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Purpose: To determine the relationship between the ocular biometrics and axial length (AL)
elongation and its rate in elementary school children.

Methods: This is a prospective observational study of 102 right eyes of third-grade
elementary school students who were 8 to 9 years old. All participants underwent measure-
ments of the AL, anterior chamber depth (ACD), and lens thickness (LT) annually for 3
years. The AL elongation during the first half and second half was calculated by subtracting
the AL of the 1st year from that at the 2nd year, and AL of the 3rd year minus 2nd year. The
total AL elongation (TALE) was obtained by summing up the first and second half AL
elongations. The growth rate change (GRC) was obtained by subtracting the first half AL
elongation from second half AL elongation. Spearman correlations were used to determine
the correlation between the st year ocular biometrics and the TALE and GRC.

Results: The mean TALE was 0.54 = 0.26 mm in boys and 0.46 + 0.31 mm in girls. The
mean GRC was 0.00 = 0.16 mm in boys and —0.04 £ 0.14 mm in girls. In boys and girls, the
TALE was significantly larger in the eyes with myopic ocular biometrics such as a deeper
ACD, thinner LT, and longer AL during the 1st year (Jr}=0.41 to 0.46, P < 0.05). The GRC
was significantly accelerated in the eyes of only the girls with hyperopic ocular biometrics
such as a shallower ACD, thicker LT, and shorter AL during the 1st year (|r=0.31 to 0.41,
P<0.05).

Conclusion: In boys and girls, the TALE tends to be larger in eyes with myopic biometrics
at the 1st year examination. The GRC tended to accelerate in the eyes with hyperopic ocular
biometry during the 1st year only in girls.
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Introduction
Myopia is one of the most common eye diseases, and pathological myopia is
a major cause of blindness.'** The prevalence of myopia is increasing worldwide,
and the socioeconomic impact on individuals and society is substantial.” © In Asian
countries, it is becoming a more serious problem’ ° because the increasing inci-
dence, and the age of the onset is becoming younger.>* Individuals with myopia
have a significantly higher incidence of glaucomatous optic neuropathy, and those
with high myopia have a higher risk of glaucoma than those with low to moderate
myopia.” Therefore, it is important to understand myopic changes such as axial
length (AL) elongation during the growth phase in young children.

On average, the growth rate of the AL decreases with increasing age in
children.'®!'" However, the speed of AL elongation also varies among individuals,

. . . 12.1 ..
and the rate of myopia progression accelerates in some eyes.'>'? In addition,
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myopic changes in the eyes of young adults, such as
retinal vascular shift, conus, and optic disc head tilt, tend
to be more prevalent in eyes with longer axial lengths.
However, there are also eyes with shorter axial lengths
with greater myopic changes in the fundus and, conver-
sely, eyes with longer axial lengths with almost no myopic
changes.'* Because most myopic fundus changes occur in
school-age children,'> we hypothesized that there are eyes
in which the ocular structures are hyperopic in early
school-age children but the ocular axial elongation is
accelerated. In addition, there are eyes in which the ocular
structure is myopic and the axial length elongation is
decelerated. Furthermore, it has been found that there are
sex differences in the ocular structures.'®

Thus, we hypothesized that the ocular biometrics, such
as the anterior chamber depth (ACD), lens thickness (LT),
and AL, affects the growing pattern of the AL during the
growth phase of an individual. Therefore, the purpose of
this study was to determine the relationship between the
ocular biometrics and rate of AL elongation in 8- and
9-year-old elementary school boys and girls.

Methods

Ethics Statement

All of the procedures used conformed to the tenets of the
Declaration of Helsinki, and they were approved by the
Ethics Committee of Kagoshima University Hospital.
A written informed assent and informed consent were
obtained from all subjects and their parents. This study
was registered with the University Hospital Medical
Network-clinical trials registry (No. UMIN000015239).

Subjects

This was part of a longitudinal, prospective, observational
study of third-grade students who were 8- to 9-years old at
the first The attended the
Elementary School of the Faculty of Education of

examination. students

Kagoshima University. This Kagoshima University-
affiliated school was participating in a cooperative
research study with our ophthalmological department.
Although it was unintended, it is highly likely that the
parents of these children at this elementary school had
a higher socioeconomic status. Thus, the children may
have been more myopic.

