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Advances and trends in
meningioma research over the
last decade: A scientometric and
visual analysis

Tingbao Zhang †, Yu Feng †, Kui Liu* and Zheng Liu*

Department of Neurosurgery, Zhongnan Hospital of Wuhan University, Wuhan, China
Objective: We conducted a scientometric and visual analysis of meningioma

studies in the past ten years and discussed the current status and trends of

meningioma research to provide a reference basis for conducting relevant

clinical practice or research.

Method: A search of the topic of meningioma in the Web of Science Core

Collection database was conducted for January 2012-December 2021. The

scientometric tools CiteSpace (version 5.8.R3), VOS viewer (version 1.6.17), and

the Bibliometrix package of R software (version 4.2.1) were used to visualize and

analyze the country of publication, institution, author, keywords, and cited

literature of meningioma.

Results: A total of 10,397 documents related to meningioma were collected, of

which 6,714 articles were analyzed. The annual analysis shows an increase in

published articles, with an annual growth rate of 8.9%. 26,696 authors from 111

countries or regions were involved in publishing relevant studies. The country

with the highest number of publications was the United States (1671), and the

institution with the highest number of publications was the University of

California, San Francisco (242). The keyword clustering of current studies can

be grouped into five groups: meningioma characteristics and basic research,

surgical treatment, radiation therapy, stereotactic radiosurgery, and

management of complications. Keyword trend analysis shows that

meningioma classification and molecular characteristics are emerging hotspots

for meningioma research in recent years.

Conclusion: The scientometric and visual analysis demonstrated the research

status and trends of meningioma. Over the past decade, meningioma research

has focused on managing meningiomas with a predominance of surgical

treatment and radiation therapy. At the same time, meningioma classification

and molecular characteristics are emerging as current and possible research

hotspots in the coming period.
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Introduction

Meningioma is one of the most common central nervous system

tumors, accounting for more than 30% of primary intracranial

tumors in adults, second only to glioma, and relatively rare in

children and adolescents (0.4% to 4.6%) (1, 2). Meningiomas

originate from the arachnoid cap cells in the dura mater’s inner

layer and grow more slowly; most of them are grade WHO I tumors

(2, 3). Meningioma management is primarily surgical resection and

most patients with gross total resection have a good prognosis (4).

As a result, meningioma research has not received enough attention

in the past compared to more malignant gliomas. Until the last

decade, there has been a growing interest in the study of

meningiomas, as evidenced by many studies and review articles

on the subject. For instance, many attractive new therapeutic targets

have been identified in the last decade (5). Various anti-angiogenic

drugs, genomic-targeted drugs, and immunotherapies have

performed exceptionally well in early trials (6, 7). However, a

comprehensive scientometric review of the latest research on

meningiomas is lacking. There are a few previous scientometric

articles on meningioma, including an analysis of the top 100 most

cited papers (8) and an analysis of stereotactic radiotherapy for

meningioma (9). Although these studies provide a preliminary

understanding of meningioma research, a more comprehensive

scientometric analysis of meningiomas is not available in

the literature.

The scientometric analysis is an emerging tool to quickly

explore the structure and trends of a topic or domain through

statistical methods and visualization (10–12). It can extract useful

information from a large amount of literature by identifying

relevant nodes. Currently, commonly used scientometric software

includes CiteSpace (13), VOS viewer (14), bibliometrix package of R

software (15), Science of Science (SCI2) and HistCite, etc. (16).

Among them, CiteSpace and VOS viewer are the most popular ones

due to their convenience and authority. CiteSpace is a scientometric

software developed by Professor Chaomei Chen, a leading

informatics expert at Drexel University, based on citation analysis

theory and using the Java language (17). It enables researchers to

find the most relevant topics and scientific literature in their field of

knowledge and to understand the most critical valid information.

Moreover, it clarifies the field’s development process and identifies

current research frontiers and trends. VOS viewer is a software

application for visual analysis of scientific literature developed by

Leiden University in the Netherlands to create, visualize and explore

information maps based on web data (18). VOS viewer is based on a

clustering analysis algorithm to realize scientific knowledge

mapping, showing the structure, evolution, cooperation and other

relationships in the knowledge domain. Moreover, its outstanding

feature is its graphic solid display capability and suitability for large-

scale data.

