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Abstract

This study is the first comprehensive bibliometric analysis about meningioma to date. The aim of this study is to identify the mg
influential publications in this field through citation and co-citation analysis, to examine international collaborations, to identify the
conceptual framework of the subject and emerging trending topics through keyword analysis, and to identify the most productive
countries, authors and journals. 9619 articles on meningioma published between 1980 and 2023 were downloaded from the Web
of Science (WoS) database and statistically analyzed. In this study, various bibliometric techniques were utilized, including trend
keyword analysis, thematic evolution analysis, factor analysis, conceptual structure analysis, citation and co-citation analyses.
Bibliometric network visualization maps were created to identify trend topics, citation analysis and cross-country collaborations.
The Exponential Smoothing estimator was used to predict article productivity in the coming years. The first 3 countries that
contributed the most to the literature were respectively; USA (2664, 27.7%), Japan (972, 10.1%), Germany (943, 9.8%). The
first three most productive journals were respectively; Journal of Neurosurgery (number of article = 496), World Neurosurgery
(899), Acta Neurochirurgica (378). The most productive author was Mcdermott MW (number of article = 88) and the most active
institution was the University of California System (number of article = 470). In addition to high-grade meningiomas, the most
studied topics from past to present have been magnetic resonance imaging, recurrence, radiation therapy, and skull base. As
a result of the analyses to determine trend topics, the subjects studied in recent years were diagnostic and imaging methods,
surgical and treatment methods, prognosis and survival, epidemiology and quality of life, and with the advancement of technology,
machine learning and prediction models. Scientific collaboration was seen primarily in articles from western countries, especially
the USA, European countries, and Canada. However, there was also a not insignificant effect in developing countries such as
China, India, and Turkey.

Abbreviations: C| = confidence interval, CNS = central nervous system, N = number of article, USA = United States of America,
WoS = Web of Science.

Keywords: bibliometric analysis, brain tumor, meningioma, skull base meningioma

The tendency to produce characteristic hyperostosis has been
clearly revealed in skulls which can be traced back to prehistoric
times. The importance of Harvey Cushing in meningioma is well
known, as in 1922 to prevent confusion over several names he
recommended the use of the currently used term “meningioma”
taking the tissue origin of the tumor into consideration.* Since
that time there has been a rapid increase in the literature related
to the term meningioma. With each passing year there is an
increase in both the number of scientists researching meningi-
oma and the number of articles which are required reading for
brain surgeons who frequently encounter meningioma in daily
practice.

1. Introduction

Meningiomas are the most common primary central nervous
system (CNS) tumors. As reported by histology, meningiomas
comprise 37.6% of all primary CNS tumors and 53.3% of all
benign CNS tumors.!"! In addition to being widespread, menin-
gioma is also a very special tumor for brain surgeons. It shows
that there can be complete recovery after removal of an inter-
cranial tumor and is historically important in respect of the
development of brain surgery techniques.? For centuries this
interesting tumor has been a subject of research in the fields
of surgery, anatomy, and pathology because of its character-
istic appearance and ability to reach an extremely large size.
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In recent years, bibliometric analyses used for the quan-
titative and qualitative evaluation of scientific literature have
proven to be highly beneficial for the advancement of science.
The need for bibliometric analyses is increasing parallelly with
the rising number of publications.>! Bibliometrics involves
the statistical analysis of scientific publications such as articles.
Bibliometric analyses are research methods that examine scien-
tific publications using numerical data, evaluating relationships
among authors, publication trends, citation patterns, frequency
of keyword usage, and the impact of scientific publications in
specific fields.”! These analyses are used to track the evolution of
scientific discoveries, understand developments in specific areas,
identify research trends, and comprehend changes in scientific
communication.® Citation analyses assess the extent to which
a paper is referenced by other studies, while keyword analy-
ses examine the frequency of specific terms and terminological
developments.”8! Factor analyses, on the other hand, are statis-
tical methods used to uncover hidden relationships and patterns
within multivariate datasets.””! These analyses play a crucial role
in determining research strategies, identifying gaps in the litera-
ture, and providing guidance for future studies.!*® Bibliometric
studies offer researchers time savings compared to literature
reviews by summarizing the literature and highlighting current
trends, thereby presenting new ideas to researchers."”)

In bibliometric analyses, predicting future publication counts
can be utilized to evaluate the academic performance of a
research group or a scientist. Additionally, forecasting future
publication counts can assist in managing research projects
from financial and timing perspectives. Therefore, accurately
predicting future publication counts can contribute to the effec-
tive management of research strategies and resources.l>”!

Bibliometric analyses play a significant role in understanding
the scientific literature, monitoring the progress of a field, and
identifying best practices in the field of medical science. They
can help understand trends in medical research, such as which
diseases or treatments receive more attention or which areas
are developing more (Monitoring Scientific Developments). By
indicating which treatment methods or approaches are under
more extensive investigation and identifying areas with greater
research gaps, bibliometric analyses can guide medical research
(Guidance in Disease and Treatment Fields). Bibliometric anal-
yses can be employed to determine which treatment methods
or disease management strategies are more evidence-based
(Identification of Best Practices). They can also help identify
which researchers have more influence in specific medical areas
or which fields they specialize in (Identification of Specialization
Areas).58

The aim of this study is to scan original articles published
since 1980 using bibliometric methods, and to identify the
most impactful publications in this field through citation and
co-citation analyses. It also aims to outline the conceptual
framework of the subject through keyword analyses, identify
emerging trend topics, assess the most influential journals, coun-
tries, and authors in terms of global productivity, and investi-
gate international collaborations.

