International Journal of Health and Clinical Research, 2022;5(1):412-416 e-ISSN: 2590-3241, p-1SSN: 2590-325X

Original Research Article
Role of Axial Length and Corneal Radius of Curvature Ratio in Determination of
Refractive Status of Eye in North-West Indian Population

Geeta', Rekha Gahlot?, Khushboo Joshi®, Jaskaran Singh**

IPhD Anatomy, Assistant Professor, Department of Anatomy, S. P. Medical College, Bikaner, Rajasthan, India
2PhD Anatomy, Associate Professor, Department of Anatomy, S. P. Medical College, Bikaner, Rajasthan, India
3MSc. Anatomy, Senior Demonstrator, Department of Anatomy, S. P. Medical College, Bikaner, Rajasthan, India
“PhD Anatomy, Assistant Professor, Department of Anatomy, S. P. Medical College, Bikaner, Rajasthan, India
Received: 04-11-2021 / Revised: 23-12-2021 / Accepted: 10-01-2022

Abstract

Introduction: The prevalence of refractive error defects has been extensible studied in several geographical areas on different ethnic population,
because the eye anatomy varies so the effect of different ethnicity results in slight variation in different average parameters. This study is
undertaken to know the corelation between axial length, corneal curvature and refractive state of eye in North-West Indian population. Materials
and Methods: The present study is a cross-sectional observational study and was carried out in the department of Anatomy and a private eye
hospital of the north western Indian region. study group consists of 78 male and 72 female subjects between the age group of 18 to 70 years. The
axial length was measured through A-scan ultrasound and Nikon NRK 501 refractometer was used for taking the measurement of corneal radius
of curvature. The AL/ CR ratio calculated and subjects were categorized into three groups- Emmetropes, Hypermetropes and Myopes according
to measured refractive status. Statistical Analysis: The pearson correlation analysis was performed using SPSS software. A p-value < 0.05 was
considered statistically significant. Results: The Mean axial length (AL) and corneal radius of curvature (CL) found to be 23.453 £ 0.88 mm 7.79
+ 0.22 mm respectively. AL/CR ratio found as 3.01 + 0.17; Strong inverse correlation of axial length and corneal radius of curvature ratio
(AL/CR) was found with refractive state in males (r= -0.980) and females (r= -0.984).Conclusion: Study reports significant correlation between
AL/CR ratio and refractive state of the eye. Thus, findings support the AL/CR ratio as a better index for categorizing the refractive status of an
individual than axial length alone.
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Introduction

The structure of the eye is complex. changes in shape and size of
elements of eye results in many disorders, most important disorder in
these is Refractive error. For the vision, important phenomenon is
refraction of light. Refractive components such as cornea, lens, axial
length and anterior chamber depth are inter-dependent and responsible
for refractive state of the eye.

Corneal Radius of Curvature (CR)

Centre of the cornea is considered as most refractive part of the eye.
For the cornea average anterior radius is 7.8 mm and posterior radius
of curvature is 6.5 mm when measured from central area. 45 Dioptre
considered as average refractive power of cornea and the total
refractive power of the eye average is (60D)[1].

Axial Length (AL)

Axial length is measured from the anterior pole to posterior pole of
eye. On subjects it can be measured with the help of ultrasonography.
This measurement is precisely measured between the anterior pole
and the bruch's membrane. The axial length of the eye grows from
17mm to 24 mm approximately; birth to adulthood. Myopes shows
longer axial length whereas hypermetropes shows shorter axial length
from the reference point of 24 mm[2].

Refractive Errors

Light focusing error of the eye results in visual power reduction this
defect of focusing is called as refractive error. The reporting of
refractive errors is subjective to the definition of the refractive
errors[3].
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For all blindness causes the refractive errors stands out as second
most common cause in India[4].The prevalence of refractive error
defects has been extensible studied in several geographical areas on
different ethnic population including various age groups because the
eye anatomy varies so the effect of different ethnicity results in slight
variation in different average parameters[5-7].

