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Objectives: This study aims to examine the structure of MD research through scientometric
indicators and social network analysis (SNA).

Materials & Methods: Documents related to MD were searched in the topic search (TS) format
indexed in the Scopus database from 1970 until 2023. Then, co-word, co-authorship analysis and
SNA were employed to create a platform for visualizing the MD research network.

Results: The annual growth rate of MD documents is 2.92% and the average citations per doc is
16.97. The trend of the publication year was relatively upward. Otolaryngologica journal obtained
the first rank in MD publications with more productivity (879 docs). The United States was the
most influential country in producing and collaborating documents. Paparella MM, Nakashima
T and Kitahara M were ranked 1 to 3 with 86, 83 and 81 documents, respectively. Nevertheless,
Strupp M, Nakashima T and Naganawa S. received 4064, 3906 and 3870 citations in co-authorship
analysis, respectively. Applying co-word analysis led to the formation of 6 clusters and “related
comorbidities on the severity of MD” was well developed, had the highest occurrence of keywords,
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e This research can provide a reference for the study of Meniere research in otolaryngology and head and neck
surgery by combining several bibliometric and scientometric indicators.

e Keywords “Meniere’s disease,” “hearing loss” and “auditory system” have the highest frequency among the

keywords in the Meniere disease field.

e In recent years, many countries such as South Korea, China, Iran, Turkey and Spain have had a significant role in

Meniere disease research.

e Based on co-word analysis, the top keywords accompanying Meniere disease were “hearing loss”/”deafness,”

2 ¢,

“therapy,

tinnitus” and “magnetic resonance imaging.”

o The cluster of “related comorbidities on the severity of Meniere disease "holds the most significant impact and its
themes are well developed; Meniere disease research relies on themes for its structure.

e Naganawa S, Sone M and Strupp M. used many diverse keywords compared to their counterparts, indicating broad
domain coverage, and published in Acta Oto-Laryngologica and Laryngoscope journals.

Introduction

ne of the most common disorders in oto-

laryngology, audiology, and neuro-otolo-

gy is Meniere disease (MD), first reported

by Meniere Prosper in 1861. MD causes

intermittent true vertigo, sensorineural
hearing loss, tinnitus and ear fullness. Endolymphatic
hydrops are the proposed fundamental pathological
basis, but their exact etiology and pathogenesis are un-
known. However, many theories, such as autoimmunity,
autoimmunity, psychological stress, viral infection, ana-
tomical variables, trauma and genetic factors [1], have
been suggested. It is often treated with medication and
changes in lifestyle, but other interventions are some-
times used [2].

From its first description till recent years, our knowl-
edge about different aspects of MD has improved and
changed significantly. Bibliometric methods that analyze
publications are commonly used to qualify and track the
progress of science and technology, including emerging
topics [3]. It is necessary to use bibliometric analysis to
understand the research process and the features of the
knowledge structure of different research areas [4].

Co-word analysis can give a comprehensive picture
of the topics covered in the literature. The frequency of
word occurrence is a primary metric in content analysis.
This measure analyzes frequently occurring terms to in-
vestigate primary topics within a field. The frequency of

a specific term is a measure of its significance and con-
cept. Keywords can effectively determine the content of
a paper. When two terms appear together in a publica-
tion, they are semantically related. Keywords that co-
occur more often are more correlated [5]. According to
Callon et al. [6], co-word analysis identifies and visual-
izes keyword interactions [7] and can be used to iden-
tify a new domain and the relations between domains in
knowledge structure quantitatively [8]. In other words,
researchers employ it to investigate conceptual work in
different domains [9].

To extract the essential terms of MD, co-word analysis
with social network analysis (SNA) techniques has been
chosen using the clustering method (hierarchical cluster-
ing) and strategic diagram in this paper.

A co-word analysis generates a strategy diagram that
visually represents the themes of the current study,
emerging themes, and prospective patterns for future re-
search. Consequently, the results offer a framework for
further investigation in this research [10]. The strategic
diagram has been constructed using the centrality and
density of each cluster [6]. Density reflects the cohesion
of a cluster and serves as an indicator of a theme’s evolu-
tion over time. Centrality refers to the strength of con-
nections between the research theme and others, repre-
senting its importance in community development. The
y-axis shows a cluster’s internal coherence (density),
while the x-axis shows the degree of interaction between
nodes (centrality) [11].
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Because of its high density and strong centrality, the
upper-right quadrant is referred to as the motor theme.
These themes are well developed and are essential to a
research study’s structure. Upper-left quadrant themes
are peripheral and specialized. These themes marginal-
ize the research since they have strong internal ties but
unimportant external ones. Weakly developed and mar-
ginal themes in the lower left quadrant may emerge or
disappear. Low density and centrality characterize these
themes. They have shown little research interest. Lower
right quadrant themes are general, transversal, and es-
sential. These themes are crucial to the research but have
not been developed well [10].

