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ABSTRACT

Aim: This bibliometric analysis aims to map global research trends and patterns in artificial intelligence
applications for glaucoma detection using medical imaging from 2016 to 2024, by examining annual publication
trends, influential journals and documents, keyword themes, institutional contributions, and collaboration
networks to identify evolving Al techniques in ophthalmic diagnostics and guide future research directions

Background: Glaucoma, a leading cause of irreversible blindness, demands early detection through medical
imaging like OCT and fundus photography, where Al integration addresses limitations in traditional diagnostics.
This bibliometric analysis maps global research trends in Al-driven glaucoma detection from 2016 to 2024.

Methods: A systematic Scopus search on January 10, 2025, yielded 3,853 articles, refined to 2,193 relevant
records from 541 sources and 6,711 authors after filtering for English articles. Analysis via RStudio covered
publication trends, citations, keywords, affiliations, and thematic networks.

Results: The field has experienced rapid expansion, characterized by an annual growth rate of 93.06%, with
deep learning (1,572 occurrences) and image segmentation (913 occurrences) emerging as the primary thematic
drivers. Bibliometric evaluation identifies IEEE Access as the most impactful venue (H-index = 35) and
COMSATS University Islamabad as the most prolific institution (57 papers). Furthermore, thematic clustering
reveals a clear paradigm shift from conventional machine learning methodologies toward convolutional neural
networks (CNNs), accompanied by a pronounced concentration of research output from Asian institutions that
reflects shifting regional priorities.

Conclusions: While Al-driven imaging has transformed glaucoma diagnostics, critical gaps in data access,
generalizability, and equity persist. To overcome limitations and achieve robust, inclusive tools, future research
must leverage cross-institutional collaboration to prioritize multimodal datasets, explainable Al, and diverse
real-world clinical trials.

Keywords: bibliometric analysis, glaucoma detection, medical imaging, Al, machine learning, deep learning

Page 8556
www.rsisinternational.org


http://www.rsisinternational.org/
https://doi.org/10.47772/IJRISS.2026.100600598

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS)
ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VI June 2026

INTRODUCTION

Glaucoma is a progressive optic neuropathy and one of the leading causes of irreversible blindness worldwide.
Globally, glaucoma affects over 76 million people and is projected to reach 111.8 million by 2040, with the
highest burden of primary open-angle glaucoma (POAG) in Africa and primary angle-closure glaucoma (PACGQG)
in Asia [1]. Asia accounts for more than half of global glaucoma cases, reflecting a significant regional public
health concern [2]. Glaucoma occurs primarily through the impaired outflow of aqueous humor via the trabecular
meshwork and Schlemm's canal, leading to elevated intraocular pressure (IOP). This pressure mechanically
stresses and triggers the degeneration and apoptosis that lead to damage to the optic nerve [3]. Vision loss from
glaucoma is irreversible and leads to disability and reduced quality of life, highlighting the importance of early
detection and effective management [4]. Figure 1 depicts the anatomy comparison of a normal and a
glaucomatous eye.

Drainage Pressure Damage to
canal the optic
blocked nerve

Figure 1: The anatomy of a healthy and glaucoma eye [5]

Glaucoma assessment relies heavily on medical imaging techniques such as fundus photography, optical
coherence tomography (OCT), and visual field testing, which enable clinicians to examine the optic nerve and
identify early signs of structural or functional damage. These modalities provide detailed and quantifiable
information essential for monitoring disease progression. However, traditional diagnostic procedures, including
OCT interpretation and visual field assessment, are often time-consuming, costly, and dependent on specialist
expertise. In response to these limitations, the integration of artificial intelligence (AI) with medical imaging has
emerged as a powerful strategy to enhance early glaucoma detection. This integration significantly contributes
to early identification and subsequent intervention, which is crucial for preserving visual function in patients
[6][7]. Fundus image-based Al diagnostic systems for example are now cutting-edge instruments for identifying
glaucoma, retinal disorders, and other eye disorders [8].

Recent advances in Al enable automated image analysis, improved diagnostic accuracy, and the identification
of subtle patterns that may not be immediately apparent to clinicians. Al-driven analysis of imaging data,
particularly OCT, has shown strong potential in detecting glaucomatous changes within the optic nerve head and
retinal layers, thereby supporting timely and more precise diagnosis. Further studies indicate a rapidly expanding
research landscape focused on Al-enabled imaging techniques for glaucoma detection, highlighting evolving
trends and the growing importance of these technologies in modern ophthalmic practices [9][10]. It is worth
noting that ocular and systemic biomarkers, advancements in telemedicine, real-world clinical trials, and
sophisticated Al algorithms will together impact Al-driven ophthalmology worldwide [11].

