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Abstract
Purpose: To collect and analyze normative data about corneal topography and axial
length in various refractive errors in Indian population.
Design: Cross-sectional observational study.
Materials and Method: Three hundred eyes (150 patients) of age group 12-35 yrs were
arranged in 5 groups according to refractive status; Group 1 (n=44): myopia of Spherical
Equivalent (SE) > 6 D; Group 2 (n=67): myopia of SE >0.5 D to 6 D; Group 3 (n=88): nearly
emmetropic of SE -0.5 D to +0.5 D; Group 4 (n=59): hypermetropia of SE >0.5 to 6 D; Group
5 (n=42): hypermetropia of SE > 6 D. Axial length(AL), central radius of curvature of cornea
(CR), central power of cornea (CK) , Al/CR ratio for each group were documented . Correlation with SE and among each other was studied.
Results: Mean AL (in mm) of myopic patients (n=111) was 24.23 ± 1.34, emmetropic
(n=88) 22.62 ± 0.94 and hypermetropics (n=101) 20.73 ±0.94. Mean CR (in mm) of myopic
patients was 7.55 ± 0.35, emmetropics was 7.70 ±0.32, and hypermetropes was 7.99 ±0.35.
Mean CK (in D) of myopics was 44.86±2.59, emmetropes was 43.91±1.76, and hypermetropes was 42.32±1.89. Mean AL/CR ratio of myopics was 3.22 ± 0.29, emmetropics 2.94
± 0.07, and hypermetropics 2.60 ± 0.19. AL was negatively correlated with SE(r=-0.91,
p<0.0001) and positively with AL/CR(r=0.88, p<0.0001) and CK (r=0.36, p<0.0001). CR was
negatively correlated with AL/CR (r=-0.74, p<0.0001) while positively correlated with SE
(r=0.62, p<0.0001). CK showed positive correlation with AL/CR (r=0.75, p<0.0001) while
negative correlation with SE (r=-0.61, p<0.0001). AL/CR was negatively correlated with
SE(r=-0.95, p<0.0001).
Conclusion: This study showed a negative correlation between axial length and refractive
error and between AL/CR ratio and refractive error with stronger inverse relationship in
hypermetropes than myopes. There was a positive correlation of CR with SE with a weaker
direct relationship in myopes than hypermetropes.
Keywords: Axial length; central radius of curvature of cornea; corneal power; spherical
equivalent.

Introduction

The refractive state or spherical equivalent(SE) of the eye is determined by refractive components (corneal power, lens power, anterior chamber depth, and axial
length) which are interdependent rather than independent variables, and that the
eye grows during the early years in life in such a manner that the refractive state
tends towards emmetropia.1,2
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The axial length (AL) is the distance from the corneal surface to an interference
peak corresponding to the retinal pigment epithelium3,4 and this is expressed in
millimetres. Maximum eye growth takes place in the first 18 months of life after
which there is little change,5 the majority of axial length elongation takes place in
the first three to 6 months of life and a gradual reducing rate of growth over the
next two years,6 and by three years the adult eye size is attained.
The cornea is the most powerful refracting surface of the eye, accounting for
two-thirds of the eye’s focusing power. The refractive power of the cornea (CK)
depends on its curvature and the difference in refractive indices between it and
air.7 The interaction between axial length and corneal radius of curvature (CR) has
played a major role in the compensatory adjustments of the optical components
of the eye towards attaining emmetropic state. The axial length-corneal radius (AL/
CR) ratio has been shown to give a better correlation with refractive error than is
obtained with axial length alone.8,9

