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Abstract

Purpose: To evaluate the association among age, gender, central corneal thickness (CCT), anterior chamber depth
(ACD) and higher-order aberrations (HOAs) of cornea in Chinese people with emmetropia by Pentacam.

Methods: Prospective, a non-randomized population-based study. All subjects came spontaneously for consultation
and were subdivided into six age-groups. One thousand two hundred and six candidates (605 male, 601 female) were
tested and underwent Anterior segment examination by Pentacam. These parameters were measured: 1) root mean
square-HOA (RMS-HOA) from anterior and posterior cornea, 2) RMS of coma, secondary astigmatism and spherical
aberration (SA) from anterior and posterior cornea, 3) CCT and ACD.

Results: For analysis of variance (ANOVA) between genders, there were statistical differences on: 1) anterior
corneal HOAs of x-coma, y-coma and SA (F=5.643, P=0.018; F= 16.971, P=0.000; F=23.443, P=0.000); 2) total corneal
HOAs of y-coma and SA (F=12.906, P=0.000; F=111.590, P=0.000). There was significant different between y-second
astigmatism of anterior corneal surface and age (r?=0.023, p<0.000), that of posterior corneal surface and age (r?
=0.021, p=0.001), between RMS-HOAs of anterior corneal surface and age (r? =0.259, p<0.000), that of posterior
corneal surface and age (r?=0.055, p=0.001), that of total corneal surface and age (r>=0.359, p<0.000).

Conclusion: a) For the ethnic, there was a significant difference on magnitude of corneal HOAs between Chinese
people and the other people. b) Pentacam can provide a more precise data of posterior cornea HOAs which seldom

reported before.
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Emmetropia; Age; Gender; Anterior Chamber Depth; Central Corneal
Thickness

Introduction

Aberration as an element of vision quality assessment is defined
as the difference between a real image and an ideal image and if it
occurs, the quality of vision becomes poorer. Both the anterior corneal
surface and the internal optics (the posterior cornea, crystalline lens)
contribute to the aberration of a wavefront passing through the eye.
Although we are usually interested in the total wavefront aberration of
the eye (ocular wavefront aberration), it is sometimes valuable to know
the contribution that the cornea (or more strictly the anterior air-tear
film interface; posterior corneal surface and total cornea surface) makes
to the total aberration. This can be estimated from the surface height
data provided by corneal topographers. Pentacam Instruments are now
beginning to become available which combine an aberrometer with
a corneal topographer and can thus yield the wavefront aberrations
of both the whole cornea alone and anterior or posterior corneal
aberration, respectively [1] (Figure 1).

Another fact is that corneal and ocular HOAs have been studied
for many years; it is only relatively recently that the aberrational
characteristics of large populations of normal subjects have been
analyzed in Zernike terms [2-4]. While inevitably their results
show some differences due to the slightly different ages and other
characteristics of the populations involved, Salmon and van de Pol
established the population norms of ocular aberrations in a large
cohort of 2560 eyes; all but 134 eyes were from white populations (171
eyes, Spain; 2255 eyes, United States; 134 eyes, Japan) [5]. Higher order
ocular aberrations of Chinese population with myopia were reported
recently [6], but the parameters of HOAs were not completed and only
reflected the population of ametropia. Basic data regarding corneal

HOAs, such as the distribution in the population and changes with
increasing aging, are essential for understanding the nature of each
aberration and correcting it.

Hence, the purpose of this study were: firstly, to obtain information
about characters of anterior and posterior corneal HOAs in the Asian
eyes of Chinese people with emmetropia and to compare them with
findings in other series in the literature; secondly, to determine their
relationships with age, gender, CCT and ACD.

Materials and Methods

This study was designed as a prospective, randomized study and
followed the tenets of the Declaration of Helsinki. Informed consent
was obtained from each candidate.

