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To study bone growth and its effective factors, we measured broadband ultrasound attenuation
(BUA) and speed of sound (SOS) on 81 healthy girls in the elementary school and 425 women'’s col-
lege students, who were 18 years old, by means of ultrasound bone densitometry. The elementary
school girls were measured twice ; first at grade 4 when their mean age was 9.5, and second at grade
5. General data on all the girls and female students were also obtained : 1) physical characteristics-
height, weight, body mass index (BMI), lean body mass (LBM), body fat percentage (%Fat) ; 2)
physical fitness-grip strength, back strength, vertical jump ; 3) other details-frequency of sports activ-
ity, menstruation cycle, milk and milk product intake. Finally, we statistically analyzed all data by
using paired and Student’ t-test, and simple regression analysis.

Results were as follows : 1) almost all factors except vertical jump showed a significantly increase
for the year from grade 4 to 5 ; 2) significantly positive correlations existed between BUA and SOS in
both groups of girls and students, between BUA and all factors in the female students, but BUA and
all physical characteristics and fitness except vertical jump in the girls ; 3) there was no significant
difference among correlation coefficients between BUA and SOS of either group ; 4) there were no
significant correlations between SOS and all factors except BUA in the girls of grade 4, but significant-
ly positive correlations appeared between SOS and all physical characteristics, except %fat, and left
hand and mean grip strength in those of grade 5; 5) in the college students, there were significantly

positive correlations between SOS and all physical characteristics except height. and vertical jump ; 6)
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the frequency of weekly sports club activity of the high SOS group was higher than that of the low ;
7) the frequency of milk and milk product intake of the elementary school girls was significantly high-
er than that of the college students.

In conclusion, significant correlations appeared between SOS, which shows the quantity of bone min-
erals, and physical characteristics and sports activity on begining of the acute development. These are

one of the characteristics of the growth period.
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Table 1. Changes in physical characteristics, physical fitness and bone factors

Girls Female Students
(n=81) (n=425)
Grade 4 (95y.0.) Grade 5 (105 y.0.) (180 y.0.)
Height (cm) 1359 *66 1422 £70  #%x 1588 *51
Weight (kg) 317 +64 358 74  wkx* 51.1 +65
BMI 171 =23 176 £25  #%+ 202 +23
LBM (kg) 261 +39 291 £44  xxx 385 +35
%Fat (%) 170 *51 17.8 53  #*x 241 *47
Grip (right) (kg) 126 *30 152 *38  xxx 254 *53
Grip (left) (kg) 113 +29 143 +38  *x* 222 +53
Grip (mean) (kg) 120 +28 147 £37  ##x 238 +49
Back Strength  (kg) 544 +129 633 £171 ** 65.6 =150
Vertical Jump (cm) 339 *54 345 *45 ns 386 *45
BUA (dB/MHz) 932 %59 96.1 t65  #*+* 1109 *87
SOS (m/sec) 15176 *178 15237 £210 % 15482 262

Significantly different from girls of grade 4. Values are mean * SD. ns: not significantly
different, **:p < 0.01, ¥**:p < 0.001
y.0.: years old
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Fig.1 Correlation between BUA and SOS
0, (——) :Grade 4 (95 yo0.), y=16x+1366.5, r=+0.552, p<0.001
O, (mmmmm ) :Grade 5 (105 y.0.), y=16x+1366.7, r=+0.591, p<0.001
+, (=) :Female students (18.0 y.0.), y=1.9x+1334.6, r=+0.643, p<0.001
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Table 2. Correlation coefficients between physical characteristics, physical fitness, and BUA

Girls Female Students
(n=81) (n=425)
Grade 4 (95 y.0.) Grade 5 (105 y.0.) (180 y.0.
r P r P r b
Height (cm) +0472 *xx +0494 #x= +0.305 =**
Weight (kg) +0573 #*x +0.697 *#*=* +0477 #*x
BMI +0492 *x +0.647 *xx +0367 *x*
LBM (kg) +0569 *** +0.670 *xx +0446 *#*
%Fat (%) +0.440 #*x= +0.601 **=* +0311 **x
Grip (right) (kg) +0.346 *=* +0.389 x*=* +0.206 ***
Grip (left) (kg) +0.201 #x +0.516 **x +0.192 *%x*
Grip (mean) (kg) +0351 ** +0515 #*x* +0212 *x=*
Back Strength (kg) +0.276 * +0.302 ** +0.140 *#
Vertical Jump (cm) ~0.004 ns +0073 ns +0.118 *

Values are mean + SD. ns: not significantly different, **: p <0.05, *:p <001,
. p <0.001
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Table 3. Correlation coefficients between physical characteristics, physical fitness, and SOS

Girls Female Students
(n=81) (n=425)
Grade 4 (95 y.0.) Grade 5 (105 y.0.) (18.0y.0)
r b r P r D
Height (cm) +0098 ns +0403 *%* +0029 ns
Weight (kg) +0.070 ns +0.431 **=* +0.1567 *=*
BMI +0015 ns +0.299 ** +0.164 *x*
LBM (kg) +0.106 ns +0490 *xx +0120 *
%Fat (%) —0.047 ns +0.193 ns +0.151 **
Grip (right) (kg) +0.111 ns +0.175 ns +0.059 ns
Grip (left) (kg) +0.108 ns +0.295 *x* +0.062 ns
Grip (mean) (kg) +0.083 ns +0.295 *x +0.065 ns
Back Strength  (kg) +0.196 ns +0026 ns +0.074 ns
Vertical Jump (cm) +0.133 ns +0.201 ns +0.123 *
Values are mean- = SD. bs: not significantly different, **: p <005, *:p <001,

. p < 0.001

Table 4. Comparision between girls of grade 4 and 5, and female students of milk and milk product

intake
BUA SOS

Low group p High group p Low griyo p High group p

Grade 4 27 £09 ns 31 204 #xxx 30 00 *= 31 £05 =*=
(95y.0.) (ns=13) (n=11) (n=9) (n=9)

Grade 5 24 £12 ns 30 00 = 31 02 = 31 £02 *=
(105 y.0.) (n=5) (n=5) (n=5) (n=6)
Female Students 23 +08 20 £09 23 =08 19 =10
(180 y.0.) (n=57) (n=50) (n=66) (n=56)

Significantly different from female students. 55 not significantly different, *: p < 0.05, **: p < 001,
¥ p <0001

Intake (score) :none (0) ,sometimes (1) ,everyday (2)
(cheese intake + yogurt intake)

Total score = milk intake + 5
Total score includes the milk intake score and the mean of cheeze and yogurt intake per day.
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