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Introduction
Biometric eye measurements are essential in clinical
settings as they significantly influence the calculation of
intraocular lens implants (IOLs), assessment of refractive
error (RE), and measurement of intraocular pressure (IOP),
particularly in glaucoma patients.1-3 Common eye disorders
can be better understood by considering certain
parameters, such as the anterior chamber angle (ACA),
anterior chamber depth (ACD), axial length (AXL), and
white-to-white (WTW) corneal diameter. The AXL measures
the distance between the anterior and posterior poles of
the eye. In adults, this distance typically ranges 23-25mm,
with a mean value of 23.30mm.3,4 The WTW corneal
diameter refers to the horizontal distance between the
edges of the corneal limbus. This measurement is valuable
in diagnosing and managing various eye conditions,
including congenital glaucoma, microcornea and
megalocornea.2,5

Ocular biometric parameters play a crucial role in
explaining the underlying pathophysiological processes
involved in many eye abnormalities.6-8 Understanding the

normal variations in ocular biometric dimensions among
different races and ethnicities as well as being aware of
their typical differences are essential for the accurate
diagnosis and effective treatment of ocular diseases.
Previous studies9,10 have shown that individuals of Alaskan
Eskimo descent have a shallower ACD compared to
individuals of Chinese, black and white ethnic
backgrounds. As a result, Eskimos may have an increased
susceptibility to angle-closure glaucoma.

Additionally, research on the growth of ocular components
and their impact on RE development suggests that myopia
is primarily caused by alterations in growth patterns. In
contrast, emmetropia and hyperopia result from variations
in the initial size of the eye.11,12

IOP is a significant factor in the development of glaucoma,
and is also thought to contribute to the progression of
myopia and age-related macular degeneration. It has been
hypothesised that an increase in IOP may exert stress on
the sclera, leading to changes in ocular biometric
dimensions.13

Most data used for the development of eye care services is
derived from the developed world, which is not
generalizable to ethnically, culturally and geographically
more diverse populations. The current study was planned
to focus on Saudi population by evaluating AXL, ACA, ACD,
RE and WTW corneal diameter, and their inter-correlations
with IOP.
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Subjects and Methods
The prospective, cross-sectional study was conducted at
the optometry clinics of King Saud University, Riyadh, Saudi
Arabia, between January and April 2022, and comprised
healthy subjects of either gender aged 8-37 years who were
enrolled using convenience sampling technique.14 A non-
probability sampling technique was employed in present
study to select 108 young Saudis, comprising 61 females
and 47 males.

Individuals with a history of ocular surgery or conditions
such as diabetic retinopathy, corneal opacity, cataract or
nystagmus, were excluded, and so were pregnant women
and smokers.

After approval from the institutional ethics review
committee, and informed consent from the participants,
demographic data was collected, including age, gender,
medical history of REs, and reported symptoms. Following
this, all the participants underwent thorough ocular
examinations to exclude any abnormalities. Ocular
examinations included slit lamp evaluation (Haag-Streit BQ
900, Mason, Ohio, USA), RE assessment using an
autorefractometer (Topcon KR-1 Autorefractor/
Keratometer, Tokyo, Japan) and IOP measurement with the
(Nidek Tonoref II, Tokyo, Japan). After the screening process,
the eligible participants underwent measurements of ACA,
ACD, AXL and WTW using the (Oculus Pentacam AXL,
Oculus, Wetzlar, Germany) (Figure 1).

The Pentacam AXL is a modern device for
measuring and analysing the anterior segment
of the eye. In addition to anterior segment
tomography, it includes integrated AXL
measurement.15

One notable feature of the Pentacam is its ability
to assess the quality of the scan through a quality
specification (QS) indicator. An acceptable image
is marked as ‘OK’ in the report. All images were

captured in a dark room. The participants were positioned
in front of the Pentacam camera, with their chin and
forehead resting securely on the frame. The image was
focused using the joystick adjustment until the corneal
surface was clearly visible on the monitor. The pupil and
corneal apex were centred with the alignment marker
before capturing the image.

The participants were instructed to blink to maximise tear
distribution, and then, with their eyes open, to look directly
at the fixation target centred in the scanning-slit light scan
for two seconds. All measurements were taken
automatically (Figure 2). The mean of three readings for
ACA, ACD, AXL and WTW was recorded for each participant.
The examination was conducted on the right eye. To
minimise the effects of diurnal variations, all measurements
were taken between 8am and 11am.

