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Abstract 

Purpose

To investigate the concordance between angle-closure assessments based on GS-1 

gonioscope images and those obtained with anterior-segment optical coherence 

tomography.

Study design

Retrospective clinical study.

Methods

We included 33 patients (53 eyes) who visited Chukyo Eye Clinic during 2020–2024, 

were suspected of having angle closure, and underwent anterior-segment optical 

coherence tomography (CASIA2 Advance STAR Analyzer) and GS-1 examinations. 

The 16-directional images captured with the GS-1 were divided into two halves, 

creating 32 directions, which were rearranged to correspond with those obtained via 

anterior-segment optical coherence tomography. Agreement between evaluations 

was analyzed using Cohen’s κ, and the area under the receiver operating character-

istic curve was evaluated. Anterior-segment optical coherence tomography images 

were manually corrected, and eyes with areas classified as “narrow” or “closed” 

were categorized as angle closure. With the GS-1, two glaucoma specialists inde-

pendently reviewed the images. Areas in which the posterior trabecular meshwork 

was obscured in more than half of the image (Scheie classification grades III–IV) 

were judged indicative of angle closure.

Results

We included 1,660 directions from 53 eyes in the agreement analysis. The propor-

tion of directions judged as angle closure was 57.0% with anterior-segment optical 
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coherence tomography and 46.1% with the GS-1. Cohen’s κ for inter-test agreement 

was 0.173 (95% confidence interval: 0.128–0.218), and the area under the receiver 

operating characteristic curve was 0.588 (95% confidence interval: 0.561–0.615).

Conclusion

Analyses using anterior-segment optical coherence tomography yielded more fre-

quent classifications of angle closure than evaluations based on GS-1 gonioscopic 

images.

Introduction

Gonioscopy, developed in the 1800s [1], is essential for the diagnosis of certain types 
of glaucoma, particularly angle-closure glaucoma [2,3]. Angle-closure glaucoma is 
especially important in Asian countries, where it is more common, including in Japan, 
and less common among Caucasians [4].

Gonioscopy enables angle assessment via color imaging and facilitates static and 
dynamic examinations, making it useful for evaluating angle structures [5]. However, 
owing to the complexity of the procedure and the required proficiency, it is not com-
monly performed in clinical practice [5,6]. Moreover, the evaluation of gonioscopic 
features reportedly varies depending on examiner expertise [7]. Furthermore, captur-
ing and storing numerous detailed gonioscopic images of the entire angle is difficult. 
These factors highlight the need for relatively noninvasive devices that can replace or 
supplement gonioscopy and can be operated by examiners such as orthoptists.

As alternatives to gonioscopy, anterior-segment optical coherence tomography 
(AS-OCT) and ultrasound biomicroscopy (UBM) can be performed noninvasively and 
are reportedly useful for evaluating the anterior chamber and iridocorneal angle struc-
tures [8–11]. In particular, AS-OCT is highly useful because of its short examination 
time. However, AS-OCT and UBM cannot assess trabecular meshwork pigmentation 
or distinguish between organic and functional angle closure. Therefore, these tests 
have not yet replaced gonioscopy.

The GS-1 Gonioscope (GS-1; NIDEK, Gamagori, Japan) is a device capable 
of automatically capturing color photographs of the entire angle (16 directions) 
(Fig 1). Reportedly, it enables rapid examinations with relatively low invasiveness 
[12–15]. Therefore, it is considered useful for monitoring temporal changes in angle 
structures, and its application in evaluating peripheral anterior synechiae formation 
following outflow reconstruction surgery has been reported [16]. As such, it has the 
potential to complement conventional gonioscopy.

In comparative studies of device performance for angle-closure assessment, 
angle closure has been more frequently diagnosed than gonioscopy using AS-OCT 
[17–21]. Gonioscopy has also been compared with EyeCam imaging [22,23], reveal-
ing high concordance between them. However, no studies have compared GS-1 
with AS-OCT, nor have reports evaluated the diagnostic value of GS-1 images for 
angle closure. Therefore, in this study, we examined the concordance between 
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angle-closure assessments based on GS-1 and AS-OCT, both of which can be performed by orthoptists. AS-OCT yielded 
more frequent classifications of angle closure than GS-1.

Materials and methods

Patients and study design

Patients who visited Chukyo Eye Clinic from 2020 to 2024, suspected of having angle closure based on a Van Herick 
grade ≤2 on slit-lamp microscopy, and underwent AS-OCT (CASIA2 Advance; TOMEY, Nagoya, Japan) and GS-1 exam-
inations were included. Exclusion criteria included a history of peripheral iridotomy, intraocular surgeries such as cataract 
extraction, or ocular diseases other than cataracts.

