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HIGHLIGHTS

1. Critical discoveries and outcomes

* Global orthokeratology research has exhibited a steady upward trend over the past three decades, with
China emerging as the leading contributor and research emphasis shifting from refractive correction and
safety toward pediatric myopia control and axial length regulation.

2. Methodological innovations

* This study applied a machine-learning-based bibliometric framework using R-based visualization to uncover
evolving research hotspots, author collaboration networks, and thematic transitions across orthokeratology
literature.

3. Prospective applications and future directions

* The findings offer data-driven insights supporting Al-assisted, personalized ortho-k lens design and
encourage interdisciplinary integration for advancing future myopia-control strategies.

Abstract: Objective: This study aimed to analyze the research hotspots and frontiers in orthokeratology using
bibliometric methods, providing a scientific and precise reference for both new and established
researchers. Methods: A bibliometric analysis was conducted on literature related to orthokeratology
over the past three decades within the Web of Science Core Collection (WoSCC). Analytical tools
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available in the R software environment were employed, integrating a machine learning-based
bibliometric approach. Results: A total of 740 articles concerning orthokeratology research were
retrieved from the WoSCC. Research on orthokeratology has shown a consistent upward trend, with
an annual growth rate of 18.75%. China, Australia, and the United States are the most prolific
countries in this field, with China making the largest contribution. The journals with the highest
number of publications are Optometry and Vision Science (n=110), Contact Lens and Anterior Eye
(n=96), and Eye & Contact Lens (n=72). Meanwhile, Pauline Cho (»=76) and Cheung SW (n=47) are
the most active authors. Over the past three decades, common keywords in research literature have
highlighted key areas, including corneal reshaping in pediatric populations, the prevalence and
progression of myopia, contact lenses, refractive errors, and changes in axial length. Conclusions: In
summary, this bibliometric analysis presents a comprehensive overview of the current state of
orthokeratology research. It aids in gaining a better understanding of how this field has developed

over the past 30 years.
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INTRODUCTION

The global prevalence of myopia has been on the

2] Once myopia begins to

rise in recent years.
develop, it is irreversible. To reduce the occurrence of
associated visual complications in myopia patients,
conducting in-depth research into effective myopia
control strategies has emerged as a major public health
goal.”! Orthokeratology lenses (ortho-k) are reverse-
geometry lenses specifically designed to enhance
unaided vision after being worn overnight. With over
30 years of clinical application, there is substantial
evidence indicating that ortho-k plays a role in
children.™!

However, the efficacy of myopia control with these

controlling axial length growth in
lenses varies greatly among individuals, and the
underlying mechanisms are still not well-understood.
Moreover, considering the growing volume of relevant
literature and data resources, effective information
discovery and knowledge mining are of utmost
These
uncovering the background, driving forces, and

importance. processes are essential for
development trajectory of research and development

in ortho-k studies. This, in turn, is required to reveal

the inherent characteristics and patterns of development
in this field. Bibliometrics is a scientific quantitative
approach that integrates library science, mathematics,
and statistics. It is used to analyze the distribution
structure, quantitative relationships, and patterns of
change in scientific literature information. Bibliometrix
is a software package based on the R programming
language, specifically designed for bibliometric
analysis and visualization. It can organize and analyze
literature information from databases like Web of
Science, calculate relevant parameters, construct data
matrices, and perform analysis and visualization on
aspects such as keyword co-occurrence, literature co-
citation, and historical literature citation. Compared to
software packages such as CiteSpace and VOSviewer,
bibliometrix offers more comprehensive functionality.

To gain a comprehensive understanding of the
current state of ortho-k research, pinpoint research
within the field,
developments and trends, this study employed
bibliometric methods. It searched the Web of Science
Core Collection database (WoSCC) for relevant
literature spanning from 1995 to 2023. In a bid to

hotspots and delve into its

quickly review the research status of this field and
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dissect the evolving trends of research hotspots, the
study conducted bibliometric and visual network
analyses. These analyses focused on various aspects,
including the overall status of literature, authors,
institutions, countries/regions, keywords and the like.

METHODS

Bibliometric database

The WoSCC was chosen due to its extensive and
comprehensive data. This data not only satisfies the
requirements of bibliometric software but also
positions it as one of the most authoritative and
influential databases in this particular research field.
Considering that the data for this study were directly
obtained from public databases, obtaining ethical

approval was deemed unnecessary.

