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Abstract

Objective

To investigate the relationship between corneal diameter and internal corneal span deter-
mined from angle-to-angle distance using ultrasound biomicroscopy (UBM) in an observa-
tional cross-sectional patient population comprised of 54 eyes (28 healthy control eyes,
ages 0.1 to 11.3 years; 26 eyes with primary congenital glaucoma, ages 0.1 to 3.5 years)
from 41 pediatric participants ages 0.1 to 11.3 years (mean age: 313 years, median age: 2
years).

Methods

Forty cornea photographs with reference ruler and 110 UBM images were obtained. Three
observers measured horizontal and vertical corneal diameter and angle-to-angle distance in
each cornea photo and UBM image using ImagedJ and the average values were used. Main
outcome measures were Pearson correlation coefficient, linear regression, mean difference
between corneal diameter and angle-to-angle distance, and intra-class correlation coeffi-
cients among measurements from all three observers for each parameter.

Results

Corneal diameter and angle-to-angle distance had a strong positive correlation horizontally
(Pearson r=0.89, p<0.001) and vertically (r = 0.93, p<0.001). Correlation was consistent
regardless of presence of primary congenital glaucoma and participant age. Regression
analysis demonstrated a linear relationship between the parameters for horizontal (CD =
0.99*AA+0.28, R2 = 0.81, p<0.001) and vertical (CD = 0.91 *AA+1.32, R2 = 0.85, p<0.001)
dimensions. Overall, reliability was good-excellent, ranging from an ICC of 0.76 for vertical
corneal diameter to 0.90 for horizontal angle-to-angle distance.
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Conclusions

Based on the strong positive correlation found between corneal diameter and angle-to-
angle distance in our study population, UBM image analysis can be used to accurately esti-
mate corneal diameter from angle-to-angle distance in children with healthy eyes and pri-
mary congenital glaucoma. UBM may provide a useful intraocular alternative for estimating
corneal diameter and monitoring diseases that affect the cornea in infants and children,
such as congenital glaucoma.

Introduction

Quantitative corneal diameter evaluation is pertinent to the diagnosis and monitoring of sev-
eral ophthalmic diseases presenting in pediatric patients, such as congenital glaucoma, micro-
cornea, microphthalmos, and megalocornea [1]. Increased corneal diameter is often one of the
first indicators of elevated intraocular pressure (IOP) in infants and young children, which can
aid in the timely diagnosis and assessment of congenital glaucoma [2-4]. Corneal diameter is
also an essential biometric parameter during cataract surgery planning, as intraocular lens
(IOL) size may be selected based on this measurement [5]. Incorrect sizing can result in com-
plications such as uveitis, secondary glaucoma, and endothelial injury [5]. Thus, accurate mea-
surement of corneal diameter is imperative.

Anterior segment measurements, including corneal diameter, are commonly obtained
using automated devices such as the IOLMaster (Carl Zeiss, Meditec, AG) and the Orbscan I1z
(Bausch & Lomb). While evaluating younger patients for whom this approach may not be fea-
sible, corneal diameter is typically measured during examination under anesthesia (EUA)
using calipers or a ruler. Although widely accepted as the current standard, this method of
measurement is subject to error and inter-observer variability [6]. Prior studies have examined
the correlation between anterior segment imaging modalities and external corneal diameter,
but findings have been inconclusive and often contradictory [5, 7, 8]. However, these studies
primarily focused on adult subjects and used techniques such as anterior segment optical
coherence tomography (AS-OCT). Other instruments, such as ultrasound biomicroscopy
(UBM), have yet to be explored for this purpose.

Ultrasound biomicroscopy (UBM), a high-frequency sonographic technique, has been
established as a clinically valuable imaging modality for structural anterior and posterior seg-
ment assessment, with the unique capability for intraocular visualization even in cases of cor-
neal clouding or opacity [9]. UBM has significant utility in the pediatric population, given that
children often have anomalies posterior to the iris or anterior segment disease accompanied
by corneal haze [10]. In addition, UBM image analysis can be used to extract clinically mean-
ingful ocular measurements with high reliability, such as central corneal thickness and anterior
chamber depth, that can guide diagnosis and treatment decisions [11]. This niche renders
UBM particularly promising regarding its potential to monitor congenital disease progression
in children using intraocular measurements. Compared to traditional measurement tech-
niques for corneal diameter, UBM allows for a more comprehensive observation of the eye
with high reliability in intraocular measurements; therefore, UBM may be a useful, more ver-
satile alternative that provides more information about the eye that can inform medical deci-
sion-making.

This prospective, cross-sectional study was conducted to investigate the relationship
between corneal diameter (CD) and internal corneal span in pediatric patients determined
from the angle-to-angle distance (AA) measured in UBM images.
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Materials and methods
Participants

This study adhered to the ethical principles outlined in the Declaration of Helsinki as amended
in 2013. The University of Maryland, Baltimore (UMB) Institutional Review Board (IRB) has
approved this study protocol and the corresponding consent forms. Written informed consent
for participation in this study was obtained from the parent or guardian of each prospective
participant. Collection and evaluation of protected health information was compliant with the
Health Insurance Portability and Accountability Act of 1996.

