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ABSTRACT | Purpose: This study was conducted to identify
trends in Graves’ orbitopathy research in the past two decades
and to elaborate on hot topics in the field. Methods: The Web
of Science database was used to extract articles on Graves’
orbitopathy or its synonyms. Full data and references were
exported to VOSviewer software to be analyzed. Visualization
maps and charts were constructed accordingly. Results: We
retrieved 1067 articles on Graves’ orbitopathy from the Web
of Science database. The United States ranked first in terms of
the article count (25), followed by Italy (141) and the People’s
Republic of China (120). Wiersinga’s and the University of
Amsterdam’s articles received the highest citation count (1509
and 3052, respectively). The University of Pisa and Thyroid
published the highest number of articles (65 and 93, respecti-
vely). Co-authorship analysis showed four clusters of country
collaborations: red cluster, European countries; green cluster,
the United States, Brazil, Canada, South Korea, and Taiwan; a
yellow cluster, People’s Republic of China; and blue cluster,
Japan, Australia, and Poland. Keyword analysis revealed five
clusters of topics: pathogenesis, management, association,
quality of life, and surgery. Analysis of co-cited references also
revealed five clusters: pathogenesis, management, risk factors,
clinical assessment, and surgical management. Conclusion:
Research on Graves’ orbitopathy has grown during the past two
decades. Hot research topics are pathogenesis, management,
risk factors, quality of life, and complications. Research trends
have changed in the past two decades. Increasing interest in
exploring Graves’ orbitopathy mechanisms and associations
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is evident. European countries are cooperating in this field of
research. The United States has established more extensive
international cooperation than other countries. We believe
that more international collaboration involving developing
countries is required.
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RESUMO | Objetivo: ldentificar tendéncias no campo de
pesquisa da orbitopatia de Graves nas Gltimas duas décadas e
analisar os ramos de maior concentracdo de pesquisas nessa
area. Métodos: O banco de dados Web of Science foi usado para
extrair artigos com “orbitopatia de Graves” ou seus sindbnimos no
titulo. Dados completos e referéncias foram exportados para o
programa VOSviewer para serem analisados. Mapas e gréficos de
visualizagao foram construidos a partir desses dados. Resultados:
Foram obtidos 1067 artigos sobre a orbitopatia de Graves a
partir do banco de dados Web of Science. Os EUA ficaram em
primeiro lugar em termos de nimero de publicagdes, seguidos
pela Itélia e pela Repiblica Popular da China. Dentre os autores,
os artigos de Wiersinga WM tiveram o maior nimero de citagoes.
Quanto as instituigdes, os artigos da Universidade de Amsterda
tiveram o maior nimero de citagdes, mas a Universidade de
Pisa publicou o maior niimero de artigos. Dentre os periédicos,
a revista Thyroid publicou o maior ntimero de artigos. A analise
de coautoria mostrou quatro agrupamentos de colaboragao entre
paises. O primeiro agrupamento engloba paises europeus; o
segundo engloba os EUA, Brasil, Canada, Coreia do Sul e Taiwan.
A Republica Popular da China compreende um agrupamento por
si s6. O quarto agrupamento inclui Japao, Austrélia e Polonia. A
andlise das palavras-chave revelou cinco agrupamentos de tépicos
de palavras-chave: patogénese, gerenciamento, associagdo,
qualidade de vida e cirurgia. A analise das referéncias citadas
em conjunto revelou cinco agrupamentos: patogénese, manejo,
fatores derisco, avaliagdo clinica e manejo cirtrgico. Conclusao:
A pesquisa no campo da orbitopatia de Graves cresceu nos tltimos
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vinte anos. Os tépicos com a maior concentragdo de pesquisas
sdo: patogénese, gerenciamento, fatores de risco, qualidade de
vida e complicagbes. As tendéncias de pesquisa mudaram nas
tltimas duas décadas. Ficou evidente um aumento do interesse
em explorar os mecanismos e associacdes da orbitopatia de
Graves. Observou-se uma cooperagdo entre paises europeus
neste campo de pesquisa. Os EUA estabeleceram uma cooperagao
internacional mais ampla que outros paises. Acreditamos que mais
colaboragao internacional envolvendo paises em desenvolvimento
seria recomendavel.

