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Background: Studying ocular biometric parameters in different populations and 
determining the  relationship with personal characteristics can provide valuable 
information about ocular growth and help provide a  better understanding 
of  refractive errors. Aims: To describe distributions of ocular biometry and to 
evaluate its associations with age, gender, spheric equivalent in Turkish children. 
Patients and Methods: In this prospective study 344 children aged 3‑14  years 
were evaluated. Parameters studied  included axial length  (AL), anterior chamber 
depth  (ACD), and mean corneal radius  (CR) measured with optical biometry. 
Cycloplegic refraction values were obtained using autorefractometer. The change of 
biometric parameters according to age and gender were evaluated. The relationship 
between ocular biometry parameters with refraction and age was analyzed by 
linear regression. Results: Mean spherical equivalent (SE), AL, ACD and AL/CR 
observed to be lowest in the preschooler group (P < 0.001). SE reduced with age, 
and a weak correlation observed between SE and age  (r =  ‑0.333). AL and ACD 
had moderate and weak positive correlations with age respectively  (r  =  0.511; 
r  =  0.304). There were negative correlations between SE with AL, ACD and 
AL/CR  (r = ‑ 0.826; r = ‑ 0.540; r = ‑ 0.886). The strongest correlation with SE 
among these parameters was identified for AL/CR. AL and ACD were higher in 
boys, while the CR was lower in girls  (p  <  0.001). Conclusion: While AL in 
children in late schooler group is higher than European countries, it shows similar 
characteristics in early schooler group.    In addition AL is lower in all age groups 
than Asian population sexcept preschooler group.    With age AL increases, SE 
decreases and AL plays a key role in refractive development.
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with age in the development process in children; as axial 
length increases, with reduction in lens power.[4,5] With 
this change, hyperopia and astigmatism observed at high 
rates in the first years of life reduce with  advancing 
age.[6] Studies have shown that this process of change 
does not always result in emmetropia and refractive 
errors may occur.[7] Refractive errors are still the most 
important cause of visual impairment in children at 

Original Article

Introduction

With the growth of ocular structures in the 
childhood period, they display continuous change 

and development. Visual system maintains refraction in 
the normal range by compensatory mechanisms known 
as emmetropization.[1] In their animal study, Smith 
and colleagues showed that myopic defocus causes 
slowing in axial elongation and hyperopic defocus 
causes acceleration in axial elongation.[2] Additionally, 
it is known that myopic overcorrection causes myopic 
shifting in humans.[3] This information supports that 
retina plays critical role in eliminating refractive errors. 
Previous studies have shown that corneal power reduces 
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present and a clear increase in the prevalence of myopia 
in the world is encountered as a significant public health 
problem.[8] The distribution of refractive error varies 
according to age, gender and ethnic background.[4] Çaça 
et al.[5] screened 21,062 children and identified 3.2% had 
myopia, 5.9% had hyperopia and 14.3% had astigmatism. 
This study emphasized that myopia increased with age 
and was more commonly observed in the female sex 
and those with high education level. Understanding the 
relationship between the ocular biometry components 
in children with age, gender and refractive errors may 
explain the prevalence differences for refractive errors 
between different populations. Many studies have been 
performed assessing the distribution of ocular biometric 
parameters and relationship with refraction, with these 
studies completed for different ethnic backgrounds.[4,7] In 
the current literature, there is no clinical study assessing 
refractive and biometric parameters in children in the 
Turkish population. As a result, in our study we aimed 
to assess the distribution of biometric parameters among 
in the Turkish pediatric population, the variation in these 
parameters according to age and gender, and additionally 
the relationship between biometric parameters and 
refraction