A total of 1026 eyes of 1206 candidates, 605 male (50.2%), 601
female (49.8%) were examined, only right eyes were considered. Corneal
HOAs were computed from the central 6.0 mm zone of the corneal
topographic maps. All Subjects came spontaneously for consultation
and were subdivided into six age groups. The subjects were submitted
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Figure 1: Pentacam showed the wavefront aberrant of anterior, posterior and total surface of cornea.

to ophthalmic examination in the Department of Excimer Laser Center
from September 2009 to April 2010.

Patients’ examinations
The same ophthalmologist performed all ocular examination.

None of the subjects had any ocular disease other than lower
refractive errors, such as myopia, hyperopia (spherical equivalent within
the range -0.88D to +0.75D) and regular forms of astigmatism<+1.00D.

Exclusion criteria were best-corrected visual acuity <20/25, dry eye,
previous ocular surgery, irregular astigmatism or inferior asymmetry
in the topography, contact lens users, history and presence of cataracts
or other ocular opacities and systemic diseases. The Lens Opacities
Classification System III was used to assess lens transparency. Only
clear lens were accepted. Finally, 976 candidates (485 male, 491 female)
of 976 eyes in the initial cohort met the inclusion criteria, mean age of
34.97 £ 20.74 years (range 16-83 years) (Table 1).

Pentacam imaging Scan

Pentacam Instruction Manual measurement and Evaluation System
guided measurement for the Anterior Eye Segment.

For all the candidates, Scanning was performed using a rotating
Scheimpflug camera (Oculus Pentacam Rotating Scheimpflug Camera;
Oculus, Wetzlar, Germany; Pentacam software version 1.09). The
candidate is seated with his or her chin on a chin rest and forehead
against the forehead strap and is asked to fixate straight ahead on

a fixation target. The operator visualizes a real-time image of the
candidate’s eye on a computer screen, with the machine marking the
pupil edge and center and corneal apex. To reduce operator-dependent
variables, the automatic release mode of the Pentacam was used to
automatically determine when correct focus, alignment with the
corneal apex had been achieved and then to capture an image.

The anterior surface of the cornea is calculated with no optical
distortion and the tear film has no effect on measurements. Imaging
was performed using the 50 scans setting obtained in 2 seconds and
saved in jpeg format.

Zernike analysis

Clicking on [Display] in the upper menu bar and then on [Zernike
Analysis] opens a screen with freely selectable color. They are useful for
analyzing corneal wavefront aberration because they directly provide
a series of data of corneal aberration co-efficient in a single screen,
including Wavefront Aberration Cornea Front, Wavefront Aberration
Cornea Back, Wavefront Aberration Cornea, RMS-Total, RMS-LOA
and RMS-HOA.