A study in Norway has found prevalence rate of 13% -17% in the
condition of hypermetropia and 30%-35% of myopia[8]. In India a
population-based study has reported that in children’s less than 15
years of age prevalence of myopia is 3.19% and hypermetropia is
62.62% when compared to 15 years above population the data came
out as 19.45% for myopia and 8.38% for hypermetropia[9].

An eye which is in emmetropic condition corrective lenses are not
required. Emmetropization is a continues process observed by eye
since birth; act as fine adjustment in ocular components and the axial
length of eye. When the parallel rays of light fail to focus exactly on
retina in resting state, this results in refractive error and the condition
is called as in Ammetropia[10]. Ammetropia can result in two ways;
a) Myopia or near sightedness, b) Hypermetropia or farsightedness.
Calculative ratio between axial length and corneal radius of curvature
(AL/CR) gives better correlation with the refractive status of eye than
it is obtained by both of these variables independently[11].In present
study two refractive components were selected that is axial length and
corneal radius of curvature. Interaction between these two is helpful
in emmetropisation. Both these components have an independent role
in development of refractive error. Morphometric changes in axial
length and curvature results in axial and curvature ametropia
respectively.

In the view of the importance of assessing refractive error in different
populations, this study is undertaken to know the corelation between
axial length, corneal curvature and refractive state of eye in North-
West Indian population.
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Aims and Objectives

To find out correlation between axial length and corneal radius of
curvature ratio (AL/CR) and refractive error in North-West Indian
population.

Materials and Methods

The present study is a cross-sectional observational study and was
carried out in the department of Anatomy and a private eye hospital of
the northwestern Indian region. The study group consists of 78 male
and 72 female subjects between the age group of 18 to 70 years. The
study was conducted in compliance with ethical standards and written
informed consent was obtained from all the study participants.
Random and convenient sampling method were adopted for selection
of study subjects form outpatient department of tertiary eye hospital.
Inclusion Criteria

No history of ocular trauma or surgery, No contact lens wear, No
fundus infection and age 18 years or above.

Measurement of Axial Length (AL)

Axial length is distance between anterior and posterior pole of eye.
The axial length was measured through A-scan ultrasound with the
help of probe which was sterilized with 70% alcohol and air-dried. A
drop of Procain (topical anaesthetic) was instilled in subject's eye. The
axial length as displayed on screen taken and at least three readings
average value considered for final axial length in mm.

Measurement of Corneal Radius of Curvature (CR)

Average corneal radius of curvature (CR) measurement has important
aspect of reflection in clinical setup, it is approximately 7.7 mm in
healthy eye, measured through keratometry. Nikon NRK 501
refractometer was used for taking the measurement of corneal radius
of curvature. For keratometry, the eyepiece was adjusted for the
optometrist’s refractive status. Three measurements are taken and the
average values for vertical and horizontal corneal curvature is
recorded along the appropriate meridians. The average of both values
is taken as the average Corneal radius of curvature[12].

Measurement of Axial Length and Corneal Radius of Curvature
Ratio (AL/CR Ratio)

The AL/ CR ratio for each subject was obtained by dividing the axial
length by the corneal radius of curvature.

Refractive Status of the Eye

Refractive status of eye was measured by automatic refractometer and
subjectively with the trial lens set. Subjects were categorized into
three groups- Emmetropes + /- 0.50 D (Dioptre), Hypermetropes > +
0.50 D, Myopes > - 0.50 D according to their measured refractive
status.

Statistical Analysis

As indicated in previous studies (4,6) analyses were performed on
right eye only. Descriptive analysis as Mean, Range and t -test was

performed. The pearson correlation analysis was performed using
SPSS software. A p-value < 0.05 was considered statistically
significant.