Material and Methods
Patient data collection and exclusion criteria
This prospective study included sequential children aged 
3‑14 years attending routine ophthalmologic examination 
in Beylikdüzü State Hospital Ophthalmology clinic. The 
parents of all participants provided written consent after 
detailed explanations of the study procedure. Cases 
had axial length  (AL), anterior chamber depth  (ACD), 
and mean corneal radius  (CR) values measured 
with optical biometry  (AL‑Scan Nidek, Japan). 
cycloplegic refraction values were obtained using 
autorefractometer  (Topcon KR 800 Tokyo, Japan) after 
cyclopentolate 1% drops were administered 3  times at 
5‑minute intervals and then 30  minutes wait time. All 
measurements were completed by the same experienced 
technician. Cases also had history, visual acuity test, 
and detailed eye examination including biomicroscopic 
and dilated fundus examination performed. Cases with 
corneal disease, cataract, vitreous opacity, retina disease, 
nystagmus, previous ocular surgery and trauma history 
were excluded. Spherical equivalent was obtained by 
adding the spherical value to half of the cylindrical 
value. According to spherical equivalent  (SE) values, 
cases with  ‑0.50  <  SE <+0.50 were accepted as 
emmetropia, those with SE ≤‑0.50 had myopia and 
those with SE ≥+0.50 had hyperopia. Children included 
in the study were divided into 4 groups as preschooler 
for those younger than 6  years, early schooler from 

6‑9 years, late schooler from 9‑13 years and adolescent 
above 13 years.

Statistical analysis
All analyses conducted with the right eye because of 
the high correlation between the fellow eyes. Normal 
distribution of data was tested with the Shapiro 
Wilk test. Comparison of 2 independent groups with 
normal distribution used the Student t test, while the 
Mann Whitney U test was used for comparison of 
2 independent groups without normal distribution. 
Additionally, comparison of more than 2 independent 
groups with numerical data used the one‑way analysis of 
variance  (ANOVA) and LSD multiple comparison test 
for those with normal distribution, while the Kruskal 
Wallis test and Dunn multiple comparison tests were 
used for those without normal distribution. Correlations 
between numerical variables were tested with the 
Spearman correlation coefficient. Beta  (β) coefficients 
were estimated with linear regression analysis. 
Descriptive statistics are given as mean  ±  standard 
deviation for numerical variables and number and % for 
categoric variables. Statistical analyses were completed 
using the SPSS Windows version  24.0 and P  <  0.05 
was accepted as statistically significant.

Ethical statement
The present study was approved by University of Health 
Sciences, Istanbul Training and Research Hospital Ethics 
Committee dated 29.03.2019 and numbered 1768. The 
study procedure adhered to the Declaration of Helsinki.

Results
The study included a total of 344 eyes, of 
157  male  (44.6%) and 187  (54.4%) female subjects. 
Mean age of subjects was 8.61  ±  2.70  years. Among 
the subjects, 136  (39.5%) had hyperopia, 27  (7.8%) 

Table 1: Number of examined children by age, gender 
and spherical equavalent

Group Number 
Age mean±sd 8,61±2,70
Gender n (%)

Boys 157 (44.6)
Girls 187 (54.4)

Groups according to spheric equavalent n (%)
Hyperopia 136 (39.5)
Emmetropia 27 (7.8)
Myopia 181 (52.6)

Groups according age n (%)
Preschooler 72 (20.9)
Early Schooler 124 (36.0)
Late schooler 132 (38.3)
Adolescent 16 (4.6)

(n=344)
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Table 2: Refractive and biometric characteristics as a function of age and gender
Min 25% Median 75% Max Mean  sd *P †P

SE
Age groups
Preschooler ‑6.5 0.56 1.38 1.88 7.13 A1.08 2.12 <0.001 <0.001
Early schooleer ‑6.13 ‑1.00 0.88 2.13 5.88 A0.65 2.19 0.030
Late schooler ‑6.63 ‑2.50 ‑0.5 1.38 5.88 B ‑0.42 2.56 0.064
Adoloscent ‑5.63 ‑2.56 ‑1.56 0.19 3.5 C‑1.36 2.02 0.767
Myopia ‑6.63 ‑3.00 ‑2.13 ‑1.25 ‑0.5 A‑2.31 1.33 <0.001 <0.001
Emmetropia ‑0.38 ‑0.13 0.25 0.38 0.5 B0.19 0.28 0.061
Hyperopia 0.63 1.13 1.75 2.75 7.13 C2.09 1.25 <0.001
Boys ‑6.63 ‑1.88 0.50 1.88 7.13 0.12 2.49 0.004 0.263
Girls ‑6.13 ‑1.38 0.75 1.88 5.88 0.33 2.36 0.001
Total ‑6.63 ‑1.69 0.69 1.75 7.13 0.18 2.42 0.002

