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Abstract

Background: Central corneal thickness (CCT) is a cornerstone parame-
ter in ophthalmology. It influences glaucoma risk assessment, refractive
surgery safety margins, and corneal health evaluation. Traditionally, ultra-
sound pachymetry (USP) has been regarded as the gold standard, but its
reliance on corneal contact and topical anesthesia limits its utilisation.
Anterior segment optical coherence tomography (AS-OCT), a non-con-
tact imaging modality, offers a high-resolution alternative. This study
aimed to compare CCT measurements obtained by USP and AS-OCT in
healthy adults, assessing their agreement and clinical interchangeability.
Methodology: A cross-sectional study was conducted in 70 healthy
adults aged 18-60 years. Each participant underwent CCT measure-
ment by AS-OCT followed by USP, with the average three readings each
per eye. To minimize the effect of diurnal variation, all measurements
were performed between 10 am and 2 pm. Statistical analyses included
paired-sample t-tests, Bland-Altman plots, Pearson correlation, and intra-
class correlation coefficients (ICC).

Results: USP consistently yielded higher values (mean 550.7 + 36.2 um)
compared with AS-OCT (mean 528.5 + 37.4 um). The mean difference of
22.1 ym was statistically significant (p < 0.001), with 95% confidence inter-
vals ranging from 17.4 to 26.9 pm. Despite this systematic bias, a strong
positive correlation was observed (r = 0.856, p < 0.001), and USP demon-
strated high reliability (ICC = 0.92). Bland-Altman analysis confirmed sys-
tematic differences, with limits of agreement spanning -16.5 to +60.7 pm.
Conclusion: USP and AS-OCT provide strongly correlated but systemati-
cally different CCT measurements. USP consistently yields higher values,
therefore, the two methods should not be used interchangeably. For ac-
curate longitudinal monitoring, clinicians should employ the same de-
vice consistently. AS-OCT offers a practical non-contact alternative, but in-
terpretation requires device-specific normative data. Recognizing these
discrepancies is essential for precise glaucoma care, refractive surgery
planning, and corneal disease management.
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Introduction

The cornea, together with its overlying tear film, provides
a smooth anterior refractive surface essential for clear
vision and serves as a protective barrier against infections
and environmental insults.' In adults, the mean horizontal
corneal diameter measures approximately 11.5-12 mm,
while the vertical diameter is 10.5-11 mm.? The anterior
corneal surface contributes about +43.0 to +43.5 diopters
of refractive power.® Structurally, the cornea is elliptical,

relatively steep centrally, and flatter toward the periphery,
forming a highly efficient optical system.

Central corneal thickness (CCT) is a key parameter
in ophthalmology. The central region (within 4 mm of
the optical axis) is thinner than the mid-periphery, and
variations in thickness reflect endothelial pump function
and corneal physiology.*® CCT can fluctuate with blinking,
contact lens wear, and sleep.®

Clinically, CCT measurement plays an important
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role in the evaluation and management of conditions
such as keratoconus, corneal dystrophies, contact lens
use, and in patients undergoing refractive or keratoplasty
procedures.”?

Although CCT is not diagnostic of glaucoma nor
used to differentiate its subtypes, it is an important
adjunct in glaucoma care. Knowledge of CCT assists in
interpreting intraocular pressure (IOP) readings obtained
by applanation tonometry, as thinner corneas may lead to
underestimation and thicker corneas to overestimation of
true IOP values.° Thus, CCT contributes to individualized
risk assessment, treatment planning, and long-term
management in glaucoma patients." Furthermore, CCT
is critical in refractive surgery, where a minimum residual
stromal bed of 300 pm is required to reduce the risk
of postoperative keratoectasia.” It is also considered in
cataract surgery planning, particularly in intraocular lens
(IOL) power calculations.”

Several devices are available for measuring CCT,
based on optical and ultrasound technologies. Ultrasound
pachymetry (USP) remains the gold standard due to its
widespread use and reliability, but it requires corneal
contact, topical anesthesia, and carries risks of infection
or epithelial damage.”*” Inaccuracies may also arise from
probe misalignment or poor fixation."® To overcome these
limitations, non-contact modalities such as Pentacam
Corneal Topography, Anterior Segment Optical Coherence
Tomography (AS-OCT), and Tonopachymetry have been
developed.”