This study was conducted retrospectively and was reviewed for research purposes on March 3, 2024. It was performed in 
accordance with the Declaration of Helsinki and approved by the Ethics Committee of Chukyo Eye Clinic (approval number: 
20240227075). An opt-out approach was used for informed consent owing to the retrospective nature of the study.

AS-OCT imaging

In this study, AS-OCT imaging was performed using the CASIA2 Advance device in a dark room by an orthoptist. To 
assess angle closure, we used the STAR Analyzer program installed on the device. This program automatically classifies 

Fig 1.  Gonioscopic Images Captured by Automated Gonioscopy (GS-1). Gonioscopic photographs of the left (L) eye, with 16 directional angle 
images captured. Similar to traditional gonioscopy, the displayed image is inverted vertically and horizontally. However, the specific anatomical locations 
of each angle are indicated next to the corresponding gonioscopic images. I: inferior, N: nasal, S: superior, T: temporal.

https://doi.org/10.1371/journal.pone.0332590.g001

https://doi.org/10.1371/journal.pone.0332590.g001
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the 32 directions of the anterior chamber angle as open, narrow, or closed based on the angle-opening distance (AOD) 
at 500 μm anterior to the scleral spur (AOD500) (Fig 2). Cutoff values for the AOD500 in each direction are predefined 
in the program (ranging from 0.098 to 0.198 mm). If the AOD500 value is equal to or greater than the cutoff, the angle is 
classified as open. If it is below the cutoff, the angle is classified as narrow; if it is 0 mm, it is classified as closed. Auto-
matic segmentation was first performed for the scleral spur, iris, and other structures. The same examiner then reviewed 
each image and manually corrected the segmentation before reanalysis of the data. For the final classification, each of the 
32-directional results was categorized as “angle closure present” if classified as narrow or closed, and as “angle closure 
absent” if classified as open.

Automated gonioscopy imaging

GS-1 imaging was performed by orthoptists in a bright room. Images were captured from 16 directions, divided into 
halves, and independently reviewed by two glaucoma specialists (R.A. and Y.T.). Areas in which the posterior tra-
becular meshwork was obscured in more than half of the image (Scheie classification grades III–IV) were judged as 
indicative of angle closure. In case of disagreements between the two reviewers, a consensus was reached through 
discussion.

Fig 2.  Example of CASIA2 Advance STAR Analyzer Results. In the center of the image, the classification results for each of the 32 directions are 
displayed, with narrow areas shown in yellow, closed areas in red, and open areas in green. In the top left corner, the Narrow Angle Index, a measure-
ment of the degree of angle closure, is displayed. AOD500: angle-opening distance at 500 μm anterior to the scleral spur. I: inferior, N: nasal, S: superior, 
T: temporal.

https://doi.org/10.1371/journal.pone.0332590.g002

https://doi.org/10.1371/journal.pone.0332590.g002
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Statistical analysis

The 16-directional images captured via GS-1 were divided into halves, creating 32 directions, which were rearranged to 
correspond with the 32 directions of the manually corrected AS-OCT results. GS-1 images in which angle structures could 
not be identified and AS-OCT images in which the scleral spur could not be identified were excluded from the analysis. 
Cohen’s κ was used to evaluate the agreement between the assessments. Additionally, cases in which more than 50% 
of the images were indicative of angle closure were categorized as angle-closure cases, and the agreement between the 
manually corrected AS-OCT results and GS-1 results was also evaluated using Cohen’s κ.

Furthermore, the images were divided into quadrants (superior, inferior, temporal, and nasal), and the agreement 
between the methods was assessed for each quadrant using Cohen’s κ. Receiver operating characteristic (ROC) anal-
ysis was performed, with AS-OCT as the reference standard and GS-1 classification results as the test variables. The 
area under the ROC curve (AUC) and its 95% confidence interval (CI) were calculated. The agreement of angle closure 
between the automatic and manually corrected AS-OCT results was also examined for each image and each case.

To evaluate the repeatability of the manual correction process in AS-OCT post-processing, approximately 30% of the 
total cases were randomly selected for intra-examiner reliability analysis. The same examiner performed a second round 
of segmentation corrections on a different day under masked conditions (blinded to the first assessment results). Agree-
ment between the two assessments was evaluated using Cohen’s κ on a per-image and per-case basis.

