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Goals: To evaluate the effect of micro-incision (2.2 mm) and small-
incision (3.0 mm) coaxial phaco-emulsification on surgically induced 
astigmatism (SIA). Methods: Cataract patients (n = 60, 60 eyes) were 

randomized into two groups: 30 eyes in the 2.2-mm incision group, 30 eyes 
in the 3,0-mm group. Phaco-emulsification was followed by intraocular 
lens implantation via the Monarch II injector with the C cartridge (Alcon 
Laboratories Inc., Fort Worth, TX, USA). Uncorrected distance visual acuity, 
corneal keratometry and corneal astigmatism and SIA were assessed 1, 7 and 
30 days after cataract surgery. Results: At 1, 7 and 30 days postoperative, SIA 
of the 3.0-mm group was greater than SIA of the 2.2-mm (p < or = 0.05) only 
at first postoperative day, but SIA was similar between the 2.2-mm group 
and the 3,0-mm group at other follow-ups. Time wise, mean SIA at 30 days 
was greater than SIA at 90 days in the 3.0-mm group (p = 0.04), while SIA 
did less change with time for the 2.2-mm group. Postoperative uncorrected 
distance visual acuity tended to be better with the smaller incisions, but this 
trend did not reach statistical significance (p > or = 0.07) especially at letter 
follow-ups. Conclusion: Incision size contributed to postoperative corneal 
astigmatism especially at earlier postoperative period. When incision size was 
reduced from 3.0 mm to 2.2 mm, SIA was reduced and refractive stabiliza-
tion was faster. In longer period of time difference between 3,0 mm and 2,2 
mm incision size groups decreases. Key words: cataract, microincision phaco, 
surgically induced astigmatism.
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1. iNTRODUCTiON
Operations that create precondi-

tions for IOL(intraocular lens) implan-
tation in the capsular bag, such as ex-
tracapsular cataract extraction (ECCE) 
and phacoemulsification (PE) develop in 
second half of 20th century. Phacoemul-
sification as surgical method with small 
incision described American ophthal-
mologist Charles Kelman 1960. This 
method, due to its low invasiveness (op-
erative corneal incision about 3 mm) al-
lows quick postoperative recovery, with 
minimal induced astigmatism which 
proved to be particularly important in 

refractive eye surgery. Recently devel-
oped new techniques that allows you to 
reduce surgically induced astigmatism 
named MICS micro incision coaxial 
surgery, Incision is smaller than 3 mm, 
and has its two variants: coaxial and 
biaxial, depending on whether there 
are one or two incisions on cornea. 
In 2001. Jorge Alio introduced new 
concept of microincision phaco cat-
aract surgery through corneal inci-
sion of 1.8 mm. In modern ophthal-
mology and modern cataract surgery 
standard surgery is with corneal inci-
sion of 3.0 mm. Cataract surgery un-

der 3.00 mm was given name microin-
cision cataract surgery. Recent studies 
shows that this method is safe and re-
liable for ophthalmologists throughout 
the world, but the same studies suggest 
that cataract surgery with an incision of 
3.0 mm postoperatively induced some-
where around 0.5D of astigmatism. 
Present lower limit of cornealincision, 
which allows a successful cataract sur-
gery with IOL implantation is 1.0 mm 
with expansion to 1.6 mm for implan-
tation of the IOL’s. (1, 2, 3, 4,)

The aim of this study was to com-
pare two modifications of a cornea in-
cision in the cataract surgery using 
phacoemulsification with implanta-
tion of intraocular lenses. The study 
was conducted at the Clinic for eye dis-
eases, University Clinical Centre Tuzla, 
in the period from July 2009 to April 
2010. Subjects were divided into two 
groups of 30 patients (eyes), 60 in total. 
One group consisted patients that un-
dergone phacoemulsification cataract 
surgery with implantation of an intra-
ocular lens throw cornea incision with a 
3.0 mm incision, and the other patients 
with the same surgery with an incision 
on the cornea of   2.2 mm.

In all patients undergone ophthal-
mologic examination, preoperative 
preparation, surgery and postopera-
tive follow-up to the already anticipated 
protocol, which was the same for both 
examined groups.