Materials and methods
Study subjects

Our study had institutional review board clearance and was conducted as per
the tenets of Helsinki declaration. A tertiary eye care centre based cross sectional
observational study was conducted on hundred and fifty patients of the age
group of 12-35 years. Data of three hundred eyes of these patients was stratified in 5 following groups, according to the refractive status: myopia of Spherical
equivalent(SE) > 6 D; myopia of SE > 0.5 D to - 6 D; nearly emmetropic (-0.5 D to +0.5
D); hypermetropia of SE >0.5 D to + 6 D; hypermetropia of SE > + 6 D.
Patients who had other causes of diminution of vision such as cataract or posterior segment disease, those who had undergone cataract surgery, those who
refused inclusion in the study, were all excluded from the study.
Refraction was done for each eye. Astigmatism was not an exclusion criteria and for
all calculations and correlations SE was documented. Axial length (AL) documented
by A-scan (Opticon). At least two readings were taken and the average calculated
as the measured axial length. Corneal topography was done by Humphrey Atlas
corneal topography system model 993, Atlas version A 12.1 (Carl Zeiss Meditec
Inc., Dublin, CA, USA). Two reading from each eye was taken for Central corneal
power (CK) and Central radius of curvature (CR). Simulated keratometry readings
characterize corneal curvatures in the central 3 mm area. The simulated keratometry readings of steep and flat meridians of cornea were measured and average
corrected corneal power in front of pupil (central power of cornea ) calculated by
the software was documented.
Central radius of curvature of cornea was calculated by the formula (k= 0.3375/r)
where k is the central power of cornea and r is the central radius of curvature of
cornea. 0.3375 is the difference in refractive indices of cornea and air.
Patients also underwent detailed slit lamp examination; fundus examination
using direct ophthalmoscope (Welch Allyn 3. 5v Coaxial Ophthalmoscope), +90D
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Lens and indirect ophthalmoscope (IO-7 binocular indirect ophthalmoscope,
Appaswami).

Statistical Analysis

Data were summarized as Mean ± SD and percentage. The age and outcome
measures (AL, CR, CK, AL/CR ratio) of five groups were compared by one way
analysis of variance (ANOVA). The discrete (categorical) observations of sex of five
groups were compared by chi-square (χ2) test. Pearson correlation analysis was
used to assess association between the variables. Linear regresion was used to find
the strength of associations between two continuous variables. A two-sided (α=2)
p<0.05 was considered statistically significant. All analyses were performed on
STATISTICA (window version 6.0).

Result

On comparing the sex proportion (Male/Female), χ2 test revealed no significant
difference in proportions of sex between the groups (χ2=6.79; p=0.1473) .The mean
age of all groups show no significant difference (F=0.27, p=0.8941).
SE of the five groups was summarized as Group 1: -9.73 ± 5.37 ; Group 2: -2.35 ±
1.17; Group 3: 0.08 ± 0.30; Group 4: 3.20 ± 1.52; Group 5: 8.07 ± 2.0.
AL of the five groups was summarized as: Group 1: 25.25 ± 1.49; Group 2: 23.56
± 0.62; Group 3: 22.62 ± 0.94; Group 4: 21.28 ± 0.71; Group 5:19.97 ± 0.64. . Linear
regression analysis of AL and SE: (Fig. 1) showed decrease in AL with increase in SE
from myopia towards hypermetropia.

Fig 1. Correlation between axial length (AL) and spherical equivalent (SE).

CR of the five groups was summarized as: Group 1: 7.46 ± 0.44; Group 2: 7.61 ±
0.27; Group 3: 7.70 ± 0.32; Group 4: 7.76 ± 0.27; Group 5: 8.30 ± 0.16 Linear regression analysis between CR and SE: (Fig. 3) demonstrated increase in CR with change
in SE from myopia to hypermetropia.
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CK of the five groups was summarized as: Group 1: 44.52 ± 3.61; Group 2: 44.42
± 1.48; Group 3: 43.91 ± 1.76; Group 4: 43.50 ± 1.53; Group 5: 40.66 ± 0.77. The data
exemplified higher value of CK in myopes as compared to that in hypermetropes
(Figure not shown).

Fig 2. Correlation between central radius of curvature of cornea (CR) and spherical equivalent.

Fig 3. Correlation of AL/CR ratio with Spherical equivalent.

