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ABSTRACT

Abnormal changes during ocular development can affect
ocular biometric parameters, which are important for
diagnosis and surgical planning. The aim of this study was
to determine how ocular biometric measurements of
pediatric subjects in different age groups change with ocu-
lar growth. Study population consisted of 99 volunteers
attending the ophthalmology outpatient clinic for routine
controls. Healthy subjects aged 4-15 years with best-
corrected visual acuity of 20/20 according to Snellen chart
and intraocular pressure between 10-21 mmHg were
included in study. Axial length, central corneal thickness,
humor aquosus depth, anterior camera depth, lens
thickness, limbus diameter, corpus vitreum length were
measured.

Independent-t test was used to compare two different
groups and ANOVA method was used to compare more
than two groups. As a result of study, no significant
difference was found between right and left eye biometry.
Humor aquosus depth, anterior camera depth, lens
thickness and axial length differed significantly different
between age groups.

Axial length, humor aquosus depth, anterior camera depth,
anterior camera depth, lens thickness and corpus vitreum
length were found to significantly different between the age
groups of boys. There were significant differences in humor
aquosus depth and anterior camera depth parameters
between age groups of girls. In this study, we investigated
how biometric measurements of the eye change with age in
pediatric Turkish population. It was found that anterior
camera depth and humour aquosus depth increased with
age, while lens thickness decreased in subjects. However,
axial length and corpus vitreum length increased with
increasing age in boys.
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Goz gelisimi sirasinda anormal degisiklikler, tani ve cerrahi
planlama i¢in 6nemli olan okiiler biyometrik parametreleri
etkileyebilir. Bu ¢alismanin amaci farkl yas gruplarinda yer
alan pediatrik bireylere ait okiiler biyometri 6l¢iimlerinin
okiiler biiylime ile nasil degistigini ortaya ¢ikarmaktir. Ca-
lismanin popiilasyonunu goz poliklinigine rutin kontroller
icin bas vuran 99 goniillii olusturmustur. Arastirmaya 4-15
yas araligindaki en iyi diizeltilmis gérme keskinligi Snellen
eseline gore 20/20 ve goz i¢i basinct 10-21 arast mmHg
olan saglikh bireyler dahil edilmistir. Calisma kapsaminda
aksiyel uzunluk, santral kornea kalinligi, humour aquosus
derinligi, 6n kamera derinligi, lens kalinlig), limbus ¢api,
corpus vitreum uzunlugu 6l¢timleri gergeklestirilmistir.
Calismada iki farkl grubu kargsilastirmak i¢in Independent-
t testi, ikiden fazla grubu karsilastirmak icin ANOVA yo6nte-
mi kullanilmistir. Calisma sonucunda goéz biyometrisi agi-
sindan sag ve sol arasinda anlamli bir fark bulunmamistir.
Humour aquosus derinligi, n kamera derinligi, lens kalinli-
81 ve aksiyel uzunluk parametrelerinin yas gruplari arasin-
da anlamli farklilik gésterdigi bulunmustur.

Erkeklerin yas gruplari arasinda aksiyel uzunluk, humour
aquosus derinligi, 6n kamera derinligi, lens kalinhig ve
corpus vitreum uzunlugu parametrelerinin anlamh farklili-
ga sahip oldugu gorilmiistiir. Kadinlarin yas gruplari ara-
sinda ise humour aquosus derinligi ve 6n kamera derinligi
parametreleri arasinda anlaml farklilik mevcuttur. Mevcut
calismada pediatrik Tiirk poptilasyonunda yas ile goziin
biyometrik 6l¢imlerinin nasil degistigi incelenmistir. Birey-
lere ait 6n kamera derinligi ve humour aquosus derinligi
yas ile arttigl, lens kalinhginin ise azaldigi bulunmustur.
Bununla birlikte erkeklerde yasin artisi ile aksiyel uzunluk
ve corpus vitreum uzunlugu artis gostermistir.