When using hierarchical clustering, it is possible to
establish and visualize the relationships between dif-
ferent groups of keywords. Hierarchical clustering was
carried out in SPSS, and the VOSviewer program was
used to show each cluster. Hence, a multi-dimensional
map was created using UCINET. Analyzing the co-word
matrix network, such as centrality and density, can help
researchers better understand the dominant co-word
structure in their study area. The concept of centrality is
used to assess the degree of correlation between various
topics. Nodes with a higher density are more cohesive.
A research density reflects its potential to maintain or
improve itself. To summarize, the study research would
be more developed or prospective if it has a greater den-
sity than a higher centrality [12].

As a result, co-word analysis is used to identify clus-
ters of keywords that frequently co-occur in publications
(called themes). The density and centrality of each topic
are determined and then mapped to a strategic diagram
(Figure 1) to identify in which of the four major stages a
theme may be found. Quadrant 1 includes motor themes
that are central and developed. Quadrant 2 contains
developed but isolated themes. In other words, these
themes are peripheral and developed. There are emerg-
ing or declining themes in quadrant 3, which is underde-
veloped and peripheral. In the fourth quadrant, there are
central but undeveloped themes [11].

In addition to co-word analysis, co-authorship analysis
is applied to visualize the intellectual structure of MD
research. Collaboration among scientists is the social
interaction between two or more individuals that facili-
tates exchanging ideas and completing tasks toward a
common objective. Discoveries, scientific specializa-
tion, and infrastructure complexity significantly mo-
tivate collaboration and the need to combine various
knowledge and skills to address complicated medical
and health issues. By providing access to different dis-
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ciplines, collaboration can also promote innovation and
broaden the scope of a research project [13]. In the 20
century, scientific collaboration became more common
across research areas. Researchers work together to ad-
vance their understanding of topics rather than working
alone. Therefore, bibliometric methods measure scien-
tific collaboration, with co-authorship being a reliable
analysis method [14].

The main contributions of this paper are as follows:

1. Regarding methodology, this is the first paper to
analyze co-authorship and co-word networks in MD re-
search using scientometric indicators based on retrieved
documents from the Scopus database. Additionally,
SNA is applied to illustrate the intellectual structure of
MD research.

2. Regarding the applied tool, this is the first time the
hierarchical clustering strategic diagram techniques are
used to explore the structure of (dis) similarity data in
MD research. In addition, the BibExcel tool is used to
analyze bibliographic data. Concerning analysis of so-
cial network data, UCINET Software is used to calculate
centrality and density in MD research.

Research questions

This paper aims to answer the following research
questions:

1) What is the publication year’s trend of MD research
in the Scopus database? 2) Who are the top authors of
MD research in the Scopus database? 3) What are the
top journals of MD research in the Scopus database? 4)
What is the status of country co-authorship in MD re-
search? 5) What is the status of co-authorship analysis in
MD research? 6) What are the most frequent keywords
in MD research in the Scopus database? 7) How are
prominent keyword clusters based on hierarchical clus-
ter analysis in MD research?

Materials and Methods
Data source and literature inclusion criteria

Documents were retrieved from the Scopus database
on April 15, 2023. Documents were selected by search-
ing in title-abstract-keywords for the terms (“Ménieres
disease” OR “Méniere disease” OR “Meniere’s dis-
ease” OR “Menieres disease” OR “MD”). The experts’
opinions, the use of MeSH and the review of articles
published in this field led to the selection of the above

Nemati S, et al. Landscape of Research in Meniere Disease. Caspian J Neurol Sci. 2025; 11(1):1-16.
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Figure 1. Themes in strategic diagram (Giannakos et al. 2020 [11])

keywords. All documents were restricted to the English
Language. No time limitation was applied to the docu-
ments. The retrieved documents were downloaded as a
file in the RIS format. Final records were analyzed using
social network analysis's (SNA's) software and RStudio
software, version 2023.06.1. About 9649 documents met
the study’s inclusion criteria and were included in the
analysis. Then, co-word, co-authorship and SNA were
employed to create a platform for visualizing the MD re-
search network (Figure 2). Regarding co-word analysis,
850 keywords were selected from the 1001 keywords
extracted by BibExcel software, version 2016.02.20.