The objective of this study is to examine global research trends and patterns in the application of artificial
intelligence for glaucoma detection using medical imaging. Specifically, the study aims to analyse annual
scientific production, identify the most relevant journals and publication sources, determine the most influential
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and highly cited documents, evaluate frequent research keywords to understand thematic focus, and assess the
contribution of leading institutional affiliations. Additionally, the study seeks to interpret the structure and
patterns within the field to understand how Al techniques are evolving in ophthalmic diagnostics for glaucoma
detection. We also aim to map the development of this field and offer remarks and recommendations for further
research by examining these dimensions.

Motivation and Previously Published Studies

The potential of artificial intelligence (Al) to improve diagnostic accessibility and accuracy has led to a recent
surge in interest in the use of machine learning in glaucoma detection. As one of the main causes of permanent
blindness, glaucoma requires early and precise detection to effectually manage the disease's progression.
Traditional diagnostic techniques like optical coherence tomography (OCT) and visual field tests, though still
effective, are time-consuming, expensive, and require specific training. As a result, researchers are progressively
using machine learning models, especially deep learning approaches like convolutional neural networks (CNNs)
to automate and accelerate the diagnostic process.

Bibliometric analysis is a systematic method used to evaluate scientific literature and offer perceptions such as
research trends, influential publications, and collaborative networks within a field. Through the quantitative
evaluation of variables like author affiliations, keyword co-occurrence, and citation counts, bibliometric analysis
offers a summary of the composition and development of the research area. To find high-impact studies and
research gaps, bibliometric techniques have been widely used in a variety of fields in recent years, including
medical imaging and Al-driven diagnostics. For example, studies by Senthil et al. demonstrate the insights into
research hotspots, thematic focus, and emerging trends in Al and health care research [12], while Kocak et al.
and Cui et al. focusing on artificial intelligence (AI) within medical imaging and highlighted the exponential
growth in publications related to deep learning techniques [13][14] while Chiroma et al. distribute
comprehensive bibliometric analysis of Al applications in the [oMT [15].

Several studies have explored the use of machine learning algorithms in glaucoma detection, focusing on
techniques such as CNNs, support vector machines (SVM), and ensemble methods. A study by Aljohani et al.
introduced a hybrid framework that combines CNNs (ResNet50, VGG-16) with traditional machine learning
models like Random Forest. Research by [16] has achieved an accuracy of 95.41%, demonstrating the
effectiveness of integrating deep learning with conventional methods for glaucoma diagnosis using that
approach. Another study by [17] used SVM to analyse features from Spectralis Optical Coherence Tomography
(OCT) data has obtaining an area under the curve (AUC) of 0.82. The study demonstrated how SVM can process
intricate OCT data to enhance the evaluation of glaucoma. Another research by [18] has shown promise in
identifying early-stage glaucoma from fundus images with an automated detection system that used the VGG-
19 CNN architecture in conjunction with SVM. The potential of ResNet-50 deep learning model in accurately
detecting early-stage glaucoma was highlighted by Shoukat et al., who achieved a detection accuracy of 98.48%
on multiple datasets [19]. These research studies have shown that machine learning techniques for glaucoma
detection have advanced significantly with emphasizing how CNNs, SVMs, and hybrid approaches can improve
diagnostic efficiency and accuracy in clinical settings.

Recent bibliometric studies have also shown a growing interest in combining expertise from both computer
science and medicine, especially in ophthalmology. For example, research by [20] and [21] emphasizes that
interdisciplinary collaboration is becoming increasingly important for developing effective machine learning
applications for eye disease diagnosis. However, despite the promising findings, past studies also highlight the
challenges of limited datasets, variability in image quality, and model generalizability, which affect the real-
world implementation of these Al models. [22] noted that variations in imaging hardware and protocols can
reduce model generalizability. [23] highlighted that inconsistent image quality across clinics, particularly for
conditions like AMD, further impacts reliability. [24] also emphasized that many AI models, despite high
accuracy in controlled settings, often underperform in real-world clinical environments due to these limitations.

