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INTRODUCTION

	 Higher order aberrations (spherical aberrations, 
coma, trefoil) are small optical irregularities of the 
ocular refractive media. Unlike low order aberrations 
(myopia, hypermetropia, simple astigmatism) they 
cannot be corrected with spectacles or contact 
lenses. After successful correction of refractive error 
by refractive surgery, patients at times complain of 
halos, glare and decreased contrast. Authors have 
concluded that HOAs are responsible for these 
postoperative symptoms.1 Many studies in the past 
showed significant variability of HOAs among the 
individuals of same population. Popularization of 
laser corneal refractive surgery and its potential 
to induce or remove optical aberrations (both low 
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ABSTRACT
Objective: To compare the mean root mean square (RMS) of total higher order aberrations (HOAs), coma 
and spherical aberrations in individuals with myopia, hypermetropia and myopic astigmatism.
Methods: This prospective analytical study was conducted at Armed Forces Institute of Ophthalmology, 
Rawalpindi, Pakistan from Jan 2014 to Dec 2014. Two hundred eyes of 121 patients with age ranging 
from 18-40 years were included in the study. Patients were divided into 4 group namely Low myopia, 
High myopia, Astigmatism and Hypermetropia on the basis of refractive error. Included were the patients 
who had refractive error more than ± 0.5D and best corrected visual acuity (BCVA) of 0.00 or better. 
Patients who had history of surgery and / or eye disease were excluded from the study. Visual acuity (VA), 
Spherical equivalent (SE) of refractive error, RMS value of total HOAs, coma and spherical aberrations were 
evaluated. HOAs were measured with aberrometer (Wavelight analyzer version 1073) at 6 mm pupil size.
Results: Age of the patients ranged from 18 years to 40 years with mean age of 29.10±10.6 years. Seventy 
one (35.5%) were males and 129 (64.5%) were female. Mean RMS value of HOAs, coma and spherical 
aberrations was calculated in all four groups. RMS of total HOAs and spherical aberrations in hypermetropia 
was 0.96±0.96 and 0.30±0.42 respectively and it was higher than other three groups.
Conclusions: In overall comparison the mean RMS of total HOAs and spherical aberrations was significantly 
increased in hypermetropia group and there was a statistically significant negative correlation of SE of 
hypermetropia with RMS of total HOAs and spherical aberration.
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Aberrations in patients with refractive errors

order and higher order aberrations) is the main 
reason behind better understanding of the nature 
of aberrations as well as their influence on visual 
quality.2 In the normal eye, cornea is responsible for 
90% of total aberrations and Zernike polynomials 
are most commonly used to describe these 
HOAs. Advent of new diagnostic modalities and 
introduction of wave front technology has brought 
revolution in the field of corneal refractive surgery. 
These advancements has expanded the indications 
of corneal refractive surgery beyond correcting 
only low order aberrations.3

	 Zernike polynomials are divided into several 
orders, low-order aberrations (first and second 
order), and high order aberrartions (third order 
onwards). Important higher order aberrations 
include coma, trefoil and spherical aberrations 
and they are measured by root mean square (RMS) 
value which represents the ocular aberrations in 
micrometers. Values ​​of measured ocular aberrations 
in the Zernike polynomials are dependent on pupil 
diameter at the time of examination.2-4 HOAs and 
their relation to amount and type of refractive 
errors has been studied in a number of studies 
but the result are controversial. Some studies 
have shown no statistically significant correlation 
between HOAs and amount or type of refractive 
error,5-7 while others concluded a strong correlation 
of HOAs with myopia.8-11 Spherical aberrations 
were found significantly correlated with myopia by 
some authors,8 while others confined their relation 
to high myopia only,12 and still others could not 
found any statistically significant correlation.11

	 The rationale of conducting this study was to 
collect a local database of HOAs among various 
refractive errors in patients investigated for 
refractive surgery. The comparison of HAOs (in 
micrometers) with the amount and type of refractive 
error (in diopters) will help in management of these 
patients.