2. Methods
2.1. Research strategy

The screening of literature was conducted using the Web of
Science Core Collection (WoS by Clarivate Analytics) database.
The search period was defined as 1980-2023. Initially, all stud-
ies containing the word meningioma were accessed (access date:
June 19, 2024). In our search strategy, we used “meningioma*.”
By using the * symbol during the search, we included all stud-
ies with titles encompassing “meningioma” (such as: “meningi-
oma,” “meningiomas,” “meningiomatosis,” “meningiomatous,”
and “meningiomal”). To be able to reach similar studies (results
can show a small amount of difference according to different
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access dates), the screening codes used by the researchers were:
(Title: meningioma* and Exclude: Veterinary Sciences and
Zoology (Timespan = (1980-2023))).

2.2. Statistical analysis

In this study, various bibliometric techniques were utilized,
including trend keyword analysis, thematic evolution anal-
ysis, factor analysis, conceptual structure analysis, citation
and co-citation analyses. Bibliometric analyses were per-
formed using the biblioshiny interface within the bibliome-
trix library (http://www.bibliometrix.org/), an R Studio tool
for science mapping, and VOSviewer (Version 1.6.18; Leiden
University’s Centre for Science and Technology Studies,
Leiden, the Netherlands), an open-access bibliometric soft-
ware.!%1 Both the Bibliometrix and VOSviewer software
packages are widely used in academic literature to visualize
and construct bibliometric networks, each offering unique
advantages compared to the other.

Detailed Application Steps for the Analyses: Firstly, data
was downloaded from the Web of Science Core Collection
(WoSCC) in plain text format. This data included information
such as authors, titles, abstracts, keywords, publication dates,
and citation counts, which are essential for bibliometric analy-
ses. Then, the Bibliometrix library was loaded in R Studio, and
the biblioshiny interface was launched. The downloaded data
was uploaded into the interface. Once the data was loaded,
various analyses were performed using appropriate commands,
including trend keyword analysis to determine the frequency of
keyword usage over time and identify trending topics, thematic
evolution analysis to examine the evolution of specific themes
over time, factor analysis to explore relationships among biblio-
metric data through principal component analysis, conceptual
structure analysis to reveal the conceptual relationships and net-
work structure among scientific publications, citation analysis
to identify the most influential publications and authors based
on the number of citations received, and co-citation analysis to
analyze works that are frequently cited together to determine
the structure and relationships within scientific communities.

Additionally, the downloaded plain text file was uploaded
to VOSviewer, where bibliometric analyses were conducted. A
keyword burst analysis visualization map was created using the
VOSviewer software. The keyword burst analysis visualization
map was created using VOSviewer software. In the keyword
burst analysis visualization map, the keywords highlighted in
red represent topics that have gained attention, become pop-
ular, and rapidly increased in recent literature or the analyzed
articles. These keywords may signify current trends or emerg-
ing subjects in the relevant field. Keywords shown in green and
yellow, while still important, have not experienced as rapid an
increase as those in red. Keywords highlighted in blue are less
frequently used or were popular in earlier periods. Keywords
displayed in larger font sizes are more frequently used or deemed
more significant in the analyzed articles, often representing focal
points or main themes of the study. The color proximity of a
keyword to red indicates its level of association with other key-
words and the strength of these associations. This signifies the
keyword’s significant relationships with other keywords and its
importance in the field. Hot zones in specific areas of the map,
characterized by dense clusters of neighboring keywords with
high weights, highlight the main themes and focal points within
this field.®!

Statistical analyses were performed using SPSS version 22.0
software (IBM Corporation, Chicago). Conformity of the data
to normal distribution was assessed with the Kolmogorov—
Smirnov test. After examination of the number of articles in pre-
vious years, Exponential Smoothing (taking seasonal correction
into account) was used in the Microsoft Office Excel program
to predict the number of articles which may be published in the
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Figure 1. A line chart showing the distribution per year of the number of articles on the subject of meningioma and the number of articles expected to be

published in the next 5 years.

future. A value of P < .05 was accepted as the level of statistical
significance.

This article does not include any studies with human partic-
ipants or animals by any of the authors. Therefore, ethics com-
mittee approval is not required.

3. Results

As a result of the literature scan, a total of 16,447 publica-
tions indexed in the WoS database were found to have been
published on the subject of meningioma between 1980 and
2023. After the exclusion of 253 publications in the field of
Veterinary Sciences and Zoology, a total of 16,194 publications
were obtained (16,447-253 =16,194), of which 9619 were
categorized as article. Distribution of 16,194 publications on
meningioma; Article (9619, 59.4%), Meeting Abstracts (2806,
17.3%), Editorial Materials (1373, 8.5%), Review Articles
(1035, 6.4%), Letters (800, 4.9%), Proceedings Papers (428,
2.6%), and the rest were in other publication types (Note,
Correction, Book Chapters, Early Access, News Item, Retracted
Publication, Retraction, Correction, Addition, Discussion,
Book, Reprint, Biographical-Item, Book Review, Data Paper).
Bibliometric analyzes were carried out with 9619 articles from
a total of 16,194 publications in the Article publication cate-
gory. The language of publication was English in 9148 (95.1%)
of these articles and the remainder were published in other
languages. (French: 144, Spanish: 93, German: 87, Japanese:
57, Russian: 25, Portuguese: 22, Czech: 13, Turkish: 7, Italian:
6, Korean: 6, Polish: 4, Ukrainian: 3, Chinese: 2, Croatian: 1,
Serbo Croatian: 1). Almost all of these articles were scanned
in the SCI-Expanded (n = 8648, 89.9%) and Emerging Sources
Citation Index (n = 886, 9.2%) indexes. (The remaining stud-
ies Conference Proceedings Citation Index — Science, Social
Sciences Citation Index, Book Citation Index Science, Arts
& Humanities Citation Index, and Conference Proceedings
Citation Index - Social Science & Humanities was also
scanned).

