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Abstract
● AIM: To investigate the proportion and characteristic 
of emmetropia in schoolchildren aged 6-11, especially 
estimate the normal value of ocular biometric parameters 
of emmetropia.
● METHODS: A population-based cross-sectional study 
was conducted on children aged 6-11y in Shenzhen. 
Totally, 2386 schoolchildren from two primary schools were 
involved. The axial length (AL) and the corneal radius of 
curvature (CRC) were measured by partial coherence laser 
interferometry. Noncycloplegic refraction and refractive 
astigmatism (RA) was measured using autorefraction. The 
axial length-to-corneal radius of curvature ratio (AL/CRC), corneal 
astigmatism (CA) and spherical equivalent refraction (SER) 
were calculated. 
● RESULTS: The proportion of emmetropia in elementary 
school students was 41.30%. This percentage decreased 
gradually from 6 to 11 years of age and decreased 
rapidly after 9 years of age. The mean and 95%CI of each 
parameter were provided for boys and girls aged 6 to 
11 years of age with emmetropia according to each age 
group. The change trend of parameters of boys and girls 
are similar. After 7 years of age, the AL of non-emmetropia 
started to increase faster than that of emmetropia. The 
change trend of AL/CRC was the same as that of AL. The 
other parameters tend to be stable after 7 years of age.

● CONCLUSION: The age of 7-9 is an important period 
for the changes of refractive state and ocular biometric 
parameters of primary school students, and it is a special 
focus period for children myopia prevention. The normal 
value and variation of ocular biometric parameters of 
emmetropia can provide the basis for the clinical judgment 
of whether or not children’s ocular biometric parameters 
obtained by single measurement and changes obtained by 
multiple measurements are abnormal.
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Introduction

T he prevalence of myopia has been increasing in recent 
decades, especially in East Asia. Myopia may cause poor 

vision or even permanent visual impairment, which may lead 
to inconvenience in life and limited employment opportunities. 
Therefore, myopia has become a research hotspot in recent 
years[1]. In a large number of myopia related studies, the axial 
length (AL), corneal radius of curvature (CRC) and objective 
noncycloplegic refraction have become commonly used 
research parameters due to their convenient detection and good 
repeatability[2-4]. In China, many single and multiple tests of 
AL, CRC, and objective noncycloplegic refraction have been 
performed. The Chinese government has tried to establish a 
refractive development profile for each child and adolescent by 
obtaining these data[5]. However, there is no research report on 
the distribution and variation of the AL and CRC of students of 
different ages, so the doctors cannot judge whether the single 
measurement results are abnormal, nor can judge whether 
the changes obtained by multiple measurement results are in 
the normal range. The doctors have an urgent need to study 
the distribution and variation of AL and CRC. Therefore, 
the researches carried out this prospective cross-sectional 
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study. The study analyzed the distribution of AL, CRC, axial 
length-to-corneal radius of curvature ratio (AL/CRC), corneal 
astigmatism (CA), refractive astigmatism (RA) and the 
relationship between these parameters and age in emmetropic 
children. The research results will provide a clear indication 
for the clinical judgment of whether or not children’s ocular 
biometric parameters obtained by single measurement and 
changes obtained by multiple measurements are abnormal.
SUBJECTS AND METHODS
Ethical Approval  The study adhered to the tenet of the 
Helsinki Declaration. Ethics Committee approval was obtained 
from the Seventh Affiliated Hospital of Sun Yat-sen University 
Ethics Committee. After explaining the purpose and procedure 
of the study to the parents in detail, the written informed 
consent was obtained.
Population  When conducting routine school vision screening 
in 2019 in Guangming District, Shenzhen, China, the study 
randomly selected two primary schools for detailed ocular 
biometric parameters, including uncorrected visual acuity, 
objective noncycloplegic refraction, AL, CRC. Because of the 
non-invasive nature of the examination, apart from 4 students 
who were absent due to illness and 7 students who had severe 
ocular diseases affecting vision other than refractive error, 
2386 primary students participated in the examination. The 
study obtained complete data comprised of 2097 students aged 
6-11, and then 866 emmetropias were selected by uncorrected 
visual acuity (UCVA) and spherical equivalent refraction (SER; 
UCVA≥5.0 and +0.50≥SER≥-0.50 D for the right eye). 
Refraction and Biometric Parameters Measurements  
During the examination, each student was assigned a unique 
QR code identification number. In a fixed room, the study first 
checked their uncorrected visual acuity, then their objective 
noncycloplegic refraction, and finally their AL and CRC.
The UCVA was measured using a standard logarithmic visual 
acuity chart (Yuehua Medical Devices Co., Ltd., Shantou, 
Guangdong, China)[6]. The inspection distance was 5 meters, 
and the brightness value was within the standard recommended 
value range[7]. The study first checked their right eye and 
then their left eye. Vision results were reported in decimal 
form. The objective noncycloplegic refraction was measured 
using desktop autorefractor (KR8900; Topcon Corp., 
Japan) [8].  The device automatically extracts the average 
spherical power, cylindrical power, and axis after three 
consecutive measurements.
The AL and CRC were measured using a noncontact optical 
biometry device (IOL Master 500; Carl Zeiss Meditec, 
Germany)[9]. The AL was measured continuously for 5 times, 
and the CRC 3 times. The result was obtained by averaging 
multiple measurement results with SNR>2. All measurements 
were checked under the natural pupil. 

