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Abstract

OBJECTIVE : The purpose of this study was to evaluate the bone of pubertal girls and examine the factors in their
bone development for the support of health of women.

METHODS : The subjects of this study were 158 female pupils and students (9 to 17 years of age) of elementary,
junior, and senior high schools. The speeds of sound (SOS’s), transmission indices (T1's), and osteosono-assessment indices
(OSI's) of their calcanei were measured by employing a calcaneal dry ultrasonography. Besides, conducted was a survey
of their physical characteristics such as age, height, weight, and obesity and their lifestyles such as exercise, meals, and
sleep. Then, the relations between their physical characteristics and lifestyles and their bone valuations were examined.
RESULTS : Significant positive correlations were observed between their ages and bone valuations, the latter increasing
in proportion with the former in the age range of 9-15, particularly between ages 12 and 13 and between ages 14
and 15. Their height and weight showed significant positive correlations with all of their SOS’s, TI's, and OSI’s, while
their body mass indices (BMI’s) showed significant positive correlations with their TI's and OSI’s. Among the components
of their lifestyles, only exercise was relevant to their bone valuations. The bone valuations of those with the habit of
exercise were significantly higher than the same of those without the habit, particularly in the age range of 15-17.
CONCLUSIONS : The results of this study suggests that the bone mineral density of pubertal girls increases saliently
until the age of 15 and the habit of exercise formed by the developmental periods of their bones increases their bone

mineral density.

Key words : pubertal girls, calcaneus, ultrasonography, physical characteristics, habit of exercise

Introduction

It is important for women liable to osteoporosis to
increase and maintain their bone mineral density and
check the decrease of their bone mineral density in and
after the climacterium when the secretion of estrogen
begins to decrease. In puberty, girls’bodies develop
rapidly with their developing sexual functions and their
bones also develop saliently, their bone mineral density
increasing rapidly for the several years after their
first menstruation” ™. It is said that lifestyles such as
nutrition and exercise affects the development of bones
greatly in puberty4’5). On the other hand, the risk of low
nutrition due to eating disorders and excessive slimming

diets is increasing in recent years. Girls tended to start

slimming diets in the upper grades of elementary school
and many with low bone mineral density were observed
among those on such diets in their pubertyﬁ). It is also
reported that low—calorie slimming diets can reduce
the bone mineral density” 9 Therefore, important for
pubertal girls in their process of growth is how to attain
and maintain a high level of bone mineral density and
solving the problem leads to the prevention of their
future osteoporosis.

Ultrasonography, widely used to make diagnoses
on the cases of osteoporosis, is useful to measure
bone mineral density in group medical examination
and also useful to evaluate the bones of the youth
because it is simple and easy, takes a short time, and is

. . 10,11)
noninvasive .
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Table 1 Height, weight and BMI of each age group
n=158
Age n Height (cm) Weight (kg) BMI (kg/ nt)
9 18 132.9 £ 6.0 31.0 £ 6.6 17.4 = 2.6
10 16 135.1 4.9 35.6 = 4.8 19.5 £ 2.6
11 12 146.6 = 6.1 43.2 £ 9.3 20.0 = 3.8
12 24 150.8 £ 7.6 43.9 = 8.4 19.1+2.6
13 25 154.2 = 4.1 46.0 = 7.6 19.3 £ 3.0
14 29 1564.5 £ 5.5 471+ 5.9 19.7 = 2.1
15 10 165.3 £4.6 54.8 £ 8.3 22.5+2.3
16 12 168.1 £ 7.4 52.9 +9.0 20.9 = 2.0
17 12 156.5 £ 5.4 50.0 = 3.4 20.8 = 1.7
BMI : Body Mass Index Mean == SD

Accordingly, the authors conducted a survey of
the lifestyles of pubertal girls, evaluated their bones
with calcaneal dry ultrasonography, and examined the

factors in their bone development.

