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Aim: To evaluate the contributions of anterior corneal and ocular residual astigmatism to
autorefraction astigmatism in adult myopic and myopic astigmatic subjects and how these
compensate each other.
Subjects and Methods: This retrospective study was completed in private eye centre,
Ismailia, Egypt, between September 2017 and November 2019. The study included eyes with
myopia (0.5 to 10.0D) or myopic astigmatism (0 to 8.5D). The refractive errors, including
autorefraction astigmatism, were measured after using 1% cyclopentolate with autorefractometer (Topcon, Tokyo Optical Co., Ltd., Japan). Corneal topography (Sirius; CSO,
Florence, Italy) was used to measure anterior corneal astigmatism. Ocular residual astigmatism was measured by vectorial subtraction of the anterior corneal astigmatism from autorefraction astigmatism determined to the corneal plane.
Results: This study included 1158 eyes (right 582 and left 576) with myopia or myopic
astigmatism of 582 participants (206 males with 406 eyes and 376 females with 752 eyes).
The mean±SD age of the total participants was 26±5.7 years, range (21 to 50 years). The
mean±SD of spherical error was −3.2±1.9D, range (−0.5 to −10.0D). The mean±SD of
autorefraction astigmatism was 1.13±1.1D; range (0.5 to 8.5D). The mean±SD of anterior
corneal astigmatism was 1.22±0.8D; range (0.03 to 5.6D). The mean±SD of ocular residual
astigmatism was 0.6±0.5D; range (0 to 4.8D). Of the total eyes, 75.4% had signiﬁcant
autorefraction astigmatism, 82.5% had signiﬁcant anterior corneal astigmatism, and 16.8%
had signiﬁcant ocular residual astigmatism.
Conclusion: The percentage of the signiﬁcant autorefraction astigmatism (>0.5D) was
75.4% which is mainly anterior corneal. In 26.8% of participants, anterior corneal astigmatism is compensated by ocular residual astigmatism.
Keywords: astigmatism, anterior corneal astigmatism, ocular residual astigmatism,
refractive surgeries
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Ocular astigmatism is a signiﬁcant refractive condition as it is a common and
correctable cause of visual deterioration, whether or not this exists with other
spherical refractive errors.1 The prevalence of astigmatism (>1.00 D) varies over
a wide range through the different studies, from 17% to 63%.2–7
The origin of ocular astigmatism is not always purely corneal.8 Two components
of astigmatism can be individually measured: autorefraction astigmatism (ARA) and
anterior corneal astigmatism (ACA), which arises from the anterior corneal surface.
Clinical Ophthalmology 2020:14 2125–2134
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Ocular residual astigmatism (ORA) is herein deﬁned as the
vectorial difference between anterior corneal astigmatism
and autorefraction astigmatism determined to the corneal
plane.9–12 It is known to be attributed to several factors,
including posterior corneal astigmatism (PCA), anterior and
posterior lenticular astigmatism, decentration of the crystalline lens, the variability of the refractive index, as well as
from retinal tilt, high order aberrations (HOAs), and potentially cortical perception.13–17
Many reasons may conﬁne the predictability of refractive correction carried out with different refractive surgeries. One of these reasons is the difference between
autorefraction astigmatism and corneal astigmatism.18
The ORA parameter has been appeared to relate with
the degree of residual astigmatism after kerato-refractive
procedures for correction of refractive errors.18,19
Understanding of the distribution, the relationship between
the different components of astigmatism and the compensation between anterior corneal and ORA is necessary for
the outcome of refractive, and cataract surgeries.20
Therefore, this study aims to evaluate the contributions of
anterior corneal astigmatism and ocular residual astigmatism
to autorefraction astigmatism in adult myopic and myopic
astigmatic subjects and how these compensate each other.