Anahtar kelimeler: Aksiyel uzunluk, lens kalinlig, okiiler
biyometri
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INTRODUCTION

The eyeball (Bulbus oculi) is an organ with an anterior
posterior diameter of about 2.5 cm and weighing 10-12
g, surrounded by a tenon capsule in the orbital cavity.
The eyeball has a slightly flattened shape from top to
bottom, resembling two spheres of different diameters
intertwined, with a small sphere in front and a large
sphere in the back. The small transparent sphere in
front (1/6 of the eyeball) is called the cornea and the
large non-transparent sphere in the back (5/6 of the
eyeball) is called the sclera. The most protruding part of
the eyeball at the front is called the polus anterior and
the most protruding part at the back is called the polus
posterior. The axis connecting the polus anterior and
polus posterior is called axis bulbi.1.2

To enhance our comprehension of the pathophysiologi-
cal mechanisms connected to vision, it is crucial to ex-
amine the development of the human eye. There are
many factors that influence the growth of the eyeball.
The most important of these are genetic causes. During
development, non-physiological changes in ocular tis-
sues can cause refractive errors, nervous system disor-
ders and many pathological eye diseases. One of the
earliest eye pathologies is a change in normal axial
length. A decrease in axial length is associated with dis-
eases such as nanophthalmos, microphthalmia and reti-
noblastoma, while an increase in axial length is associ-
ated with many diseases such as congenital glaucoma.3-5
Studies have shown that the axial length of the eye rap-
idly increases within the first two years following birth.
Thereafter, this increase continues until adolescence.
There is a great deal of variability in refractive errors
stemming from the expansion of the eye and the related
factors that cause this are not fully understood.t Various
types of refractive errors can occur in children aged less
than six years. Until the age of six, a mechanism called
emmetropization can be observed. This mechanism
controls eye growth to make the eyes emmetropic or
slightly hyperopic. After the age of six years, this situa-
tion varies in many populations.” Studies have shown
that most of the biometric changes in the eye occur be-
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tween the ages of 5 and 15 years.8-10 However, thanks to
the developing technology, modern biometric devices
need to look at more parameters and more studies are
needed in different ethnic, environmental and genetic
differences.!!

The purpose of our study was to establish how anatomi-
cal eye measurements change with ocular growth in
pediatric subjects of different age groups.

MATERIALS AND METHODS

The research involved 99 volunteers (49 boys, 50 girls)
who came to Nigde Omer Halisdemir University Eye
Polyclinic for routine controls. The participants of the
study were healthy children aged 4-15 years with best
corrected visual acuity of 20/20 according to Snellen
and intraocular pressure (IOP) between 10-21 mmHg.
Subjects with refractive errors, corneal disease, retinal
disease, uveitis, glaucoma, tumor, trauma, history of
ocular surgery and systemic diseases were not included.
Measurements were performed using the IOL Master
500 Biometer (Carl Zeiss AG, Oberkochen, Germany).
Measurements

Axial length (AL): Distance between the anterior and
posterior ends of the eye.

Central corneal thickness (CCT): Distance between the
inner and outer faces of the center of the cornea.
Humouraquosus depth (AD): Distance between the cor-
neal endothelium and the anterior surface of the lens.
Anterior camera depth (ACD): Distance from the corneal
epithelium to the front surface of the lens.

Lens thickness (LT): Distance between the most bumpy
points anterior and posterior to the center of the lens.
Limbus diameter (LD): Distance between the junction of
the iris and sclera.

