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Abstract: To investigate which of two tunnel incision forms (frown versus straight) in sutureless 

manual small incision cataract surgery creates more corneal astigmatism. Sixty eyes of 60 patients 

who had consented to undergo cataract surgery and to partake in this study were followed from 

baseline through 12-week postoperative period. Values of preoperative and postoperative cor-

neal astigmatism for the 60 eyes, measured with a Bausch and Lomb keratometer, were extracted 

from the patients’ cataract surgery records. Residual astigmatism was computed as the differ-

ence between preoperative and postoperative keratometry readings. Visual acuity was assessed 

during the preoperative period and at each postoperative visit with a Snellen chart at 6 m. Fifty 

eyes of 50 patients were successfully followed-up on. Overall, the mean residual astigmatism 

was 0.75±0.12 diopters. The differences in mean residual astigmatism between the two differ-

ent incision groups were statistically significant (t [48]=6.33, P,0.05); frown incision group 

recorded 1.00±0.12 diopters, whereas the straight incision group recorded 0.50±0.12 diopters. 

No significant difference was observed between male and female groups (t [48]=0.24, P.0.05). 

Residual corneal astigmatism in the frown incision group was significantly higher than in the 

straight incision group. Fisher’s exact test did not reveal a significant association between inci-

sion forms and visual acuity during the entire postoperative period (P.0.05).
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Introduction
Cataract is an eye condition in which the human crystalline lens becomes opaque and 

invariably affects vision.1–4 It mostly affects the aged, but young people may suffer 

from congenital forms of the condition.1,5,6 The causes and risk factors for cataract 

are many and varied. Some of them include genetics, sex, race, metabolic diseases, 

trauma to the eyes, radiation, use of certain drugs, and lifestyle.7,8

It is common for ophthalmic clinicians to attempt to improve the vision of persons 

with early cataracts – either by the use of spectacle prescription and/or antiglare 

devices.9 Sometimes, clinicians may also prescribe antioxidant-rich supplements 

and diets that are believed to retard the lens clouding process.10,11 In spite of these 

approaches, vision is often improved when cataract is ultimately removed by surgery 

and patients undergo subsequent visual rehabilitation.3,12,13

Surgical techniques for cataract extraction have undergone major advancement – 

from intracapsular extraction to the present day phacoemulsification. Phacoemulsifica-

tion offers desirable anatomical and functional results following cataract surgery. The 

technique is however not widely used in some parts of the developing world for reasons 

such as higher cost and expertise. The most widely used surgical technique for cataract 
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extraction in third world countries is the sutureless manual 

small incision cataract surgery (MSICS). MSICS is reportedly 

able to offer good anatomical and functional results following 

cataract surgery. Presently, it remains the most cost-effective 

method for cataract extraction in developing countries.

However, visual outcome after MSICS and other forms of 

cataract surgery may rarely not be desirable. The reasons for 

a poor visual outcome after cataract surgery are indefinite. 

Some studies have implicated surgeon’s experience, existing 

ocular and systemic comorbidities of the patient, aging, and 

some refractive complications.14–16

Significant and oftentimes unwanted residual corneal astig-

matism (RCA) could affect visual outcome following cataract 

surgery. It has been identified as an inevitable contributory 

factor to the sometimes poor visual outcome after cataract 

surgery.17 Some studies have stated that RCA can be signifi-

cantly blinding as the in situ cataractous lens and can severely 

affect visual function.18,19 RCA has been an influence in the 

evolution of cataract surgical techniques and incision types – in 

attempts to improve visual outcome by minimizing or prevent-

ing RCA.20,21 The type, size, and location of incisions, general 

surgical “insults” to corneal architecture, a surgeon’s experi-

ence, and other factors are said to also influence RCA.17,22

Herein, we attempted to compare the amounts of RCA 

between two groups of patients who underwent frown and 

straight incision forms of MSICS at a local hospital. We also 

studied visual acuity (VA) differences and changes between 

these two groups during the entire study period.

Methods
Participants
The participants were 60 persons with cataracts who had 

consented to undergo cataract surgery at a local hospital. All 

the individuals included in this study had operable cataracts 

with no obvious corneal abnormality and had also consented 

to participate in this study. They comprised 27 males and 33 

females. Cataract patients at this local hospital are routinely 

assigned to either the frown or straight MSICS incision form 

by the surgeon in a simple random fashion. After explain-

ing the research to the participants, informed consent was 

sought from them to have information relevant to this study 

extracted from their cataract surgery records at each visit, 

for data analysis. This mainly comprised VA and keratom-

etry (k-) readings. Patients could withdraw from the study 

at their own will. Ethical approval was not sought as per the 

Kwame Nkrumah University of Science and Technology 

Institutional policy. All procedures conformed to the tenets 

of the Declaration of Helsinki.