Definitions  Using the data of the autorefractor, the SER was 
calculated by adding together the spherical diopter and half 
of the cylindrical diopter. The AL was directly measured by 
the IOL Master. The CRC was the average of the longest and 
shortest CRC measured by IOL master. The AL/CRC was 
defined as the AL divided by the CRC[10]. The corneal K value 
was calculated by using the data of the corneal curvature 
radius and the formula K (D)=337.5/CRC (mm). The CA was 
calculated as CA=Kmin-Kmax, where Kmin represents the corneal 
K value with the lowest refractive index, and Kmax represents 
the corneal K value with the highest refractive index. The 
refraction astigmatism used the data of the cylindrical diopter 
measured by the autorefractor[11].
Statistical Analysis  The Kolmogorov-Smirnov test, Skewness 
and Kurtosis were used to evaluate the normality of the 
variables AL, CRC, AL/CRC, CA, and RA. The t-test was 
used to analyze the differences between eyes and between 
genders. Variance analysis was used to analyze the parameters 
of different age groups, and the mean value, standard 
deviation, and 95% confidence interval (CI) of each parameter 
were calculated. The association between ocular biometric 
parameters and age were determined using linear regression 
models. Two-sided P-values below 0.05 were statistically 
significant and analyzed using the statistical software package 
SPSS Statistics for Windows (version 24.0, IBM Corp., USA).
Results
Among the 2386 enrolled students, 282 were out of the age 
range and 7 had no successful biometric measurements, 
leaving a total of 2097 students 6 to 11 years of age in the 
study. The mean age was 9.06±1.68y, with no statistically 
significant gender difference (P=0.114). All biometric 
parameters (AL, CRC, AL/CRC, CA, RA) of 2097 students 
were not normally distributed. Totally, 866 emmetropias were 
selected by UCVA and SER (UCVA≥5.0 for both eyes and 
+0.50 ≥SER≥-0.50 D for the right eye) from 2097 students. 
The AL of 866 emmetropias was normally distributed 
(P=0.131). After grouping by gender, the AL also obeyed 
normal distribution (P=0.200). After grouping the parameters 
by age, the AL of each age group was also normally distributed 
(P=0.200). According to the Kurtosis and Skewness values, 
other parameters of 866 emmetropias were generally accepted 
as the normal distribution. The students’ characteristics and 
the prevalence of emmetropia are shown in Table 1. The 
proportion of emmetropia in elementary school students was 
41.30%. The percentage of emmetropia decreased gradually 
as the age increases from 6 to 11 years of age, and decreased 
significantly after 9 years of age. 
Biometric parameters of the emmetropia as a function of 
gender and eye are shown in Table 2. In addition to RA, there 
were differences between genders in other parameters. The 
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parameters of AL, CRC, and AL/CRC for boys were larger 
than those for girls in both eyes. The parameters of AL, CRC, 
AL/CRC showed no difference between the left and right eyes. 
There was a high correlation between right and left eye 
parameters, the data for the right eyes were used in the 
following analysis. Ocular biometric parameters of the 
emmetropia as a function of gender and age are shown in 
Table 3. Statistically significant differences in AL were found 
between boys and girls of all ages between 6 and 11 years 