There were 144 students in the third grade. An
informed consent was obtained from 122 (87.4%) students
and their parents. The students were examined from

November 17 to December 18, 2014 in the initial year
and were examined during the same period annually for
three years. Six students were excluded due to truancy or
transfer. Fourteen eyes were excluded because of the dif-
ficulty in measuring the ACD and LT. In the end, the right
eyes of 102 individuals were used for the analyses. Color
fundus photographs were taken with the 3D OCT-1
Maestro (Topcon, Tokyo, Japan), and the AL, ACD, and
the LT were measured with the OA-2000 Optical Biometer
(Tomey, Nagoya, Japan).

Calculation and Classification of Rate of

Axial Elongation

The AL, ACD, and LT were measured annually for 3 years
without cycloplegia. The AL elongation of first period was
calculated by subtracting the 1st year AL from the 2nd year
AL, and the AL elongation during the second period was
calculated by subtracting the 2nd year AL from the 3rd year
AL. Then, the total AL elongation (TALE) was calculated
by summing up the first and second periods of AL elonga-
tions. The growth rate change (GRC) was obtained by
subtracting the AL elongation of second period from the
AL elongation in the first period. These calculations were
performed for only the right eye. A minus GRC value
indicated a deceleration, and a plus GRC value indicated
an acceleration of the AL elongation rate.

Statistical Analyses

All statistical analyses were performed with the SPSS
statistics 21 for Windows (SPSS Inc., IBM, Somers,
New York, USA). The significance of the sex differences
of the ocular biometrics in the first year was determined by
Mann—Whitney U-tests. The significance of the differences
between AL elongation of first period and that of second
period was determined by Wilcoxon signed rank tests.
Spearman correlations were used to determine whether
there were significant correlations between the Ist year
ocular biometric values and the TALE and GRC values.

Results

The subjects included 50 boys and 52 girls. The mean +
standard deviation of the ocular biometrics are shown in
Table 1. The AL elongation during the second half was
significantly smaller than the first half AL elongation in
girls (P = 0.022) but not in boys (P = 0.117). The mean +
standard deviation of the GRC (second half AL elongation
minus first half AL elongation) was 0.00 = 0.16 mm in
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Table 1 Ocular Biometrics of Boys and Girls

Biometrics Boys (50 Eyes) Girls (52 Eyes) P value
Ist year ACD (mm) 3.71 £ 022 (3.25 to 4.17) 3.53 £ 0.25 (2.64 to 3.94) 0.001
Ist year LT (mm) 3.53 £ 0.18 (3.18 to 4.00) 3.56 £ 0.19 (3.23 to 4.16) 0.55

Ist year AL (mm) 23.69 + 0.83 (21.87 to 25.80) 23.14 + 0.90 (20.52 to 25.46) 0.001
2nd year AL (mm) 23.96 £ 0.91 (21.95 to 26.12) 23.39 + 0.99 (20.73 to 26.01) 0.003
3rd year AL (mm) 24.23 £ 0.97 (22.03 to 26.34) 23.60 + 1.06 (20.80 to 26.26) 0.002
First half AL elongation (mm) 0.27 £ 0.15 (0.04 to 0.60) 0.25 + 0.17 (0.08 to |1.41) 0.34
Second half AL elongation (mm) 0.27 £ 0.16 (0.01 to 0.66) 0.21 + 0.16 (—0.02 to 0.88) 0.032
TALE (mm) 0.54 £ 0.26 (0.16 to I.11) 0.46 + 0.31 (0.08 to |.41) 0.09
GRC (mm) 0.00 £ 0.16 (—0.43 to 0.45) —0.04 + 0.14 (—0.37 to 0.35) 0.37

Abbreviations: AL, axial length; ACD, anterior chamber depth; LT, lens thickness; TALE, total axial length elongation; GRC, growth rate change.

boys and —0.04 = 0.14 mm in girls. The AL elongation
speed of 22 eyes (21.6%, 14 eyes of boys, 8 eyes of girls)
accelerated (GRC was more than 0.05 mm), 43 eyes
(42.2%, 18 eyes of boys, 25 eyes of girls) were stable
(GRC was between —0.05 and 0.05 mm), and 37 eyes
(36.3%) (boys 18 eyes, girls 19 eyes) decelerated (GRC
was less than —0.05 mm) during this period.

