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Purpose: The corneal epithelium is the outermost layer of the cornea. It plays a vital role in both normal and pathological conditions
of the eye surface and serves as a protective layer. This study aimed to evaluate corneal epithelial thickness (ET) and create
a normative database of corneal ET for pediatric and adult age groups using MS-39 AS-OCT.

Patients and Methods: This is a cross-sectional multi-center study conducted among the Saudi population.

Results: A total of 268 eyes of 268 patients were analyzed (male 50.7% vs female 49.3%). 53.8% were pediatric age group. Higher
mean values of central, paracentral, and peripheral were associated with the adult age group except for superior paracentral, temporal
peripheral, and nasal peripheral. Male patients had higher mean values of central, paracentral, and peripheral in each quadrant, except
for inferior peripheral. There was a significant correlation between inferior, superior, nasal, and temporal in both paracentral and
peripheral. No significant correlations were observed between the spherical equivalent and epithelial thickness map.

Conclusion: The study found sex differences, with females generally having lower ET values than males, and older age having higher
values than children.
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Introduction

The corneal epithelium is the outermost layer of the cornea. It plays a vital role in both normal and pathological
conditions of the eye surface and serves as a protective layer. Besides the protective function of the eye, it plays an
important role by contributing to the refractive power of the eye.' > It is composed of five to seven cell layers and has an
optimal central thickness of approximately 50-52 pum. Basal corneal epithelial cells regenerate and maintain tissue
balance during normal functioning.' The thickness of the corneal epithelium is not uniformly distributed and tends to
change its profile to compensate for curvatures and stromal irregularities to restore a regular and smooth ocular surface to
hide the presence of an irregular stromal surface either partially or completely from the corneal topography.'* Changes in
the epithelial thickness (ET) profile have been noted after refractive surgery, contact lens wear, and in many pathologies
such as dry eye and keratoconus (KC).'

ET commonly varies across different regions of the cornea and can be influenced by various factors including age,
sex, and ocular health.*® Several imaging techniques have been used to measure ET, including confocal microscopy,
very-high-frequency (VHF) digital ultrasound, and Anterior segment optical coherence tomography (AS-OCT)."*>78
Among these, AS-OCT stands out as a non-contact, high-resolution imaging modality ideal for ET analysis. The MS-39
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integrates spectral-domain OCT with Placido-based topography providing detailed epithelial thickness mapping (ETM)
that is valuable for detecting subclinical keratoconus. '+

ET distribution aids in diagnosing forme fruste keratoconus which marked by cone thinning and peripheral thicken-
ing, typically progressing from puberty to the third decade.*® Therefore, early diagnosis is essential, and ETM can
provide new and valuable information to improve early diagnosis. Moreover, a normative database is essential to
understand and analyze the impact of the different disease entities or treatment modalities. However, there is a lack of
a normative database for these measurements in our population. None of the few published studies has used the new MS-
39 AS OCT machine to create normative databases for corneal ETM in pediatrics and adults. Therefore, this study aims
to evaluate the corneal ET profile in healthy Saudi population corneas in order to create a normative database using this

device.

Materials and Methods

This cross-sectional multicenter study was conducted among the Saudi population at the Dhahran Eye Specialist
Hospital, King Fahad University Hospital, and Tadawi Hospital, Saudi Arabia. The inclusion criteria required the
absence of corneal pathology, no history of ocular surgery or trauma, no contact lens wear in the past three months,
normal corneal topography and tomographic parameters, and no family history of (KC). Data from both eyes were
included in this study. Individuals with eyelid problems such as ptosis, blepharitis, or other eyelid malpositions were
excluded from the study, as it might affect ETM.

Study Aims and Objectives
To Create a Normative Database of Corneal ETM for the Adult Age Group Using MS-39 as-OCT.

Secondary Obijective
1. To describe and correlate between the demographic data (age and gender) and corneal ETM profile in the pediatric
and adult age group.
2. To assess corneal ETM within different corneal zones and to compare it with the other eye.
3. To study the correlation of epithelial thickness maps and refractive errors.