Results

A total 150 subjects out of which 78 males and 72 females were
selected for Measurement. Out of three refractive statuses, myopes
were reported in large numbers and least number of subjects recorded
in emmetropes. In refractive status myopes females were reported
more than myopes males (Table 1).

The Mean axial length found to be 23.453 + 0.88 mm, in males it is
23.49+0.86 mm and in females it is 23.46 + 0.90 mm. There is no
statistically significant (p=0.370) difference was found in males and
females’ axial length Mean values, although males have slightly
larger axial length than the females (Table 2). Effect of age on axial
length is also not statistically significant (P >0.05) when compared in
various age groups. Mean axial length in emmetropes, myopes and
hypermetropes recorded as 23.42 + 0.44 mm, 24.30 + 0.57 mm and
22.61 + 0.49 mm respectively. Strong inverse correlation was found
between axial length and refractive state in males (r= -0.901) and
females (r=-0.900) (Table 3).

Mean corneal radius of curvature is 7.79 + 0.22 mm. In males it is
7.81 + 0.21 mm and in females it is 7.78 +0.23 mm. There is no
statistically significant (P = 0.414) difference was found in males and
females mean values (Table 2). Effect of age on corneal radius of
curvature is also not statistically significant (P > 0.05). Mean corneal
radius of curvature in emmetropes, myopes and hypermetropes
recorded as 7.81 + 0.11 mm, 7.62 + 0.19 mm and 8.01 + 0.09 mm
respectively. There is strong inverse correlation (r= -0.81) found
between axial length and corneal curvature, which shows change in
axial length is overcome by corneal curvature. Positive correlation
between corneal radius of curvature and refractive state was found in
males (r=0.772) and females (r= 0.851) (Table 3).

Mean axial length and corneal radius of curvature ratio is calculated
as 3.01 £ 0.17; in males and females it is 3.01 + 0.16 and 3.0 + 0.18
respectively. On statistical analysis we found that there is no
statistically significant (P=0.726) difference in males and females
(Table 2). Effect of age on axial length and corneal radius of
curvature ratio (AL/CR) is also not statistically significant (P > 0.05).
Mean axial length and corneal radius of curvature ratio (AL/CR) in
myopes it is 3.18 + 0.09 and in emmetropes it is 2.99 + 0.22, where as
in hypermetropes it is 2.81 + 0.08. Strong inverse correlation of axial
length and corneal radius of curvature ratio (AL/CR) was found with
refractive state in males (r= -0.980) and females (r= -0.984) (Table
3)Fig. 1. AL/CR ratio shows highly significant corelation with
refractive state than axial length alone (Table 3).

Table 1: Distribution of the subjects according to gender and refractive state

Sr. No. Refractive status Ma'le Fem'a le Tot_al
Number of subjects % Number of subjects % Number of subjects %
1 Emmetropes 22 28.2 18 25 40 26.66
2 Hypermetropes 26 33.33 22 30.55 48 32
3 Myopes 30 38.46 32 44.44 62 41.33
Total 78 100 72 100 150 100
Table 2: Statistical significance of various parameters in male and female groups
Parameters Groups Mean SD T-Value P-Value
Total 23.453 +0.88 - -
Axial length (AL) (mm) Male 23.49 +0.86
Female 23.46 +0.909 0.899 0.37
Corneal curvature of radius (CR) Total 7.79 *0.22 - -
(mm) Male 7.81 +0.217 0.818 0.414
Female 7.78 +0.232
Total 3.01 +0.17 - -
AL/CR ratio Male 3.01 +0.166
Female 3.0 +0.182 0.351 0.351
p-value < 0.05 was considered statistically significant.
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Table 3: Correlation of axial length (AL), corneal radius of curvature (CR) and AL/CR ratio with Refractive Error