All statistical analyses were performed using SPSS (version 29.0; IBM Corp., Armonk, NY, USA), and statistical signifi-
cance was set at P < 0.05.

An a priori power analysis was conducted using G*Power version 3.1.9.7 [24] to determine the required sample size 
for Cohen’s κ analysis. Assuming a medium effect size (κ = 0.4), an alpha level of 0.05, and a desired power of 0.80, the 
minimum required sample size was calculated as 45 eyes.

Results

A total of 33 patients (53 eyes; 6 males and 27 females; mean ± standard deviation age, 71.3 ± 9.3 years) were included in 
the study. The analysis covered 1,696 directions across the 53 eyes; however, 8 directions with poor angle visualization 
upon AS-OCT and 28 directions with unclear images on GS-1 examination were excluded from the agreement analysis. 
The clinical characteristics of the study population are summarized in Table 1.

Table 1.  Demographic Information of Patients.

Characteristics Total (n = 53)

Age, years 71.3 ± 9.3

Sex, female, number (%) 42 (79.2%)

Number of right eyes (%) 28 (52.8%)

Best-corrected visual acuity (logMAR) −0.053 ± 0.19

Spherical equivalent (D) 0.77 ± 2.07

Angle opening distance 
temporal

 (mm) 0.16 ± 0.68

Angle recess area 
temporal

 (mm2) 0.076 ± 0.30

Trabecular iris space area 
temporal

 (mm2) 0.70 ± 0.29

Trabecular iris angle (degree) 14.44 ± 7.07

Anterior chamber distance (mm) 2.22 ± 0.18

Lens vault (mm) 0.76 ± 0.20

Values are presented as means ± standard deviations, unless otherwise indicated. logMAR: logarithm of 
the minimum angle of resolution; D: diopter.

https://doi.org/10.1371/journal.pone.0332590.t001

https://doi.org/10.1371/journal.pone.0332590.t001
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The comparison of the two methods is presented in Table 2. The proportion of images judged as angle closure was 
57.0% with AS-OCT and 46.1% with the GS-1. Cohen’s κ for inter-test agreement was 0.173 (95% CI: 0.128–0.218). 
When analyzed by eye, the proportion of eyes judged as angle closure was 60.4% with AS-OCT and 33.9% with GS-1. 
Cohen’s κ was 0.151 (95% CI: −0.076–0.378).

The quadrant-specific comparison results are shown in Table 3. Cohen’s κ and the AUC for the superior quadrant were 
0.260 (95% CI: 0.168–0.352) and 0.631 (95% CI: 0.578–0.685), respectively; those for the inferior quadrant were 0.203 
(95% CI: 0.109–0.297) and 0.605 (95% CI: 0.548–0.661), respectively; those for the nasal quadrant were 0.206 (95% CI: 
0.140–0.271) and 0.619 (95% CI: 0.565–0.672), respectively; and those for the temporal quadrant were 0.036 (95% CI: 
−0.060–0.130) and 0.518 (95% CI: 0.462–0.574), respectively. In the comparison before and after manual correction of 
AS-OCT measurements, Cohen’s κ by image was 0.806 (95% CI: 0.777–0.835), and that by case was 0.763 (95% CI: 
0.585–0.941).

In total, 19 eyes were re-evaluated for intra-examiner reliability. The per-image analysis yielded a Cohen’s κ of 0.895 
(P < 0.001), and the per-case analysis demonstrated perfect agreement with a κ of 1.000 (P < 0.001). These results indi-
cate high repeatability and consistency of the examiner’s manual corrections in this study.

Representative images illustrating discrepancies between GS-1- and AS-OCT-based assessments are provided in Fig 
3. In one case, a 73-year-old female patient was judged to have angle closure in 93.8% of directions via AS-OCT but in 
only 46.8% via GS-1. The inferonasal angle (240°–270°) was deemed closed on AS-OCT; however, the scleral spur was 
visible in the corresponding GS-1 image, leading to a judgment of an open angle.

Discussion

In this study, we examined the concordance of angle-closure evaluations between GS-1 and AS-OCT. A higher proportion 
of AS-OCT images were judged as angle closure compared with GS-1 images. Consequently, in certain cases, AS-OCT 
indicated notably narrow angles, whereas GS-1 enabled visualization of the trabecular meshwork.