In this study, we used CiteSpace and VOS viewer in

combination with the bibliometrix package of R software for

scientometric and visual analysis of meningioma studies in the

past 10 years. Meanwhile, we used artificial statistical screening to

analyze keywords for meningioma classification, treatment, and

molecular characteristics based on scientometric analysis. The
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combination of scientometric analysis and historical review will

identify key evidence and highlight emerging meningioma

research trends.
Materials and methods

Given that the Web of Science Core Collection (WoSCC), the

most commonly used database for scientific or scientometric

analysis, contains all the essential information used for the

analysis, we chose WOS as our data source (19). We use WoSCC

as our data source. All data were retrieved fromWoSCC on October

01, 2022, to avoid possible bias due to continuous database updates.

We used “meningioma*” as a subject search term and set the period

from 2012 to 2021, limiting the type of literature to articles. The

detailed search and analysis process is shown in Figure 1.

First, the collected data were scientometric analyzed using the

bibliometrix package of R software (version 4.2.1), including overall

characteristics, annual publications, topographic maps of national

collaborations, and trend maps of authors and keywords. Combined

with the scientometric results, bar charts of publications and

citations by country/region, institutions, authors and journals

were created using Origin 2022. Also, the H/G/M index was

added to the journal bar chart to analyze the scientometric results

on journal impact comprehensively. Then, a network graph of

country collaboration, a keyword co-citation trend graph and a

cluster analysis graph were visually analyzed using VOS viewer

(version 1.6.17). Different colors indicate the clusters in the graph,

and the collaboration or co-citation connecting lines are indicated.

The size of the circles indicates the number of documents,

references or keywords. Finally, a literature citation node analysis

was performed using CiteSpace (version 5.8. R3).to find the most

cited keywords. The parameter settings included time slices (2012-

2021) and selection criteria (cited more than 50). In addition, we

performed artificial statistical analysis of keywords based on

scientometric results to filter out the top 10 most cited keywords

in different directions and visualized and analyzed them using

Origin 2022.
Results

General characteristics and annual analysis

From 2012 to 2021, 10,397 documents were published on

“meningioma”, including 6,714 articles (Figure 2A). These articles

were published in 1217 journals by 26696 authors, with an average

of 6.94 co-authors per article; 87 of these articles were

independently authored, and another 17.32% were published in

international collaboration. 96,905 references were cited in these

articles, with an average of 11.99 citations per article. In addition,

these articles have been cited 80,501 times, with an average of 11.99

citations per article.

The annual number of publications in the last decade tended to

increase each year, especially from 2016 to 2017 (Figure 2B); the

annual number of publications increased nearly 1-fold from 483 in
frontiersin.org
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2012 to 935 in 2021, with an average annual growth rate of 8.91%.

Each country’s annual publication volume also shows a yearly

performance increase. The United States has the highest number

of publications (1671), with more than 1000, followed by China

with 928, Japan with 496, Germany with 489, and Italy with 339

(Figure 2C). Some countries, such as South Korea and France, have

concentrated their publications in the early years. In contrast, others

have concentrated in recent years, such as Denmark, Egypt, and

Saudi Arabia.
Analysis of the influence of countries/
regions and cooperation

A total of 111 countries/regions were involved in meningioma-

related research, and their differences in impact were related to the

volume of articles published (Figure 2D). The overall citation volume of

country articles was ranked the same as the volume of publications,

with the top five being the United States (27674), China (8427),
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Germany (8293), Japan (4368), and Italy (4033). However, the

number of citations of a single article in different countries shows

varying levels. Switzerland has the highest number of citations for a

single article, with 22.64, followed by the UK with 17.96 and Germany

with 18.86. Although the US and China rank first and second in total

citations, they rank 4th and 14th in citations for a single article, with

16.56 and 9.08. The articles published in collaboration between

different institutions are mainly domestic but also partially (17.32%)

international (Figures 2E, F). The most significant inter-country

collaborations were in the United States, with China, Germany, and

Canada as the leading collaboration countries.
Analysis of institutions, authors, and
journals