All keywords were extracted by using the BibExcel
software. These keywords were examined and unified in
a separate file. Investigations show that using a square
correlation matrix in the co-word analysis will result in
better and more realistic results [12]. Therefore, the in-
clusion threshold is specified, and the co-word matrix is
prepared using BibExcel software. According to Brad-
ford law, the number of 150 keywords that had the high-
est co-occurrence with a cut-off of 9 was determined as
the sample size. In other words, the number of co-words
in the Excel file was divided by 3 and keywords in the
first third were selected. After merging the two columns
and sorting them in descending order, duplicate key-
words were removed, and the preferred keyword was
considered for the selected keywords.

Finally, 150 keywords were selected as a sample, and a
square matrix was created using the BibExcel software. It
is mentioned that the co-word matrix is 150*150 (.ma2).
The square matrix related to the frequency of co-word
was performed and converted to a correlation matrix us-
ing UCINET software, version 6, saved in Excel format
software, version 2013. Then, it was transferred to the
SPSS software, version 23.0 to design a dendrogram us-
ing the Ward method to assess the status quo of research
on MD research in recent years. It is mentioned that the
dendrogram resulted from hierarchical cluster analysis.
Using cluster analysis, we created a network map of nodes

centrality ~

quadrant 2

central and undeveloped

and links. The cluster was determined by examining the
frequency with which the same key terms appeared in the
various papers. After designing the dendrogram, the main
subject for each cluster was determined. Then, a strategic
diagram was used to perform a co-word analysis. For this
purpose, the keywords with the highest frequency were
selected from each cluster to represent that cluster. Then,
a separate frequency matrix was created for each cluster.
In the next step, a correlation matrix was created from
this matrix using UCINET software, version 6, the degree
centrality and density of each cluster were calculated, and
finally, a strategic diagram for MD research was illustrat-
ed. A strategic diagram of clusters was derived from the
co-word analysis to determine the clusters’ maturity level
and coherence; first, to create a strategic diagram, the
density and centrality of all clusters were calculated using
UCINET software. Then, it was illustrated using Excel to
assess each topic’s coherence and maturity. VOSviewer
software, version 1.6.9 was used to generate and visualize
network maps for co-occurrence keywords, journals, and
countries. RStudio programming, which runs Biblioshiny,
was used to illustrate authors’ production over time and
the trend of publication year.

Results

The main information about MD research showed that
different types of sources in MD research were accom-
panied by a 2.92 % annual growth rate and an average
age of 9649 MD documents was 25.3. There are about
18 references for each document, and the average num-
ber of citations per doc was 16.97. The annual growth
rate of MD documents is positive, but the percentage is
not high (2.92%).

Publication by year

Figure 3 shows the trend of publication years in MD
research while running the Biblioshiny App in RStudio
programming. The trend of publication year is relatively
upward, but its ups and downs are clear.

Nemati S, et al. Landscape of Research in Meniere Disease. Caspian J Neurol Sci. 2025; 11(1):1-16.
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Figure 2. A comprehensive framework of intellectual structure of meniere disease based on co-word analysis data

Publication by journal

Among 1192 Journals, Acta Oto-Laryngologica ob-
tained the first rank among the Journals’ published docu-
ments concerning MD research with more productivity
(879 docs). In the following rank, Laryngoscope, Otol-
ogy and Neurotology published the most documents
about MD (with 445 and 375 documents, respectively).
One of the most important evaluation tools of journals
is Bradford’s Law. Bradford’s Law of scattering claims
that when a collection of scientific journals is organized
by the number of articles related to a specific subject,
with the most prolific journal listed first and the least
productive last, the journals will be categorized into dis-
tinct zones, each producing a similar number of relevant
articles. Nevertheless, the number of journals in each
zone will increase quickly [15].

Number of
Publications

Figure 3. Publication year trend on the meniere disease research

The diagram below (Figure 4) shows the article pro-
ductivity trend over a given period.

Publication by the country

According to the map of country co-authorship, which
VOSviewer visualized, 34% of the 150 countries (51
countries) had at least 5 publications. The findings in-
dicated that the United States is the most influential
country in cooperation with other countries with other
countries in the production of 2386 documents that re-
ceived 62280 citations. Iran has 16 documents and 204
citations compared to other countries and is placed in
the 32™rank in terms of country co-authorship analysis.
According to map 1, many countries, such as South Ko-
rea, China, Iran, Turkey and Spain, marked with yellow,
have played a significant role in MD research in recent
years (Figure 5).

Year

@ CINS
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Figure 4. Meniere disease core journals by the bradford’s law

Publication by authors

Naganawa S, Sone M and Pyykko I had more docu-
ments among MD researchers, with 113, 99 and 96
documents, respectively. According to Figure 6, Naga-
nawa S, Sone M, Lopez-escapes JA and Strupp M. have
produced more in this field in the last few years. Some
authors, such as Stahle J, Schuknecht HF and Matsunaga
T, produced MD documents at a certain time.