Descritores: Oftalmopatia de Graves; Bibliometria; Oftalmopatia
de Graves; Pesquisa

INTRODUCTION

Graves’ orbitopathy, also called thyroid eye disease
(TED), is an autoimmune disease that mostly affects
patients with thyrotoxicosis or a previous history of
hyperthyroidism™. The exact underlying molecular
mechanism is unclear. However, complex interactions
occur between orbital fibroblasts, T-cells, thyrotropin
receptors, and cytokines. Studies have shown a marked
decline in TED prevalence between 1960 and 1990
in Western European countries, attributed to several
factors, such as improvement of diagnostic tools and
management of dysthyroid and TED as well as a reduc-
tion in the smoking rate”. Major risk factors for the
development of TED are tobacco smoking, advanced age
of onset, female gender, and radioiodine therapy®. The
main treatment includes corticosteroids, radiotherapy,
and surgical therapy. An advanced understanding of the
underlying molecular mechanism and risk factors of TED
has obvious implications on management patterns®.
Understanding the molecular mechanism of TED has
greatly improved in recent years®. New immune mo-
dulator drugs have emerged, such as tepratomumab,
selenium, and rituximab.

Bibliometric analysis gives a broader understanding
of the research trends and hot research areas in a par-
ticular topic. This study identified research trends in
TED in the past two decades. We also investigated the
collaboration between countries and identified leading
journals, institutes, and authors in this field. The top-cited
articles and co-cited references were also identified.

METHODS

The search for articles on TED, published between
2000 and 2019, was performed on May 12, 2020, using
the Web of Science (WOS) database-Core Collection
(Science Citation Index Expanded). All articles whose

titles contained the following terms were included in our
analysis: dysthyroid ophthalmopathy, thyroid-associa-
ted ophthalmopathy, Graves’ orbitopathy, orbitopathy,
Graves, Graves’ ophthalmopathy, Graves’ eye, thyroid
eye, thyroid-related ophthalmopathy, thyroid-related
orbitopathy, and thyroid-related eye disease. No lan-
guage was excluded. Other types of papers, such as
editorials, reviews, and abstracts, were excluded from
our analysis.

The search was conducted separately by the co-first
authors, KE and AA, to double-check the results and the
repeatability of the methods. An indiscriminate manual
check to exclude irrelevant articles was performed. No
articles were excluded after the manual check.

Results were analyzed using the WOS engine, which
provided the counts of articles per year, per country,
and per institution. The exportation and analysis of
full records and cited references were performed using
VOSviewer software version 1.6.15. Charts, tables, and
knowledge visualization maps were constructed accor-
dingly. Next, the topics of co-cited references were iden-
tified. To investigate the international collaborations
between countries, we performed co-authorship analy-
sis and co-occurrence ranking of 20 countries, each
of which contributed to at least 20 articles, using the
fractional counting method, rather than full counting
method, of VOSviewer software (we believe fractional
counting is more adequate for ranking®).

No ethical approval was needed for this study, because
we used a public database (WOS) and did not involve
human subjects.

RESULTS

The WOS database search revealed 1067 articles with
an h-index of 66. The sum of the citations was 22,060,
and the average citations per article were 18.9. English
was the dominant language (96.4%) used in most articles,
followed by German (2%). The year 2019 had the highest
number of articles (96), followed by 2018 (95). The pu-
blication count per year is represented in the chart in
figure 1, and results showed that the number of articles
published per year is generally increasing with time.

Article production and collaboration
by country of origin

The United States had the highest publication count
(250 articles), followed by lItaly (141) and the People’s
Republic of China (PRC; 120). The United States also
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ranked first in terms of the citation count (5833 cita-
tions), followed by Italy (4852) and the Netherlands
(4120).

