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Relationships Among Pubertal Development, Anthropometiic Measurement,

Bone Mineral Density in Males and Females 7-23 Years of Age

Lee, Hee Ja and Lee, In Kyu”

Department of Food Science and Nutrition, College of Human Ecology, Kyungpook University, Taegu, Korea
Deparmient of Internal Medicine, college of medicine, Keimyung University, Taegu, Korea®

ABSTRACT

Background: Maximizing peak bone mass is advocated as a way to prevent osteoporosis. As a

prerequisite to the elaboration of any preventive program aimed at maximizing peak bone mass, it

1s important (o determine how the rate of skeletal growth at clinically relevant sites, such as lumbar
spine(LS), femoral neck(FN), proceeds in relation to age and pubertal stages in both sexes. The

present study was performed to measure bone mineral density(BMD) of Korean children and
adolescents and to assess the influence of age, sex, puberty and body size on bone mineral density
(BMD) during the period of bone growth.

Method: Lumbar spine(L.S), femoral neck(FN) BMD were measured in 199 healthy males and
females 7~23 years of age using dual energy x-ray absorptiometry(DEXA). Tanner staging(TS)
was used to assess stage of puberty,

Resulfs: Anthropometric measurements generally increased with tanner stage in both sexes. Sex
differences were observed. In males, compared to females there were signilicantly higher in
height(TS1, TS3, TS4, TS5), weight(TS1, TS3, TS3), dorsal hand skinfold thickness(TS1, TS3),
and lean body mass(TS1, TS3, TS4, TS5): while in females, compared to males there were
significantly higher in BMI(TS4), skinfold thickness except dorsal hand and fat %(TS3-TS35), and
otal fat mass(TS3, TS4)(p<0.05-p-<0.001). BMD increased with age in both sexes(LS BMD, M:
r=0.78, F. r=0.77, p-<0.001) (FN BMD, M: r=0.76, F: r=0.44, p-<0.001). Results of liner regression
analyses revealed a significant correlation between age and BMD(LS BMD, M: adjusted R™=0.60,
F: R*=0.60), (FN BMD M: R°=0.58, F: R*=0.19). BMD increased with tanner stage(TS) in both
sexes(LS BMD, M: r=0.76, F. r=0.84, p<0.001, FN BMD, M: r=0.73, F: r=0.55, p-<0.001)(LS
BMD, M: TS2-TS3 30%, TS4-TS5 18%, F: TS1-TSZ 239, TS2-TS3 27%, TS4-TS5 11%), (FN
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BMD, M: TS2-TS3 17%, TS4-TS5 15%, F: TS2-TS3 16%). Results of liner regression analyses
revealed a significant correlation between tanner stage and BMD(LS BMD. M: R:=0.51 [
R*=0.70), (FN BMD M: R’=0.53, F: R’=0.30). Sex differences were observed in LS and FN BMD.
At the TS3, LS BMD was significantly higher in females than in males(p-<0.01), but at the TS1(p
<0.05), TS3(p<0.01) and TS5(p<0.01) FN BMD were significantly higher in males than in
females. The significant correlations were generally found between BMD and anthropometric
measurements in both sexs, also after being adjusted for age. Particularly lean body mass was
highly intercorrelated with BMD in both sexes, Stepwise regression analyses demonstrated lean
body mass was the only factor which significantly affected LS and FN BMD in males, accounting
tor 74% and 70% of the variability respectively. In females, tanner stage, height and hip circum-
ference were factors which significantly affected LS BMD, accounting for 70% of the variability:
while at the FN BMD, body weight accounted for 50% of the variability.

Conclusion: Growth of bone was heterogenerous in terms of sex, magnitude, and localization.
There were sex and puberty differences in BMD a any sites, and several identifiable characteristics
among anthropometric variables which appear to exert differential effects on skeletal development.
Finally, data presented in this paper are cross-sectional: therefore It remains to be determined

whether these same variables contribute 1o longitudinal skeletal changes associated with growth.

(J Kor Soc Endaocrinol 11:455~467. 1996)

Key Words: BMD, puberty, age, weight, lean body mass, DEXA
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Tahle
Puberty

_’Eummr stage _1_ - -
- Gt,ndu mean SD mean SD
61;53) M n=29 n=13
m=107) F n=19 n=16
Ace M 952 174 1138 2.40
(years) T g8y 124 1038 1.15°
BMD (g,’cm:)
LS M 06607 0.1473° 07255 02010
F 06611 0.1345" 0.8160 0.1141°
FN M 07253* 0.0084> 0.8155 0.0808
F 06898 009%8“ 0.7414 U]Lln

lumb ir spine FIN:

B\’iD bone nuneml density LS
Values with different superscripts within the row are
p<0.05 vs females of the respective Tanner stage.