Subjects and Methods
This retrospective study was completed in private eye
centre, Ismailia, Egypt, between September 2017 and
November 2019. The study included eyes with myopia
(0.5 to 10.0D) or myopic astigmatism (0 to 8.5D). The
refractive errors, including autorefraction astigmatism,
were measured after using 1% cyclopentolate with autorefractometer (Topcon, Tokyo Optical Co., Ltd., Japan).
Corneal topography (Sirius; CSO, Florence, Italy) was
used to measure anterior corneal astigmatism. Ocular residual astigmatism was measured by vectorial subtraction of
the anterior corneal astigmatism from autorefraction astigmatism determined to the corneal plane.9,10
The eligibility criteria included spherical myopia, myopic astigmatism, and a minimum age of 21 years with
a regular corneal topography pattern. Patients with keratoconus, previous corneal or cataract surgeries were
excluded from the study. Astigmatism and the astigmatic
difference (>0.5D) will be considered being clinically signiﬁcant in this study.
The study was reviewed and approved (approval No.
4197) by the research ethics committee of the Faculty of
Medicine, Suez Canal University, in agreement with the
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Declaration of Helsinki. No informed consent was
required to review the medical records of the participants
due to the retrospective nature of the study and the large
number of them. The conﬁdentiality of the participants’
data was ensured, no further data will be shared.

Statistical Analysis
Data manipulation and analysis were performed by
Statistical Package for the Social Sciences (SPSS version
25.0; IBM Corporation, Armonk, NY, USA). Baseline
characteristics of the study population were presented as
frequencies and percentages (%) or mean values and standard deviations (SDs). Differences between means in the
groups were compared by Student’s t-test. Differences
between frequencies in the groups were compared by the
Chi-square test or Fisher’s exact test (if >20% of expected
values were less than 5). Shapiro–Wilk’s test was used to
test for data normality. A p-value<0.05 was considered
statistically signiﬁcant. All graphs were performed with
Graph Pad Prism (version 5.00 for Windows, Graph Pad
Software, La Jolla California USA).

Results
This study included 1158 eyes (right 582 and left 576)
with myopia or myopic astigmatism of 582 participants
(206 males with 406 eyes and 376 females with 752 eyes).
The mean±SD age of the total participants was 26
±5.7years, range (21 to 55 years). The mean±SD of spherical error was −3.2±1.9D, range (−0.5 to -10.0D). The
mean±SD of the autorefraction astigmatism was 1.13
±1.1D; range (0 to 8.5D). The mean±SD of the anterior
corneal astigmatism was 1.22±0.8D; range (0.03 to 5.6D).
The mean±SD of the ocular residual astigmatism was 0.6
±0.5D; range (0 to 4.8D). Of the total eyes, 75.4% had
signiﬁcant autorefraction refractive astigmatism, 82.5%
had signiﬁcant anterior corneal astigmatism, and 16.8%
Table 1 Mean and Percentage of the Autorefraction, Anterior
Corneal, and Ocular Residual Astigmatism
Components of

Descriptive Statistics

Astigmatism

n=1158 Eyes
Mean±SD

Range

Astigmatism n (Row %)

<0.5D

>0.5D
873 (75.4%)

Autorefraction

1.13±1.1

0 to 8.5

285 (24.6%)

Anterior corneal

1.22±0.8

0.03 to 5.6

203 (17.5%)

955 (82.5%)

Ocular residual

0.6±0.5

0 to 4.8

964 (83.2%)

194 (16.8%)

astigmatism.
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Table 2 The Characteristics of Autorefraction Astigmatism
Characters

Autorefraction Astigmatism n=1158

P-value

Eyes n (Column %)
Insigniﬁcant

Signiﬁcant

< 0.5D

> 0.5D

n=285 (24.6%)

n=873 (75.4%)

25.2 ±5.5
(21 to 55)

28.0±7.1
(21 to 55)

<0.001*

85 (29.8%)
200 (70.2%)

321 (36.8%)
552 (63.2%)

0.033*

−3.4±2.0
(−1.0 to −10.0)

−3.5±2.5
(−0.5 to −10.0)

0.230

43.6±1.3
(39 to 47.5)

43.3±1.6
(39 to 49.5)

0.147

44.2±1.4
(39.5 to 48.2)

44.8±1.7
(39.9 to 51.4)

<0.001*

Age (yrs):
Mean±SD
Range
Sex: n, (%)
Male
Female
Figure 1 Mean of autorefraction, anterior corneal, and ocular residual astigmatism.

Sphere (D):
Mean±SD
Range
K Min (D):
Mean±SD
Range
K Max (D):
Mean±SD
Range

Note: *Statistically signiﬁcant.
Abbreviations: n, number; yrs, years; SD, standard deviation; D, diopter; K min,
minimum keratometric power; K max, maximum keratometric power.