METHODS

	 This prospective analytical study was conducted 
at Armed Forces Institute of Ophthalmology, 
Rawalpindi, Pakistan from Jan 2014 to Dec 2014. 
Sample size was calculated on the basis of WHO 
calculator and appeared to be 200 eyes. So a total 
of 200 eyes of 121 subjects were included in the 
study by non-probability (consecutive) sampling 
technique and two eyes of the same patient were 
considered independently. Most of the patients 
were evaluated to undergo refractive surgery. 
Included were the patients with age ranging from 

18 – 40 years and refractive error more than ± 0.5 
D, while those with history of ocular disease and 
amblyopia were excluded. We categorized the 
patients into four groups on the basis of mean 
spherical equivalent (Table-I).
	 In order to generate more accurate and reliable 
results, patients were instructed to stop using contact 
lenses for at least 02 weeks prior to aberrometry. 
All patients were examined for Uncorrected visual 
acuity (UCVA) and corrected distant visual acuity 
(CDVA) followed by slit lamp examination to rule 
out conditions like dry eyes, corneal ectasia, corneal 
scar, cataract, media opacities, previous surgery 
or trauma. HOAs were measured by aberrometer 
(Wavelight Allergo Analyzer Version 1073) after 
instillation of cyclopentoalate (0.5%, 1 drop repeated 
after 15 mins) to paralyze the accommodation and 
dilate the pupil. Measurements were repeated three 
times for each eye and the best image was selected. 
Analysis was based on a pupil size of 6 mm. RMS 
value was calculated from Zernike coefficients and 
we calculated mean RMS of total HOAs, spherical 
aberrations and coma.
	 Statistical package for Social sciences (SPSS 17.0) 
for windows was used for statistical analysis. The 
data was described in terms of mean±SD (Standard 
deviation) for each group on the basis of type of 
refractive error. Linear regression analysis was used 
to assess the distributions of HOAs (total HOAs, 
coma, spherical aberration)and their correlation 
with amount and type of refractive error.(p<0.05 
significance level)

RESULTS

	 A total of 200 eyes of 121 patients were studied. 
Seventy one (35.5%) were males and one hundred 
and twenty nine (64.5%) were females. Age of the 
subjects ranged from 20 to 40 years with mean age 
of 29.1±10.6 years. Mean age of hypermetropes was 
32.3±8.33 while other three groups were 23.5±3.5, 
24.5±3.0, 23.5±3.0 for low myopia, high myopia 
and astigmatism respectively. Refractive error was 
described in terms of spherical equivalent and it 
ranged from +6.00 to - 10.50 D. RMS of total HAOs, 
spherical aberrations and coma were calculated 

Table-I: Groups of patients.
Groups	 n (%)	 Spherical	  Mean	 P value
		  equivalent	 Age

Low Myopia	 90 (45%)	 -3.4 ± 1.5	 23.5 ± 3.5	 P < 0.05
High Myopia	 30 (15%)	 -7.0 ± 1.38	 24.5 ± 3.0	 P < 0.05
Astigmatism	 38 (19%)	 -2.9 ±1.20	 23.5 ± 3.0	 P < 0.05
Hypermetropia	42 (21%)	 +2.0 ± 1.16	 32.3 ± 8.33	 P < 0.05
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and given in Table-II. The distribution of various 
HOAs across the range of refractive error is given in 
scatter graphs. (Fig. 1, 2 & 3). Correlation of SE of 
refractive error and various HOAs was analyzed and 
statistically significant is marked as * in Table-III.

DISCUSSION

	 Aberrometry has proven to be invaluable in 
detecting eyes with an abnormal optical conditions 
especially in the context of corneal refractive surgery. 
Wavefront aberrations differed widely among the 
subjects, with a mean SD of approximately 0.10 um 
for RMS of Total HOAs. The summary of optical 
quality can be deduced from aberration coefficient 
and described as RMS value in micrometers. In our 
study, we investigated ocular HOAs in patients 
with myopia, hyperopia and astigmatism. The 
main focus was on coma (third order aberrations) 
and spherical aberrations (forth order aberrations), 
as these were the most significant components of 
HOAs.13-16 Authors have concluded the mean RMS 
of Total HOAs to be 0.33um for a 6.0-mm pupil.5,17-20

	 In our study, we found that HOAs were lower in 
myopes when compared to hypermetropes (Table-
II). However this can be due to significantly higher 
mean age in hypermetropic group than myopes 
(Table-I) and studies have shown that HOAs 
increase with age.5,17-19 Marcos et al,10 reported that 
RMS of wavefront aberrations in high myopia 
(>6.0  D) has statistically significant positive 
correlation with refractive error. We in our study 
found out that there was no significant correlation 
of HOAs with amount of refractive error in all the 
groups except in hypermetropes. We, like He J et 
al.9 also found out no significant relation of myopic 
error with HOAs in contrary to Marcos et al. who 
conclude a positive correlation between the two 
(Table-III). Patients in hypermetropia group had 
statistically significant higher amount of spherical 
aberrations than other three groups as reported by 
Lorente et al.20 and Bisneto et  al.21 We also found 
out a statistically significant negative correlation 
`r` of Hypermetropia with RMS of Total HOAs and 
Spherical aberration (marked with * in Table-III).
	 Some authors have concluded HOAs to be more 
in ametropia than emmetropic eyes9 while others 
proposed no relationship or even an opposite 
relationship between refractive error and HOAs8,12,22 

and still others reporting greater higher order 
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Table-III: Shows correlation `r` between SE of
refractive error and HOAs in various groups.