Sample Size

The sample size was calculated to ensure adequate power for detecting clinically relevant differences in epithelial
thickness between the pediatric and adult groups. Using a standard deviation of 4.0 micrometers (based on prior
literature) and a desired margin of error of 1.5 micrometers, a sample size of 120 participants per group was deemed
sufficient to achieve 80% power with a significance level of alpha = 0.05. This study includes 268 participants, exceeding
the minimum required sample size for robust statistical analysis.

Subject Preparation

Subjects were instructed to avoid wearing contact lenses for at least three months before the examination. Comprehensive
ophthalmological evaluations were performed, including autorefractive measurements and determination of the spherical
equivalent (SE).

Imaging Device
The MS-39 anterior segment optical coherence tomography (AS-OCT) device was used for all ET measurements. It
combines spectral-domain OCT with Placido-based topography, providing high-resolution images of the corneal layers.

Measurement Zones

Epithelial thickness was measured in predefined concentric ring-shaped zones centered on the cornea. Specific regions
included the central zone (0—3 mm), paracentral zone (3—6 mm), and peripheral zone (6—8 mm). Measurements were
taken for superior, inferior, nasal, and temporal areas within these zones.
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Ethical Considerations

This study was conducted by ethical standards and guidelines for research involving human subjects. Ethical approval
was obtained from the appropriate institutional review boards (IRBs) from two of the participating centers. Informed
consent was obtained from all adult participants and the parents or legal guardians of pediatric participants. The study
adhered to the principles outlined in the Declaration of Helsinki, ensuring that participants’ rights, safety, and well-being
were protected throughout the research process. Additionally, the study ensured the confidentiality and anonymity of
participant data. No personal identifiers were used in the analysis, and data were stored securely in compliance with
institutional data protection policies. Any potential conflicts of interest or funding sources that could influence the study’s
outcomes have been transparently disclosed.

Procedure

Subjects were seated comfortably, and the head was positioned to ensure proper alignment with the imaging device. The
subject’s eye was aligned with the device’s fixation target to obtain stable and accurate measurements. Multiple scans
were taken to ensure reproducibility, and the best-quality images were selected for analysis.

Data Collection
The AS-OCT device automatically segmented the corneal layers and generated an epithelial thickness map.
Measurements of epithelial thickness at the central, superior, inferior, nasal, and temporal regions were recorded.

Statistical Analysis

A randomization 1:1 scheme was applied to select only one eye of each patient. Descriptive statistics were given as
numbers and percentages (%) for all categorical variables, while continuous variables were calculated and summarized as
mean and standard deviation. A paired sample z-test was used to calculate the differences in central, nasal, temporal,
superior, and Inferior Thickness Mapping in central, paracentral, and peripheral. Also, the association between central,
nasal, temporal, superior, and Inferior Thickness Mapping in terms of gender and age has been conducted using an
independent sample #-test. Further, the Pearson correlation coefficient was performed to determine the correlation
between each quadrant, spherical equivalent, and epithelial thickness map, while the differences in the mean of epithelial
and corneal thickness and, thinnest location, and thinnest corneal location have been calculated using one-way ANOVA
test. The normality test (statistical collinearity) was performed using the Shapiro—Wilk test as well as the Kolmogorov—
Smirnov test. Values were considered significant with a p-value of less than 0.05. The data were analyzed using the
software program Statistical Packages for Software Sciences (SPSS) version 26 (Armonk, New York, IBM
Corporation, USA).

Results

This study analyzed 268 eyes of 268 patients. As seen in Table 1, 53.4% were younger than 18 years. Male patients
(50.7%) were slightly more than their female counterparts (49.3%). The differences in nasal, temporal superior, and
inferior ETM were assessed using the paired sample ¢-test. The mean value of the Central area was 52.1 (SD 4.08) across
the groups, while the mean value of paracentral was 50.8 + 3.8 in Nasal ETM, 49.8 + 4.18 in temporal ETM, 49.6 = 3.71
in superior ETM, and 50.4 £ 6.14) in inferior ETM. The mean value of the peripheral area was 49.9 + 4.17 in Nasal
ETM, 49.3 £ 3.94) in temporal ETM, 46.6 = 3.71) in superior ETM, and 49.3 + 9.2 in inferior ETM. All comparisons
revealed significant differences across the groups (p<0.05) (Table 2).