Figure 2 Percentage of signiﬁcant autorefraction, anterior corneal, and ocular
residual astigmatism (>0.5D).

had signiﬁcant ocular residual astigmatism, Table 1 and
Figures 1 and 2.
The mean±SD age of the participants with signiﬁcant
autorefraction astigmatism was 28.0±7.1years compared
to 25.2±5.5years of the participants with insigniﬁcant
autorefraction astigmatism (P<0.001). The mean±SD
spherical refractive error was −3.5±2.5D of the participants with signiﬁcant autorefraction astigmatism compared to −3.4±2.0D of the participants with insigniﬁcant
autorefraction astigmatism (P=0.230). The mean±SD
K min of the participants with signiﬁcant autorefraction
astigmatism was 43.3±1.6D compared to 43.6±1.3D of
the participants with insigniﬁcant autorefraction astigmatism (P=0.147). The mean±SD K max was 44.8
±1.7D of the participants with signiﬁcant autorefraction
astigmatism compared to 44.2±1.4D of the participants
with insigniﬁcant autorefraction astigmatism (P<0.001).
Autorefraction astigmatism was prevalent in females
than males (P=0.033), Table 2.
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The mean±SD age of the participants with signiﬁcant
anterior corneal astigmatism was 27.29±6.95years compared to 27.19±6.23years of the participants with insignificant anterior corneal astigmatism (P=0.858). The mean
±SD spherical error was −3.54±2.48D of the participants
with signiﬁcant anterior corneal astigmatism compared to3.23±1.93D of the participants with insigniﬁcant anterior
corneal astigmatism (P=0.046). The mean±SD K min of
the participants with signiﬁcant anterior corneal astigmatism was 43.44±1.53D compared to 43.61±1.66D of the
participants with insigniﬁcant anterior corneal astigmatism
(P=0.157). The mean±SD K max was 44.85±1.56D of the
participants with signiﬁcant anterior corneal astigmatism
compared to 43.92±1.63D of the participants with insigniﬁcant anterior corneal astigmatism (P<0.001), Table 3
and Figure 3.
The mean±SD age of the participants with signiﬁcant
ocular residual astigmatism was 30.6±8.4years compared
to 28.1±7.2years of the participants with insigniﬁcant
ocular residual astigmatism (P=0.001). The mean±SD
spherical error was −4.2±3.1D of the participants with
signiﬁcant ocular residual astigmatism compared to −3.6
±2.5D of the participants with insigniﬁcant ocular
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Table 3 The Characteristics of Anterior Corneal Astigmatism
Characters

Anterior Corneal Astigmatism

P-value

Table 4 The Characteristics of Ocular Residual Astigmatism
Characters

Ocular Residual Astigmatism

p-value

n=1158 Eyes

n=1158 Eyes n (Column %)

n (Column %)

Insigniﬁcant

Signiﬁcant

< 0.5D

> 0.5D

Insigniﬁcant < 0.5D

Signiﬁcant > 0.5D

n=955 (82.5%)

n=964 (83.2%)

n=194 (16.8%)

28.1±7.2
(21 to 53)

30.6±8.4
(21 to 50)

0.001*

320 (33.2%)
644 (66.8%)

86 (44.3%)
108 (55.7%)

0.003*

−3.6±2.5
(−0.5 to −10.0)

−4.2±3.1
(−0.5 to −10.0)

0.029*

43.35 ± 1.66
(39.3 to 48.0)

43.52 ± 1.88
(40.5 to 51.4)

0.338

44.55 ± 1.74
(39.9 to 49.5)

44.88 ± 1.81
(40.5 to 51.4)

0.056

n=203 (17.5%)

Age (yrs):

Age (yrs):
Mean (±SD)
Range

27.19±6.23
(21 to 53)

27.29±6.95
(21 to 55)

0.858

Sex: n, (%)

Sex: n, (%)
Male
Female

82 (40.4%)
121 (59.6%)

324 (33.9%)
631 (69.8%)

0.080

−3.23±1.93
(−0.5 to −10.0)

−3.54±2.48
(−0.5 to −10.0)

0.046*

43.61±1.66
(39.02–49.5)

43.44±1.53
(38.74 to 49.5)

0.157

Mean±SD
Range
K Max (D):

K Max (D):
Mean±SD
Range

Mean±SD
Range
K Min (D):

K Min (D):
Mean±SD
Range

Male
Female
Sphere (D):

Sphere (D):
Mean (±SD)
Range

Mean±SD
Range

43.92±1.63
(39.5 to 49.8)

44.85±1.56
(39.48 to 51.4)