Repeatability of the system

To determine the repeatability of this system, three Pentacam
scans were performed on each eye, and three tomograms of anterior
and posterior corneal surface were obtained. Each candidate was asked
to sit back and relax for 3 minutes between scans. The average value
of three measurements was regarded as analyzed data. The joystick
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Gender*
Age (y) Male (eye) Female (eye) CCT (um) A.C.D (mm)
16-25 (n=189) |90 99 540.62+33.87 2.91+0.15
26-35 (n=122) |58 64 539.33+26.96 | 2.90+0.16
36-45 (n=143) |73 70 539.0645.81 2.88+0.08
46-55 (n=210) 100 110 538.44+30.73 2.81+0.07
56-65 (n=126) 74 52 537.66+27.18 2.30+0.26
>65 (n=186) 90 96 534.88+14.10 |2.27+0.39
Total 485 491 538.74428.31 |2.74+0.31
*¥2=0;n=5;p=1
Table 1: Characteristics of age groups.
Gender
Male Female F P
CCT 539.78+28.75 |537.87+27.90 1.106 0.293
A.CD 2.74+0.32 2.69+0.33 9.32 0.002**
Anterior surface of cornea
x-coma 0.011+0.239 0.045+0.251 5.643 0.018*
y-coma -0.064+0.168  -0.017+0.162 | 16.971 |0.000**
spherical aberration 0.257+0.133 0.172+0.186 23.443  0.000**
x-second astigmatism -0.020+£0.088  -0.018+0.091 0.430 0.512
y-second astigmatism -0.027+0.119 -0.023+0.111 0.568 0.451
RMS-HOA 0.193+0.119 0.204+0.131 1.784 0.182
Posterior surface of cornea
x-coma 0.000+0.068 0.005+0.088 1.801 0.180
y-coma -0.006+0.054  -0.009+0.066 |0.877 0.349
spherical aberration -0.128+0.091 -0.125+0.088 | 0.005 0.943
x-second astigmatism -0.002+0.029 | 0.001+0.033 3.728 0.054
y-second astigmatism -0.039+0.109  -0.031+0.073 3.037 0.082
RMS-HOA 0.059+0.017 0.058+0.016 1.685 0.195
Total surface of cornea
x-coma 0.035+0.260 0.028+0.268 1.382 0.240
y-coma -0.099+0.153  |0.031+0.115 12.906 |0.000**
spherical aberration 0.200+0.131 0.295+0.132 111.590 |0.000**
x-secondary astigmatism |-0.008+0.089  -0.003+0.090 | 0.048 0.827
y-secondary astigmatism |-0.025+0.102  -0.034+0.104 | 0.576 0.448
RMS-HOA 0.176+0.098 0.177+0.099 0.168 0.682

*ANOVA is significant at the 0.05 level (2-tailed)
**ANOVA is significant at the 0.01 level (2-tailed)

Table 2: Data of CCT, ACD and cornea HOAs in terms of gender.

RMS-HOA (um, meanSD)
Anterior surface of Posterior surface of Total surface of

Age (Year)
cornea cornea cornea

16-25 0.540+0.070 0.049+0.017 0.517+0.040
26-35 0.550+0.062 0.062+0.015 0.518+0.045
36-45 0.550+0.025 0.055+0.014 0.525+0.011
46-55 0.545+0.073 0.064+0.013 0.633+0.122
56-65 0.662+0.184 0.060+0.020 0.637+0.075
>65 0.681+0.006 0.062+0.028 0.658+0.010
Total 0.598+0.125 0.059+0.017 0.575+0.098

Table 3: Data of RMS at each age group.

of the Pentacam system was completely retracted after each scan
and subsequently realigned to ensure that every measurement was
independent of the previous one.

Statistical analysis

Parameters to be analyzed were 1) RMS of HOA from anterior and
posterior cornea, 2) co-efficient of coma, secondary astigmatism and
spherical aberration (SA) from anterior and posterior cornea, 3) CCT
and ACD.

All data were collected in an Excel database and transferred to SPSS
(SPSS for Windows, version 15.0, SPSS Inc, Chicago, IL, USA) for data
analysis.

ANOVA was calculated to determine the differences on corneal
HOAs between genders. Multiple linear regression and Pearson
correlation coefficients (r) were performed to compare the correlation
between the age, CCT and ACD. A probability of less than 5% (P<0.05)
was considered statistically significant.

Results

Comparison of corneal HOAs and gender

Table 2 showed the mean and standard deviation of HOAs and RMS
of cornea according to the gender. There were statistical differences on:
1) anterior corneal HOAs of x-coma, y-coma and SA (F=5.643, P=
0.018; F= 16.971, P=0.000; F=23.443, P=0.000); 2) total corneal HOAs
of y-coma and SA (F=12.906, P=0.000; F=111.590, P=0.000). Based on
the above results, x-coma, y-coma and SA were analyzed separately in
accordance with gender.

1.X-coma, y-coma and SA in female group:

There was a correlation between A.C.D and x-coma (Figure 2).
Compared with posterior and total corneal surface, a curve fitting
relationship was found in anterior corneal surface for x-coma; linear
regression showed statistic differences between x-coma of posterior
corneal surface (y=0.250-0.329x, r*=0.108, p<0.000) and A.C.D, that of
total corneal surface (y=0.076-0.317x, r*=0.091, p<0.000) and A.C.D.

