Transl

Med. 2020;8:1463.

Block JH, Fisch C. Eight tips and questions for your bibliographic study

in business and management research. Manag Rev Q. 2020;70:307-12

Shen L, Xiong B, Li W, et al. Visualizing collaboration characteristics

and topic burst on international mobile health research: bibliometric

analysis. JMIR Mhealth Uhealth. 2018;6:¢135.

3

[4

[5]

(6

[7

[12]

[13]

11

www.md-journal.com

[14] Kleinberg J. Bursty and hierarchical structure in streams. Data Mining
Knowl Discovery Vol. 2003;7:373-97.

Huang Z, Zhang H, Luo Y, et al. The 100 top-cited articles in diabetic
kidney disease: a bibliometric analysis. Ren Fail. 2021;43:781-95.
Vishwanathan K, Kambhampati SBS, Vaishya R. Top 100 cited articles
on diabetes mellitus and Covid-19: a bibliometric analysis. Diabetes
Metab Syndr. 2021;15:102160.

Frater JL. The top 100 Cited papers in the field of iron deficiency in
humans: a bibliometric study. Biomed Res Int. 2021;2021:5573790.
Garcia-Fernandez FJ, Garcia-Fernandez AE, lkuta I, et al. A biblio-
metric evaluation of the top 100 cited dimethyl fumarate articles.
Molecules. 2021;26:1085.

Aliyev F, Urkmez T, Wagner R. A comprehensive look at luxury brand
marketing research from 2000 to 2016: a bibliometric study and con-
tent analysis. Manag Rev Q. 2019;69:233-264

Block ], Fisch C, Rehan F. Religion and entrepreneurship: a
map of the field and a bibliometric analysis. Manag Rev Q.
2020;70:591-627.

Kumar S, Sureka R, Colombage S. Capital structure of SMEs: a sys-
tematic literature review and bibliometric analysis. Manag Rev Q.
2020;70:535-65.

Yang TY, Chen CH, Chien TW, et al. Predicting the number of article
citations on the topic of pemphigus vulgaris with the 100 top-cited
articles since 2011: a protocol for systematic review and meta-analysis.
Medicine (Baltim). 2021;100:¢26806.

Lin CH, Chien TW, Yan YH. Predicting the number of article citations
in the field of attention-deficit/hyperactivity disorder (ADHD) with
the 100 top-cited articles since 2014: a bibliometric analysis. Ann Gen
Psychiatry. 2021;20:6.

Kuo YC, Chien TW, Kuo SC, et al. Predicting article citations using
data of 100 top-cited publications in the journal Medicine since 2011:
a bibliometric analysis. Medicine (Baltim). 2020;99:¢22885.
Dehghanbanadaki H, Aazami H, Keshavarz Azizi Raftar S, et al. Global
scientific output trend for Akkermansia muciniphila research: a bib-
liometric and scientometric analysis. BMC Med Inform Decis Mak.
2020;20:291.

Team S. Science of Science (Sci2) Tool. Indiana University and SciTech
Strategies. Available at: https:/sci2.cns.iu.edu [access date August 15,
2022].

Chien TW: Top 100 articles in this study. Online at Available at: http:/
www.healthup.org.tw/html100/NMJ100.htm [access date November
22,2021].

Yie KY, Chien TW, Yeh YT, et al. Using social network analysis to iden-
tify spatiotemporal spread patterns of COVID-19 around the World:
online dashboard development. Int J Environ Res Public Health.
2021;18:2461.

Batagelj V, Mrvar A. Pajek - Analysis, and Visualization of Large
Networks. inJinger M, Mutzel P, (eds.) Springer, Berlin: Graph
Drawing Software; 2003:77-103.

Chien TW. How to conduct this study. Online at Available at: https://
www.youtube.com/watch?v=AsVDMEVUTDbI [access date November
4,2021].

Eisinger D, Tsatsaronis G, Bundschus M, et al. Automated patent cat-
egorization and guided patent search using IPC as inspired by MeSH
and PubMed. ] Biomed Semantics. 2013;4(Suppl 1):S3.

Chien TW, Wang HY, Lai FJ. Applying an author-weighted scheme to
identify the most influential countries in research achievements on skin
cancer: observational study. JMIR Dermatol. 2019;2:e11015.

