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Abstract
Introduction: Cataract is a common cause of vision loss and blindness in humans. After surgical management of cataract, all efforts 
should be focused on reducing postoperative astigmatism thus providing an excellent vision to patients.

Aim: To determine the relationship between corneal incision and refraction changes before and after phacoemulsification surgery in 
300 patients undergoing cataract surgery in Khatam hospital in Mashhad, Iran from January 2017 to April 2018.

Materials and methods: Three hundred patients (144 women and 156 men) with cataract undergoing phacoemulsification surgery 
were recruited in this cross-sectional study. Refraction, keratometry and visual acuity measurement were performed before surgery. 
Then, a steep-based incision in the cornea was made without stitches. A 3.2 mm corneal incision was made at two supratemporal and 
temporal sites. The patients were followed-up for one and six months, and one year after surgery monitoring their vision and refraction, 
and performing keratometric measurements.

Results: The mean age of the patients was 65.7±9.54 years (age range, 42–84 years). No major complications were observed. The great-
est mean of changes in corneal power was in the supratemporal incision (1.28±0.6). Keratometry had a significant relation with the 
incision (p<0.04).

Conclusions: An incision made along the steepest meridian leads to flatness of this meridian, this effect being more pronounced at the 
supratemporal incision. A temporal incision is recommended in cases where there is little difference in the keratometry of the two axes. 
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INTRODUCTION

Cataract is a common cause of vision loss and blindness in 
humans.1 It is the opacity of the eye lens that is a part of the 
phenomenon of aging and its effects on the eye.2 The aver-
age age of cataract patients is 60-70 years and the only cure 

is surgical treatment.3,4 The cataract surgery proposed in 
the not-too-distant past as a surgery to remove the opa-
que lens, has recently gained public acceptance as a way to 
eliminate refractive errors.5 Now all efforts have focused 
on reducing the postoperative astigmatism and providing 
excellent vision.6 There are several ways to remove the 
lens, one of the newest and most common surgical pro-
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cedures for cataract surgery being phacoemulsification. 
In addition, a variety of incision, including scleral, limbal 
and corneal incisions at 12 hours and between 9 and 12 
hours, the temporal incision and incision in the steep axis 
of the cornea, and with different lengths, appropriate for 
the incision and intraocular lens (IOL) are used.7 Phaco 
surgery is a method of extracapsular cataract extraction 
(ECCE) during cataract surgery.8 Ultrasound waves are 
used to fragment the lens, resulting in reduced wound 
complications and faster healing compared with other 
methods requiring a large incision. In addition, using this 
method, during phaco and aspiration, a closed system 
is created by which in turn controlling the depth of the  
anterior chamber and vitreous protection against positive 
pressure as well as choroid bleeding is possible.6,9,10 One of 
the complications caused by cataract surgery is the astig-
matism created after the surgery that reduces the patient’s 
vision. Although the effect of surgical incision cataract on 
creating astigmatism has been known for years, surgeons 
have been attracted in recent years to measure and reduce 
the amount of astigmatism made by surgery.11,12 Kerato-
metry is one of the diagnostic tools for astigmatism and 
a useful tool to determine the refractive status of cornea 
and it is used for measuring the central anterior corneal 
curvature.13 The basis for measuring corneal curvature by 
keratometry is to determine the exact size of the retrieved 
image from the front surface of the cornea.10,14 

Surgically induced astigmatism can be evaluated using 
two methods. The first method is subtraction in which the 
absolute change of keratometric astigmatism before and  
after surgery is calculated regardless of the axis. The sec-
ond method is a vector (axis) analysis that evaluates not 
only the cylindrical power but also a change in axis of 
astigmatism. The end cylinder is the result of two inclined 
intersecting cylinders.9,10,15-17 

Some surgeons believe that an incision on two planes 
is more likely to be associated with astigmatism, and 
the deeper the vertical incision, the more similar func-
tion it has with the plane of astigmatic keratotomy, 
and the more it can flatten the cornea in that axis. 
With advances in surgical techniques and the crea-
tion of smaller wounds without sutures, attention has 
been drawn to pre-existing astigmatism correction 
that to achieve this goal, the size, position, and plane 
must be taken into account. In addition, other meth-
ods like astigmatic keratotomy, limbal relaxing inci-
sions and folding toric intraocular lenses are used to  
correct previously large quantities of astigmatism.9,12,18

AIM

The aim of this study was to determine the relationship 
between keratometry and corneal incision before and after 
phacoemulsification surgery in 300 patients with cataract 
undergoing surgery over a year.