Axial length and corneal curvature are important predictors of the
Progression of the refractive errors[13]. As refractive errors are the
commonest optical defect; In the whole world around 180 million
blinds reported and refractive errors stands at second most common
cause of the blindness in India[2].India contributes up to 60% in the
blind population, Blindness due to refractive errors shows that there is
a lack of awareness about the refractive errors. Axial length and
corneal curvature both plays an important role in refractive status of
the eye. Interaction between axial length and corneal curvature have

Table 4: Studies Reportin

S No. Parameters Males (78) Females (72)
r- Value r- Value
1 Corneal radius of curvature 0.772* 0.851*
2 Axial length -0.9014% -0.90067
3 AL/CR -0.981 -0.9847
*Significant, Thighly significant, r- Pearson’s correlation coefficients, p-value < 0.05 was considered statistically significant.
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Fig. 1: Axial Length and Corneal radius of curvature Ratio
Discussion played a role in compensatory adjustments of the optical components

of the eye towards emmetropic state[14]. According to a study
reported that there was a significant association present between axial
length and corneal radius of curvature and spherical equivalent
refraction (SER) and it is a better index for categorizing the refractive
status of an individual than axial length alone[12].Instead of axial
length alone the axial length and corneal radius of curvature ratio
(AL/CR) has been shown to give a better correlation with refractive
error[4,15].

AL, CR, and AL/CR Ratio

www.ijhcr.com

Number Mean = SD AL/CR Ratio Mean AL or Mean CR or
Author's Names Study Population of Age (y) or or Mean £ SD Mean £ SD Mean £ SD
Subjects Age Range Ratio AL (mm) CR (mm)
Wong TY,(24) 2001 China 1717 40-84 3.04 23.23+1.17 7.6 £0.27
Mallen EA,(21) 2005 Jordan 1093 17-40 3.00+0.13 23.13+1.00 7.7+0.30
Elvis Ojaimi,(11) 2005 Mixed population 1724 6.68 2.906 + 0.002 22.61+0.02 7.85+0.01
Warrier S, (28)2008 Myanmar 1498 56.2+11.5 2.99 22.76 +1.05 7.6 +£0.50
Gonzalez Blanco F,(18) 2008 Spain 583 20.32+2.82 3.05+0.14 23.61+1.05 7.7+0.25
Lee DW,(17) 2010 Korean subjects 314 49.35 24.34 £1.42
Pan CW,(4) 2011 India 2785 57.8+10.1 3.08+0.13 23.45+1.10 7.61 +0.26
Eghosasere lyamu,(12) 2011 Nigeria 70 27.9 3.03+0.14 23.74£0.70 7.84+0.19
Hashemi H,(23) 2013 Iran 4820 40-64 3.03 23.14 7.63
Cao X,(5) 2015 China 3728 69.5 + 8.05 3.03+0.12 23.04 +1.49 -
Badmus SA,(6) 2017 Nigeria 350 348+11.2 3.04+0.10 23.78+0.91 7.8+0.28
He J,(16) 2017 China 6099 62.56 + 8.00 3.08 +1.07 23.53+1.34 -
Elmadina A M,(27) 2019 Sudanese adults 60 16 to 35 2.81+£0.076 22.4 £ 54 7.96 +0.082
Omoto MK,(7) 2020 Japan 1135 73.1+7.78 3.15+0.19 24.00 +1.53 7.6 +0.25
Current Study 2022 North western India 150 43 3.01+0.14 23.52+0.884 | 7.79+0.224
AL = axial length; AL/CR = axial length to Corneal radius of curvature ratio; CR = Corneal radius of curvature; SD = standard
deviation.
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Axial Length (AL)

Mean axial length is obtained in present study is 23.52 + 0.88 mm.
similar mean value (23.53 + 1.34 mm) is also reported by other
studies[16] and (24.34 +1.42 mm)[17] (Table 4). The difference in the
mean AL between males and females is not statistically significant
(Table 2). The males showed slightly longer axial length than female.
Similar finding also reported by other author, that male had
significantly longer axial length[18].We found significant inverse
correlation between axial length and corneal radius of curvature (r=-
0.81). Our results are consisted with the results of a study[19] in
which an inverse correlation (r=-0.75) between axial length and
corneal radius of curvature was found. A strong correlation was also
reported between corneal radius and axial length in emmetropic eyes
(r=0.63, p<0.001)[20]