Corpus vitreum length (VCL): Distance from the poste-
rior surface of the lens to the macula (Figure 1).
Statistical Analysis

The Shapiro Wilk test was used to examine whether the
numerical variables conformed to normal distribution.
Numerical variables were summarized  with
Mean*Standard Deviation and Minimum-Maximum

AL

Bz

VCL

Figure 1: Eye measurements. ACD. Anterior Camera depth,AL. Axial length, CCT.Central corneal thickness, LT. Lens thickness, VCL.
Corpus vitreum length.
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values. For comparisons of three or more groups, one-
way analysis of variance (ANOVA) was used and Tukey
HSD test, which is a Post-Hoc tests, was used to see
which one of the groups caused the difference between
the groups. Analyses were performed with IBM SPSS
version 22 (SPSS, Inc., Chicago, IL, USA). p<0.05 was
accepted as statistical significance level.

RESULTS

We collected data from a total of 120 participants aged
between 4 and 15 years. After implementing the inclu-
sion criteria, we assessed the data from 99 subjects. The
mean age was 8.95+3.04 years (8.61+2.99 for boys and
9.28+3.07 for girls). Since there was no significant dif-
ference between the right and left eyes in terms of ocu-
lar biometry in the data we obtained from the partici-
pants, we present our data obtained from the right eyes
in the tables.

Comparison of anatomical eye measurements given
based on age groups in Table 1. According to Table 1,
there was a statistically significant difference between
age groups in terms of mean AD (p<0.001). The reason
for this difference was due to the difference between the
13-15 age group and the other groups and also between
the 4-6 age group and the 10-12 age group (p<0.05). A
statistically significant difference was found between
age categories concerning ACD averages (p<0.001). The
reason for this difference was between the 13-15 age
group and the other groups (p<0.05) (Table 1). In the
comparison between age groups in terms of LT value, a
statistically significant difference was found in the mean
values (p<0.001). The reason for this difference was
between the 4-6 age group and the other groups
(p<0.05) (Table 1).

When male age groups were compared regarding axial
length, a statistically significant difference was found in

Table 1. Evaluation of measurements according to age groups

terms of mean AL (p=0.015). The reason for this differ-
ence was between the 4-6 age group and 10-12 age
groups (p<0.05) (Table 2). According to the results in
Table 2, a statistically significant difference was deter-
mined between age groups in terms of AD parameter in
males (p=0.001). The reason for this difference was
between the 4-6 age group and other age groups
(p<0.05). In males, a statistically significant difference
was observed in the mean ACD value between age
groups (p<0.001). This difference was due to the differ-
ence between the 4-6 age group and other age groups
(p<0.05) (Table 2). In Table 2, a statistically significant
difference was observed in the mean of the LT parame-
ter according to the evaluation results between the age
groups of the boys (p=0.001). The reason for this differ-
ence was due to the difference between the 4-6 age
group and other age groups (p<0.05). When the corpus
vitreum length (VCL) in the eyes of males was compared
between the age groups, it was found statistically sig-
nificant in terms of mean value (p=0.013). This differ-
ence was due to the difference between 4-6 and 10-12
age groups (p<0.05).

Table 3 shows that there was a statistically significant
difference in the mean value of AD in the age groups
among girls (p<0.001). The reason for this difference is
due to the age groups of 4-6, 10-12 and 13-15 (p<0.05).
When the age groups of girls were compared in terms of
ACD values, a statistically significant difference was
found in terms of ACD averages (p<0.001). The reason
for this difference was between the 13-15 age group
and other age groups (p<0.05).

DISCUSSION

It was observed that AD and ACD values increased with
increasing age in both girls and boys. The LT parameter
decreased with age increase in both boys and girls.

Age groups

Measure- 4-6 Age Group (N=26) 7-9 Age Group (N=21) 10-12 Age Group (N=36) 13-15 Age Group (N=13)