Al/CR of the five groups was summarized as: Group 1: 3.40 ± 0.37; Group 2: 3.11
± 0.11; Group 3: 2.94 ± 0.07; Group 4: 2.74 ± 0.10; Group 5: 2.41 ± 0.08. (Fig. 4)
illustrates linear regression analysis between AL/CR and SE i.e. as refractive status
changes from myopic to hypermetropic side, AL/CR ratio decreases.
28
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AL showed negative association with CR (r=-0.37, p<0.0001) and SE (r=-0.91,
p<0.0001) while positive association with CK (r=0.36, p<0.0001) and AL/CR (r=0.88,
p<0.0001). CR showed negative association with CK (r=-0.98, p<0.0001) and AL/
CR (r=-0.74, p<0.0001) while positive association with SE (r=0.62, p<0.0001). CK
showed positive association with AL/CR (r=0.75, p<0.0001) while negative association with SE (r=-0.61, p<0.0001). AL/CR ratio showed significantly high and negative
association with SE (r=-0.95, p<0.0001). Table not shown.
Table 1 shows a higher correlation between AL and SE in myopes whereas in
hypermetropes CR and AL/CR ratio had higher correlation with SE.
Table 2 summarizes the mean values of the study variables.
Table 1. Inter-correlation correlation among variables in myopes and hypermetropes.

GROUP

AL

CR

AL/CR

MYOPIA (N=111)

-0.86

0.51

0.91

HYPERMETROPIA (N=101)

-0.81

0.62

0.94

Table 2. Mean values of study variables.
GROUP 1
(n=44)

SE

AL

CR

CK

AL/CR

GROUP 2
(n=67)

GROUP 3
(n=88)

GROUP 4
(n=59)

GROUP 5
(n=42)

F VALUE
P VALUE
(4,295 DF)

-9.73 ± 5.37
(-26.00 to
-6.25)

-2.35 ±
1.17
(-5.75 to
-0.75)

0.08 ± 0.30
(-0.50 to
0.50)

3.20 ± 1.52
(1.00 to
5.50)

8.07 ± 2.05
(6.50 to
13.50)

352.38

p<0.0001

25.25 ±
1.49
(23.63 to
30.06)

23.56 ±
0.62
(22.32 to
24.79)

22.62 ±
0.94
(21.02 to
24.41)

21.28 ±
0.71
(19.46 to
22.87)

19.97 ±
0.64
(18.61 to
20.77)

231.79

p<0.0001

7.46 ± 0.44
(5.01 to
7.83)

7.61 ±
0.27
(7.14 to
8.54)

7.70 ± 0.32
(7.18 to
8.35)

7.76 ± 0.27
(7.04 to
8.30)

8.30 ± 0.16
(7.98 to
8.54)

48.54

p<0.0001

44.52 ±
3.61
(43.10 to
67.30)

44.42 ±
1.48
(39.50 to
47.30)

43.91 ±
1.76
(40.80 to
47.00)

43.50 ±
1.53
(40.70 to
48.00)

40.66 ±
0.77
(39.50 to
42.25)

37.33

p<0.0001

3.40 ± 0.37
(3.14 to
5.06)

3.11±
0.11
(2.86 to
3.27)

2.94 ± 0.07
(2.77 to
3.07)

2.74 ± 0.10
(2.60 to
3.02)

2.41 ± 0.08
(2.25 to
2.51)