AL
Age groups
Preschooler 19.91 21.60 22.11 22.60 25.57 A 22.21 1.04 0.003 <0.001
Early schooleer 20.29 22.16 22.83 23.45 26.18 B 22.89 0.98 <0.001
Late schooler 20.91 22.81 23.64 24.42 26.19 C 23.63 1.15 0.150
Adoloscent 22.64 23.20 23.98 24.56 25.79 C 23.98 0.90 0.235
Myopia 21.52 23.51 24.08 24.72 26.19 A 24.15 0.88 0.009 <0.001
Emmetropia 21.45 22.68 23.17 23.70 24.63 B 23.22 0.76 0.248
Hyperopia 19.91 21.81 22.30 22.86 24.40 C 22.32 0.77 0.133
Boys 19.91 22.55 23.26 24.13 26.18 23.34 1.13 0.051 <0.001
Girls 20.11 21.97 22.78 23.65 26.19 22.90 1.20 <0.001
Total 19.91 22.22 23.04 23.93 26.19 23.13 1.19 0.014
ACD

Age groups
Preschooler 2.69 3.34 3.54 3.68 4.04 B 3.49 0.29 0.016 <0.001
Early schooleer 2.93 3.42 3.60 3.84 4.38 A 3.62 0.27 0.221
Late schooler 2.82 3.50 3.73 3.89 4.46 C 3.70 0.31 0.114
Adoloscent 3.20 3.65 3.84 4.02 4.22 C 3.81 0.27 0.311
Myopia 3.09 3.67 3.82 3.99 4.46 A 3.83 0.22 0.039 <0.001
Emmetropia 3.08 3.45 3.76 3.89 4.29 B 3.72 0.28 0.044
Hyperopia 2.69 3.30 3.49 3.64 4.26 C 3.48 0.26 0.278
Boys 2.69 3.53 3.72 3.91 4.46 3.71 0.31 0.013 <0.001
Girls 2.75 3.40 3.57 3.78 4.26 3.58 0.28 0.532
Total 2.69 3.45 3.66 3.85 4.46 3.65 0.30 0.907

CR
Age groups
Preschooler 7.30 7.56 7.71 7.91 8.37 7.74 0.23 0.082 0.157
Early schooleer 7.18 7.63 7.78 7.95 8.37 7.77 0.22 0.103
Late schooler 7.23 7.64 7.78 7.98 8.46 7.79 0.25 0.108
Adoloscent 7.45 7.51 7.78 7.96 8.17 7.76 0.23 0.022
Myopia 7.23 7.61 7.77 7.89 8.37 7.75 0.22 0.440 0.197
Emmetropia 7.30 7.64 7.79 8.04 8.33 7.81 0.26 0.109
Hyperopia 7.18 7.62 7.77 7.97 8.46 7.78 0.24 0.133
Boys 7.29 7.66 7.80 7.99 8.46 7.82 0.23 0.344 <0.001
Girls 7.18 7.56 7.75 7.90 8.37 7.74 0.23 0.066
Total 7.18 7.61 7.78 7.95 8.46 7.78 0.24 0.328

AL/CR
Age groups
Preschooler 2.59 2.80 2.87 2.94 3.18 A 2.87 0.12 0.220 <0.001
Early schooleer 2.65 2.85 2.93 3.03 3.28 B 2.95 0.13 0.020
Late schooler 2.64 2.93 3.04 3.14 3.37 C 3.03 0.14 0.234
Adoloscent 2.78 3.02 3.12 3.18 3.37 C 3.09 0.14 0.269

Contd...
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had emmetropia and 181  (52.6%) had myopia 
observed [Table 1].