The mean difference between inferior and superior was 0.75 in the paracentral (p=0.023), while 2.71 in the peripheral
(p<0.001). Further, the mean difference between nasal and temporal was 0.93 for paracentral (p<0.001) and 0.57 for
peripheral (p=0.026) (Table 3). Figure 1 shows that the correlation between the spherical equivalent and epithelial
thickness map did not reach statistical significance (p=0.051).

In Table 4, using an independent sample #-test, we found that male patients were more associated with higher mean values
of Central ETM (p=0.017), superior paracentral (p=0.002), temporal paracentral (p=0.026), inferior paracentral (p=0.049)
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Table | Demographic
Characteristics  of  the
Patients("=2¢8)

Study Data | N (%)

Age group

® <|8 years

® >|8 years

143 (53.4%)
125 (46.6%)

Gender
® Male 136 (50.7%)
® Female 132 (49.3%)
Laterality
® Right 134 (50.0%)
® |eft 134 (50.0%)

Table 2 Regional Mean Central, Nasal,
Temporal, Superior; and Inferior Thickness

Mapping (ETM) Associations ("=2¢%)
Variable Mean P-value
Nasal ETM

® Central/Paracentral
® Central/Peripheral
® Paracentral/Peripheral

52.1/50.8 | <0.001**
52.1/49.9 | <0.001**
51.1/49.9 | <0.001**

Temporal ETM
® Central/Paracentral
® Central/Peripheral

® Paracentral/Peripheral

52.1/49.8 | <0.001**
52.1/49.3 | <0.001**
49.8/49.3 | 0.021**

Superior ETM
® Central/Paracentral
® Central/Peripheral

® Paracentral/Peripheral

52.1/49.6 | <0.001**
52.1/46.6 | <0.001**
49.6/46.6 | <0.001**

Inferior ETM
® Central/Paracentral
® Central/Peripheral

® Paracentral/Peripheral

52.1/50.4 | <0.001**
52.1/49.3 | <0.001**
50.4/49.3 | <0.006**

Note: **Significant at p<0.05 level.

Table 3 Correlation Between Each

Quadrant "=268)

Variable | Paracentral | Peripheral

I-S 0.023**

<0.001**

N-T <0.001**

0.026%*

Note: **Significant at P<0.05 level.
Abbreviations: |, Inferior; S, Superior; N, Nasal;

T, Temporal.
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Figure | Correlation between spherical equivalent and epithelial thickness map.

and nasal paracentral (p=0.028). Also, male patients were more associated with increased mean values of superior peripheral
(p=0.006), inferior peripheral (p=0.019), inferior peripheral (p<0.001), and epithelial thinnest location (p=0.014).

In Table 5, using an independent sample ¢-test, we observed that adult age groups were more associated with higher
mean values in central ETM (p<0.001), temporal paracentral (p<0.001), inferior paracentral (p<0.001), nasal paracentral
(p<0.001), superior peripheral (p=0.001) and inferior peripheral (p=0.007).

Figure 2 shows that the central area of male patients has a mean value of 52.7 + 3.8, while female patient’s mean
value was 51.5 £ 4.3. There were obvious differences in the mean values in each of the paracentral and peripheral
quadrants between males and females (p<0.05), with males exhibiting higher mean values except for the temporal
peripheral, where the gender comparison did not reach statistical significance (p=0.073) (see details in Table 5).

Among patients less than 18 years (Figure 3), the most notable results presented in Figure 3 were the significant
difference in mean values between nasal peripheral in males (mean 50.4 £+ 4.2) versus females (mean 48.5 + 4.4)
(p=0.015); between superior peripheral in males (mean 48.5 £ 5.1) versus females (mean 46.6 = 4.4) (p=0.016). The

