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INTRODUCTION:
In developing countries, manual SICS is preferred over 
phacoemulsication because manual SICS is inexpensive and requires 

[1,2]minimal infrastructure compared to phacoemulsication . Early and 
good visual rehabilitation are indicators of successful cataract surgery, 
but achieving it is hindered by the presence of postoperative 

[3]astigmatism. No-stitch surgery introduced by McFarland  and 
Phacoemulsication introduced by Kelman CD were major advances 

[4].that helped reduce SIA and achieve early visual rehabilitation  Miller 
SJ dened astigmatism as a condition of refraction in which a point of 
light cannot produce a punctate image on the retina by a correcting 

 [5]spherical lens as the corneal curvature varies in different meridians . 
In astigmatic error, the curvature (and hence, dioptric power) varies in 

[6,7].different meridians, hence the rays of light to form focal lines  The 
SIA is an entity that has been frequently studied in detail in recent 

[7,8]  times. It is a vector quantity having magnitude as well as direction . 
It is a type of astigmatism induced post surgery because of the size, site, 
and type of incision, along with the placement of the lens due to some 
degree of attening of the corneal meridian at right angles to the 

[9]direction of the incision. 

It is important to study the post operative astigmatism in both types of 
[10] surgeries so that we can modify the causative factors. Cataract 

[11]contributes to 47.8%–51.0% of blindness globally.  This load being 
great in developing nations, desirable “phacoemulsication for all” is 
neither practical nor achievable. Due to cheaper cost of instruments 
and disposables, small-incision cataract surgery (SICS) seems to be 
the silver lining in the phacoemulsication era for addressing the 

[12]cataract load in developing countries.  It also works better for mature 
[13] and advanced cataracts, which are more common in these nations.

Cataract surgery is considered equivalent to refractive surgery as the 
[14]patient demands spectacle-free vision after surgery.  Astigmatism has 

a major inuence on vision quality, and surgical technique as well as 
surgeon expertise play an important role. The occurrence of surgically 

induced astigmatism (SIA) varies from 7.50% to 75% based on the 
surgical technique and skill of the surgeon. Also, 25%–30% of eyes 

[15]have clinically signicant astigmatism (>2 D) requiring correction.
Cataract surgery training forms the mainstay of the residency teaching 
program. Training of postgraduate medical students is the basis for all 
the medical specialty training and is more important in ophthalmic 

[16-17]surgeries because of a longer learning curve.  

AIMS AND OBJECTIVE
AIM-
This study aims to assess surgically induced astigmatism (SIA) in 
phacoemulsication surgeries utilizing temporal clear corneal 
incisions versus temporal limbal incisions. While previous studies 
have investigated SIA comparisons between temporal and superior 
incisions, no such comparison has been published in central India to 
date. The evaluation will be based on keratometric readings of 
preoperative and postoperative refractive statuses.

OBJECTIVE:
1. To determine which incision type minimizes astigmatism more 
effectively in phacoemulsication.

2. To compare the degree of postoperative astigmatism between 
temporal limbal and clear corneal incisions in phacoemulsication 
surgeries in minimizing postoperative astigmatism.

Methodology
Study Setting:
The study was conducted at Shri Shankaracharya Institute of Medical 
Sciences over 12 months (January 2023 to December 2023).

Study Design:
This was an observational study.  Study Population:  It included 201 
patients aged 40 years and above who underwent phacoemulsication.
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Inclusion Criteria:
Participants were required to comprehend the study, provide informed 
consent, and have posterior subcapsular, cortical, or posterior polar 
cataracts, with nuclear sclerosis graded per the Lens Opacication 
Classication System III.

Exclusion Criteria:
Patients with over three diopters of astigmatism, complicated 
cataracts, corneal diseases, pseudo exfoliation, glaucoma, macular or 
retinal diseases, and diabetic retinopathy were excluded.

Sampling Method:
Patients were randomly selected from the outpatient department and 
divided into two groups: Group 1 (100 cases) underwent temporal 
clear corneal incisions, while Group 2 (100 cases) had temporal limbal 
incisions.