As shown in figure 2, countries with higher total
link strength appeared with larger nodes, while the
larger width of a link indicated strong cooperation
between two countries. The United States had the
highest total link strength, followed by England and
Italy. Co-authorship analysis showed four clusters of
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Figure 1. Article count per year in TED research. The highest number of
published articles was in 2019 (96 articles). The number of published
articles per year increased with time.

peoplesr china

o brazil i i‘r'

singapore

taiwan

caflada
austfalia

L]
polénd

#& vosviewer

TED= thyroid eye disease.

country collaborations designated by a distinct color:
red cluster, European countries; blue cluster, the United
States, Brazil, Canada, South Korea, and Taiwan; yellow
cluster, PRC; and blue cluster, Japan, Australia, and
Poland. Most of the research collaboration in this field
occurred between developed countries.

Top institutes, authors, and journals for TED

The top 10 authors in this field are shown in table 1.
Marcocci ranked first in terms of the article count (56
articles, 1089 citations). Wiersinga ranked first in terms
of the citation count (46 articles, 1509 citations).

The top 10 institutes that contributed to one-third of
all articles (349 of 1067) are also listed in table 1. The
University of Pisa contributed to the highest number
of articles (65). The University of Amsterdam had the
highest citation count (3052).

Of all articles on TED, 20% were published in three
journals. The number of journals that published articles
on TED was 263, of which 10 published 40% of the all
articles. These 10 leading journals and their impact
factor, total number of citations, and articles are listed
in table 2. Journals that published the highest number
of articles were Thyroid (93), Ophthalmic Plastic and
Reconstructive Surgery (83), and Journal of Clinical Endo-
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Figure 2. Network visualization map for the country’s collaboration in TED research. Larger nodes indicate a higher total link strength. A wider link
indicates a stronger link between two countries. Each cluster of co-authorship is coded by a color. Four clusters of countries in co-authorship are coded

by green, red, yellow, and blue, respectively.
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Table 1. The top 10 authors and institutes in the research field of TED

Rank Institute Count (%) Country Author Document count (%) Country h-Index
1 University of Pisa 65 (5.6) Italy Marcocci C 56 (4.8) Italy 60
2 University Amsterdam 53 (4.5) Netherlands Wiersinga WM 46 (3.9 Netherlands 20
3 Yonsei University 44 (3.8) South Korea Marino M 45 (3.9 Italy 26
4 University Calif Los Angeles 34 (2.9) USA Yoon JS 41 (3.5) South Korea 20
5 Mayo Clinc 32 (2.7) USA Eckstein A 34 (2.9) Germany 24
6 University Insubria 29 (2.5) Italy Nardi M 34 (2.9) Italy 29
7 University Michigan 25 (2.1) USA Kahaly Gl 32 (2.7) Germany 24
8 University Milan 24 (2.1) Italy Smith T) 31 (2.7) USA 52
9 Cardiff University 22 (1.9) Wales Bartalena L 30 (2.6) Italy 51
10 Moorefield’s Eye Hosp 21 (4.5) England Mourits MP 29 (2.5) Netherlands 19

TED= thyroid eye disease.

Table 2. Top 10 journals in TED with their document count, citation count, and impact factor
Title Articles Citations IF 2019 IF
Thyroid 93 2613 5227 6.29
Ophthalmic Plastic and Reconstructive Surgery 83 936 *
Journal of Clinical Endocrinology Metabolism 68 3952 5.399 5.879
Eye 41 583 2.455 2.732
Investigative Ophthalmology Visual Science 38 750 3.47 3.659
Journal of Endocrinological Investigation 37 650 3.397 3.016
Clinical Endocrinology 34 1233 3.38 3.366
Ophthalmology 33 1132 8.47 8.339
Graefes Archive for Clinical and Experimental Ophthalmology 33 825 2.396 2.258
British Journal of Ophthalmology 27 974 3.611 3.402

Data are from the 2019 edition of Journal Citation Reports.

IF 2019= impact factor 2019; IF= 5-year impact factor.

*= data from the 2002 edition of journal Citation Reports; IF= 0.588.
TED= thyroid eye disease.

crinology Metabolism (68). The journals with the highest
citation count were jJournal of Clinical Endocrinology
Metabolism (3952), Thyroid (2613), and Clinical Endo-
crinology (1233).