Table 2 shows the detailed analysis of SE and biometric 
parameters according to age and refractive groups. Mean 
SE was similar in the preschooler and early schooler 
groups, and higher than the late schooler and adolescent 
groups (p < 0.001). AL, ACD and AL/CR were observed 
to be lowest in the preschooler group  (p  <  0.001). CR 
did not show significant difference between age groups 
or refractive groups  (p  =  0.157, P  =  0.197). When 
biometric parameters are assessed according to refractive 
groups, AL and ACD were higher in myopic individuals 
and lower in hyperopic individuals  (p  <  0.001). When 
differences between the genders are examined, AL and 
ACD were higher in boys, while the CR was lower in 
girls; in other words, girls were observed to have steeper 
corneas (p < 0.001).

Table  3 presents the correlations between SE, age and 
biometric parameters. Accordingly, SE reduced with 
age, with a weak correlation observed between SE and 
age  (r =  ‑0.333). AL and ACD had moderate and weak 
positive correlations with age respectively  (r  =  0.511; 

r  =  0.304). There were negative correlations between 
SE with AL, ACD and AL/CR  (r =  ‑0.826; r =  ‑0.540; 
r = ‑ 0.886). The strongest correlation with SE among 
these parameters was identified for AL/CR.

According to linear regression analysis shown in 
Figures  1 and 2, 65.3% of the variation in SE can be 
explained by AL alone  (R2  =  0.653), while 78.6% can 
be explained by AL/CR alone  (R2  =  0.786). 1  mm 
change in AL value was observed to cause a 1.65 D in 
SE value. Varying 0, 1 unit in AL/CR ratio caused the 
corresponding SE to change by 1,45 D.

Table 4 shows the correlation pattern according to age and 
refractive groups. Accordingly, the correlation between 
SE with AL and AL/CR increases in the preschooler 
early schooler and late schooler groups but reduces in the 
adolescent group. When assessed according to refractive 
errors, the correlation between SE with AL and AL/CR 
were observed to be weaker for emmetropic values.

Discussion
Refractive errors are the most important cause of 
preventable vision loss in the world.[9] According to 

Table 2: Contd...
Min 25% Median 75% Max Mean  sd *P †P

Myopia 2.84 3.04 3.12 3.17 3.37 A 3.12 0.09 0.164 <0.001
Emmetropia 2.80 2.94 2.99 3.02 3.08 B 2.97 0.06 0.003
Hyperopia 2.59 2.81 2.88 2.93 3.15 C 2.87 0.09 0.090
Boys 2.61 2.88 2.98 3.10 3.37 2.99 0.15 0.128 0.031
Girls 2.59 2.86 2.95 3.07 3.32 2.96 0.14 0.019
Total 2.59 2.86 2.97 3.09 3.37 2.97 0.15 0.056

†Comparison within groups, Within variables row, different letters (A, B, C) in superscript indicate significant differences (P<0.05) 
according to Kruskal wallis post hoc test (Dunn test), sd: Standard Deviation, * P value was obtained from Shapiro Wilk test (P<0.05). 
SE: spherical equivalent AL: axial length ACD: anterior chamber depth CR: corneal radius 

Figure  2: Regression line of the AL/CR ratio and SE. SE  =  43,5 
AL/CR = ‑14,56 (r = 0,886, R2 = 0,786, P < 0,001)

Figure  1:  Regression line of the AL and SE. SE  =  38,33 
AL = ‑1,65 (r = 0,808 R2 = 0,653, P < 0,001)
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previous studies, increase in the incidence and severity 
of refractive errors in children, has become an important 
public health problem in worldwide.[10,11] Refractive 
status is determined by biometric parameters like AL, 
CR, ACD and lens thickness. Mismatch between these 
parameters results in refractive errors. From this aspect, 
optical biometry has gained importance in recent years 
for investigation of refractive development characteristics 
and early identification of refractive errors.[12] This 
study is the first to assess ocular biometry parameters 
in Turkish children as a function of age, gender and 
refractive errors. The gender differences in biometric 
parameters of children in the Turkish population from 
3‑14 years is consistent with previous reports.[13,14] Males 
typically have longer AL and deeper ACD values. In 
males, the AL value was observed to be mean 0.44 mm 
longer than in females. This difference can be explained 
by boys being taller than girls.[14] The variation pattern of 
AL with age does not show differences between the two 
gender and  older children have longer AL values. With 
the increase in age, corneal power both girls and boys 
showed a stable course, but girls had steeper  cornea. 
Many studies have emphasized that girls have higher 
corneal power.[15,16] Hashemi et al.[14] reported that males 
had mean 0.82 D higher keratometry than females in 
studies assessing children from 9‑12  years of age. The 
most important reason for the steeper and more powerful 
cornea in girls is associated with girls having shorter 
axial length compared to boys.[17] Thus, the visual 
system ensures to keep refraction in normal intervals 
with the emmetropization mechanism.