----p-x[}.ﬂ! vs females of the respective Tanner stage.

A9 body index: BMI,

_ Abelypperarm), S-7{abdomen),
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neck, FN)2| 5= A5\t

x| A Mk total fat body mass, TFBM)Z} AlA &
(total lean body mass, TLBM) 24| ©l NLAA| A}
A Falv ZAV|E ﬁ”{WeighFTFBP«I—i—TLBE‘vIFF
bone mineral content (BMC) Y&, Z|k5-| o fat
TEBM/(TFBM+TLBM) X100} t5lolct
EEads BT R4 AT

s v M= v 1
‘}E-L]‘L “o ’{f’* Tl

1. Comparision of Bone Mineral Density(BMD) Between Males and IFemales for
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Table 2

Idnnu stage _]

“ mean
Height(cm) 1‘3 4
Weight(kg) 31.90%
BMI(kgfm’) 16.51
Circumferences(cm]
Head 32.62%
Upper arm 20.83%
Waist 58.03=
Abdomen 59.31
Hip 69.14
Thigh 35.3%
Medial calf 27.83
WHR 0.84
Skmfold thickness(mm)
Bicep 8.76
Tricep [5.83
Subscapular | 1.48
Suprathac 11.93
Thigh 25.28
Medial calf 24 Q7 *=
Dorsal hand 3.55%

Body composition(g)

TFBM 5400
TLBM 24707+

tu ]‘:' 33

o ®

]
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4.21"
6.03"
127
5.08"
8.31°
5.99

1.30°

h

1667
3916°
6.24°

BMI hmh mass index,

TFBM;
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2
mean SD
147.61 13.42"
1677 837"
16.70 |.83°
52.46 |.66"
21.77 2.20"

61.08 4.05"
62.38 4.84"

7462 7.67"
31731 3.59°
2054 2.50"

082 007

6.23  4.19"
13.23 6.67
10.00  4.04°
11.31 6.43"

17.62  8.08"
18.00  7.47

331 1.03"
6267 3179

28929 7096"

9. Comparision of Anthropometric Data Among Stages of Puberty [or Males

] 4 5

mean SD Im,dn SD m{.,dn_ o _SD )
164,557 722° 168.70%*%  4.85 174.11%** g/
52,20 3.12" 58.10 11.12"  64.67%%% g3
19.25 2.18" 20.33* 3.39" 2029 2 56
54.42 1.69" 56.30 1.34°  57.44%%% | 50¢
24.90 226" 27.30 3.16° 27.67 3.39°
65.74 5.10" 69.50 6.87" 72.78** 58y
67.77 550" 72.70 6.70° 73.89 5.60°
85.32 5.88° 91.30 6.45" 91.11 3.56"
42 48 3.39" 45.50 4.58° 46.89% 3.72°
33,74 2.52" 36.00% 2.67° 35.78 277
0.77%* 003" 0.76 0.05"  0.80%** (04"
497+ 214" 6.40% 241" 5.00%*%% 287
9.§|*k* 388" 13.00%* 516 LL11##* 446"
9. 74%%% 294" 12.70% 529" 14.00%* 5.00"
10.84%% 421" 11.40%** 3.57" 14.00% 6.34°
15.90%** 531" [8.90%* 8.52" 15.00%%% 4.8
15.39%%% 528" ]8.00%%* 512" 14.22%%% 342"
3.32 0.54"  3.40 0.52" 3.33% 0.87
7410%** 3246° 9774%+ 5534° 11291 5956
42338+ 5727° 45684%*%  7108° 50532%** 5173
14.5% % 4.52' 1677+ 7.06" 17.59%** 7.15°

17.72 8.30"

total fat body mass,

Weight = TFBM + TLBM + bone mineral content(BMC)
%fat = TFBM [ (TFBM -+ TLBM) X 100
Values with different superscripts within the row are significantly different at p<0.05.
© p=0.05 vs females of the respective Tanner stage.

"Fp=0.01 vs females of the respective Tanner stage.