These articles originated from 4835 institutions, with the top

10 publishing more than 100 articles (Figure 3A). Three of the top

five institutions are from the United States: The University of
FIGURE 1

Flowchart of Scientometric and Visual Analytics.
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California (242 articles), Mayo Clinic (208 articles), and Ohio

State University (178 articles); the other two institutions are from

China: Capital Medical University (205 articles) and Fudan

University (172 articles). The top 10 authors are shown in

Figure 3B, mainly from China (4), the United States (3), and

Germany (2), with the highest number of publications coming
Frontiers in Oncology 04
from WM (46), followed by DF from the United States and MC

from Germany (45). The distribution of the top 20 authors in

terms of publication volume is shown in Figure 3C. From the

figure, it can be seen that these authors have published at least one

article almost every year in the last ten years, with the highest

number of articles published in 2019.
A B

D

E F

C

FIGURE 2

General characteristics and annual, country and cooperation analysis. (A) General characteristics; (B) Annual analysis; (C) Publication volume and
trends in various countries; (D) Number of articles published and average number of articles cited in various countries; (E, F). Cooperation between
the various countries.
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The top 10 journals with the most articles related to

meningioma are listed in Figure 3D. The most published journal

is WORLD NEUROSURGERY (607 articles), accounting for about

one-tenth of the total number of articles, followed by the JOURNAL

OF NEUROSURGERY (265 articles) and JOURNAL OF NEURO-

ONCOLOGY (218 articles). The journals with more than 100

articles also include ACTA NEUROCHIRURGICA (194 articles),
Frontiers in Oncology 05
CLINICAL NEUROLOGY AND NEUROSURGERY (150 articles),

and JOURNAL OF CLINICAL NEUROSCIENCE (142 articles).

However, the impact of these journals is not proportional to their

number of publications. H-index, g-index, and m-index are the

highest for JOURNAL OF NEUROSURGERY with 42, 62, and

3.818, respectively. Followed by NEURO-ONCOLOGY (36, 60,

and 3.273)
A B

D

C

FIGURE 3

Analysis of institutions, authors and journals. (A, B). The top 10 institutions and authors by published volume; (C) The time distribution of the first ten
authors’ published volume; (D) The number of articles published in the top 10 journals and their influence.
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Keyword clustering and trending analysis

The top 20 most frequently used keywords in this literature are

shown in Figure 4. As can be seen from the chart, the two most used

keywords are related to surgical resection, which are “resection” and

“surgical treatment”; the top 5 keywords are also “skull base

meningioma”, “mesenchymal meningioma”, and “gamma knife”.

Regarding period, the three keywords with the largest span were

“resection”, “mesenchymal meningioma”, and “literature”. The

keywords at the time of WOS inclusion were displayed according to

the utilization size (see Figure 5A). From the word cloud, it can be seen

that the top 5 most recorded keywords are: “tumor”, “surgery”,

“management”, “meningioma”, and “cancer”, in that order. VOS

viewer was used for co-occurring keywords, and it was found that

“classification” became a prominent new keyword around 2018

(Figure 5B). A temporal distribution of keywords using citations shows

that keywords related to tumor surgery, such as “surgery”, “resection”,

and “management”, have been used (Figure 5C). In addition, it can be

seen that the focus keywords used in the last 3 years, such as “cell”,

“microRNA expression”, and “ewelmer”, are related to basic research and

molecular characteristics of tumors. It indicates that the research hotspots

of meningioma in recent years have gradually favored basic research.
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At the same time, we also performed cluster analysis on the

keywords. The keywords with more than 50 citations were clustered

using VOS viewer (Figure 5D). We could see that these keywords

were clustered into 5 categories: (i) the red part with “meningioma”

as the main keyword was mainly related to the general

characteristics and basic research of meningioma; (ii)the green

part with “surgery” as the main keyword was mainly related to

the surgical resection treatment of meningioma; (iii)the yellow part

with “recurrence” and “radiotherapy” as the primary keywords is

mainly related to the radiotherapy treatment of meningioma. (iv)

the purple part with “stereotactic radiosurgery” as the main

keyword is mainly related to stereotactic radiosurgery for

meningioma; (v)the blue part with “intracranial meningioma” as

the main keyword is mainly related to brain edema and other

related complications.