Fifty-four eyes from 41 pediatric participants aged 0.1 to 11.3 years (mean age: 3+3 years,
median age: 2 years) were included in this study. Twenty-eight subjects ages 0.1 to 11.3 years
contributed 28 healthy eyes and 13 subjects ages 0.1 to 3.5 years with primary congenital glau-
coma contributed 26 eyes. None of the subjects with glaucoma had undergone surgery at the
time of imaging. Seven of the subjects (13 eyes) were being treated with one or more medica-
tions for glaucoma, including acetazolamide, dorzolamide/timolol, latanoprost, and pilocar-
pine. Our cohort was comprised of prospective subjects who underwent UBM imaging at our
institution between November 1st, 2014, and May 31st, 2022. Participants were consented and
enrolled during this period prior to imaging.

Congenital glaucoma was recognized as glaucoma diagnosis prior to the age of two years.
The diagnosis of glaucoma required one or more of the following structural changes: (1)
increased corneal diameter (greater than 11.0 mm before age 1 year or greater than 12.0 mm
between age 1-2 years), or greater than 1.5 mm of asymmetry of corneal diameter, (2) progres-
sive myopic shift concurrent with an increase in corneal diameter and/or axial length, (3)
increased optic nerve cupping by 20% or greater (as measured using cup-to-disc ratio), or (4)
the need for surgical intervention for IOP control. Subjects with a history of anterior segment
trauma were excluded.

Healthy controls were subjects without a history of glaucoma presenting for care of a con-
tralateral eye or eyelid condition, or ophthalmic indications unrelated to the anterior segment.
No control subjects had any history of intraocular surgery or traumatic injury to the enrolled
eye; however, controls presented with contralateral conditions such as trauma, strabismus,
ptosis, nasolacrimal duct obstruction, or orbital cyst. All control subjects demonstrated age-
appropriate visual acuity and visual behavior, normal comprehensive eye examination, and
normal dilated fundus exam by a board-certified pediatric ophthalmologist.

Imaging and image analysis

All subjects were imaged under general anesthesia prior to planned surgical procedure. The
Alfonso eyelid speculum was used for subjects imaged under general anesthesia. Cotton-tipped
applicators were used for globe positioning if needed. Prior to imaging subjects, the operator
captured a digital photo of the eye that allowed clear visualization of the entire corneal limbus.
A reference ruler was also included in each photograph. Ultrasound biomicroscopy imaging
was performed by an experienced operator, a trained pediatric ophthalmologist, using the
Aviso Ultrasound Platform A/B ultrasound biomicroscopy with a 50-MHz linear transducer
(Quantel Medical, Clermont-Ferrand, France). For all subjects, the transducer was covered
with a single-use ClearScan UBM probe cover filled with deionized water. Hypromellose oph-
thalmic solution (2.5%) was applied to the ocular surface as lubrication. No subject received
pharmacologic dilation before imaging. The operator collected at least one horizontal axial
and at least one vertical axial ultrasound image per eye, concurrent with predetermined land-
marks and probe positions from an established protocol [11]. This included performing a
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Fig 1. Angle-to-angle and corneal diameter measurement techniques. (A) Angle-to-angle (AA) distance measured
in a vertical axial UBM image; (B) Horizontal and vertical corneal diameter (CD) measured in a cornea photograph of
a six-year-old child without ocular disease.

https://doi.org/10.1371/journal.pone.0305624.9001

sweep of the anterior chamber to aid in determining the dimensions with the highest anterior
chamber depth.

The manual image analysis protocol uses Image] 1.48v (National Institutes of Health), a
Java-based open access image processing program. Reliability and repeatability analysis of the
current imaging and analysis protocol has been previously published [11]. Images were de-
identified and reviewed for eligibility. Corneal photos that did not clearly capture the entire
limbus were excluded. Ultrasound images were selected based on centration of the pupil, abil-
ity to identify the angles, and overall quality. Three independent trained observers measured
each corneal photo and UBM image, and the average measurements were used for analysis.

Measured parameters included angle-to-angle distance in each UBM image, defined as the
diameter between the iridocorneal angle’s opposing recesses (Fig 1A), and horizontal and ver-
tical corneal diameters, or white-to-white distance, in each photograph (Fig 1B). For subjects
that did not have corneal photos with reference ruler available (n = 19 eyes), calipers verified
by ruler were used to measure corneal diameter. Previous studies have found acceptable levels
of agreement between these two methods of corneal diameter measurement [6, 12].