The ACD and AL during the Ist year and the AL
during the 2nd year and the 3rd year AL and second half
AL eclongation of boys were significantly larger than those
of girls (P < 0.05). The 1st year LT, first half AL elonga-
tion, TALE, and GRC were not significant different
between boys and girls (Table 1).

In boys, the TALE was significantly larger in the
eyes with myopic ocular biometrics such as a deeper

TALE and 1st year ACD

>
@

(mm)

08
06

o 04

08

0.6

TALE (mm)

TALE

0.4

o
p

0 = 0

Ist year ACD (mm)

D GRC and Ist year ACD

m

GRC (mm)
GRC (mm)

Ist year ACD (i)

TALE and st year LT

Ist year lens thickness (mm)

GRC and lst year LT F

Ist year LT (mm)

ACD (r = 0.45, P = 0.001), thinner LT (r = —0.46, P =
0.001), and longer AL (r = 0.42, P = 0.002) at the initial
examination. In girls, the TALE was significantly larger
in the eyes with myopic ocular biometric values such as
a deeper ACD (r = 0.41, P = 0.002), thinner LT (r =
—0.44, P = 0.001), and longer AL (r = 0.42, P = 0.002)
at the 1st year (Figure 1A-C).

The GRC accelerated significantly in the eyes of girls
only with hyperopic ocular biometrics such as a shallower
ACD (r = —0.32, P = 0.022), thicker LT (r = 0.31, P =
0.027), and shorter AL (r = —0.41, P = 0.003) at the
Ist year measurements. Similar tendencies were observed
in boys (ACD, r=-0.09, P =0.52; LT, r = 0.07, P = 0.65;
AL, r = —0.27, P = 0.055), but the differences were not
significant (Figure 1D-F).

C TALE and 1st year Al

TALE (mm)

GRC (mm)

Ist year AL (mm)

Figure | Scatter plot of the first year ocular biometrics, viz., the anterior chamber depth (ACD), lens thickness (LT), axial length (AL), and total axial length elongation
(TALE) (A—C), and growth rate change (GRC) (D-F) in boys (blue dots) and girls (red dots). In boys, the TALE was significantly larger in the eyes with myopic ocular
biometrics such as a deeper ACD (r = 0.45, P = 0.001, (A), thinner LT (r = —0.46, P = 0.001, (B), and longer AL (r = 0.42, P = 0.002, (C) at the initial examination. In girls, the
TALE was significantly larger in the eyes with myopic ocular biometric values such as a deeper ACD (r = 0.41, P = 0.002, (A), thinner LT (r = —0.44, P = 0.001, (B), and longer
AL (r = 0.42, P = 0.002, (C) at the Ist year. The GRC accelerated significantly in the eyes of girls only with hyperopic ocular biometrics such as a shallower ACD (r = —0.32,
P =0.022, (D), thicker LT (r = 0.31, P = 0.027, (E), and shorter AL (r = —0.41, P = 0.003, (F) at the |st year measurements. Similar tendencies were observed in boys (ACD,
r =-0.09, P =0.52, D; LT, r = 0.07, P = 0.65, E; AL, r = —0.27, P = 0.055, (F), but the differences were not significant.
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Discussion

The results showed that the eyes with the longer ALs,
thinner LT, and deeper ACD at the initial examination
had significantly greater TALE. This trend was found in
both boys and girls and is consistent with earlier studies
that showed that eyes with longer ALs tended to have
a greater degree of eye elongations.'? They are also con-
sistent with the reports that the more myopic eyes had
a faster progression of myopia.'>!”

In 78.4% of the eyes, the GRC was stable or deceler-
ated, ie, the growth rate change was less than 0.05 mm.
Previous studies reported that the annual axial length
growth rate decreased gradually with increasing age'®'
which is consistent with the results of this study.