Surgical Procedures:
Phacoemulsication surgeries were performed by a right-handed 
surgeon under peribulbar anaesthesia, utilizing the Laureate machine 
from Alcon and implanting acrylic hydrophilic foldable IOLs. In the 
temporal approach, the surgeon positioned themselves at the 9 o'clock 
position for right eyes and 3 o'clock position for left eyes. A side port 
was made perpendicular to the planned main port (12 o'clock for right 
eyes and 6 o'clock for left eyes). Anterior capsular staining was 
performed with Trypan blue, washed out with balanced salt solution 
(BSS), and anterior chamber (AC) formation was achieved with 2% 
hydroxypropyl methylcellulose. A main port was created with a clear 
corneal triplanar self-sealing horizontal incision with a 2.8 mm 
keratome approximately 0.5 mm inside the limbus. Nuclear 
fragmentation utilized the direct chop technique, with subsequent 
s teps fol lowing rout ine phacoemulsicat ion protocols . 
Postoperatively, patients received topical antibiotic and steroid 
combination therapy and were followed up on days 1, 7, 15, and 30.

Follow-Up Assessments:
Conducted on days 1, 7, 15, and 30 postoperatively, these evaluations 
recorded uncorrected and best-corrected visual acuity, slit lamp 
examinations, and keratometry.

Statistical Analysis:
Surgically induced astigmatism (SIA) was calculated by subtracting 
preoperative astigmatism from postoperative values. The χ2 test 
determined the association between cataract type and treatment 
groups, while differences in LogMAR scores and mean K-vertical and 
K-horizontal parameters were assessed using the z-test and t-test for 
independent samples, respectively. The paired t-test evaluated mean 
differences in SIA at Day 30. Statistical signicance was set at 5%.

Ethical Consideration:
Written informed consent was obtained, and patient condentiality 
was maintained, with respect for all religions and customs.

RESULT AND DISCUSSION: -
Table 1

Table 1 showing, out of 110 patients, 92 patients were against the rule; 
out of that, 68 patients remain against the rule, 8 patients have 
converted to no astigmatism and 16 patients have converted to with the 
rule. Similarly, out of 6 patients with no astigmatism, 3 patients 
converted to against the rule and 3 patients converted to with the rule. 
Out of 12 with the rule patients, 5 converted to against the rule, 6 
patients converted to no astigmatism and 1 patient remain with the rule. 
A p-value (<0.001) suggests that there is a statistically highly 
signicant difference between Pre and Post incision. Ashish Pandey 

[23]et al 2023  compared surgically induced astigmatism (SIA) between 
m a n u a l  s m a l l  i n c i s i o n  c a t a r a c t  s u rg e r y  ( S I C S )  a n d 

phacoemulsication over 24 months. It found that larger incisions in 
SICS led to higher average SIA (1.32 D) compared to 

[24]phacoemulsication (0.60 D). Hazra Soumyadeep et al 2021  
compared surgically induced astigmatism in 100 patients undergoing 
manual small incision cataract surgery (SICS) using superior and 
superotemporal incisions. It found that the superotemporal incision 
signicantly reduced against-the-rule (ATR) astigmatism and 
improved visual outcomes, with 78% of patients achieving better than 
6/9 vision by the fourth postoperative week. The superotemporal 
approach is advantageous for elderly patients, offering better early 
postoperative visual acuity.

Figure 1

Table no 2

Table 2 showing, out of 91 patients, 88 patients were against the rule; 
out of that, 70 patients remain against the rule, 12 patients have 
converted to no astigmatism and 6 patients have converted to with the 
rule. Similarly, 3 patients were with no astigmatism, all 3 patients are 
converted to against the rule. A p-value of 0.682 suggests that there is a 
statistically not signicant difference between Pre and Post incision. 

[25] Tian Han et al 2022 evaluated the inuence of different incision 
positions in small incision lenticule extraction (SMILE) on 
astigmatism correction in 86 eyes. After three months, no signicant 
differences were found between the groups in astigmatism correction, 
efcacy, safety, or various astigmatism-related indices. H. Soumya et 

[26] al 2022 the study assessed the impact of frown, straight, and smile 
incisions on reducing pre-existing against-the-rule (ATR) astigmatism 
in 60 patients. Results showed that the frown incision led to the greatest 
reduction in ATR astigmatism (49.15%), followed by straight 
(37.75%) and smile incisions (28.57%). The study concludes that 
temporal frown incisions are the most effective in reducing pre-
existing ATR astigmatism.