of age, with boys having longer AL than girls of all ages. A 
growing trend of mean AL was observed as age increases in 
boys and girls. Statistically significant differences in CRC were 
not found between boys and girls who are 10 and 11 years 
of age, but gender differences were significant in other age 
groups. Boys had longer CRC than girls. 
The 95%CI of the mean ocular biometric parameters of 
emmetropia by gender and age is shown in Table 4. Figure 
1 showing the change of right eye biometric parameters of 
ametropia and emmetropia from 6 to 11 years of age. We can see 
that the changing trends of the parameters of boys and girls are the 
same. The AL increased from 6 to 11 years of age, the separation 
between emmetropia and non-emmetropia began after 7 years of 
age, and non-emmetropia changes faster than emmetropia after 
7 years of age. AL continued to increase by about 0.156 mm-
0.174 mm per year in emmetropia (linear regression equation: 
ALBoys=0.156×age+21.884; ALGirls=0.174×age+21.206). The 
trend of AL/CRC was the same as that of AL. AL/CRC of 
emmetropia increased by about 0.015 mm-0.012 mm per 
year (linear regression equation: ALBoys=0.015×age+2.836; 
ALGirls=0.012×age+2.835). The other parameters (CRC, CA, 
and RA) tended to stabilize after the age of 7. 
DISCUSSION
This is the first study to report the distribution and variation 
of ocular biometric parameters among Chinese emmetropic 
children ranging from 6 to 11 years of age. The AL of 866 
emmetropias was normally distributed. There were significant 
differences between genders in all parameters except RA, 
and the measurements obtained from boys were in general 
larger than those of girls. AL, CRC, and AL/CRC showed no 
difference between the left and right eyes except for CA, RA. 
Boys and girls had similar variations trend in all parameters. 
The AL and AL/CRC increased from 6 to 11 years of age, and 
the growth rate of non-emmetropia was faster than emmetropia 
after 7 years of age. The AL of boys/girls continued to increase 
by about 0.156-0.174 mm per year in emmetropia. The other 
parameters (CRC, CA, and RA) tended to stabilize after the 
age of 7. The proportion of emmetropia in elementary school 
students was 41.30%. The percentage of emmetropia decreased 
gradually with increasing age and decreased significantly after 
9 years of age. Therefore, the age of 7-9 was an important stage 
for separating the emmetropia and non-emmetropia. AL and 
CRC increased with age and boys had higher measurements 
than girls, which may be related to the physical growth of 
children[12-13], and the developmental differences between boys 
and girls[14]. Considering the increase of AL/CRC with age in 
emmetropia, the researches should ignore the physiological 
increase of AL/CRC when judging the progression of myopia. 
Some research results also confirmed that AL/CRC was not 
useful in determining the magnitude of myopia or monitoring 

Table 1 The student characteristic and prevalence of emmetropia 
at each age

Characteristic Total
Age (y)

6 7 8 9 10 11
Total students, n 2097 360 352 367 297 352 369
  Boys 1198 217 191 216 194 179 201
  Girls 899 143 161 151 103 173 168
Emmetropic students, n 866 183 175 174 134 109 91
  Boys 533 118 96 110 90 64 55
  Girls 333 65 79 64 44 45 36
Proportion of
emmetropia (%) 41.30 50.8 49.7 47.4 45.1 31.0 24.7

Table 2 Ocular biometric parameters of the emmetropic 
population as a function of gender and eye
Parameters (n=866) Right eye Left eye Pa

AL (mm)
  Total 23.04±0.75 23.04±0.76 0.857
  Boys 23.24±0.69 23.25±0.71 0.510
  Girls 22.72±0.72 22.70±0.73 0.166
  Pb <0.001 <0.001
CRC (mm)
  Total 7.80±0.25 7.80±0.25 0.618
  Boys 7.84±0.25 7.84±0.25 0.666
  Girls 7.72±0.24 7.72±0.25 0.797
  Pb <0.001 <0.001
AL/CRC
  Total 2.96±0.06 2.96±0.07 0.762
  Boys 2.96±0.06 2.96±0.07 0.397
  Girls 2.94±0.06 2.94±0.07 0.396
  Pb <0.001 <0.001
CA (diopter)
  Total -1.02±0.55 -1.08±0.59 <0.001
  Boys -0.96±0.53 -1.01±0.57 <0.001
  Girls -1.11±0.55 -1.20±0.61 <0.001
  Pb <0.001 <0.001
RA (diopter)
  Total -0.27±0.37 -0.33±0.47 <0.001
  Boys -0.26±0.37 -0.32±0.45 <0.001
  Girls -0.29±0.37 -0.33±0.49 0.06
  Pb 0.209 0.735