Eligibility criteria

This study focused on literature centered around
ortho-k as the research subject. The article types were
restricted to "article" and "review". Conference
abstracts, letters, expert views, editorial materials,
corrections, retractions, and proceedings papers were
all excluded. All the publications incorporated into the
study were gathered from the WoSCC database on
2023. The
configured as follows: TS = (orthokeratology lens OR

December 31, search formula was
ortho-k OR corneal reshaping contact lens OR corneal
reshaping OR OK lens OR orthokeratology lenses OR
corneal plastic lens OR ortho-k lens OR orthokeratology
contact lens OR ortho-k lenses). The time frame for
the published studies under evaluated was set from
1995 to 2023, and the language was limited to
English. Records were excluded under the following
circumstances: if they were not related to
orthokeratology (for example, those solely focusing on
myopia without any ortho-k intervention); if they
were editorial materials, letters, meeting abstracts,
conference proceedings, or corrections; or if they
lacked crucial bibliographic information such as title,
authorship, or publication year. Two researchers, Fu F
and Wang J, cross-checked the articles that were
included. In cases where there were disparities,

researchers Xie Y and Zhang X made the final decision.

Data analysis

The outcomes of the database search were
exported, encompassing a wealth of bibliographical
information. This included details such as the authors,
abstracts, keywords, affiliations, and funding sources.
Additionally, citation-related information was also
included, covering citation authors, document titles,
document types,
volumes, pages numbers, citation counts,and other

years of publication, sources,
pertinent details. A machine-learning bibliometric
approach was employed to assess the distribution of
each factor. For the in-depth analysis, the bibliometrix
R package was utilized to conduct a comprehensive

assessment.
RESULTS

Overview and publications

The search strategy yield a total of 740 studies
and reviews. These articles were published across 123
journals, exhibiting an annual growth rate of 18.75%.
The average age of the literature stood at 7.16 years,
and on average, each article received 21.44 citations.
Moreover, the cumulative number of references cited
in these studies reached 9,867. Over the past three
decades, there has been a consistent year-on-year
increase in both the number of publications and
citations of ortho-k articles. In 2022 and 2023, the
number of publications of related articles reach a peak,
with 123 articles published in each year ( as shown in
Figure 1). The three countries with the highest output
were China, Australia, and USA. The country-specific
publication output is depicted in Figure 2 (the blue
zone).

Documents and authors

In the domain of academic journals, Optometry
and Vision Science took the lead, having published
110 articles, which represented the highest publication
count among all sources. Contact Lens and Anterior
Eye came in a close second, making a substantial
contribution with 96 articles. Noteworthy contributions
also originated from journals like Eye & Contact
Lens, Science and Clinical Practice, Ophthalmic
Optics, and

and  Physiological Investigative
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Graph of annual publication volume of ortho-k
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Figure 1 Annual publication volume of ortho-k

Figure 2 Country-specific production

The color intensity is proportional to the number of documents. Higher blue intensity refers to greater number of documents (dark

blue = high productivity; grey = no documents).

Ophthalmology & Visual Science. Among the authors
who have made significant contributions Pauline Cho
and SW Cheung stand out. Upon analyzing their
contributions, it becomes evident that Pauline Cho
was the most prolific author, with 76 published
articles, accounting for 10.3% of the total number of
publications. SW Cheung followed closely behind,
having authored 47 articles, which made up 6.4% of
the total. Although SW Cheung’s publication count

was lower than that of Pauline Cho, his contributions
still hold considerable weight within the academic
community. Furthermore, our analysis revealed other
active authors in the field, including JM Gonzilez-
Meéijome, C Villa and HA Swarbrick (as shown in
Table 1).

Among the multitude of publications, the
research study titled "Retardation of Myopia in

Orthokeratology (ROMIO) Study: A  2-Year
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Table 1 Top journals and authors in Ortho-K research

Sources Articles Authors Articles
Optometry and Vision Science 110 Cho Pauline 76
Contact Lens and Anterior Eye 96 Cheung SW 47
Eye & Contact Lens 72 Gonzalez-Méijome JM 33
Ophthalmic and Physiological Optics 46 Villa C 30
Investigative Ophthalmology & Visual Science 36 Swarbrick HA 24
Cornea 26 Chen Z 24
Clinical And Experimental Opto-metry 23 Queirds A 20
BMC Ophthalmology 23 Zhou XT 19
Current Eye Research 22 Paul Gifford 18
Journal Of Ophthalmology 14 Jiang J 18