Statistical analysis

The mean, median, and standard deviation of the horizontal CD, vertical CD, horizontal AA,
and vertical AA were calculated for the study population, the sample of healthy control sub-
jects, and the sample of subjects with glaucoma. The 95% confidence intervals (CI) of the
mean were calculated for each parameter. Normality testing was performed on the healthy
control, glaucoma, and overall datasets using joint normality calculated through Henze-Zirkler
testing prior to statistical analysis.

Linear regression analysis was performed between horizontal CD and AA and vertical CD
and AA for the study population, the control group, and the glaucoma group. Subjects were
further divided based on their age and regression analysis was performed for each sub-group.
The age groups were defined as follows: <1 y.o. (N =11), 1-2 y.o. (N = 8), 2-3 y.0. (N = 6),
3-4y.0. (N =5),and 5-11 y.o. (N = 11). Analysis of variance (ANOVA) was conducted to
determine whether the differences in regression lines across age groups were statistically sig-
nificant. Statistical significance was set at a p-value of 0.05.

Pearson correlation coefficient was calculated for horizontal CD and AA, and vertical CD
and AA for the study population, the control group, and the glaucoma group. One-way mixed
effects inter-class correlation coefficients (ICC) were calculated for each parameter to assess
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Table 1. Participant demographics.

All participants (N = 41)

Control (N = 28)

Glaucoma (N = 13)

Eyes, n 54 28 26
Female sex, N (%) 24 (58.5) 18 (64.3) 6 (46.2)
Mean age, y (SD) 32(3.1) 4.2 (3.2) 1.0 (1.2)
Median age, y 2.2 3.1 0.3
Age range, y 0.1-11.3 0.3-11.3 0.1-3.5
Black race, N (%) 22 (53.7) 14 (50.0) 9 (69.2)
White race, N (%) 12 (29.3) 10 (35.7) 2 (15.4)
Race not reported 3(7.3) 2(7.1) 1(7.7)
Hispanic/Latino, N (%) 5(12.2) 3(10.7) 2 (15.4)

Demographics of all study participants.
n = number of eyes
N = number of participants

SD = standard deviation

https://doi.org/10.1371/journal.pone.0305624.t001

Table 2. Descriptive summary.

agreement and reliability of measurements among all three observers. The Bland-Altman
method was used to evaluate the agreement between CD measurements from photographs
and AA measurements from UBM images [13]. R Studio Version 2023.06.0+421 was used for

all statistical analyses.

Results

Forty digital external photographs (33 healthy control eye photos, 7 glaucoma eye photos) and
110 ultrasound biomicroscopy images (56 healthy control eye images, 52 glaucoma eye
images) from 54 eyes of 41 pediatric participants were included in the analysis. Subject demo-

graphics are summarized in Table 1.

Mean, median, and range of measurements for horizontal and vertical CD and AA are

shown in Table 2.

All participants (N = 41) Control (N =28) Glaucoma (N =13)
Mean horizontal CD, mm (SD) [95% CI] 11.8 (0.9) [10.1,13.5] 11.5(0.6) [9.9, 13.7] 12.2 (1.1) [10.1, 14.4]
Median horizontal CD, mm 11.7 11.5 12.3
Horizontal CD range, mm 10.1-14.0 10.1-12.8 10.5-14.0
Mean vertical CD, mm (SD) [95% CI] 11.6 (0.8) [10.2, 13.0] 11.3 (0.4) [10.1, 13.1] 12.0 (0.9) [10.1, 13.8]
Median vertical CD, mm 11.4 11.3 11.9
Vertical CD range, mm 10.5-13.5 10.5-12.1 10.6-13.5
Mean horizontal AA, mm (SD) [95% CI] 11.6 (0.8) [10.1, 13.1] 11.4 (0.6) [10.0, 13.3] 11.9 (1.0) [9.8, 13.9]
Median horizontal AA, mm 11.6 11.6 12.0
Horizontal AA range, mm 10.0-13.9 10.0-12.8 10.0-13.9
Mean vertical AA, mm (SD) [95% CI] 11.6 (0.7) [9.9, 12.8] 11.3 (0.4) [10.2, 12.9] 11.69 (0.85) [10.2, 13.5]
Median vertical AA, mm 11.4 11.3 11.46
Vertical AA range, mm 10.5-13.8 10.6-12.5 10.38-13.46

Summary of corneal diameter and angle-to-angle measurements in all participants.

N = number of participants
SD = standard deviation
CI = confidence interval

https:/doi.org/10.1371/journal.pone.0305624.t002
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Table 3. Inter-observer agreement.

ICC [95% CI]

Horizontal CD 0.804 [0.697, 0.91]
Vertical CD 0.761 [0.675, 0.85]
Horizontal AA 0.895 [0.791, 0.951]
Vertical AA 0.787 [0.699, 0.847]

Inter-class correlation coefficients for corneal diameter and angle-to-angle measurements.
ICC = inter-class correlation coefficient
CI = confidence interval

https://doi.org/10.1371/journal.pone.0305624.t003

Opverall, reliability among raters ranged from good (ICC = 0.76, vertical CD) to excellent
(ICC =0.90, horizontal AA). The ICC values for all parameters are reported in Table 3.