MATERIALS AND METHODS

In the present study, the effect of different corneal incision 
in the phacoemulsification surgery on vision and astigma-
tism were evaluated in 300 patients with cataract surgery 
in Khatam Hospital in the city of Mashhad from January 
2017 to April 2018. The research project was approved by 
the Ethics Committee of Mashhad University of Medical 
Sciences. The executive protocol of the study was carried 
out according to the Helsinki Declaration and after obtai-
ning informed consent from all participants.

The patients in the study had no eye disease other than 
cataract, did not have previous eye surgery or refractive 
correction surgery, and their cataract was related to age and 
appropriate to perform phacoemulsification.

All samples that were eligible for the phacoemulsifica-
tion surgery were evaluated at admission in terms of vision 
and astigmatism. The type and degree of astigmatism was 
measured based on keratometry and by auto-refractometer 
and then based on that axis, the steep of cornea was de-
termined. All surgeries were done by one anterior segment 
fellowship surgeon. Ninety-four, 106, and 100 patients were 
operated in January, March and April 2015, respectively.

Corneal incision was made in the steep axis, and in 
some cases with zero or close to zero astigmatism, small 
corneal temporal incision was used. All patients underwent 
phacoemulsification by the same anterior segment fellow-
ship surgeon. The intraocular pressure in all patients was 
within the normal range before and after surgery and no 
cases of endophthalmitis and leakage from the incision 
were reported.

The cuts we used involve cutting 3.2 mm of the  
supratemporal cornea and 2.3 mm of temporal cornea. 
In addition, intraocular lenses of Akreos fit and Morcher 
were used. The intraocular lens power was calculated using 
SRK-T or Holladay. The patients were followed-up for one 
month, six months, and one year after surgery and all data 
were recorded.

Statistical analysis 

In this study, we used descriptive statistics including fre-
quency tables, mean, standard deviation and analytic sta-
tistics including correlation coefficient, ANOVA, Student 
t-test, and general linear model. Also, a p value of less than 
0.05 was considered to be statistically significant.

RESULTS

Of the 300 studied patients, 156 were male and 144 were 
female. All patients were over 40 years old. Most of the 
subjects were in the age group of 60-69 years (38%) and 
the lowest rates were in the group of over 80 years (3%). 
The mean age in both groups was estimated to be about 66 
years.
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Of the 300 operations performed, the temporal incision 
was 73% and supratemporal incision was 27%.

The vision of the subjects was classified based on the 
vision more than 5/10 and less than 5/10. As a result, the 
frequency of those who had a vision less than 5/10 before 
surgery was 76% and those who had a vision more than 
5/10 was 24%. In addition, the patients who had postopera-
tive vision higher than 5/10, reached 75%.

The distribution frequency of cases based on spherical 
refraction component before surgery is shown in Fig. 1. 
There was no significant difference between six month and 
one year after operation regarding results of examination 
(including refraction, uncorrected visual acuity and ke-
ratometry).

Figure 1. Distribution frequency of patients based on spherical refraction component before surgery. 

Figure 2. Distribution frequency of patients based on spherical refraction component after surgery.

The highest value of preoperative refraction spherical 
component was in the range of 1-3 (32%), while the highest 
and lowest postoperative (one year after surgery) range was 
between +2 and −1.5, respectively.

Astigmatism refraction in the study varied from −3.5 to 
+4 before the operation to the range of −1 to +2.5 after the 
surgery. Fig. 2 shows the distribution frequency of patients 
based on spherical refraction component after surgery.

Average power of the cornea before surgery was 
44.6±1.48, and one year after surgery was 44.3±1.40 (D), 
and the difference was not significant. The least amount 
was 42.1 and 41 before and after surgery, respectively. The 
highest amount was 46.75 and 46 before and after surgery 
(one year), respectively.
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The highest rate of corneal power on axis one was in the 
range of 44-45 before surgery (87 patients) and one year  
after the operation was still in the same range. In addition, 
the largest number of people regarding corneal power in axis 
two of keratometry was in the range of more than 46 (n=108) 
before surgery and 44–46 (n=132) after the operation.

Spherical element average before surgery did not have 
a significant difference from that after surgery (p=0.51). 
But the average of cylindrical component was significantly  
different before and after surgery (p=0.00). Also, there was 
a significant difference in corneal power in axis one before 
and after the surgery (p<0.00). However, statistical differ-
ence was not found about axis two (p=0.63).