Keyword analysis

Of the 2650 keywords used in all articles, 174
occurred 10 times or more. Analysis of these keywords
created five clusters, named according to the common
relationship of words between them: red cluster,
pathogenesis; blue cluster, management; green cluster,
surgery; yellow cluster, associations; and purple cluster,
quality of life. A network visualization map of highly co-
occurring keywords in TED research is shown in figure
3. Analysis of the overlay visualization map illustrated
the average publication per year frame for keywords. For
example, the keyword average publication year of 2014
was coded in red, while the keyword average publication

year of 2008 was coded in blue. Dark-blue-coded
keywords included corticosteroids, irradiation, coronal
approach, INF-y, PPAR-vy, cigarette smoking, wall, and
muscle. Red-coded keywords included mechanism,
oxidative stress, inflammation, orbital fibroblasts, NF-
kappa B, proliferation, risk factors, rituximab, European
group, prediction, impact, dry eye, ocular surface, tear
film osmolarity, autoimmune hepatitis, and efficacy.

An overlay visualization map of highly co-occurring
keywords in TED research is shown in figure 4. Red no-
des indicate that the average publication year is 2014,
while dark-blue nodes indicate the average publication
year is 2009.

Highly cited articles and co-citation analysis

The 10 highest-cited articles are shown in table 3,
with the name of the first author, journal title, citation
count, and average citation per year. The article “2016
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Figure 3. Network visualization map of highly co-occurring keywords in TED research. Keywords associated together formed a cluster. Five clusters of
keywords were formed, and each cluster was coded by a color. Nodes with a larger size indicate a higher occurrence of the keyword. An increase in the

width of a link indicates a higher total link strength.

European Thyroid Association/European Group on
Graves’ Orbitopathy Guidelines for the Management
of Graves’ Orbitopathy”” had the highest number of
citations (266) and average citations per year (53.2). Of
the 13,211 cited references from TED articles, 233 that
were cited at least 20 times were used to create a density
visualization map of co-cited references. Five clusters of
co-cited references showed up in our analysis: red clus-
ter, references related to pathogenesis; green cluster,
references related to TED management; blue cluster,
references related to clinical assessment; yellow cluster,
references related to risk factors; and purple cluster,
references related to the surgical management of TED.
The density visualization map showing these five clusters
is shown in figure 5.
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DISCUSSION

Scientific articles on TED have increased in the past
two decades. A strong collaboration between European
countries is evident, as they form a cluster on the visua-
lization map; most of the links of any European country
are with other European countries. In contrast, the
United States collaborates with countries from different
clusters, indicating that it has a wider global collabora-
tion in TED research. The two most cited articles in this
study were written by a group (European Group of Graves
Orbitopathy [EUGOGO]) of authors from different Euro-
pean countries. This finding is in agreement with several
studies that found a positive impact of international
co-authorship on citation count®'.
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Figure 4. Overlay visualization map of highly co-occurring keywords in TED research. Red nodes indicate that the average publication year is 2014,
while dark-blue nodes indicate the average publication year is 2009. The size of the node represents a positive relationship with the occurrence count.

A larger node indicates higher occurrence times.

Table 3. The 10 top-cited articles on TED

Publication Total Average
Title First author Journal title year citations  per year
The 2016 European Thyroid Association/European Group on Graves’ Orbitopathy  Bartalena, L European Thyroid 2016 266 53.2
Guidelines for the Management of Graves’ Orbitopathy © Journal
Selenium and the Course of Mild Graves’ Orbitopathy Marcocci, C New England 2011 250 25
Journal Of Medicine

Thyrotropin receptor autoantibodies are independent risk factors for graves’ Eckstein, A Journal Of Clinical 2006 238 15.87
ophthalmopathy and help to predict severity and outcome of the disease Endocrinology &

Metabolism
Epidemiology and prevention of Graves’ ophthalmopathy Wiersinga, WM Thyroid 2002 217 11.42
Consensus statement of the European Group on Graves’ Orbitopathy (EUGOGO) on  Bartalena, L Thyroid 2008 215 16.54
management of Graves’ Orbitopathy
Randomized, single blind trial of intravenous versus oral steroid monotherapy in Kahaly, G) Journal Of Clinical 2005 200 12.5
graves’ orbitopathy Endocrinology &