Axial Length and Refractive Error

We studied the correlation of axial length and different refractive
errors of the eye in males and females (r=-0.9014 and r=-0.9006).
Negative correlation with refractive error is strong and Significant
which shows that elongation of axial length shifted the refractive
status of eye towards myopic side. Axial length in different refractive
status groups was statistically significant[19].

Corneal Radius of Curvature

The average value of Corneal Radius of Curvature 7.79 + 0.224 mm
obtained from this study, can be considered to be same with the
average value reported by the previous studies[10,12] (Table 4).
Central Corneal curvature in emmetropic group is 7.81 + 0.1 16 mm,
On the other hand following values were found by some more studies
(7.7 £ 0.30)[21] and (7.7 + 0.25 mm)[18].The difference between
corneal radius of curvature in males and females was not statistically
significant (Table 2) as also reported in other study[19] (CR males
7.82+-0.19 and females 7.85 +- 0.19 mm).

Correlation of Corneal Radius of Curvature (CR) and Refractive
Error

We found that myopes have small radius of curvature 7.62 mm than
emmetropes, it is statistically significant (p< 0.001) and
hypermetropes have CR mean of 8.01 mm and it is also statistically
significant (p< 0.001). In an Indian study[22] it was also reported that
change in mean CR in between different retractive status group was
statistically significant with myopes having steeper corners than in
emmetropes and hypermetropes had flatter corners.

Axial Length and Corneal Radius of Curvature Ratio (AL/CR)
The mean AL/CR value of 3.01 + 0.14 found in present study is also
reported by other authors[5,7,11,12,21,23,24] (Table 4). The
difference in Mean (AL/CR) ratio in males and in females was not
statistically significant (p=0.726) as also reported by previous
studies[11,19]. Interaction between axial length and corneal radius of
curvature ratio can give better correlation with the refractive state of
eye than is obtained by axial length or by corneal curvature
alone[25,26].There is not significant correlation between axial length
and corneal radius of curvature persists (P>0.05)[19].

Correlation of AL/CR Ratio and Different Refractive Errors
Groups

We studied correlation between axial length and corneal radius of
curvature ratio (AL/CR) and different refractive status groups in
males and females. The AL/CR ratio had the significant correlation
with refractive error (r = —0.78, P <0.0001) (12). In the previous
studies®’ the correlation coefficient of the AL/CR ratio with the SER
was greater than that of the AL with the SER; therefore, the AL/CR
ratio may explain the total variation in the SER better than the AL
alone. It is proposed that the relation between the (AL/CR) ratio and
refractive error may be a useful predictor of future refractive status,
also the eye having a high AL/CR ratio is at risk for the development
of myopia. The inverse relationship between axial length and corneal
radius of curvature supports the mechanising of emmetropization[19].
Another study[27] concluded that AL/CR ratio has a strong
determinant than AL or CR separately. Myopic adults had shorter CR,
longer AL and higher AL/CR ratio compared with emmetropic
subjects. AL/CR ratio can be used to determine refractive state SER

(r=0.76) in cases when refraction is difficult to assess. Refractive
error was negatively correlated with the axial length-central corneal
radius ratio (r = —0.91; p < 0.001) findings are similar to the present
study (r=-.98)[28]. AL/CR ratio can be considered as better index tor
categorizing the refractive status of an individual than axial length
alone.

Conclusion

In conclusion there a statistically significant correlation between

AL/CR ratio and refractive state of the eye. Thus, findings support the

AL/CR ratio as a better index for categorizing the refractive status of

an individual than axial length alone. Higher AL/CR ratio is a risk

factor for the myopia.
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