P I P e 5 e e
p-=0.001 vs females of the respective Tanner stage.
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Tahle 3. Comparision of Anthropometric Indices Among Stages of Puberly [or Females

_ __,__._______._,__ o

T&mu stage ______l____ - ___2_ - 3 il - % .
mean SD n!cun SD mean %D mLm SD N ;111 -1%1-“ | SD :
feight(em) a7 8oy 1525 176 “igs 543 15686 4G6H 16050 5850
weight(kg) 2774 491 1581 504" 4654 582 5186 694 5204 6.10"

]

alike/ m) sox 146 1692 1700 193 lgg" 2102 2090 2019 2

C‘qumt"::rcnces(cm}

Head 5132 208 5281 a3 5367 166" 5523 127 5542 L0
Uppes aril 1942 168 2183 513" 2429 251 2604 240" 2581 218
Waist ci05 455  s825 402 O o 532 6818 534 6588 5.56"
Abdomen s747 486" 6L69 4D ro6725 597 7209 5590 7400 454
Hip 67.47 609 1331 632 8513 478 8,14 7.17° 9031 1.05"
Thigh 1342 259 1713 213" 4158 S g 42,147 493 4396 3.64°
Medial calf 26.84 2.19° 19138 186"  33.08 2.87° 1282 4297 3438 1.94°
WHR 0.82 0.06" 0.80  0.09° 075  0.03" 078 0077 073 0.05"
Skinfold (hickness(mm)

Bicep 726  29% 3.06 45T 779 437 927 393  12.04 242"
Tricep 14.11 6.17 1456 643 1530 6.95" 1918 630" 2627 4.38°
Subscapular 11.74 6.64" 200 5.82" 1483 6.14" 391 6700 1985 9] 5"
Suprailiac 10.84 3,70 1350 5.48 1571 6.42" 1955 6427 1877 445°
Thigh 21.63 7.06" m 31 7.60° 23.96 7.49' s900 8.72" 3492 5.30°
Medial calf 19.79 5.17° r044  5.600 2292 6.83 »7355  7.04" 2669 5.08"
Dorsal hand 3.00 0.58" 781  0.66 y96 090 350 0.74" 273 077

Body composition(g)

TFBM 5063 1987 7572 3215° 11918 1027 15637 4206 13163 4173

TLBM 20870 3059° 26560 607" 32247 2719° 13913 3304° 36011 1180’
fofat 1903 477 21.69 64” 2646 6.31" 3112 528 2649 578"

BMI bm!y mass de‘( TFBM total fal b{::dw Mass, TLBM torﬂ h:un body miss
Weight = TFBM + TLBM -+ bone mineral content(BMC)
cfat = TFBM | (weight — bone mineral content) X 100

Values with different Superscripts within the row dre significantly different al p<0.05.
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Fig. 1. Relationship between lumbar spine(LS) BMD
and age in male and female subjects. Each dots
corresponds to one mndividual.

Male: BMD LS=0.049040 X age + 0.224565
adjusted R™ = 0.60
Famale: BMD LS= OUJQ?Z}G X age + 0.460899
adjusted R* = 0.60 —

| . — —
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Fig. 2. Relatonship between femoral neck(FN) BMD
and age m male and female subjects. Each dots
carresponds to one individual,

Linear repression equations were:
Male: BMD FN=0.034298 X age + 0.446163
adjusted R = 0.58
Famale: BMD FN= {} 015251 X age + 0.619499
adjusted R™ = 0.19
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Mir=076 p<0.001 (r=0.30 p<0.000"
I 2r=0.84 p<0.001 (r=0.51 p<o.nol)

Fig. 3. Relation between bone mineral density at the
levels of the lumbar spine(L2-4) and pubertal
stages in male and female subjects, showing the
average percent Increase between tanner stages

2 & 3(30%, p<0.05) and between 4 & 5(18%,
p-<0.05) in male, between tanner stages 1 & 2
(23%, p=<0.05), between 2 & 3(27%, p-<0.03),
between 4 & 5(11%, p-<0.05) in female.
Stanificant I;llffCI‘LHCEE-. are noted:
——p~=0.01 between values in males and
females at the same pubertal stage(TS3),
ihe—values in females significantly higher

tan-those in male.