There were correlation between age and y-coma for anterior and
posterior corneal surface (Figure 3). There was also a curve fitting
relationship for y-coma in anterior corneal surface compared with
posterior one; linear regression showed statistic differences between
y-coma of posterior corneal surface (y=0.324x-0.056, r* =0.105,
p<0.000) and age, there was no relationship between that of total
corneal surface and age.

There were positive correlation between age and SA for anterior and
total corneal surface (Figure 4), there was no correlation between age
and SA for posterior corneal surface. Line regression showed statistic
differences between SA of anterior corneal surface (y=0.434x+0.284, r*
=0.190, p<0.000) and age, that of total corneal surface (y=0.555x-0.027,
r?=0.108, p<0.000) and age.

2. X-coma, y-coma and SA in male group:

There was a curve fitting relationship between A.C.D and x-coma
for anterior corneal surface, a positive linear relationship between
A.C.D and x-coma for posterior corneal surface and a negative linear
relationship for total corneal surface (Figure 5).

There was a curve fitting relationship between A.C.D and y-coma
for posterior corneal surface, however a positive linear relationship was
found between age and y-coma for total corneal surface (Figure 6).

There were statistical correlation between age and SA, A.C.D and
SA in Male group (Figure 7). Multiple linear regression showed statistic
differences between SA of anterior corneal surface and age with A.C.D
(y=0.236x1+0.570x2-0.242, r* =0.02, r,> =0.203, p<0.000, 1=A.C.D,
2=age), that of total corneal surface and age with A.C.D (y=0.609x1-
0.149x2+0.246, (r>=0.514, r,*=0.301, p<0.000, 1=A.C.D, 2=age).

Comparison of corneal HOAs and age

There was significant different between y-second astigmatism of
anterior corneal surface and age (r*=0.023, p<0.000), that of posterior
corneal surface and age (r*=0.021, p=0.001) (Figure 8).

There was significant different between RMS-HOAs of anterior
corneal surface and age (r?=0.259, p<0.000), that of posterior corneal
surface and age (r*=0.055, p=0.001), that of total corneal surface and
age (r*=0.359, p<0.000) (Figure 9).

Comparison of corneal HOAs and A.C.D

J Clinic Experiment Ophthalmol
ISSN:2155-9570 JCEO an open access journal

Volume 2 - Issue 3 + 1000139



Citation: Song J, Yu J, Du G, Huang Y (2011) Cohort Study: Corneal Higher-Order Aberrations and Its Related Factors in Chinese People with
Emmetropia. J Clinic Experiment Ophthalmol 2:139. doi:10.4172/2155-9570.1000139

Page 4 of 9

A.CD.

Anterior comeal surface (um)

= x-coma * x-coma o x-coma
0.51 Curve Fitting of x-coma 0.25+ near Fit of x-coma Linear Fit of x-coma
04 250-0.329x y=0.076-0.317
) 0.20+ * * 0.8
*
0.3+ °
o 8 o e s ° —~ 0.154
. .8 %o @ } B € * .
0.2-] " b B g . go 5 —
= m B RmE . e, @ 0.10 * * E 044
0.1 Y ep “ha 5% 8 . N Y
Th B i ok wh % 8
0.04 ° L% as e nﬁ E} E 005 - * ": z’én{x " .' g
o 0g "o f ] Y ¥e
. ' A 2 0.00- L, % < 0.0-]
-0.19 ° o o o ‘5 * * a'i? —— o
o, 3 ¥ " * e
0.2 s, 0 ¢ 5 -0.05-| # " ;m';z: oot S 5
o - B g 010 * * o * L : ‘_405
-0.34 . . 8 0104 N S -0.4+
*
-0.44 -0.154 *
° °
-0.5-— L L L L L -0.20 I I I I I I I I 0.8 I I I I I
24 26 28 3.0 32 34 20 22 24 26 28 30 32 34 T 2.0 24 28 3.2
A.C.D (mm) - Female group A.C.D (mm) - Female group A.C.D (mm) - Female group