ments Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max P
AL (mm) 22.72%0.79 21.24-24.18 22.9+0.88 21.04-24.46 23.10£0.67 22.02-24.6 23.35%0.65 21.81-24.07 0.059
CCT(um) 549.76+32.48 483-597 550.95£24.49 508-597 546.69+32.82 488-622 552.08+£51.75 477-656 0.951
AD (mm) 2.85+0.25 2.34-3.32 2.99+0.25 2.45-3.38 3.05+0.18 2.72-3.52 3.28+0.19 3.02-3.56 <0.001
ACD(mm) 3.39+0.24 2.91-391 3.54£0.26 2.95-3.95 3.60+0.19 3.28-4.14 3.84+0.16 3.57-4.08 <0.001
LT (mm) 3.7x0.29 3.31-4.38 3.52+0.19 3.19-3.89 3.47+0.16 3.13-3.83 3.42+0.19 3.21-3.76 <0.001
LD (mm) 12.3+0.45 11.55-13.36 12.38+0.45 11.07-13 12.10+0.38 11.23-12.81 12.26+0.31 11.61-12.83 0.075
VCL 15.64+0.73 14.31-16.91 15.84+0.83 14.29-17.34 16.04+0.65 14.82-17.83 16.14+0.77 14.32-17.24 0.116
(mm)

ACD, Anterior Camera depth; AD, Humour Aquosus depth; AL, Axial length; CCT, Central corneal thickness; LT, Lens thickness; Max,
Maximum; Min, Minimum; N, Number of participants; SD, Standard Deviation; LD, Limbus diameter; VCL, Corpus vitreum length

Table 2. Evaluation of measurements in boys according to age groups
Age groups (Among boys)

Measure- 4-6 Age Group (N=18) 7-9 Age Group (N=9) 10-12 Age Group (N=17) 13-15 Age Group (N=5)

ments Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max P
AL (mm) 22.97+0.72 21.68-24.18 23.54+0.59 22.86-24.46 23.54+0.54 22.78-24.60 23.71+0.34 23.28-24.07 0.015
CCT (um) 549.83+32.63 485-597 550.22+21.23 516-582 549.00+36.01 488-622 535.40+58.98 477-627 0.866
AD (mm) 2.90£0.27 2.34-3.32 3.15+0.14 2.99-3.38 3.08+0.08 2.92-3.17 3.26+0.21 3.02-3.50 0.001
ACD (mm) 3.43+0.25 2.91-391 3.70£0.13 3.56-3.95 3.63+0.09 3.41-3.74 3.80+0.17 3.57-4.02 <0.001
LT (mm) 3.70+0.26 3.34-4.38 3.43+0.16 3.19-3.60 3.46+0.12 3.28-3.68 3.35+0.13 3.22-3.51 0.001
LD (mm) 12.40£0.47 11.58-13.36 12.58+0.27 12.22-13 12.22+0.31 11.80-12.81 12.33+0.14 12.20-12.51 0.131
VCL (mm) 15.84+0.61 14.63-16.91 16.41+0.64 15.39-17.34 16.46+0.57 15.72-17.83 16.57£0.47 16.06-17.24 0.013

ACD, Anterior Camera depth; AD, Humour Aquosus depth; AL, Axial length; CCT, Central corneal thickness; LT, Lens thickness; Max,
Maximum; Min, Minimum; N, Number of participants; SD, Standard Deviation; LD, Limbus diameter; VCL, Corpus vitreum length
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Table 3. Evaluation of measurements in girls according to age groups
Age groups (Among girls)

Measure- 4-6 Age Group (N=18) 7-9 Age Group (N=9) 10-12 Age Group (N=17) 13-15 Age Group (N=5)
ments Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max
AL (mm) 22.33+0.79 21.24-23.54 22.42+0.75 21.04-23.31 22.71£0.52 22.02-23.78 23.12+0.71 21.81-23.78 0.061
CCT (um) 549.64+33.83 483-595 551.50+27.61 508-597 544.63+30.54 502-615 562.50+47.75 523-656 0.663
AD (mm) 2.78+0.20 2.49-3.19 2.87+0.26 2.45-3.26 3.03+0.23 2.72-3.52 3.30+0.19 3.06-3.56 <0.001
ACD (mm) 3.33+0.20 3.02-3.73 3.42+0.28 2.95-3.86 3.57+0.24 3.28-4.14 3.86+0.15 3.72-4.08 <0.001
LT (mm) 3.70+0.34 3.31-4.38 3.59+0.20 3.24-3.89 3.48+0.18 3.13-3.83 3.47£0.22 3.21-3.76 0.079
LD (mm) 12.15+0.38 11.55-12.72 12.23£0.51 11.07-12.84 12.00£0.42 11.23-12.74 12.21+0.38 11.61-12.83 0.438
VCL (mm) 15.32+0.83 14.31-16.69 15.38+0.67 14.29-16.47 15.66+0.48 14.82-16.51 15.84+0.82 14.32-16.45 0.295