3.1. Development and future distribution of publications on
meningioma from past to present

The distribution per year of the number of articles on the
subject of meningioma is shown in Figure 1. The Exponential
Smoothing prediction model was used to predict the number
of articles which may be published in the next 5-year period of
2024 to 2028, and the prediction values obtained are shown
in Figure 1. As 2024 had not been completed, this year was
included in the prediction model. According to the prediction
model results, 523 (95% CI: 459-587) articles would be pub-
lished in 2024, and 568 (95% CI: 413-723) in 2028 (Fig. 1).

3.2. The most productive countries and active research
areas on the topic of meningioma

World color density map illustrating the distribution of arti-
cle counts by country, and an international collaboration map
are depicted in Figure 2. The top 20 countries that contribute
the most to the literature about Meningioma (more than 100
published articles) were respectively USA (2664, 27.7%), Japan
(972, 10.1%), Germany (943, 9.8%), China (880, 9.1%), Italy
(600, 6.2%), United Kingdom (484, 5%), France (468, 4.9%),
India (401, 4.2%), Turkey (305, 3.2%), Canada (298, 3.1%),
South Korea (293, 3%), Spain (271, 2.8%), Switzerland (214,
2.2%), Netherlands (177, 1.8%), Brazil (165, 1.7%), Taiwan
(162, 1.7%), Australia (143, 1.5%), Sweden (140, 1.5%),
Austria (119, 1.2%), Israel (110, 1.1%).

The top 10 research areas in which articles on meningi-
oma are most frequently tagged are Neurosciences Neurology
(n=5577, 57.9%), Surgery (n=3729, 38.7%), Oncology
(n=1742, 18.1%), Radiology Nuclear Medicine Medical
Imaging (n = 969, 10%), Pathology (n = 829, 8.6%), General
Internal Medicine (n =526, 5.4%), Ophthalmology (n =235,
2.4%), Otorhinolaryngology (n=218, 2.2%), Research
Experimental Medicine (n=215, 2.2%), and Pediatrics
(n = 160, 1.6%).
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3.3. The most active authors on the topic of meningioma of article = 88), Perry A (N =69), Lunsford LD (N =57),
Mawrin C (N = 56), Sahm F (N =49), Samii M (N = 48),
Kondziolka D (N = 45), Tatagiba M (N = 45), Von Deimling
A (44), Wang L (N = 44), Wu Z (N = 44), Zhang JT (N = 44),
Nakamura M (N =43), Gong Y (N =42), Kalamarides M
(N =42), Zadeh G (N =42), Dunn IF (N =41), Black PM

The list of the top 30 most active authors on the subject
of meningioma was provided in Table 1. The most pro-
lific authors, who have published 40 and more articles
about meningioma respectively Mcdermott MW (number

Country Collaboration Map

Longitude

Latitude

Figure 2. World color density map illustrating the distribution of article counts by country, and an international collaboration map. This map considers the
nationality of all authors contributing to an article. The higher the number of articles a country contributes, the higher the color intensity.

The list of the top 30 most active authors and institutions on the subject of meningioma.

No Author RC Institution RC
1 Mcdermott MW 88 University of California System 470
2 Perry A 69 Harvard University 323
3 Lunsford LD 57 Harvard Medical School 229
4 Mawrin C 56 Massachusetts General Hospital in Boston 156
5 Sahm F 49 Mayo Clinic 151
6 Samii M 48 Commonwealth of Pennsylvania System of Higher Education (PCSHE) 147
7 Kondziolka D 45 Brigham Women'’s Hospital 145
8 Tatagiba M 45 Assistance Publique Hopitaux Paris (APHP) 144
9 Von Deimling A 44 Helmholtz Association 144

10 Wang L 44 Capital Medical University 142

11 Wu Z 44 University System of Ohio 134

12 Zhang JT 44 Ruprecht Karls University Heidelberg University 133

13 Nakamura M 43 University of Pittsburgh 130

14 Gong Y 42 University of Toronto 129

15 Kalamarides M 42 German Cancer Research Center (DKFZ) 126

16 Zadeh G 42 University of Texas System 120

17 Dunn IF 41 Institut National De La Sante Et De La Recherche Medicale Inserm 115

18 Black PM 40 Eberhard Karls University of Tubingen 112

19 Magill ST 40 Cleveland Clinic Foundation 110

20 Couldwell WT 39 Fudan University 104

21 Sheehan JP 38 University of London 103

22 Zhang J 38 Universite Paris Cite 99

23 Al-mefty O 37 Johns Hopkins University 95

24 Debus J 37 Egyptian Knowledge Bank (EKB) 91

25 Kim JH 37 Karolinska Institutet 89

26 Jenkinson MD 36 University of Virginia 87

27 Flickinger JC 35 Sapienza University Rome 84

28 Lee JH 35 University of Utah 80

29 Stummer W 35 Utah System of Higher Education 80

30 Yoshida K 35 University Health Network Toronto 78
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(N = 40), and Magill ST (N = 40) it was determined as. The
authors with the highest local impact were Perry A (h_index:
40; Total Citation (TC): 5401), Mcdermott MW (h_index:
35; TC: 3210), Samii M (h_index: 29; TC: 2870), and Black
PM (h_index: 29; TC: 2492).