Figure 5. Country co-authorship analysis in meniere disease research

Caspian Journal of
Neurological Sciences

CCINS
Co-authorship analysis

Bibliometric analysis included co-authorship analysis
using VOSviewer and Scopus Analytics. VOSviewer
supports network and overlay visualization [16]. Accord-
ing to the findings, 953 co-authorships in MD research
were obtained from VOSviewer. Paparella MM, Na-
kashima T and Kitahara M. were ranked 1 to 3 with 86,
83 and 81 documents, respectively. However, Strupp M,
Nakashima T and Naganawa S. received 4064, 3906, and
3870 citations in co-authorship analysis, respectively.

@ CINS
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Figure 6. The top authors’” production over time

In the following map (Figure 7), overlay and network
visualizations have the exact bibliographic mapping even
though various colors represent different types of infor-
mation. The overlay visualization illustrates the average
yearly publication of each term, while the network visu-
alization displays the groupings of keyword clusters [16].

Different colors indicate different types of information,
but overlay and network visualizations use the exact
bibliographic mapping. The overlay visualization shows
each term’s average annual publication, while the net-
work visualization shows keyword clustering [16].

Figure 7. Density and overlay visualization of co-authorship analysis in meniere disease research

January 2025, Volume 11, Issue 1, Number 40

Co-word analysis

Co-word analysis uses keyword co-occurrence to identify
related keywords [17]. The titles, abstracts and keywords of
the 9469 documents included in this study were analyzed via
bibExcel,VOSviewer software and RStudio programming.
Keywords “Menier’s disease,” “hearing loss” and “audi-
tory system,” with 10160, 8205 and 5617 repetitions, have
the highest frequency among the keywords, respectively. For
better understanding, Overlay visualization of keywords in
MD research is provided (Figure 8). However, an interview
was done with neurotologists about the importance of re-
trieved keywords. Based on their opinion, the top keywords
in accompany by MD in clinical and research practice are
“hearing loss”/”’deafness,” “therapy,” “tinnitus” and “mag-
netic resonance imaging,” respectively.

Nemati S, et al. Landscape of Research in Meniere Disease. Caspian J Neurol Sci. 2025; 11(1):1-16.
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Figure 8. Overlay visualization of keywords in meniere disease research

Three-filed plot

A three-plot diagram, also known as the Sankey dia-
gram, is used to investigate the link and flow between
keywords (DE), authors (AU), sources (SO), cited
sources (CR_SO), countries (CO), titles (TI), abstracts
(AB), keyword Plus (ID), affiliations (AU_UN) or refer-
ences (CR).

A three-plot diagram, also known as the Sankey dia-
gram has been used to investigate the link and flow be-
tween keywords, authors and sources, as shown in Fig-
ure 9. It is an effective tool for illustrating the movement
of entities, where the thickness of the arrows and boxes
is determined by the frequency of publications [18]. The
themes in the Figure are named based on the terms that
appear the most frequently [19].

MD, endolymphatic hydrops, and magnetic resonance
imaging are the most frequent keywords that match the
authors’ publications. Furthermore, it should be noted
that Naganawa S, Sone M and Strupp M. have employed
a significant number of diverse keywords when com-
pared to their counterparts, signifying their extensive
coverage of the field and published in Acta Oto-Laryn-
gologica and Laryngoscope.

The technique of co-word analysis led to the forma-
tion of 6 thematic clusters obtained from the hierarchical
clustering. According to the opinions of MD specialists,

¢ Caspian Journal of
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the cluster of vestibular MD (consists of 2 keywords:
“vestibular disorder” and “vestibular test”) and effects
of gentamicin on hearing loss” (consists of 3 keywords:
“audiometry,” “gentamicin” and “hearing loss”) were
put away because these clusters have no clinical use
(Appendices 1 and 2).

Regarding cluster 1, influential factors on MD, the co-
word analysis results indicated that 349 keywords con-
tributed to the formation of this cluster. The keywords
of the cluster, such as “MD, age, gene, allergy, glucose,
head injury, histology, aminoglycoside, amplitude mod-
ulation, antibiotic agent, antiemetic agent, antihistaminic
agent, anti-inflammatory agent, anxiety disorder and the
like, suggest that its theme be considered “influential
factors on MD.”

The second cluster, diagnostic criteria for MD, consists
of 4 keywords: “Contrast enhancement,” “diagnostic
agent,” “diagnostic imaging” and “gadodiamide.”

Cluster 3, related to comorbidities on the severity of MD,
consists of 15 keywords, such as comorbidity, complica-
tion, disease severity, headache, labyrinthitis, motion sick-
ness, otosclerosis, prevalence, symptom, relieving symp-
toms, etc. that shows the theme of this cluster well.