In addition, we listed all keywords with more than 20 citations

and performed the artificial statistical analysis. First, considering

that “classification” became the most used keyword in 2018, we

screened the keywords related to meningioma classification

(Figure 5E). The figure shows that the main classifications include

those based on tumor site and pathological type. Secondly, the

keywords related to meningioma management were screened and
FIGURE 4

Top 20 keywords with the strongest citation bursts.
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summarized, and the first 10 keywords in the list are shown in

Figure 5F. As we can see from the figure, the primary treatment

modalities include surgical resection and radiotherapy or

stereotactic radiosurgery. The main content of the study is about

survival after treatment and its impact factors. Finally, considering
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that meningioma molecular characteristics research has gradually

become a hot spot in meningioma research in the past 3 years, we

screened the related keywords (Figure 5G). It can be seen that the

hot molecules in basic meningioma research include nf2, akt1, and

endothelial growth factor.
A B

D E

F G

C

FIGURE 5

Keyword clustering, trend analysis and manual analysis. (A) Keyword Cloud; (B, C) Keyword trend analysis; (D) Keyword clustering analysis;
(E) Keywords related to meningioma classification; (F) Keywords related to meningioma treatment; (G) Keywords related to meningioma
molecular characteristics.
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Discussion

Major findings

From the results of the scientometric analysis of the last 10 years

in this paper, it can be seen that: (i) in recent years, meningioma-

related research has increased annually and received attention from

various countries, with close cooperation among the countries or

regions involved in the research; (ii) some scholars and journals

have continued to focus on meningioma-related research and

achieve specific results and influence, but the influence is not

entirely consistent with the total number of articles issued; (iii) in

the last decade, the focus of related studies has been gradually

refined, with a shift from studies related to meningioma

management with surgical resection and radiation therapy as the

theme to a shift focusing on tumor differentiation and molecular

characteristics studies. In the following, we discuss three aspects of

meningioma class ificat ion, treatment , and molecular

characteristics, combining the results of this study with

related literature.
Meningioma classification

We can see from the scientometric results that in the keyword

trend analysis, “classification” was widely cited as a keyword in the

period centered on 2018. We believe this may be related to the

publication of the fourth edition of the WHO classification of

central nervous system tumors in 2016 (3). In this version of the

classification, the diagnostic terminology of “integration” with

histological and molecular information has been introduced to

improve the accuracy of diagnosis and patient treatment, which is

an essential guideline for the clinical diagnosis and treatment of

meningioma (20, 21). In the recent 2021 update of the WHO

Classification of CNS Tumors, the applicability of pathologic

histologic features to the staging of meningiomas was continued,

while the importance of biological markers for the classification of

different grades of meningiomas was emphasized (2). Therefore, in

our keyword trend analysis, we can see that meningioma-related

molecular characteristics have become a hot research topic in recent

years (see “Meningioma Related Molecular Characteristics” below).

We conducted an artificial screening and statistical analysis of

keywords related to meningioma classification. The results showed

that these keywords were mainly divided into two categories. One of

them is the anatomical classification, including skull base

meningioma (22), petroclival meningioma (23, 24), tuberculum

sellae meningioma (25), cavernous sinus meningioma (26),

olfactory groove meningioma (27) and cerebellopontine keratoma

(28), etc. The surgical approach and operative details of

meningiomas at different anatomic sites are also different. These

clinical studies mainly discuss the most suitable surgical approach

and operation for meningiomas in a particular anatomic site to

obtain better surgical prognosis for patients (29). The other

classification relates mainly to pathological features, including

malignant meningioma (30), atypical meningioma (31), anaplastic

meningioma (32), and asymptomatic meningioma (33), etc. This
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classification is primarily associated with treatment modalities and

