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Background

Accurately measurement of central corneal thickness (CCT) is vital for diagnosing diseases such as keratoconus and advanced glaucoma 
[1,2]. Moreover, evaluation of CCT is essential in refractive surgery in order to prevent corneal ectasia development [3]. It is also helpful 
for accurate glaucoma diagnosis and management [4,5].

Another important preoperative parameter for ophthalmologists and surgeons in anterior segment surgeries is the anterior chamber 
depth (ACD), it represents the distance between the corneal endothelium layer and the anterior capsule of the crystalline lens [6]. The 
construction of normal reference ranges for ACD is challenging since it contributes to multiple variables. Anterior chamber depth is 
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Abstract
Purpose: To establish the normative values of central corneal thickness (CCT) and anterior chamber depth (ACD) and compare it 
between males and females among young healthy Saudi subjects.

Methods: Sixty healthy young Saudis from both genders aged between 18 to 29 years old participated in this prospective cross-
sectional study. Subjects without ocular or systemic diseases were included. The mean of two automatic readings of the CCT and ACD 
at the same session to assess the repeatability and in two separated sessions to assess the reproducibility of Pentacam HR (Oculus, 
Wetzlar, Germany).

Results: The (Mean ± SD) of the overall CCT value was 540.58 ± 31.37 µm. While the overall ACD value was 3.02 ± 0.26 mm. There 
was no significant difference between males and females in CCT mean values with P-value 0.276, and there was no significant 
difference between males and females in ACD mean values with P-value 0.729. The intra-class correlation coefficient (ICC) values for 
CCT and ACD measurements were 0.968 and 0.992 respectively, such results indicate an excellent level of repeatability. While inter-
class correlation coefficient (ICC) values for CCT and ACD measurements were 0.973 and 0.993 respectively, such results indicate an 
excellent level of reproducibility.

Conclusion: Pentacam is highly repeatable and reproducible in measuring CCT and ACD. There was no significant difference between 
males and females in those parameters. This study revealed a valuable information about the normal values of anterior segment 
parameters of healthy Saudi population and the results may help optometrist and ophthalmologist in clinical applications.
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affected by gender and negatively correlated with age [7], while the effect of refractive error has been less consistent to this parameter 
[8]. Moreover, it is an inheritable characteristic affected by race. The ACD of the eye differs in people from 1.5 to 4.0 mm, and the average 
is 3.0 mm. As getting older in age the ACD tends to become shallower as well as in eyes with hypermetropia [9]. The risk of getting angle 
closure glaucoma increases in case if ACD reaches below 2.5 mm [10]. Primary angle closure disease (PACD) occurs due to anatomical 
changes in the structure of the anterior chamber [11]. The most important risk factors for PACD is the narrow of anterior chamber angles 
[12], this will increase the risk of glaucoma. 

There are several factors affect the measurements of ACD and CCT including age, gender, race/ethnicity, corneal curvature and 
refractive error [13,14].

There are several devices used to assess CCT and ACD such as anterior segment optical coherence tomography (AS-OCT), Orbscan and 
Pentacam. Previous studies showed that a non-contact rotating Scheimpflug technology Pentacam HR (Oculus, Wetzlar, Germany) has a 
good repeatability and reproductivity in measurements of CCT [15,16].

 There is no study yet done to investigate the repeatability and reproducibility of Pentacam among Saudi population, therefore the 
purpose of this study is to evaluate the normative values of healthy Saudi individuals, repeatability and reproducibility of CCT and ACD by 
using Pentacam. As well as, to compare the difference of these values between genders. The results of this study may help in explaining 
why prevalence of angle closure rates are higher in female gender? and may help optometrist and ophthalmologist in clinical applications.

