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Abstract

e AIM: To determine and evaluate the features of highly
cited articles (HCAs) in the ophthalmology category in the
Science Citation Index Expanded (SCI-EXPANDED) from
1991 to 2020.

e METHODS: The Web of Science Core Collection
documents with at least 100 citations from their publication
year until December 31, 2020, were evaluated as highly
cited. The examined features were the distribution of yearly
output and its average number of per publication, HCAs,
authors, institutions, journals, and nations. The publication
performance of nations and organizations was assessed
using six publication indicators. The Y-index was employed
to compare the research outputs of various authors.

e RESULTS: Publications that had cited the most
references were highly published in high-impact factor
journals. The United States of America came out on top

across all six publication indicators, and it was home to
eight of the top 10 most productive institutions. The articles
written by Breivik et al (2006) and Farrar et al (2001)
were highly cited and had a significant impact in 2020.
The authors had a higher number of highly cited articles
published as corresponding authors than as first authors.

o CONCLUSION: The findings of the present study highlight
the current scope of global research in ophthalmology. The
findings can help policy-makers and advisory groups of
research centers to develop future policies. In addition, the
findings can guide researchers in this field.

o KEYWORDS: ophthalmology; bibliometric analysis;
TCyears Cyeans CPP,,; highly cited articles
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INTRODUCTION

phthalmology research demonstrates the quality and
O excellence of medical education, clinical practice,
awareness of ocular and vision problems, and general
health standards'). Objective information about the status
quo of ophthalmology research is essential to infrastructure
development for understanding, treating, and preventing ocular
diseases'”. Due to advances in technology, innovation, and
modern science, ophthalmology has become a fast-growing
clinical branch of medicine"’. According to a recent study by
the World Health Organization (WHO), at least 2.2 billion
people suffer from near or distance vision impairment. In at
least 1 billion—or almost half—of these cases, visual impairment
may have been avoided by adopting appropriate measures.
According to estimates of regional disparities, Distance vision
impairment is four times more common in low- and middle-
income nations than in high-income ones'.
As we are currently in the era of Big Data, information

related to ophthalmology is considerably growing as well.
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Analysis of these data yields an opportunity to gain awareness
and understanding of the development of ophthalmology
worldwide. As such, the outputs of vision and ophthalmology
research must be properly assessed. Among the different
methods available for assessing scientific products,
bibliometric studies have proved useful for evaluating the
social and scientific significance of a discipline at specific

9 Bibliometrics involves statistical analysis to estimate

times
the quality and characteristics of published works. This unique
tool can measure the scientific value of papers and delineate
the status quo and hot topics of a domain'”. In healthcare
and medical sciences, bibliometrics can be used for resource
allocation and health policy-making"”. Recently, bibliographic
indicators of total citations have been extensively adopted to
evaluate classic papers' " and highly cited articles (HCAs)!'"*". In
other words, the impact of a study in a particular research field
can be quantified by using the number of citations received
by the article, and citation ranking lists can be drawn up to
assess the scientific impact and quality of these articles'*"”,
By preparing such lists, the most influential articles in a certain
discipline or subject and their impact on clinical performance
can be identified"”. According to Garfield"”, papers with
equal to or more than 100 citations are usually classified under
general or clinical medical journals.

Accordingly, HCAs have the greatest impact in a certain context
and provide a foundation for a new category”’. These articles’
research directions depict the trends in that research area®.
The more citations authors receive, the more influential they
are in their domain of expertise!'”. A 2003 Japanese study,
one of the first to use bibliometric concepts in ophthalmology,
examined the 15y from 1988 to 2002. According to this
publication, 49.5%, 31.3%, 15.1%, 2.2%, 0.85%, 0.53%, and
0.47% of ophthalmology studies originate from North America,
Western Europe, Asia, the Middle East, South America,
8] Based on the