Documenting the value of measur-
ing astigmatism and topographic pro-
jection of the strongest and weakest 
meridian on the cornea worked on the 
day of the surgery, the day after surgery, 
after 7 days and 30 days after surgery.
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2. gOALS
Aim of this study was 

to determine the value of 
postoperative astigmatism 
in cataract surgery with 
different corneal incision. 
The study compared two 
subtypes of the operation, 
where one group has cor-
neal incision of 3.0 mm in 
the second group corneal 
incision was 2.2 mm, and 
whether size of incision in-
duced significant differ-
ence in corneal, surgical 
and postoperative astigmatism in short 
postoperative period after cataract sur-
gery. Beside this aim of study was to de-
termine visual acuity after phacoemul-
sification of cataract with different cor-
neal incision sizes, so as keratometric 
values after cataract operation.

3. METHODS
This study was a prospective, ran-

domized, parallel study of the effec-
tiveness of operational methods and it 
included patients planned for cataract 
surgery and those who meet the crite-
ria for inclusion in the study. Subjects 
were divided into two groups of 30 pa-
tients (eyes), 60th in total. 

One group consisted of subjects in-
volving phacoemulsification cataract 
surgery with implantation of intraoc-
ular lens with the corneal incision 3.0 
mm, and the other patients with the 
same surgery with corneal incision 2.2 
mm. All subjects were operated on the 
technique of Phaco cataract surgery 
by an experienced surgeon, on Infin-
ity phaco-unit pharmaceutical com-
pany Alcon. 

Operations were done with Zeiss 
surgery microscope OPMI 150. All sub-
jects were operated on under local, per-
ibulbar anesthesia. Testing was done ac-
cording to pre-planned program, with 
the history of the disease using a ques-
tionnaire containing: general informa-
tion about participants, data relevant 
to cataracts identification, the choice 
of surgical method, the method of pre-
operative preparation, the values   of cor-
neal curvature, ie the numerical values   
of strength in diopters of astigmatism, 
topographic projection astigmatic me-
ridian on the cornea, and the answers 

to the subjective perceptions of partic-
ipants, and the satisfaction obtained by 
the quality of vision after surgery. 

Documenting the value of measured 
astigmatism and topographic projec-
tion of the strongest and weakest me-
ridian on the cornea was on day of the 
surgery, day after surgery, after 7 days 
and 30 days after surgery.

Statistical analysis
To analyze the results was used 

standard SPSS version 10.0, as well as 
standard methods of parametric sta-
tistics. To test statistically significant 
differences between groups in the test 
sample were applied parametric and 
nonparametric tests (standard error, 
standard deviation, coefficient of linear 
correlation), c 2 test and t-test. 

The statistical hypotheses were 
tested at the level of a = 0.05, ie the dif-
ference between groups in the sample 
was considered significant if P <0.05.

4. RESULTS
This study included patients from 

every-day operational program cata-
ract surgery at the Eye clinic of Uni-
versity Clinical Center Tuzla in the pe-
riod from October 2009 to December 
2009. The group I of participants which 
underwent cataract phacoemulsifica-
tion surgery with 3.0 mm (“Clear cor-
nea incision” “CCI”), and a group II , in 
whom was performed the same surgery 
with a 2.2 mm incision, consisted thirty 
(30) patients.

Average age (± SD) in group I was 
65.13 ± 9.59 years, while in group II was 
62.06 ± 10.04 years. This difference be-
tween the two groups was not statisti-
cally significant (p = 0.240). Graphical 
representation of these differences is 
given in Figure 1.

In group I there was 15/30 (50%) of 
patients with surgery on his right eye and 
15/30 (50%) of patients with surgery on 
his left eye. In group II there was 14/30 
(46.7%) patients who were operating 
right eye and 16/30 (53.3%) patients who 
were operating left eye. In comparing 
this difference between the two groups 
using c 2-test, there is not a significant 
difference ((c 2 = 0.066741, p = 0.7961).