This study aims to methodically assess the scientific contributions within this specialized field and identify
important research areas by analyzing publication trends, citation impact, and keyword mapping. This
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bibliometric review will serve as a foundation for future research, guiding the growth of machine learning models
that are both accurate and clinically relevant for glaucoma detection.

METHODOLOGY

A structured literature search was conducted using the Scopus database on January 10, 2025 as shown in the
flow diagram of the search strategy in Figure 2. The search strategy of obtaining relevant articles that focus on
glaucoma detection using medical imaging and Al involved the use of specific keywords, as stated in the flow
diagram.

We restricted the literature search to articles available in Scopus as the scope of our study. To ensure the accuracy
and relevance of the data, we applied three filtering criteria: selecting only documents categorized as "articles",
focusing on published works, and limiting the language to English. The language filter was specifically applied
to keep the analysis within a single language for consistency from 2016 to 2024. Initially, the search returned
3,853 articles, 1224 sources and 10480 authors. After removing irrelevant articles and inspection to eliminate
duplicate and unrelated articles by evaluation of the title, abstract, and content, as many of 1,660 articles were
excluded, leaving 2,193 for further analysis from 541 sources and 6711 authors. The retrieved data were then
exported from Scopus in BibTeX format for processing. This bibliometric analysis was conducted using a
structured workflow that involved data extraction, synthesis, and visualization within the RStudio environment.

4 \ - . . L . .
. Bibliometric Analysis of medical imaging with Al approach for
Topic .
glaucoma detection.
v Database: Scopus
Topic, Scope & Coverage Search Field: Article Title
Scope &
Eligibility Language: English
v Glaucoma AND detection AND (“medical imaging" OR "image
processing”) AND (deep AND learning OR machine AND learning
Keywords & Search OR artificial AND intelligence OR "computer-aided diagnosis”) AND
String (“retinal image analysis" OR "fundus image" OR "OCT imaging" OR
"anterior segment imaging" OR "anterior segment photograph" OR
"anterior eye segment") AND (classification OR segmentation OR
\ ) feature AND extraction OR diagnosis)
A
Date Extracted
( \ 10 January 2025
Screening \L
Record Identified &
n=3853
Screened
— ¢
Record Removed n=1660
A
Included Record Included for 2193
Bibliometric Analysis n=

Figure 2: Flow diagram of the search strategy of Al approach in medical imaging for glaucoma detection from
2016 to 2024
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Annual Growth Rate

93.06 %

International Co-Authorship

33.01 %

Figure 3: Basic information about articles published on glaucoma detection employing medical imaging and
artificial intelligence from 2016 to 2024

Figure 3 summarizes the key bibliometric data on glaucoma detection research from 2016 to 2024 to capture the
surge of glaucoma detection evolution. Around 2016, advancements in deep learning frameworks enabled
practical Al applications for medical imaging analysis, marking a shift from traditional methods to automated
glaucoma detection using fundus photos and OCT scans [9]. Result of articles extraction from this period, 2193
articles were published in 541 sources, with contributions from 6711 authors. Interestingly, only 45 were single-
author papers, suggesting collaboration is a significant part of this research area.

The annual growth rate of 93.06% shows that interest in this field has surged, likely driven by advancements in
Al and imaging technology. More than 30% of the studies involved international collaboration, highlighting the
global effort in tackling glaucoma detection. On average, each paper was cited about 25 times, which indicates
a strong academic impact. These trends are similar to what has been observed in other studies focused on Al in
ophthalmology [6] [25], suggesting an evolving landscape of Al and medical imaging in glaucoma detection.

RESULT AND DISCUSSION

This section explores and discusses the results of the research trend and pattern of Al for glaucoma detection,
the number of publications, and identifies the key journals, top articles, and leading research centers.

Annual Scientific Production Trend

Publications on the research trend of glaucoma detection over medical imaging and Al have steadily increased
since 2016, as shown in Figure 4. Scientific production in Al approaches for medical imaging in glaucoma
detection shows dramatic growth from 2016 (3 publications) to 2024 (579 publications), representing a
staggering 19,200% overall increase.