Bland-Altman analysis demonstrated high agreement between CD and AA for horizontal
and vertical measurements in all 54 eyes (Fig 2), with mean differences of 0.14 and 0.06 mm,
respectively. The 95% limits of agreement (LoA) for horizontal and vertical dimensions were
—0.41 to 0.69 mm and -0.49 to 0.61 mm.

Horizontal CD and AA were strongly positively correlated in all 54 eyes (Pearson r = 0.89),
in the healthy control subgroup (r = 0.95), and the glaucoma subgroup (r = 0.88). Correlation
analysis also demonstrated strong positive correlation between vertical CD and AA in all 54
eyes (r = 0.93), the control subgroup (r = 0.91), and the glaucoma subgroup (r = 0.92).

Regression analysis including all 54 eyes showed a linear relationship between AA and CD
for horizontal and vertical measurements that was robust to subject age (Fig 3A and 3B). Anal-
ysis of variances (ANOVA) demonstrated no significant difference in linearity among age
groups. Linearity between AA and CD was observed in both the healthy control (Fig 3C and
3D) and glaucoma sub-groups (Fig 3E and 3F).

Correlation coefficients (R values) and regression equations are displayed in Table 4.

Discussion

The purpose of this study was to examine the correlation between corneal diameter and inte-
rior corneal span, or angle-to-angle distance, in 41 pediatric subjects using external photo-
graphs and ultrasound biomicroscopy. We hypothesized that AA would be strongly correlated
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Fig 2. Agreement between angle-to-angle and corneal diameter measurements. Bland-Altman plots depicting the
agreement between (A) horizontal corneal diameter (CD) and horizontal angle-to-angle (AA) measurements; (B)
vertical CD and vertical AA measurements. The solid line represents the mean difference (bias), and the dotted lines
represent 95% LoA.

https://doi.org/10.1371/journal.pone.0305624.9002
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https://doi.org/10.1371/journal.pone.0305624.9003

with CD, and that this relationship would allow conversion between internal (AA) and exter-
nal (CD) measures of corneal span. We studied this relationship in a cohort of 28 pediatric
subjects with healthy eyes and a cohort of 13 subjects with congenital glaucoma and
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Table 4. Pearson correlation and linear regression.

Horizontal CD vs. AA Pearson r*

Horizontal CD vs. AA regression equation (R%)

Vertical CD vs. AA Pearson r*
Vertical CD vs. AA regression equation (R?)

All participants (N = 41) Control (N = 28) Glaucoma (N = 13)
0.89 0.95 0.88
CD = 0.99*AA +0.28 (0.81) CD = 0.96*AA + 0.49 (0.88) CD = 0.93*AA + 1.26
(0.78)
0.93 0.91 0.92
CD = 0.91*AA + 1.32 (0.85) CD = 0.94*AA +0.70 CD = 1.00*AA + 0.07
(0.87) (0.85)

Pearson correlation coefficients and regression equations for corneal diameter and angle-to-angle relationship.

*p-value of 0.05 used

N = number of subjects

https://doi.org/10.1371/journal.pone.0305624.1004

demonstrated a strong positive correlation between the two ocular parameters that was robust
to age. Not only will these findings improve understanding of the association between intraoc-
ular dimensions and corneal characteristics, but they will also highlight the clinical utility of
UBM in the diagnosis and monitoring of congenital diseases that affect the cornea, such as
pediatric glaucoma.

Measurements obtained for corneal diameter and angle-to-angle distance were mostly in
agreement with published anatomical values for pediatric patients with healthy eyes and pedi-
atric patients with congenital glaucoma, although glaucoma patients tended to have smaller
corneas than reported in the literature for their population [2, 14-17]. Our results agree with
prior studies which demonstrated horizontal measures of corneal diameter and angle-to-angle
distance tending to be greater than corresponding vertical measures [18, 19].

Our investigation has demonstrated angle-to-angle distance measured from UBM images
to be a strong predictor of corneal diameter in pediatric subjects with healthy eyes and glau-
coma. Horizontal and vertical corneal diameter and angle-to-angle measurements were highly
positively correlated in the healthy controls and subjects with glaucoma. We demonstrated a
slight tendency toward greater corneal diameter measurements than angle-to-angle measure-
ments, which was expected due to the thickness of the peripheral cornea and is consistent with
published normative data [18, 20, 21]. Regression analysis demonstrated strong positive linear
relationships between horizontal corneal diameter and angle-to-angle, and vertical corneal
diameter and angle-to-angle, in all 54 eyes. This relationship remained consistent after separat-
ing subjects by age group and diagnosis. However, given that there were few subjects available
to comprise certain age groups, such as children aged 3-4 years and 4-5 years, it is difficult to
draw conclusions about those age groups from this data.

