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ABSTRACT 

Introduction: Surgically induced astigmatism (SIA) is a major obstacle in achieving good 

UCVA following cataract surgery. The size, location and architecture of the incision are 

considered very important for postoperative astigmatism. We aimed to compare the surgically 

induced astigmatism after phacoemulsification by temporal clear corneal versus superior clear 

corneal approach.  

Methods: This was a prospective, randomized, interventional, parallel-group study that included 

112 eyes of 112 senile cataract patients, undergoing phacoemulsification with foldable acrylic 

IOL implantation through an un-sutured 2.8 mm clear corneal incision at Ophthalmology 

department of Government Medical College Patiala, from February 2022 to July 2022. Patients 

were randomized into 2 groups: Group 1 underwent temporal incision phacoemulsification and 

Group 2 underwent superior incision phacoemulsification. Complete ophthalmological 

examination was done preoperatively and postoperatively after 7 days, 4 weeks and 6 weeks, 

including manifest refraction using an auto-refractometer and Snellen chart.  

Results: The mean age of all participants was 59.09±12.8 (males vs. females; p=0.31). The mean 

preoperative astigmatism in all participants was 0.67 ± 0.39 (temporal vs superior incision; 
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p=0.66) and at 6 weeks 0.87 ± 0.64 (temporal vs superior incision; p=0.21). Surgically induced 

astigmatism was found to be 0.73 ± 0.56 in temporal incision and 0.91 ± 0.36 in superior incision 

(p=0.04).  

Conclusion: 2.8 mm clear corneal temporal incision phacoemulsification surgery causes less 

surgically induced astigmatism and mean total astigmatism as compared to 2.8 mm clear corneal 

superior incision phacoemulsification surgery. 

Keywords: Phacoemulsification, incision site, superior vs. temporal, astigmatism  

 

INTRODUCTION 

Modern cataract surgery aims at providing best Uncorrected Visual Acuity (UCVA) with 

minimal postoperative astigmatism and rapid visual rehabilitation (1). However, surgically 

induced astigmatism (SIA) is a major obstacle in achieving good Uncorrected Visual Acuity 

(UCVA). Corneoscleral and Clear corneal incisions are mainly used in modern 

Phacoemulsification surgery. Clear corneal incision is considered better than corneosclearal 

incision as they prevent conjunctival scarring; also have lower chances of causing conjunctival 

haemmorrhage and hyphema (2). These factors are even more beneficial in glaucoma patients 

who might need filtration surgery later, for which a healthy conjunctiva is required. Clear corneal 

incisions are easier to make and do not need cauterization or suturing (1). It does not affect the 

blood aqueous barrier in postoperative period. Various factors affect the postoperative 

astigmatism. The size, location and architecture of the incision are considered very important for 

postoperative astigmatism. Multiple studies have been conducted in the past investigating the 

effect of location of incision, such as superior, nasal, temporal, supero-nasal and supero-

temporal, on postoperative astigmatism (3). Temporal incisions were found to induce similar or 

less astigmatism as compared to the incisions at other locations. (1),(4), (5). In this prospective 

study, we compared the astigmatic effect of unsutured temporal and superior clear corneal 

incisions. 

METHODS 

This was a prospective study done on 112 eyes of 112 senile cataract patients undergoing 

phacoemulsification with foldable acrylic IOL implantation through an unsutured 2.8 mm clear 

corneal incision at Ophthalmology department of Government Medical College Patiala, from 

February 2022 to July 2022. Patients above 45 years age with senile cataract undergoing 

phacoemulsification with foldable acrylic IOL implantation through an unsutured 2.8 mm clear 

corneal incision were included in the study. Exclusion criteria were age below 45 years, 

preoperative diagnosis of an inflammatory ocular condition, ocular diseases like glaucoma and 

diabetic retinopathy, corneal surface irregularity or unreliable keratometric readings, and a 

history of previous ocular surgery or disease affecting corneal refraction. Patients with systemic 

connective tissue disease and those taking systemic steroids or immunosuppressive drugs were 

also excluded. Written informed consent was obtained from each patient. Randomization was 

done by using closed envelopes for allocation to one of the two groups: Group 1 underwent 
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temporal incision phacoemulsification and Group 2 underwent superior incision 

phacoemulsification. 