AS-OCT and gonioscopy have been compared in several previous studies [17–21]. Although the AS-OCT devices 
used in those studies varied, the criteria for angle closure were similar. Angle closure was defined as contact between 

Table 2.  Comparison of GS-1 and AS-OCT Assessment of Angle Closure.

n Angle closure determined  
via GS-1 (%)

Angle closure determined  
via AS-OCT (%)

κ (95% CI) AUC (95% CI)

Per image 1,660 46.1 57.0 0.173 (0.128, 0.218) 0.589 (0.562, 0.617)

Per eye 53 33.9 60.4 0.151 (−0.076, 0.378) 0.584 (0.428, 0.740)

AS-OCT: anterior-segment optical coherence tomography, AUC: area under the receiver operating characteristic curve, CI: confidence interval, GS-1: 
GS-1 Gonioscope.

https://doi.org/10.1371/journal.pone.0332590.t002

Table 3.  Comparison of GS-1 and AS-OCT Assessment of Angle Closure by Quadrant.

Angle closure determined via GS-1 (%) Angle closure determined via AS-OCT (%) κ (95% CI) AUC (95% CI)

Temporal 60.0 53.75 0.036 (−0.060, 0.130) 0.518 (0.462, 0.574)

Nasal 22.0 59.81 0.206 (0.140, 0.271) 0.619 (0.565, 0.672)

Superior 46.06 53.7 0.260 (0.168, 0.352) 0.631 (0.578, 0.685)

Inferior 56.35 62.35 0.203 (0.109, 0.297) 0.605 (0.548, 0.661)

AS-OCT: anterior-segment optical coherence tomography, AUC: area under the receiver operating characteristic curve, CI: confidence interval, GS-1: 
GS-1 Gonioscope.

https://doi.org/10.1371/journal.pone.0332590.t003

https://doi.org/10.1371/journal.pone.0332590.t002
https://doi.org/10.1371/journal.pone.0332590.t003
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the scleral spur and the iris with AS-OCT, whereas it was defined as Scheie classification grade III–IV with gonioscopy. In 
all of those reports, angle closure was more frequently judged with AS-OCT than with gonioscopy [17–21], with κ-values 
reported as moderate [20].

In this study, the criteria for angle closure differed from those in the abovementioned reports [17–21], and automated 
rather than manual gonioscopy was used. However, AS-OCT still resulted in a higher proportion of angle-closure judg-
ments. Conversely, Cohen’s κ was lower than the moderate agreement reported in previous studies, a notable difference.

Several factors may explain this discrepancy. One potential factor is the use of GS-1 instead of manual gonioscopy. 
During GS-1 imaging, the device emits light, which enters the pupil and may induce constriction. Angles reportedly appear 
wider under bright conditions than under dark conditions [25,26]. Therefore, although GS-1 examinations performed under 
bright conditions allow 360° color imaging that is useful for documenting features such as pigmentation, they may not 
be suitable for screening or diagnosing angle closure. A similar influence has been suggested in a previous report using 
devices such as the EyeCam [22]. However, that report demonstrated moderate agreement, differing from the results of 
this study.

Another possible explanation is the variation in the criteria used to determine angle closure with AS-OCT between pre-
vious reports and this study. In prior studies [17–21], angle closure was defined as contact between the scleral spur and 
the iris. In contrast, this study used the CASIA2 Advance scanner setting of AOD500 as the threshold. Further research is 
required to standardize the criteria for angle closure across methods.

For gonioscopy, manual and automated, the criteria in previous reports and in this study were based on the visibility of 
the posterior trabecular meshwork. Anatomically, the visibility of the posterior trabecular meshwork and scleral spur–iris 
contact are considered relatively comparable criteria. In contrast, AOD500 and posterior trabecular meshwork visibility are 

Fig 3.  Example of a Case with Disagreement between AS-OCT and Automated Gonioscopy. A) Result obtained using the CASIA2 Advance STAR 
Analyzer, showing “narrow” and “closed” angles in 93.8% of directions. The superior quadrant appears wide, whereas the inferior quadrant exhibits clo-
sure in the 240°–270° range. B) Corresponding GS-1 image of the inferior quadrant (240°–270°). In the left half of the image, the trabecular meshwork 
and scleral spur are visible (white brace). I: inferior, N: nasal, S: superior, T: temporal.

https://doi.org/10.1371/journal.pone.0332590.g003

https://doi.org/10.1371/journal.pone.0332590.g003


PLOS One | https://doi.org/10.1371/journal.pone.0332590  September 15, 2025 8 / 10

structurally different measures. This discrepancy likely accounts for the lower concordance observed in this study com-
pared with previous reports [20,22].