To our knowledge, this is the first study that uses UBM to examine the correlation between
corneal diameter and angle-to-angle distance [22, 23]. Several studies have compared these
dimensions in adult participants using OCT, with variable results. Piflero et al. found a statisti-
cally significant, although weak, positive correlation between horizontal corneal diameter and
angle-to-angle distance using a digital caliper and the Visante OCT in 30 healthy eyes of 19
adults [5]. However, the authors reported significant variability within their relatively small
dataset, preventing extrapolation. In a study by Kohnen et al., there was a strong linear rela-
tionship between horizontal angle-to-angle distance and corneal diameter, measured using the
Visante OCT and a combination of the Orbscan IIz (Bausch & Lomb) and IOLMaster (Carl
Zeiss Meditec) [7]. Using the IOLMaster and AS-OCT, Nemeth et al. found horizontal corneal
diameter and angle-to-angle to be positively correlated [21].
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In contrast, Goldsmith et al. only found a weak correlation between horizontal angle-to-
angle distance and corneal diameter in 20 adults, although researchers used an experimental
CAS OCT system and a Holladay-Godwin cornea gauge instead of manual image analysis [8].
Notably, Kawamorita et al. [22] reported poor agreement between corneal diameter and hori-
zontal ciliary sulcus diameter measured using UBM in a group of 31 healthy adults; however,
they used scanning-slit topography to obtain corneal diameter, which has yielded variable
measurements compared to other techniques, such as calipers or the IOLMaster [6, 24]. Lim-
ited data exists on the relationship between these parameters along the vertical meridian, most
likely related to difficulties in obtaining vertical corneal diameter measurements with standard
techniques due to the eyelids obstructing the view of the limbus. However, we found longitudi-
nal angle-to-angle distance and vertical corneal diameter to have a strong correlation.

Our findings are the most consistent with those of Kohnen and Nemeth [7, 21]. Notably,
direct comparisons between prior studies and the present work should be made with caution,
considering the variety of different methods used to measure corneal diameter and angle-to-
angle distance. In addition, many previous studies did not utilize comparable subject popula-
tions (i.e., most studies used adult participants and included less than 54 eyes).

There were limitations inherent to this paper. Our study includes a relatively modest patient
population. We were limited by few healthy control subjects under one year old undergoing
general anesthesia. Similarly, due to the limited population, our study does not provide demo-
graphic-specific data, despite established ethnicity differences in corneal and anterior chamber
parameters in pediatric patients [25-29]. Ethnicity-based data would be a valuable addition to
future studies examining the relationship between angle-to-angle distance and corneal diame-
ter in children.

In addition, a manual measurement method, which is subject to intra- and inter-operator
variability, was used to determine corneal diameter. Despite relying upon manual measure-
ments, our inter-observer reliability for corneal diameter and angle-to-angle measurements
was good-excellent, which may be attributed to consistent and thorough observer training.
However, intrasession repeatability analysis should have been considered and included in this
prospective study. Future comparative studies could use automated grey-scale devices such as
the IOLMaster and the Orbscan 11z, which have produced more repeatable measures of cor-
neal diameter than caliper and ruler [6]. However, these studies would be limited to older chil-
dren who would be able to cooperate with an exam involving these modalities. Furthermore,
measurements of the vertical meridian would be more difficult to obtain due to limitations
associated with these techniques.

Future studies should aim to examine the relationship between longitudinal angle-to-angle
distance and progression of congenital glaucoma, a disease known to impact corneal diameter.
Given the strong correlation demonstrated between angle-to-angle distance and corneal diam-
eter in this study, we would expect increased angle-to-angle distance to be an indicator for pro-
gression of congenital glaucoma. In addition, the linear anatomical relationship defined in our
paper should be applied to a new dataset to validate these findings.

In conclusion, ultrasound biomicroscopy can be used to accurately estimate corneal diame-
ter in pediatric eyes, as shown by the strong correlation and linear relationship between cor-
neal diameter and angle-to-angle measurements in both cohorts. This association is robust to
age, with no significant differences in linearity from infancy to early adolescence in our sam-
ple. Given its high resolution and versatile nature, ultrasound biomicroscopy may be a useful
alternative for estimating corneal diameter from longitudinal angle-to-angle distance. These
results should be interpreted in the context of the study’s main limitations; our patient sample
was relatively small and may not have been fully representative of the congenital glaucoma
patient population. Further studies with more eyes and more patients with congenital

PLOS ONE | https://doi.org/10.1371/journal.pone.0305624  June 18, 2024 9/12


https://doi.org/10.1371/journal.pone.0305624

PLOS ONE

Corneal diameter and angle-to-angle comparison

glaucoma are needed to confirm these findings, which partially contradict results in the cur-
rent literature.

Supporting information

S1 File. Dataset. Dataset containing cornea diameter and angle-to-angle measurements from
all eyes.
(CSV)

Author Contributions
Conceptualization: Janet Leath Alexander.