Meta-analyses have shown that USP often yields
slightly higher CCT values compared to optical methods,
though findings across studies remain inconsistent, with
some reporting no difference or even thicker values by
OCT.?>? More recently, dedicated AS-OCT systems have
provided high-resolution cross-sectional imaging of the
cornea, enabling both central and regional pachymetry
as well as detailed anterior segment analysis.?>*° Evidence
suggests systematic differences between USP and AS-OCT
measurements, warranting further investigation.”

The aim of this study is to prospectively compare CCT
measurements obtained by AS-OCT with conventional
USP in healthy adults at Albayda Medical Center, and to
evaluate the degree of systematic difference and level of
agreement between the two techniques.

Patients and Methods

Study Design and Participants

This cross-sectional observational study was conducted

in the Department of Ophthalmology at Albayda Medical

Center. A non-probability consecutive sampling technique

was employed.® Eligible participants included healthy

adults of both genders, aged 18-60 years. Exclusion criteria

were the presence of ocular diseases such as glaucoma,

keratoconus, or high myopia, history of ocular surgery,

contact lens use, or systemic illnesses.”

Clinical Examination

All participants underwent a comprehensive ophthalmic

evaluation, including detailed medical and ocular

history, visual acuity assessment, subjective and objective

refraction, slit-lamp biomicroscopy, and dilated fundus

examination.”?

Measurement of Central Corneal Thickness (CCT)

CCT was measured first using anterior segment optical

coherence tomography (AS-OCT; CASIA2).7'%2
Subsequently, CCT was measured using ultrasound

pachymetry (USP), the conventional gold standard.?

After counseling, topical anesthesia was instilled in both

eyes. Following a 30-second interval, participants were
instructed to fixate on a distant target while the probe
was gently placed at the central cornea. Three consecutive
readings were obtained per eye, and the mean value
was recorded. The probe was sterilized after each use to
minimize infection risk.”* To reduce diurnal variation, all
measurements were performed between 10:00 am and
2:00 pm, at least three hours after waking up.?>*°
Statistical Analysis

Data were analyzed using appropriate statistical software.
Mean CCT values obtained by AS-OCT and USP were
compared using paired-sample t-tests. Agreement
between the two methods was assessed using Bland-
Altman plots, which evaluated systematic bias and 95%
limits of agreement.® Pearson correlation coefficients were
calculated to determine the strength of association, and
intraclass correlation coefficients (ICC) were used to assess
reliability.®"” A p-value < 0.05 was considered statistically
significant.

Results

Descriptive Statistics

The descriptive statistics are summarized in Table 1. The
mean CCT measured by ultrasound pachymetry (USP)
was 550.7 £ 36.2 ym, which was consistently higher than
the mean obtained by anterior segment optical coherence
tomography (AS-OCT) at 5285 * 374 pm. The mean
difference (X-Y) between the two methods was 221 #
19.8 ym, indicating a systematic bias favoring higher USP
values. The standard deviations of both methods were
comparable, suggesting similar variability in measurement.

Table 1: Descriptive Statistics of CCT Measurements by USP
and AS-OCT

Descriptive Sta- Mean Std. Deviation
tistics

USP (X) 550.69 36.18

AS OCT (Y) 528.54 37.39

X-Y 2215 19.80

Paired-Samples T-Test

The paired-samples t-test (Table 2) confirmed that the
difference in mean CCT between USP and AS-OCT was
statistically significant (mean difference = 221 pm, 95%
Cl:17.4-26.9 pm, p < 0.001). This finding demonstrates that
the two methods cannot be used interchangeably, as USP
consistently yields higher values.
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Table 2: Paired-samples t-test comparing USP and AS-OCT measurements.