In the quadrant-specific comparison, the superior quadrant had the highest κ-value. A previous report using UBM 
indicated that the angle width in the superior quadrant does not significantly differ between dark and bright conditions [26], 
suggesting that the superior quadrant is the least influenced by illumination among all the quadrants, as also implied by 
the results of this study.

In the inferior quadrant, AS-OCT yielded more frequent judgments of angle closure than did gonioscopic evaluations 
with the GS-1. The abovementioned report [26] indicated that the inferior quadrant has the narrowest angle in dark condi-
tions. Thus, the inferior quadrant may be most prone to narrowing in dark environments, and since AS-OCT in this study 
was performed under dark conditions, the results align with those of the previous report.

That prior study [26] also revealed that the difference in angle width between dark and bright conditions was greatest in 
the nasal quadrant. Consistently, in this study, the nasal quadrant exhibited the largest disparity in angle-closure assess-
ments between GS-1 and AS-OCT.

Furthermore, the previous study [26] reported that the angle in the temporal quadrant was generally wider than in the 
other quadrants under bright and dark conditions, with smaller differences between lighting conditions compared with the 
inferior and nasal quadrants. However, in this study, GS-1 identified angle closure more frequently in the temporal quad-
rant than in the other quadrants, suggesting a deviation from previous findings. A potential explanation for this discrepancy 
is that GS-1 imaging involves a degree of ocular compression. However, the temporal quadrant may be the least affected 
by such compression during GS-1 imaging among all four quadrants. Therefore, larger studies incorporating comparisons 
with manual gonioscopy are warranted to determine whether these tendencies are consistent.

In this study, AS-OCT evaluations were performed using the CASIA2 Advance STAR Analyzer, with manual segmenta-
tion corrections and AOD500 employed to assess angle closure. The segmentation corrections involved not only adjust-
ing the position of the scleral spur but also revising the iris segmentation, which is essential for AOD500. In most cases, 
manual corrections of the iris segmentation were necessary. The primary reason was that, in cases with narrow angles, 
the segmentation often did not extend to the iris root. Consequently, much of the manual work involved extending the 
segmentation to the iris root. Despite this, the agreement of angle closure between the automatic analysis of the CASIA2 
Advance STAR Analyzer and the manually corrected results was high. This likely reflects the fact that cases requiring 
segmentation corrections predominantly consisted of those with narrow angles. Therefore, the high agreement can be 
attributed to the narrower angles that necessitated corrections. Given this observation, the automatic analysis of the 
CASIA2 Advance STAR Analyzer may still be useful for screening angle closure. However, we did not analyze the extent 
of the required corrections in this study, nor the proportion of cases requiring correction based on the presence or severity 
of angle closure. These aspects warrant further investigation.

This study has some limitations. The number of cases was limited, and larger investigations are necessary. Com-
parisons with manual gonioscopy were not performed, and uncertainty remains regarding the extent to which the GS-1 
captures the angle in a more open configuration compared with manual gonioscopy. In addition, because AS-OCT was 
used as a relative reference standard, verification bias is possible. Therefore, future studies are needed that include 
three-way comparisons among GS-1, manual gonioscopy, and AS-OCT. The concordance between angle-closure deter-
mination using the CASIA2 Advance STAR Analyzer, which employs AOD500 as a criterion, and manual gonioscopy fea-
tures remains unclear and warrants future investigation. In this study, angles classified as either “narrow” or “closed” via 
AS-OCT were collectively considered closed angles in comparison with GS-1 results. This approach was taken to ensure 
consistency and fairness in the comparison, given that GS-1 provides only qualitative, static images under bright condi-
tions without dynamic or indentation assessment, complicating the discernment of true appositional closure and a merely 
narrow angle. Although AS-OCT measurements are more sensitive and quantitative, no standardized grading system for 
GS-1 results has been established, and subjective judgments can easily influence interpretation. Therefore, we adopted 
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a binary classification of “open” versus “non-open” in this study. However, more detailed comparisons, in which “narrow” 
and “closed” categories are separated, should be considered in future research. Another limitation of this study is that we 
did not formally evaluate intra- and inter-observer agreement in the interpretation of GS-1 images. Although all images 
were independently assessed by two glaucoma specialists and final decisions were made through consensus in cases of 
disagreement, we did not calculate numerical agreement rates or have the same examiner perform repeat evaluations. 
In future studies, the incorporation of reliability analyses, using statistics such as Cohen’s κ or the intraclass correlation 
coefficient, may enhance the validity and reproducibility of the evaluation methods.