Kan WC, Chou W, Chien TW, et al. The most-cited authors who
published papers in JMIR mHealth and uHealth using the author-
ship-weighted scheme: bibliometric analysis. JMIR Mhealth Uhealth.
2020;8:e11567.

Tsai YC, Chien TW, Wu JW, et al. Using the Alluvial plot to visualize
the network characteristics of 100 top-cited articles on attention-defi-
cit/hyperactivity disorder (ADHD) since 2011: bibliometric analysis.
Medicine (Baltimore). 2022;101:¢30545.

Lee KW, Chien TW, Yeh YT, et al. An online time-to-event dashboard
comparing the effective control of COVID-19 among continents using
the inflection point on an ogive curve: observational study. Medicine
(Baltim). 2021;100:e24749.

Wang LY, Chien TW, Chou W. Using the IPcase index with inflection
points and the corresponding case numbers to identify the impact hit
by COVID-19 in China: an Observation Study. Int ] Environ Res Public
Health. 2021;18:1994.

Shao Y, Nadkami S, Niu K, et al. Note on the Newton-Raphson Iteration
Method in the Rasch Model. Rasch Measurement Transactions
2022;35:1851-6.

[15]

[16]

[17

(18]

[19

[20]

21

[22

[23

[24

25

[26]

[27

28

[29

[30

[31

[32

(33

[34

135

136

(37


https://sci2.cns.iu.edu
http://www.healthup.org.tw/html100/NMJ100.htm
http://www.healthup.org.tw/html100/NMJ100.htm
https://www.youtube.com/watch?v=AsVDMEVUTbI
https://www.youtube.com/watch?v=AsVDMEVUTbI

Wu et al. ® Medicine (2022) 101:40

[38] Linacre JM. Rasch estimation: iteration and convergence. Rasch Meas
Trans. 1987;1:7-8. Online at Available at: https://www.rasch.org/rmt/
rmt11b.htm [access date July 29, 2021].

Embretson SE, Reise SP. Item Response Theory for Psychologists (1st
Edition). Mahwah, NJ: Lawrence Erlbaum; 2000:44.

Chien TW. Figure 3 in this study. Online at Available at: http://www.
healthup.org.tw/gps/IRTsusenP44.htm [access date August 15,2022].
Ho SY, Chien TW, Shao Y, Hsieh JH. Visualizing the features of inflec-
tion point shown on a temporal bar graph using the data of COVID-19
pandemic. Medicine (Baltim). 2022;101:e28749.

Chow JC, Chien TW, Chou W. Suggestions to the article: demonstrating
the ascendancy of COVID-19 research using acronyms. Scientometrics.
2022;127:2897-9.

Atlan. Visualizing time series data: 7 types of temporal visualizations.
Online Available at https://humansofdata.atlan.com/2016/11/visualiz-
ing-time-s [access date July, 29 2021].

Kan WC, Kuo SC, Chien TW, et al. Therapeutic duplication in tai-
wan hospitals for patients with high blood pressure, sugar, and lip-
ids: evaluation with a mobile health mapping tool. JMIR Med Inform.
2020;8:¢11627.

MacMillan IC, Hambrick DC, Day DL. The product portfolio and
profitability—a PIMS-based analysis of industrial-product businesses.
Acad Manag J. 1982;25:733-55.

Spee AP, Jarzabkowski P. Strategy tools as boundary objects. Strateg
Organ. 2009;7:223-32.

Chien TW. Figure 6 in this study. Available at: http://www.healthup.
org.tw/aif/aif.asp?mname=sankeyjournals-01& width=2000&hei
ght=2000 [access date November 14, 2021].

Chien TW. Figure 7 in this study. Available at: http://www.healthup.
org.tw/gps/NMJ100tbg.htm [access date November 14, 2021].

Chien TW. Figure 8 in this study. Available at: http://www.healthup.
org.tw/gps/NMJ100mesh.htm [access date November 14, 2021].
Chien TW. Figure 9 in this study. Available at: http://www.healthup.
org.tw/gps/NMJ100net.htm [access date November 14, 2021].

Chien TW. Figure 10 in this study. Available at: http://www.healthup.
org.tw/gps/nsjmeshcorr.htm [access date November 14, 2021].