prognosis, such as atypical and anaplastic meningiomas, which tend

to have a poor prognosis and require postoperative adjuvant

therapy (34, 35).
Meningioma treatment

The latest guidelines suggest that asymptomatic meningiomas

without occupying effects can be awaited by annual magnetic

resonance imaging (MRI) (4). However, growing or symptomatic

meningiomas with occupying effects should be treated by maximum

safe resection. Moreover, asymptomatic meningiomas managed by

observation usually show rapid growth, requiring a shift in

management to surgical resection to reduce the occupancy effect.

Most patients have a favorable outcome with maximal resection to

reduce the occupancy effect. However, the possibility of recurrence

exists for patients with incomplete resection or high-grade

meningiomas. And the higher the grade of meningioma, with

higher recurrence rates and worse survival rates (36). For

instance, compared to benign meningiomas, the 5-year recurrence

rate of total tumor excision for atypical meningiomas is 35% to 38%,

and the risk of recurrence is 7 to 8 times higher than that of benign

meningiomas (33). Therefore, postoperative adjuvant radiotherapy

or stereotactic radiosurgery should be considered for this group of

patients (34, 37).

As seen in the scientometric results of this study, meningioma

management occupies the most significant portion of meningioma

research in the last decade (38). Most studies related to meningioma

resection include surgery details, the extent of resection,

management of postoperative complications, and prognostic

factors influencing prognosis. Secondly, radiation therapy and

stereotactic radiosurgery are the other two primary management

modalities after surgical meningioma resection. Related studies

have included adjuvant therapy for specific types of meningiomas

(e.g., atypical meningioma and mesenchymal meningioma) and

their outcomes (5). In addition, we identified many studies on novel

drug treatments for meningiomas in our artificial screening and

statistical analysis of keywords. These drug treatments for

meningiomas are usually considered experimental and are used as

remedial treatments without further local treatment options (39–

41). For example, targeted drugs such as anti-angiogenic drugs are

used in the remedial treatment of meningiomas (42).
Meningioma molecular characteristics

We can see from our analysis of keyword trends that some

keywords related to meningioma molecular characteristics are

gradually increasing, such as NF2 and AKT1. The trends may be

related to the significant progress in research on meningioma

molecular characteristics in recent years. Studies have shown that

NF2 variants, including shift mutations, allelic inactivation, and

missense mutations, could be detected in approximately 60% of

meningiomas (2, 43). In addition to NF2, mutations were found in

TRAF7, SMO, KLF4, PI3K and AKT1 (44). Non-NF2 variants of
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meningiomas are more complex and include Hedgehog signaling

pathway variants (SMO, SUFU, PRKAR1A, PTCH1/2, etc.),

phosphatidylinositol 3-kinase (PI3K) signaling pathway variants

(PTEN, AKT1, PIK3CA, PIK3R1, etc.), chromosome remodeling

complex variants (SMARCB1, SMARCE1, ARID1A, PBRM1, etc.)

and other gene variants (KLF4, BAP1, POLR2A, DMD, etc.) (43).