Finally, cluster 4, drug administration for MD, con-
sists of 16 keywords of drug administration, oral drug
administration, intravenous drug administration, intra-

Nemati S, et al. Landscape of Research in Meniere Disease. Caspian J Neurol Sci. 2025; 11(1):1-16.
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Figure 9. Trend topics in meniere disease research

tympanic drug administration, betahistine, gentamycin,
drug delivery, piperazine, intravenous injection, antibi-
otics, therapeutics, intratympanic administration, intra-
tympanic steroid injection, drug therapy, intratympanic
dexamethasone, intratympanic gentamycin. A strategic
diagram was drawn to illustrate the location of each clus-
ter based on density and degree.

The clusters were distributed in a strategic diagram
(Figure 10). The findings indicated that cluster 3 was
well-developed and considered central and developed
themes. Clusters 2 (diagnostic criteria for MD) and
4 (drug information for MD) were located in the third
area of the diagram and considered emerging or declin-

Figure 10. Strategic diagram of clusters derived from co-word analysis

January 2025, Volume 11, Issue 1, Number 40

ing themes. Cluster 1 is located in the fourth area of the
diagram; it is a central cluster but not developed. It may
be due to its low centrality (0.083110154). According to
Figure 10, cluster 1 (Influential factors on MD) has the
highest density with a value of 23.19825554 and cluster
3 (related comorbidities on the severity of MD) has the
highest centrality with a value of 9.520943642. It means
that cluster 3 has the highest occurrence of keywords and
holds the most significant position in terms of impact.
Cluster 3 shows a high degree of density and centrality.
The themes of MD research rely on these well-devel-
oped themes.

@ CINS
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Discussion

MD is a medical condition affecting the inner ear that is
identified by symptoms, including episodic vertigo, au-
ral fullness or aural pressure, tinnitus and low-frequency
hearing loss [2]. MD is often misdiagnosed because
endolymphatic hydrops and defects are difficult to de-
tect directly using additional testing equipment. MD lit-
erature has grown in recent years [20]. Therefore, it is
essential to investigate the research status in this field.
Interestingly, only two studies [20, 21] utilized a biblio-
metric and visualization study to analyze the research
progress of MD in the WoS database. Hence, this is the
only study to analyze the existing scientific literature
about MD research from the beginning to 2023, includ-
ing 9649 articles retrieved from the Scopus database.
Then, co-word analysis, co-authorship analysis and
SNA will address the research questions. Although the
number of MD papers has increased significantly in re-
cent years, this growth can be attributed to experimental
techniques, research investment and advances in assis-
tive technology and clinical treatments in MD research.
Concerning the countries, although Iran is ranked 32
among countries, it is considered an emerging country
in recent years. According to the results, Asian coun-
tries such as Iran, China and Turkey have emerged in
the production of this field. Developing countries should
strengthen their cooperation with developed countries
(United States and European countries) to advance MD
research, which benefits patients.

However, according to [20], the most notable MD re-
searchers are from advanced countries like the US, Eu-
rope and Japan. As a result, encouraging communication
and collaboration among researchers worldwide will aid
in advancing MD research. Utilizing a co-authorship
network allows us to observe the partnerships among
researchers in a particular field and visually discern the
distinct research areas within that [21].

To learn about the hot topics of other databases regard-
ing MD and discuss them with the comparative results,
a separate search was conducted in PubMed and Web
of Science databases. For this purpose, 3055 documents
were extracted from PubMed using topic search (TS)
format and analyzed using RStudio. The results indi-
cated that treatment outcome, diagnosis, vestibular test,
magnetic resonance imaging surgery, physiopathology,
drug therapy and vertigo/etiology are the most important
keywords of MD. Also, a TS was conducted on the Web
of Science. As a result, 5846 documents were retrieved
and analyzed by RStudio. The results showed that the
most frequent keywords are endolymphatic hydrops,

¢ Caspian Journal of
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vertigo, symptoms, therapy, prevalence, dizziness and
sensorineural hearing loss. One area of research into
MD is focusing on understanding the underlying causes
of the disease. Most research on MD focuses on its epi-
demiology, pathophysiology and treatment and top key-
words suggest new and emerging trends in this scientific
research [20, 22]. Despite the unknown cause, research-
ers speculate that genetic, environmental, and anatomi-
cal factors could play a role in its development [23].
Various factors, including autoimmune disorders, viral
infections, and imbalances in inner ear fluid, can pose
risks [24]. The research also looks into the diagnosis and
monitoring of MD, as these are appealing areas of study.
Currently, diagnosis [25].

