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Abstract

Purpose: To evaluate the correlation between refractive, corneal, and residual astigmatism and higher order aberrations (HOA) in refractive
surgery candidates.
Methods: Three hundred and seventy-five eyes of 188 patients aged 28.2 ± 6.24 years with a predominance of females (62.7%) were enrolled in
this study. Refraction, topography (Orbscan IIz, Bausch & Lomb, Rochester, NY, USA), and aberrometry (Zywave, Bausch & Lomb, Rochester,
NY, USA) were performed to determine refractive and corneal astigmatism and HOA for all participants. Ocular residual astigmatism was
calculated using vector analysis.
Results: The mean spherical equivalent was �3.59 ± 1.95 D and the mean refractive astigmatism was �1.97 ± 1.3 D. The mean HOA was
0.38 ± 0.15 mm in all cases, which increased with spherical equivalent (p < 0.05). There was a positive significant correlation between both
corneal and refractive astigmatism and HOA (p < 0.05), but there was no significant correlation between residual astigmatism and HOA
(p ¼ 0.122).
Conclusion: The results of the study showed significant correlations between corneal and refractive astigmatisms and HOA.
Copyright © 2016, Iranian Society of Ophthalmology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Refractive errors are the most common vision problem in
the world. According to different studies, astigmatism com-
prises about 13% of the refractive errors of the human eye.1e4

Numerous investigations have reported the prevalence of
astigmatism at different ages in both rural and urban pop-
ulations.5e7 Image distortion and blurring are different ac-
cording to the type of astigmatism (refractive, corneal, or
ocular residual astigmatism).

There is no financial interest for authors in any methods or materials

mentioned in this article. This article has not been presented at any meeting

before.

* Corresponding author: School of Allied Medical Sciences, The Campus of

Mazandaran University of Medical Sciences, Km 18 Khazarabad Road, Sari,

Iran. Tel.: þ98 1133543246; fax: þ98 1133542469.

E-mail address: zahra.heidari77@yahoo.com (Z. Heidari).

Peer review under responsibility of the Iranian Society of Ophthalmology.

Available online at www.sciencedirect.com

ScienceDirect

Journal of Current Ophthalmology 28 (2016) 112e116
http://www.journals.elsevier.com/journal-of-current-ophthalmology

http://dx.doi.org/10.1016/j.joco.2016.04.007

2452-2325/Copyright © 2016, Iranian Society of Ophthalmology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:zahra.heidari77@yahoo.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.joco.2016.04.007&domain=pdf
www.sciencedirect.com/science/journal/24522325
http://dx.doi.org/10.1016/j.joco.2016.04.007
http://dx.doi.org/10.1016/j.joco.2016.04.007
http://www.journals.elsevier.com/journal-of-current-ophthalmology
http://dx.doi.org/10.1016/j.joco.2016.04.007
http://creativecommons.org/licenses/by-nc-nd/4.0/


In the past, refractive errors were corrected only with
glasses and contact lenses, but with the availability of a variety
of lasers today, different surgical procedures are employed.
According to some studies, complaints such as halo and
double vision may be encountered with a prevalence of
3e43% even when surgery is successful. Aberrations are the
main reason for post-surgical dissatisfaction and low visual
quality.8,9

High-order aberrations (HOA) cannot be corrected by
conventional refraction parameters (sphere, cylinder, and
axis). Now, with the development of lasers methods and sur-
gical procedures, Wavefront technology can examine and
correct optical errors better.10,11 Customized ablation can
reduce aberrations and improve the visual quality to achieve a
super-normal vision (a normal vision of 20/15 or better).8

The best method to evaluate the effect of refractive surgery
on the general image quality is by measuring aberrations prior
to surgery. Accordingly, corneal surface changes for the
correction of the retinal image can be predictable.12e14 Many
studies have compared different methods of surgery with
different lasers, but there is no standard method; therefore,
some surgeons correct all HOAs while others correct only
certain ones, indicating the need for more research to improve
the laser algorithms.15,16

Although it is now accepted that HOA affect refractive
errors, there is controversy about the correlation between the
two.17e19

The aim of the present study was to evaluate the correlation
of HOA with the type and the amount of astigmatism in eyes
with astigmatism.

