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Purpose: To determine the spherical aberration, pupil size, and other key refractive and topo-
graphic parameters in a large cohort of Egyptian cataract surgery candidates, and to investigate any 
existent relations between the spherical aberration and other possibly related parameters.
Methods: This is a cross-sectional, descriptive study that was conducted at Ain Shams 
University Hospitals, Cairo, Egypt. The study was performed on the right eyes of 1658 
cataract surgery candidates. The mean corneal spherical aberration [Z4] and the pupil 
diameter, both photopic [P. Pupil] and mesopic [M. Pupil], were measured by the Oculus 
Keratograph 3, while the white-to-white corneal diameter [WTW], average keratometric 
readings [average K], axial length measurements [AL] and Anterior Chamber Depth 
[ACD] were all obtained from the IOL Master 500.
Results: The mean age was 65 ± 11.3 years. The mean value of the Z4 was +0.26 ± 0.12 μm 
[95% Confidence Interval “CI” (0.2570–0.2681)]. The mean values of the measured para-
meters were: P. Pupil 2.43 ± 0.87 mm [95% CI (2.3867–2.4700)], M. Pupil 4.61 ± 0.91 mm 
[95% CI (4.5683–4.6557)], WTW 11.72 ± 0.44 mm [95% CI (11.6969–11.7394)], average 
K 43.89 ± 1.89 D [95% CI (43.7938–43.9701)], AL 24.23 ± 2.21 mm [95% CI (24.1118–-
24.3166)], and ACD 3.16 ± 0.43 mm [95% CI (3.1414–3.1827)]. Weak statistically sig-
nificant correlations were found between the Z4 and each of age (r = 0.049, p = 0.044), 
average K (r = 0.191, p < 0.001), and ACD (r = 0.122, p < 0.001). Multivariate analysis 
showed weaker relations between Z4 and both average K (beta coefficient= 0.091) and ACD 
(beta coefficient= 0.130), with an r2 = 0.024.
Conclusion: This is the first normative data report of corneal spherical aberration [Z4], 
pupil size, and related refractive and topographic parameters in an old Egyptian population. 
The detected correlations have a weak clinical relevance and negate the existence of 
significant relations between the Z4 and the studied refractive and topographic parameters.
Keywords: corneal spherical aberration, Z4, corneal keratography, white-to-white corneal 
diameter, Egyptian population

Introduction
The expanded arsenal of an ophthalmologist has got a myriad of instruments for 
measuring anterior segment parameters prior to intraocular surgeries. Non-contact 
optical biometry relies on the principle of partial coherence interferometry and has 
been the mainstay for intraocular lens (IOL) power calculations over the past two 
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decades, with the IOL Master (Carl Zeiss Meditec, 
Germany) being the most commonly used device.1,2 Data 
obtained from the IOL Master include axial length (AL), 
anterior chamber depth (ACD), average keratometric 
(average K) readings, and white-to-white corneal diameter 
(WTW) measurements.3 Other than optical biometry, the 
placido-based topography systems, like the Keratograph 
(Oculus, Germany), can provide further in-depth informa-
tion regarding the corneal topography mapping, the cor-
neal spherical aberration (Z4) and the pupil size (photopic 
and mesopic).4

Nowadays, cataract surgery does not only aim to 
restore the Snellen acuity but it should also address the 
proper manipulation of the ocular spherical aberrations 
(via the Zernike transformations) to obtain the highest 
quality of visual acuity and contrast sensitivity.5 The cor-
neal spherical aberration is commonly considered as the 
most important high-order aberration that is highly preva-
lent worldwide and has got a major impact on the visual 
performance.6

The corneal spherical aberration directly affects the 
corneal asphericity, and they both have got major influ-
ences on many anterior segment-related procedures includ-
ing IOL power selection, IOL asphericity, and refractive 
surgeries.7,8 Previous related literature has suggested nor-
mative spherical aberration [Z4] values that range between 
+0.19 and +0.49 μm.9,10 Several demographic and refrac-
tive factors have been reported to influence the Z4.5,6 

Ethnicity may be one crucial factor, with multiple avail-
able studies suggesting differences in corneal spherical 
aberration related to different ethnicities.11–14 To date, no 
large analysis work in the literature could report on the 
normative mean values of Z4 and related refractive vari-
ables in an Egyptian population. Egypt is unique in that it 
lies at the crossroads of two major continents, with 
a unique genetic profile spreading from Africa to the 
Middle East.15

In this work, we set out to study the corneal spherical 
aberration (Z4) in a large cohort of an Egyptian elderly 
population who were all candidates for cataract surgery. 
The secondary outcome was to obtain relevant refractive 
and topographic values in the same population and to 
investigate any correlation they might have to the Z4.