<0.001*

Note: *Statistically signiﬁcant.
Abbreviations: n, number; yrs, years; SD, standard deviation; D, diopter; K min,
minimum keratometric power; K max, maximum keratometric power.

residual astigmatism (P=0.029). The mean±SD K min of
the participants with signiﬁcant ocular residual astigmatism was 43.52±1.88D compared to 43.35 ± 1.66D of the

Mean±SD
Range

Note: *Statistically signiﬁcant.
Abbreviations: n, number; yrs, years; SD, standard deviation; D, diopter; K min,
minimum keratometric power; K max, maximum keratometric power.

participants with insigniﬁcant ocular residual astigmatism
(P=0.338). The mean±SD K max was 44.88±1.81D of the
participants with signiﬁcant ocular residual astigmatism

Figure 3 Corneal topography demonstrating anterior corneal astigmatism.
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Figure 4 Corneal topography of ocular residual astigmatism.

compared to 44.55±1.74D of the participants with insigniﬁcant ocular residual astigmatism (P=0.056), Table 4
and Figure 4.
Regarding the signiﬁcant astigmatic difference (the
difference in astigmatism (>0.5D)), in 16.8% of the subjects, autorefraction astigmatism was more than anterior
corneal astigmatism. In 26.8% of the subjects, anterior
corneal astigmatism was more than autorefraction astigmatism. In 1.3% of the subjects, autorefraction and anterior corneal astigmatism were equal. In 0.3% of the
subjects, anterior corneal and ocular residual astigmatism
were equal. In 2.5% of the subjects, ocular residual astigmatism was more than anterior corneal astigmatism,
Table 5 and Figure 5.

Regarding the signiﬁcant astigmatic differences
between autorefraction, anterior corneal, and ocular residual astigmatism according to the sex of the subjects:
Autorefraction astigmatism exceeded anterior corneal
astigmatism in 21.2% of males’ eyes compared to 14.4%
of females’ eyes (P=0.003*). Anterior corneal astigmatism
exceeded autorefraction astigmatism in 32.7% of females’
eyes compared to 15.8% of males’ eyes (P=<0.001*).
Anterior corneal astigmatism exceeded ocular residual
astigmatism in 19.5% of males’ eyes compared to 17.8%
of females’ eyes (P=0.492). Autorefraction astigmatism
exceeded ocular residual astigmatism in 30.3% of males’
eyes compared to 25.9% of females’ eyes (P=0.113),
Table 6 and Figure 6.

Table 5 Percentage of the Signiﬁcant Astigmatic Differences (>0.5D) Between Autorefraction, Anterior Corneal, and Ocular Residual
Astigmatism (n=1158)
Components of Astigmatism

Astigmatic Difference

Signiﬁcant Astigmatic Difference > 0.5 D

n

n

Mean±SD Range

% of Astigmatic Difference

% of Total Eyes =1158

Autorefraction > Anterior corneal

420

0.59 ± 0.52 (0.1 to 4.79)

194

46.2%

16.8%

Anterior corneal > Autorefraction

723

0.49 ± 0.32 (0.1 to 2.1)

310

42.9%

26.8%

Autorefraction = Anterior corneal
Anterior corneal = Ocular residual

15
4

1.02 ± 0.78 (0.5 to 3.5)
0.50 ± 0.20 (0.25 to 0.75)

15
4

100.0%
100.0%

1.3%
0.3%

Anterior corneal > Ocular residual

313

1.08 ± 0.81 (0.1 to 4.7)

213

68.1%

18.4%

Ocular residual > Anterior corneal
Autorefraction > Ocular residual

103
420

0.43 ± 0.37 (0.1 to 2.19)
1.28 ± 0.95 (0.1 to 5.35)

29
318

28.2%
75.7%

2.5%
27.5%

Abbreviations: SD, standard deviation; n, number.

Clinical Ophthalmology 2020:14

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

2129

Dovepress

Gab-Alla

Figure 5 Percentage of the signiﬁcant astigmatic differences (>0.5D) between autorefraction, anterior corneal, and ocular residual astigmatism (n=1158).

Regarding the signiﬁcant astigmatic differences
between autorefraction, anterior corneal, and ocular residual astigmatism according to the eye laterality of all
participants: there were no statistically signiﬁcant differences between them, Table 7 and Figure 7.