According to the results of our study, the lowest mean 
AL value was 22.34  ±  1.03 in the preschooler group, 
with significantly higher frequency of hyperopia in 
the preschooler group consistent with the shortness of 

AL values. The study of preschool children by Guo 
et  al.[7] identified mean AL value as 22.39  ±  0.68 mm. 
As stated in previous studies, hyperopia is observed 
frequently in the preschool period independent of ethnic 
origin.[18]    In contrast AL value was found to be lower 
in early schooler group aged 7‑9  years than the study 
by He et  al.[19]  This may be explained by the higher 
myopia prevalence in school‑age children in the Chinese 
population.[20] A study in Iran by Hashemi is consistent 
with our results for AL values in children aged 7‑9 years.
[14] When Rudnicka et al.[21] assessed according to ethnic 
origin, children aged 9‑12 years had AL of 23.01 in the 
white European 23.25 in black Africans and 23.43 in 
south Asians. In our study, mean AL value in children in 
the late schooler group was 23.63 which was observed 
to be higher than the values reported in Europe for 
similar age groups. Studies in Asian countries reported 
higher values in similar age groups.[22,23] Additionally, the 
most pronounced variation in AL and SE values in our 
country  was linked with increase in developing myopia 
prevalence occurs in the late school period. The reason 
for this may be associated with the increased intensity 
of close work activities by children at higher school/
educational levels. CR has more stable course with age.
[19] In our study, mean CR was 7.78 ± 0.30 and there was 
similar distribution in all age groups, with no significant 
correlation observed between age and CR. Different 
from our study, Scheiman et  al.[24] observed significant 
flattening in CR in a longitudinal study of children from 
6‑12  years. Li et  al. compared 7‑year‑old children with 
14‑year‑old children and stated CR was similar.[23] ACD 
increased progressively in all age groups with the most 
pronounced change in the late schooler group similar to 
AL and SE. Previous studies have reported that ACD 
reduces with age and explained this situation as due to 
growth of the sclera and tension applied by the posterior 
ciliary muscle to posterior zonular fibrils pulling the lens 
backward and causing deepening of the ACD.[25]

Different studies have assessed the correlation between 
optical biometry parameters and refractive status 
and according to the results of these studies, AL is 
the most important parameter determining refractive 
status.[14,26] Myopic eyes have longer axial length 
compared to emmetropic eyes, while hyperopic eyes have 
shorter axial length.[4] A study by  Fiona et al. stated there 
was a strong correlation between AL and SE in all age 
groups and all refractive errors. Additionally, a 1  mm 
change occurring in axial length was shown to have 
greater effect on refractive error in those with low myopia 
compared to high myopia  (3.13 D refraction change in 
low myopia, while ‑ 1.72 D variation in high myopia).
[27] He et  al.[19] in a study of children from 6‑12  years of 
age identified a correlation of ‑0.657 between AL and SE 

Table 3: Ocular biomertry correlation with SE and age
Age SE

SE
r ‑0,333*
P <0,001

AL
r 0,511* ‑0,826*
P <0,001 <0,001

ACD
r 0,304* ‑0,540*
P <0,001 <0,001

AL/CR
r 0,492* ‑0,886*
P <0,001 <0,001

*Correlation is significant at the 0.01 level, r: Sperman 
Correlation Coefficient. SE: spherical equivalent AL: axial length 
ACD: anterior chamber depth CR: corneal Radius
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In conclusion, our study presents descriptive data about 
the refractive and ocular biometry characteristics of 
children in the Turkish population. Axial length was 
shorter compared to children in the Asian population 
in all age groups, while there was a clear increase in 
AL values in the late schooler group with AL longer 
than studies reporting from European countries. AL 
alone shows strong correlation with refraction errors. 
The CR had homogeneous values in all groups and 
did not display significant variation as part of the 
emmetropization process in myopic eyes or hyperopic 
eyes. AL/CR explained the total variance in SE better 
than AL alone. Accordingly, assessment of AL/CR may 
be used as reference for refractive development. Along 
with the age increase, increasing AL creates a myopic 
shift.