All surgeries were performed by the single surgeon (TS) using topical proparacaine 0.5% 

eyedrops as anesthesia. Two clear corneal side port incisions were made using 19-gauge MVR 

knife 2-3 clock hours on either side of the main port incision. Then air, adrenaline and trypan 

blue dye was injected. The dye was washed with BSS followed by injection of sodium 

chondroitin sulfate–sodium hyaluronate. Approximately five mm diameter sized continuous 

curvilinear capsulorrhexis was performed using a capsulotomy needle prepared from 26-gauge 

needle. Main entry wound was constructed using 2.8 mm keratome either at temporal or superior 

cornea depending upon allocation of the patient. Hydrodissection was performed from the main 

port incision. The nucleus was emulsified using Oertli Faros phacoemulsifier machine (Oertli 

Instrumente AG, Hafnerwisenstrasse, Berneck, Switzerland) and the cortex was removed using 

bimanual irrigation aspiration probe. Single piece foldable hydrophobic acrylic IOL was 

implanted in the capsular bag with a syringe and cartridge system followed by bimanual 

irrigation and aspiration to remove the residual viscoelastic material. All the incisions were left 

unsutured, and stromal hydration of the wound edges was performed. Patients were given 

combination of prednisolone acetate 1% and gatifloxacin 0.3% three hourly, and the regimen 

was tapered over the first postoperative month. Complete ophthalmological examination was 

done preoperatively and postoperatively after 7 days, 4 weeks and 6 weeks, including manifest 

refraction using an auto-refractometer and Snellen chart. Astigmatism was measured by 

keratometry readings. Data on gender, age, UCVA, BCVA, manifest refraction, and manual 

keratometry were collected. The primary outcome of the study was post-operative surgically 

induced astigmatism and visual acuity. 

Institutional ethics committee review board clearance was taken– 

(Trg.)EC/NEW/.INST/2020/997/9422. Study protocol adhered to the tenets of declaration of 

Helsinki. A written informed consent was taken from all the participants after explaining the 

study details.  

 

Calculation of Surgical Induced Astigmatism (6) 

The pre-operative keratometry values, K1 for the vertical meridian and K2 for the horizontal 

meridian were measured. The difference between the two was the pre-operative astigmatism. 

Similarly, Post-operative K1 and K2 values were measured and the difference calculated. 

Surgically induced astigmatism is calculated by the subtraction of pre-operative astigmatism 

from the postoperative value without assigning any sign for the absolute value. Visual acuity was 

converted to decimals for comparison. The data was collected and noted in excel format. Data 

was subjected to statistical analysis using STATA software version 12.1 (Stata Corp. LP, College 

Station TX). A p-value less than 0.05 was considered statistically significant. 
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RESULTS 

The study included 112 eyes of 112 participants with 55 eyes in temporal incision group and 57 

eyes in superior incision group. The mean age of all participants was 59.09±12.8, male 

participants was 61.14±12.51 and female participants was 58.79±11.96 (p=0.31). Table 1 shows 

the age and gender wise distribution of participants in the two groups. The two groups were 

statistically similar in terms of age and gender distribution. 

The mean preoperative astigmatism in all participants was 0.77 ± 0.39, in males was 0.73 ±0.43 

and in females was 0.81±0.34 (p=0.26). Table 2 shows the change in mean total astigmatism 

before the phacoemulsification surgery and after the surgery at every follow up. There was no 

statistically significant difference between the two groups before the surgery and after the 

surgery. However, the total astigmatism was found to be considerably low in temporal incision 

group as compared to superior incision group at every follow up visit at 7 days, 4 weeks, and 6 

weeks. 

Table 3 shows the change in surgically induced astigmatism change by vector analysis using the 

Holladay–Cravy–Koch formula after the surgery at every follow up. After the surgery, the 

surgically induced astigmatism was found to be lower in temporal incision group as compared to 

superior incision group at every follow up visit at 7 days, 4 weeks, and 6 weeks. At 6 weeks 

follow up, the difference in surgically induced astigmatism between the two groups was found to 

be statistically significant.  

The mean Uncorrected Visual Acuity (UCVA) before the surgery was 0.22± 0.09 decimals and 

after the surgery at 6 weeks follow up was 0.84± 0.18 (p<0.001). The UCVA improved 

significantly post operatively in both temporal as well as superior groups; without any significant 

difference between the two groups in terms of UCVA. (Table-4) 

Table 1:  Baseline data of participants  

Eyes Temporal incision Superior incision p-value 

Total 55 57 0.86 

Male 26 27 

Female 29 30 

Age 59.8 ± 13.7 59.9 ± 12.2 0.96 

Table 2:  Mean total astigmatism over time 

Examination    Mean total astigmatism (diopters) ± SD p-value 

Temporal incision Superior incision 

Preoperative 0.75 ± 0.41 0.78 ± 0.36 0.44 

Postoperative    

7 days 1.04 ± 0.91 1.22 ± 0.82 0.27 

4 weeks 0.93 ± 0.72 1.04 ± 0.73 0.42 

6 weeks 0.81 ± 0.63 0.96 ± 0.64 0.21 
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Table 3:  Surgically induced astigmatism changes by vector analysis using the Holladay–