Figure 2

Table 3

The data compares astigmatism changes in limbal and corneal regions 
before and after surgery. Preoperatively, the mean astigmatism was 
0.75D (±0.87) in the limbal region and 0.50D (±0.75) in the corneal 
region. Postoperatively, astigmatism decreased to 0.50D (±0.70) in the 
limbal region but remained the same in the corneal region, though with 
increased variability (±1.25). The Wilcoxon Signed Rank Test showed 
a statistically signicant reduction in limbal astigmatism (Z = -2.140, p 
= 0.032). However, the change in corneal astigmatism was not 
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Corneal 
Incision

ASTIGMATISM Total P value
Against 
The Rule

No 
Astigmatism

With The 
Rule

Against 
The Rule

68(73.9%) 8(8.7%) 16(17.4%) 92(100%) <0.001

No 
Astigmati
sm

3(50%) 0(0%) 3(50%) 6(100%)

With The 
Rule

5(41.7%) 6(50%) 1(8.3%) 12(100%)

Total 76(69.1%) 14(12.7%) 20(18.2%) 110

LIMBAL 
INCISION

ASTIGMATISM Total P
valueAgainst 

The Rule
No 
Astigmatism

WTR

Against The 
Rule

70(79.5%) 12(13.6%) 6(6.8%) 88(100%) 0.682

No 
Astigmatism

3(100%) 0(0%) 0(0%) 3(100%)

Total 73(80.2%) 12(13.2%) 6(6.6%) 91(100%)

Limbal Corneal
Pre 0.75(0.87) 0.50(0.75)
Post 0.50(0.70) 0.50(1.25)
Wilcoxon Signed Rank Test -2.140 -0.855
P value 0.032 0.392
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statistically signicant (Z = -0.855, p = 0.392), indicating that the 
surgery signicantly reduced limbal but not corneal astigmatism.

Figure 3

The box plot illustrates the distribution of variables. In Limbal Incision 
PRE k1-k2 has a higher median value compared to POST k1-k2. In 
Limbal Incision, IQR is 0.87 and 0.70 in Pre and Post incision 

[27]respectively. Ilham Prayoga Bakhri et al 2024  assessed the impact 
of Limbal Relaxing Incisions (LRI) on corneal astigmatism in ve 
patients undergoing phacoemulsication cataract surgery. The study 
suggests that LRI effectively reduces astigmatism, though the wide 
age range of participants may have inuenced results.

Figure 4 

The box plot illustrates the distribution of variables. In Corneal 
Incision, both PRE k1-k2 and POST k1-k2 has same median value. In 
Corneal Incision, IQR is 0.75 and 1.25 in Pre and Post incision 
respectively. From the gure, we can see the broader spread of data 
post incision as compared to pre incision.

Table 4

Table 4 provides a grading system for astigmatism based on its severity 
measured in diopters. 

Grade 1- Astigmatism between 0.0 and 0.5 diopters. This range 
represents minimal or negligible astigmatism.

Grade 2- Astigmatism between 0.6 and 1.0 diopters. This range 
indicates mild astigmatism.

Grade 3-Astigmatism between 1.1 and 1.5 diopters. This range 
suggests moderate astigmatism.

Grade 4- Astigmatism between 1.6 and 2.0 diopters. This range 
reects moderately high astigmatism.

Grade 5- Astigmatism between 2.1 and 2.5 diopters. This range 
denotes high astigmatism.

Summary
There was a signicant impact of the incision type on astigmatism 
correction. In a cohort of 110 patients, a highly signicant difference 
was observed between pre- and post-incision astigmatism with a p-
value <0.001. Specically, among 92 patients initially against the rule, 
68 remained so, while 16 converted to with-the-rule astigmatism, and 8 
to no astigmatism. Among 6 patients with no astigmatism initially, 3 
developed against-the-rule astigmatism, and 3 converted to with-the-
rule astigmatism. Out of 12 with-the-rule patients, 5 shifted to against-

the-rule, 6 to no astigmatism, and 1 remained unchanged. In a 
subsequent analysis of 91 patients, the incision did not show a 
statistically signicant effect on astigmatism with a p-value of 0.682. 
Box plots indicated that pre-incision k1-k2 values were higher than 
post-incision in Limbal Incision (IQR: 0.87 vs. 0.70), whereas Corneal 
Incision showed similar median values for pre- and post-incision k1-
k2, with a broader spread post-incision (IQR: 0.75 vs. 1.25).

CONCLUSION
There was a signicant impact of incision type on astigmatism 
correction. In the analysis of 110 patients, there was a notable 
difference in astigmatism before and after the incision. For those 
initially with against-the-rule astigmatism, many remained 
unchanged, but others shifted to with-the-rule astigmatism or no 
astigmatism. Patients with no astigmatism or with-the-rule 
astigmatism also showed notable changes. However, in a subsequent 
analysis of 91 patients, the incision type did not signicantly affect 
astigmatism. Box plots demonstrated that pre-incision values were 
generally higher for Limbal Incision compared to post-incision, while 
Corneal Incision showed similar median values before and after, with a 
wider range post-incision.
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