229.86

p<0.0001
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Discussion

Mean SE of patients included in this study was -0.17 ± 5.64 D. Mean SE in myopic
patients was -5.27 ± 5.02 D and in hypermetropic patients was 5.20 ± 3.0 D. Mean
SE from group 1 to 5 was -7.55 ± 1.23 D, - 2.35 ± 1.17 D, 0.08 ± 0.30 D, 3.16 ± 1.50 D
and 8.08 ± 2.08 D respectively.
Mean AL of patients included in this study was 22.58 ± 1.84 mm. Mean AL of
myopic patients was 24.23 ± 1.34 mm and of hypermetropic patients was 20.73 ±
0.94 mm. Mean AL from group 1 to 5 was 24.78 ± 0.84 mm, 23.61 ± 0.69 mm, 22.62
± 0.94 mm, 21.29 ± 0.71 mm and 19.96 ± 0.64 mm respectively.
Tien Yin Wong et al10 in his study on chinese population in Singapore (2001) found
the mean axial length of 23.23± 1.17 mm slightly higher than our study. Elvis Ojaimi
et al11 in his study on Australian population (2005) in his study found nearly same
mean axial length that was 22.61 ± 0.02 mm (range: 19.64–25.35). Lourdes Llorente
et al12 in their study on spanish population (2005) found lower AL 22.62 ± 0.76 mm
for hyperopic eyes and higher AL i.e 25.16 ± 1.23 mm for myopic eyes.
Our study revealed a high correlation between AL and SE (r= -0.91, p<0.0001).
This correlation was higher than previous studies. Correlation between AL and SE
in myopic group (r= -0.86, p<0.0001, slope factor -4.9048) was slightly higher than
hypermetropic group (r= -0.81, p<0.0001, slope factor -3.9944).
Dr. Niall C et al13 in his study in 1998 found significant, but lower than our study,
relationship (r2 = 0.611, p = 0.0001) between the degree of hyperopia and the
measured AL. Stenstrom14 (1948) found the correlation between AL and SE to be
-0.76 which was higher than other studies but lower than our study. Touzeau O
et al15 in their study on French population (2003) found a significant correlation
between AL and SE (r=0.82, p<0.001). Jenny M Ip et al16 in their study on Autralian
population (2007) reported correlation of (r = −0.44) between AL and SE in 6 year
children and (r = −0.61) in 12-year-old children.
Mean CK of patients included in this study was 43.72 ± 2.39 D. Mean CK of myopic
patients was 44.86 ± 2.59 D and of hypermetropic patients was 42.33 ± 1.90 D.
Mean CK from group 1 to 5 was 45.52 ± 0.81 D, 44.42 ± 1.48 D, 43.91 ± 1.76 D, 43.49
± 1.53 D and 40.67 ± 0.78 D.
Sorsby et al17 in their study on British population (1957), in their cross sectional
study, reported mean CK of 43.25 D for emmetropic eyes and CK of 44.40 D for
myopic eyes, and concluded that corneal power was probably as significant as axial
length in production of ametropia upto 4.0 D.
Mean CK in female patients was found higher than male patients in emmetropic
and hypermetropic subjects and vice versa in myopic subjects ( female 44.66 ± 1.71
D, 44.62 ± 1.35 D and 42.93 ± 2.06 D, males 45.14 ± 3.51 D, 43.36 ± 1.86 D and 41.95
± 1.69 D for myopic, emmetropic and hypermetropic subjects respectively).
D Ganguli et al18 (1975) 25 found average corneal power in emmetropic males
was 43.57 ± 0.08 D and emmetropic females 44.13 ± 0.12 D. Average corneal power
in myopic males was found 43.78 + 0.10 D and in myopic females was 45.29 + 0.11
D. Average corneal power in hypermetropic males was found 43.08 + 0.12 D and in
hypermetropic females was 44.06 + 0.13 D. He found that corneal power was more
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in females than males whether the eyes are emmetropic, myopic or hypermetropic,
but more marked in female myopes
Our study reveals a high correlation between CK and SE ( r=-0.61, p<0.0001).
Tahra Al Mahmoud et al19 in their study on Canadian population found a weaker
relationship than our study( r=-0.18, P<0.01).
Mean CR of patients included in this study was 7.74 ± 0.39 mm. Mean CR of
myopic patients was 7.55 ± 0.35 mm and of hypermetropic patients was 7.99 ± 0.35
mm. Mean CR from group 1 to 5 was 7.59 ± 0.16 mm, 7.61 ± 0.27 mm, 7.70 ± 0.32
mm, 7.77 ± 0.27 mm and 8.30 ± 0.16 mm.
Tien Yin Wong et al10 (2001) found the mean corneal curvature of 7.65 ± 0.27 mm.
Lourdes Llorente et al12 (2005) found the radius of curvature of cornea in myopic
eyes (7.86 ± 0.37 mm) to be steeper than in hypermetropic eyes (7.97 ± 0.30 mm).
Elvis Ojaimi et al11 (2005) in his study found mean greatest CR was 7.85 ± 0.01 mm
and mean least CR was 7.71 ± 0.01 mm.
Our study reveals a high correlation between CR and SE (r=0.62, p<0.0001).