Limitations
The most important limitation in our study is the 
cross‑sectional design. Longitudinal studies may provide 
more robust results on the changes of refractive and 
biometric parameters with age. Another point is limited 
number of subjects in the study. In this respect it is not 
clear that the results are representative of the general 
population.
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Table 4: Linear regression analysis for SE dependent variable in groups 
AL AL/CR

β (SE) Correlation 
Cofficent

R2 β (SE) Correlation 
Cofficent

R2

Miyopia ‑0,824 (0,108) ‑0,524* 0,317 ‑9,587 (0,902) ‑0,697* 0,473
Emmetropia ‑0,083 (0,085) ‑0,254 0,028 ‑2,455 (0,978) ‑0,350 0,160
Hyperopia ‑0,839 (0,100) ‑0,482* 0,284 ‑8,655 (0,733) ‑0,625* 0,438
Preschooler ‑1,712 (0,179) ‑0,615* 0,611 ‑15,875 (1,313) ‑0,779* 0,716
Early schooler ‑1,764 (0,131) ‑0,762* 0,597 ‑15,116 (0,758) ‑0,853 0,765
Late schooler ‑1,801 (0,104) ‑0,815* 0,678 ‑15,821 (0,647) ‑0,892* 0,808
Adoloscent ‑1,613 (0,494) ‑0,566* 0,432 ‑13,982 (1,340) ‑0,858* 0,886
SE: spherical equivalent AL: axial length CR: corneal Radius

and a 1 mm change in AL was shown to cause a 1.01 D 
variation. In the current study, similarly, there was a very 
strong, negative correlation observed between spherical 
equivalent and axial length. Additionally, a 1 mm increase 
in AL was concluded to cause a 1.65 D reduction in SE. 
Many studies in recent years have stated there is a better 
correlation between AL/CR ratio and SE.[28] Consistent 
with these studies, AL/CR ratio showed higher correlation 
with SE than with only AL in our study. The correlation 
between SE and AL displays progressive increase between 
age groups, with a reduction observed in the adolescent 
period. The correlation between SE and AL/CR shows 
progressive increase up to the adolescent period. The 
group with highest correlation between SE with AL and 
AL/CR is the late schooler group compassing children 
from 9‑13  years. Additionally, the correlation between 
SE with AL and AL/CR is not linear but was weaker at 
emmetropic values. This situation may be explained by 
compensation due to other optical parameters. He et  al.
[19] showed the AL/CR ratio explained 65.7% of the total 
variance in SE, while AL alone only explained 43.1% of 
the variance in SE. Another study stated these rates were 
31% and 16%, respectively.[29] In our study, these rates 
were higher, AL explaining 65.3% of the variation in 
SE while AL/CR ratio explained 78.6% of the variation. 
Previous studies showed that anterior chamber depth was 
correlated with refractive errors. Myopia is known to be 
associated with deeper, while hyperopia is associated 
with shallower anterior chamber.[30] Similarly, in this 
study, myopic eyes had deeper anterior chamber, while 
hyperopic eyes had shallower anterior chamber compared 
to emmetropic eyes and a negative and strong correlation 
was observed between ACD and SE. Another refractive 
component of CR was emphasized to be steeper in 
myopic eyes compared to emmetropic eyes, and flatter in 
hyperopic eyes in many studies. In contrast, CR did not 
display differences in myopic, emmetropic or hyperopic 
eyes. Accordingly, in children in the Turkish population, 
CR does not display significant change as a part of the 
emmetropization process.

