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Purpose: To determine the percentage of contribution of the magnitude of posterior corneal 
astigmatism to total corneal astigmatism using Scheimpflug imaging.
Methods: This prospective cross-sectional study was conducted on 356 eyes of 356 patients, 
where the total corneal astigmatism was calculated by addition of anterior and posterior 
corneal astigmatism using vector analysis and then the percentage of posterior to total 
corneal astigmatism was calculated.
Results: The percentage of contribution of posterior to total corneal astigmatism was about 30% in 
patients with With The Rule astigmatism and about 8% in patients with Against The Rule 
astigmatism.
Conclusion: Posterior corneal astigmatism should not be neglected during calculation of 
total corneal astigmatism as neglecting posterior corneal astigmatism can result in errors 
during calculation and correction of astigmatism.
Keywords: posterior corneal astigmatism, total corneal astigmatism, Scheimpflug imaging, 
vector analysis

Introduction
Astigmatism is an error of refraction in which incident parallel rays cannot be focused to 
a single point. It could be corneal or lenticular astigmatism or both. Regarding Corneal 
astigmatism it is due to the difference in the corneal curvature in the different meridian of 
both the anterior and posterior surface.1 The anterior and posterior corneal surfaces 
contribute to total corneal astigmatism. Traditionally corneal power and astigmatism 
have been calculated based on anterior corneal measurements only, assuming a fixed 
posterior–anterior curvature ratio to estimate the contribution of posterior corneal power.

Newer technologies, such as slit-scanning technology, Scheimpflug devices, and 
optical coherence tomography are now used in the clinical setting for measuring the 
posterior corneal surface.2 However, it has been shown that relying only on the anterior 
corneal surface measurement and neglecting the relationship between the anterior and 
posterior corneal surfaces can lead to unacceptable intraocular lens (IOL) power calcula-
tion results after corneal refractive surgery and in errors during calculation of toric 
IOLs.3,4

The purpose of our study was to determine the percentage of contribution of the 
posterior corneal astigmatism to the total corneal astigmatism in a sample of 
Egyptian population using Scheimpflug technology.
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Patients and Methods
This prospective cross-sectional study was conducted on 
356 eyes of 356 candidates presenting for refractive 
surgery in the interval between July 2019 and 
December 2019. The study was approved by both the 
Ethical Review Boards of Kasr Al Aini Medical School 
and Cairo University with an approval number of Ms- 
184-2019 and followed the principals of the Declaration 
of Helsinki. The study was registered with 
ClinicalTrials.gov with a unique identifier: 
NCT04393740. The Cairo University Ethical Board pro-
hibits the sharing of patient data in public depositories 
and any specific individual patient data can be obtained 
after a formal request to the Department of 
Ophthalmology Administrative office, Cairo University 
(ophthcairouni@gmail.com).

All patients were properly informed of the study and 
signed informed consent forms explaining the procedure 
and that their preoperative and postoperative scans will be 
used for scientific publication.

We included patients with corneal astigmatism (0.5D 
up to 4D), myopia up to −8D, Hyperopia up to +4D, 
patients with clear cornea and good quality Scheimpflug 
analyzer scans. We excluded patients with any history of 
cornel surgery or with co-existing corneal pathology. All 
candidates underwent Scheimpflug imaging using 
Pentacam (Oculus, Wetzlar, Germany). From the corneal 
parameters displayed on pentacam we calculated the: 
Anterior corneal astigmatism by subtracting ksteep– kflat 
on the front surface, posterior corneal astigmatism by 
subtracting ksteep– kflat on the Back surface. Total cor-
neal astigmatism was calculated by addition of the anterior 
and posterior corneal astigmatism using Vector analysis 
using the “ASSORT vector calculator”. Percentage of 
Contribution of the posterior corneal astigmatism to the 
magnitude of the total corneal astigmatism is then calcu-
lated. The ASSORT vector calculator is total planning and 
outcomes analysis software for astigmatism using Alpins 
method, cheltman, Victoria, Australia.

Statistical Analysis
Data were statistically described in terms of mean±standard 
deviation (M±SD). Data were tested for the normal assump-
tion using Kolmogorov Smirnov test. Comparison between 
the study groups was done using Student t-test for indepen-
dent samples in comparing normally distributed data and 
Mann Whitney U-test for independent samples for 

comparing not-normal data. Two-sided P-values less than 
0.05 was considered statistically significant. All statistical 
calculations were done using computer program IBM SPSS 
(Statistical Package for the Social Science; IBM Corp, 
Armonk, NY, USA) release 22 for Microsoft Windows.