3.4. The most active institutions on meningioma

The list of the top 30 most active institutions on the subject
of meningioma was provided in Table 1. Meningioma at least
100 or more published articles about the most active institu-
tions which respectively; the University of California System
(number of article = 470), Harvard University (N =323),
Harvard Medical School (N =229), Massachusetts General
Hospital in Boston (N =156), Mayo Clinic (N=151),
Commonwealth of Pennsylvania System of Higher Education
(PCSHE) (N =147), Brigham Women’s Hospital (N = 145),
Assistance Publique-Hopitaux Paris (APHP) (N = 144),
Helmholtz Association (N = 144), Capital Medical University
(N = 142), University System of Ohio (N = 134), Ruprecht
Karls University Heidelberg University (N = 133), University
of Pittsburgh (N =130), University of Toronto (N = 129),
German Cancer Research Center (DKFZ) (N =126),
University of Texas System (N = 120), Institut National De
La Sante Et De La Recherche Medicale Inserm (N =115),
Eberhard Karls Universitit Tubingen University (N =112),
Cleveland Clinic Foundation (N =110), Fudan University
(N = 104), and University of London (N = 103) it was deter-
mined as.

3.5. The most active journals on the topic of meningioma

The total 9619 articles on the subject of meningioma were
published in 1310 different journals. The 85 most active
journals publishing 20 or more articles are shown in Table 2.
The total citations obtained by the journals and the number
of citations per article are shown in Table 2. It was deter-
mined that the journals that contributed the most to the lit-
erature on meningioma were Journal of Neurosurgery, World
Neurosurgery, Acta Neurochirurgica, Journal of Neuro-
Oncology, Neurosurgery, Journal of Clinical Neuroscience,
Surgical Neurology, respectively. According to the average
number of citations received per article published by active
journals, the most influential journals were Cancer Research
(The average number of citations the journal receives per
article = 79.1), International Journal of Radiation Oncology
Biology Physics (69), American Journal of Surgical Pathology
(68.8), Journal of Neurology Neurosurgery and Psychiatry
(68.3), Cancer (64.1), Neurosurgery (58.7), and Journal of
Neurosurgery (54.3), respectively. The most influential jour-
nals publishing articles on meningioma, based on h-index (25
and above) and total citations (over 2000), were Journal of
Neurosurgery (h_indeksi: 90; Total Citation (TC): 26956),
Neurosurgery (h_indeksi: 85; TC: 21089), Journal of Neuro-
Oncology (h_indeksi: 51; TC: 9470), Acta Neurochirurgica
(h_indeksi: 49; TC: 8468), Surgical Neurology (h_indeksi:
47; TC: 7769), International Journal of Radiation Oncology
Biology Physics (h_indeksi: 45; TC: 5244), Neuro-Oncology
(h_indeksi: 45; TC: 4830), Cancer (h_indeksi: 43; TC:
4741), American Journal of Neuroradiology (h_indeksi: 34;
TC: 3629), World Neurosurgery (h_indeksi: 33; TC: 5110),
Journal of Clinical Neuroscience (h_indeksi: 32; TC: 3239),
Neurosurgical Focus (h_indeksi: 32; TC: 2686), American
Journal of Surgical Pathology (h_indeksi: 29; TC: 2888),
Neuroradiology (h_indeksi: 28; TC: 2216), British Journal
of Neurosurgery (h_indeksi: 27, TC: 2231), Cancer Research
(h_indeksi: 27, TC: 2530), and Acta Neuropathologica (h_
indeksi: 25; TC: 2147), respectively.
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3.6. Citation analysis on the topic of meningioma

From the total of 9619 articles on the subject of meningioma, the
20 articles that received the most citations are listed in Table 3.
The mean number of citations per year received by these articles
is shown in the last column of Table 3.

When the total number of citations obtained by the articles was
evaluated, the study with the most citations was determined to
be the study entitled “Meningioma — Analysis of Recurrence and
Progression Following Neurosurgical Resection” by Mirimanoff
et al (1985) published in the Journal of Neurosurgery.'!! This
was followed by “Genomic Analysis of Non-NF2 Meningiomas
Reveals Mutations in TRAF7, KLF4, AKT1, and SMO”
by Clark et al (2013) published in Science,'” and “DNA
methylation-based classification and grading system for meningi-
oma: a multicentre, retrospective analysis” by Sahm et al (2017)
published in Lancet Oncology.!"3! The fourth and fifth most effec-
tive studies were “Meningioma grading - An analysis of histo-
logic parameters” by Perry et al (1997) published in the American
Journal of Surgical Pathology!'*! and “Postoperative irradiation
for subtotally resected meningiomas - a retrospective analysis
of 140 patients treated from 1967 to 1990” by Goldsmith et al
(1994) published in the Journal of Neurosurgery.™*”!