Figure 2: Curve estimation showed there was significant different between x-coma of anterior corneal surface and A.C.D, linear regression showed statistic differences
between x-coma of posterior corneal surface (y=0.250-0.329x, r>=0.108, p<0.000) and A.C.D, that of total corneal surface (y=0.076-0.317x, r2=0.091, p<0.000) and
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Figure 3: There was a correlation between age and y-coma for anterior and posterior corneal surface. There was a curve fitting relationship for y-coma in anterior
corneal surface, a linear fit relationship for y-coma in posterior corneal surface.
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Figure 4: There was positive correlation between age and SA for anterior and total corneal surface, there was no correlation between age and SA for posterior corneal

There was significant different between x-second astigmatism
of posterior corneal surface and A.C.D (r?=0.212, p<0.000), that of
total corneal surface and A.C.D (r*=0.014, p<0.001) (Figure 10).

Comparison of corneal HOAs and CCT

There were no correlation between any corneal HOAs and CCT.

Discussion

Our data of corneal HOAs by Pentacam

The anterior cornea with tear film is the first optics of the eye
and the dominating structure in the optical power of the eye (mean
approximately 70%). Accordingly, it is the main contributor to
aberrations in the eye. The posterior corneal surface, as an integral
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part of internal optics, has an effect on ocular aberrant and is seldom
separately reported previously. However, as is known, posterior corneal
surface plays an important role in cornea and may be the first abnormal
in some corneal diseases. Some report showed that the best detector to
differentiate between suspected keratoconus and normal corneas was
vertical coma (Z3™) (specificity 71.9%; sensitivity 89.3%) in the HOAs
[7]. The maximum refractive power, elevation and thickness of corneal
thinnest point of corneal posterior surface were significantly different
between keratoconus patients and normal people [8].

Therefore, in our study, RMS- HOAs of anterior and posterior
corneal surface according to age group were tested respectively by
Pentacame, which can perform Zernike analysis for the anterior and
posterior surface based on the measured height data (Table 3). Our
study found RMS-HOAs of anterior, posterior and total corneal surface
were all positive values. There were obviously different in RMS-HOAs
of anterior corneal surface between age group, a little change in RMS-
HOAs of posterior corneal surface between age group was found in our
research. We supposed that RMS-HOAs of anterior corneal surface had
a main effect on that of total corneal surface compared to posterior
corneal surface.

We referred to the article of research on the variations of internal
optics with age and evaluation of the degree of compensation that the
internal optics provide for anterior corneal aberration [9], it represented
compensation of HOAs for anterior corneal surface by posterior corneal
surface when the values of HOAs for posterior corneal surface had the
same sign for anterior corneal surface to produce an improved retinal
image. It indicated that posterior corneal surface added aberrations to
those of anterior corneal surface, and HOAs of total corneal surface
would be much more than those of anterior corneal surface.

Age

group | Y-coma X-coma X—sleconq SA X-second
(Year) stigmatism Astigmatism
16-25 |-0.010+0.093 -0.028+0.205 0.011+£0.130 |0.109+0.035 |-0.011+0.061
26-35 |-0.020+0.155 |-0.037+0.222 0.004+0.095 0.181+0.137 |-0.041+0.087
36-45 |-0.021+0.201 |-0.034+0.109 -0.081+0.175 0.212+0.065 |-0.021+0.062
46-55 |-0.019+0.003 |-0.056+0.204 -0.015+0.021 0.305+0.207 |-0.019+0.026
56-65 |-0.097+0.236 0.275+0.337 -0.030+0.135 |0.310+0.160 -0.022+0.134

>65 -0.11040.187 10.284+0.216 |-0.050+0.091 10.319+0.079 |-0.019+0.170
Total |-0.040+0.167 0.029+0.262 -0.023+0.117 0.230+0.136 |-0.018+0.089

Table 4: Data of higher-order aberration of anterior corneal surface at each age-
group (um, meanSD).