In conclusion, the analysis results for angle closure via the CASIA2 Advance STAR Analyzer yielded more frequent 
judgments of angle closure than the evaluations based on gonioscopic images captured with the GS-1. As AS-OCT can 
be performed in a dark room, it may be more useful than the GS-1 for the diagnosis of angle closure. However, for eval-
uating findings such as angle pigmentation, the GS-1’s capability to capture and archive 360° color images of the entire 
angle may be useful.

Supporting information

S1 File.  Clinical data of all included patients. 
(XLSX)

Acknowledgments

The authors would like to thank Editage for their English language review.

Author contributions

Data curation: Yui Morioka, Yukihiro Sakai.

Formal analysis: Yuki Takagi.

Supervision: Kazuo Ichikawa.

Writing – original draft: Yuki Takagi.

Writing – review & editing: Ryo Asano, Sho Yokoyama, Kei Ichikawa.

References
	1.	 Dellaporta A. Historical notes on gonioscopy. Surv Ophthalmol. 1975;20(2):137–49. https://doi.org/10.1016/0039-6257(75)90021-1 PMID: 1105844

	2.	 Prum BE Jr, Rosenberg LF, Gedde SJ, Mansberger SL, Stein JD, Moroi SE, et al. Primary Open-Angle Glaucoma Preferred Practice Pattern(®) 
Guidelines. Ophthalmology. 2016;123(1):P41–111. https://doi.org/10.1016/j.ophtha.2015.10.053 PMID: 26581556

	3.	 Prum BE Jr, Herndon LW Jr, Moroi SE, Mansberger SL, Stein JD, Lim MC, et al. Primary Angle Closure Preferred Practice Pattern(®) Guidelines. 
Ophthalmology. 2016;123(1):P1–40. https://doi.org/10.1016/j.ophtha.2015.10.049 PMID: 26581557

	4.	 Quigley HA, Broman AT. The number of people with glaucoma worldwide in 2010 and 2020. Br J Ophthalmol. 2006;90(3):262–7. https://doi.
org/10.1136/bjo.2005.081224 PMID: 16488940

	5.	 Friedman DS, He M. Anterior chamber angle assessment techniques. Surv Ophthalmol. 2008;53(3):250–73. https://doi.org/10.1016/j.survoph-
thal.2007.10.012 PMID: 18501270

	6.	 Campbell P, Redmond T, Agarwal R, Marshall LR, Evans BJW. Repeatability and comparison of clinical techniques for anterior chamber angle 
assessment. Ophthalmic Physiol Opt. 2015;35(2):170–8. https://doi.org/10.1111/opo.12200 PMID: 25761580

	7.	 Esporcatte BL, Vessani RM, Melo LA Jr, Yanagimori NS, Bufarah GH, Allemann N, et al. Diagnostic Performance of Optical Coherence Tomography 
and Nonspecialist Gonioscopy to Detect Angle Closure. J Curr Glaucoma Pract. 2022;16(1):53–8. https://doi.org/10.5005/jp-journals-10078-1354 
PMID: 36060038

	8.	 Baskaran M, Ho S-W, Tun TA, How AC, Perera SA, Friedman DS, et al. Assessment of circumferential angle-closure by the iris-trabecular contact 
index with swept-source optical coherence tomography. Ophthalmology. 2013;120(11):2226–31. https://doi.org/10.1016/j.ophtha.2013.04.020 PMID: 
23774103

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0332590.s001
https://doi.org/10.1016/0039-6257(75)90021-1
http://www.ncbi.nlm.nih.gov/pubmed/1105844
https://doi.org/10.1016/j.ophtha.2015.10.053
http://www.ncbi.nlm.nih.gov/pubmed/26581556
https://doi.org/10.1016/j.ophtha.2015.10.049
http://www.ncbi.nlm.nih.gov/pubmed/26581557
https://doi.org/10.1136/bjo.2005.081224
https://doi.org/10.1136/bjo.2005.081224
http://www.ncbi.nlm.nih.gov/pubmed/16488940
https://doi.org/10.1016/j.survophthal.2007.10.012
https://doi.org/10.1016/j.survophthal.2007.10.012
http://www.ncbi.nlm.nih.gov/pubmed/18501270
https://doi.org/10.1111/opo.12200
http://www.ncbi.nlm.nih.gov/pubmed/25761580
https://doi.org/10.5005/jp-journals-10078-1354
http://www.ncbi.nlm.nih.gov/pubmed/36060038
https://doi.org/10.1016/j.ophtha.2013.04.020
http://www.ncbi.nlm.nih.gov/pubmed/23774103