When the mean number of citations obtained per year were
examined the most effective study by Sahm et al (2017) pub-
lished in Lancet Oncology,!®! followed by a study was “EANO
guideline on the diagnosis and management of meningiomas”
by Goldbrunner et al (2021) published in Neuro-Oncology.!'®!
The third most effective study by Clark et al (2013) published
in Science.'” The fourth and fifth most effective studies were
“A clinically applicable integrative molecular classification of
meningiomas” by Nassiri et al (2021) published in the Nature,!!”!
and “Genomic sequencing of meningiomas identifies oncogenic
SMO and AKT1 mutations” by Brastianos et al (2013) pub-
lished in Nature Genetics.!'®!

3.7. Co-citation analysis on the topic of meningioma

There were a total of 88,320 studies cited in the references
section of all 9619 articles published on meningioma. Among
these studies, the first 19 studies with more than 250 citations
(with the most co-citations) were respectively Simpson (1957)
(co- citation; CC =1296), Louis et al (2016) (CC =634),
Mirimanoff et al (1985) (CC =587), Wiemels et al (2010)
(CC =469), Louis et al (2007) (CC = 383), Perry et al (1997)
(CC =370), Goldbrunner et al (2016) (CC = 364), Perry et al
(1999) (CC = 349), Goldsmith et al (1994) (CC = 348), Adegbite
et al (1983) (CC = 328), Whittle et al (2004) (CC = 310), Clark
et al (2013) (CC=308), Jaaskelainen (1986) (CC =303),
Jaaskelainen et al (1986) (CC=282), Riemenschneider
(2006) (CC=268), Rogers (2015) (CC=266), Ostrom et
al (2015), Claus et al (2005) (CC =262), Aghi et al (2009)
(CC - 252).[11,12,14,15,19—32|

The results of the RPYS analysis conducted to identify the
years in which significant results were published are presented
in Figure 3.

3.8. Analyzing conceptual structures through trend topics,
word clouds, factor analysis, and thematic evolution

A total of 10,682 different keywords were used in the 9619
articles published on the subject of meningioma. The 50 dis-
tinct author keywords most frequently used in articles from
past to present (with at least 59 co-occurrences) were pre-
sented in Figure 4A. The search keyword “meningioma” was
not included in Figure 4A. Additionally, synonymous terms
such as recurrence/recurrent, malignant meningioma/malig-
nant meningiomas, magnetic resonance image/MRI were
consolidated.
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Figure 3. A line graph presenting the results from the Reference Publication Year Spectroscopy (RPYS) analysis. In this figure, the black line represents the
number of references cited each year. The red line shows the deviation of the annual citation count from the expected value. Years in which the red line peaks
indicate years with higher-than-expected citations. In this graph, between 1900 and 1980, significant peaks are observed in 1938, 1957, 1975 and 1980. In
the following years, a rapid increase in interest in the subject was observed, with significant peaks in 1986, 1994, 2000, 2005, 2007, and 2016. 2007 has been
identified as the year with the highest academic interest in the subject.
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Figure 4. A. A graphic depicting the distribution of the top 50 keywords most commonly used in articles on meningioma from the past to the present. B.
Visualization of a word cloud analysis featuring the 100 most frequently used keywords by authors in articles. This figure illustrates the frequency and importance
of the keywords used by the authors in two different ways. In part A (left), the most frequently used keywords and their respective counts are shown. “Magnetic
resonance image” (465 times), “recurrence” (374 times), “radiation therapy” (314 times), “skull base” (309 times), “brain tumor” (286 times), “atypical meningi-
oma” (277 times), “radiosurgery” (259 times), “surgery” (258 times), “immunohistochemical” (223 times), and “prognosis” (195 times) are the most frequently
used terms. In part B (right), a word cloud visually represents the frequency of the keywords. Larger and bolder words represent terms that are used more
frequently in the related literature. “Magnetic resonance image,” “recurrence,” “radiation therapy,” “skull base,” “brain tumor,” “atypical meningioma,” “radiosur-
gery,” “surgery,” “immunohistochemical,” and “prognosis” are the most frequently used terms. These graphs help quickly understand the focus areas of the
study and the significance of the keywords in the literature.

The WordCloud visualization obtained using the authors  the 100 most frequently used author keywords, it is observed
Keyword in the Biblioshiny application is presented in  that the topic of meningioma primarily revolves around con-
Figure 4B. Upon examining the WordCloud analysis based on  cepts such as magnetic resonance image, recurrence, radiation
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therapy, skull base, brain tumor, atypical meningioma, radio-
surgery, surgery, immunohistochemical, prognosis, stereotactic
radiosurgery, outcome, oncology, gamma knife, and neurofi-
bromatosis type 2.

The keyword burst analysis visualization map, which shows
the usage of keywords used in at least 5 different articles with
the VOSviewer, is presented in Figure SA. The close-up detailed
view of the Hot zone on the visualization map is presented in
Figure 5B. Keywords with the most intense connections and
located in hotter spots included magnetic resonance image,
recurrence, skull base, radiation therapy, atypical meningioma,
surgery, stereotactic radiosurgery, brain tumor, prognosis, out-
come, oncology, gamma knife, and radiosurgery. These key-
words indicate important topics in the research field and strong
relationships among these topics.