Table 4 Differences in Epithelial and Corneal Thickness in Relation

to Gender

Variable Male Female P-value
Mean * SD | Mean = SD

Central ETM 52.7 £ 3.78 51.5 £ 430 0.017%*
Paracentral
® Superior (S) 50.3 + 3.64 48.9 * 3.66 0.002**
® Temporal (T) 50.4 £ 3.63 493 + 4.18 0.026**
® [nferior (1) 51.1 £ 4.6l 49.6 + 7.34 0.049%*
® Nasal (N) 51.3 £3.62 50.2 £ 3.93 0.028**
Peripheral
® Superior (S) 474 £ 472 45.8 + 4.47 0.006**
® Temporal (T) 49.8 + 3.88 48.9 * 3.98 0.073
® |nferior (1) 50.6 £ 4.26 479 + 12.3 0.019%*
® Nasal (N) 50.9 + 4.08 48.7 £ 3.97 | <0.001**
Epithelial thinnest location | 44.8 + 4.09 429 £ 4.75 0.014%*
Thinnest corneal location 551.7 £ 27.8 | 550.1 + 23.8 0.620

Note: **Significant at p<0.05 level.

Clinical Ophthalmology 2025:19 heeps: 253



AlTurki et al

Table 5 Differences in Epithelial and Corneal Thickness in Relation to Age

Variable Age <18 years Mean = SD | Age 218 years Mean = SD | P-value
Central ETM 51.3£4.19 53.1 £3.74 <0.00**
Paracentral

® Superior (S) 49.3 * 3.68 499 £ 3.74 0.191
® Temporal (T) 48.7 + 4.15 511 £3.26 <0.001**
® Inferior (I) 48.6 + 7.28 52.4 £ 3.58 <0.001**
® Nasal (N) 49.9 + 3.85 51.7 £ 355 <0.001#*
Peripheral

® Superior (S) 47.5 £ 48l 45.6 £ 4.25 0.00 [ **
® Temporal (T) 494 + 4.19 49.2 £ 3.64 0.607
® |nferior (1) 479+ 11.9 50.9 £ 3.60 0.007%*
® Nasal (N) 49.5 + 4.38 50.3 £ 3.93 0.112
Epithelial thinnest location 44.5 £ 0.71 43.9 + 4.55 0.846
Thinnest corneal location 556.3 + 9.95 550.7 + 26.1 0.234

Note: **Significant at p<0.05 level.

central area has a mean value of 51.7 = 3.8 in males and 50.8 + 4.5 in females but without significant difference
(p=0.203).

Among adult patients (Figure 4), several quadrants show significant differences in gender pairwise comparison,
including the central area in males (mean 53.8 £ 3.5) versus females (mean 52.3 + 3.9) (p=0.039); nasal paracentral in
males (mean 52.5 + 3.2) versus females (mean 50.7 £ 3.7) (p=0.005); nasal peripheral in males (mean 51.5 £ 3.9) versus
females (mean 48.9 + 3.5) (p<0.001); temporal paracentral in males (mean 51.9 + 3.0) versus females (mean 48.1 + 3.8)
(p=0.001); temporal peripheral in males (mean 50.1 £+ 3.3) versus females (mean 48.1 + 3.8) (p=0.002); superior
paracentral in males (mean 51.1 + 3.6) versus females (48.7 £ 3.5) (p<0.001); inferior paracentral in males (mean
53.2 £ 3.4) versus females (mean 51.5 + 3.6) (p=0.008); and inferior peripheral in males (52.1 £+ 3.3) versus females
(mean 49.7 £ 3.5) (p<0.001). (Figure 5) represents a corneal epithelial map illustration.

In Table 6, using the one-way ANOVA test, we found that patients with compound myopia showed significantly
higher mean values in the inferior paracentral (p<0.001), while patients with mixed astigmatism showed significantly
higher mean values in the nasal paracentral (p=0.004), and patients with simple myopia showed significantly higher mean
values in epithelial thinnest location (p=0.001). In contrast, patients with hyperopia showed significantly lower mean
values in the central area (p<0.001) and temporal paracentral (p<0.001).

Female

o Central Paracentral Ml Peripheral 0 Central Paracentral [l Peripheral

Figure 2 Representative corneal epithelial thickness in males and females represented by mean + SD.
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Males <18 Females <18
S

o Central Paracentral [l Peripheral o Central Paracentral  [MPeripheral

Figure 3 Representative corneal epithelial thickness in pediatrics represented by mean * SD.

Males 218 Females 218
S

o Central Paracentral [l Peripheral o Central Paracentral  WPeripheral

Figure 4 Representative corneal epithelial thickness in adults represented by mean + SD.