Age

group |Y-coma
(Year)

16-25 -0.010+0.088 -0.028+0.205 -0.003+0.059 -0.109+0.035 -0.004+0.020
26-35 -0.019+0.036 -0.020+0.058 |-0.012+0.018 -0.125+0.057 |0.006+0.025
36-45 -0.02040.014 -0.009+0.049 |-0.014+0.065 -0.121+0.033 -0.002+0.014
46-55 -0.014+0.018 -0.021+0.030 |-0.075+0.058 |-0.160+0.042 0.005+0.006
56-65 0.025+0.070 '0.068+0.130 |-0.035+0.027 -0.131+0.063 0.000+0.031
>65 0.020+0.098 '0.060+0.001 |-0.038+0.013 -0.105+0.005 0.008+0.050
Total |-0.009+0.055 |0.002+0.078 |-0.000+0.031 -0.126+0.088 0.002+0.031

Table 5: Data of higher-order aberration of posterior corneal surface at each age
group (um, meanzSD).

X-second
Astigmatism

X-coma Y-second SA
Astigmatism

Age
group | Y-coma X-coma Y-second SA X-second
(Year) Astigmatism Astigmatism

16-25 -0.018+0.088 -0.003+0.149
26-35 -0.013+0.158-0.013+0.153
36-45 -0.022+0.098 |-0.028+0.074
46-55 -0.026+0.000 -0.056+0.014
56-65 -0.091£0.251/0.1660.479

-0.003+0.059 |0.180+0.083 -0.003+0.035
-0.020+0.028 |0.199+0.106 0.010+0.090
-0.050+0.015 |0.304+0.115 |-0.016+0.113
-0.01340.153 |0.31740.015 |0.021+0.006
-0.03040.149 /0.325+0.156 |0.073+0.122
>65 -0.101+0.330 0.146+0.667 | -0.035+0.024 0.322+0.000 0.027+0.152
Total -0.033+0.1490.012+0.257  -0.030£0.102 0.267+0.130 0.032+0.083

Table 6: Data of higher-order aberration of total corneal surface at each age group
(um, meanzSD).

Experimental studies show that each HOA has a different impact on
vision and can interact with other aberrations to positively or negatively
influence visual performance [10]: spherical aberration, coma,
secondary astigmatism have a greater effect on visual performance than
other HOAs [11]. Therefore, in our study, HOAs of coma, spherical
aberration and secondary astigmatism were selected to analyze (Table
4,5,6).

For the each corneal HOAs, the values varied widely from subject to
subject in our research. This was shown by the large standard deviations,
wide ranges, and much greater magnitude of the absolute mean values
compared to the arithmetic mean values for each HOAs. For x-coma,
less than 55 year old of values were negative values, more than 55 year
old of that were positive (Table 4,5,6). For anterior corneal surface, the
values of y-second astigmatism with less than 35 year old were positive,
and those with more than 35 year old were negative (Table 4). SA was the
only term with all positive values for anterior and total corneal surface,
all negative values for posterior corneal surface. Therefore, SA of total
corneal surface were more than those of anterior corneal surface, and
again it had a large range, from 0.0288 to 0.5982um (anterior corneal
surface), -0.0045 to -0.5488pum (posterior corneal surface) and 0.0423
to 0.6842 um (total corneal surface).

Our data of corneal HOAs with effect factors

In our study, each corneal HOAs was analyzed to find the
relationship with gender, age, CCT and ACD.

The data showed that there were higher RMS of x-coma, y-coma
and SA in female than male, but for secondary astigmatism, there
were no significant differences on genders. Therefore, the relationship
between SA and A.C.D, age, CCT; between coma and A.C.D, age, CCT
were analyzed separately on the basis of genders.