Trend analysis using author keywords in two different time
periods was conducted in the Biblioshiny application, requir-
ing a minimum of 4 co-occurrences across different articles.
The findings of keyword analysis for the periods 1980 to 2012
are presented in Figure 6, and for the period 2013 to 2023
in Figure 7. To identify trending topics, the keyword analysis
conducted in these 2 time periods revealed that before 2000,
topics such as brain, neoplasms, meninges, cell kinetics, bro-
modeoxyuridine, human meningioma, tissue culture, immu-
nocytochemistry, platelet-derived growth factor, proliferating
cell nuclear antigen, growth factor, cell culture, image analy-
sis, epidermal growth factor, gadolinium, operative approach,
flow cytometry, steroid, and ectopic were prominent. From
2000 to 2012, trends included angiography, malignant tumor,
carcinoembryonic antigen, childhood, electron microscopy,
ultrastructure, tentorium, receptor, cerebral angiography,
meninges, rhabdoid tumor, dal-1, clivus, chromosome, osteol-
ysis, brain neoplasm, fish (floresan in situ hibridizasyon), cyst,
multiple meningioma, proliferation, angiogenesis, mib1, pitu-
itary adenoma, skull, computed tomography, cavernous sinus,
progesterone receptor, immunohistochemical, ki67, emboli-
zation, clear cell meningioma, chordoid meningioma, child,
surgical approach, glioma, brain, brain tumor, metastases,
intraventricular meningioma. From 2013 to 2018, trending
topics included malignant meningioma, intracranial meningi-
oma, cerebellopontine angle, radiation therapy, radiosurgery,
schwannoma, magnetic resonance image, microsurgery, fora-
men magnum, recurrence, skull base, surgery, atypical menin-
gioma, outcome, spinal meningioma, oncology, endoscope,
survival. In the last 5 years, trend topics comprised endoscopic
endonasal, quality of life, PET, neurosurgery, progression free

www.md-journal.com

survival, WHO grade, case report, machine learning, gross
total resection, radiomics, asymptomatic, immunotherapy,
and prediction model.

Factor analysis was conducted to determine the conceptual
structure of the topic of meningioma using author keywords.
The factor analysis visualization performed using Multiple
Correspondence Analysis and the prevalent topics within each
factor are shown in Figure 8. According to the findings of the
factor analysis, the general structure of the meningioma litera-
ture was found to consist of four sub-factors: red, purple, green,
and turquoise.

Thematic evolution analysis was conducted using author
keywords to determine the conceptual structure of the topic
of meningioma. The analysis was performed for two distinct
periods: 1980 to 2013 and the last 10 years (2014-2023).
Thematic maps obtained for the periods 1980 to 2013 and the
last decade are shown in Figures 9 and 10, respectively. Upon
examining the thematic maps for the two separate periods, it
was found that from the past to 2013, niche themes included
parasagittal meningioma, superior sagittal sinus, progesterone,
tuberculum sellae meningioma, tuberculum sellae, visual out-
come, and endoscope; motor themes encompassed brain tumor,
recurrence, immunohistochemical, and atypical meningioma;
and core themes consisted of radiation therapy, radiosurgery,
skull base, surgery, ki67, mib 1, progesterone receptor, angio-
genesis, magnetic resonance image, computed tomography,
embolization, and brain edema. In the last decade, niche themes
included progesterone, immunotherapy, and target therapy;
motor themes comprised magnetic resonance image, computed
tomography, radiomics, and PET; and core themes involved
recurrence, atypical meningioma, radiation therapy, surgery,
neurofibromatosis type 2, immunohistochemical, malignant
meningioma, anaplastic meningioma, radiosurgery, gamma
knife, and microsurgery.

4. Discussion

When the distribution over the years was examined of the 9619
articles published on the subject of meningioma, there were seen
to be 3 different publication trends in the years 1980 to 1995,
1996 to 2006, and 2007 to 2023. Mean 89 (range, 59-121)
articles per year were published between 1980 and 1995, and
178 (range, 146-206) between 1996 and 2006. The trend for
an increase in the number of articles started in 2007, and mean
367 (range, 216-578) articles per year were published between

Figure 5. A. Visualization of keyword burst analysis. The color spectrum ranges from blue to green and yellow. The more keywords there are in the vicinity of a
keyword, and the higher the weights of these neighboring keywords, the closer the keyword’s color will be to red. Keyword weights increase in green, yellow,
and red hues. B. Close-up detailed view of the Hot zone on the visualization map. This figure depicts the density map of keywords. Part A (left) presents a density
map showing where specific keywords are more intensively used and which topics are more extensively studied. The color red represents the highest density,
while blue represents the lowest. Part B (right) presents the same density map in a more detailed word cloud format. The density of keywords is indicated by
the size and color of the words. In both maps, keywords such as “magnetic resonance image,” “recurrence,” and “radiation therapy” stand out as the most
intensively used terms. These graphics help visually understand the most frequently used keywords in the literature and their density.
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Figure 6. A graphic depicting the most frequently used trend keywords between 1980 and 2012. This graph shows the trend keywords for the period between
1980 and 2012. The lines and blue circles in the graph represent the years certain keywords were used and their frequency. Lines: For each keyword, the lines
indicate the years during which the keyword was widely used. Blue Circles: Each blue circle indicates how frequently a keyword was used within a specific year.
The size of each circle corresponds to the frequency of the keyword’s usage in that year, with larger circles indicating more frequent usage. For example, trend
topics between 2011 and 2012 included brain tumor, metastases, intraventricular meningioma, surgical approach, glioma, and brain.
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Figure 7. A graphic depicting the most frequently used trend keywords between 2013 to 2023. The horizontal lines denote the years when keywords were
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frequency of the keyword’s usage in that year, with larger circles indicating more frequent usage. For example, trend topics in the last 5 years include endoscopic
endonasal procedures, quality of life assessments, PET scans, neurosurgery, progression-free survival rates, WHO grading, case reports, machine learning
applications, gross total resection surgeries, radiomics, asymptomatic conditions, immunotherapy advancements, and prediction models.

