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Introduction

Cataract surgery can induce corneal changes. It has 
been reported that astigmatism and corneal aberration 
increase after cataract surgery (1,2). And surgically induced 
astigmatism and corneal aberrations are related to the 
location, type, length and whether suture incision (1,3,4). 
It is not seem to be smaller incision, surgically induced 
astigmatism (SIA) and high order aberrations decrease (5,6).

The purpose of our study was to investigate changes of 
corneal aberrations caused by phacoemulsification using  
2.8 mm superior clear corneal incision.

Methods

Eighty eyes of 75 patients with cataract were investigated. 
The sample comprised 38 males and 37 females with a 
mean age of 65.04±11.40 years (range, 30–80 years). All the 
patients underwent phacoemulsification and implantation of 
an acrylic aspheric intraocular lens (IOL) at Joint Shantou 
International Eye Center, Shantou University and the 
Chinese University of Hong Kong. The same surgeon 
(Mingzhi Zhang) performed all surgeries from July 2009 to 
March 2010. All patients provided informed consent. This 
study followed the tenets of the Declaration of Helsinki. 
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The inclusion criteria included no history of refractive 
surgery, no systemic or ocular complications and no 
diseases that affect corneal refraction. The exclusion criteria 
included status after ocular trauma or intraocular surgery, 
any sign of inflammation or infection, corneal diseases, 
pseudoexfoliation syndrome, glaucoma, optic atrophy, 
diabetic retinopathy and lens dislocation.

Surgical technique

Topical anesthesia was employed with 0.05% Alcaine 
(Alcon). All surgeries were performed by the same surgeon 
uneventfully, with surgeon sitting superiorly, one-step 
2.8-mm self-healing incision was made at 11 o’clock 
0.5mm from limbus with a 2.8-mm corneal knife, and 
paracentesis at 2 o’clock (Figure 1). A continuous curvilinear 
capsulorhexis measuring approximately 5.5 mm in 
diameter was created after anterior chamber was filled with 
viscoelastic. Nuclei were chopped after hydrodissection 
using the stop and chop phacoemulsification technique, an 
acrylic aspheric IOL (Rayner 920H/970C/ XL Stabi ZO)  
was implanted into the capsular bag after aspiration of 

cortical masses. The viscoelastic was completely removed 
from the anterior chamber. No sutures were placed at the 
end of the surgery. The postoperative medications included 
Prednisolone Acetate Eye Drops 1% and Ofloxacin Eye 
Drops 0.3% 6 times a day for 1 month.

Measurement

All the clinical examination data were recorded included 
corrected and uncorrected visual acuity, keratometry, 
intraocular pressure, axial length measurement, anterior 
chamber depth, slit lamp biomicroscopy, dilated fundus 
examination. Corneal aberrations in 6 mm optical zone 
were tested one day before and one month after cataract 
surgery. Because the 3rd-order and 4th-order aberrations 
such as trefoil, coma and spherical aberration constitute the 
major component of HOAs, we recorded those parameters. 
In this study, we used iTrace Visual Function Analyzer 
(Tracey Technologies, Inc., TX, USA).

Statistical analysis

Data were analyzed using SPSS 17.0 for windows software 
(SPSS, Inc., Chicago, IL, USA). Paired t-test was used to 
detect statistically significant difference in UCVA, BCVA, 
SE and corneal aberration between preoperative and 
postoperative values. The Spearman rank correlation was 
used to determine the relationship of corneal aberration 
changes between preoperatively and postoperatively. For 
statistical analysis of visual acuity, logarithm of minimum 
angle of resolution (LogMAR) values was used. A P value of 
<0.05 was considered statistically significant. 

Results

The final analysis comprised 80 eyes of 75 patients (37 women,  
38 men; mean age ± SD, 65.04±11.40) (Table 1 shows 
basic profile of patients in this study). There were no 
intraoperative or postoperative complications. No wound 
leakage, hypotony, or intraocular pressure increase was 
noted during the follow-up period.

Table 2 shows the preoperative and postoperative visual 
acuity levels and spherical equivalent. The uncorrected and 
corrected visual acuities improved after surgery significantly.

Table 3 shows changes in the Zernike terms of anterior 
cornea aberrations after surgery. There were significant 
changes in vertical coma and vertical trefoil between 
preoperative and postoperative (vertical coma: 0.005±0.214 

Figure 1 Showing 2.8-mm self-healing incision was made at  
11 o’clock and paracentesis at 2 o’clock.