The data showed that different relationship between corneal HOAs
and effect factors:

x-coma: Compared with male group, there was a more obvious rule
for female group between x-coma and A.C.D. Curve estimation showed
there was significant different between x-coma of anterior corneal
surface and A.C.D, linear regression showed statistic differences
between x-coma of posterior corneal surface (y=0.250-0.329%x, r?
=0.108, p<0.000) and A.C.D, that of total corneal surface (y=0.076-
0.317x, r*=0.091, p<0.000) and A.C.D. From the Figure 2, we found
posterior corneal surface took a more effect on x-coma for total corneal
surface than anterior corneal surface. With the A.C.D decreasing,
x-coma of posterior and total corneal surface would be increasing. Our
founding can be proofed by which was reported the cortical cataract
group had statistically significantly higher coma than the other groups,
and SA predominated in the nuclear cataract group [12]. We known
the relation between some corneal HOAs with age, but this could not
explain coma and SA had different changes on two kind of age-relate
cataract. However, posterior corneal surface like lens, as one part of
internal optic, had a relationship with A.C.D. If cortical cataract made
A.C.D decreased, x-coma would be increased. The association between
x-coma and A.C.D we found in the present study therefore provides
useful information for understanding increase of coma in cortical
cataract patient.

Y-coma: In male group, we found the similar rule like x-coma
in female group. However, the significant different relationship was
between y-coma and age.

These findings on differences of genders might be the ACD values
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Figure 5: There was a curve fitting relationship between A.C.D and x-coma for anterior corneal surface, linear regression showed statistic differences between x-coma
of posterior corneal surface (y=0.329x-0.185 r2=0.083, p<0.000) and age, that of total corneal surface (y=0.982-0.317x, r2=0.176, p<0.000) and A.C.D.
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Figure 6: There was a curve fitting relationship between A.C.D and y-coma for posterior corneal surface, linear regression showed statistic differences between y-coma
of anterior corneal surface (y=0.211x-0.354, r2=0.045, p<0.000) and A.C.D, that of total corneal surface (y=0.430x-0.954, r2=0.180, p<0.000) and A.C.D.
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Figure 7: There were statistical correlations between age and SA, A.C.D and SA in Male group, multiple linear regression showed statistic differences between SA of
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Figure 8: There were negative correlations between age and y- secondary astigmatism for anterior corneal surface (r=-0.15, P=0.032) and for posterior corneal surface
(r=-0.269, P=0.010).
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There were positive relationships between age and RMS-HOA for anterior corneal surface (r=-0.505, P=0.001) and total corneal surface (r=0.6, P=0.000), but a negative
relationship for posterior corneal surface (r=-0.235, P=0.018).
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Figure 9: There was significant different between RMS-HOAs of anterior corneal surface and age (r2=0.259, p<0.000), that of posterior corneal surface and age (r?
=0.055, p=0.001), that of total corneal surface and age (r?=0.359, p<0.000) (Figure 9).

for men and women were significantly different [13] : 2.59 mm (95% seemed to have a relationship with A.C.D; however, Vertical HOAs
confidence interval [CI], 2.56- 2.62) and 2.42 mm (95% CI, 2.39-2.44) seemed to have a relationship with age. There must be some reasons for
respectively. The regression coefficients of ACD with age in males and  this kind of phenomenon to need us research further.

females were n0.010 (P<0.001) and p0.009 (P<0.001) mm per year,
respectively. Therefore, we supposed that coma of female were greater
than that of male because of different A.C.D on genders.