Results
Our study included 356 eyes of 356 candidates, age range 
of 18–45 years presenting for refractive surgery. All of 
them underwent Scheimpflug imaging using Pentacam 
(Oculus, Wetzlar, Germany). Patients were divided into 
two groups according to the type of astigmatism: Group 
1: With the rule astigmatism (314 patients), Group 2: 
Against the rule astigmatism (42 patients).

In our study, mean anterior astigmatism in patients 
with Against the rule astigmatism was 1.205, and mean 
anterior astigmatism in patients with With the rule astig-
matism was 1.825 and this was statistically significant 
(P<0.001) (Figure 1).

The mean value of posterior astigmatism was 0.418 
(±0.2296). In patients with With the rule astigmatism the 
value was 0.46 (±0.1931), and in patients with Against the 
rule astigmatism the value was 0.107 (±0.2433) and 
the results were statistically significant (P<0.001) 
(Figure 2).

Contributions of anterior and posterior astigmatism in 
patients with With the rule astigmatism and in patients 
with Against the rule astigmatism are shown in Tables 1 
and 2 respectively.

In our study, the mean contribution of posterior corneal 
astigmatism to total corneal astigmatism in all patients was 
0.303 (±0.28) and in patients with Against the rule astig-
matism it was 0.081 (±0.25), and in patients with With the 
rule astigmatism it was 0.331 (±0.28) with a P<0.001, 
which is statistically significant (Table 3) (Figure 3).

To sum up, the mean percentage of contribution of 
posterior astigmatism to total corneal astigmatism was 
about 30% in patients with With the rule astigmatism 
and 8% in patients with Against the rule astigmatism so 
the percentage of contribution of posterior corneal astig-
matism to total corneal astigmatism is less in patients with 
Against the rule astigmatism.

Discussion
Corneal astigmatism is due to the difference in the corneal 
curvature in the different meridian of both the anterior and 
posterior surface.1
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Previously, the change in the posterior corneal surface 
was considered to play a more subtle role than the anterior 
corneal surface in optical performance because of the smal-
ler difference in refractive indices between the cornea and 

aqueous, and it has been thought that the magnitude of PCA 
in the normal population is clinically negligible.5,6 But 
recent studies have found that the contribution of posterior 
corneal astigmatism is significant and cannot be neglected.

Figure 1 Percentage of the posterior corneal astigmatism to the total corneal astigmatism.

Figure 2 Mean posterior astigmatism in study groups.
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In our study, we evaluated the contribution of posterior 
corneal astigmatism to total corneal astigmatism in 356 
eyes using corneal tomography, Scheimpflug imaging 
using Pentacam (Oculus, Wetzlar, Germany). In our 
study, the mean magnitude of posterior corneal astigma-
tism was 0.418 (±0.23). In patients with With the rule 
astigmatism it was 0.46 (±0.19) and in patients with 
Against the rule astigmatism it was 0.107 (±0.24). The 

Table 2 Contribution of Anterior and Posterior Astigmatism in Patients with Against the Rule Astigmatism

n Ant 
Astigmatism

Ant. 
Axis

Post 
Astigmatism

Post. 
Axis

Total. 
Astigmatism

Total 
Axis

Post/ 
Total

Against the 
rule

Mean 1.205 3.08 0.107 177.43 1.320 3.00 0.081

N 42 42 42 42 42 42 42
SD 0.6313 130.305 0.2433 149.989 0.7219 133.512 0.2526

Median 1.100 4.45 0.200 169.85 1.280 2.00 0.156

Table 1 Contribution of Anterior and Posterior Astigmatism in Patients with the Rule Astigmatism

Group Ant 
Astigmatism

Ant. 
Axis

Post 
Astigmatism

Post. 
Axis

Total 
Astigmatism

Total. 
Axis

Post/ 
Total

With the 
rule

Mean 1.825 86.74 0.460 94.14 1.390 85.00 0.331

N 314 314 314 314 314 314 314

SD 0.8763 76.294 0.1931 77.081 1.1484 74.995 0.2815
Median 1.700 83.60 0.400 100.10 1.380 80.00 0.290

Table 3 Contribution of Posterior/Total Astigmatism in Study 
Groups

Item Against the Rule With the Rule P-value

Mean SD n Mean SD n

Post/ 
total

0.081 0.2526 42 0.331 0.2815 314 <0.001

Figure 3 Percentage of the posterior corneal astigmatism to the total corneal astigmatism.
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percentage of contribution of the magnitude of posterior 
corneal astigmatism to total corneal astigmatism in our 
356 patients was 30%, in patients with With the rule 
astigmatism it was 33%, and in patients with Against the 
rule astigmatism it was 8%.

