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INTRODUCTION

Biometry is the process of measuring the power of the cornea 
and the axial length of the eye, and using this data to determine 

1the ideal intraocular lens power . If this calculation is not 
performed accurately, the patients may be left with a significant 
refractive error post-operatively. The power of the cornea, the 
power of the lens, and the length of the eye are the three factors 
on which the refractive power of human eye depends. When 
cataract is removed, the cataractous lens is replaced by an 
artificial lens implant. By measuring both the length of the eye in 
mm and the power of the cornea in Diopters (Keratometry), we 
can calculate the power of the intraocular lens (IOL) needed, by 
using various intra-ocular lens calculating formulas. 
A-scan is an amplitude modulation ultrasound scan. It provides 
data on the axial length of the eye. Commonly, A-scan is done 
using an applanation probe in contact with the cornea, but the 

2immersion method may also be used . Immersion method 
avoids any corneal compression that can give a falsely short 
axial length and gives high quality, consistent results.
Keratometry is the measurement of the corneal radius of 
curvature. Keratometry attempts to predict the total corneal 

power based on the measurement of the anterior corneal 
3surface . The measurements are normally recorded along two 

orthogonal meridians, giving the maximum and minimum 
corneal powers. These are known as K-values or corneal Ks. The 
difference between the K-values is the corneal astigmatism. 
Keratometry can be acquired with a variety of instruments 
either manually or via automated keratometres. Keratometry is 
a critical measurement in intra-ocular lens power calculation 
because errors in measurements are matched 1:1 to refractive 

4outcomes . If keratometry is inaccurate, there can be an 
unexpected refractive surprise post-operatively.
There are several different biometry formulas that can be used 
depending on the actual characteristics of the eye. The Hoffer 
Q, Holladay I, and SRK/T formulae are all commonly used. The 
older SRK I and II regression formulae are now regarded as 

6obsolete . More recent formulae, such as the Holladay II or 
Haigis can increase accuracy in special situations.
The purpose of this study was to document the variations in 
keratometry, axial length of eye and intra-ocular lens powers 
observed during biometry of our patients, find any significant 
gender difference and to compare it to the national and 
international data available in literature.

METHODOLOGY

A retrospective review of the biometry record of the patients 
undergoing cataract surgery (phacoemulsification) with IOL 
implantation in our clinic, Saeed Eye and Medical Complex, 

st stRawalpindi, from 1  Nov 2010 to 31  Dec 2014 was done. All 
patients were registered and a specially designed biometry 
form was filled for their IOL power calculation at the time of 
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mean ±SD keratometry readings (K1 and K2) were 43.46 ±1.68 D 
and 44.41±1.98 D respectively. The mean ±SD axial length was 
23.45±1.20mm in these cases. SRK-T formula was used in 818 
(90.1%) cases whereas Hoffer Q and Haigis was used in 68 
(7.5%) and 22 (2.4%) of cases respectively. The mean ±SD intra-
ocular lens power came out to be 20.22±3.06D using A-constant 
of 118. 
As a second step, the keratometric readings and the axial length 
of eye was divided in subgroups for further analysis. The 
number of cases and percentages of K1, K2 and axial length of 
eyes sub-divided in groups are shown in Tables 1 & 2. For K1, 
most of the cases were in the 42-44.99D sub groups (sub group 
4, 5 and 6), being 162 (17.8%) between 42-42.99, 203 (22.4%) 
between 43-43.99D and 187 (20.6%) between 44-44.99D, 
having a cumulative number of 552 (60.79%, n=908). For K2, 
most of the cases were in the sub-groups of 43-45.99D (sub 
groups 5, 6 and 7). These were 172 (18.9%) cases from 43-
43.99D, 205 (22.6%) from 44-44.99D and 180 (19.8%) cases with 
total of 557 (61.34%, n=908). The axial length of the eye ball 
showed most of the cases in axial length sub-groups of 22-
24.99mm (sub-group 3, 4 and 5) with 256 (28.2%) cases in 22-
22.99mm, 365 (40.2%) in 23-23.99mm and 175 (19.3%) in 24-
24.99mm subgroup. They make up a total of 796 (87.66%) of 
total 908 cases studied. (Graph 1, 2, 3)
The results were further analyzed, for any significant variations 
in males and females. The mean ±SD K1 in males was 42.95 
±1.54D and was 43.88 ±1.67D for females (p=0.0001). The mean 
±SD K2 for males was 43.9 ±1.66D and in females it was 44.78 
±1.70D. (p=0.0001). The mean ±SD axial length of eyes was 
23.81 ±1.23mm and 23.16 ±1.08mm in males and females 
respectively. The mean ±SD IOL power needed to achieve 
emmetropia was 19.68 ±3.19D in males and 20.67 ±2.86D in 
females (p=0.0001)(Table 3) The IOL power was calculated by 
using SRK-T in 381(92%) males whereas it was used in 437 (88%) 
females. Hoffer Q was used in 17 (4.1%) males and 51 (10.3%) 
females. Haigis was used as IOL calculating formula in 14 (3.4%) 
males and in 8 (1.6%) females.