Randomized Clinical Trial" stands out. Authored by
Pauline Cho and published Investigative
Ophthalmology & Visual Science in 2012, this study
has achieved the highest citation count, amassing a

in

total of 470 citations. It maintains an impressive
average citation rate of 36.15 per year, along with a
standardized citation rate of 10.81. These figures
firmly establish it as one of the most impactful articles
in the field. The second most frequently cited article is
the meta-analysis "Efficacy Comparison of 16
Interventions for Myopia Control in Children".
Authored by Huang JH and published in the
Ophthalmology Journal in 2016, it has garnered a total
of 419 citations.

Keywords and trends
Keywords of the

boundaries and emerging topics within a particular

also serve as indicators
field. The most frequently occurring keywords in the
research literature were brought to the forefront using

the word-cloud method. This method visually

represented the frequency of word repetition in the
sample data (as shown in Figure 3). In the selected
sample, the more often a word was mentioned, the
larger its sizes appeared in the world cloud. The top-
rank keywords, which had the highest occurrence
frequencies in the analyzed articles, revealed a strong
focus on corneal reshaping in pediatric populations,
with 186 occurrences. The predominant areas of
investigation included the prevalence of myoia, with
138 with 130
occurrences. Additionally, there were considerations

occurrences and  progression,
regarding the use of contact lenses and refractive
errors. Furthermore, researchers are paying close
attention to changes in axial length, a parameter that is
conventionally associated with myopia development.
These findings highlight the prevailing research
priorities and the most prominent areas of interest
within the field of ophthalmology. Consequently, they
provide crucial reference points for future research
endeavors.

The the thematic

findings derived from
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evoluation analysis of the keywords reveal the major
thematic shifts within the fields of children’s vision
problems, adolescent myopia, infectious Kkeratitis,
intraocular pressure, dry eye, and keratitis from 1995

to 2019 (as depicted in Figure 4). During the period

from 1995 to 2013, the research focus was
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predominantly concentrated on children’s vision
problems and infectious keratitis. In contrast, from
2014 to 2019, the research scope broadened
significantly, encompassing a wider range of areas,
including adolescent myopia, intraocular pressure, and
dry eye research.
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DISCUSSION emphasis on innovative solutions for vision
correction.'**"1 Ortho-k, offering non-invasive and

Ortho-k is a safe and effective procedure for both reversible options for myopia control, has attracted
correcting refractive errors and slowing the substantial attention from researchers as a potential

progression of myopia.l”! Since the introduction of the
first reverse geometry lens in 1989, substantial
advancements in materials, design techniques, and
examination equipment (such as corneal topography)
have propelled this technology to uprecedented
levels.®” In 2002, the U.S. Food and Drug
Administration (FDA) approved an overnight ortho-k
design, extending its use to all age groups and
enabling corrections for refractive errors up to—6.00 D.!”)
Marketed as corneal refractive therapy, this approval
breathed new vitality into the industry. Subsequently,
numerous companies entered the ortho-k market,
introducing innovative lens designs and materials.
facilitated
enhancing lens

This  diversification  has greater

customization, centration and
accommodating more complex prescriptions. Factors
such as overnight wear, higher oxygen permeability,
computer-aided lens designs, and accelerated treatment
outcomes have contributed to the rising popularity of

ortho-k among eye care professionals and the general

public.™
Moreover, international collaboration and
information sharing have become more readily

accessible, fostering a cooperative environment for
borders. This exchange of
knowledge and expertise has likely contributed to the
on ortho-k, with
researchers worldwide collectively advancing the
understanding of its benefits, limitations, and potential
breakthroughs in the field. This also accounts for the

researchers across

increased number of articles

noticeable year-on-year growth trend in ortho-k
related articles since 2005.

Interestingly, we discovered that although ortho-k
originated in the United States and initially received
approval from the FDA, China has become the
country with the highest number of publications on
related research. This can be attributed to several
it has been reported that the
prevalence of myopia in East Asian countries can

factors. Firstly,

reach as high as 90%.! This issue is particularly
severe in China, which has led to a significant

solution to address this widespread problem. In the
United States, it is estimated that there are between
500,000 and 1,000,000 users of ortho-k, while in
China, the number of ortho-k wearers may be as high
as 1.5 million.""”! Secondly, China has witnessed rapid
advancements in its research infrastructure and
funding in recent years. Increased investment in the
field of ophthalmology and vision research has
researchers to conduct

enabled Chinese more

extensive studies, resulting in a higher volume of

(314 Furthermore, China’s large and

publications.
diverse patient population provides researchers with
ample opportunities to conduct clinical trials and
studies, facilitating a comprehensive understanding of
the efficacy and applicability of ortho-k among
different demographic groups.