Year-over-year percentage growth highlights two distinct phases: explosive early expansion from 2016-2019
(867% in 2017, 96% in 2018, 214% in 2019), aligning with deep learning breakthroughs in ophthalmology,
followed by sustained but moderating growth post-2020 (40% in 2020, 36% in 2021, 27% in 2022, 19% in 2023,
26% in 2024). This trajectory, from 3 to 160 papers by 2019 (5,233% cumulative), reflects initial innovation
surges, while the later stabilization to 579 papers indicates field maturation focused on validation and
application, mirroring broader Al-medical imaging trends. The pattern underscores Al's transformative potential
in glaucoma diagnostics amid rising global prevalence.
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Figure 4: Graph of annual scientific production trend of Al approach in medical imaging for glaucoma detection
from 2016 to 2024

Most relevant sources of literature

The two graphs in Figures 5 and 6 present conflicting opinions regarding the relative significance of various
academic sources in the field of study. While Figure 5, "Source Local Impact," evaluates sources according to
their H-index, a measure of both productivity and impact, Figure 6, "Most Relevant Sources," ranks sources
based on the quantity or sheer number of published documents.

Sources' Local Impact

IEEE ACCESS °

IEEE TRANSACTIONS ON MEDICAL IMAGING °
MEDICAL IMAGE ANALYSIS Q
COMPUTERS IN BIOLOGY AND MEDICINE e

BIOMEDICAL SIGNAL PROCESSING AND CONTROL

IEEE JOURNAL OF BIOMEDICAL AND HEALTH INFORMATICS

Sources

MICROSCOPY RESEARCH AND TECHNIQUE

MULTIMEDIA TOOLS AND APPLICATIONS

O

O

SCIENTIFIC REPORTS @
O
®

COMPUTER METHODS AND PROGRAMS IN BIOMEDICINE @

Impact Measure: H Index

Figure 5: Source local impact (H Index)
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Most Relevant Sources
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Figure 6: Most Documented (Published) Sources

With the highest H-index (35), IEEE Access is clearly the most influential in terms of citation impact in the
graph shown in Figure 5. IEEE Transactions on Medical Imaging (H-index 28) and Medical Image Analysis (H-
index 23), which focus on Al-driven diagnostic techniques and medical imaging technologies, are not far behind.
The prevalence of IEEE-affiliated journals is reflected in this trend, which supports the notion that advances in
Al-based glaucoma detection rely heavily on computational and engineering-driven methods. While they make
significant contributions, lower-ranked journals like Computer Methods and Programs in Biomedicine (H-index
17) do not have the same impact on citations.

When journals are ranked by publication volume, however, the graph in Figure 6 shows a different picture. With
105 published studies, Multimedia Tools and Applications is in first place, followed by IEEE Access (98) and
Biomedical Signal Processing and Control (88). A crucial realisation by the difference between this publication
ranking and the H-index ranking is that journals with a large publication volume do not always have the greatest
impact. Multimedia Tools and Applications, for instance, does not rank in the top three in the impact ranking
despite having the most publications. In contrast, IEEE Transactions on Medical Imaging, which has a high H-
index ranking, has 57 publications, suggesting that the distinction between productivity and impact is crucial for
researchers determining where to publish or source credible studies.

Most Globally Cited Documents

This section presents an overview of the most important studies that have influenced current research as top eight
globally cited papers relating to medical imaging and Al are visualised in Table 1. The most cited paper, Gu et
al. [26], published in IEEE Transactions on Medical Imaging with 1737 overall citations demonstrated its
significant contribution. The CE-Net architecture was presented in this paper and has since been widely used for
medical segmentation tasks in the detection of glaucoma. The research’s sample results of lung segmentation,
eye vessel detection, and cell contour segmentation are shown in Figure 7. The researchers developed CE-Net,
a network architecture aimed at making 2D medical image segmentation more precise and reliable. It builds on
the U-Net framework but replaces its encoder with a ResNet-34 backbone to capture richer features. CE-Net was
tested on a range of medical imaging tasks, such as identifying optic discs and retinal vessels, outlining lung
regions in CT scans, mapping layers in OCT images, and detecting cell boundaries, and consistently produced
sharper, more accurate results than existing approaches. The findings show that the gains come from the
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combined effect of the enhanced encoder and the new context-aware modules, making CE-Net adaptable to
different medical imaging challenges.