Procedures
K-readings were obtained for each individual using a 

Bausch and Lomb one position variable doubling kerato

meter (model number K-6003). The k-readings at each visit 

were repeated thrice and the average recorded. Uncorrected 

vision (distance) for each participant was determined using a 

Snellen chart with backlight luminance of 160 cd/m2, at 6 m. 

All of these procedures were done during the preoperative 

period (before surgery) and then at each postoperative visit 

at intervals of the first to third week, the fourth to eleventh 

week, the 12th week and beyond – all following the day of 

cataract surgery.

Preoperative corneal astigmatism (PCA) was determined 

as the initial difference between k-reading values for the two 

principal corneal meridians of each participant’s eye before 

surgery. RCA was obtained in the same way; as the difference 

between the PCA and the corneal astigmatism at specific 

postoperative visits. Values of both the PCA and RCA were 

kept in units of diopters (D). All k-readings obtained were 

approximated to the nearest measurable D value.

Data were analyzed using SPSS version 20 (IBM 

Corporation, Armonk, NY, USA). Differences in mean 

PCA and RCA between groups were studied using bivariate 

independent Student’s t-test statistics. Fisher’s exact test was 

used to test for associations between comparable categori-

cal groups. Microsoft Excel (2007) was used to plot graphs. 

A P-value ,0.05 was considered significant.

Results
Participants’ demographics
Fifty eyes of 50 out of the 60 patients were successfully 

followed-up on for the period under study. The other ten were 

lost to follow-up. The mean age of these study participants 

was 64.34±15.64 years. Table 1 is a cross tabulation of the 

sex and the incision groups of the 50 study participants.

Pattern of corneal astigmatism
The study showed that there was no statically significant dif-

ference in PCA between the incision groups (P=0.321) as well 

as between the sex groups (P.0.05). All participants had an 

Table 1 Cross tabulation of participants’ sex per incision group

Type of incision

Frown  
(n)

Straight  
(n)

Total  
(n)

Sex of participant Male 11 12 23
Female 12 15 27

Total 23 27 50
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overall mean PCA of 1.00±0.12 D; mean PCA value for the 

frown incision group was 1.00±0.12 D whereas mean PCA 

for the straight incision group was 1.25±0.12 D

However, PCA levels dropped to values of ~0.25 D 

within the first 3 weeks following surgery. Levels of corneal 

astigmatism began to rise from the fourth week through the 

eleventh week and then remained steady at the 12th week 

and beyond (Figure 1).

The differences in mean RCA for the incision groups, 

as studied using independent Student’s t-test, were observed 

to be statistically significant during the entire postoperative 

period (P,0.05). At all the set intervals of the postoperative 

visits, the recorded mean RCA values for the frown inci-

sion were higher than that recorded for the straight incision 

(P,0.05). The frown incision group showed RCA values that 

were approximately twice as high as that recorded for the 

straight incision group; RCA at the 12th week and beyond 

was 1.00±0.12 D for the frown incision group, whereas that 

for the straight incision group was 0.50±0.12 D (Figure 1).

In studying the trend in corneal astigmatism between male 

and female groups, we detected that there was no significant 

difference in their mean RCA (P.0.05). This observation 

remained the same during the entire postoperative period. The 

mean RCA recorded at the end of the study for both male 

and female groups was ~0.75±0.12 D (Figure 2).

It was interesting to observe that intra-group variations in 

mean RCA, that is for male versus female groups and frown 

versus straight incision groups, were not uniform within 

the first and third week of the postoperative period. The 

variations at this period as observed for the intra-incisions 

group (Figure 1) was statistically significant (t [39.85]=2.10, 

P=0.042) but was the opposite for the intra-sex group 

(Figure 2) (t [41.84]=0.82, P=0.42).

VA changes
There was a general improvement in VA after extraction of 

the cataract. At baseline, 48% of the participants presented 

with a VA of hand-movement and 30% of them presented 

with an unaided VA of counting fingers. At the end of the 

study, 24% of them had an uncorrected VA of 6/18, whereas 

18% had unaided VA of 6/12 with a few reading 6/9 on the 

Snellen chart.

Figure 3 is a summary of the pattern and distribution of 

VA among the study participants. Fisher’s exact test showed 

that there was no statistically significant association between 

VA and type of incision; for the frown and straight incision 

forms, P.0.05 at all stages of the study.