results, 22 T100-Eye papers were published in Ophthalmology,

Eastern Europe, and Africa, respectively

17 in Investigative Ophthalmology and Visual Science, and 16
in the American Journal of Ophthalmology, constituting 55%
of all T100-Eye articles. A total of 12 reviews and 88 original
research articles were included in T100-Eye, compared to 16
reviews and 84 original research articles in T100-General.
In T100-Eye, myopia (16 cases) and age-related macular
degeneration (15 cases) were the most frequently examined
disease categories, whereas in T100-General, diabetic
retinopathy (24 cases) and glaucoma (16 cases) were the most
reviewed categories. The two countries that contributed highly
to the T100-General (n=36, n=26) and T100-Eye (n=42, n=17)
articles were Japan and Singapore, respectively!”.

In the current study, the researchers extracted data from
Google Scholar, Scopus, PubMed, Web of Science (WOS),
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and other databases for bibliographic analysis. WOS was
chosen in compliance with recent studies in different
fields®**". At present, there are over 500 000 documents in
the ophthalmology category of the WOS citation database.
However, due to the great number of studies, it is difficult
to identify major articles. As such, reviewing the published
literature in this domain is essential to the identification
of HCAs. The findings of this study can be beneficial to
ophthalmology policy-makers to decrease public health
concerns and health systems’ economic burdens globally.
More, investigating high-impact and HCAs directs researchers
to the diverse areas of each specialty that require further
research. Besides, scientific articles’ post-publication impact
supports researchers and clinicians in finding pathological
mechanisms and proposing new preventive and therapeutic
strategies accordingly.

The current study aimed to identify HCAs in ophthalmology
from 1991 to 2020 and analyze their characteristics, e.g.,
authors, countries, institutions, and journals. The authors of
ophthalmology HCA were also assessed according to their
writing traits via the Y-index. This research presents the
first comprehensive bibliometric analysis of high-quality
ophthalmology articles.

MATERIALS AND METHODS

Ethical Approval This study was ethically approved by the
Ethics Committee of Hamadan University of Medical Sciences
(IR.-UMSHA .REC.1401.1032).

The Science Citation Index Expanded (SCI-EXPANDED)
in the Clarivate WOS Core Collection provided the pertinent
data. A number of 9531 journals were indexed with citation
references across 178 WOS categories in SCI-EXPANDED,
according to the 2020 Journal Citation Reports (JCR). The
WOS ophthalmology category had 62 journals. According
to SCI-EXPANDED, 411 315 documents, including 197 572
articles, were retrieved between 1991 and 2020 (updated on 4
December 2021).

Three citation indicators were employed by Ho’s group to
characterize articles with a high quantity of citations:

TC,.,: Quantity of citations to WOS Core Collection since the
paper was published until the end of the most recent year"'>*;
TC,y,, shows the total times the study has been cited since it
was published until the end of 2020.

Cyer: Quantity of citations in the most recent year™ % TCo0
is the number of citations in 2020.

CPP,.,.: Average number of citations per publication

year*

(CPP,.=TC,, /T P)P**3): TP refers to the total number of
publications.
A TC,,, of 2100 was employed for retrieving HCAPY.

Documents with a 7C,,,>100 were selected as HCAs in this
study. The SCI-EXPANDED document material was reviewed,
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imported into Microsoft Excel 365, and supplementary coding
was performed manually for all the analyses”*”.

The productivity of nations and institutes in terms of
publications was assessed using six publication metrics***":
TP: total number of publications, /P: number of single-
institution publications (/P,) or single-country authored
publications (/P.), CP: number of inter-institutionally
collaborative publications (CP)) or internationally collaborative
publications (CP.), FP: number of first-author publications,
RP: number of corresponding-author publications, SP: number
of single-author publications.