Among the numerous studies from China, the
performance of two scholars, Pauline Cho and Cheung
SW, is particularly remarkable, as they have published
the highest number of articles. These two most highly
active authors are from the same institution
(Department of Optometry & Radiography, The Hong
Kong Polytechnic University, Hong Kong, SAR,
China) and have co-authored many publications.
Further analysis revealed that the studies by Pauline
Cho et al.'"! and HA Swarbrick et al.'” have had
the most profound influence on other scholars.
Nevertheless, they mainly focused on two distinct
viewpoints within the ortho-k field: Swarbrick et al.’s
articles attempted to elucidate the effectiveness of
ortho-k treatment for refractive error correction, while
Cho et al.’s studies delved into myopia control.
Notably, in line with the theme of myopia control,
Swarbrick et al. pioneered research in 1998 that
ortho-k.!'"

Subsequent studies by Swarbrick et al. shifted their

examined the corneal response to
focus to the safety of ortho-k, such as the incidence of
microbial keratitis.!"”) We also found that Swarbrick et
al. authored six of the nineteen safety and efficacy-
related papers that met our inclusion criteria.!'®*"!

Upon detailed analysis of all the papers by Cho et al.,
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we identified eight studies within the myopia control
category, with six of these originating from the same
institution.”***As leading figures in the ortho-k field,
these researchers degan documenting their daily
clinical insights in chronological order. In 2004, they
revealed their findings on the impact of ortho-k on eye
axial length.®"! The pinnacle was reached in 2005
when Cho et al. published the highly cited LORIC
study, which has since become a benchmark in
utilizing ortho-k as a method for myopia control."*!
Whether we are analyzing the relationship
between these authors and keywords or examining the
keywords on an individual basis, we have identified a
common trend in these studies. It is readily observed
that over the past nearly 30 years, research on ortho-k
has gradually shifted its focus. Initially, concerns
"wear," and

centered around 'refractive error,"

"safety" to topics such as "children," "prevalence,"
"progression,” and "myopia." With the growing
popularity of ortho-k, both patients and clinicians have
noticed a significant decrease in the progression of
myopia.*®) This trend became even more apparent
following the first randomized controlled trial
conducted by Pauline Cho and SW Cheung. Their
study compared axial length changes between ortho-k
and single-vision spectacle wear.”®! Subsequently, a
large number of studies, along with meta-analysis
studies, have confirmed these findings.***® More
recently, with advancements in technology and
accumulated clinical experience, there has been a
rising interest in enhancing myopia control through
personalized ortho-k designs. These designs include
using a smaller treatment zone size, altering the back
optic zone asphericity, and increasing the compression

731 Moreover, artificial intelligence-assisted

factor.!
lens fitting methods, which are based on corneal
topography, have demonstrated improved precision in
predicting optimal lens parameters. This offers a

more efficient and individualized approach to

] clinical

orthokeratology treatment.*”) In parallel,
studies have provided compelling evidence that
combining 0.01% atropine with ortho-k lenses yields
greater efficacy compared to monotherapy, especially
children.*""  Additionally,

research on corneal biomechanics

in younger emerging

suggests that

indices such as the Corvis Biomechanical Index (CBI)
may serve as early predictors of the response to ortho-
k treatment. However, their long-term association with
axial elongation still needs to be fully elucidated.*”

CONCLUSION

This study conducted an in-depth analysis of
ortho-k research published between 1995 and 2023.
We  systematically

summarized the regional

distribution, journal categories,

clustering patterns associated with ortho-k research.

and keywords

As previously discussed, ortho-k has proven to be a
safe and effective approach for slowing down the
progression of myopia in children. However, further
clinical investigations are absolutely essential to
validate methods aiming at optimizing the efficacy of
ortho-k in myopia management. The findings of this
study offer crucial insights into the current landscape
of ortho-k research. Moreover, they serve as an
invaluable resource for scholars seeking to identify
key research themes and emerging trends in this
field.
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