2007 and 2023. When the results were examined for the pre-  to impact publications on meningioma, we can state that there
dicted number of articles in the next 5 years (2024-2028),itcan  hasn’t been such an effect.
be said that the trend for an increasing number of articles will When the number of published articles of countries around

continue. Furthermore, from Figure 1, we observe that articles  the world were evaluated, the 16 most active countries con-
related to meningioma continue to show an increasing trend  tributing the most to the literature about meningioma were
even after 2019. While the COVID-19 pandemic was expected  seen to be developed countries (USA, Japan, Germany, Italy,

10
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United Kingdom, France, Canada, South Korea, Spain,
Switzerland, Netherlands, Taiwan, Australia, Sweden, Austria,
Israel), and another 4 countries (China, India, Turkey, Brazil)
were developing countries. These developing countries of
China, India, Turkey, and Brazil, are countries with large
economies. The majority of bibliometric studies in literature
have reported that the level of development of a country has
a positive effect on academic productivity and international
cooperation power.*” The correlation findings we discovered
in meningioma article productivity and international collab-
oration parallel the literature. However, besides the economic
development of countries associated with article productivity,
it should be noted that various factors affecting scientific pro-
ductivity include research infrastructure (such as the number
of universities and advanced laboratories), investment and
funding (provision of funds for publication fees, support for
international scientific collaboration, etc.), education and tal-
ent (strategies for cultivating qualified human resources for
scientific research), scientific publishing services, incentive
and reward systems.333* It is important to acknowledge that
many of these factors are directly linked to the developmental
levels of countries.

Evaluating the bibliometric analysis findings where we iden-
tified more productive and impactful journals in the field of
meningioma, researchers interested in working on this subject
could be advised to primarily consider the more productive
journals. However, if researchers aim for greater post-publication
impact, we can suggest they prioritize effective journals with
higher citation rates.

In this study, the most impactful studies were identified
using citation analysis based on the total number of citations,
the average number of citations per year and the number of

11

co-citations. Citation analysis measures the scientific impact of a
study by assessing how much a study is cited. Co-citation analy-
sis determines the relationship between two different studies by
examining how often they are cited together by the same article.
The average number of citations per year offsets the advantage
of older studies having more time to be cited.>! We recommend
that researchers who wish to study in this field first examine
these studies identified by citation and co-citation analyses. In
this way, they can better understand both the impact of individ-
ual studies and the links between studies.

Reference Publication Year Spectroscopy (RPYS) analysis is
used to determine the temporal development of a topic or field
by utilizing citation analyses, offering insights into the historical
progression and periodic trends of the subject.”! According to
the RPYS analysis findings conducted on the historical develop-
ment of the topic of meningioma, the first notable peak occurred
in 1938. Following this peak, a second peak was observed in
1957. In subsequent years, the interest in the topic showed a
rapid upward trend, with significant peaks occurring in 1975,
1980, 1986, 1994, 2000, 2005, 2007, and 2016. It was deter-
mined that the year 2007 marked the highest level of academic
interest in the subject. These peak periods are likely associated
with major developments or significant discoveries in the field
of meningioma.

When the most frequently used keywords from past to
present are evaluated, it is observed that research has pri-
marily focused on imaging and diagnostic methods (magnetic
resonance image; computed tomography; immunohistochem-
ical; mib1; ki67), treatment and surgical techniques (radia-
tion therapy; radiosurgery; stereotactic radiosurgery; gamma
knife; gamma knife radiosurgery; microsurgery; surgical
approach; skull base surgery; embolization; craniotomy),
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Figure 9. Thematic evolution maps for the periods 1980-2013.

Types of diseases and related tumors (atypical meningioma;
malignant meningioma; neurofibromatosis type 2; intra-
cranial meningioma; spinal meningioma; brain neoplasm;
anaplastic meningioma; clear cell meningioma; optic nerve
sheath meningioma; chordoid meningioma; schwannoma),
brain and skull structures (skull base; brain tumor; cavernous
sinus; intracranial; cerebellopontine angle; foramen magnum;
tuberculum sellae meningioma; petroclival meningioma),
clinical conditions and complications (metastases; tumor;
complication), and pathological and physiological processes
(recurrence; prognosis; outcome; oncology; survival; atypi-
cal; progesterone receptor; radiation). The studies encompass
a broad research area aimed at understanding complications
associated with meningioma, treatment options, and the
molecular foundations of the disease. These findings under-
score the broad scope of meningioma research, reflecting a
comprehensive analysis of its multifaceted nature and diverse
treatment approaches. This body of knowledge not only sets
a solid foundation for future investigations but also paves
the way for innovative advancements in understanding and
treating meningioma.