SCI-EXPANDED has been first established for researchers
to discover the studies; hence, data pre-treatment is usually
required when utilizing the data for bibliometric research””.
The corresponding author is listed as the reprint author
in the SCI-EXPANDED database; nevertheless, we used
1 When authorship is left

unexplained in a single-author article, that researcher serves

the label corresponding author

as both the corresponding and the first author™. Similarly, the
institution is designated as the first-author and corresponding-
author institution in a single-institutional paper”*. The
United Kingdom (UK) has been categorized as the country
in which affiliations in Wales, North Ireland (Northern
Ireland), Scotland, and England were classed*”. Before
1997, affiliations in Hong Kong were categorized as being in
China". By checking these, cities in Czechoslovakia redefined
affiliations as being in the Czech Republic*”. Affiliations in the
West Indies Associated States were examined by their city and
categorized as belonging to Barbados.

The performance of the authors in terms of publications
was assessed using the Y-index. A formula for the Y-index is

33,36

as™** Y-index (j, &), where j is a constant linked to publishing
potential and represents the sum of corresponding-author
publications (RP) and first-author publications (FP), and % is
a constant related to publication characteristics and represents
the polar angle around the ratio of RP to FP. The higher the
j value, the greater the corresponding author and first author
contribute to the papers.

j represents the total quantity of corresponding-author
publications and first-author publications, while A=n/2 is
an author who has only published those papers; n/2>h>n/4
demonstrates that an author has more corresponding-author
papers than first-author ones (£P>0); A=n/4 shows that a
researcher possesses the same quantity of corresponding-
author publications and first-author publications; n/4>h>0
demonstrates an author who has more first-author articles
compared to corresponding-author ones (RP>0); 4=0 displays
that an author has only published first-author papers, and j
denotes the quantity of these types of publications.

RESULTS

Publication Language and Type of Documents Within the
10 document categories indexed in the WOS, 7237 HCAs
(1.8% of 411 315 documents on ophthalmology) with a 7C,,,
of under 100 from 1991 to 2020 were identified. Table 1 lists
the characteristics of the 10 document types, such as 6047
HCA with an APP of 6.4, accounting for 89% of the total
7237 papers. The one highly cited meeting abstract, “What’s
new in Psychtoolbox-3” which had the highest CPP,y,, of
2149, is what may be ascribed to meeting abstracts. Moreover,
54 journals produced a total of 733 reviews, the majority
of which were found in the Survey of Ophthalmology (182
reviews or 25% of the total number of reviews) and Progress
in Retinal and Eye Research (147; 20%). Reviews and articles
received around 207 and 183 average number of citations per
publication (CPP,y,,), respectively. “Standardization of uveitis
nomenclature for reporting clinical data. Results of the First
International Workshop™*!J, only one piece of classic editorial
material, had a 7C,,, of 2112. Note that the WOS distinguishes
two types of documents. For instance, the document categories
of articles and proceedings papers each had 835 highly cited
documents. As a result, the overall proportion of document
categories in Table 1 is greater than 100%.

For the next analysis, only publications that included an
introduction, methods, results, discussion, and conclusion
were utilized. Only six of the 6407 HCAs we found in the
ophthalmology category (3.2% of the 197 572 articles) were
written in non-English languages, including five in German
and one in French.

Publication Distribution A total of 6407 ophthalmology-
related HCAs were examined, covering the years 1991 to
2020. Ophthalmology HCAs in the WOS category fluctuated
with an abrupt reduction in the last 20y. The maximum value
of TC,p,, was 3860, and the average was 183. The distribution
of the 6407 articles over the years and their CPP,,, is
displayed in Figure 1. No highly cited article was found in
2019, but there was one published in 2020 titled “Stepping up
infection control measures in ophthalmology during the novel
coronavirus outbreak: an experience from Hong Kong”*'. A
significant increase between 1995 (219 articles) and 2000 (388
articles) is reported, which peaked in 2000 and then declined
to zero in 2019.