Data was analysed using SPSS 25. Shapiro-Wilk test was
applied to assess data normality. As the data was normally
distributed, descriptive statistics were used to summarise
all the collected measurements. Additionally, bivariate
correlation and Pearson's correlation coefficient were
employed to evaluate the relationship of IOP with age, RE,
ACD, ACA and WTW. P<0.05 was considered statistically
significant.

Results
Of the 108 subjects, 61(56.5%) were females and 47(43.5%)
were males. The overall mean age was 20.87±6.23 years
(p=0.272). The mean ACA was 39.26±5.04 degrees, mean
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Figure-1: Oculus Pentacam AXL.[15].
AXL: Axial length.

Figure-2: Oculus Pentacam overview map.

Table-1: Descriptive measurements of ocular biometrics, refractive error (RE) and intraocular pressure
(IOP).

Variable n Minimum Maximum Mean±SD Skewness Kurtosis

Average Hyperopia of 3 readings 29 +0.25 +2.50 0.66±0.65 1.96 3.03
Average Myopia of 3 readings 79 -0.25 -4.00 1.59±1.10 0.70 -0.56
Average ACA of 3 readings 108 28.87 52.53 39.26±5.04 0.27 -.24
Average ACD of 3 readings 108 2.23 3.75 3.06±0.30 -.23 -.25
Average AXL of 3 readings 108 21.55 26.73 23.85±1.02 .12 .15
Average WTW of 3 readings 108 11.03 12.93 11.97±0.40 -.02 -.28
Average IOP of 3 readings 108 14 21 18.75±1.68 -.50 -.43

AXL: Axial length, ACA: Anterior chamber angle, ACD: Anterior chamber depth, WTW: White-to-white corneal diameter.



10

Vol. 76, No. 01, January 2026 Open Access

Axial length, anterior chamber parameters, and white-to-white corneal diameter: ……….

ACD was 3.06±0.30mm, mean WTW corneal diameter was
11.97±0.40mm, and mean IOP was 18.75±1.68mmHg.
Based on objective refraction, the mean spherical
equivalent was -1.59±1.10 dioptres (D) for myopic eyes, and
0.66±0.65D for hyperopic eyes (Table 1).

There was a weak inverse relationship between age and
IOP, which was not significant (p=0.272). Similarly, there
was a weak inverse correlation between hyperopia and IOP,

which was not significant (p=0.259). There was a positive
but non-significant relationship between myopia and IOP
(p=0.475) (Table 2).

ACA, ACD, AXL and WTW corneal diameter had no
significant association with IOP (Table 3, Figures 3-4).

Discussion
The current study examined the inter-correlations between
IOP and ocular biometric dimensions, including ACA, ACD,
AXL, REs and WTW corneal diameter, among young Saudis.
The findings showed that IOP was positively correlated
with myopia, ACA, ACD and AXL, though these correlations
were not significant (p>0.05). Conversely, IOP was inversely
correlated with participants' age, hyperopia and WTW
corneal diameter, none of which were significant (p>0.05).

Previous studies16,17 reported that glaucoma commonly
affects individuals with myopia and is strongly associated
with elevated IOP. Shen et al.18 highlighted the risks linked
to various types of glaucoma across all degrees of low and
high myopia. These findings align with the current study.
However, this correlation was not statistically significant
(p=0.475), likely due to the sample comprising young
participants with low myopia. Further studies involving
individuals with moderate and high myopia are needed.
Additionally, the findings supported a positive correlation
between AXL and IOP. Leydolt et al.19 investigated changes
in ocular biometrics in response to variations in IOP in
human eyes, and found that an increase in IOP, due to
mechanical pressure, led to an increase in AXL.
Interestingly, when IOP levels returned to the normal after
rest, a corresponding decrease in AXL was observed. This
underscores the importance of assessing ocular rigidity
when evaluating IOP in human eyes. Similarly, a previous
study20 demonstrated that increased IOP leads to choroidal
thinning and elongation of AXL. Several authors21-24 have
suggested that changes in IOP significantly impact ocular
biometric dimensions. Furthermore, Foster et al.25 reported
a significant positive correlation between IOP and AXL. The
Gutenberg Health Study26 also found that a narrower ACA
was significantly associated with higher IOP. In contrast, the
current findings showed no significant correlation between
IOP and ACA among young Saudi adults. These differences
may stem from variations in study populations. The
German study was population-based and included
participants with a mean age of 57.3±10.2 years, while the
current study involved a smaller sample of younger
participants with a mean age of 20.87±6.24 years.
Additionally, the current study measured IOP at a single
time point, which did not account for individual variations
throughout the day. The current study used Nidek Tonoref
II non-contact tonometry to measure IOP, which, while

Table-2: Correlation coefficients among age, refractive error and IOP.