Patients and Methods
This is a cross-sectional, non-comparative, descriptive 
study. All the recruited participants sought medical ser-
vices for performing cataract surgery in the period from 

January 2015 to January 2018. The study was conducted at 
Ain Shams University Hospitals, Cairo, Egypt. We 
excluded candidates with any topographic abnormalities 
like those with keratoconus or forme fruste keratoconus, 
any candidate with history of contact lenses fitting within 
the previous 2 weeks, previous refractive surgeries, pre-
vious ocular trauma or surgeries, or any evident anterior 
segment pathology on slit-lamp examination (including 
corneal scars). The study adhered to the tenets of the 
Declaration of Helsinki and informed consents were 
signed by all participants. The study protocol was 
approved by the Ethical Committee of Ain Shams 
University.

The right eyes of 1658 participants were included in 
the study. Slit-lamp examinations were performed for the 
recruited cohort. The corneal spherical aberration (Z4) 
value and the pupil diameter values (Photopic Pupil “P. 
Pupil” and Mesopic Pupil “M. Pupil”) were obtained from 
the Oculus Keratograph 3 (Oculus, Germany), whereas the 
WTW, average K, AL, and ACD were all obtained from 
the IOL Master 500 (Carl Zeiss Meditec, Germany). The 
measurements were performed by a single optometrist. 
The participants’ eyes were aligned along the visual axis 
using a central fixation light. Participants were instructed 
to blink in between shots to keep eyes moist.

Statistical analysis was performed using SPSS v25 
(IBM, USA). Descriptive statistics were carried out 
including mean and – where appropriate – median value 
calculation together with standard deviations. Correlations 
were calculated between different numerical variables and 
were depicted in the form of Pearson correlation coeffi-
cient. Multivariate analyses were calculated for different 
studied numerical variables and were depicted in the form 
of beta coefficient, r and r2. Where appropriate, p-values 
were calculated and a value less than 0.05 was considered 
statistically significant.

Results
This cross-sectional study included 1658 right eyes of 
1658 participants with naive corneas. The female to male 
ratio of the studied cohort was 1.6:1, and the mean age 
was 65 years (SD: ± 11.3 years).

The details of the measured parameters are depicted in 
Table 1 and Figure 1. The mean value for the Z4 was 
+0.26 (± 0.12) μm. The mean P. Pupil was 2.43 (± 
0.87) mm, while the mean M. Pupil was 4.61 (± 
0.91) mm. The mean WTW, average K, AL, and ACD 
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were 11.72 (± 0.44) mm, 43.89 (± 1.89) D, 24.23 (± 
2.21) mm, and 3.16 (± 0.43) mm, respectively.

The correlations between the different studied para-
meters are detailed in Table 2. Our study results revealed 
positive, yet weak, statistically significant correlations 
between the Z4 and each of the following factors: age (r 
= 0.049, p = 0.044), average K (r = 0.191, p < 0.001) and 
ACD (r = 0.122, p < 0.001). Regarding the pupil size 
parameter, a statistically significant negative correlation 
was found between both P. Pupil and M. Pupil size and 
the age factor (p < 0.001), while a positive significant one 
was found between both pupil sizes and each of AL and 
ACD variables. Though all the correlations were weak 
ones, the strongest correlation was found between 
M. Pupil and ACD (r = 0.334, p <0.001).

Furthermore, a multivariate analysis was plotted to 
detect the most determining parameters that would possi-
bly alter the Z4, which is detailed in Table 3. Our analysis 
revealed weak but statistically significant relations 
between Z4 and both average K (beta coefficient= 0.091) 
and ACD (beta coefficient= 0.130), with r2= 0.024.

For the pupil size parameter, the multivariate analysis 
also showed weak but significant relations between both 
P. Pupil and M. Pupil and each of age (beta coefficient= 
−0.106 and −0.165, respectively) and ACD (beta coeffi-
cient = 0.135 and 0.252, respectively), with r2= 0.043 and 
0.130, respectively. The results of the multivariate ana-
lyses for the pupil size are detailed in Tables 4 and 5.