Some molecular characteristics are associated with histological

subtypes of meningioma. For example, TRAF7 and KLF4 mutations

are molecular biological markers of secretory meningioma (43),

RAF7, POLR2A, and ATK1 mutations are markers of endothelial

meningioma (43, 45), SMARCE1 mutations are markers of clear cell

meningioma (46), and BAP1 and PBRM1 mutations are markers of

rhabdoid and papillary meningioma (47–49). Another part is

related to the degree of tumor malignancy, such as the deletion of

histone H3 K27me3 expression is closely associated with

meningioma recurrence (50–52), TERT promoter mutation and

CDKN2A/B pure deletion are molecular biological markers of CNS

WHO grade 3 meningioma (53, 54). In addition, changes in DNA

methylation levels or expression of specific genes (e.g., NRDG2,

MEG3, PDGFR, etc.) are also closely associated with the

development of meningiomas (46, 55). Based on DNA

methylation characteristics, meningiomas can be subtyped, with

differences in anatomic sites, driver genes, and clinical prognosis

among subtypes (56). The study of meningioma molecular

characteristics is beneficial for further typing of meningiomas and

diagnosing and treating tumors. It has been gradually becoming a

hot issue in meningioma research.
Conclusion

A scientometric and visual analysis of meningioma research

over the last decade demonstrates its current status and trends to

some extent. The main research direction is meningioma

management based on surgical resection, radiotherapy, or
Frontiers in Oncology 09
stereotactic radiosurgery. In recent years, with the progress of

basic meningioma research, meningioma classification and

molecular characteristics studies have gradually become hot spots

for research. In the future, research related to meningioma

molecular characteristics may further increase and significantly

influence molecular diagnosis and precision treatment

of meningioma.
Author contributions

TZ, KL, and ZL contributed to conception and design of the

study. TZ and YF organized the database. TZ performed the

statistical analysis. YF wrote the first draft of the manuscript. TZ,

YF, KL, and ZL wrote sections of the manuscript. All authors

contributed to manuscript revision, read, and approved the

submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References

1. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, et al. Cbtrus

statistical report: Primary brain and other central nervous system tumors diagnosed in
the united states in 2012-2016. Neuro Oncol (2019) 21:V1–100. doi: 10.1093/neuonc/
noz150

2. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al. The
2021 who classification of tumors of the central nervous system: A summary. Neuro
Oncol (2021) 23:1231–51. doi: 10.1093/neuonc/noab106

3. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D,
Cavenee WK, et al. The 2016 world health organization classification of tumors of
the central nervous system: A summary. Acta Neuropathol (2016) 131:803–20.
doi: 10.1007/s00401-016-1545-1

4. Goldbrunner R, Stavrinou P, Jenkinson MD, Sahm F, Mawrin C, Weber DC, et al.
Eano guideline on the diagnosis and management of meningiomas. Neuro Oncol (2021)
23:1821–34. doi: 10.1093/neuonc/noab150

5. Mair MJ, Berghoff AS, Brastianos PK, Preusser M. Emerging systemic treatment
options in meningioma. J Neurooncol (2022). doi: 10.1007/s11060-022-04148-8

6. Belanger K, Ung TH, Damek D, Lillehei KO, Ormond DR. Concomitant
temozolomide plus radiotherapy for high-grade and recurrent meningioma: A
retrospective chart review. BMC Cancer. (2022) 22:367. doi: 10.1186/s12885-022-
09340-7

7. Kaley TJ, Wen P, Schiff D, Ligon K, Haidar S, Karimi S, et al. Phase ii trial of
sunitinib for recurrent and progressive atypical and anaplastic meningioma. Neuro
Oncol (2015) 17:116–21. doi: 10.1093/neuonc/nou148
8. Almutairi O, Albakr A, Al-Habib A, Ajlan A. The top-100 most-cited articles on
meningioma. World Neurosurg (2017) 107:1025–32. doi: 10.1016/j.wneu.2017.08.021

9. Kondziolka D. Citation measures in stereotactic radiosurgery: Publication across
a discipline. Stereotact Funct Neurosurg (2011) 89:56–61. doi: 10.1159/000322277

10. Ma W, Xu D, Zhao L, Yuan M, Cui YL, Li Y. Therapeutic role of curcumin in
adult neurogenesis for management of psychiatric and neurological disorders: A
scientometric study to an in-depth review. Crit Rev Food Sci Nutr (2022) 28:1–13.
doi: 10.1080/10408398.2022.2067827

11. Xu D, Wang YL, Wang KT, Wang Y, Dong XR, Tang J, et al. A scientometrics
analysis and visualization of depressive disorder. Curr Neuropharmacol. (2021) 19:766–
86. doi: 10.2174/1570159X18666200905151333

12. Wei N, Xu Y, Li Y, Shi J, Zhang X, You Y, et al. A bibliometric analysis of t cell and
atherosclerosis. Front Immunol (2022) 13:948314. doi: 10.3389/fimmu.2022.948314