Epithelial thickness 0]

Figure 5 Corneal epithelial map illustration.
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Table 6 Mean Differences in Epithelial and Corneal Thickness in Relation to Refractive Error Type

Variable Astigmatism Myopia | Hyperopia No P-value
R . . (n=10) (n=10) refractive
Compound | Compound | Mixed Simple Simple
error
Hyperopic Myopic (n=28) Myopic | Hyperopic (n=10)
n=
(n=55) (n=83) (n=19) (n-10)
Central ETM 52.1 53.1 53.0 523 52.1 51.8 45.9 51.3 <0.001**
Paracentral
® Superior (S) 49.9 49.9 49.4 50.0 48.9 49.9 46.9 49.2 0.435
® Temporal (T) | 50.3 51.0 50.6 50.2 511 49.6 45.5 47.5 <0.00 | **
® [nferior (1) 51.4 523 50.1 51.7 50.3 51.3 46.4 46.5 <0.00 I **
® Nasal (N) 51.0 51.5 51.8 50.9 51.7 49.5 48.1 49.2 0.004**
Peripheral
® Superior (S) 47.8 46.4 45.0 45.6 45.6 46.3 46.9 47.1 0.236
® Temporal (T) | 48.9 49.1 49.1 485 49.6 483 46.9 50.8 0.066
® [nferior (1) 50.1 50.9 459 49.6 50.8 50.6 46.3 47.9 0.102
® Nasal (N) 51.2 50.1 50.7 49.9 51.8 47.8 52.0 48.0 0.228
Epithelial 444 43.9 444 46.1 43.8 37.6 — 38.0 0.001**
thinnest location
Thinnest corneal | 547.3 552.2 548.4 555.5 536.2 553.0 - 568.0 0.365
location

Note: **Significant at p<0.05 level.

Discussion

This study aimed to assess the corneal ET profile in a healthy Saudi population including children and adults. The corneal
ET distribution followed a non-homogenous pattern. The central epithelial zone and the nasal paracentral zone, the
temporal paracentral zone were the thickest, respectively, whereas the superior peripheral zone was the thinnest. Nasal
ET has been consistently found to be thicker than temporal ET in both adults and children. This difference is due to the
nasal cornea being better protected from rubbing by the tarsus and from eye rubbing.''™'® In our paper, there’s
a significant difference between these quadrants, nasal ET was thicker than temporal ET in the paracentral and peripheral
zones. The result of a previous study was aligned with our results but there was no significant difference.! Moreover, ET
was found to be decreased from the center to the peripheral. Other studies supported our results in children and adults.'*"
16 There were significant differences between the central and paracentral as well as paracentral and peripheral areas in all
the corneal ET maps except the paracentral and peripheral temporal zone in this study. Other studies found no significant
differences among the central, paracentral, and peripheral areas in the corneal ET.'*2°

The study also found that males generally have thicker corneal epithelium compared to females. This difference may
be attributable to hormonal factors, as suggested by previous research.'”'® Clinically, this implies that sex-specific
reference values should be used when evaluating corneal health to avoid misinterpretation of thickness measurements.
For example, what might be considered normal epithelial thickness in a male patient could be atypical in a female patient,
potentially leading to misdiagnosis if sex differences are not accounted for. Previous studies have reported lower ET
values in female sex, with variations ranging from 1 to 2 um. In children and adults, we also found that females had
lower ET values than males.'**'? In the current study, males had significantly higher ET values in the central,
paracentral, and peripheral areas than females. ET was superior in the central, paracentral, and peripheral zones.

As the study demonstrates, older adults tend to have higher corneal epithelial thickness values across various regions of the
cornea compared to younger individuals. This finding is clinically significant because it suggests that age-related changes in
corneal epithelial thickness should be considered when diagnosing and managing corneal conditions such as keratoconus. For
instance, the thicker epithelium in older patients might mask early signs of keratoconus, potentially delaying diagnosis.
Therefore, age-specific normative data, as provided by this study, are essential for the accurate interpretation of corneal

256 hetps: Clinical Ophthalmology 2025:19



AlTurki et al

thickness measurements in clinical practice. Kanellopoulos et al*® reported that with age increasing, the readings became more

variable and less reliable. Moreover, Ma et al'’

indicated that ET increased with age in patients.