Table 1 shows the average of cylindrical component, 
spherical component and corneal power before and after 
surgery (p<0.05).

Comparing the changes of corneal power (Table 2) 
with location of incision shows the mean of corneal power 
changes were 1.28±0.6 and 0.56±0.08 in the supratemporal 
and temporal incision, respectively, that the difference was 
statistically significant (p=0.04). 

Table 1. Comparison of cylindrical component, spherical com-
ponent and corneal power before and after surgery (based on 
mean and standard deviation)

Surgery Cylinder Sphere
Mean corneal 
power

Before 1.19±0.69 0.38±2.9 44.6±0.14

After 0.74±0.57 0.22±0.77 44.3± 0.14
p value 0.05 0.5 0.01

Table 2. Comparison of the mean changes in corneal power of 
the patient based on the site of incision 

Location of  
incision

Average 
changes 
in corneal 
power

Standard 
deviation 
(SD)

p value

Supratemporal 0/6 1/28
0.04

Temporal 0/08 0/56

DISCUSSION

Phacoemulsification surgery is a method of ECCE in  
cataract where ultrasound waves are used to fragment the 
lens.19 As a result, wound complications are reduced, and 
healing is faster and retrieval of vision is faster compa-
red with other methods requiring a big incision.20 In this  
location, incisions must not be considered as a simple en-
try into the eye.21 In fact, retrieval of vision after surgery 

primarily depends on the incision location and its structu-
re, and one of the factors affecting the final vision is astig-
matism after surgery.22 Since in eye surgery the location of 
incision has a significant importance in astigmatism after 
surgery, so the accurate location of incision and its relation 
with keratometry before surgery has always been conside-
red by surgeons.16 

Based on the study results, incision creation in the 
steepest meridian leads to flatness of the meridian, there-
fore, it decreases astigmatism that is similar to the most of  
previous studies.23-25,28 In fact, if a patient has with the 
rule hyper-astigmatism, an incision in the top will flatten  
vertical meridian over time, and steeps horizontal merid-
ian. If there is astigmatism against the rule before the sur-
gery, a temporal incision will flatten step vertical meridian 
over time, and steeps horizontal meridian, and the nearer 
it is to the center of cornea, the stronger effect it has on 
astigmatism.26,27 

According to the study conducted by Müller-Jensen et 
al.27 with 61 patients in Germany, astigmatism before sur-
gery was 2.25±0.98 D, and they underwent phaco surgery 
with a 4 mm incision in the steep axis. It was observed 
that in the patients who had with the rule astigmatism and 
the incision was in superior, the astigmatism changed to 
1.93±0.97 diopters (D). In addition, in patients who had 
astigmatism against the rule and the incision was in tem-
poral, it was 1.33±0.73 D. Also, it was shown that with a 
4mm incision in the steep axis without keratectomy or lim-
bal relaxing incision (LRI), preoperative astigmatism can 
be significantly reduced. In this study, just a small 2.3 mm 
incision was used. Average of astigmatism reduction in  
superior incision group was 0.99 D, and temporal incision 
group was 0.45 D. This difference in average can be because 
of the smaller size of incision.

Also, based on the study results, supratemporal incision 
of cornea is more effective than temporal incision in reduc-
ing astigmatism. In a study in China28, it was observed that 
in the patients with a corneal incision at the superior or 
supra-temporal, 0.83±0.65 D of astigmatism was induced; 
again, in the group with an incision in the steepest axis, 
0.55±0.72 diopters of astigmatism were created. Astigma-
tism change in the first group was 0.11 diopters and 0.39 
diopters in the second group that the difference was statisti-
cally significant. Thus, the results show that if the corneal 
incision was done in the steepest axis, the created postop-
erative astigmatism will be reduced considerably.

CONCLUSIONS

Based on results of the study and compared with previous 
reports, it can be concluded that making incision in the 
steepest meridian can flatten this meridian, and this effect 
is stronger about supratemporal incision. Temporal incisi-
on is recommended in cases with a little difference in kera-
tometry of two axes.



Correlation between Keratometry and Corneal Incision

531Folia Medica I 2021 I Vol. 63 I No. 4

Acknowledgements

The authors thank all patients participating in this study. 
We are also grateful to all anterior segment specialists in 
the Department of Ophthalmology of Mashhad University 
of Medical Sciences for creating an appropriate situation to 
conduct the study in the operation room.