Data curation: Taylor D. Kolosky, Anusha U. Saga, Urjita Das, Bhakti K. Panchal, Janet Leath
Alexander.

Formal analysis: Taylor D. Kolosky, Donald F. Dariano, III.
Funding acquisition: Janet Leath Alexander.

Investigation: Janet Leath Alexander.

Methodology: Janet Leath Alexander.

Resources: Jana A. Bregman, Moran R. Levin, Janet Leath Alexander.
Supervision: Janet Leath Alexander.

Writing - original draft: Taylor D. Kolosky.

Writing - review & editing: Anusha U. Saga, Donald F. Dariano, III, Urjita Das, Bhakti K.
Panchal, Jana A. Bregman, Moran R. Levin, Janet Leath Alexander.

References

1. Lim Z, Muir KW, Duncan L, Freedman SF. Acquired central corneal thickness increase following
removal of childhood cataracts. Am J Ophthalmol. 2011 Mar; 151(3):434—441.e1. https://doi.org/10.
1016/j.2j0.2010.09.019 PMID: 21236412

2. Strouthidis NG, Papadopoulos M. Clinical Evaluation of Glaucoma in Children. Curr Ophthalmol Rep.
2013 Jun 1; 1(2):106-12.

3. Cronemberger S, Calixto N, Avellar Milhomens TG, Gama PO, Milhomens EG, Rolim H, et al. Effect of
intraocular pressure control on central corneal thickness, horizontal corneal diameter, and axial length
in primary congenital glaucoma. J Am Assoc Pediatr Ophthalmol Strabismus. 2014 Oct 1; 18(5):433-6.
https://doi.org/10.1016/j.jaapos.2014.05.012 PMID: 25439302

4. Cronemberger S, Veloso AW, Lins P, Melo AC, da Silva AHG, de Figueiredo Barbosa L, et al. Out-
comes of early versus delayed trabeculotomy for primary congenital glaucoma. Acta Ophthalmol
(Copenh). 2023; 101(5):514—20. https://doi.org/10.1111/20s.15310 PMID: 36537172

5. Pifero DP, Plaza Puche AB, Ali6 JL. Corneal diameter measurements by corneal topography and
angle-to-angle measurements by optical coherence tomography: evaluation of equivalence. J Cataract
Refract Surg. 2008 Jan; 34(1):126-31. https://doi.org/10.1016/j.jcrs.2007.10.010 PMID: 18165092

6. Baumeister M, Terzi E, Ekici Y, Kohnen T. Comparison of manual and automated methods to determine
horizontal corneal diameter. J Cataract Refract Surg. 2004 Feb; 30(2):374-80. https://doi.org/10.1016/
j.jcrs.2003.06.004 PMID: 15030827

7. Kohnen T, Thomala MC, Cichocki M, Strenger A. Internal anterior chamber diameter using optical
coherence tomography compared with white-to-white distances using automated measurements. J
Cataract Refract Surg. 2006 Nov; 32(11):1809-13. https://doi.org/10.1016/j.jcrs.2006.08.023 PMID:
17081862

8. Goldsmith JA, Li Y, Chalita MR, Westphal V, Patil CA, Rollins AM, et al. Anterior Chamber Width Mea-
surement by High-Speed Optical Coherence Tomography. Ophthalmology. 2005 Feb; 112(2):238—44.
https://doi.org/10.1016/j.0phtha.2004.09.019 PMID: 15691557

PLOS ONE | https://doi.org/10.1371/journal.pone.0305624  June 18, 2024 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305624.s001
https://doi.org/10.1016/j.ajo.2010.09.019
https://doi.org/10.1016/j.ajo.2010.09.019
http://www.ncbi.nlm.nih.gov/pubmed/21236412
https://doi.org/10.1016/j.jaapos.2014.05.012
http://www.ncbi.nlm.nih.gov/pubmed/25439302
https://doi.org/10.1111/aos.15310
http://www.ncbi.nlm.nih.gov/pubmed/36537172
https://doi.org/10.1016/j.jcrs.2007.10.010
http://www.ncbi.nlm.nih.gov/pubmed/18165092
https://doi.org/10.1016/j.jcrs.2003.06.004
https://doi.org/10.1016/j.jcrs.2003.06.004
http://www.ncbi.nlm.nih.gov/pubmed/15030827
https://doi.org/10.1016/j.jcrs.2006.08.023
http://www.ncbi.nlm.nih.gov/pubmed/17081862
https://doi.org/10.1016/j.ophtha.2004.09.019
http://www.ncbi.nlm.nih.gov/pubmed/15691557
https://doi.org/10.1371/journal.pone.0305624

PLOS ONE

Corneal diameter and angle-to-angle comparison

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Pavlin CJ, Sherar MD, Foster FS. Subsurface ultrasound microscopic imaging of the intact eye. Oph-
thalmology. 1990 Feb; 97(2):244-50. https://doi.org/10.1016/s0161-6420(90)32598-8 PMID: 2326015