Methods

In this cross-sectional descriptive study, we examined 188
patients (375 eyes) from May 2011 to June 2013 at Farabi Eye
Hospital. The study protocol was completely explained to
the patients, and informed written consent forms were signed
by all.

All the participants had normal ocular examinations except
for refractive error. The mean age of patients was 28.2
years ± 6.24 (range: 20e52 years), and 62.7% of them were
female. Spherical refraction was between �1.70 D and �9.23
D.

Inclusion criteria were age 20 years or older, regular
astigmatism with cylinder �6D, and a best spectacle-corrected
visual acuity (BCVA) of 20/25 or better.

Exclusion criteria were a history of ocular or corneal sur-
gery or trauma, corneal scar, lens or media opacity (might alter
vision and Wavefront measurements), irregular astigmatism on
corneal topography, keratoconus, dry eye, lid abnormalities,
pregnancy, and consumption of certain drugs.

The Institutional Review Board of Tehran University of
Medical Sciences approved the study, and the study protocol
complied with the Declaration of Helsinki.

Refraction, topography, and aberrometry were done to
determine refractive, corneal, and residual astigmatism and
HOA for all participants. Preoperative examinations included

the measurement of visual acuity with an Snellen E chart and
refractive astigmatism by manifest refraction using Zywave
aberrometry predicted phoropter refraction (PPR) (Bausch &
Lomb, Rochester, NY, USA). Zywave's estimate of refractive
error was then compared with subjective manifest refraction
and confirmed with the HEINE BETA 200 retinoscope
(Herrsching, Germany) and Topcon RM8800 auto-refracto
meter (Tokyo, Japan). The repeatability and validity of
Zywave's refractive error measurements were previously
confirmed.9 Corneal topography with the Orbscan IIz (Bausch
& Lomb, Rochester, NY, USA) was done to determine corneal
astigmatism based on simulated keratometry (Sim K). Resid-
ual astigmatism was calculated through subtraction of refrac-
tive from corneal astigmatism using vector analysis (the Kaye
and Patterson method).20,21

The patients were divided into three groups according to
the amount of refractive astigmatism (Astigmatism� 0.75 D,
0.75 < Astigmatism� 2.00 D, Astigmatism > 2.00 D).22

The correlation between the amount of astigmatism and
HOA was evaluated in three astigmatic groups. Aberrometry
was performed using the Zywave II Hartman Shack Aberr-
ometer (Bausch & Lomb) in a dark room when a pupil
diameter of 6 mm was achieved.23,15 The system computed the
average of three best compatible measurements after rejecting
the two measurements with higher deviations from the mean.
All measurements were performed by one experienced
optometrist. Zernike polynomials were used for data analysis.
The analyzed parameters included HOA in all cases.

Statistical analysis

Descriptive and statistical analyses including mean and
standard deviation were analyzed with SPSS version 20.
Analysis of variance (ANOVA) was performed to evaluate the
effect of preoperative refractive error on HOA in the three
groups.

Linear regression was used to investigate the relationship
between the variables. In addition, the astigmatism power vector
analysis was used for analysis. Both eyeswere defined as clusters
and the Generalized Estimating Equations (GEE) analysis was
performed. All the analyses were adjusted for age and gender.

A p value < 0.05 was considered statistically significant.

Results

According to the cylinder power, 315 eyes (78.9%) had
refractive astigmatism, 340 eyes (85.4%) had corneal astig-
matism, and 159 eyes (39.1%) had residual astigmatism more
than 0.75 D. The mean spherical equivalent refractive error
and HOA in patients was �3.59 ± 1.95 D and 0.38 ± 0.15 mm,
respectively (Table 1).

Table 2 shows the association between the amount of
astigmatism and HOA. Accordingly, HOA increased with the
increase in the amount of astigmatism in the sub groups.

As Fig. 1 shows, there was a positive significant correlation
between corneal astigmatism and HOA (Pearson
Correlation ¼ 0.157; p ¼ 0.003).
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