Discussion
In the current study, anterior corneal and ocular residual
astigmatism contributions to autorefraction astigmatism
were evaluated by corneal topography, in adult, myopic
participants have been examined. The prevalence rates of
astigmatism between studies are difﬁcult to compare due
to the different deﬁnitions of astigmatism used in it, most
studies used (0.5D) as an endpoint. This is usually considered being a clinically signiﬁcant level of astigmatic
error.21 Relevant to the present work, autorefraction

astigmatism and ocular residual astigmatism >0.50D
were considered clinically signiﬁcant. Accordingly, the
prevalence of the signiﬁcant astigmatisms of autorefraction, anterior corneal, and ocular residual astigmatism was
75.4%, 82.5%, and 16.8%, respectively. As regarding the
signiﬁcant astigmatic differences (>0.50D) between the
autorefraction, anterior corneal, and ocular residual astigmatism, autorefraction astigmatism exceeded anterior corneal astigmatism only in 16.8% of the subjects; this means
the autorefraction astigmatism was mainly driven by anterior corneal astigmatism. Anterior corneal astigmatism
exceeded autorefraction astigmatism in 26.8% of the subjects which means that ocular residual astigmatism compensates anterior corneal astigmatism to minimize the
magnitude of autorefraction astigmatism in this percentage
of subjects which suggests the clinical importance of

Table 6 Percentage of the Signiﬁcant Astigmatic Differences (>0.5D) Between Autorefraction, Anterior Corneal, and Ocular Residual
Astigmatism According to the Sex of the Participants (n=1158)
Components of Astigmatism

n

Sex Total n=1158 Eyes n (%)

P-value

Male n=406 Eyes

Female n=752 Eyes

Autorefraction > Anterior corneal
Anterior corneal > Autorefraction

194
310

86 (21.2%)
64 (15.8%)

108 (14.4%)
246 (32.7%)

0.003*
<0.001*

Autorefraction = Anterior corneal

15

4 (1.0%)

11 (1.5%)

0.594

Anterior corneal = Ocular residual
Anterior Corneal > Ocular residual

4
213

2 (0.5%)
79 (19.5%)

2 (0.3%)
134 (17.8%)

0.615
0.492

Ocular residual > Anterior corneal

29

14 (3.4%)

15 (2.0%)

0.131

Autorefraction > Ocular residual

318

123 (30.3%)

195 (25.9%)

0.113

Note: *Statistically signiﬁcant p-value.
Abbreviation: n, number.
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Figure 6 Percentage of the signiﬁcant astigmatic differences (>0.5D) between autorefraction, anterior corneal and ocular residual astigmatism according to the sex of the
participants (n=1158).

ocular residual astigmatism. Autorefraction astigmatism
was equal to the anterior corneal astigmatism only in
1.3% of the subjects. The anterior corneal and ocular
residual astigmatism were equal in only 0.3%. In 18.4%
of the subjects, anterior corneal astigmatism exceeded
ocular residual astigmatism; ocular residual astigmatism
exceeded anterior corneal astigmatism in 2.5%. As regarding the signiﬁcant astigmatic differences between autorefraction, anterior corneal and ocular residual astigmatism
according to the sex of the participants and eye laterality
was further analyzed. Autorefraction astigmatism was
more common in males than females, while anterior corneal astigmatism was more common in both sexes. Also,
there were no statistically signiﬁcant differences between
right and left eyes.

Even though the lenticular component might be an
essential cause of refractive astigmatism in normal phakic
subjects, in pseudophakic subjects, corneal astigmatism is
thought of, the only signiﬁcant factor.22 Understanding this
fact is of beneﬁt because the astigmatic error has a lot
more noticeable impact on the possibility of spectacle use
than overall error after routine cataract surgery.23 This data
may be essential to correct astigmatism during cataract
surgery, using corneal limbal relaxing incisions, toric
ICL, and toric IOL implantation. Clinically observed discrepancies between corneal and refractive astigmatism are
considered necessary when phacoemulsiﬁcation is
planned. The introduction of toric IOLs could have
a possible role to counterbalance internal astigmatism,
thus reducing total refractive astigmatic magnitude.23

Table 7 Percentage of the Signiﬁcant Astigmatic Differences (>0.5D) Between Autorefraction, Anterior Corneal, and Ocular Residual
Astigmatism According to the Eye Laterality of All Participants (n=1158)
Components of Astigmatism

n

P-value

Eye Laterality
Total n=1158
n (%)
Left

n=582

n=576

Autorefraction > Anterior corneal
Anterior corneal > Autorefraction

194
310

95 (16.3%)
167 (28.7%)