Correlation between CR and SE in myopic group (r= 0.51, p<0.0001, slope factor
4.9048) was slightly lower than hypermetropic group (r= 0.62, p<0.0001, slope
factor 3.9944). Jenny et al16 (2007) found lower correlation for SE with CR (r ≤ 0.09).
Scott and Grosvenor20 in their study on population of America (1993) found a
higher correlation between CR and SE (r= +0.96). Dr. Niall C et al13 (1998) found
weak but statistically significant relationship (r=0.128, p=0.009) between mean
corneal radius measurements and mean spherical refractive errors, with mean
corneal radius flattening with increasing hyperopia.
Our study reveals a negative correlation between AL and CR (r=-0.36,p<0.0001).
Stenstrom14 (1948) found the correlation between AL and CR to be +0.18, Hirsch
et al21 found the correlation to be +0.70. Touzeau O et al15 (2003) found a strong
correlation between CR and AL in emmetropic eyes (r=0.63,p<0.001) and a weak
but significant correlation in ametropic eyes (r=0.28,p=0.002).
Mean AL/CR ratio of patients included in this study was 2.93 ± 0.34. Mean AL/CR
ratio of myopic patients was 3.22 ± 0.29 and of hypermetropic patients was 2.60 ±
0.19. Mean AL/CR ratio from group 1 to 5 was 3.27 ± 0.07, 3.11 ± 0.11, 2.94 ± 0.07,
2.74 ± 0.10 and 2.41 ± 0.08. Elvis Ojaimi et al11 (2005) found distribution of axial
length/mean corneal radius ratio was peaked (leptokurtic) with a mean of 2.91.
Lourdes Llorente et al12 (2005) found significantly (p<0.0001) higher AL/CR ratio for
myopic patients (3.2 ± 0.2) than in hyperopic patients (2.8 ± 0.1).
Our study reveals a high correlation between AL/CR ratio and SE (r=-0.95,
p<0.0001). The correlation between AL/CR ratio with refractive status (Myopia
r=0.91, p<0.0001, slope factor -4.9048; hypermetropia r=0.94, p<0.0001, slope
factor -3.9944). The correlation in hypermetropic patients was slightly higher than
myopic patients
Lourdes Llorente et al12 (2005) found a highly significant correlation between AL/CR
and refractive error SE (p<.0001, r=-0.93, slope=-0.058) which was almost similar to
our study. They found higher correlation for myopes (p<.0001, r=0.87, slope= -0.07)
than hyperopes (p<.0001, r=0.7171, slope= -0.04) which was contrary to our study.
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An attempt was further made to study the role of AL and CR in various refractive errors with emmetropic patients. The corneal radius was more or less than ±
1 SD different from mean emmetropic eyes in 20.72% in myopes and 53.48 % of
hypermetropes. The corresponding figures for axial length variations are 67.57% in
myopes and 85.15% in hypermetropes. Thus, indicating a significant role of AL in
higher population of patients. Corneal radius had a similar role in 3.60% of myopes
and 50.54% of hypermetropes. AL was found to be causative factor in 67.56% of
myopes and 85% of hypermetropes.
It is evident from above discussion that axial length plays very important role in
causation of refractive errors, while corneal radius plays so in causation of hypermetropia. In our best knowledge, no such type of comparison was made in past studies.
The differences across studies may be due to several reasons: different age
groups, refractive error ranges, and populations and ethnicities, differences in the
statistical power of the studies, and differences across methods of measurement of
CR, AL, SE and CK.

Conclusion

This study reveals a highly significant correlation between axial length and spherical equivalent, the correlation being slightly higher in myopic group than hypermetropic group.
A significant correlation between central power of cornea and spherical equivalent was found. This study reveals a high correlation between central radius curvature of cornea and spherical equivalent. Correlation between central radius curvature of cornea and spherical equivalent in myopic group was slightly lower than
hypermetropic group.
A significant correlation between AL/CR ratio and spherical equivalent was found.
The correlation in hypermetropic patients was slightly higher than myopic patients.
Our study is distinct owing to paucity of studies reported in Indian population on
analysis of normative data correlating optical biometry parameters with refractive
error. This study corroborates with findings of similar studies carried out in other
population.
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