Discussion
We report on the mean normative values of the Z4 and 
other key anterior segment parameters of 1658 right eyes 
of Egyptians who were all candidates for cataract surgery. 
We found that the mean Z4 in our studied sample was 
+0.26 (±0.12) μm, and that the Z4 was significantly (yet 
weakly) related to average K and ACD. To our knowledge, 
this is the first study to report on combined normative 
refractive and topographic data of a large sample of the 
Egyptian population.

Our reported mean Z4 value is different from the 
reported ranges in some studies conducted on different 
populations, like that conducted by Lai and colleagues11 

on a Taiwanese population (with a mean Z4 of +0.31 ± 
0.14 μm), another study by Lim and Fam12 on a Chinese 
population (mean Z4 of +0.31 (±0.11) μm), a third report 
by Al-Sayyari et al,13 on a Saudi population (mean Z4 
+0.21 ± 0.07 μm), and a study by Shimozono and his co- 
workers14 on a Japanese population (mean Z4 +0.20 ± 
0.10 μm). Contrarily, other studies detected very close 
values for the Z4 compared to our study results.5,16,17 

Hence, the ethnic variations can alter the Z4 values and 
should be taken into consideration while planning for all 
the clinical implications that rely on the Z4, including but 
not limited to the IOL power selection, the IOL aspheri-
city, and the refractive surgeries.

Regarding the refractive and topographic factors that 
may affect the Z4, we found a weak but statistically sig-
nificant relation to both average K and ACD. Studies that 
reported correlations between Z4 and different variables 
had little consensus over the predictors of Z4. Lai et al,11 

and Shimozono et al,14 both reported a negative significant 
correlation between Z4 and AL, Lim and Fam12 detected 
no correlations between Z4 and other refractive para-
meters, while Al-Sayyari et al13 reported a positive corre-
lation between Z4 and age.

Other than ethnic variations, it is to be kept in mind 
that many factors may explain the varying mean Z4 mea-
surements and the variations in the reported correlations 
with other parameters and should not be overlooked. 

Table 1 Descriptive Statistics of Measured Parameters of 1658 
Right Eyes

Variable N = 1658

Z4 (μm) Mean ± SD 0.26 ± 0.12
Range 0–0.96
95% CI (0.2570–0.2681)

WTW (mm) Mean ± SD 11.72 ± 0.44
Range 9.0–13.1

95% CI (11.6969–11.7394)

P. Pupil (mm) Mean ± SD 2.43 ± 0.87
Range 0.26–6.7
95% CI (2.3867–2.4700)

M. Pupil (mm) Mean ± SD 4.61 ± 0.91
Range 95% CI 2.0–9.7 (4.5683–4.6557)

K average (D) Mean ± SD 43.89 ± 1.89
Range 33.2–49.7

95% CI (43.7938–43.9701)

AL (mm) Mean ± SD 24.23 ± 2.21
Range 19.82–36.00

95% CI (24.1118–24.3166)

ACD (mm) Mean ± SD 3.16 ± 0.43

Range 0.58–4.67

95% CI (3.1414–3.1827)

Abbreviations: WTW, white-to-white; P. Pupil, photopic pupil size; M. 
Pupil, mesopic pupil size; K, keratometric power; AL, axial length; ACD, anterior 
chamber depth.
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Those factors may include variations in the methods of 
measurement and instruments used, variations in the sam-
ple size, together with variations in the studied age groups. 
Our studied cohort was an elderly one who were candi-
dates for cataract surgery, and this may partially explain 
the variable values than other studies.

Other variables generated by our study included the 
mean WTW (11.72 ± 0.44), average K (43.89 ± 1.89 D), 
AL (24.23 ± 2.21 mm), and ACD (3.16 ± 0.43 mm). Those 

were all within the normative value ranges reported in the 
literature.18–20 Newer fourth-generation biometric formu-
las rely on normative values of such parameters to accu-
rately predict the IOL power.21 Thus, our results validate 
the usage of such formulas in our studied population.

We also reported the mean pupil size (P. Pupil and 
M. Pupil) in our sample. Our mean M. Pupil size was 
smaller than that reported in a very large cohort of 
German subjects (6.45 mm),22 and a small sample of 

Figure 1 Frequency distribution curve of corneal spherical aberration (Z4) in the studied cohort.