AL: Axial length; CRC: Corneal radius of curvature; AL/CRC: Axial 
length-to-corneal radius of curvature ratio; CA: Corneal astigmatism; 
RA: Refractive astigmatism. Data are mean±standard deviation unless 
otherwise indicated. aBetween the right eye and left eye, P<0.05 was 
considered statistically significant. bBetween boys and girls, P<0.05 
was considered statistically significant.
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progression[15]. CA approached approximately -1.00 D after the 
age of 7, and RA approached zero with increasing age, which 
may be related to the perfect development of refractive growth 
in the human eye. 
Evolution has produced the emmetropia mechanism, which 
makes the best match between AL and the optical system. 
The growth of eyes is affected by time, light, regulation, and 
close working. Most eyes are emmetropia at about 6 years 
old[16]. In some studies, the AL was divided by age[17], but it 
was not divided by SER at the same time, so the obtained AL 
development may not be accurate. Choosing the parameters 
obtained from emmetropia can help us to better understand the 
growth and development of the eye itself, but there are few 
studies on emmetropia at present. Dogan et al[18] conducted 
a study of 50 children aged 6-16 with emmetropia and found 
that among children aged 6-10, AL was 23.13±0.55 mm 
and K was 42.59±6.06 D. Li et al[19] studied 318 7-year-old 
children with emmetropia and found that 7-year-old children 
with emmetropia had AL of 23.23±0.62 mm and CRC of 
7.78±0.25 mm, of which boys’ AL was 23.39±0.60 mm and CR 

was 7.83±0.24 mm, girl’s AL was 23.00±0.60 mm, CRC was 
7.71±0.24 mm. It was found that the AL and CRC of boys 
were higher than that of girls. Atchison et al[20] studied a total 
of 106 emmetropias aged 20-70y, with males having AL of 
23.79±0.55 mm and CRC of 7.87±0.20 mm and females having 
AL of 23.17±0.77 mm and CRC of 7.72±0.25 mm. It was found 
that the AL of this age group increased by 0.0113 mm per 
year without a significant increase in the CRC[20]. Tideman et 
al[21] studied 1926 9-year-old children with emmetropia and 
found that 9-year-old children with emmetropia had AL of 
23.08±0.67 mm (95%CI: 22.02-24.23), CRC of 7.79±0.25 mm 
(95%CI: 7.39-8.22), and AL/CRC of 2.96±0.06 (95%CI: 2.87-
3.06). Most of these results were similar to ours, but there were 
also slight differences, which may be due to the sample size, 
age and race selection. 
Our criteria for emmetropia selection were UCVA≥5.0 and 
+0.50≥SER≥-0.50 D. Many researchers have made comparative 
studies of cycloplegic autorefraction and noncycloplegic 
autorefraction. Choong et al[22] found that under the condition 
of noncycloplegic autorefraction, the negative degree of the 

Table 3 The emmetropic parameters of the right eye as a function of gender and age

Parameters (n=866)
Age (y)