Materials and Methods

In this prospective cross-sectional study sixty healthy young Saudi individuals aged between 18 to 30 years old included. Screening 
tests were performed for each subject using slit lamp to exclude any ocular abnormalities and autorefraction was taken from each subject. 
Healthy subjects without ocular or systemic diseases were included. Participants who use to wear contact lenses had stopped it three 
days before taking the exam. Any ocular abnormalities or history of ocular surgery, spherical equivalent of more than ±4.00D, ocular 
pathology as glaucoma and keratoconus, pregnancy, smoking, and participants who are taking any systemic or ocular medications were 
excluded. This study was performed at king Saud university, Collage of Applied Medical Sciences, from September 2020 to March 2021. It 
was conducted in accordance with the tenets of the Declaration of Helsinki [17] regarding research involving human subjects. The study 
was approved by the ethical committee at King Saud University Medical City (ethics number E-20-5504) and the informed consent was 
obtained from the participants included in the study. The repeatability of Pentacam HR (Oculus, Wetzlar, Germany) was assessed by taking 
mean of two readings of the CCT as well as ACD from one eye (right eye) in one session, then the reproducibility of Pentacam was assessed 
by taking the mean of two readings for each parameter in two separated sessions. Before taking each measurement, the subject is asked 
to place his/her chin on chain rest, and the forehead against the forehead strap. The room illumination was in the mesopic condition. The 
subject was asked to keep both eyes open and focus at the fixation target. Only the image of good quality was taken and selected.

The data were calculated using Excel 2019. It presented as Mean ± SD. Paired t-test used to assess the difference between genders in 
terms of CCT and ACD. The Bland-Altman of agreements was used to calculate the repeatability and reproducibility of the device.

Results

Demographic data and normal values of CCT and ACD

Data collected from sixty individuals distributed equally into both sexes. The overall age (Mean ± SD) for all participants is 21.7 ± 3.1 
years, where males had higher age mean of 22.93 compared to females. In addition to that, the (Mean ± SD) overall spherical equivalent 
value was -0.67 ± 1.19 D, where males had lower spherical equivalent mean value of -0.57 D. Furthermore, the (Mean ± SD) overall CCT 
value was 540.58 ± 31.37 µm, where males had lower CCT mean value of 537.45 µm. Moreover, the (Mean ± SD) overall ACD value was 
3.02 ± 0.26 mm, where males had also lower ACD mean value of 3.01 mm (Table 1).
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N=
Age (Years)

Range
Mean ± SD

Spherical Equivalent of 
Refractive Error (D)

Range
Mean ± SD

Normal values of 
CCT (µm)

Range
Mean ± SD

Normal values of ACD 
(mm)
Range

Mean ± SD
Male 30 (18 - 29 Years) 

22.93 ± 3.7 Years
(-3.25 – +1.00 D)

-0.57 ± 1.09D
(454.5 - 584 µm)

537.45 ± 30.95 µm
(2.54 - 3.64 mm)
3.01 ± 0.27 mm

Female 30 (18 - 23 Years) 
20.4 ± 1.5 Years

(-3.50 – +1.25 D)
-0.78 ± 1.29D

(481 - 590.5 µm)
543.71 ± 31.72 µm

(2.54 - 3.53 mm)
3.03 ± 0.25 mm

Total Participant 60 (18 - 29 Years) 
21.7 ± 3.1 Years

(-3.50 – +1.25 D)
-0.67 ± 1.19D

(454.5 - 590.5 µm)
540.58 ± 31.37 µm

(2.54 - 3.64 mm)
3.02 ± 0.26 mm

Table 1: Shows demographic data and normative values of CCT and ACD.

Comparison of CCT and ACD between genders

The results showed that there was no significant difference between males and females in CCT and ACD mean values with P-value 
0.276 and P-value 0.729 respectively. Despite the results shows that there are no significant differences in CCT and ACD, the mean values 
of females had a slightly higher CCT and ACD compared to males (Table 2).

Measurements (Mean ± SD) P-value

CCT
Males (n = 30)
Females (n = 30)

537.45 ± 30.95 µm
543.70 ± 31.72 µm

0.276

ACD
Males (n = 30)
Females (n = 30)

3.01 ± 0.27 mm
3.03 ± 0.25 mm

0.729

Table 2: Shows comparison of CCT and ACD between genders.

Repeatability of Pentacam in measuring CCT and ACD 

The inter-class correlation coefficient (ICC) and the corresponding 95% confidence interval (CI) calculated for evaluating the 
repeatability of Pentacam in measuring CCT and ACD. Where a value between 0.50 and 0.75 of ICC indicates a moderate repeatability 
of measurements, between 0.75 and 0.90 of ICC indicates a good repeatability of measurements, while an ICC value of 0.9 indicates an 
excellent repeatability of measurements [18].