their surgery. For the purpose of study only patients of senile 
cataract were included. Patients with other causes of cataract 
were excluded from the study. Keratometry readings as 
diopteric power (D) of vertical and horizontal corneal meridian 
(K1 & K2) of every case were measured with automated 
keratometre (Huvitz RK). Axial length of eyeball in mm was 
measured with contact A-scan (Micro Medical Devices, USA) in 
all cases. Power of IOL was calculated by using SRK-T formula in 
patients with axial lengths between 22 and 26. For axial lengths 
shorter than 22mm Hoffer Q was used and for axial lengths 
more than 26 mm Haigis was used.  A-constant of 118.0 was 
used in all calculations. 
The data was fed to SPSS version 16 for analysis. Three kinds of 
data analysis were performed. First, the whole data was 
analyzed for gender, laterality of eye, keratmetric values (K1 and 
K2), axial length, formula used and IOL power. Second, the 
keratometry readings (K1 and K2) and the axial lengths was 
further sub-divided into groups and the numbers of cases with 
percentages were calculated for each variable in each group. 
The keratometry readings were divided in 11 sub groups, the 
first group being <40 D and the last one >49D. The rest of the 
groups were the in between readings divided in 1D interval (40-
40.99, 41-41.99, 42-42.99, 43-43.99, 44-44.99, 45-45.99, 46-
46.99, 47-47.99 and 48-48.99). The axial lengths were divided in 
8 sub groups. The first and the last group was <21mm and 
>27mm group. The rest of the readings were divided in 1mm 
intervals (21-21.99, 22-22.99, 23-23.99, 24-24.99, 25-25.99, 
and 26-26.99). Third, the student t-test was applied to compare 
means of axial length, keratmetric values and IOL power among 
the male and female gender groups.

RESULTS

A total of 908 patient records were included in the study. 
Amongst them 412 (45.4%) were males and 496 (54.6%) were 
females. Right eye was examined in 457 (50.3%) cases while left 
eye was examined in 451 (49.7%) of cases. In 908 cases, the 

TABLE – I: K 1 & K2 SUB GROUPS WITH NUMBER OF CASES IN
EACH GROUP AND THEIR % AGES (n=908)

1

2

3

4

5

6

7

8

9

10

11

<40

40-40.99

41-41.99

42-42.99

43-43.99

44-44.99

45-45.99

46-46.99

47-47.99

48-48.99

>49

10 (1.1%)

49 (5.4%)

112 (12.3%)

162 (17.8%)

203 (22.4%)

187 (20.6%)

117 (12.9%)

45 (5%)

21 (2.3%)

2 (0.2%)

0

3 (0.3%)

9 (1.0%)

48 (5.3%)

125 (13.8%)

172 (18.9%)

205 (22.6%)

180 (19.8%)

98 (10.8%)

39 (4.3%)

20 (2.2%)

9 (1.0%)

Keratometry
in Diopters

Sub-Group 
Number

K1
(n with %age)

K2
(n with %age)

TABLE - II: AXIAL LENGTH SUB-GROUPS WITH NUMBER OF

CASES IN EACH GROUP WITH %AGES (n=908)

1

2

3

4

5

6

7

8

<21mm

21-21.99mm

22-22.99mm

23-23.99mm

24-24.99mm

25-25.99mm

26-26.99mm

>27mm

5 (0.6%)

48 (5.3%)

256 (28.2%)

365 (40.2%)

175 (19.3%)

38 (4.2%)

10 (1.1%)

11 (1.2%)

Axial Length (mm)Sub-Group 
Number

Cases with %age
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Gender based comparison of the corneal curvature readings in 
our study found a significantly higher K1 and K2 in females than 
males. The mean ±SD K1 in males (42.95 ±1.54D) was 
significantly lower than females (43.88 ±1.67D). The mean ±SD 
K2 for males (43.9 ±1.66D) was significantly lower than in 
females (44.78 ±1.70D). Similar difference was reported earlier 
where gender based comparison of keratometric values 
showed that the means values were 43.68 ± 1.80D for males and 
44.31 ± 1.80D for females.10 Similar gender difference came 
out in a Canadian study when the mean keratometry readings 
were higher in females compared to males. (Males: 43.54 ± 

141.47D, Females: 44.21 ± 1.40)
The mean ±SD axial length was 23.45±1.20mm in our cases. The 
mean axial length of the eyes of patients undergoing cataract 
surgery was 22.96 ± 1.04mm and 22.52 ± 1.13 mm in similar 