Table 2 Correlation Between Different Measured Variables

Variables Z4* P. Pupil* M. Pupil*

r P-value r P-value r P-value

Age 0.049 0.044* −0.134 <0.001* −0.234 <0.001*

WTW* −0.044 0.073 0.032 0.187 0.106 <0.001*

K avg* 0.191 <0.001* 0.002 0.933 −0.030 0.215
AL* −0.021 0.390 0.116 <0.001* 0.186 <0.001*

ACD* 0.122 <0.001* 0.199** <0.001* 0.334 <0.001*

Note: *Statistically significant. 
Abbreviations: *Z4, corneal spherical aberrations; P. Pupil, photopic pupil size; M. Pupil, mesopic pupil size; WTW, white-to-white corneal diameter; K avg, average 
keratometric reading; AL, axial length; ACD, anterior chamber depth.
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Turkish patients (6.39 mm).23 This could be attributed to 
the higher mean age of our participants who primarily 
sought medical advice for performing cataract surgery, as 
age is known to negatively correlate with pupil size.24 The 
reported dynamic pupil size has got major clinical impli-
cations in our studied population, most importantly while 
choosing pupil-dependent multifocal IOLs.25,26 

Furthermore, both pupil size and Z4 are key factors for 
optimized aspheric IOL implantation.27 Paucity of studies 
on our population that determine such parameters vali-
dated the aim of our study, especially with the relevant 
clinical implications that would make benefit from the 
normative values of such parameters.

Though our study depicted a relation between each of 
the Z4, P. Pupil and M. Pupil and other related refractive 
and topographic parameters, both the univariate and the 

multivariate analyses showed weak correlation. Based on 
our study results, we believe that the detected relations of 
both the Z4 and the pupil sizes have a weak clinical 
relevance due to the small values of the detected correla-
tions, which were weaker when the multivariate analyses 
were performed. Worthy of mention is that the detected 
correlations in the literature between the Z4 and the var-
ious refractive parameters were all weak ones (not exceed-
ing 0.3 in any of the aforementioned studies). We believe 
that those weak correlations, should be regarded as having 
a weak clinical relevance, in accordance with our study 
results.

Limitations to our work include the single method of 
measurement of the Z4 and the refractive variables, the limita-
tion of the studied age group (cataract patients, predominantly 
elderly), and the study being single-centered. Further studies 

Table 3 Multivariate Linear Regression Analysis for the Factors Affecting the Value of Corneal Spherical Aberration (Z4)

Unstandardized Coefficients Standardized Coefficients T P value*

B Std. Error Beta

(Constant) −0.124 0.072 −1.712 0.087

Age 0.001 0.000 0.045 1.773 0.076
K average* 0.006 0.001 0.091 3.720 < 0.001

ACD* 0.035 0.007 0.130 5.066 < 0.001

Notes: R = 0.153; R2 = 0.024. *P value is considered statistically significant if < 0.05. 
Abbreviations: *K average, average keratometric readings; ACD, anterior chamber depth.

Table 4 Multivariate Linear Regression Analysis for the Factors Affecting the Diameter of the Photopic Pupil

Unstandardized Coefficients Standardized Coefficients T P value*

B Std. Error Beta

(Constant) 1.918 0.327 5.860 < 0.001

Age −0.009 0.002 −0.106 −4.105 < 0.001

AL* 0.009 0.011 0.023 0.831 0.406
ACD* 0.276 0.057 0.135 4.880 < 0.001

Notes: R = 0.208; R2 = 0.043. *P value is considered statistically significant if < 0.05 
Abbreviations: *AL, axial length; ACD, anterior chamber depth.

Table 5 Multivariate Linear Regression Analysis for the Factors Affecting the Diameter of the Mesopic Pupil

Unstandardized Coefficients Standardized Coefficients t P value*

B Std. Error Beta

(Constant) 3.340 0.609 5.481 < 0.001
Age −0.015 0.002 −0.165 −6.720 < 0.001

WTW* 0.017 0.049 0.008 0.338 0.735

AL* 0.014 0.011 0.033 1.241 0.215
ACD* 0.535 0.057 0.252 9.332 < 0.001

Notes: R = 0.360; R2 = 0.130. *P value is considered statistically significant if < 0.05 
Abbreviations: *WTW, white-to-white corneal diameter; AL, axial length; ACD, anterior chamber depth.
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are needed to validate our data and reinforce or reject our 
suggested values. Furthermore, other studies utilizing multi-
variate analyses are recommended to detect the strength of 
correlation between the studied parameters and their clinical 
relevance.

In conclusion, this is the first normative data report of an 
Egyptian population regarding the Z4 and many key refrac-
tive and topographic parameters. Further studies could rein-
force whether ethnic variations in Z4 are true ones, and even 
larger cohorts with proper multivariate analyses would be 
more conclusive regarding the predictors of the Z4.
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