On the other hand, it has been reported that there are
some children whose myopia progressed rapidly during
the school age years.''* In our cohort, we found that
21.6% of the eyes had accelerated GRC. When we inves-
tigated the relationship between the parameters of the eye
shape and the GRC, the results showed that the eyes of
girls with shorter AL, shallower ACD, and thicker LT at
the initial examination had a greater GRC, ie, a significant
acceleration of annual axial elongation. A similar trend
was observed for boys although the changes were not
significant. A recent large cohort study (136,333 children,
4-17 years old) reported that the myopia progression dur-
ing the first 11-24 months was greater in the 7-9 and 10—
12 age groups, and it was consistent with our results for
girls.'®

These factors, shorter AL, shallower ACD, and thicker
LT are the common risk factors for primary angle closure
glaucoma.'® In eyes with primary angle closure, the pres-
sure in the posterior chamber is higher than that of the
anterior chamber. This would cause the iris to bow ante-
riorly. Conversely, a deeper ACD, longer AL, and thinner
LT are known risk factors for the pigment dispersion
syndrome. In this disorder, the pressure in the anterior
chamber is higher than that of the posterior chamber
resulting in a posterior bowing of the iris.'” The iris
curvature was reportedly variable in vivo due to the dif-
ference in the pressures of the anterior and posterior
chambers.”® Shah et al examined the iris curvature in
boys ages 10 to 12 years by anterior segment OCT and
reported that the iris of some eyes was curved posteriorly
(concave iris curvature) while others were curved ante-
riorly (convex iris curvature).”' These changes occurred
around the age of 10 years that the time when the lens and

other ocular tissues become firmer.* Thus, we suggest that
differences in the anterior and posterior chamber pressures
may affect the acceleration and deceleration of axial elon-
gation during this period. However, there are no data about
iris curvature in this study and this suggestion is
a complete speculation. Further studies are needed to
investigate the relationship between iris curvature and the
rate of axial elongation.

It has been reported that eyes with elongated posterior
segment have an oval shape with a longer anterior-
posterior segment and are more common in female
individuals.**** In clinical practice, there are eyes with
myopic features such as tilted optic disc, myopic conus,
and arcade vessels close to the macula in the fundus, even
though the axial length is not long. These eyes are referred
to as having a paradoxical fundus.'® In the present study,
eyes with shallower anterior chamber, thicker lens, and
shorter axis length that were present in girls had signifi-
cantly accelerated eye elongation. These findings suggest
that the cause of the paradoxical fundus is the greater
acceleration of elongation during this period. To confirm
this, long-term follow-up studies are needed.

There are limitations in this study. First, we did not
consider the scleral rigidity, intraocular pressure, and
differences in the pressure between the anterior and pos-
terior chambers. Further studies including corneal mea-
surements by Scheimpflug Technology Instruments,
ocular response analyzer, and anterior segment imaging
are needed to confirm the hypothesis. Second, we exam-
ined the ALs and not the refractive errors. Even though
the AL is longer in myopic eyes, there is no systematic
correlation with myopia.>* To know the true refractive
error of children, it is necessary to use a cycloplegic
agent with parental consent. Unfortunately, an agreement
was not always obtained, and so we focused on the AL
without measuring the refractive error. Although an elon-
gation of the AL plays a substantial role in the develop-
East
a reliable measurement of the AL is

school Asian

6,25,26

ment of myopia in the
populations,
necessary when monitoring the myopia progression in
school children.?’2° On the other hand, the refractive
error is determined by three factors: the corneal refractive
power, the lens refractive power, and the ocular axial
length.'®!'" There are various causes for the changes of
these three factors during growth. When researching the
causes of the refractive errors, it is difficult to draw
conclusions due to the complex interplay of these factors
that affect these three factors. In this study, the refractive
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error was not examined because the main purpose was to

investigate factors that affected the ocular axial elonga-

tion. Myopia progression is greater in the winter than in

the summer months.*' In this study, due to the educational

program of the elementary school, only this time of

the year was allowed for the measurements. This is

a limitation of this study. Another limitation is that these

findings were made on Japanese children which is the

most myopic population.” Thus, the results may not be

generalized to other populations.

In conclusion, the axial elongation in 8- and 9-year-old

children tended to be longer in the eyes with myopic ocular

biometric values at the initial examination. The growth rate of

the eyes tended to accelerate in the eyes with hyperopic ocular

biometrics at the 1st year examinations. These individual var-

iations of axial elongation speed may be affected by ocular

biometry during this growth period.

Abbreviations

AL, axial length; ACD, anterior chamber depth; LT, lens
thickness; TALE, the total AL elongation; GRC, growth
rate change.
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