Disclosure

The authors declared no conflicts of interest. No funding 
was received for this study.

REFERENCES
1.	 Sheeladevi S, Lawrenson J, Fielder A, et al. Global prevalence of child-

hood cataract: a systematic review. Eye 2016; 30(9):1160–9.
2.	 Solebo AL, Rahi JS. Epidemiology of Congenital Cataract. Springer; 

2017:15–25.
3.	 Watkinson S, Seewoodhary M. Cataract management: effect on pa-

tients’ quality of life. Nurs Stand 2015; 29(21):42–8.
4.	 Song E, Sun H, Xu Y, et al. Age-related cataract, cataract surgery and 

subsequent mortality: a systematic review and meta-analysis. PLoS 
One 2014; 9(11):e112054.

5.	 Donaldson KE, Braga-Mele R, Cabot F, et al. Femtosecond laser-as-
sisted cataract surgery. J Cataract Refract Surg 2013; 39(11):1753–63.

6.	 Johns KE. Basic and clinical science course. San Francisco: American 
Academy of Ophthalmology 2002:5-104.

7.	 Ewe SY, Abell RG, Oakley CL, et al. A comparative cohort study of 
visual outcomes in femtosecond laser-assisted versus phacoemulsifi-
cation cataract surgery. Ophthalmology 2016; 123(1):178–82.

8.	 Miller K, Sherief R, Kaplowitz K, et al. Surgical outcomes following 
complicated phacoemulsification cataract surgery performed by be-
ginner resident surgeons. Invest Ophthalmol Vis Sci 2016; 57(12):939. 

9.	 JE TW. Clinical Ophthalmology, San Francisco, CA: Stuart Freeman; 
1996:5–7.

10.	 Masket S. Cataract incision and closure. San Francisco: American 
Academy of Ophthalmology 1995:5–10.

11.	 Vaughan D, Asbury T, Riordan Eva P. General ophthalmology. 16th 
ed. Appleton and Lange 2004:1–29. 

12.	 Klijn S, van der Sommen CM, Sicam VAD, et al. Value of poste-
rior keratometry in the assessment of surgically induced astigmatic 
change in cataract surgery. Acta Ophthalmol 2016; 94(5):494–8.

13.	 Duman R, Cevik SG, Cevik MT, et al. Prevalence of corneal astigma-

tism and axial length in cataract surgery candidates in Turkey. Eu R 
J 2017; 3(1):25–9.

14.	 Lenhart PD, Courtright P, Wilson ME, et al. Global challenges in the 
management of congenital cataract: proceedings of the 4th Interna-
tional Congenital Cataract Symposium held on March 7, 2014, New 
York, New York. J AAPOS 2015; 19(2):e1–e8.

15.	 Rigi M, Al-Mohtaseb Z, Weikert MP. Astigmatism Correction in 
Cataract Surgery: Toric Intraocular Lens Placement Versus Pe-
ripheral Corneal Relaxing Incisions. Int Ophthalmol Clin 2016; 
56(3):39–47.

16.	 Obstbaum S. Wound construction and closure: steps for improved 
stability in cataract surgery. J Cataract Refract Surg 1991; 17:659.

17.	 Miller KM. Basic and clinical science course. San Francisco: Ameri-
can Academy of Ophthalmology 2002:90–6.

18.	 Park H, Kim JS, Choi HS, et al. Clinical results after phacoemulsifica-
tion in mature cataract. J Korean Ophthalmol Soc 2016; 57(6):891–7.

19.	 Zhao Y, Liu Z-F. Effects of phacoemulsification on the intraocular 
pressure and corneal endothelial cells of the patients with glaucoma. J 
Hainan Med Univ 2016; 22(12):51–4.

20.	 Shao-Wei Z, Xiao-Chun M, Qin L. Effect of micro-incision cataract 
phacoemulsification on ocular surface in type 2 diabetics. Int Eye Sci 
2016; 16(10):1875–8.

21.	 Bigyabati R, Victor R, Rajkumari B. A comparative study of the 
amount of astigmatism following conventional extracapsular cataract 
extraction and manual small incision cataract surgery. J Evid Based 
Med Health 2016; 3(47):2342–5.

22.	 Alio JL, Soria F, Abdou AA. Femtosecond laser assisted cataract 
surgery followed by coaxial phacoemulsification or microincisional 
cataract surgery: differences and advantages. Curr Opin Ophthalmol 
2014; 25(1):81–8.