Pa

6 7 8 9 10 11
AL (mm)
  Total 22.71 ±0.74 22.88±0.68 23.02±0.70 23.25±0.69 23.24±0.71 23.49±0.70 <0.001
  Boys 22.92±0.70 23.09±0.63 23.24±0.57 23.41±0.68 23.44±0.65 23.69±0.67 <0.001
  Girls 22.32±0.66 22.62±0.66 22.65±0.74 22.94±0.59 22.96±0.69 23.18±0.64 <0.001
  Pb <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CRC (mm)
  Total 7.74±0.27 7.80±0.23 7.80±0.23 7.82±0.26 7.80±0.27 7.86±0.26 0.013
  Boys 7.79±0.27 7.86±0.22 7.87±0.21 7.86±0.27 7.83±0.26 7.88±0.27 0.112
  Girls 7.66±0.24 7.73±0.23 7.69±0.24 7.76±0.22 7.75±0.28 7.82±0.25 0.007
  Pb 0.002 <0.001 <0.001 0.035 0.121 0.237
AL/CRC
  Total 2.93±0.06 2.93±0.06 2.95±0.05 2.97±0.06 2.98±0.06 2.99±0.07 <0.001
  Boys 2.94±0.06 2.94±0.05 2.95±0.05 2.98±0.06 2.99±0.06 3.01±0.07 <0.001
  Girls 2.91±0.06 2.93±0.06 2.94±0.05 2.96±0.06 2.96±0.06 2.97±0.05 <0.001
  Pb 0.002 0.21 0.234 0.046 0.011 0.003
CA (diopter)
  Total -0.74±0.73 -1.11±0.48 -1.10±0.44 -1.06±0.49 -1.07±0.43 -1.10±0.44 <0.001
  Boys -0.69±0.70 -1.03±0.47 -1.04±0.43 -1.02±0.49 -1.02±0.45 -1.05±0.41 <0.001
  Girls -0.82±0.78 -1.21±0.49 -1.19±0.46 -1.15±0.47 -1.14±0.39 -1.19±0.47 <0.001
  Pb 0.248 0.013 0.029 0.157 0.142 0.126
RA (diopter)
  Total -0.39±0.42 -0.27±0.36 -0.22±0.36 -0.22±0.34 -0.22±0.29 -0.27±0.34 <0.001
  Boys 0.20±0.36 0.07±0.35 0.07±0.32 0.08±0.34 0.07±0.26 0.00±0.29 0.002
  Girls -0.44±0.44 -0.34±0.33 -0.25±0.37 -0.20±0.35 -0.18±0.26 -0.25±0.33 <0.001
  Pb 0.243 0.042 0.327 0.647 0.252 0.572
AL: Axial length; CRC: Corneal radius of curvature; AL/CRC: Axial length-to-corneal radius of curvature ratio; CA: Corneal astigmatism; RA: 
Refractive astigmatism. Data are mean±standard deviation unless otherwise indicated. aAcross different age groups, P<0.05 was considered 
statistically significant. bBetween boys and girls, P<0.05 was considered statistically significant. 
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autorefractor would be overcorrected, leading to overdiagnosis 
of myopia. Fotouhi et al[23] found that noncycloplegic 
autorefraction overestimated the degree of myopia and 

underestimated the degree of hyperopia. Lai et al[24] combined 
UCVA with noncycloplegic autorefraction, which improved 
the specificity of predicting ametropia without reducing the 

Figure 1 The change of right eye biometric parameters of ametropia and emmetropia from 6 to 11 years of age  A: AL; B: CRC; C: AL/
CRC; D: CA; E: RA. The 95%CIs are included in each graph.

Table 4 Right eye parameters in emmetropia

Parameters (n=866)
Age (y)