In our research, we found there were a positive correlation between
age and RMS-HOA in the anterior and total cornea (Figure 8), which
was consistent with the findings of Oshika [14] and coauthors,and

For second astigmatism, we found the same rule like coma although Guirao and coauthors, the RMS of total HOAs correlated positively with
there was no statically different between genders. Horizon HOAs increasing age. For the posterior corneal surface, there were a negative
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Figure 10: There was significant different between x-second astigmatism of posterior corneal surface and A.C.D (r?=0.212, p<0.000), that of total corneal surface and

A.C.D (2=0.014, p=0.001).

relationship between age and RMS-HOAs. If the hypothesis [15] that
changes in the shape of the anterior cornea throughout life may explain
the corneal aberration changes with age were established, there would
be a correlation between age and RMS-HOA of the posterior cornea as
the same as the anterior and total cornea. For regarding shape changes, a
“flat meridian toward a more vertical orientation” trend with increasing
age for both the anterior and posterior corneal surfaces was observed
(mean changes of 0.0295 and 0.0224 mm/5 years, respectively) [16].

For further study the factors of corneal HOAs, we estimated the
relationship CCT with corneal HOAs, since CCT was associated
with younger age [17]. To be disappointed, our study just found no
correlation of CCT with any corneal HOAs.

The ethnic characteristics of our data of corneal HOAs

Using the large population study by Salmon and van de Pol as the
reference norm for HOAs in a healthy population [5], we found the
similarities in the distribution of predominant aberrations but distinct
differences in the magnitude of aberrations. For the corneal RMS-HOA,
the normal United States people were 0.479+0.124 um (KL & HB 2009);
the Malaysia (ethnic Chinese) people were 0.591+0.256 um [18]. RMS-
HOAs of anterior corneal surface in our research were 0.598+0.125 pm,
more than that of Caucasian.

Coma, secondary astigmatism and SA of the anterior cornea
estimated in our research were seemed to be obviously different with
Malaysia (ethnic Chinese) [13] and the White °. The mean values of
x-coma, X-secondary astigmatism and SA in supernormal vision of
Korean were 0.137+0.091pm, 0.036+0.057 pm, and 0.091+0.059 um,
respectively (Kim et al.2007). The anterior corneal co-efficient of SA
in our research was 0.267+/-0.128 um, was less than corneal SA of
Canadian (0.274+/-0.089 pm) (RH et al.2010), was greater than ocular
spherical aberration (0.23+/- 0.14 um) of Chinese people with myopia
[19]. Other HOAs can't be compared due to shortage of adequately
statistics information.

Although direct comparison of values is not applicable for these
studies since different method were used for measuring the corneal
HOAs, different pupil diameters and different subjects were performed,
we also had reason to believe that our results have some differences
compared with previous study in the values.

1. We think there are at least 2 important reasons of the findings
different from previous study in our researcThis is the first time that
Pentacam was performed to measure the corneal HOAs, including
anterior and posterior corneal surface. As mentioned, the whole

optical performance of the normal eye is governed by combination
of aberrations in the corneal and intraocular optics. Corneal
aberrations were divided into an anterior corneal aberration that
were paid more attentions and posterior corneal aberration which
were thought to be one part of internal optics aberration. In our
study, we estimated the corneal aberrations separately according to
the anterior and posterior surface. (Table 4,6,7)

2. The subjects of our study came from Asia, exactly the mainland of
Chinese people. As far as the subjects of study were concerned, there
were only several reports on wavefront aberrations mentioned Asian
people, including Malaysia, Japan, India [20], Korean and Singapore
[21]. Compared with Malaysia and Singapore, corneal HOAs and
CCT were significantly different in Chinese people.

Limitations of this study include that the corneal HOAs in our
study provide an incomplete characterization of corneal aberrations;
wavefront aberrations were calculated for corneal surface only, whereas
the optical performance of the eye obviously depends on total ocular
aberrations.

In our research, we measured corneal HOAs of Chinese people with
emmetropia for the first time and evaluated their relationships with age,
gender, CCT and ACD. This kind of study for ethnic will make a greater
understanding of the impact of aberrations on different people. The
posterior corneal HOAs seldom reported but not negligible were also
recorded. With the increasing number of patients receiving refractive
surgical procedures and development of Interventional methods to
reduce impacts of HOAs for visual quality, the knowledge of corneal
HOAs are still acquired to study more precisely.
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