PLOS One | https://doi.org/10.1371/journal.pone.0332590  September 15, 2025 10 / 10

	 9.	 Grewal DS, Brar GS, Jain R, Grewal SPS. Comparison of Scheimpflug imaging and spectral domain anterior segment optical coherence tomogra-
phy for detection of narrow anterior chamber angles. Eye (Lond). 2011;25(5):603–11. https://doi.org/10.1038/eye.2011.14 PMID: 21336254

	10.	 Radhakrishnan S, Goldsmith J, Huang D, Westphal V, Dueker DK, Rollins AM, et al. Comparison of optical coherence tomography and 
ultrasound biomicroscopy for detection of narrow anterior chamber angles. Arch Ophthalmol. 2005;123(8):1053–9. https://doi.org/10.1001/
archopht.123.8.1053 PMID: 16087837

	11.	 See JLS. Imaging of the anterior segment in glaucoma. Clin Exp Ophthalmol. 2009;37(5):506–13. https://doi.org/10.1111/j.1442-9071.2009.02081.x 
PMID: 19624349

	12.	 Teixeira F, Sousa DC, Leal I, Barata A, Neves CM, Pinto LA. Automated gonioscopy photography for iridocorneal angle grading. Eur J Ophthalmol. 
2020;30(1):112–8. https://doi.org/10.1177/1120672118806436 PMID: 30360660

	13.	 Shi Y, Yang X, Marion KM, Francis BA, Sadda SR, Chopra V. Novel and Semiautomated 360-Degree Gonioscopic Anterior Chamber Angle Imag-
ing in Under 60 Seconds. Ophthalmol Glaucoma. 2019;2(4):215–23. https://doi.org/10.1016/j.ogla.2019.04.002 PMID: 32672541

	14.	 Matsuo M, Pajaro S, De Giusti A, Tanito M. Automated anterior chamber angle pigmentation analyses using 360° gonioscopy. Br J Ophthalmol. 
2020;104(5):636–41. https://doi.org/10.1136/bjophthalmol-2019-314320 PMID: 31471328

	15.	 Takagi Y, Watanabe M, Kojima T, Sakai Y, Asano R, Ichikawa K. Comparison of the efficacy and invasiveness of manual and automated gonios-
copy. PLoS One. 2023;18(4):e0284098. https://doi.org/10.1371/journal.pone.0284098 PMID: 37023115

	16.	 Matsuo M, Inomata Y, Kozuki N, Tanito M. Characterization of Peripheral Anterior Synechiae Formation After Microhook Ab-interno Trabeculotomy 
Using a 360-Degree Gonio-Camera. Clin Ophthalmol. 2021;15:1629–38. https://doi.org/10.2147/OPTH.S306834 PMID: 33907377

	17.	 Rigi M, Bell NP, Lee DA, Baker LA, Chuang AZ, Nguyen D, et al. Agreement between Gonioscopic Examination and Swept Source Fourier Domain 
Anterior Segment Optical Coherence Tomography Imaging. J Ophthalmol. 2016;2016:1727039. https://doi.org/10.1155/2016/1727039 PMID: 
27990300

	18.	 Sakata LM, Lavanya R, Friedman DS, Aung HT, Gao H, Kumar RS, et al. Comparison of gonioscopy and anterior segment ocular coherence 
tomography in detecting angle closure in different quadrants of the anterior chamber angle. Ophthalmology. 2008;115(5):769–74. https://doi.
org/10.1016/j.ophtha.2007.06.030 PMID: 17916377

	19.	 Porporato N, Baskaran M, Tun TA, Sultana R, Tan M, Quah JH, et al. Understanding diagnostic disagreement in angle closure assessment 
between anterior segment optical coherence tomography and gonioscopy. Br J Ophthalmol. 2020;104(6):795–9. https://doi.org/10.1136/bjophthal-
mol-2019-314672 PMID: 31492674

	20.	 Tun TA, Baskaran M, Tan SS, Perera SA, Aung T, Husain R. Evaluation of the Anterior Segment Angle-to-Angle Scan of Cirrus High-Definition Opti-
cal Coherence Tomography and Comparison With Gonioscopy and With the Visante OCT. Invest Ophthalmol Vis Sci. 2017;58(1):59–64. https://doi.
org/10.1167/iovs.16-20886 PMID: 28061511