This study shows the overall central ET thickness is 52.1 um in the Saudi population. Haque et al 1'* reported that central
ET 54 pm. Recently, Feng et al'® compared central with limbal epithelial thickness using the same OCT instrument as that
used in this study. They reported a Central ET of 58 pm. A possible explanation for this difference may be due to different
inter-operator methods of data processing of the raw data scans. In this current study, the corneal ET becomes progressively
thicker from hyperopia to myopia, with significant change in the central nasal, temporal, and inferior paracentral areas.
While a previous study showed ET decrease from hyperopia to myopia.** To date, the information we have on the
relationship between refractive errors and CET is limited.>**” Previous studies showed high myopia is associated with
thinner ET compared to mild-moderate myopia.** In this study, we found ET was the thinnest in the hyperopic group. This
finding might be attributed to age as the hyperopic group was from the pediatric group.

The sample size of 268 eyes in this study was determined to ensure sufficient power to detect clinically relevant
differences in epithelial thickness across various regions of the cornea. Previous studies on corneal epithelial thickness have
used sample sizes ranging from smaller cohorts to several hundred eyes, depending on the study’s objectives and the
population being studied. Given the study’s focus on establishing normative data for a specific population (Saudi adults and
children), a sample size of 268 eyes is adequate to capture the natural variability within this population while maintaining
statistical power. This sample size was calculated to provide reliable estimates with a margin of error that is acceptable for
clinical application, ensuring that the findings can be generalized to the broader Saudi population. The clinical significance
of the findings from this study is considerable, particularly in the context of early diagnosis and management of corneal
diseases such as keratoconus. The normative data provided by this study can serve as a valuable reference for ophthalmol-
ogists and optometrists in Saudi Arabia and potentially in regions with similar demographic characteristics.

Early diagnosis of keratoconus is crucial for preventing disease progression and preserving vision. The epithelial thickness
maps generated by this study can help identify subclinical keratoconus, which is often characterized by localized thinning of
the epithelium. By comparing a patient’s epithelial thickness profile with the normative data established in this study,
clinicians can detect early deviations from normal, allowing for timely intervention. The findings also have implications for
refractive surgery, where precise knowledge of corneal epithelial thickness is essential for planning and assessing surgical
outcomes. Variations in epithelial thickness can affect the accuracy of refractive corrections, and the normative data from this
study can help surgeons better understand and predict these variations in their patients. The study’s inclusion of pediatric
patients provides critical data for the early detection of corneal abnormalities in children. Since keratoconus often begins
during adolescence, having normative data for this age group allows for better screening and monitoring of at-risk patients.

Conclusion

To our knowledge, this study is the first to examine the corneal epithelium in the Saudi population including children and adults
offering valuable normative data for this group, highlighting lower ET in females and higher ET in adults compared to children.
While this study provides valuable insights into corneal epithelial thickness mapping in a healthy Saudi population, several
factors should be considered. While the cross-sectional design offers a snapshot, longitudinal studies are needed to assess changes
over time. Moreover, the method used is the MS-39 AS-OCT which is a reliable, advanced device and provides high-resolution
measurements, it has a within-subject standard deviation (Sw) of approximately 3.89 micrometers for corneal thickness
measurements, as reported in prior studies (Schiano et al, 2020). This inherent variability was considered during data interpreta-
tion, and findings based on small mean differences were regarded as exploratory rather than conclusive. However, incorporating
other imaging techniques like confocal microscopy or VHF digital ultrasound in future studies could offer additional validation
and insights into corneal epithelial thickness conditions. Including both pediatric and adult populations is a key strength of this
study. Future research focusing on pediatric populations could address unique challenges in corneal measurements. Such studies
would enhance understanding of epithelial thickness and its impact on ocular health across different populations.

Abbreviations
ET, epithelial thickness; ETM, epithelial thickness mapping; AS-OCT, anterior segment optical coherence tomography;
KC, keratoconus; VHF, very-high-frequency; IRBs, institutional review boards; SE, spherical equivalent.
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