Journals In 2020, 62 journals were included in the WOS
category of ophthalmology. The 6407 HCAs were published
in 54 of these journals (87% of 62 journals), as well as 17
additional ophthalmology journals, such as the Archives of
Ophthalmology, which had an IF,,, of 4.399 and was no
longer included in the ophthalmology category in WOS as
of 2020. The top 10 productive journals are listed in Table 2
with APP and CPP,,,. The Investigative Ophthalmology &
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Table 1 Citations and authors according to the document type

Document type P % TP AU APP TCyox0 CPP,yy0
Article 6407 89 6397 40802 6.4 1173432 183
Proceedings paper 835 12 835 4741 5.7 148049 177
Review 733 10 733 2449 33 152021 207
Editorial material 63 0.87 63 174 2.8 12924 205
Letter 16 0.22 16 56 35 3554 222
Note 16 0.22 16 37 23 2588 162
Book chapter 2 0.028 2 3 15 382 191
Retracted publication 2 0.028 2 14 7.0 222 111
Addition correction 1 0.014 1 1 1.0 116 116
Meeting abstract 1 0.014 1 3 3.0 2149 2149

TP: Number of highly cited articles; AU: Number of authors; APP: Average number of authors per publication (AU/TP); TC,yy,: Total

number of citations from Web of Science Core Collection since publication year to the end of 2020; CPP,,,: Average number of

citations per publication (TC,q,,/TP).

Figure 1 Quantity of highly cited articles and average number of

citations per publication by year.

Visual Science, with an IF,,, of 4.799 (ranking 8" out of 62
ophthalmology journals) published the most HCAs (1331
articles; 21% of 6407 HCAs), followed by Ophthalmology
(IF50,=12.079; ranking 2") with 1271. A comparison of the
journals in Table 2 revealed that articles published in the
Archives of Ophthalmology had the highest CPP,,, of 231 and
APP of 13.

Countries, Institutions, and Authors A total of 6380 HCA
from 78 countries (99.6% of the 6.407 HCAs) had author
affiliation data in SCI-EXPANDED. Among the 6380 HCAs,
4978 (78%) were single-country articles from 43 nations,
while 1402 (22%) were cooperative articles from 78 countries.
The top 10 productive nations were compared using the six
publication indicators TP, IP., CP., RP, FP, and SP as well

as the average number of citations per publication (CPPy,,)"*"
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(Table 3). The top 10 publications were from five European
nations, two American nations, two Asian nations, and one
Oceanic nation. With 16 HCAs, South Africa was rated #1 in
Africa. USA dominated in terms of 6 publication indicators
(64% of 293 single-author articles), with 7P equal to 3887
HCAs (61% of the 6380 HCA), IP. of 2900 articles (58% of
the 4,978 single-country articles), the CP. of 987 articles (70%
of the 1402 internationally collaborative papers), the FP of
3469 articles (54% of the 6380 first-author papers), the RP of
3044 articles (53% of the 5752 corresponding-author papers),
and the SP of 187 articles.

Furthermore, 2434 of the 6380 HCAs were cited by a single
university, constituting 38% of the total, while 3946 of them
(62% of the total) were written in collaboration with other
institutions. The top 10 prolific institutions were also compared
using six publication indicators: TP, IP,, CP,, RP, FP, and SP
as well as the average number of citation indicators (CPP,y)*”
(Table 4). There were eight institutions in the USA and one
each in the UK and Australia. With a TP of 358 HCA (5.6%
of the 6380 HCA), a CP, of 290 articles (7.3% of the 3946
inter-institutionally collaborative publications), and an FP of
158 articles, Johns Hopkins University (USA) led the three
publication indicators (2.5% of 6380 first-author articles). With
an [P, of 78 papers (3.2% of 2434 single-institute publications),
the RP of 123 articles (2.1% of 5752 corresponding-author
papers), and an SP of 14 articles, Harvard University (USA)
came out on top in all three publication indicators (4.8% of 293
single-author articles). A lowest CPP,,, of 172 was recorded
by Mootfields Eye Hospital (UK), while a highest CPP,,, of
256 was recorded by the University of Wisconsin (USA).