Liu X, Bollen J, Nelson ML, et al. Coauthorship networks in the digital
library research community. Info Process Manag. 2005;41:1462-80.
Osareh F, Khademi R, Rostami MK, et al. Coauthorship network
structure analysis of Iranian researchers’ scientific outputs from 1991

(39]
[40]

[41]

[42]

[43]

[44]

[45

[46

[47

(48]
[49]
[50]

[51

[52

[53

12

Medicine

to 2013 based on the Social Science Citation Index (SSCI). Collnet J

Scientometr Info Manag. 2014;8:263-71.

Sadoughi F, Valinejadi A, Shirazi MS, et al. Social network analysis of

Iranian researchers on medical parasitology: a 41year coauthorship

survey. Iran | Parasitol. 2016;11:204-12.

Neto WK, Ciena AP, Anaruma CA, et al. Effects of exercise on neuro-

muscular junction components across age: systematic review of animal

experimental studies. BMC Res Notes. 2015;8:1-15.

Schaeffer L. Formation and maintenance of the neuromuscular

junction: molecular mechanisms and physiological consequences.

Neuromuscular Dis. 2017;27:596.

Abramoa G, Cicerob T, D’Angeloa CA. Are the authors of highly cited

articles also the most productive ones? J Informetr. 2014;8:89-97.

Wagh DA, Rasse TM, Asan E, et al. Bruchpilot, a protein with homol-

ogy to ELKS/CAST, is required for structural integrity and function of

synaptic active zones in Drosophila [published correction appears in

Neuron. 2006 Jul 20;51(2):275]. Neuron. 2006;49:833-44.

Sanes JR, Lichtman JW. Induction, assembly, maturation and mainte-

nance of a postsynaptic apparatus. Nat Rev Neurosci. 2001;2:791-8035.

[60] Verstreken P, Ly CV, Venken K], et al. Synaptic mitochondria are critical
for mobilization of reserve pool vesicles at Drosophila neuromuscular
junctions. Neuron. 2005;47:365-78.

[61] Li W, Wan L, Duan S, et al. Bibliometric analysis of toll-like recep-
tor agonists associated with cancer therapy. Medicine (Baltim).
2022;101:e28520.

[62] Huang K. Global trends of studies on bone metastasis: a bibliometric
and visualization study. Medicine (Baltim). 2022;101:¢28761.

[63] Li F, Wang S, Yao Y, et al. Visual analysis on the research of mono-
carboxylate transporters based on CiteSpace. Medicine (Baltim).
2021;100:€27466.

[64] Van Eck NJ, Waltman L, Van den Berg ], et al. Visualizing the computa-

tional intelligence field. IEEE Comput Intell Mag. 2006;1:6-10.

Chen C. CiteSpace: A Practical Guide for Mapping Scientific Literature

(Computer Science, Technology and Applications). Hauppauge, New

York: Nova Science Publishers; 2016.

He L, Fang H, Wang X, et al. The 100 most-cited articles in Urological

Surgery: a bibliometric analysis. Int J Surg. 2020;75:74-9.

Powell AG, Hughes DL, Wheat JR, et al. The 100 most influential

manuscripts in gastric cancer: a bibliometric analysis. Int J Surg.

2016;28:83-90.

[54]

[55]

[56]

[57]

[58]

[59]

[65]

[66]

[67]


https://www.rasch.org/rmt/rmt11b.htm
https://www.rasch.org/rmt/rmt11b.htm
http://www.healthup.org.tw/gps/IRTsusenP44.htm
http://www.healthup.org.tw/gps/IRTsusenP44.htm
https://humansofdata.atlan.com/2016/11/visualizing-time-s
https://humansofdata.atlan.com/2016/11/visualizing-time-s
http://www.healthup.org.tw/aif/aif.asp?mname=sankeyjournals-01&width=2000&height=2000
http://www.healthup.org.tw/aif/aif.asp?mname=sankeyjournals-01&width=2000&height=2000
http://www.healthup.org.tw/aif/aif.asp?mname=sankeyjournals-01&width=2000&height=2000
http://www.healthup.org.tw/gps/NMJ100tbg.htm
http://www.healthup.org.tw/gps/NMJ100tbg.htm
http://www.healthup.org.tw/gps/NMJ100mesh.htm
http://www.healthup.org.tw/gps/NMJ100mesh.htm
http://www.healthup.org.tw/gps/NMJ100net.htm
http://www.healthup.org.tw/gps/NMJ100net.htm
http://www.healthup.org.tw/gps/nsjmeshcorr.htm
http://www.healthup.org.tw/gps/nsjmeshcorr.htm