Patients and Methods

Subjects

The subjects of this study were 158 female pupils and
students (9 to 17 years of age) of an elementary school
(46 pupils), two junior high schools (78 students) and a
senior high school (34 students).

Data Collection

A lifestyle survey of those pupils and students who or
whose parents consented to this study was conducted
for data on their ages, length, weight, meals, and
exercise.

By using a calcaneal dry ultrasonography (AOS-
100 made by Aloka), the speeds of sound (SOS’s) and
transmission indices (TI’s) of the subjects’ calcanei were
measured, and osteosono—assessment indices (OSI’s)
were calculated from the SOS’s and TI’s. The SOS
represents the compactness of bone tissue; the TI, bone
mineral density; the OSI, synthetic assessment.

Prepared for the lifestyle survey was a questionnaire
consisting of 20 questions about exercise, meals, sleep,
etc. Besides, body mass indices (BMI’s) were calculated
from the height and weight of the subjects to see the

relations between their obesity and bone valuations.

Data Analysis
Main variables were processed through the technique
of descriptive statistics. Pearson’s product-moment
correlation coefficients were calculated to see the
relations between variables. The differences between
mean values were t—tested. In any case, p < 0.05 was
considered to be significant.

IBM SPSS Statistics Japanese version 20 was used

for all the statistical processing.

Ethical Consideration

In advance of this study, its purpose and method were
explained verbally and in writing to the principals
and the teachers in charge of health education of the
elementary and junior and senior high schools for their
cooperation. Besides, informed consent was obtained
from the pupils of the elementary school and their
parents through their teachers in charge of health
education and class teachers. The purpose and method
of this study were explained verbally and in writing to
the students of the junior and senior high schools and
informed consent was obtained from them. The study
was approved by the local ethics committee of Kagawa
Prefectural University, and standardized informed

consent was obtained from each subject and parent.

Results

Physical Characteristics of Subjects

Table 1 shows the physical characteristics of the

subjects.

Kagawa J Obstet Gynecol
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Figure 1 Relations between age and bone valuations (SOS; Speed of Sound, TI; Transmission Index,

OSI; Osteo Sono—Assessment Index)

Physical Characteristics and Bone Valuations

Figure 1 shows the relations between age and bone
valuations. As shown in the figure, significant positive
correlations were observed between age and each of
SOS, TI, and OSI. Figure 2 shows the transition of
bone valuations. As shown in the figure, the SOS, TI,
and OSI increased in the age range of 9-15 to reach a
plateau. Moreover, all the SOS, TI, and OSI increased
significantly between the ages of 12 and 13 (p < 0.05)

and between the ages of 14 and 15 (p < 0.001).

Table 2 shows the relations between their physical
characteristics and bone valuations. As shown in the
table, significant positive correlations were observed
between height and each of the SOS, TI, and OSI and
between weight and each of the SOS, TI, and OSI, while
significant positive correlations were observed between

the BMI and each of the TI and OSI.

31



32

Evaluation of Bone and Factors in Bone Development of Pubertal Girls

(m/sec)
1700 - 16
S0S T 40
1675 - 14 . 35 | 0osI haad
L 12 * *
1650 30 |
*
| 10 |
1625 25 |
L 08
1600 20 |
1575 06 | 15
1550 - 04 1.0 |
1525 02 |
05 |
=
R — 00 b o0 L
9 10 11 12 13 14 15 16 17 9 10 11 12 13 14 15 16 17 9 10 11 12 13 14 15 16 17
Age (vear) Age (vear) Ag’e (Year)

#:p<0.05 #+kp<0.001, VS before 1 year
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Table 2 Relations between physical characteristics and bone valuations

n=158
SOS TI OSI
Height  (cm) 0.478 s 0.630 0.623 s
Weight  (kg) 0.353 *** 0.619 s 0.585
BMI (kg/ i) 0.106 0.389 *** 0.340 ***
BMI : Body Mass Index *x%:p < 0.001
SOS : Speed of Sound
TI : Transmission Index
OSI : Osteo Sono—Assessment Index
Lifestyles and Bone Valuations Discussion