Advanced imaging techniques, like magnetic reso-
nance imaging, can reveal structural abnormalities in the
inner ear that may be related to MD [26]. Although this
condition has no cure, treatments are available to allevi-
ate symptoms and improve quality of life. These treat-
ments include lifestyle adjustments, medication, and sur-
gical interventions, which are known as the treatments
for MD [27]. New approaches, such as intra-tympanic
injections and vestibular rehabilitation therapy, aim to
enhance balance and reduce dizziness through specific
exercises [28]. Dietary changes, complementary thera-
pies, and new medications are also utilized to manage
MD symptoms [2].

According to the results of Hallpike and Cairns [29],
neurologists and otolaryngologists have faced consider-
able difficulty in treating MD for a considerable period.
Diuretics, betahistine, intratympanic steroids, endolym-
phatic sac surgery, intratympanic gentamicin, and other
surgical techniques are the principal treatments for MD.
Therefore, correct drug administration can help MD
patients to some extent. For example, dexamethasone
and gentamicin impact hearing preservation in patients
undergoing chemical labyrinthectomy for MD. Sensori-
neural hearing loss that fluctuates with aural pressure,
tinnitus, and episodic vertigo is a clinical feature of MD
[30]. Neuro-otology disorders such as vertigo, tinnitus,
and hearing loss might be the clue to impending con-
comitant MD [31].

On the other hand, stress, sleep deprivation, some
foods, allergies, barometric pressure change and hor-
monal changes may cause MD attacks [32], allergies,
and autoimmune system implicate in MD [33]. Among
other influential factors for MD, age and sleep disorders
are regarded as risk factors, while hypothyroidism, sex,
and genes are tentative risk factors [34]. It can impact
the patient’s quality of life significantly, and research is
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underway to understand better the disease causes and
mechanisms [35]. Vestibular rehabilitation therapy can
immediately improve the quality of life in patients with
MD [36]. The result of Orji. [37] showed that patients
with more severe vertigo symptoms tend to experience
a worse quality of life. Another study by Yardley et al.
[38] also emphasizes the importance of quality of life
in MD. Patients with MD who experience more severe
vertigo symptoms often report a worse quality of life.
Also, it is observed in [39] that MD group has higher
rates of allergic rhinitis and asthma, lower systolic blood
pressure, high-density lipoprotein, cholesterol and gam-
ma-glutamyltrans-peptidase (rGT) and less alcohol and
smoking [39]. Scarpa et al. [40] found that intravenous
glycerol infusion can improve vertigo attacks and reduce
tinnitus-related discomfort, ultimately enhancing the
quality of life for MD patients. Also, the psychological
and social aspects of the disease are investigated in MD
research [37].

The results of this study can provide valuable insights
for researchers, especially researchers of Otolaryngolo-
gy and Head and Neck Surgery, to identify more specific
research focus within the MD field and find top authors
to expand their international collaborations. The study
also highlights the importance of SNA and scientometric
indicators in understanding the intellectual structure of
MD research. By tracing the landscape of research in the
MD field, the researchers can acquire an in-depth knowl-
edge of the current state of research, identify gaps in
knowledge, and develop new research directions. Over-
all, this study enhances the existing literature on MD re-
search and serves as a valuable resource for scholars in
this domain.

Conclusion

The results indicate that different types of sources
in MD research are accompanied by a 2.92% annual
growth rate, and the average age of MD documents is
25.3. The annual growth rate of MD documents is posi-
tive, but the percentage is not high (2.92%). Concern-
ing authors’ collaboration, the results showed that the
number of single-authored docs is over 6 times that of
co-authors per docs. Core journals retrieved from Brad-
ford’s Law indicated that Acta Oto-Laryngologica, La-
ryngoscope, Otology and Neurotology are the top three
journals that publish MD research. Analysis of country
co-authorship showed that the United States accounted
for 25% of the articles on MD and its productions (2386)
received 62280 citations. Regarding the top authors in
this field, Naganawa S. had more documents among MD
researchers. He is from Japan with an H-index of 54 (502
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docs and 12346 citations), and his most contributed top-
ics during 2018-2022 are endolymphatic hydrops, MD,
and magnetic resonance imaging in the Scopus database.

In terms of co-authorship analysis, Paparella M and
Strupp M were the most influential researchers, with the
highest productivity and efficiency. It is worth noting
that Paparella M and Nakashima had more documents,
and Strupp M and Nakashima T had more citations
based on co-authorship analysis, respectively, based on
co-authorship analysis. Regarding co-word analysis, top
MD research topics were MD, hearing loss, auditory
system, and vestibular disorder, which had the highest
frequency among other topics in this field.

According to the frequency of keywords, most research
on MD focuses on its epidemiology, pathophysiology,
and treatment and top keywords suggest that there are
new and emerging trends in this scientific research.