Mean preoperative visual acuity 
(BCVA) for group I was 0.1200 ± 0.0414. 
In group II mean preoperative visual 
acuity was 0.1123 ± 0.0374. There was 
no statistically significant difference 
in preoperative values   acuity compar-
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ing two groups.
On the first postoperative day af-

ter surgery mean uncorrected visual 
acuity in group I was 0.66 ± 0.0593 in 
group II was 0.75 ± 0.0594. Comparing 
the mean uncorrected visual acuity in 
both groups, day after surgery it is ob-
served statistically significant differ-
ence p = 0.026737 (P> 0.05).

There was no significant statisti-
cal difference between the average val-
ues   of visual acuity between these two 
groups on seventh and thirtieth day af-
ter the operation.

Analyzing mean values of astigma-
tism in both groups we calculated aver-
age value of preoperative astigmatism in 
group I, so it was M = 0.5667 and stan-
dard deviation SD ± 0.581 D, while in 
group II average value of preoperative 
astigmatism was M = 0.65 and standard 
deviation ± SD 0.1581 D. With paramet-
ric analytical analysis values of preop-
erative astigmatism in both groups of 
patients we found no statistically sig-
nificant differences between groups (t 
= 0.86543, P> 0.05 = 0.114501) and that 
the groups are homogeneous regarding 
preoperative astigmatism values.

Analysis mean values   of astigma-
tism at first postoperative follow-up 
in both groups we came to average of 
postoperative astigmatism one day af-
ter surgery, in group I it was M = 2.3167 
with standard deviation of 1.81461 ± SD 
D, while in group II it was M = 2.1083 
with standard deviation SD ± 0.82180 
D. Using analytical parametric analysis 
values of postoperative astigmatism day 

after surgery in both groups of patients 
we founded a statistically significant 
difference between groups (t = 0.86543, 
P> 12:05 = 0.000054).

Seven and thirty days after surgery 
there was no statistically significant 
difference between groups comparing 
mean astigmatism values.

Grupa	1 Grupa	2

SIA	1	day	after	the	surgery

M-mean 1.87 2.18

SD-standard	
deviation 1.055 0.908

Max	value 4.65 3.80

Min	value 0.00 0.45

SIA	7	days	after	the	surgery

M-mean 1.36 1.36

SD-standard	
deviation 0.895 0.778

Max	value 3.81 3.47

Min	value 0.00 0.00

SIA	30	ays	after	the	surgery

M-mean 0.85 0.85

SD-standard	
deviation 0.722 0.63

Max	value 2.90 2.30

Min	value 0.00 0.00

Table1. Surgical induced	astigmatism

5. DiSCUSiON
Ophthalmic surgeries are in the first 

place by number in the United States 
compared with other surgical proce-
dures. In the whole range ophthal-
mic cataract surgery is the most rep-
resented among persons older than 65 

years. (5, 6, 7).
Phacoemulsification as new cata-

ract surgery method allows earlier op-
eration in earlier stage of lens opacifica-
tion, what leads to selection of younger 
patients for surgery (8, 9, 10). Last few 
years cataract surgery has evolved from 
a relatively complicated procedure that 
requires several days of hospitalization, 
up to today’s so-called one-day surgery 
when patients are operated by phaco-
emulsification (8). In our study average 
age in group 1 was 65.13 ± 9.59 years in 
group 2 was 62.06 ± 10.40 years.

Looking at changes in average val-
ues of postoperative visual acuity day 
after surgery it is observed statistically 
significant differences between groups 
of patients, the mean uncorrected vi-
sual acuity in group I was 0.66 ± 0.15, 
while in group II it was 0.75 ± 0.15 
Comparing these two values   we come 
to the conclusion that visual acuity in 
the group II (a corneal incision of 2.2 
mm) was faster established one day af-
ter surgery. Changes in the mean un-
corrected visual acuity 7 and 30 days 
following surgery show that mean vi-
sual acuity were very similar and there 
were not statistically significant differ-
ences between groups.