* indicates statistically significant results.
Refractive Error	 Total HOAs	 Coma	 Sph. Abb

Low Myopia	 -0.017 	 -0.090	 -0.278
High Myopia	 -0.026 	 0.029	 -0.236
Astigmatism	 -0.025 	 0.104	 -0.005
Hypermetropia	 -0.664* 	 0.083	 -0.590*

Table-II: Mean RMS of total HOAs, 
spherical aberrations and coma in different groups.

	 Mean RMS value
	 Total HOA	 Coma	 Spherical 
			   Aberration

Low Myopia	 0.40 ± 0.31	 0.21 ± 0.15	 0.11 ± 0.07
High Myopia	 0.92 ± 1.08	 0.33 ± 0.24	 0.11 ± 0.10
Astigmatism	 0.36 ± 0.12	 0.28 ± 0.12	 0.13 ± 0.09
Hypermetropia	 0.96 ± 0.96	 0.38 ± 0. 27	 0.30 ± 0.42

Fig.1: Total HOA and SE.

Fig.2: Coma and SE.

Fig.3: Spherical Aberration and SE.
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aberrations in myopes compared to hyperopes.23 

Amount HOAs in our study were comparable to 
Chinese population however, we found our results 
to be higher when compared to Caucasians.6,24,25 

The currently available literature regarding the 
clinical importance of HOAs and the potential 
benefit of correcting them made us study HOAs 
in our population. We believe that our results are 
important but studies on larger sample size are 
required to further evaluate, analyze and compare 
not only the changes in HOAs with refractive error 
but also their effect on patients` quality of vision.

CONCLUSIONS

	 In overall comparison we noticed the mean 
RMS of total HOAs and spherical aberrations 
were significantly higher in hypermetropia group 
and there was a statistically significant negative 
correlation between SE of hypermetropia and RMS 
of Total HOAs.

REFERENCES
1.	 Karimian F, Feizi S, Doozande A. Higher order aberrations 

in Myopic patients. J Ophthalmic Vis Res. 2010;5:3-9.
2.	 Bisneto OS, Temporini ER, Arieta CE, Moreira H. 

Relationship between high-order aberrations and age and 
between high-order aberrations and refraction errors. Arq 
Bras Oftalmol. 2007;70:290-297.

3.	 Hashemian SJ, Soleimani M, Foroutan A, Joshaghani M, 
Ghaempanah MJ, Jafari ME, et al. Ocular higher order 
aberrations and mesopic pupil size in individuals screened 
for refractive surgery. Int J Ophthalmol. 2012;5:222-225.

4.	 Lim KL, Fam HB. Ethnic differences in higher-order 
aberrations: Spherical aberration in the South East Asian 
Chinese eye. J Cataract Refract Surg. 2009;35:2144-2148. 

5.	 Porter J, Guirao A, Cox I, Williams D. Monochromatic 
aberrations of the human eye in a large population. J Optical 
Soc Am. 2001;18:1793-1803.

6.	 Cheng X, Bradley A, Hong X, Thibos L. Relationship 
between refractive error and monochromatic aberrations of 
the eye. Optometry Vision Sci. 2003;80:43-49.

7.	 Cheng H, Singh O, Kwong K, Xiong J, Woods B, Brady 
T. Shape of the myopic eye as seen with high-resolution 
magnetic resonance imaging. Optometry Vision Sci. 
1992;69(9):698-701. 

8.	 Collins MJ, Wildsoet CF, Atchinson DA. Monochromatic 
aberrations and myopia. Vision Res. 1995;35:1157-1163.

9.	 He JC, Sun P, Held R, Thorn F, Sun X, Gwiazda, JE. 
Wavefront aberrations in eyes of emmetropic and 
moderately myopic school children and young adults. 
Vision Res. 2002;42:1063-1070.

10.	 Marcos S, Barbero S, Llorente L. The sources of optical 
aberrations in myopic eyes. Investigative Ophthalmol 
Vision Sci. 2002;43:1510.

11.	 Paquin M, Hamam H, Simonet P. Objective measurement 
of optical aberrations in myopic eyes. Optometry Vision Sci. 
2002;79:285-291.

12.	 Carkeet A, Luo H, Tong L, Saw S, Tan D. Refractive error 
and monochromatic aberrations in Singaporean children. 
Vision Res. 2002;42:1809-1824.