ACD, Anterior Camera depth; AD, Humour Aquosus depth; AL, Axial length; CCT, Central corneal thickness; LT, Lens thickness; Max,
Maximum; Min, Minimum; N, Number of participants; SD, Standard Deviation; LD, Limbus diameter; VCL, Corpus vitreum length

However, this decrease was statistically significant in
boys and not statistically significant in girls. AL and VCL
parameters were observed to increase with increasing
age in both boys and girls, but this increase was statisti-
cally significant in boys and not statistically significant
in girls.

The etiology of refractive errors has been an important
research topic in ophthalmology for many years. The
imbalance in the development of ocular biometric com-
ponents during emmetropization is the main cause of
refractive errors.!! Measurements of ocular biometric
parameters have an important role in various clinical
and research applications in ophthalmology. By way of
example, the AL parameter is a fundamental value for
intraocular lens (I0L) evaluation in cataract surgery and
refractive lens exchange. CCT, an additional ocular bio-
metric measure, can be utilized to detect contact lens-
induced edema and diagnose corneal diseases including
keratoconus and glaucoma.!2 Looking at the relationship
between ocular biometric parameters and age, Hashemi
et al. calculated AL (mean 23.13 mm), ACD (mean 3.01
mm), LT (mean 3.58 mm), CD (LD) (mean 12.34 mm)
and CCT (mean 549.33 um) values in a total of 638 par-
ticipants aged 6-18 years.!! Gobeka and Baysal meas-
ured AL (mean 23.06%0.71 mm), LT (mean 3.55%0.21
mm), VCL (mean 15.92%0.69 mm), ACD (mean
3.67£0.26 mm), CCT (mean 547.29+26.45 um) and LD
(mean 12.17+0.50 mm) in 36 healthy children with a
mean age of 9.11+2.75 years.!3 When evaluated in terms
of the same parameters, our study is consistent with the
data found by Hashemi et al. and Gobeka and Baysal
(Table 1).1113 Hashemi et al. found that AL and ACD
increased with age and LT decreased with age,!! while
CD (LD) and CCT had no relationship with age In a study
executed by Zhang et al. in 508 participants aged 3-6
years, it was found that AL and ACD parameters in-
creased with age, LT parameter decreased with age, and
CCT increased with age but was not statistically signifi-
cant.14 The findings of our study indicated that AD and
ACD values grew with age, whereas LT decreased, while
AL, CCT, CD (LD) and VCL increased with age, but this
was not statistically significant. The data found by
Hashemi et al., and Zhang et al,, for ACD, LT and CCT
values are consistent with the data of our study.1114 AL
value was found to increase significantly with age in
these two studies, but in our study, AL value increased
with age, but this was statistically insignificant. When
these values were analyzed separately for boys and
girls, it was observed that the AL value increased in
both of them, which was statistically significant in boys
and insignificant in girls. We think that this difference in
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terms of AL value is owing to the sample size. Shi et al,,
calculated AL, ACD and WTW (LD) parameters
(4.77£0.95 mm, 42.77+1.29 mm and 42.77+1.29 mm,
respectively) in 110 healthy children aged 10.69+2.81
years with the I0L-Master 500 device.!> The AL, ACD
and WTW (LD) parameters in the age group appropriate
for this study (10-12 age group) overlapped with the
data calculated by Shi et al.15 In a study by Huang et al.,
in 100 healthy children aged 7-14 years (mean age