Cravy–Koch formula post operatively over time 

Postoperative 

examination 

Surgically induced astigmatism (D) ± SD p-value 

Temporal incision Superior incision 

7 days 0.94 ± 0.82 1.03 ± 0.41 0.46 

4 weeks 0.82 ± 0.64  0.95 ± 0.38 0.19 

6 weeks 0.73 ± 0.56  0.91 ± 0.36 0.04 

 Table 4: Mean UCVA over time 

Examination    Mean UCVA ± SD p-value 

Temporal incision Superior incision 

Preoperative 0.21 ± 0.08 0.23 ± 0.10 0.25 

Postoperative  

6 weeks 

0.91 ± 0.21 0.84 ± 0.18 0.28 

 

DISCUSSION 

Astigmatism after phacoemulsification surgery depends on multiple factors. Location of incision 

is an important factor. (3), (7) many studies have been conducted in the past comparing the 

surgically induced astigmatism by incision at different sites on cornea in the past. Temporal 

incision was found to induce the least amount of astigmatism. (3), (5), (8) Temporal incision 

caused with-the-rule astigmatism and superior incision caused against-the-rule astigmatism. 

In our study, we performed phacoemulsification with foldable acrylic IOL implantation through 

an unsutured 2.8 mm clear corneal incision in 112 eyes with senile cataract. Temporal incision 

was placed in 55 patients and Superior in 57 patients based on lottery system irrespective of the 

preoperative astigmatism and its axis in the patient. The patients were followed up by visits at 7 

days, 4 weeks, and 6 weeks. We found that in terms of mean total astigmatism, there was no 

statistically significant difference between the two groups before the surgery and after the 

surgery. However, the total astigmatism was found to be considerably low in temporal incision 

group as compared to superior incision group at every follow up visit at 7 days, 4 weeks and 6 

weeks. Similarly, surgically induced astigmatism changes by vector analysis using the Holladay–

Cravy–Koch formula after the surgery at every follow up was found to be lower in temporal 

incision group as compared to superior incision group at every follow up visit at 7 days, 4 weeks 

and 6 weeks. At 6 weeks follow up, the difference in surgically induced astigmatism between the 

two groups was found to be statistically significant. Rekas Marek
 
, Adam Kluś and Rafał Pawlik 

compared the astigmatism induced by the Phacoemulsification surgery based on the 2.8 mm 

incisions in the clear cornea, performed by temporal approach and superior approach in a series 

of 70 eyes (32 right eyes and 38 left eyes) (9). They found that the temporal incision was better 

than superior incision in terms of Surgically induced astigmatism. Differences between two 

groups in terms of surgically induced astigmatism showed statistical significance. Cillino et al 

compare short-term clinical, postoperative astigmatism, and uncorrected visual acuity results 2 

https://pubmed.ncbi.nlm.nih.gov/?term=Marek+R&cauthor_id=17455711
https://pubmed.ncbi.nlm.nih.gov/?term=Klu%C5%9B+A&cauthor_id=17455711
https://pubmed.ncbi.nlm.nih.gov/?term=Pawlik+R&cauthor_id=17455711
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months after no-stitch phacoemulsification using a temporal clear corneal approach and 

polymethyl methacrylate (PMMA) intraocular lens (IOL) implantation through a 5.2 mm 

incision with those after no-stitch superior corneoscleral phacoemulsification in 80 patients with 

senile cataract (10). They found that the difference in mean SIA between the two groups was 

highly significant at each follow-up. The difference between groups in terms of uncorrected 

visual acuity was not statistically significant. Our findings were in agreement with these studies 

proving that the temporal incision is better than superior incision in terms of post-operative 

surgically induced astigmatism. 

We also measured the Uncorrected Visual Acuity (UCVA) before and after the surgery at 7 days, 

4weeks and 6 weeks. The UCVA improved drastically post operatively in both the groups; 

however, there was no significant difference between the two groups in terms of UCVA. The 

UCVA at 6 weeks postoperative visit was found to be 0.84 ± 0.18 in the superior incision group. 

Erhan O zyol and Pelin O zyol evaluated the relation between superior phacoemulsification 

incision and different steep axis on astigmatism outcomes (11). Their Best corrected visual 

acuity results at 8 weeks post-operative visit ranged from 0.77 ± 0.22 to 0.86 ± 0.13. In our 

study, the UCVA at 6 weeks postoperative visit was found to be 0.91 ± 0.21 in the temporal 

incision group. Cillino et al also found that maximum patients had visual acuity better than 20/25 

at 2 weeks postoperatively after temporal approach phacoemulsification (10).  

 

CONCLUSION 

Our study found that 2.8 mm clear corneal temporal incision phacoemulsification surgery causes 

less surgically induced astigmatism and mean total astigmatism as compared to 2.8 mm clear 

corneal superior incision phacoemulsification surgery. Though, there is no statistically 

significant difference between the two procedures in terms of Uncorrected Visual Acuity 

(UCVA) after the surgery. Further research should be conducted to find out the effects of 

different positions of incision in phacoemulsification surgery with larger sample size for better 

understanding. 
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