Table 1: Top 8 most cited references of Al approach in medical imaging for glaucoma detection from 2016 to

2024

Rank Cited reference Citation  Year Journal First Author

1 CE-Net: Context Encoder Network for 2D Medical Image Segmentation 1737 2019 IEEE Transactions on GuZ

Medical Imaging

2 A comparison of deep learning performance against health-care 1039 2019 Lancet Digit Health Lu X
professionals in detecting diseases from medical imaging: a systematic
review and meta-analysis

3 U-Net and Its Variants for Medical Image Segmentation: A Review of 1004 2021 IEEE Access Siddique N
Theory and Applications

4 Joint Optic Disc and Cup Segmentation Based on Multi-Label Deep 726 2018 IEEE Transactions on FuH
Network and Polar Transformation Medical Imaging

5 DUNet: A deformable network for retinal vessel segmentation 662 2019 Knowledge-Based System Jin Q

6 Efficacy of a Deep Learning System for Detecting Glaucomatous Optic 575 2018 Ophthalmology LiZ
Neuropathy Based on Color Fundus Photographs

7 Automatic segmentation of nine retinal layer boundaries in OCT images 437 2017 Biomedical Optics Express Fang L
of non-exudative AMD patients using deep learning and graph search

8 Joint Segment-Level and Pixel-Wise Losses for Deep Learning Based 380 2018 IEEE Transactions on Yan Z

Retinal Vessel Segmentation

Biomedical Engineering

Backbone

CE-Net

Figure 7: Sample results of lung segmentation, eye vessel detection and cell contour segmentation by [26]. From
top to bottom: original images, U-Net, Backbone, CE-Net
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Following Table 1, Liu et al. [27] and Siddique et al. [28] obtain 1039 and 1004 citations respectively. Deep
learning integration with clinical ophthalmic workflows is the focus of Liu's study, which was published in
Lancet Digital Health. Siddique's paper in IEEE Access offers a thorough overview of Al applications in
healthcare imaging. Other notable contributions by Fu et al. [29] in IEEE Transactions on Medical Imaging (726
citations), which used multimodal deep learning for glaucoma screening using fundus and visual field data.

This list also includes recent but significant studies, like Jin et al. [30] and Li et al. [31], contributed to
knowledge-based and hybrid Al systems for ophthalmic image analysis. These reflect the emerging trend
towards explainability, clinical integration, and multimodal approaches are becoming increasingly important in
the diagnosis of glaucoma.

This display of citations demonstrates a distinct trend that implies the combination of artificial intelligence and
ophthalmic imaging is not only widespread but also has a significant impact on the scientific community
worldwide.

Frequent Keywords

Top keywords that were taken from bibliometric data using the Keywords Plus method are shown in Figure 8.
These keywords identified significant research topics of interest in the fields. The figure depicts the keyword
"deep learning" dominating the research landscape with 1572 occurrences, suggesting its critical role in the field
of ophthalmic diagnostic research today. With their ability to accurately analyse large-scale medical imaging
datasets, Al-driven deep learning models have improved the precision of glaucoma diagnosis [25]. The basis for
automated analysis is deep learning, supported by recent developments that highlight the accuracy and efficiency
advantages of deep learning over conventional image analysis techniques [32].

Most Frequent Words

deep learning @
image segmentation @

glaucoma @
image processing @

convolutional neural network @

Keywords Plus

eye protection 2}

diagnostic imaging @
&

eye fundus 4

machine learning @

Figure 8: Most frequent words occurrences of Al approach in medical imaging for glaucoma detection from
2016 to 2024

Following, "image segmentation" (913 occurrences) and "glaucoma" (722 occurrences) show a strong
importance in defining ocular structures that are essential for glaucoma evaluation, such as the optic cup and
disc. These features can be precisely extracted using image segmentation techniques, which improves diagnostic
decision-making [29].
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Other distinguished keywords that support the larger theme of Al integration in diagnostic systems are "image
processing" (627) and "convolutional neural network" (594). These terms reflect the technical foundation and
decision support tools in developing automated glaucoma detection. The use of phrases like "diagnostic imaging"
(488) and "eye protection" (472) highlights the clinical focus of this study and stresses patient safety as well as
diagnostic precision. Methodological diversity and clinical validation of Al-driven approaches are highlighted
by keywords such as "eye fundus" (443), and "machine learning" (432).

All things considered, this keyword frequency distribution illustrates how computer science and clinical
ophthalmology strategically intersect. It reaffirms the convergence of computer science and clinical
ophthalmology, emphasizing deep learning's fundamental role in advancing scalable, reliable and non-invasive
glaucoma detection [33].