A total of 5755 papers (90% of the 6407 HCA) with both
corresponding-author and first-author data in the SCI-
EXPANDED database were used to determine the Y-index for
highly cited authors. A number of 18 043 authors submitted



Int J Ophthalmol, Vol. 16, No. 7, Jul.18, 2023 www.ijo.cn
Tel: 8629-82245172 8629-82210956  Email: ijopress@163.com

Table 2 The 10 most productive journals with highly cited articles in the WOS category of ophthalmology

Journal TP (%) F5000 (R) APP CPP,g50
Investigative Ophthalmology & Visual Science 1331 (21) 4.799 (8) 5.7 165
Ophthalmology 1271 (20) 12.079 (2) 7.7 194
American Journal of Ophthalmology 612 (10) 5.258 (6) 7.9 183
Archives of Ophthalmology 605 (9.4) 4.399 (IF,014) 13 231
Vision Research 460 (7.2) 1.886 (46) 3.1 196
British Journal of Ophthalmology 334 (5.2) 4.638 (9) 5.1 177
Journal of Cataract and Refractive Surgery 242 (3.8) 3.351(18) 3.8 171
Experimental Eye Research 149 (2.3) 3.467 (17) 4.7 165
Journal of Vision 131 (2.0) 2.240 (39) 3.1 193
Cornea 130 (2.0) 2.651(32) 4.5 175

TP: Total number of highly cited articles; IF,q,,: Journal impact factor for 2020; R: Rank in Web of Science category of ophthalmology; APP:

Average number of authors per publication; CPP,,,: Average number of citations per publication (7C,y,,/TP).

Table 3 Top 10 most productive countries

Country TP TPR (%) IPR (%) CP.R (%) FPR (%) RPR (%) SPR (%) CPPioye
USA 3887 1(61) 1(58) 1(70) 1(54) 1(53) 1 (64) 194
UK 739 2(12) 2(7.4) 2(27) 2(8.0) 2(7.9) 2(12) 175
Germany 549 3(8.6) 4(5.1) 3(21) 3(5.7) 3 (6.0) 3(7.8) 188
Australia 434 4(6.8) 5(3.9) 4(13) 5(4.2) 5(4.3) 4(3.1) 192
Canada 376 5(5.9) 7(2.0) 5(11) 6(2.4) 6(2.4) 4(3.1) 187
China 255 6 (4.0) 11 (1.1) 6(9.8) 9(1.7) 9(1.9) N/A 158
Japan 212 7 (3.3) 3(6.0) 7 (9.6) 4(5.4) 4(5.7) 10 (1.0) 166
Switzerland 193 8(3.0) 12 (1.0) 8(9.1) 12 (1.3) 12 (1.4) 13 (0.68) 210
Singapore 192 9(3.0) 19 (0.48) 9(7.8) 13 (1.1) 13 (1.3) N/A 189
France 177 10 (2.8) 8(2.0) 10 (6.6) 8(1.9) 8(2.0) 10 (1.0) 186

TP: Total number of highly cited articles; TPR (%): Rank and percentage of total number of highly cited articles; IP.R (%): Rank and percentage of
single-country articles in total number of single-country articles; CP.R (%): Rank and percentage of internationally collaborative articles in total
number of internationally collaborative articles; FPR (%): Rank and the percentage of first-author articles in total number of first-author articles;
RPR (%): Rank and percentage of corresponding-author articles in total number of corresponding-author articles; SPR (%): Rank and percentage of

single-author articles in total number of single-author articles; CPP,,,: Average number of citations per publication (TC,y,,/TP); N/A: Not available.