The application of co-word analysis led to the forma-
tion of 6 clusters. It was found that the cluster of “re-
lated comorbidities on the severity of MD” may become
a research hotspot, well developed and hold the most
significant impact. The other clusters are called «influ-
ential factors on MD,” “diagnostic criteria for MD” and
«drug administration for MD.” Notably, two clusters
of «diagnostic criteria for MD» and «drug administra-
tion for MD» considered emerging or declining themes.
Also, the “influential factors on MD” cluster was a cen-
tral cluster but not developed. The results of the Sankey
diagram indicated that MD, endolymphatic hydrops, and
magnetic resonance imaging are the most frequent key-
words matching the authors’ publications. Furthermore,
it is worth noting that Naganawa. S, Sone M, and Strupp
M. used a significant number of diverse keywords when
compared to their counterparts, indicating broad domain
coverage and published in Acta Oto-Laryngologica and
Laryngoscope.

Suggestions for future research

Researchers can consider other bibliometric techniques
(i.e. author co-citation analysis, document co-citation
analysis, etc.) to survey the intellectual structure of the
research. Regarding nationality, affiliation, etc. the na-
ture of researchers can be examined and used to com-
plete the research results. Based on the thematic clusters
obtained from the co-word analysis, separate research
will be conducted to examine the knowledge structure
of each cluster.
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Appendix 1. Clusters resulting from co-word analysis

Cluster No. Main Subject Keywords Included

No. of Keywords of Clusters in Clusters (ST i)

Meniere’s disease, aldosterone, gene, allergy, glucose, head
injury, histology, aminoglycosides, amplitude modulation,

Influential L . : o L
factors on MD antflglotlc agent, antiemetic agent, antihistaminic agent,
1 349 (meniere’s anti-inflammatory agent, anxiety disorder, asthma, ataxia, 0.083110154 23.19825554
- audiology, auditory stimulation, autoantibody, autoimmune
disease) ) . .
disease, autopsy, balance disorder, basilar membrane,
homeostasis, chronic diseases
2 4 D|agnost|c crite- Contrqstephancement,d|agnost|cagent,dlagnostmmagmg, 164424181 4728835583
ria for MD gadodiamide
Quality of life, anti-bacterial agents, comorbidity,
Comorides  TBNen, computessed ooty | dieae
3 15 onthe severity o el drug emect, ache, ‘aby 4 9.520943642  7.781331539
sickness, otosclerosis, ototoxicity, prevalence, symptom,
of MD h . - .
vestibular evoked myogenic potentials, vestibulocochlear
nerve
Drug administration, oral drug administration, intravenous
drug administration, betahistine, gentamycin, drug delivery,
4 15 Drug administra- Piperazine, intravenous injection, antibiotics, therapeutics, 1421405665 2.168568725

tion intratympanic  administration, intratympanic  steroid
injection, drug therapy, intratympanic dexamethasone,
intratympanic gentamycin
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Criteria Response RI
Conceptualisation & scope
The scope is not too narrow for a bibliometric review (e.g. a small topic with less than 1000 papers). [IYes[[NO  eee
The scope is not too broad (e.g. the entire Engineering or Social Sciences). [1Yes[]No .
The scope represents a mature enough established topic and is not too young. [1Yes[]No oo
The scope represents a coherent field or topic representing a recognized research community. [1Yes[]No oo
Any previous bibliometric review on the topic has been identified, and differences have been explained. [1Yes[]No .
Search strategy formulation and data acquisition
The main text or supplementary material has provided full search query details. [IYes[INo  eee
All domains of search (e.g. title, abstract or keywords) have been specified. [IYes[INo  eee
It is clear whether the query was developed for basic or advanced search (for WoS-based queries). [1Yes[I[NO  eee
The database of search has been specified. [JYes[I[NO  eee
All restrictions on the search (e.g. year range, journal, language, article type, etc.) have been specified. [IYes[[NO  eee
The choice for any time restriction has been justified. [1Yes[]No .
The development process of the search query (e.g. terms) is well explained and justified or is self-evident. [1Yes[]No oo
The use of boolean operators (if any) is logical and well justified. [1Yes[INO  eee
The use of brackets (for complex queries) is logically correct throughout the query. [IYes[INo  eee
The reader/reviewer can readily replicate the search in the database and inspect the search results. [IYes[I[NO  eee
The time (month/year) of data export has been specified. [1Yes[]No oo
The exact size of the data has been specified. [JYes[INO  eee
Data have been supplied as supplementary material. [1Yes[]No 3
Data do not suffer from a systematic infiltration of false positives. [IYes[INo  eee
Data is comprehensive enough and does not systematically miss a big portion of the relevant literature. [1Yes[]No  eee
For complex/hybrid queries, measures taken to minimize false positives have been explained. [1Yes[]No oo
The time gap between data extraction and publication is not too long (i.e. data is not outdated). []1Yes[]No oo
Structural analysis (e.g. term co-occurrence analysis, bibliographic coupling analysis) (if any)
The paper makes use of innovative data segmentations to reveal interesting structural patterns. [1Yes[]No .
Scientometric maps are high-quality and high-resolution images. [1Yes[]No oo
When possible, a link to interactive online maps will be provided. [1Yes[]No oo
The source file(s) of each scientometric VOSViewer map have been provided as supplementary material. [1Yes[]No oo
The parameters of each map (e.g. min no. of occurrence or citation, binary vs full count) have been explained.  [] Yes [] No oo
In-depth discussions and interpretation of clusters have accompanied each map. [IYes[INo  eee
When node labels are essential, efforts have been made to maximize their legibility. [1Yes[]No oo
When labels are not essential for a map, the absence of node labels has been clearly explained and justified. [1Yes[]No .
If multiple structural maps are presented, possible cluster associations across maps are conveyed via colors. [1Yes[]No oo
Possible inconsistencies between the number of clusters of different structural maps are justified and explained. []Yes[]No .o
The key term maps are purified of prominent generic/uninterpretable terms (e.g. “year,” “paper”). [1Yes[]No oo
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Criteria Response RI