99 (17.2%)
143 (24.8%)

0.740
0.350

Autorefraction = Anterior corneal

15

5 (0.9%)

10 (1.7%)

0.783

Anterior corneal = Ocular residual
Anterior corneal > Ocular residual

4
213

0
103 (17.7%)

4 (0.7%)
110 (19.1%)

0.061
0.802

Ocular residual > Anterior corneal

29

18 (3.1%)

11 (1.9%)

0.114

Autorefraction > Ocular residual

318

152 (26.1%)

166 (28.8%)

0.928
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Figure 7 Percentage of the signiﬁcant astigmatic differences (>0.5D) between autorefraction, anterior corneal, and ocular residual astigmatism according to the eye laterality
of all participants (n=1158).

There are usually well-known drawbacks when selecting the proper treatment policy in corneal refractive surgery. One of those drawbacks is the treatment options that
are based on topographic astigmatism only or manifest
subjective astigmatism only to design the refractive treatment option.24,25 Previous studies18,26 recommend that
LASIK treatment of astigmatism based on manifest subjective astigmatism results in a successful result only if the
preoperative refractive astigmatism arises mainly from the
anterior surface of the cornea.
Piñero et al.27 reported that the magnitude of total
refractive astigmatism did not appear to be a predictive
factor for the efﬁcacy of LASIK treatment of myopia or
myopic astigmatism. The theoretical contribution of ocular
residual astigmatism after LASIK to the total refractive
astigmatism appears to be a critical factor for the occurrence of post-LASIK unexpected astigmatic residual
refractive errors. They also concluded that attention should
be taken with cases undergoing LASIK with relatively
high ocular residual astigmatism because of its effect on
the postoperative refractive cylinder and the predictability
of refractive correction. This result still debated as many
studies28–30 analyzed the effect of ocular residual astigmatism on the effectiveness of LASIK for treating high
myopic astigmatism. They reported no statistically signiﬁcant differences in eyes with low or high ocular residual
astigmatism on postoperative outcomes and concluded that
in eyes with high myopic astigmatism undergoing LASIK,
ocular residual astigmatism was not correlated with the
residual postoperative cylinder.
The relative contribution of the optical aberrations of
the cornea and the internal ocular optics mainly with the
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crystalline lens to overall aberrations in the human eye
was investigated by Artal et al.31 They reported that the
extent of aberration of both the cornea and the crystalline
lens was more signiﬁcant than for the total eye aberrations.
This means that the cornea and the crystalline lens partially compensate for each other’s aberrations and produce
an improved retinal image and due to the fact the posterior
cornea partially cancels the anterior corneal astigmatism.16
Park et al.32 calculated the ocular residual astigmatism (the
difference between refractive and keratometric astigmatism) using corneal topography, and they found
a signiﬁcant compensation for corneal astigmatism by the
ocular residual astigmatism. They also reported that the
full compensation of corneal astigmatism by the ocular
residual astigmatism was an uncommon ﬁnding, although
under-compensation was the most common. On the other
hand, Sayed33 concluded that ocular residual astigmatism
compensation of corneal astigmatism was not supported in
their study for astigmatism.

Study Limitations
The advantages and limitations of this study are worth to
be mentioned. One of its advantages is the large sample
size compared to other studies. Second, the study is in
a uniform myopic population that would minimize the
confounding effects due to variances in the refractions of
the ocular components, and their interactions, which take
place in different refractive groups due to the different
geometric properties of these eyes. The third is the uniformity of the method of refraction, and the exclusion of
ocular pathology. However, limitations of this study were
the numbers of teenagers were underrepresented, also the
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unequal distribution of gender in the sample of the subjects. An additional disadvantage of this study is that the
axial length of the eyes was not measured. This is because
longer axial length speciﬁes a larger eye, which might
have different crystalline lens tilt and possibly foveal
eccentricity compared to eyes with shorter axial length.
In conclusion, the percentage of the signiﬁcant autorefraction astigmatism (>0.5D) is 75.4% which is mainly
anterior corneal. In 26.8% of participants, anterior corneal
astigmatism is compensated by ocular residual astigmatism. Preoperative evaluation of candidates for refractive
surgeries should consider the relations between anterior
corneal and ocular residual astigmatism as corneal refractive surgery is more effective in eyes with the astigmatic
errors primarily originates from the cornea.
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