13. Hua N, Tan X, He Y, Sun M, Wang X. Medical decision-making for adolescents
with depression: A bibliometric study and visualization analysis via citespace. Int J
Ment Health Nurs (2022). doi: 10.1111/inm.13085

14. Xie L, Chen Z, Wang H, Zheng C, Jiang J. Bibliometric and visualized analysis of
scientific publications on atlantoaxial spine surgery based on web of science and
vosviewer. World Neurosurg (2020) 137:435–42. doi: 10.1016/j.wneu.2020.01.171

15. Yin H, Zhang F, Yang X, Meng X, Miao Y, Noor Hussain MS, et al. Research
trends of artificial intelligence in pancreatic cancer: A bibliometric analysis. Front Oncol
(2022) 12:973999. doi: 10.3389/fonc.2022.973999
frontiersin.org

https://doi.org/10.1093/neuonc/noz150
https://doi.org/10.1093/neuonc/noz150
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1093/neuonc/noab150
https://doi.org/10.1007/s11060-022-04148-8
https://doi.org/10.1186/s12885-022-09340-7
https://doi.org/10.1186/s12885-022-09340-7
https://doi.org/10.1093/neuonc/nou148
https://doi.org/10.1016/j.wneu.2017.08.021
https://doi.org/10.1159/000322277
https://doi.org/10.1080/10408398.2022.2067827
https://doi.org/10.2174/1570159X18666200905151333
https://doi.org/10.3389/fimmu.2022.948314
https://doi.org/10.1111/inm.13085
https://doi.org/10.1016/j.wneu.2020.01.171
https://doi.org/10.3389/fonc.2022.973999
https://doi.org/10.3389/fonc.2023.1112018
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2023.1112018
16. Wang M, Ho Y, Fu H. Global performance and development on sustainable city
based on natural science and social science research: a bibliometric analysis. Sci total
Environ. (2019) 666:1245–54. doi: 10.1016/j.scitotenv.2019.02.139

17. Chen C. Searching for intellectual turning points: progressive knowledge
domain visualization. Proc Natl Acad Sci USA (2004) 101 Suppl 1:5303–10.
doi: 10.1073/pnas.0307513100

18. van Eck NJ, Waltman L. Software survey: Vosviewer, a computer program for
bibliometric mapping. Scientometrics (2010) 84:523–38. doi: 10.1007/s11192-009-0146-
3

19. Falagas ME, Pitsouni EI, Malietzis GA, Pappas G. Comparison of pubmed,
scopus, web of science, and google scholar: Strengths and weaknesses. FASEB J Off Publ
Fed Am Soc. Exp Biol (2008) 22:338–42. doi: 10.1096/fj.07-9492LSF

20. DeWitt JC, Mock A, Louis DN. The 2016 who classification of central nervous
system tumors: What neurologists need to know. Curr Opin Neurol (2017) 30:643–9.
doi: 10.1097/WCO.0000000000000490

21. Fuller CE, Jones DTW, Kieran MW. New classification for central nervous
system tumors: Implications for diagnosis and therapy. Am Soc Clin Oncol Educ book.
Am Soc Clin Oncol Annu Meeting. (2017) 37:753–63. doi: 10.1200/EDBK_175088

22. Seaman SC, Ali MS, Marincovich A, Li L, Walsh JE, Greenlee JDW. Minimally
invasive approaches to anterior skull base meningiomas. J neurol. surg. Part B Skull
base. (2022) 83:254–64. doi: 10.1055/s-0040-1716671

23. Jean WC, Yang Y, Srivastava A, Tai AX, Herur-Raman A, Kim HJ, et al. Study of
comparative surgical exposure to the petroclival region using patient-specific,
petroclival meningioma virtual reality models. Neurosurg Focus (2021) 51:E13.
doi: 10.3171/2021.5.FOCUS201036

24. Guinto G, Hernández E, Estrada E, Gallardo D, Kageyama M, Aréchiga N, et al.
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