D
ow

nloaded from
 http://journals.lw

w
.com

/njcp by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 10/24/2023



Dayi, et al.: Ocular biometry in Turkish children

575Nigerian Journal of Clinical Practice  ¦  Volume 25  ¦  Issue 5  ¦  May 2022

References
1.	 Mutti  DO, Mitchell  GL, Jones  LA, Friedman  NE, Frane  SL, 

Lin  WK, et  al. Axial growth and changes in lenticular and 
corneal power during emmetropization in infants. Invest 
Ophthalmol Vis Sci 2005;46:3074‑80.

2.	 Smith EL 3rd, Hung  LF. The role of optical defocus in 
regulating refractive development in infant monkeys. Vision Res 
1999;39:1415‑35.

3.	 Rowe  FJ, Noonan  CP, Freeman  G, DeBell  J. Intervention for 
intermittent distance exotropia with overcorrecting minus lenses. 
Eye (Lond) 2009;23:320‑5.

4.	 Dogan M, Elgin  U, Sen  E, Tekin  K, Yilmazbas  P. Comparison 
of anterior segment parameters and axial lengths of myopic, 
emmetropic, and hyperopic children. Int Ophthalmol 
2019;39:335‑40.

5.	 Caca  I, Cingu AK, Sahin A, Ari  S, Dursun  ME, Dag  U, et  al. 
Amblyopia and refractive errors among school‑aged children 
with low socioeconomic status in southeastern Turkey. J  Pediatr 
Ophthalmol Strabismus 2013;50:37‑43.

6.	 Ingram  RM, Traynar  MJ, Walker  C. Screening for refractive 
errors at age 1  year: A  pilot study. Br J Ophthalmol 
1979;63:243‑50.

7.	 Guo X, Fu M, Ding X, Morgan  IG, Zeng Y, He M. Significant 
axial elongation with minimal change in refraction in 3‑  to 
6‑year‑old Chinese preschoolers: The Shenzhen Kindergarten eye 
study. Ophthalmology 2017;124:1826‑38.

8.	 Yahya  AN, Sharanjeet‑Kaur  S, Akhir  SM. Distribution of 
refractive errors among healthy ınfants and young children 
between the age of 6 to 36 months in Kuala Lumpur, Malaysia‑A 
pilot study. Int J Environ Res Public Health 2019;16:4730.

9.	 Irving  EL, Machan  CM, Lam  S, Hrynchak  PK, Lillakas  L. 
Refractive error magnitude and variability: Relation to age. 
J Optom 2019;12:55‑63.

10.	 Pan  CW, Ramamurthy  D, Saw  SM. Worldwide prevalence and 
risk factors for myopia. Ophthalmic Physiol Opt 2012;32:3‑16.

11.	 Schneider  J, Leeder  SR, Gopinath  B, Wang  JJ, Mitchell  P. 
Frequency, course, and impact of correctable visual 
impairment  (uncorrected refractive error). Surv Ophthalmol 
2010;55:539‑60.

12.	 Tideman JW, Polling JR, Vingerling JR, Jaddoe VW, Williams C, 
Guggenheim  JA, et  al. Axial length growth and the risk of 
developing myopia in European children. Acta Ophthalmol 
2018;96:301‑9.

13.	 Twelker  JD, Mitchell  GL, Messer  DH, Bhakta  R, Jones  LA, 
Mutti  DO, et  al. Children’s ocular components and age, gender, 
and ethnicity. Optom Vis Sci 2009;86:918‑35.

14.	 Hashemi H, Pakzad R, Khabazkhoob M, Yekta A, Emamian MH, 
Fotouhi  A. Ocular biometrics as a function of age, gender, 
height, weight, and its association with spherical equivalent in 
children. Eur J Ophthalmol 2021;31:688-97.

15.	 Hashemi  H, Saatchi  M, Khabazkhoob  M, Emamian  MH, 
Yekta  A, Fotouhi  A. Distribution of keratometry and its 
determinants in a general population of 6‑  to 12‑year‑old 
children. Eur J Ophthalmol 2019;29:3‑8.

16.	 Li  SM, Iribarren  R, Kang  MT, Li  H, Li  SY, Liu  LR, et  al. 
Corneal power, anterior segment length and lens power in 

14‑year‑old Chinese children: The Anyang Childhood Eye Study. 
Sci Rep2016;6:20243.