Paired Differences

Mean | Std. De- | Std. 95% Confidence Inter- | t-test | Df Significance
viation Error val of the Difference (2-tailed)
Mean
Lower Upper
Pair1 | USP (X) - 22148 ]19.805 2.367 17.425 26.870 9356 |69 .0001
AS OCT (Y)
Correlation Analysis Simple Histogram of USP (X) — wna
Pearson correlation analysis (Table 3) revealed a 20 e = s

strong positive correlation between USP and AS-OCT
measurements (r = 0.856, p < 0.001). This indicates that
although USP values are systematically higher, both
methods vary in a consistent manner, with higher readings
in one method corresponding to higher readings in the
other.®"”

Table 3: Pearson correlation between USP and AS-OCT
measurements.

Correlations

OCT(Y)
USP(X) Pearson Correlation | .856*
Sig. (2-tailed) .0001
N 70

*Correlation is significant at the 0.01 level (2-tailed)

Distribution Analysis
Histograms of USP and AS-OCT measurements (Figures 1
and 2) demonstrated approximately normal distributions,
with bell-shaped curves centered around their respective
means. This supports the assumption of normality required
for parametric statistical testing.
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Figure 1: Frequency distribution of USP measurements.
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Figure 2: Frequency distribution of AS-OCT measurements.

Scatter Plot Analysis

The scatter plot (Figure 3) illustrates the relationship
between USP and AS-OCT measurements. The data points
are distributed along an upward linear trend, confirming
the strong positive correlation observed in the Pearson
analysis.”®
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Figure 3: Scatter plot showing correlation between USP and AS-OCT
measurements.

Discussion

Ultrasound pachymetry (USP) has long been considered
the gold standard for central corneal thickness (CCT)
measurement.”> However, optical modalities such as
anterior segment optical coherence tomography (AS-OCT)
have gained wide clinical use due to their non-contact
nature and high-resolution imaging capabilities.?'?*
Previous studies have consistently reported that although
USP and optical pachymetry are strongly correlated, they
cannot be used interchangeably."

In the present study, the mean CCT measured by USP
was 550.7 £ 36.2 ym, compared with 528.5 + 37.4 um by AS-
OCT, yielding a mean difference of 221 ym. This difference
was statistically significant (p < 0.001), confirming that USP
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consistently provides higher values than AS-OCT. Similar
findings have been reported in other studies, where AS-
OCT measurements were lower than USP in normal
eyes.’??! Conversely, some reports found no significant
differences, or even higher values with AS-OCT, suggesting
that discrepancies may be device-specific and influenced
by factors such as corneal curvature, tear film stability, and
alignment variability during acquisition.?>#

Despite the systematic bias, our results demonstrated
a strong positive correlation (r = 0.856, p < 0.001) between
USP and AS-OCT, indicating that both modalities provide
consistent relative measurements. This agrees with previous
studies showing high reproducibility and correlation
between the two techniques."'® Clinically, this implies that
while absolute values differ, either device may be used for
longitudinal monitoring, provided the same instrument is
consistently employed during follow-up."”

USP remains reliable but is operator-dependent,
requiring topical anesthesia and direct corneal contact,
which introduces risks of epithelial damage and infection.”*
Variability between examiners has also been reported. In
contrast, AS-OCT offers a practical, non-contact alternative,
though device-specific normative data are essential for
accurate interpretation.?'#?

Beyond glaucoma care, CCT measurement plays a
critical roleinrefractive surgery planning, wherea minimum
residual stromal bed of 300 um is required to reduce the
risk of postoperative keratoectasia.” It also contributes to
intraocular lens (IOL) power calculations in cataract surgery
and to the evaluation of corneal endothelial function.”

Limitations

This study was conducted in a single center with a relatively
small sample size, which may limit generalizability. Only
one AS-OCT device was used, and results may vary across
different OCT platforms. Furthermore, measurements were
restricted to healthy adults, and findings may not apply to
patients with corneal pathology.

Conclusion

USP and AS-OCT provide strongly correlated but
systematically different CCT measurements. USP
consistently yields higher values, and the two methods
cannot be used interchangeably in clinical follow-up."®
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