Metabolism
Association of thyrotrophin receptor antibodies with the clinical features of Graves’  Gerding, MN Clinical 2000 192 9.14
ophthalmopathy Endocrinology
Comparison of the effectiveness and tolerability of intravenous or oral glucocorticoids ~ Marcocci, C Journal Of Clinical 2001 172 8.6
associated with orbital radiotherapy in the management of severe Graves’ Endocrinology &
ophthalmopathy: Results of a prospective, single-blind, randomized study Metabolism
Radiotherapy for Graves’ orbitopathy: randomised placebo-controlled study Mourits, MP Lancet 2000 160 7.62
Graves’ Ophthalmopathy Bartalena, L New England 2009 156 13

Journal Of Medicine

TED= thyroid eye disease.
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Figure 5. Density visualization map of the co-cited references in TED. Five clusters of co-cited references in different colors.

The country with the highest count of articles and
citations is the United States. It is interesting to realize
that 10 authors participated in one-third of all TED
articles and that 8 of the top 10 authors were from
European countries. Wiersinga was the leading author
on TED topics in terms of the citation count.

Our analysis determined the leading institutes
publishing on TED. This may help scientists who are
interested to research this topic to find an appropriate
institute for the research. The geographical distributions
of these institutes include ltaly, the Netherlands, South
Korea, the United States, England, and Wales (Table 1).

Bibliometric analysis can help identify the leading
journals publishing on TED. It can help scholars publish
their articles in journals specializing in this topic. The
leading journals in terms of article count are Thyroid,
Ophthalmic Plastic and Reconstructive Surgery, and the

596 Arg Bras Oftalmol. 2022;85(6):590-8

Journal of Clinical Endocrinology Metabolism. The lea-
ding journals in terms of citation count are the Journal
of Clinical Endocrinology Metabolism, Thyroid, and Cli-
nical Endocrinology. Except for Ophthalmic Plastic and
Reconstructive Surgery, the top three journals specialize
in endocrinology rather than ophthalmology.

Keyword analysis gives good insight into hot research
topics. Keyword analysis shows five clusters of keywords
that have a common relationship, using which we can
identify the common categories of interest in TED
research. The first cluster includes keywords related to
the pathogenesis of TED. The exact underlying molecular
mechanism of TED is unknown, and exploration is in
progress. TED is primarily an autoimmune disease",
and orbital fibroblasts, T-cells, and cytokines, such as
thyrotropin receptor and insulin-like growth factor 1
receptor (IGF-1R), play a role in its pathogenesis>'3.
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Contrary to fibroblasts in other tissues, orbital fibroblasts
express higher levels of CD90 cell surface markers
(Thyr-1). Variability in the expression of this marker is also
observed within orbital tissue, with higher expression
in extraocular muscles compared with adipocytes. Thus,
variability results in different cascades of inflammatory
reactions". Pro-adipocyte subgroups (Thyr-1-negative
orbital fibroblasts) express high levels of the thyrotropin
receptor. When degraded and presented by antigen-
presenting cells, interactions occur between B-cell CD40
and T-cell CD154, resulting in plasma cell production of
thyrotropin receptor antibodies. With the conjunction
of peroxisome proliferator-activated receptor gamma
(PPAR-y) and interleukin (IL)-6 molecules, thyrotropin
receptor antibodies stimulate the maturation of pro-
adipocytesandlL-1production,whiletype ThelperT-cells
and IL-1 stimulate Thyr-1-positive fibroblasts to produce
hyaluronan and prostaglandins, resulting in extraocular
muscle enlargement. In contrast, transforming growth
factor beta (TGF-B) stimulates the differentiation of
Thyr-1-positive fibroblasts into myofibroblasts and
induces fibrosis"®. IGF-1R is overexpressed in Thyr-1-
positive fibroblasts and plays a role in this inflammation
by signaling pathways for 1L-16 and regulated upon
activation, normal t cell expressed and presumably
secreted (RANTES) production. Understanding the
underlying disease mechanism is important because will
help find drugs that can target the disease. One example
is teprotumumab, a novel monoclonal antibody that
inhibits 1GF-1R. It has been recently approved for the
treatment of TED patients"®'”.