Table 4 Top 10 most productive institutions

Institution TP TPR (%) IPR(%) CPR(%) FPR(%) RPR(%) SPR(%)  CPP,y,,
Johns Hopkins University, USA 358 1(5.6) 2(2.8) 1(7.3) 1(2.5) 2(1.8) 2(4.4) 233
Harvard University, USA 353 2 (5.5) 1(3.2) 2(7.0) 2(2.4) 1(2.1) 1(4.8) 196
University of Wisconsin, USA 207 3(3.2) 3(2.5) 5(3.7) 4 (1.5) 3(1.6) 7(1.7) 256
University of Miami, USA 206 4(32) 4(24) 4(3.7) 3(20) 3(1.6) 16(1.0) 213
Moorfields Eye Hospital, UK 174 5(2.7) 10(1.1) 3(3.7) 6(1.3) 7(1.1) 57(0.34) 172
National Eye Institute (NEI), USA 156 6(2.4) 50(0.45) 6(3.7) 10(1.0) 8(1.0) 57(0.34) 240
University of Sydney, Australia 142 7(.2) 7(1.4) 9(7) 5(1.4) 5(13) 57(0.34) 232
University of California, Los Angeles, USA 142 8(2.2) 8(1.2) 7(2.9) 8(1.1) 8(1.0) 3(3.1) 174
University of Southern California, USA 132 9(2.1) 15(0.86) 8(2.8) 12(0.82) 15(0.76) 29(0.68) 198
Duke University, USA 120 10(1.9) 12(0.94) 11(2.5 16(0.74) 18(0.68) 16 (1.0) 212

TP: Total number of highly cited articles; TPR (%): Rank and percentage of total number of highly cited articles; IP,R (%): Rank and percentage of
single-institution articles in total number of single-institution articles; CP,R (%): Rank and percentage of inter-institutionally collaborative articles
in total number of inter-institutionally collaborative articles; FPR (%): Rank and the percentage of first-author articles in total number of first-
author articles; RPR (%): Rank and percentage of corresponding-author articles in total number of corresponding-author articles; SPR (%): Rank and

percentage of single-author articles in total number of single-author articles; CPP,,,: Average number of citations per publication (TC,q,,/TP).
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a total of 5755 articles. In sum, 13 750 authors (76% of the
18 043 authors) possessed no first-author papers; moreover,
corresponding-author ones with a Y-index=(0, 0); 1299
authors (7.2%) possessed only first-author papers with 42=0
and j#0. A total of 379 authors (2.1%) possessed many first-
author papers with 0<i<m/4. A total of 1875 (10%) authors
possessed a similar quantity of first-author and corresponding-
author papers with 4= n/4. Moreover, 159 (0.88%) authors
had numerous corresponding-author papers with a n/2>/>mn/4,
and 581 (3.2%) authors possessed only corresponding-author
papers with A=n/2 and j#0. The distribution of the Y-index (j,
h) for the top 23 authors with a j>24 is shown in Figure 2. Each
dot stands for one value, which may be one author or many™”,
as in the case of B.E.K. Klein and F.A. Medeiros, who both
had the same Y-index of 24, n/4. With aj of 80 and 117 HCAs
published, comprising 39 first-author and 41 corresponding-
author publications, R. Klein of the University of Wisconsin
(USA) had the greatest potential for production. With 32 first-
author and 35 corresponding-author papers and a Y-index of
1, C.L. Shields came in second after Klein (67, 0.8301). In the
orthopedics WOS category, Klein also published the majority
of first-author and corresponding-author HCAs. Largest
number of corresponding-author (RP) and first-author (FP)
publications in the ophthalmology category was published
by just four of the top 23 highly cited authors (17% of the 23
authors). Compared to the categories of anesthesiology (50%)
and emergency medicine (62%)", the proportion of authors
with similar FP and RP was lower. The top 52 authors all
had RPs greater than FP. The values of /** for H.A. Quigley
(30, 1.107) and G.R.J. Melles (30, 1.046) were identical. As
demonstrated in Figure 2, both the authors are on the same
curve (j=30), demonstrating that they have the same potential
for publication despite having distinct publishing features.
Compared to Melles, with an 4 of 1.046, Quigley had an / of
1.107 and a higher ratio of corresponding-author to first-author
papers. The same publishing potential was shared by S.C.G.
Tseng (28, 1.451), C. Baudouin (28, 1.128), M.C. Leske (28,
0.8567), and G. Wollensak (28, n/4), all of which had j values
of 28. In Figure 2, all these individuals are on the same curve
(j=28), indicating that they all have the same potential for
publication with distinct publishing features. With an 4 value
of 1.451, Tseng had the greatest RP to FP ratio, followed by
Baudouin (1.128), Leske (0.8567), and Wollensak (n/4). S.S.
Hayreh’s /1, G. Wollensak’s 4, Klein’s 4, and Medeiros’ & were
all on a similar straight line (diagonal) and had the same value
(m/4). All these authors had the same publication characteristics
and a similar RP to FP ratio. With a j of 38, Hayreh had the
highest publication potential, followed by Wollensak with
aj of 28, Klein and Medeiros with a j of 24, and Wollensak
with a j of 24. Similar places on the same straight line were
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Figure 2 Top 23 authors’ distribution along with their Y-index (j224).