10.37+1.81 years), AL (24.7#1.07 mm), CCT
(552.27£33.6 um), ACD (3.76+0.24 mm), LT (3.38+0.15
mm) and WTW (LD) (12.28+0.43 mm) parameters were
measured with the IOL-Master 700 device.l6 The pa-
rameters of our study and the study of Huang et al,
were very close to each other, but there was a slight
difference between them.'6 We believe that this differ-
ence is due to the difference between the devices used
in the measurements. In the study of Gopalakrishnan et
al, in 1382 children aged between 5-16 years, AL, ACD
and LT parameters were examined.l” The study was
planned by dividing into 10 groups according to age.
Age groups were divided into 5.67+0.47, 6.84+0.37,
7.94+0.24, 9.02+0.98, 10.05+0.21, 10.70+0.50,
11.68+0.54, 12.64+0.59, 13.97+0.28 and 14.71+0.50
years. 50 years and AL (22.46+0.65, 22.55%0.62,
22.86£0.66, 22.90+0.70, 22.96x0.76, 23.27%0.85,
23.35£0.79, 23.39+0.93, 23.50+0.89 and 23.58+0.87
mm), ACD (3.32+0.23, 3.37+0.23, 3.45+0.22, 3.45+0.22,
3.45+0.24, 3.50+0.26, 3.56+0.24, 3.53+0.25, 3.57+0.28,
3.59+£0.26 and 3.56+0.29 mm) and LT (3.82+0.20,
3.75£0.19, 3.69+0.20, 3.67+0.22, 3.61+0.25, 3.60£0.23,
3.60£0.23, 3.62+0.22, 3.62+0.21 and 3.60+0.22 mm,
respectively, according to age groups) parameters were
calculated.!” In terms of AL, ACD and LT parameters,
although the data of this study and our study in the
South Indian population are close to each other, it is
seen that there are racial differences. In addition,
Gopalakrishnan et al, reported that AL and ACD data
increased with age and LT decreased.l” These results
are consistent with our study. In a study conducted by
Zhao et al,, in 1528 children aged 4-9 years, AL, ACD and
CD (LD) parameters were divided into 6 groups and the
groups were compared with each other.18 In terms of
AL, ACD and LT parameters, although the data of this
study and our study in the South Indian population are
close to each other, it is seen that there are racial differ-
ences.18 In addition, Gopalakrishnan et al,, reported that
AL and ACD data increased with age and LT decreased.!8
These results are consistent with our study. In a study
conducted by Zhao et al, in 1528 children aged 4-9
years, AL, ACD and CD (LD) parameters were divided
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into 6 groups and the groups were compared with each
other.18 These groups were divided in to 4,5,6,7,8, and 9
age groups and AL (respectively 22.19+0.61,
22.43+0.63, 22.65%0.67, 22.76+0.71, 23.24+0.77 and
23.64+0.87mm), ACD  (respectively  2.82+0.27,
2.87+0.26, 2.91£0.24, 2.93+0.23, 3.00+£0.23 and
3.11+£0.24 mm) and CD (LD) (12.00+0.43, 12.02+0.43,
12.04+0.44, 12.04+0.41, 12.03+0.4 and 12.05+0.42 mm)
values were calculated.’® When the parameters of the
study by Zhao et al,, and our study are compared, it is
seen that the parameters are close but different from
each other.’8 We think that this is due to differences
between races. In addition, Zhao et al.,, reported that AL
and ACD increased with increasing age, while CD (LD)
did not change much with age.18 These results seem to
be compatible with our study parameters.

CONCLUSION

In conclusion, this study revealed how the biometric
measurements of the eye are affected by age in the pedi-
atric Turkish population. It was observed that ACD and
AD increased and LT decreased with increasing age in
healthy boys and girls pediatric subjects. It was also
observed that AL and VCL increased with age in males.
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