10, 11local studies . A comparative study done among different 
ethnic populations showed the axial length of Asians (East Asian 
23.89 mm, South Asian 23.60 mm) was longer than Caucasians 

15(23.24 mm) and Middle Eastern (23.45mm)  population. The 
mean axial length was considerably larger in our study group 

DISCUSSION

Senile cataract, opacification of crystalline lens with increasing 
age, causes reversible blindness in elderly population. 
According to WHO, cataract is the leading cause of blindness 

6globally and about 90% of blind people live in poor countries .  
According to Pakistan National blindness and visual impairment 

7survey 2007 , cataract is the leading cause of blindness in 
8Pakistan as well, accounting for 51.5% blindness . However, in 

1999, a survey concluded that it was contributing 66.7% to total 
blindness.  Phacoemulsification with intra-ocular foldable lens 

9implantation is the standard surgery for cataract patients .  In 
most of the cases, the aim of surgery is to achieve emmetropia 
for patients and biometry has become an essential tool for IOL 
power calculation. Use of different formulas in different 
situations help the operating surgeon achieve the required 
post-operative visual outcome and avoids refractive surprises. 
In our study of 908 cases, the mean ±SD keratometry readings 
(K1 and K2) were 43.46 ±1.68 D and 44.41±1.98 D respectively. A 
recent local study from Hyderabad reported these keratometric 
values as K1: 44.00 ± 1.83 D and K2: 44.78 ± 1.88 D, slightly 

10higher than our means .  A study from Swat reported the mean 
K1 as 42.48± 2.17D and the mean K2 as 42.65 ± 2.10 D, lower 

11than our means .  Internationally, a series of 450 cases had 
12mean keratometry reading of 43.83 ± 1.56 D ,   while in another 

13study the mean keratometry reading was 43.29 ± 1.57 D .  

TABLE - III: GENDER BASED COMPARATIVE ANALYSIS OF
KERATOMETRY (K1 & K2), AXIAL LENGTH AND IOL POWER  

Keratometry,
K1(Diopters)
Keratometry,
K2 (Diopters)
Axial length
of eye (mm)
IOL power 
(Diopters)

42.95±1.54D

43.90±1.66D

23.81±1.23mm

19.68±3.19D

43.88±1.67D

44.78±1.70D

23.16±1.08mm

20.67±2.86D

0.0001

0.0001

0.0001

0.0001

Males
(n=412)

Females
(n=496) P values

GRAPH 1: DISTRIBUTION CURVE OF CASES IN EACH
SUB-GROUP OF KERATOMETRY 1

GRAPH 2: DISTRIBUTION CURVE OF CASES IN EACH
SUB-GROUP OF KERATOMETRY 2

GRAPH 3: DISTRIBUTION CURVE OF CASES IN EACH
SUB-GROUP OF AXIAL LENGTHS
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16compared to rural Central Indian population (22.6±0.91 mm)   
17and South Indian population (22.8±0.8 mm) . In adult 

population of Beijing, the mean ocular axial length was found to 
be 23.3±1.1 mm. In multivariate analysis they found that axial 
length was significantly associated with the higher body height, 

18higher level of education and urban region of habitation .  This 
may explain the difference between our study and previous 
public hospital based studies. Gender based analysis of axial 
lengths revealed significantly shorter female eyes (23.16 
±1.08mm) than males (23.81± 1.23mm). This gender difference 
was also highlighted in local study in which it was noticed that  
females had a shorter  mean axial length as compared to males 
(Females : 22.81±1.05 mm, Males: 23.13± 1.00mm). The Los 
Angeles Latino Eye Study revealed an association between axial 
length and gender, and like our study, women had shorter eyes 

19than men .  In the Beaver Dam Eye Study, also, the mean axial 
20length was greater in men than in women .  

The study also showed that mean ±SD IOL power needed to 
achieve emmetropia in males (19.68 ±3.19D) was less than 
females (20.67 ±2.86D). Hoffer Q, formula used for shorter than 
22mm eyes, was used in lesser males (4.1%) than females 
(10.3%). Haigis, formula used for more than 26mm eyes was 
used as IOL calculating formula in more males (3.4%) than 
females (1.6%). These findings are also comparable to other 
national and international studies showing that females are 
more hypermetropic and need lower IOL power after cataract 

21surgery than males .  

CONCLUSIONS

The mean keratometry readings (K1 and K2) of all the cases 
were 43.46 ±1.68 D and 44.41±1.98 D, mean axial length was 
23.45±1.20mm. The mean intra-ocular lens power was 
20.22±3.06D. There is statistically significant difference in the 
keratometric and axial length readings of males and females. 
Females tend to have more keratometric readings but shorter 
axial lengths than males. The females require more power of IOL 
to be implanted after cataract surgery.
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