Table 1 Basic profile of patients in this study

Parameters Patients characteristics

Age (mean ± SD), years 65.04±11.40 (range, 30–80)

Sex (M/F) 38/37

Eye (OD/OS) 43/37

IOL Rayner 920H/970C/XL Stabi ZO

IOL, intraocular lens; OD, right eye; OS, left eye. 
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vs. −0.049±0.242, P=0.037; vertical trefoil: −0.141±0.222 
vs. −0.258±0.359, P=0.001). Furthermore, we found that 
vertical coma and vertical trefoil became more negative 
from preoperatively to postoperatively (Figure 2). No 
statistically significant difference were found in oblique 
trefoil (0.0546±0.188 vs. −0.016±0.279, P=0.074) and 
horizontal coma (−0.083±0.185 vs. −0.059±0.229, P=0.274). 
No significant postoperative changes were observed in 
spherical aberration (0.310±0.100 vs. 0.310±0.087, P=0.652), 
and a good correlation was found (R=0.563, P<0.001)  
(Table 4). However, the total HOAs increase after cataract 
surgery (0.567±0.161 vs. 0.688±0.343, P<0.001).

Discussion

We calculated only anterior corneal aberration because 
anterior cornea mainly contributed to the changes in 

the total cornea (7). There were significant changes in 
vertical coma and vertical trefoil between preoperative and 
postoperative (0.005±0.214 vs. −0.049±0.242, P=0.037; 
−0.141±0.222 vs. −0.258±0.359, P=0.001, separately). 
Our results showed no significant change in the spherical 
aberration before and after cataract surgery. This finding 
was similar to that in previous report (8). In the current 
study, corneal incisions located at 11 o’clock and 2 o’clock 
separately. The regional asymmetry in corneal shape may 
contribute to the ocular aberrations, asymmetry in corneal 
shape along the vertical principal meridian (inferior–
superior) was significantly associated with the vertical trefoil 
and vertical coma of the cornea (9). And vertical trefoil 
and oblique trefoil are separated by 30 degrees and each 
trefoil repeats every 120 degrees vertical trefoil repeats at 
90, 210, and 330 degrees, and oblique trefoil repeats at 60, 
180, and 300 degrees. For this reason, superior incision 
may induce vertical trefoil and vertical coma. The superior 
incision could induce a good or bad effect on optical quality, 
depending on the side of the vertical coma preoperatively 
(positive or negative) (1). It is reported that the eye’s trefoil 
and coma had positive coupling in retinal image quality 
and visual acuity (10). Previous study showed changes in 
trefoil, coma, astigmatism and spherical aberration with 
accommodative demand and increased depth of focus in 
several Crystal eyes (11). Also, OCT-based crystalline lens 
topography in accommodating eyes showed high-order 
irregularities, astigmatism, coma and trefoil increased 
with accommodation (12). Gong et al. found that ocular 

Table 2 Preoperative and postoperative one month visual acuity 
and refraction

Parameters Preoperative Postoperative P value*

UCVA, logMAR ± SD 0.99±0.41 0.12±0.14 <0.001*

BCVA, logMAR ± SD 1.00±0.52 0.04±0.06 <0.001*

SE, mean ± SD −1.13±2.08 0.16±0.42 <0.001*

UCVA, uncorrected visual acuity; BCVA, best corrected visual 
acuity; SE, spherical equivalent; logMAR, logarithm of minimum 
angle of resolution. *, statistically significant (paired-sampled t-test).

Table 3 Changes in corneal HOAs preoperative and postoperative one month

Corneal HOAs
Mean ± SD Paired-sampled t-test

Preoperative Postoperative t value P value*

Vertical trefoil Z(3, −3) −0.141±0.222 −0.258±0.359 3.357 0.001*

Vertical coma Z(3, −1) 0.005±0.214 −0.049±0.242 2.127 0.037*

Horizontal coma Z(3, 1) −0.083±0.185 −0.059±0.229 −1.101 0.274

Oblique trefoil Z(3, 3) 0.0546±0.188 −0.016±0.279 0.895 0.074

Tetrafoil Z(4, −4) −0.006±0.095 0.018±0.182 −1.205 0.206

Secondary astigmatism Z(4, −2) 0.012±0.052 0.030±0.070 −1.337 0.022*

Spherical Z(4, 0) 0.310±0.100 0.310±0.087 0.652 0.652

Secondary astigmatism Z(4, 2) −0.031±0.083 −0.047±0.101 1.284 0.203

Tetrafoil Z(4, 4) 0.034±0.099 0.088±0.120 −3.547 0.001*

Total HOAs 0.567±0.161 0.688±0.343 −2.351 0.000*

HOA, high order aberration; *, statistically significant.
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aberrations such as trefoil, 2nd-order astigmatism and 
spherical aberration seemed to interact with objective 
contrast sensitivity and depth of focus (8). Furthermore, 
vertical coma aberration was found to be associated with 
better near visual acuity (13). However, coma and trefoil 
with large values (approximately 1 mm) may significantly 
reduce visual quality (14). In our study, total HOAs increase 
significantly may mainly due to changes of vertical coma 
and trefoil.