Most Relevant Affiliations

The distribution of research contributions across the top eight institutional affiliations in the field of glaucoma
detection using medical imaging and Al is illustrated in Figure 9. The data reveal that COMSATS University
Islamabad leads with 57 publications, reflecting a significant institutional commitment to advancing Al-driven
ophthalmic diagnostics. This prominence may be attributed to the university's focus on computer vision
applications in healthcare, particularly in developing regions where glaucoma prevalence remains high.

Most Relevant Affiliations

COMSATS UNIVERSITY ISLAMABAD °

SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY °

CAPITAL MEDICAL UNIVERSITY

NATIONAL UNIVERSITY OF SINGAPORE

BEIHANG UNIVERSITY

Affiliations

CENTRAL SOUTH UNIVERSITY

SHANGHAI JIAO TONG UNIVERSITY 0

KING SAUD UNIVERSITY @

Figure 9: Most relevant affiliations of Al approach in medical imaging for glaucoma detection from 2016 to
2024

Trailing closely are the Southern University of Science and Technology (49 publications) and Capital Medical
University (45 publications), both situated in China, underscoring the country's growing dominance in Al and
medical imaging research. The National University of Singapore and Shanghai Jiao Tong University each
contribute 44 publications, further emphasizing the leadership role of Asian institutions in this domain. These
findings align with bibliometric studies by Zhao et al. [34], which highlights Asia, especially China as a hotspot
for Al innovations in ophthalmology.

Owing to their regional diversity and potential for collaboration, universities like King Saud University, Central
South University, and Beihang University are establishing the growing research internationalisation. Meanwhile,
the academic investment in clinical translation and applied Al in eye care is demonstrated by the 36 publications
each from Shenzhen University and Wenzhou Medical University. Building equitable and generalisable Al
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models in ophthalmology requires this diversification of the global distribution of contributions throughout
different healthcare systems [35].

Improving partnerships across different regions and promoting data sharing can play a crucial role in developing
Al models for ophthalmology that are more reliable, clinically relevant, and fair for diverse populations
worldwide. This emphasizes the importance of involving a wide range of institutions and geographic areas to
ensure these Al tools are effective and applicable in varied healthcare settings.

CONCLUSION

This bibliometric analysis examines 2,193 Scopus-indexed articles published between 2016 and 2024, revealing
a remarkable expansion in research on Al and medical imaging for glaucoma detection. Spanning 541 sources
and involving 6,711 authors, the field demonstrates an annual growth rate of 93.06%. Deep learning emerges as
the dominant theme (1,572 keyword occurrences), closely followed by image segmentation (913 occurrences),
with IEEE Access achieving the highest impact (H-index 35) and COMSATS University Islamabad leading
institutional contributions (57 publications).

These findings align logically with the deep learning revolution around 2016, which transformed OCT and
fundus image analysis, exemplified by Gu et al.'s highly cited CE-Net framework (1,737 citations). The
prominent role of Asian institutions, particularly from China, reflects both regional glaucoma prevalence and
substantial investments in Al, consistent with observed collaboration patterns.

The study's strengths include comprehensive Scopus data extraction, rigorous filtering from 3,853 to 2,193
relevant records, and insightful visualizations highlighting key trends and gaps, such as enhancing model
generalizability. Limitations encompass the English-language restriction, potentially overlooking non-Western
perspectives, and exclusion of gray literature.

Conclusion

This comprehensive bibliometric analysis provides an overview of research on machine learning for glaucoma
detection, highlighting the rapid advancement of the field and its global significance. The principal findings
signify that deep learning, especially CNN-based image processing, is crucial for the current diagnosis of
glaucoma, despite ongoing challenges related to data access, privacy, and model suitability for diverse
populations. Future studies are advised to tackle these challenges by enhancing the model's robustness and
effectiveness in diverse clinical environments. It is important to recognise that progressions in machine learning
could enhance glaucoma detection and promote global eye health as Al technology grows rapidly. It is worth
noting that ocular and systemic biomarkers, advancements in telemedicine, real-world clinical trials, and
sophisticated Al algorithms will together impact Al-driven ophthalmology worldwide [11]. On the other hand,
by broadening collaboration, researchers can overcome current limitations related to data variability and
accessibility, paving the way for glaucoma diagnostics that truly serve global needs. Looking ahead, the real
wins will come from multimodal datasets, explainable Al to build clinician trust, and real-world trials across
varied groups, steps that could finally turn these innovations into everyday tools for fairer, more effective eye
care worldwide.
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