Variable Mean±SD 95% CI Correlation p-value

Age (years) 20.87±6.24 19.68-22.06 -0.107 0.272
Average Hyperopia of 3 readings 0.66±0.65 0.38-0.94 -0.245 0.259
Average Myopia of 3 readings 1.59±1.10 1.34-1.83 0.081 0.475

IOP: Intraocular pressure, SD: Standard deviation, CI: Confidence interval.

Table-3: Correlation coefficients between ocular biometric dimensions and IOP.

Variable Mean ± SD 95% CI Correlation p-value

Average ACA of 3 readings 39.26±5.04 38.30-40.22 0.038 0.695
Average ACD of 3 readings 3.06±0.30 3.00-3.12 0.070 0.469
Average AXL of 3 readings 23.85±1.02 23.66-24.05 0.112 0.249
Average WTW of 3 readings 11.97±0.40 11.89-12.04 -0.108 0.266

IOP: Intraocular pressure, AXL: Axial length, ACA: Anterior chamber angle, ACD: Anterior chamber
depth, WTW: White-to-white corneal diameter, SD: Standard deviation, CI: Confidence interval.

Figure-3: Scatter plot showing IOP (mmHg) and association with ACA (degree). The
regression calculation was expressed as follows: 
IOP (mmHg) =18.25+0.01 (ACA). Pearson correlation coefficient between
IOP and ACA was r2=0.001 (p=0.695).
IOP: Intraocular pressure, ACA: Anterior chamber angle.

Figure-4: Scatter plot showing IOP (mmHg) and its relationship with WTW corneal
diameter. The calculation for regression was expressed as follows: IOP
(mmHg) = 24.17 - 0.45 (WTW). Pearson correlation coefficient between
IOP and WTW was r2=0.012 (p=0.266).
IOP: Intraocular pressure, WTW: White-to-white.
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convenient, does not align with the gold-standard
Goldmann applanation tonometry, potentially introducing
bias. Moreover, the ACA was assessed using Scheimpflug
imaging rather than gonioscopy, which is considered the
gold standard for angle evaluation. These methodological
differences may have introduced measurement biases, and
affected the accuracy of the findings.

A study27 investigated the correlation between IOP and
ACD in patients with primary open-angle glaucoma,
finding no significant association. Similarly, the present
study found a weak positive association between IOP and
ACD, which was not significant (p=0.469). The findings align
with the Gutenberg Health Study,26 which also reported no
significant association between ACD and higher IOP.
Various factors can influence the relationship between IOP
and ocular biometric parameters. Measurement variability
due to different examination techniques or instruments
used for assessing ocular biometrics and IOP may
contribute to these inconsistencies. It is well-established
that non-contact tonometry tends to yield higher IOP
readings compared to the Goldmann applanation
tonometry. This overestimation is partly due to the shorter
duration of corneal deformation during the measurement
process.

The current study showed that the mean horizontal WTW
corneal diameter in young Saudi adults was 11.97±0.40
mm, which is comparable to the mean reported in an
Iranian population2 (11.65±0.36 mm). The WTW corneal
diameter is commonly used for monitoring and diagnosing
congenital glaucoma, microcornea and megalocornea.
Understanding its normal values and correlations with
other ocular parameters is essential for eye-care
professionals in diagnosing and managing various ocular
conditions. The current study found an inverse association
between IOP and WTW corneal diameter, which was not
significant (p=0.266). To the best of our knowledge, the
current study is the first to assess the association between
IOP and WTW corneal diameter in young adults.

However, the current study has limitations because of its
focus on age, REs, and the exclusion of glaucoma patients,
which likely influenced the outcomes. Future research
should include older age groups (over 70 years), a wider
range of REs, including low, moderate and high myopes
and hyperopes, and participants with risk factors for
developing ocular hypertension.

Conclusion
Among young Saudi adults, IOP showed a positive
correlation with myopia, ACA, ACD and AXL, but these
correlations were not significant. Conversely, IOP was
inversely correlated with age, hyperopia and WTW corneal

diameter though these associations were also not
significant.

Limitation: The sample size, for this study was not
calculated which can influence the generalisability of the
research.
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