Analyzing the keyword analysis conducted for different
time periods to determine trend topics, in the early periods
(before 2000), key areas included disease and diagnostic meth-
ods (brain neoplasms; meninges; human meningioma), cellu-
lar and molecular research (cell kinetics; bromodeoxyuridine;
tissue culture; immunocytochemistry; platelet-derived growth
factor; proliferating cell nuclear antigen; growth factor; epider-
mal growth factor), research methods and techniques (image
analysis; flow cytometry; gadolinium), and treatment and sur-
gical approaches (operative approach; steroid; ectopic). From
2000 to 2018, the focus shifted towards imaging and diagnos-
tic methods (angiography; cerebral angiography; computed
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tomography; electron microscopy; ultrastructure; fluorescence
in situ hybridization (FISH); magnetic resonance image), dis-
eases and classifications (malignant tumor; childhood; rhab-
doid tumor; pituitary adenoma; glioma; brain neoplasm;
multiple meningioma; intraventricular meningioma; clear cell
meningioma; chordoid meningioma; metastases; malignant
meningioma; intracranial meningioma; cerebellopontine angle;
schwannoma; spinal meningioma), molecular and genetic
research (carcinoembryonic antigen; dal-1; chromosome; mib1;
progesterone receptor; immunohistochemical; ki67), surgical
and treatment approaches (embolization; surgical approach;
radiation therapy; radiosurgery; microsurgery; surgery), and
anatomical and structural studies (tentorium; clivus; skull; cav-
ernous sinus; skull base; foramen magnum; spinal meningioma;
cerebellopontine angle).

Over the last 5 years, the emphasis has been on surgical and
treatment methods (endoscopic endonasal; neurosurgery; gross
total resection; immunotherapy), diagnostic methods and imag-
ing (PET; radiomics), prognosis and survival (progression free
survival; WHO grade, asymptomatic), epidemiology and quality
of life (quality of life), and the advancement of technology with
machine learning and prediction models. Trend analyses show
how the scientific focus of meningioma research has changed
over time.

The findings of thematic evolution analysis are crucial as they
show the basic, emerging or declining, niche, and motor themes
for different time periods. Researchers can see in detail the rising
and falling topics of each period from the visuals. In the last
decade, it can be said that niche and motor themes have par-
ticularly focused on treatment options and imaging techniques.

In the literature, numerous bibliometric studies have been
conducted on other tumors as well. In a recently published arti-
cle, Alcantara et al (2023) identified the global trends of articles
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findings, it is important to consider motor themes, which represent the primary and prominent themes in a research field, often reflecting widely studied topics
across numerous studies. In contrast, niche themes typically signify narrower or more specialized subjects focused on specific areas of interest, often repre-

senting new and emerging research topics compared to motor themes.

about medulloblastoma and discussed the anticipated research
topics for medulloblastoma in the coming years.*! Another
bibliometric study conducted by Zhang et al (2022) on brain
tumors highlighted global trends in glioma radiotherapy and
contributed to the literature search for researchers investigating
glioma radiotherapy.?*!

When the results obtained from the literature were examined,
it was concluded that there was no comprehensive bibliomet-
ric study on the subject of meningioma. In November 2016,
Almutairi et al (2017) conducted a title-specific search of the
Scopus database to determine articles related to meningioma
with a high number of citations, and identified the top 100 stud-
ies with the most citations.*”! The results obtained in the study
by Almutairi et al (2017) were similar to those of the current
study. By focusing on all aspects of meningioma, the current
study is the first comprehensive bibliometric study on this sub-
ject. Therefore, this study can be considered to show superior
aspects to other bibliometric studies. Other superior aspects of
the current study can be said to be that in addition to citation
and co-citation analyses, global productivity, and trend research
topics were also examined. Of the WoS, PubMed, and Scopus
databases, only the WoS database was used in the literature
search of this study.

The reason for this was that the PubMed database is not
preferred in bibliometric analyses as citation analyses cannot
be performed using this database, and the effect level of the
Scopus database is low for some indexed journals. That only
the WoS database was used could be said to be a limitation of
this study.’”! However, the most important reason for select-
ing the WoS database, which has been widely used in other
bibliometric studies in literature, was that compared to other
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databases, it indexes articles published in journals with higher
impact levels (journals scanned in SCI-Expanded and E-SCI
indexes).’73% Another limitation of our study is the exclusion
of analyses for the year 2024. This is because the year 2024 is
not yet complete. As mentioned in some studies in the litera-
ture, it is not recommended to include an incomplete year in
bibliometric analyses. Therefore, we included up to the year
2023 in our analyses.

5. Conclusion

In this bibliometric analysis, a summary is presented of the anal-
yses of 9619 articles published on the subject of meningioma
between 1980 and 2023. The scientific productivity on the sub-
ject of meningioma showed a chronological increase over the
years. In addition to high-grade meningiomas, the most studied
topics from past to present have been magnetic resonance imag-
ing, recurrence, radiation therapy, and skull base. As a result
of the analyses to determine trend topics, the subjects studied
in recent years were diagnostic and imaging methods, surgical
and treatment methods, prognosis and survival, epidemiology
and quality of life, and with the advancement of technology,
machine learning and prediction models. Scientific collabo-
ration was seen primarily in articles from western countries,
especially the USA, European countries, and Canada. However,
there was also a not insignificant effect in developing countries
such as China, India, and Turkey. There was found to be signif-
icant global collaboration on the subject of meningioma, but
there can be considered to be a need to encourage research in
under-developed countries in particular.
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