23.	 Savini G, Næser K. An analysis of the factors influencing the residual 
refractive astigmatism after cataract surgery with toric intraocular 
lenses. Invest Ophthalmol Vis Sci 2015; 56(2):827–35.

24.	 Day AC, Stevens JD. Predictors of femtosecond laser intrastromal as-
tigmatic keratotomy efficacy for astigmatism management in cataract 
surgery. J Cataract Refract Surg 2016; 42(2):251–7.

25.	 Febbraro J-L, Wang L, Koch DD. Cataract wound size and astigma-
tism. Springer; 2014:71-83.

26.	 Müller-Jensen K, Barlinn B, Zimmerman H. Astigmatism reduction: 
no-stitch 4.0 mm versus sutured 12.0 mm clear corneal incisions. J 
Cataract Refract Surg 1996; 22(8):1108–12.

27.	 Xie L, Zhu G, Wang X. Clinical observation of astigmatism induced 
by corneal incision after phacoemulsification. Zhonghua 2001; 
37(2):108–10.

28.	 Long DA, Monica ML. A prospective evaluation of corneal curvature 
changes with 3.0-to-3.5-mm corneal tunnel phacoemulsification. 
Ophthalmology 1996; 103(2):226–32.



532

A. Derakhshan et al

Folia Medica I 2021 I Vol. 63 I No. 4

Корреляция между кератометрией и 
разрезом роговицы до и после операции 
факоэмульсификации
Акбар Деракшан1, Шахрам Бамдад2, Хосеин Кейри3, Масуд Ясеми2 
1 Машхадский офтальмологический исследовательский центр, Университет медицинских наук Машхада, Машхад, Иран
2 Офтальмологический исследовательский центр, Ширазский университет медицинских наук, Шираз, Иран 
3 Офтальмолог, Университет медицинских наук Машхада, Машхад, Иран

Адрес для корреспонденции: Шахрам Бамдад, Офтальмологический исследовательский центр, ул. „Занд“, 7134997446 Шираз, Фарс, 
Иран; E-mail: shahrambamdad@yahoo.com; Тел.: 0098-71-32302830

Дата получения: 13 июня 2020 ♦ Дата приемки: 21 октября 2020 ♦ Дата публикации: 31 августа 2021

Образец цитирования: Derakhshan A, Bamdad S, Kheiri H, Yasemi M. Correlation between keratometry and corneal incision 
before and after phaco surgery. Folia Med (Plovdiv) 2021;63(4):527-32. doi: 10.3897/folmed.63.e55396.

Резюме
Введение: Катаракта – частая причина потери зрения и слепоты у людей. После хирургической коррекции катаракты не-
обходимо приложить все усилия для уменьшения послеоперационного астигматизма, обеспечивая тем самым прекрасное 
зрение для пациентов.

Цель: Установить взаимосвязь между разрезом роговицы и рефрактерными изменениями до и после факоэмульсификации у 
300 пациентов, перенёсших операцию по удалению катаракты в больнице Хатам, Мешхед, Иран, с января 2017 года по апрель 
2018 года.

Материалы и методы: Для этого исследования были отобраны триста пациентов (144 женщины и 156 мужчин) с катарак-
той, которым была проведена факоэмульсификация. Перед операцией были проведены измерения рефракции, кератометрии 
и остроты зрения. Затем на роговице сделали a steep-based incision без наложения швов. Разрез роговицы 3.2 мм был сделан на 
двух надвисленных и височных участках. Пациенты наблюдались в течение одного и шести месяцев, а через год после опера-
ции мы наблюдали за их зрением и рефракцией и проводили кератометрические измерения.

Результаты: Средний возраст пациентов составил 65.7 ± 9.54 года (возрастной диапазон 42-84 года). Никаких серьёзных 
осложнений не наблюдалось. Наибольшие изменения силы роговицы были в надвисочном разрезе (1.28 ± 0.6). Кератометрия 
имела значительную связь с разрезом (p<0.04).

Заключение: Разрез, выполненный на более рефракционном меридиане, приводит к сглаживанию этого меридиана, и этот 
эффект более выражен в надвисочном разрезе. Височный разрез рекомендуется в тех случаях, когда нет большой разницы в 
кератометрии двух осей.

Ключевые слова
расположение разреза, кератометрия, факоэмульсификация, рефракция