Results showed that the ICC values for CCT and ACD measurements are 0.938 and 0.985 respectively such results indicate an excellent 
level of repeatability (Table 3). There were no significant differences between the two readings of CCT and ACD with P-value = 0.963, 
P-value = 0.934 respectively. The Bland-Altman plot showing the agreement of CCT measurements, where the line shows the mean 
difference, and the lower and upper 95% confidence levels (-22.0386, 21.90323) respectively (Figure 1). While ACD measurements shows 
(-0.09154, 0.090542) respectively (Figure 2).
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Measurement Inter-aclass 
Correlation

95% Confidence Interval
Lower 
Bound

Upper 
Bound

CCT
Single Measures .938 .899 .963
Average Measures .968 .947 .981
ACD
Single Measures .985 .974 .991
Average Measures .992 .987 .995

Table 3: Inter-class correlation coefficient (ICC) for CCT and ACD measurements - (n = 60) in one session.

Figure 1: Bland-Altman level of agreement plot for CCT measurements - in one session.

Figure 2: Bland-Altman level of agreement plot for ACD measurements - in one session.
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Reproducibility of Pentacam in measuring CCT and ACD 

The ICC value for CCT measurement is 0.947 that indicates an excellent level of reproducibility. In addition, the ICC value for ACD 
measurement is 0.985 which indicates an excellent level of reproducibility (Table 4). There were no significant differences between the 
two measurements in case of CCT and ACD in two separated sessions with P-value= 0.425, P-value = 0.316 respectively. Bland-Altman plot 
showing the agreement of CCT measurements in two separated sessions. The line shows the mean difference, and the lower and upper 
95% confidence levels (-21.1003, 19.58366) respectively (Figure 3). While ACD measurements show (-0.09122, 0.083022) respectively 
(Figure 4). 

Measurement Intra-class 
Correlation

95% Confidence Interval
Lower 
Bound

Upper 
Bound

CCT
Single Measures .947 .925 .963
Average Measures .973 .961 .981
ACD
Single Measures .985 .979 .990
Average Measures .993 .989 .995

Table 4: Intra-class correlation coefficient (ICC) for CCT and ACD measurements - in two separated sessions (n = 60).

Figure 3: Bland-Altman level of agreement plot for CCT measurements - in two separated sessions.
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Figure 4: Bland-Altman level of agreement plot for ACD measurements - in two separated sessions.

Discussion

CCT is routinely measured in the clinic before and after corneal refractive surgeries and for following up with keratoconus patients. 
The ACD plays an important role in the diagnosis and treatment of glaucoma. In this present prospective cross-sectional study, by using 
Pentacam, the normative values of CCT and ACD for young Saudi population with mean refractive error of -0.67 D was 540.58 µm and 
3.02 mm respectively. 

The study demonstrated that males had lower CCT and ACD compare to female, with mean value of 537.45 µm and 3.01 mm 
respectively, however these differences were not statically significant P>0.05. Similarly, CCT measured using pentacam was not found 
to be significantly different between males and females among Saudis [19] and Chinese populations using AS-OCT [20]. This study also 
agreed with [19] regarding the ACD that showed no statistically significant differences between Saudi genders with low myopia. However, 
[20] found that ACD showed statically significant difference between gender. 

The present study showed that Pentacam has excellent repeatability and reproducibility in measuring CCT and ACD. Which is 
compatible with results from previous studies [15,16]. However, there was difficulty to find more studies about Pentacam repeatability 
and reproducibility in measuring CCT and ACD.

The study is limited by some conditions mainly due to COVID-19 situation. On the good side, it is the first study of CCT and ACD that 
have been done in Saudi Arabia and its beneficial since those measurement differs among ethnicities.

Conclusion

The study added more information about the normative values of CCT and ACD among young healthy Saudi individuals, and concluded 
that Pentacam is highly repeatable and reproducible in measuring CCT and ACD. There was no statistically significant difference between 
genders in those parameters. The anterior chamber parameters are important in refractive error surgeries, Keratoconus and Glaucoma 
management and in clinical implications. The study recommends further research with wider age group and large sample size.
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