Our results are similar to the results of Koch et al, who 
evaluated the contribution of posterior corneal astigmatism 
to the magnitude of total corneal astigmatism using a Dual 
Scheimpflug analyzer (Galilei). The mean magnitude of 
posterior corneal astigmatism was 0.30 (±0.15 D). They 
also found that the anterior corneal measurements alone 
underestimate total corneal astigmatism by nearly 0.22D 
and this error exceeds 0.50D in 5% of eyes. They also 
concluded that the posterior corneal astigmatism tends to 
partially compensate for anterior corneal astigmatism in 
young adults with With the rule astigmatism and to 
increase total corneal astigmatism in older individuals. 
Because in most eyes posterior corneal astigmatism is 
aligned vertically, the error during toric IOL calculation 
would be overcorrection in eyes with WTR anterior cor-
neal astigmatism and undercorrection in eyes with ATR 
astigmatism.2

Also, our results were comparable to those obtained by 
Duane et al, who evaluated the posterior astigmatism 
toricity using Polaroid images, the posterior corneal sur-
face radii were calculated along each meridian assuming 
a value of 1.3771 for the corneal refractive index. It was 
conducted on 80 eyes, the mean magnitude of posterior 
corneal astigmatism was 0.38±0.03. They found that the 
posterior corneal surface of both gender groups exhibits 
more toricity than the anterior corneal surface so it was 
concluded that the simple addition of a posterior corneal 
surface of equal toricity to the anterior cornea had the 
dioptric effect of reducing the total corneal astigmatism 
by approximately 5%.7

Similarly, were the results of Dubbleman et al, who 
conducted a study to determine the shape and astigmatism 
of the posterior corneal surface in a healthy population, 
using Scheimpflug Photography (Topcon SL-45 camera). 
The mean magnitude of posterior corneal astigmatism was 
an average of 0.32±0.01, and the astigmatism of the pos-
terior corneal surface (0.305D) compensates the astigma-
tism of the anterior corneal surface (0.99D) with 31%.8

Our results were also similar to the results of Ho et al. 
The corneal astigmatisms of 493 subjects were measured 
using a rotating Scheimpflug camera (Pentacam; Oculus, 
Wetzlar, Germany). The keratometric corneal astigmatism 
(KA) was obtained by using the anterior corneal surface 

measurement and the keratometric index (1.3375) while 
neglecting the posterior corneal surface measurement. The 
mean arithmetic and absolute estimation errors of the total 
corneal astigmatism using keratometric index and constant 
anteroposterior ratio without the need for measurement of 
the posterior corneal surface was 0.06±0.28 diopter, which 
means that it provides a good estimation of the posterior 
corneal power. They concluded that neglecting the poster-
ior corneal surface measurement may lead to significant 
deviation in the corneal astigmatism.9

On the other hand, our results were different than the 
results of Prisant et al, who conducted a study to detect 
whether vector summation of anterior and posterior topo-
graphical astigmatism improves the prediction of refrac-
tive astigmatism better than anterior topographical 
astigmatism alone. The mean posterior astigmatism was 
0.66 (±0.23), which is more than our results.10

Our results were also different from those of Modis 
et al, who conducted a study on 88 healthy corneas of 44 
normal subjects, the mean magnitude of posterior corneal 
astigmatism was 0.78 (±0.61). This difference can be 
attributed to their smaller sample size and using 
a different device to assess the posterior corneal astigma-
tism (scanning slit topography).11

To our knowledge no other studies have assessed the 
contribution of posterior corneal astigmatism as a percentage 
of total corneal astigmatism in an Egyptian population.

In conclusion studying the posterior corneal astigma-
tism is of utmost importance in the measurement of the 
toric IOLs which are used to correct astigmatism. Accurate 
calculation of the toric IOL power requires accurate mea-
surement of the total astigmatism, including both the ante-
rior and posterior corneal astigmatism, as neglecting the 
posterior corneal astigmatism can lead to undercorrection 
of Against the rule astigmatism and overcorrection of With 
the rule astigmatism.
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