found for S.E. Wilson (36, 0.9505), K. Tsubota (24, 0.9505),
P.A. Campochiaro (39, 1.107), and H.A. Quigley (30, 1.107),
indicating that Wilson and Tsubota shared the same publishing
attributes with an /4 of 0.9505, and Campochiaro and Quigley
shared the same publishing features with an /4 of 1.107.
DISCUSSION

Ophthalmology is an advanced field whose quality is progressing
rapidly. As a useful and objective measure of academic
impact, bibliometrics is being used more often in academic
advancement procedures. In this research, within 10 document
categories listed in the WOS, 7237 HCAs on ophthalmology
with a 7C,y,, of under 100 from 1991 to 2020 were identified.
The proportion of HCAs varied in the medically related areas
of emergency medicine (0.95%)"%, healthcare sciences and
services (1.1%)"", dentistry, oral surgery, and medicine
(1.8%)™”, and anesthesiology (3.7%)"™". Although the quantity of
HCA and citations of each paper had a decreasing fluctuation
annually in this research, the number of ophthalmology papers
was less than other papers published globally".

Articles (n=6407), proceedings papers (n=835), and reviews
(n=733) were respectively the top three types of HCAs in
ophthalmology. Reviews and articles both received around 207
and 183 average number of citations per publication (CPP,,),
respectively. Highly cited items in the WOS category of

emergency medicine also had comparable CPP,,. for reviews

year
and articles™. Only six of the HCAs were written in languages
other than English. Similar numbers of citations were recorded
in both reviews and articles. The only piece of classic editorial
material was “Results of the First International Workshop”.

There were 6407 HCAs in ophthalmology, the majority of
which were published in the 2000s. Moreover, the most

average number of citations per publication belonged to articles
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published in 1995. Unquestionably, more time is needed for the
most recent articles to gain citations'”. To measure the impact
of publications, at least one decade is said to be required to

. . . 50
monitor citation counts'

). The number of citations of a paper
has become a valuable indicator for evaluating the efforts made
by authors and journals as a measure of the paper's impact on
a particular field”". Conversely, some studies have remarked
that ophthalmology publication has a long history, and after so
many years of development, it has reached.

The geographical arena of ophthalmology research is
extensive, and the USA is the leading country in this field,
followed by the UK and Germany, respectively. Wang et al"
indicated that the top 100 most cited articles were originated
from 14 countries led by the US. Other ophthalmology

> while it is contrary to

publications confirm these findings'
other reports that introduce Italy as having the top 100 cited
articles in the field, followed by Germany and the US™.
In some reports, China is the top publishing country (988,
27.9%), followed by the US (759, 21.4%) and Japan (303,
8.5%). Citations are always used as an important indicator of
academic impact. Citation analysis showed that the US had
12 312 citations and ranked first, followed by China (9901
citations) and Japan (6541 citations)™".