6 7 8 9 10 11
AL (mm)
  Total 22.60-22.82 22.77-22.98 22.91-23.13 23.14-23.37 23.11-23.38 23.34-23.63
  Boys 22.79-23.05 22.96-23.22 23.13-23.35 23.26-23.55 23.28-23.61 23.51-23.87
  Girls 22.16-22.49 22.47-22.77 22.46-22.83 22.76-23.12 22.75-23.16 22.96-23.39
CRC (mm)
  Total 7.71-7.78 7.76-7.83 7.77-7.84 7.78-7.88 7.77-7.85 7.80-7.91
  Boys 7.74-7.84 7.81-7.90 7.83-7.91 7.80-7.91 7.76-7.90 7.81-7.96
  Girls 7.60-7.72 7.68-7.78 7.63-7.75 7.69-7.82 7.70-7.89 7.67-7.83
AL/CRC
  Total 2.92-2.94 2.93-2.94 2.94-2.96 2.96-2.98 2.97-2.99 2.97-3.00
  Boys 2.93-2.95 2.93-2.95 2.94-2.96 2.97-2.99 2.98-3.01 2.99-3.03
  Girls 2.90-2.93 2.91-2.94 2.93-2.96 2.94-2.98 2.95-2.98 2.95-2.98
CA (diopter)
  Total -0.84 to -0.63 -1.18 to -1.04 -1.16 to -1.03 -1.15 to -0.98 -1.15 to -0.99 -1.19 to -1.01
  Boys -0.82 to -0.56 -1.12 to -0.93 -1.12 to -0.96 -1.12 to -0.92 -1.13 to -0.91 -1.16 to -0.93
  Girls -1.01 to -0.62 -1.32 to -1.10 -1.31 to -1.08 -1.29 to -1.00 -1.26 to -1.03 -1.35 to -1.03
RA (diopter)
  Total 0.15 to -0.26 0.02 to -0.13 0.00-0.09 -0.01 to -0.11 -0.02 to -0.08 -0.07 to -0.05
  Boys 0.14-0.27 -0.00-0.14 0.01-0.13 0.01-0.15 0.00-0.13 -0.08-0.07
  Girls -0.54 to -0.33 -0.41 to -0.26 -0.35 to -0.16 -0.31 to -0.10 -0.26-0.10 -0.36-0.12
AL: Axial length; CRC: Corneal radius of curvature; AL/CRC: Axial length-to-corneal radius of curvature ratio; CA: Corneal astigmatism; RA: 
Refractive astigmatism. Data are 95%CI unless otherwise indicated.
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sensitivity, and the symmetry of both eyes can increase the 
accuracy. Ma et al[25] found that when UCVA was combined 
with noncycloplegic autorefraction, UCVA≤20/20, SER≤-0.75 D, 
and the sensitivity and specificity for judging myopia were 
84.4% and 90.5%. Sankaridurg et al[26] found that the accuracy 
of judging emmetropia using only the SE (-0.75 to +0.75 D) 
of noncycloplegic autorefraction was 78%, and the accuracy 
was adjusted to 82.3% after adjusting for age and UCVA, 
and using other SER cutoffs may change the prediction of the 
model value. Based on this, the study adjusted the cutoff value 
to -0.50≤SER≤+0.50 D and introduced UCVA≥5.0 for both 
eyes, which greatly improved the accuracy of our prediction of 
emmetropia and increased the reliability of our results.
Our data confirmed that there were significant differences in 
AL and CRC for different genders and that AL and CRC in 
boys were larger than those in girls, which was consistent with 
some previous reports[27-31]. The boy’s AL was about 0.5 mm 
larger than the girl’s, and the boy’s CRC is about 0.1 mm larger 
than the girl’s. From the perspective of age change, the trend 
of parameter change in boys and girls was generally similar, 
and the AL continued to increase with age, which was also 
consistent with some previous reports[32-34]. The researches 
speculate that with the increase of age, the increase of CRC 
before the age of 7 may compensate for the increase of AL to 
a certain extent and play a role in maintaining emmetropia. 
Previous studies also reported that corneal flattening seemed 
to compensate for the increase of AL[35-37]. After the age of 7, 
AL was increasing while CRC was stable but not increasing. 
It was speculated that the lens may play an important role in 
maintaining the emmetropia, which was also confirmed by 
some research results[38]. Moreover, the development of the 
lens may be an important reason for myopia, the role and 
mechanism of the lens in refractive development will be a hot 
spot in myopia research[39-40].
The limitation of this study is that the standard for selecting 
the emmetropia is SER of noncycloplegic optometry, but the 
accuracy of emmetropia prediction is greatly improved by 
increasing UCVA≥5.0 and adjusting SER cutoff value (-0.50 
to +0.50 D). In addition, the age of the study population is 
6-11 years of age. If the population of 12-18 years of age can 
be included in the future, it will better reflect the distribution 
of biological parameters of adolescents with emmetropia and 
the law of change with age. Third, the accurate evaluation 
of the longitudinal age change was not possible because this 
was a cross-sectional study. Despite these limitations, the 
researches believe that our study provides a valuable reference 
for the clinical judgment of the normality of ocular biometric 
parameters of Chinese schoolchildren aged 6-11y.
In conclusion, the age of 7-9 is an important period for the 
changes of refractive state and ocular biometric parameters 

of primary school students, and it is a special focus period for 
children myopia prevention. The normal value and variation 
of ocular biometric parameters of emmetropia can provide the 
basis for the clinical judgment of whether or not children’s 
ocular biometric parameters obtained by single measurement 
and changes obtained by multiple measurements are abnormal.
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