17.	 Ninn‑Pedersen  K, Stenevi  U, Ehinger  B. Cataract patients in 
a defined Swedish population 1986–1990. II. Preoperative 
observations. Acta Ophthalmol 1994;72:10‑5.

18.	 Wen  G, Tarczy‑Hornoch  K, McKean‑Cowdin  R, Cotter  SA, 
Borchert  M, Lin  J, et  al. Prevalence of myopia, hyperopia, 
and astigmatism in non‑Hispanic white and Asian children: 
Multi‑ethnic pediatric eye disease study. Ophthalmology 
2013;120:2109‑16.

19.	 He X, Zou H, Lu L, Zhao R, Zhao H, Li Q, et al. Axial length/
corneal radius ratio: Association with refractive state and role 
on myopia detection combined with visual acuity in Chinese 
schoolchildren. PLoS One 2015;10:e0111766.

20.	 He  M, Huang  W, Zheng  Y, Huang  L, Ellwein  LB. Refractive 
error and visual impairment in urban children in southern china. 
Invest Ophthalmol Vis Sci 2007;114:374‑82.

21.	 Rudnicka  AR, Owen  CG, Nightingale  CM, Cook  DG, 
Whincup PH. Ethnic differences in the prevalence of myopia and 
ocular biometry in 10‑ and 11‑year‑old children: The Child Heart 
and Health Study in England  (CHASE). Invest Ophthalmol Vis 
Sci 2010;51:6270‑6.

22.	 Saw  SM, Carkeet A, Chia  KS, Stone  RA, Tan  DT. Component 
dependent risk factors for ocular parameters in Singapore 
Chinese children. Ophthalmology 2002;109:2065‑71.

23.	 Li  SM, Li  SY, Kang  MT, Zhou  YH, Li  H, Liu  LR, et  al. 
Distribution of ocular biometry in 7‑  and 14‑year‑old Chinese 
children. Optom Vis Sci 2015;92:566‑72.

24.	 Scheiman  M, Gwiazda  J, Zhang  Q, Deng  L, Fern  K, 
Manny  RE, et  al. Longitudinal changes in corneal curvature 
and its relationship to axial length in the Correction of Myopia 
Evaluation Trial (COMET) cohort. J Optom 2016;9:13‑21.

25.	 Momeni‑Moghaddam  H, Hashemi  H, Zarei‑Ghanavati  S, 
Ostadimoghaddam  H, Yekta  A, Khabazkhoob  M. Four‑year 
change in ocular biometric components and refraction 
in schoolchildren: A  cohort study. J  Curr Ophthalmol 
2018;31:206‑13.

26.	 Wang  D, Liu  B, Huang  S, Huang  W, He  M. Relationship 
between refractive error and ocular biometrics in twin children: 
The Guangzhou Twin Eye Study. Eye Sci 2014;29:129–33.

27.	 Cruickshank  FE, Logan  NS. Optical ‘dampening’ of the 
refractive error to axial length ratio: Implications for outcome 
measures in myopia control studies. Ophthalmic Physiol Opt 
2018;38:290‑7.

28.	 Zhao  KK, Yang  Y, Wang  H, Li  L, Wang  ZY, Jiang  F, 
et  al. Axial length/corneal radius of curvature ratio and 
refractive development evaluation in 3‑  to 4‑year‑old 
children: The Shanghai Pudong Eye Study. Int J Ophthalmol 
2019;12:1021‑6.

29.	 Ojaimi E, Rose KA, Morgan  IG, Smith W, Martin FJ, Kifley A, 
et  al. Distribution of ocular biometric parameters and refraction 
in a population‑based study of Australian children. Invest 
Ophthalmol Vis Sci 2005;46:2748‑54.

30.	 O’Donnell C, Hartwig A, Radhakrishnan H. Correlations between 
refractive error and biometric parameters in human eyes using 
the LenStar 900. Contact Lens Anterior Eye 2011;34:26‑31.

D
ow

nloaded from
 http://journals.lw

w
.com

/njcp by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 10/24/2023