The second cluster, in blue, is related to TED manage-
ment, which includes medical treatment using systemic
steroids, radiotherapy and immunosuppressive agents,
and surgical treatment"?. In this category, we also en-
countered keywords of disease activity and the clinical
activity score. According to the clinical activity score, we
can select an appropriate treatment for each patient!"?.

The third cluster is related to surgery. The most used
keywords are Graves’ ophthalmopathy, orbital decom-
pression, exophthalmos, proptosis, surgery, diplopia,
muscle, and optic neuropathy. The fourth cluster in-
cludes keywords related to association, and the main
keywords are risk factors, smoking, ocular surface, dry
eye, tear film osmolarity, children, glaucoma, intraocular
pressure, Graves’ disease, auto-antibodies, thyrotropin
receptor antibody, prevalence, and population. We
can find the main risk factors for TED in this keyword

cluster, including smoking, radioiodine therapy, and
hyperthyroidism®°.

Smoking, Graves’ disease duration, female gender,
and age of disease onset are important risk factors for
TED®2Y. While one study showed that Europeans are at
greater risk than Asians to develop TED??, several other
studies did not??. EUGOGO recommends controlling
risk factors as part of TED management, especially
smoking and dysthyroid status"”.

The exact molecular mechanism underlying ocular
surface abnormalities in TED patients is unknown. The
tear film regulatory composition of proteins and cytoki-
nes in TED patients is different than in other patients with
ocular surface disease; therefore, a different mechanism
is proposed??. As ocular surface disease may be the
earliest feature in TED, tear film biomarkers may aid in
the early diagnosis of TED®.

The fifth cluster is related to the quality of life, and
the GO-QOL questionnaire is used to assess the quali-
ty of life of TED patients®®. TED affects the quality of
life negatively due to several complications, such as
disfiguring, strabismus, and diplopia, which may cause
major depression in the patients. This issue needs to be
addressed in TED management®?-2%.

Analysis of the keyword average publication year
shows the change in research trends. The average publi-
cation year of keywords related to the mechanism and
associations of TED is 2014, while that of keywords rela-
ted to the classic model of treatment, such as corticoste-
roids, and radiotherapy is 2009. The increase in research
interest in immunotherapy, such as rituximab, the role
of oxidative stress, orbital fibroblasts, proliferation,
European group recommendations, and risk factors, is
evident in recent years. In contrast, there is less interest
in research on radiotherapy and steroid therapy. This
may be due to the increased understanding of the mo-
lecular mechanism underlying TED, which encourages
exploring new treatment targets”. There is increasing
interest in exploring the role of orbital fibroblasts, oxida-
tive stress, nuclear factor kappa B (NF-xB), proliferation,
and inflammation in the molecular mechanism under-
lying TED. The most commonly used synonym for TED
is Graves’ ophthalmopathy, which in this study occurred
388 times. The synonym Graves’ orbitopathy has seen
a higher average use in recent years. Dysthyroid orbito-
pathy and endocrine orbitopathy are the least common
synonyms and are less commonly used.

Co-citation analysis is an important tool in bibliometric
analysis to identify articles that are commonly cited
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together by several authors. Highly co-cited articles
indicate a common relationship. Co-citation analysis
also aids in identifying the authors’ input on a particular
topic®®*). In this study, we investigated the topics of
highly co-cited articles and found five topics: (1) patho-
genesis, (2) management, (3) risk factors, (4) clinical
assessment, and (5) surgical management.

Several bibliometric analyses have been carried out
to examine research trends in several ophthalmology
fields®?. However, to the best of our knowledge, this
is the first study to assess research trends in Graves’
orbitopathy.

This study has some limitations, First, we used a sin-
gle database (WOS). Because the WOS database allows
scholars to perform a full-grown analysis of citations,
many bibliometric analyses in ophthalmology rely on
this database. Second, we limited our analysis to articles
published between 2000 and 2019; therefore, older
articles were not included. Trends in TED research are
continuously changing. Future studies may examine
changes in these trends and hot research topics in TED.
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