Small variations of important terms are not separately presented on the map (e.g. “autonomous vehicle” and “Av”).  []Yes[] No oo

Temporal analysis (e.g. document co-citation analysis) (if any)

The year range and number of look-back-years have been specified. [IYes[I[NO  eee

The key parameters of the clustering algorithm (e.g. “k” if using CiteSpace) have been specified. [IYes[[NO  eee

The map’s signature (or equivalent information) is fully provided. [IYes[INo  eee

A reader with expertise, given the data, would be able to replicate the temporal analysis. [IYes[I[NO  eee

The choice of cluster labels has been adequately explained. [1Yes[]No oo

Clusters are interpreted with adequate depth. [IYes[INo  eee
A dynamic year-by-year version of the map is provided (as supplementary material). [1Yes[]No .

A timeline view map is not interpreted as a benchmark of cluster activity. [1Yes[][NO  eee

The interpretations do not confuse cited references with citing articles or vice versa. [IYes[]NO  eee
Information underlying temporal maps is provided (either through supplementary material or Tables). [1Yes[]No oo

The reader has some level of access to the content of clusters beyond their mere visualization on the map. [IYes[INo  eee
Items of prominence are discovered via multiple metrics (e.g. citation, citation burst, centrality). [1Yes[]No .

Citations to different editions of books are combined. [1Yes[INo  eee

Based on the analysis, readers can gain certain levels of clarity about past and emerging trends in the field. [1Yes[]No oo
Temporal patterns have been quantified through secondary analysis of the outcome of document co-citation.  [] Yes[] No .

Authorship analysis (e.g. co-authorship network) (if any)

Variations of authors’ names have been merged into a single name. [IYes[INO  eee
The thesaurus file with the authors’ name variations has been provided as supplementary material. [1Yes[]No  eee
The criteria/parameters for generating the map (e.g. minimum No. citations/papers) are clearly explained. [IYes[INo  eee
It explains whether the unconnected part of the network has been excluded from the final map. [1Yes[]No oo
The measure of prominence on the map is clearly explained (e.g. No. of papers, total link strength, etc.). [IYes[INo  eee
The link to an interactive map is provided, especially if visualization of all node labels is impossible. [1Yes[]No oo
Link size variation has been maximized for small networks to convey salient co-authorships. [1Yes[]No .
The analysis unveils some interesting (co-)authorship patterns beyond mere author prominence. []1Yes[]No oo
Efforts have been made to identify rising stars of the field/topic in addition to established/prominent authors.  [] Yes[] No .

General presentation qualities

The output is not dominated by meta-data. [1Yes[]No oo

The manuscript is not filled with an unnecessary number of scientometric maps. [1Yes[]No oo

The paper has unveiled an interesting pattern/phenomenon that is not common knowledge to field experts. [1Yes[]No oo
The abstract and results sections are not filled with bibliometric jargon and present tangible findings. []1Yes[]No oo
Different analyses tell a consistent and non-contradictory narrative about the field. [1Yes[]No oo

In case of apparent inconsistencies between different analyses/maps, reasonable explanations were identified. [] Yes [] No .o

Note: RI: Relative importance (of the criterion); ¢ * *Signifies essential and non-compromisable attributes. Similarly, ® *and
respectively signify significant (but non-essential) and desired attributes.
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