Alexander JL, Wei L, Palmer J, Darras A, Levin MR, Berry JL, et al. A systematic review of ultrasound
biomicroscopy use in pediatric ophthalmology. Eye Lond Engl. 2021 Jan; 35(1):265-76. https://doi.org/
10.1038/s41433-020-01184-4 PMID: 32963311

Qureshi A, Chen H, Saeedi O, Kaleem MA, Stoleru G, Margo J, et al. Anterior segment ultrasound bio-
microscopy image analysis using Imaged software: Intra-observer repeatability and inter-observer
agreement. Int Ophthalmol. 2019 Apr; 39(4):829-37. https://doi.org/10.1007/s10792-018-0882-6
PMID: 29516316

Robinson J, Gilmore KJ, Fielder AR. Validation of a photographic method of measuring corneal diame-
ter. British Journal of Ophthalmology 1989; 73:570-573. https://doi.org/10.1136/bjo.73.7.570 PMID:
2757999

Bland JM, Altman DG. Statistical methods for assessing agreement between two methods of clinical
measurement. Lancet Lond Engl. 1986 Feb 8; 1(8476):307—10. PMID: 2868172

Ashaye AO, Olowu JA. Corneal diameters in infants born in two hospitals in Ibadan, Nigeria. East Afr
Med J. 2006; 83(11):631-8. https:/doi.org/10.4314/eam;j.v83i11.9479 PMID: 17455453

Elbaz U, Mireskandari K, Tehrani N, Shen C, Khan MS, Williams S, et al. Corneal Endothelial Cell Den-
sity in Children: Normative Data From Birth to 5 Years Old. Am J Ophthalmol. 2017 Jan 1; 173:134-8.
https://doi.org/10.1016/j.2j0.2016.09.036 PMID: 27746297

Edawaji BSA, Gottlob I, Proudlock FA. Anterior Chamber Measurements in Healthy Children: A Cross-
Sectional Study Using Optical Coherence Tomography. Transl Vis Sci Technol. 2021 May 7; 10(6):13.
https://doi.org/10.1167/tvst.10.6.13 PMID: 34111257

Maripudi S, Byrd J, Qureshi A, Stoleru G, Levin MR, Saeedi OJ, et al. Pediatric Corneal Structural
Development During Childhood Characterized by Ultrasound Biomicroscopy. J Pediatr Ophthalmol
Strabismus. 2020 Jul 1; 57(4):238—45. https://doi.org/10.3928/01913913-20200506-01 PMID:
32687208

Werner L, Izak AM, Pandey SK, Apple DJ, Trivedi RH, Schmidbauer JM. Correlation between different
measurements within the eye relative to phakic intraocular lens implantation. J Cataract Refract Surg.
2004 Sep 1; 30(9):1982-8. https://doi.org/10.1016/}.jcrs.2003.10.041 PMID: 15342066

Khng C, Osher RH. Evaluation of the relationship between corneal diameter and lens diameter. J Cata-
ract Refract Surg. 2008 Mar 1; 34(3):475-9. https://doi.org/10.1016/}.jcrs.2007.10.043 PMID:
18299075

Martola EL, Baum JL. Central and Peripheral Corneal Thickness: A Clinical Study. Arch Ophthalmol.
1968 Jan 1; 79(1):28-30.

Nemeth G, Hassan Z, Szalai E, Berta A, Modis L. Comparative analysis of white-to-white and angle-to-
angle distance measurements with partial coherence interferometry and optical coherence tomography.
J Cataract Refract Surg. 2010 Nov 1; 36(11):1862—6. https://doi.org/10.1016/j.jcrs.2010.05.017 PMID:
21029893

Kawamorita T, Uozato H, Kamiya K, Shimizu K. Relationship between ciliary sulcus diameter and ante-
rior chamber diameter and corneal diameter. J Cataract Refract Surg. 2010 Apr; 36(4):617—-24. hitps://
doi.org/10.1016/j.jcrs.2009.11.017 PMID: 20362854

Reinstein D, Archer T, Gobbe M, Silverman R, Coleman D. Stromal Thickness in the Normal Cornea:
Three-Dimensional Display with Artemis Very High-Frequency Digital Ultrasound. J Refract Surg Thoro-
fare NJ 1995. 2009 Sep 1; 25:776-86. https://doi.org/10.3928/1081597X-20090813-04 PMID:
19772263

Namkung S, Boyle AB, Li Y, Gokul A, McGhee C, Ziaei M. Repeatability and Agreement of Horizontal
Corneal Diameter Measurements Between Scanning-Slit Topography, Dual Rotating Scheimpflug
Camera With Placido Disc Tomography, Placido Disc Topography, and Optical Coherence Tomogra-
phy. Cornea. 2022; 41(11):1392-1397. https://doi.org/10.1097/ICO.0000000000002964 PMID:
34935660