Discussion
Several studies have shown alterations in the power of pre

operative astigmatism following cataract surgery.16,20,21,23–25 

Our study participants had a recorded mean age of 

64.34±15.64 years. This agrees with what is reported in many 

literature sources that cataract remains a common condition 

among people in their fifth decades of life and beyond. The 

aged are frequently at risk of metabolic diseases that have 

an influence on the development of cataract.1,7,10 There could 

be younger persons with cataracts as found among the few 
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Figure 1 Trend in mean residual corneal astigmatism (RCA) per incision group over the study period.
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outliers in this study who may suffer cataracts congenitally 

or in their formative years form trauma, radiation, drugs, and 

other causes.1,5,26,27

All of the 50 participants were recorded to have the same 

amount of RCA. This was however not the situation in one 

study where only 75% of the study subjects were recorded to 

have RCA.28 Whether or not a patient will suffer significant 

RCA following cataract surgery has been linked to factors 

such as the patient’s physiological characteristics, surgeon’s 

experience, disease, and several others.22,29

The overall mean RCA (1.00±0.12 D) recorded in our 

study falls between what other studies have reported. One 
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Figure 2 Variation in mean residual corneal astigmatism (RCA) according to sex of participants.
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study reported a value (1.85 D) higher than what was found 

in our study, whereas another study recorded an RCA value 

(0.525±0.804) lower than what is reported in our study.16,30 

The overall mean RCA value of our study is however closer 

to what (1.30 D) another study reported.23 The level of 

RCA has been found, in other studies, to be associated with 

preoperative corneal astigmatism present in a person’s eye 

prior to surgery. Others have linked the levels of RCA to the 

sites of the tunnel incision, corneal biomechanical proper-

ties, types and size of incision. Corneal hysteresis and other 

physiological differences of individual patients may have 

their own possible influences on RCA.31,32

While certain limitations of our study did not allow for 

further probing into the variations of RCA observed, the 

observed intra-group variations in the levels of RCA could 

be linked to corneal rigidity and thickness. General “surgi-

cal insults” to the cornea, corneal viscoelasticity, and ocular 

hypotony resulting from aqueous escape during cataract 

surgery could also influence the variations in RCA.33–35

Even though our study reports a statistically significant 

difference in the mean RCA values between the frown and 

straight incision groups (P,0.05), another study recorded 

a statistically insignificant difference (P=0.062) between 

the frown and straight incision groups. That other study 

also reported that the frown and straight incision forms 

caused more RCA compared to a (V-shape) chevron inci-

sion form.25

Thus, it may be of interest for optometrists, particularly 

those in parts of the developing world where MSICS exists, 

to know what incision form a cataract patient is assigned in 

order to adequately assess the postoperative cataract patient 

for the presence of significantly reduced astigmatism. This 

will inform them about the best refractive correction to pre-

scribe for such patients to ensure these patients have optimal 

VA following surgery.

Figure 3 shows there was a general improvement in VA 

during the entire postoperative period. Cataract surgery has 

been found, in most studies, as necessary for improvement 

in visual function and quality of life. This improved vision 

however, often gets better upon correction of the residual 

refractive errors – including RCA, with spectacles or contact 

lenses after the surgery.13,28,36,37,38

As this study could posit, a slight improvement in VA 

following surgery is enough for some patients to default 

postoperative visits because such patients “see better than 

they did before surgery”. We lost 20% of the participants to 

follow-up; perhaps, the improvement in uncorrected VA, as 

they may have subjectively appreciated, could be a reason 

why some refused to show up for postoperative care and 

management. This is a common occurrence in most clinics 

across the developing world.

It is noteworthy to mention that cataract patients in some 

developing countries would have to wait until their vision 

becomes significantly impaired – often to an uncorrected 

VA of hand-movement before they are admitted for surgery. 

Most (.48%) of our patients presented with a VA of hand-

movement or worse prior to surgery. A possible explana-

tion may be the incommensurately low number of cataract 

surgeons compared to higher number of cataract patients in 

these parts of the world.39

Conclusion
We found that mean RCA was higher in the frown incision 

group than straight incision group. The difference in mean 

RCA for the incision groups was statistically significant 

(P,0.05) but was not so for the sex groups (P.0.05). There 

was a general improvement in VA, but this observation did 

not have any statistically significant association with the 

incision forms during the entire study period (P.0.05), at 

all intervals of the postoperative period.

Recommendation
Future studies should consider including assessments of 

corneal biomechanical properties as these properties could 

provide useful insights into RCA findings.
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