	21.	 Nolan WP, See JL, Chew PTK, Friedman DS, Smith SD, Radhakrishnan S, et al. Detection of primary angle closure using anterior segment optical 
coherence tomography in Asian eyes. Ophthalmology. 2007;114(1):33–9. https://doi.org/10.1016/j.ophtha.2006.05.073 PMID: 17070597

	22.	 Baskaran M, Aung T, Friedman DS, Tun TA, Perera SA. Comparison of EyeCam and anterior segment optical coherence tomography in detecting 
angle closure. Acta Ophthalmol. 2012;90(8):e621-5. https://doi.org/10.1111/j.1755-3768.2012.02510.x PMID: 22938754

	23.	 Perera SA, Baskaran M, Friedman DS, Tun TA, Htoon HM, Kumar RS, et al. Use of EyeCam for imaging the anterior chamber angle. Invest Oph-
thalmol Vis Sci. 2010;51(6):2993–7. https://doi.org/10.1167/iovs.09-4418 PMID: 20071670

	24.	 Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39(2):175–91. https://doi.org/10.3758/bf03193146 PMID: 17695343

	25.	 Leung CK, Cheung CYL, Li H, Dorairaj S, Yiu CKF, Wong AL, et al. Dynamic analysis of dark-light changes of the anterior chamber angle with 
anterior segment OCT. Invest Ophthalmol Vis Sci. 2007;48(9):4116–22. https://doi.org/10.1167/iovs.07-0010 PMID: 17724195

	26.	 Kunimatsu S, Tomidokoro A, Mishima K, Takamoto H, Tomita G, Iwase A, et al. Prevalence of appositional angle closure determined by ultrasonic 
biomicroscopy in eyes with shallow anterior chambers. Ophthalmology. 2005;112(3):407–12. https://doi.org/10.1016/j.ophtha.2004.10.026 PMID: 
15745766

https://doi.org/10.1038/eye.2011.14
http://www.ncbi.nlm.nih.gov/pubmed/21336254
https://doi.org/10.1001/archopht.123.8.1053
https://doi.org/10.1001/archopht.123.8.1053
http://www.ncbi.nlm.nih.gov/pubmed/16087837
https://doi.org/10.1111/j.1442-9071.2009.02081.x
http://www.ncbi.nlm.nih.gov/pubmed/19624349
https://doi.org/10.1177/1120672118806436
http://www.ncbi.nlm.nih.gov/pubmed/30360660
https://doi.org/10.1016/j.ogla.2019.04.002
http://www.ncbi.nlm.nih.gov/pubmed/32672541
https://doi.org/10.1136/bjophthalmol-2019-314320
http://www.ncbi.nlm.nih.gov/pubmed/31471328
https://doi.org/10.1371/journal.pone.0284098
http://www.ncbi.nlm.nih.gov/pubmed/37023115
https://doi.org/10.2147/OPTH.S306834
http://www.ncbi.nlm.nih.gov/pubmed/33907377
https://doi.org/10.1155/2016/1727039
http://www.ncbi.nlm.nih.gov/pubmed/27990300
https://doi.org/10.1016/j.ophtha.2007.06.030
https://doi.org/10.1016/j.ophtha.2007.06.030
http://www.ncbi.nlm.nih.gov/pubmed/17916377
https://doi.org/10.1136/bjophthalmol-2019-314672
https://doi.org/10.1136/bjophthalmol-2019-314672
http://www.ncbi.nlm.nih.gov/pubmed/31492674
https://doi.org/10.1167/iovs.16-20886
https://doi.org/10.1167/iovs.16-20886
http://www.ncbi.nlm.nih.gov/pubmed/28061511
https://doi.org/10.1016/j.ophtha.2006.05.073
http://www.ncbi.nlm.nih.gov/pubmed/17070597
https://doi.org/10.1111/j.1755-3768.2012.02510.x
http://www.ncbi.nlm.nih.gov/pubmed/22938754
https://doi.org/10.1167/iovs.09-4418
http://www.ncbi.nlm.nih.gov/pubmed/20071670
https://doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1167/iovs.07-0010
http://www.ncbi.nlm.nih.gov/pubmed/17724195
https://doi.org/10.1016/j.ophtha.2004.10.026
http://www.ncbi.nlm.nih.gov/pubmed/15745766
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