Oh YG, Minelli S, Spaeth GL, Steinman WC. The anterior chamber angle is different in different racial
groups: a gonioscopic study. Eye Lond Engl. 1994; 8 (Pt 1):104-8. https://doi.org/10.1038/eye.1994.20
PMID: 8013700

Aghaian E, Choe JE, Lin S, Stamper RL. Central corneal thickness of Caucasians, Chinese, Hispanics,
Filipinos, African Americans, and Japanese in a glaucoma clinic. Ophthalmology. 2004 Dec; 111
(12):2211-9. https://doi.org/10.1016/j.0phtha.2004.06.013 PMID: 15582076

Dai E, Gunderson CA. Pediatric central corneal thickness variation among major ethnic populations. J
AAPOS Off Publ Am Assoc Pediatr Ophthalmol Strabismus. 2006 Feb; 10(1):22-5. https://doi.org/10.
1016/j.jaapos.2005.12.007 PMID: 16527675

PLOS ONE | https://doi.org/10.1371/journal.pone.0305624  June 18, 2024 11/12


https://doi.org/10.1016/s0161-6420%2890%2932598-8
http://www.ncbi.nlm.nih.gov/pubmed/2326015
https://doi.org/10.1038/s41433-020-01184-4
https://doi.org/10.1038/s41433-020-01184-4
http://www.ncbi.nlm.nih.gov/pubmed/32963311
https://doi.org/10.1007/s10792-018-0882-6
http://www.ncbi.nlm.nih.gov/pubmed/29516316
https://doi.org/10.1136/bjo.73.7.570
http://www.ncbi.nlm.nih.gov/pubmed/2757999
http://www.ncbi.nlm.nih.gov/pubmed/2868172
https://doi.org/10.4314/eamj.v83i11.9479
http://www.ncbi.nlm.nih.gov/pubmed/17455453
https://doi.org/10.1016/j.ajo.2016.09.036
http://www.ncbi.nlm.nih.gov/pubmed/27746297
https://doi.org/10.1167/tvst.10.6.13
http://www.ncbi.nlm.nih.gov/pubmed/34111257
https://doi.org/10.3928/01913913-20200506-01
http://www.ncbi.nlm.nih.gov/pubmed/32687208
https://doi.org/10.1016/j.jcrs.2003.10.041
http://www.ncbi.nlm.nih.gov/pubmed/15342066
https://doi.org/10.1016/j.jcrs.2007.10.043
http://www.ncbi.nlm.nih.gov/pubmed/18299075
https://doi.org/10.1016/j.jcrs.2010.05.017
http://www.ncbi.nlm.nih.gov/pubmed/21029893
https://doi.org/10.1016/j.jcrs.2009.11.017
https://doi.org/10.1016/j.jcrs.2009.11.017
http://www.ncbi.nlm.nih.gov/pubmed/20362854
https://doi.org/10.3928/1081597X-20090813-04
http://www.ncbi.nlm.nih.gov/pubmed/19772263
https://doi.org/10.1097/ICO.0000000000002964
http://www.ncbi.nlm.nih.gov/pubmed/34935660
https://doi.org/10.1038/eye.1994.20
http://www.ncbi.nlm.nih.gov/pubmed/8013700
https://doi.org/10.1016/j.ophtha.2004.06.013
http://www.ncbi.nlm.nih.gov/pubmed/15582076
https://doi.org/10.1016/j.jaapos.2005.12.007
https://doi.org/10.1016/j.jaapos.2005.12.007
http://www.ncbi.nlm.nih.gov/pubmed/16527675
https://doi.org/10.1371/journal.pone.0305624

PLOS ONE Corneal diameter and angle-to-angle comparison

28. Muir KW, Duncan L, Enyedi LB, Freedman SF. Central corneal thickness in children: Racial differences
(black vs. white) and correlation with measured intraocular pressure. J Glaucoma. 2006 Dec; 15
(6):520-3. https://doi.org/10.1097/01.ijg.0000212284.78045.45 PMID: 17106365

29. WangD, Qi M, He M, Wu L, Lin S. Ethnic Difference of the Anterior Chamber Area and Volume and Its
Association with Angle Width. Invest Ophthalmol Vis Sci. 2012 May; 53(6):3139-44. https://doi.org/10.
1167/iovs.12-9776 PMID: 22531702

PLOS ONE | https://doi.org/10.1371/journal.pone.0305624  June 18, 2024 12/12


https://doi.org/10.1097/01.ijg.0000212284.78045.45
http://www.ncbi.nlm.nih.gov/pubmed/17106365
https://doi.org/10.1167/iovs.12-9776
https://doi.org/10.1167/iovs.12-9776
http://www.ncbi.nlm.nih.gov/pubmed/22531702
https://doi.org/10.1371/journal.pone.0305624