Among the components of lifestyles of the subjects,
only exercise was relevant to their bone valuations. The
subjects were classified into two groups. One group
comprised subjects who belonged to exercise clubs or
did exercise for one or more hours twice or more a
week. The other group comprised the other subjects.
Figure 3 shows the comparison of bone valuations
between the exercise and non—exercise groups. As
shown in the figure, the SOS’s, TI’s, and OSI’s of the
members of the former group were significantly higher
than those of the members of the latter group. Figure 4
shows the transition of bone valuations of the exercise
and non—exercise groups. As shown in the figure, all of
the SOS’s, TI’s, and OSI’s of the exercise group were
significantly higher than those of the non—exercise

group at ages 15—17.

The bone valuations, SOS’s, TI’s, and OSI’s, of the
pubertal girls of ages 9-17 increased moderately with
their ages. Their bone valuations increased saliently
between ages 12 and 13 and between ages 14 and 15,
whereas they did not increase thereafter. It is said that
the development of bones of a woman is most salient
when she has her first period at the age of 12 or so
and the advent of menstruation accelerates her bone

1219 1t s also reported that the bone

development®
mineral density of a woman is high during three years
after her first menstruation'™'®. The salient increase
of bone valuations in the age range of 12-15 observed
in this investigation, although cross—sectional study is
consistent with the previous reports.

However, questionnaire with menopausal state

was not done in this investigation. It seemed that the

Kagawa J Obstet Gynecol
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increase of bone valuations such as SOS’s and TI’s of
the subjects was caused by the secretion of estrogen
and their secondary sexual character influenced their
bone development greatly. Besides, it seemed that their
physical development such as rapid height and weight
increase, as well as the advent of their secondary sexual
character, was an important factor in the increase of
their bone valuations because there were observed
significant positive correlations between their height,
weight, and BMI’s and their bone valuations. On the
other hand, the bone valuations which reached a plateau
at age 15 in this study are consistent with the report of

13)
-

Kurosawa et al suggesting that the bone metabolism

of the subjects settled down and the bone mineral

density of their calcanei peaked off at the age of 16 or
so.

On the other hand, it is reported that a woman’s
bone mineral density reaches a peak when (i) the
increase of her bone mineral density reaches a peak
after she goes beyond her peak height velocity (PHV)
where her annual height growth rate is highest and (ii)
her height stops increasingg). It is also reported that
the increase of a woman’s bone valuations reached
a peak one year after her going beyond her PHV'
18 Therefore, it is necessary to conduct longitudinal
studies to examine the relations between the physical
development including menstruation and the bone

valuations of pubertal girls.
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Although the relations between lifestyles such as
exercise, meals, and sleep and bone valuations were
examined in this study, only exercise was relevant to
bone valuations. The bone valuations of those with
the habit of exercise were significantly higher than
the same of those without the habit. This tendency
was salient in the age range of 15-17 in particular. It
is said that exercise stimulates bone and the stimulus
raises the absorption of calcium by bone to hasten the
development of bone. It was suggested in this study
too that the habit of exercise was a good stimulus to
the development of bone. It is said that if a woman
is well nourished, physical activity is most effective
in increasing her bone mineral density and she can
increase her mineral bone density by doing exercise
from the age 12 or so when she has her first period with
the increased secretion of estrogen to the age 18 or
so when her ovarian functions are Completed”’m. The
studies of which the subjects were female university

419 revealed strong correlations between the

students
habit of exercise since puberty and the bone valuations
of SOS, TI, and OSI. It is also reported that the history
of exercise of a woman in her puberty is a correlative
factor in her bone mineral density after her menopause
and the effect of exercise is recorded for a long
time'. Therefore, it is suggested that important is to
encourage pubertal girls to form the habit of exercise
by age 15 or so (when the exercise begins to produce
a particularly salient effect according to this study)

especially for the prevention of osteoporosis.
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