Size and location of the incision have the greatest impact 
on surgery induce corneal aberrations (2,14-16). SIA and 
HOAs changed along with the corneal biomechanical 
properties changed, and corneal 3rd-order trefoil depended 
on incision width (17). It is reported that compared with 

superior and nasal incision, a temporal incision induces 
smaller corneal HOA changes (1,4). In our study, we 
found that vertical coma, and trefoil increase significantly 
postoperatively, and all of them became more negative 
(Figure 2). It also has been reported that superior incision 
in 2.2 mm cataract surgery cause corneal vertical coma 
changed to negative direction, because superior incision 
greater flattening effect occurred in superior cornea than in 
the inferior (1). Previous study showed that because CCIs 
cause flatten effect of the cornea, steepest-meridian CCI 
reduces preexisting astigmatism (18,19), but the effect of 
the difference was not large enough to decrease remaining 
astigmatism and HOAs (18).

The limitation of the current study was that we 
examined the postoperative cornea over a relatively short 
postoperative period. And we did not investigate nasal and 
temporal incision cataract surgery. Another limitation was 
that we did not calculate corneal low order aberrations 
and astigmatism. It is reported that 2.2-mm small-incision 
cataract surgery induced changes in the lower aberration 
[oblique astigmatism Z(2, −2)] of the total cornea (3).

In conclusion, 2.8 mm superior corneal incision cataract 
surgery may induce vertical coma, vertical trefoil increase, 
and those had a trend to negative direction. For the reason of 
manual CCI may induce corneal HOAs, femtosecond laser 
clear corneal incision (FS-CCI) for cataract surgery may 
benefit (20). Limbal relaxing incision may also be an effective 
method in reducing corneal astigmatism with neutral effect 
on corneal aberrations (19). Effect of corneal vertical coma 
and vertical trefoil changes need further research.

Figure 2 Shows anterior corneal high order aberrations before and 
after surgery.

Va
lu

e 
(μ

m
)

Ve
rti

ca
l tr

efo
il Z

 (3
,–3

)

Te
tra

fo
il Z

 (4
,4)

Te
tra

fo
il Z

 (4
,4)

Sec
on

dar
y a

sti
gm

at
ism

 Z
 (4

,–2
)

Sec
on

dar
y a

sti
gm

at
ism

 Z
 (4

,2)

Sphe
ric

al 
Z (4

,0)

Ve
rti

ca
l c

om
a Z

 (3
,–1

)

Obliq
ue

 tr
efo

il Z
 (3

,3)

Hor
izo

nt
al 

co
m

a Z
 (3

,1)

Preop

Postop0.5

0.0

–0.5

–1.0

Table 4 Correlation of preoperative and postoperative corneal HOAs

Corneal HOAs
Mean ± SD Correlation

Preoperative Postoperative R P value*

Vertical trefoil Z(3, −3) −0.141±0.222 −0.258±0.359 0.509 <0.0001*

Vertical coma Z(3, −1) 0.005±0.214 −0.049±0.242 0.509 <0.0001*

Horizontal coma Z(3, 1) −0.083±0.185 −0.059±0.229 0.561 <0.0001*

Oblique trefoil Z(3, 3) 0.0546±0.188 −0.016±0.279 0.197 0.080

Tetrafoil Z(4, −4) −0.006±0.095 0.018±0.182 0.413 <0.0001*

Secondary astigmatism Z(4, −2) 0.012±0.052 0.030±0.070 0.429 <0.0001*

Spherical Z(4, 0) 0.310±0.100 0.310±0.087 0.563 <0.0001*

Secondary astigmatism Z(4, 2) −0.031±0.083 −0.047±0.101 0.310 0.005*

Tetrafoil Z(4, 4) 0.034±0.099 0.088±0.120 0.225 0.045*

HOA, high order aberration. Spearman rank correlation. *, statistically significant.
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