The top 10 publications were from five European nations, two
American nations, two Asian nations, and one Oceanic nation.
Other reports confirm that China and Japan (Asia) are among
the top-producing countries in the field of ophthalmology"?.
In this regard, the developmental history of ophthalmology
indicates that Asian countries play a crucial role in the world of
ophthalmology, but their influence must be increased. Research
in ophthalmology is a top priority for US institutions.
Strengthening collaborative research initiatives among
diverse countries such as the USA, UK, Germany, and so on
is emphasized since collaboration in science and technology
that appears in joint activities significantly advances economic
globalization”. Compared to Wang et al”", in this study, we
concluded that ophthalmology research is conducted in high-
income countries more than in others.

The majority of important articles were published in the USA;
this conclusion is in line with that of other investigations.
According to several studies”******* the US leads the
development of scientific knowledge in medicine, health, and
ophthalmology. Our research revealed that China, with 193
articles, had the highest CPP,,,, at 210; Canada, on the other
hand, had the lowest CPP,,,, at 158. The findings of our study
differ from those of Kolle et al®”, Schulz et al™, and others.
In three of the publication indicators, Johns Hopkins University
and Harvard University (USA) came out on top, which is
contrary to the results reported by some other studies™"***".
For instance, Wang et al" found that the most productive

institution with the highest TCs was the National Institutes of
Health (NIH) of USA, which has published 12 articles and the
TCs reached 3655.

The UK’s Moorfields Eye Hospital had the lowest average
number of per publication, while the University of Wisconsin
(USA) had the highest average number of per publication.

28,36,60,62 . . .
: 1 some of these institutions

According to several studies
in the nations seem to be well regarded in other areas. Most
significant institutions, authors, and articles on ophthalmology
seem to be produced in the US, with or without the cooperation
of other nations. Wang ez al®" reported that most productive
institutions are from Singapore, but the most prolific and active
country is the US.

The Y-index was then employed to compare the research output
of various authors. The benefit of the Y-index is that when the j
of authors is similar, 2 may be used to identify their publication
characteristics”™. B.E.K. Klein and F.A. Medeiros had the same
Y-index. The most likely candidate for publication was R. Klein
from the University of Wisconsin (US). In areas relating to
medicine, highly cited authors published more corresponding-

%1 and there were different

author than first-author papers'
authors responsible for this field all over the world.
Limitations: All the documents in the study were collected
from the SCI-EXPANDED, in Clarivate Web of Science.
Publications indexed in other databases were not included in
the study. The same authors had different initial names and the
same institutions had different spellings can be found in SCI-
EXPANDED.

In conclusion, bibliometrics is a helpful and objective indicator
of academic impact and is increasingly being adopted in
academic promotion. A total of 7237 highly cited articles in
the category of ophthalmology with a 7C,y,, of 2100 from
1991 to 2020 were found within 10 document types indexed
in the WOS. From the HCAs, only six were published in non-
English languages. Reviews and articles had similar average
number of per publication. “Results of the First International
Workshop” was the only classic editorial material. A total of
6407 HCAs belonged to the category of ophthalmology, with
most articles appearing in the 2000s. Articles published in 1995
had the highest average number of per publication. A total
of 6407 HCAs were published in 54 journals. Investigative
Ophthalmology & Visual Science published the most HCAs.
This journal was the most productive journal as reported by
Zhang et al®¥, but other studies report different journals®®"’.
Most studies were supported by five developed European
countries, two by American countries, two by Asian countries,
and one by Oceania. The USA ranked top in the six publication
indicators, followed by the UK and Germany. Ophthalmology
research is a major concern of US institutes. Johns Hopkins
University and Harvard University (USA) ranked first in three
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of the publication indicators. The University of Wisconsin
(USA) had the highest average number of citations per
publication, while Moorfields Eye Hospital in the UK had
the lowest one. B.E.K. Klein and F.A. Medeiros had the same
Y-index. R. Klein from the University of Wisconsin (USA) had
the highest publication potential.
To the best of our knowledge, this is the first comprehensive
bibliometric study to identify HCAs in the last decades using
different indicators such as the Y-index. This study provides
insights into the ophthalmology research conducted in the
last decades, supports the identification of the quality of
ophthalmology research, discoveries, and trends, and guides
future research.
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