Analyzing mean preoperative astig-
matism it was found that by this crite-
rion there is no statistically significant 
difference, ie that groups are homoge-
neous according to preoperative astig-
matism. In the group with a 3.0 mm in-
cision mean preoperative astigmatism 
was 0.56 D ± 0.31 D in the group with a 
corneal incision of 2.2 mm mean preop-
erative astigmatism was 0.65 D ± 0.42 D. 
Statistical analysis of these parameters 
led to that there was no significant sta-
tistical difference, ie (t = 0.865, P> 0.05 
P = 0.1145). Comparing this data with 
the study of Hoffmann and colleagues 
shows that preoperative astigmatism is 
slightly lower in our study, which can be 
explained with number participants in 
our study, incomparably fewer partic-
ipants than in study of Hoffmann and 
colleagues (11) .

Comparing mean value of postop-
erative astigmatism day after surgery 
there was significant differences be-
tween the two groups. In addition to 
this it was found a large value of stan-
dard deviation in the group with a 3.0 

 

Figure 3. Postoperative astigmatism value one day after surgery 

Seven and thirty days after surgery there was no statistically significant difference between groups 
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mm incision (± 1.81 D), which explains 
that the size of the incision in the cor-
nea leads to great instability in all pa-
rameters of corneal curvature and thus 
the astigmatism in the early postopera-
tive period. Mean astigmatism day after 
surgery in group I was 2.31   D, while in 
group II 2.10 D, with plenty of lesser val-
ues the standard deviation of (± 0.82 D). 
All this shows that the values   of postop-
erative astigmatism in patients with an 
incision of 2.2 mm are less distinct and 
that are grouped around a mean value, 
ie that same value in patients with an 
incision of 3.0 mm and has an irregular 
schedule of astigmatism (12). Through 
the next period of time there is a con-
vergence value of postoperative astig-
matism in both groups of participants, 
so there is no statistically significant 
difference. The values   of astigmatism 30 
days after cataract surgery have become 
almost identical, ie, the mean astigma-
tism in patients in group I was M = 1.01 
D ± 0.49 D 30 days after the operation, 
while in Group II M = 1.05 D ± 0.57 D. 
There is an obvious tendency that values   
of astigmatism in the course of time re-
turned to initial values, ie, preoperative. 
In studies by other authors their period 
of study is much longer and their data 
show that astigmatism values   closest to 
the initial return in the period from 3 
months to one year after surgery. Study 
Holloday and associates stated that the 
smallest change in refraction after cat-
aract surgery occur 60-365 days after 
surgery (13).

Study of Kocabera and associates 
from 2010 compared values of surgi-
cally induced astigmatism (SIA) in cat-
aract surgery with 2.4 mm and 3.0 mm 
incision. (14, 15, 16). Their study founds 
differences only in value of SIA day af-
ter surgery. Barraquer and associates 
compared in his study standard “con-
ventional” phaco microincision with 
coaxial phaco, and their results do not 
speak in favor microincision Phaco, 
but only that it is a good and safe al-
ternative to conventional phaco.(17) 
Ernest and associates 1994 show a se-
ries of studies that have provided an-
swers to the most important factors 
affecting the healing cornea incision: 
Geometry-cut, regular cut provides 

better stability, regardless of location 
-Tissue properties; elastin provides tis-
sue retraction to original position

Histology, fibroblasts accelerate the 
wound healing (18, 19, 20).

6. CONCLUSiON
Our results do not differ greatly 

from the results of similar studies in 
the world, and shows good introduc-
tion of this surgical technique in ev-
eryday practice.

Postoperative visual acuity day after 
surgery, established faster among pa-
tients undergoing cataract surgery with 
a small corneal incision, in the course of 
further check-ups there is no difference 
in uncorrected visual acuity.

In terms of postoperative astigma-
tism, difference appears only in the con-
trol examination day after surgery and 
to the benefit smaller corneal incision.

Microincision “Phaco” is a safe sur-
gical technique, which can be applied 
in non-complicated cataracts,  in those 
patients where not expected intraoper-
ative complications. This method pro-
vides excellent results in those patients 
in which the general state and local sta-
tus of the eye allow this surgical tech-
nique.

Conflict of interest: none declared.
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