13.	 De Castro LE, Sandoval HP, Bartholomew LR, Vroman 
DT, Solomon KD. High-order aberrations and preoperative 
associated factors. Acta Ophthalmol Scand. 2007;85:106-110.

14.	 Wang L, Koch DD. Ocular higher-order aberrations in 
individuals screened for refractive surgery. J Cataract 
Refract Surg. 2003;29:1896-1903.

15.	 Carkeet A, Leo SW, Khoo BK, Au Eong KG. Modulation 
transfer functions in children: pupil size dependence 
and meridional anisotropy. Invest Ophthalmolvis Sci. 
2003;44:3248-3256.

16.	 Wang Y, Zhao K, Jin Y, Niu Y, Zuo T. Changes of higher 
order aberration with various pupil sizes in the myopic eye. 
J Refract Surg. 2003;19:270-274.

17.	 Applegate RA, Thibos LN, Hilmantel G. Optics of 
aberroscopy and super vision. J Cataract Refract Surg. 
2001;27:1093-1107.

18.	 McLellan JS, Marcos S, Burns SA. Age-related changes in 
monochromatic wave aberrations of the human eye. Invest 
Opthalmol Vis Sci. 2001;42:1390-1395.

19.	 Guirao A, Redondo M, Artal P. Optical aberrations of the 
human cornea as a function of age. J Opt Soc Am A Opt 
Image Sci Vis. 2000;17:1697-1702.

20.	 20.Llorente L, Barbero S, Cano D, Dorronsoro C, Marcos S. 
Myopic versus hyperopic eyes: axial length, corneal shape 
and optical aberrations. J Vis. 2004;22:288-298.

21.	 Bisneto OS, Temporini ER, Arieta CE, Moreira H. 
Relationship between HOAs and age and between high-
order aberrations and refraction errors. Arq Bras Oftalmol. 
2007;70:290-297.

22.	 Wei RH, Lim L, Chan WK, Tan DT. Higher order ocular 
aberrations in eyes with myopia in a Chinese population. J 
Refract Surg. 2006;22:695-702.

23.	 Kirwan C, O’Keefe M, Soeldner H. Higher-order aberrations 
in children. Am J Ophthalmol. 2006;141:67-70.

24.	 Lim KL, Fam HB. Ethnic differences in higher-order 
aberrations: Spherical aberration in the South East Asian 
Chinese eye. J Cataract Refract Surg. 2009;35:2144-2148.

25.	 Montes-MicoR, Celiz A, Alio JL. Wavefront analysis of 
higher order aberrations in dry eye patients. J Refract Surg. 
2004;20:243-247.

Authors Contribution:

Muhammad Saim Khan: Conception, design and 
drafting.
Sadia Humayun: Critical revision of article.
Aisha Fawad: Data analysis and interpretation.
Mazhar Ishaq: Final approval of version to be 
published. 
Sabahat Arzoo: Data acquisition and drafting in 
Optometry and Orthoptics.
Fawad Mashhadi: Statistical Analysis.

Aberrations in patients with refractive errors

http://www.ncbi.nlm.nih.gov/pubmed?term=Karimian%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22737320
http://www.ncbi.nlm.nih.gov/pubmed?term=Feizi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22737320
http://www.ncbi.nlm.nih.gov/pubmed?term=Doozande%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22737320
http://www.ncbi.nlm.nih.gov/pubmed/22737320
http://www.ncbi.nlm.nih.gov/pubmed/17589702
http://www.ncbi.nlm.nih.gov/pubmed/17589702
http://www.ncbi.nlm.nih.gov/pubmed?term=Hashemian%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=22762055
http://www.ncbi.nlm.nih.gov/pubmed?term=Soleimani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22762055
http://www.ncbi.nlm.nih.gov/pubmed?term=Foroutan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22762055
http://www.ncbi.nlm.nih.gov/pubmed?term=Joshaghani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22762055
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghaempanah%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=22762055
http://www.ncbi.nlm.nih.gov/pubmed?term=Jafari%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=22762055
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ocular+higher-order+aberrations+and+mesopic+pupil+size+in+individuals+screened+for+refractive+surgery
http://www.ncbi.nlm.nih.gov/pubmed?term=Lim%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=19969221
http://www.ncbi.nlm.nih.gov/pubmed?term=Fam%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=19969221
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lim+KL%2C+Fam+HB.+Ethnic+differences+in+higher-order+aberrations%3A+Spherical+aberration+in+the+South+East+Asian+Chinese+eye.+2009%3B35%3A2144-2148