Regression equations were:
Male: BMD LS=0.133202 XTS40.522498
adjusted R’=0.57
Female: BMD LS=0.125351 XTS-4-0.576167
adjusted R*=0.70
()" partial correlation coefficients adjusted for
age

= 2312) TS1(p-<0.05)% TS3(p<0.01) & TS3(p<
0.01)ellA WAl-2] Fal 27} of zltoll wlslo] folst

Al =30
Al Ade Ao} o2 ) |7 7)7)ko] ] woll]
ABAZE WAk 7 0.76+#(0.30%%), 0.73%
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n

M:r=0.73 p<0.001T (r=0.25 p<0.005)"
M =055 p<0.001 (r=0.39 p<0.001)

Fig. 4. Relation between bone mineral density at the
levels of the femoral neck and pubertal stages
in male and female subjects, showing the

average percent increase between tanner stages

2 & 3(17%, p<0.05) and between 4 & 5(15%

p<0.05) in male, between tanner stages 2 & 3

(16%, p<=0.03) mn female.

Significant differences are noted:

p<0.05 between values in males and fema-
1:‘:5 at the same pubertal stage(TS1)

- p<0.01 between values in males and fema-
les at the same pubertal stage(TS3); the
values in females significantly higher than
those in male.

Regression equations were:

Male: BMD FN=0.091364 XTS+0.660273
adjusted R*=0.53

Female: BMD FN=0.061909 XTS +0.640790

adjusted R*=0.30

( Y partial correlation coefficients adjusted for

age

£ adjusted R°=0.573 y=0.133202 Xtanner stage
(TS)+40.522498. wiE]7d2 2] Zalk+ adjusted R =
05302 y=0.001364 XTS+0.6602730% FA¥|%

E} olzle] 719 g o] Zwlt = adjusted R*=0.70
07 y=0.125351 XTS+0.576167, tfe7dre] TE
= adjusted R*=0.302%F y=0.061909 X TS +0.640790
o7 ZAglgde)l Fulxele] ]34 AR adjusted
RS zbe] 735 A A% AwollAnic) olEute] 2
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A8 ;a‘.;;_,,] kﬂd A2 (Table 4).
QN 9l s e] EHEe 7
0.82#%%(0.56%¥*), 062%¥*(0.49%*¥), % 0.82%**

(0.63%%%) 0.71"%%(0.62***) BMI 0.647%#5((0,53% %),

0. 63‘,‘::'.' '(D 54 * ',‘.':'-.')1| ;_1-1 Er] _‘;l_.—;'_ﬂﬂ D 66 sk {D 34:’&".'.‘:’:'},
0.53+#+(0.36%%+), ARl 071*%%(0.54%%%),

0.66%*#(0.56%%%), slelEal]  0.64%%(0.53%%%),
LSa)|  0.73%59(0.48% %),

0.65%#%(0.57%%%) WM
0.65++%(0.54%%*)  olclo]Za]  0.81%**(0.58%%%),

0.63*%* :’:(D.j ] # '.’."J} LHEP?"_E_E” 068:’.'-.':(0143:1: '.l.'Jj
5Q#kE(() 45%% ) '}g{s}:}{_]%ﬂu 0,667 %% (0,43,
0.53%#%(0.38%*%), WHR -0.42+++(-0.03), -0.15(0.09),

o] FL 0.27%#%(-0.05), 0.31%%#(0.17), AR5 0.42%%%
(—0.01), 0.42#%%%(0.24%%), 7745 0.41%%5(0.22%%),
0.47%%#(0.38%*¥%)  ARZARE 0.44f-==--—*=(0.32:’--*-*),
0.45%*#(0.36%**), tlE]¥ 0.44-'«-1':-':(0.05}, 0.43%**
(0.26%%), Adx] 0.407%%(0.23%), 0.47%%%(0.38%+%),
222 gls) 2Pk S0 0.01(0.21%), 0.24%%(0.35%%*) %
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u[:}-acl_- 0.82%%%(0 58 %), 0.67%%%(0,58%*%), ;]tg_jé_
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oligd-& A el -E—‘QEB-]- A A2 A5 Aol
= gl §olsk e giglom Bul Aol o
2 AAAE Aq el ”l ] A e 7 =Qhe(tp <

0.05, **p<0.01, ***p-20.001).

‘Ll/}—m]] olo|2 = g2 9 g Ne] Tk
7] 0.817+%%(0.45%%*) 0.79%*%(0.42%%*), A% 0.8
(0.60%%%), 0.82**%(0.54 %) BMI 0.70%"*(0.50%#%),
0.67%%%(0.45%#%%), H 2|5 0.767*%(0.50%*%),
0.73%# 4 (0. 44748y ARelsp]] 0.7 144 %(0.47%%), 0.65%7%
(0.35%+%)  lglEel]  0.69%7%(0.43%%F),  0.667"
(0.36%%%), Bl Q.69FFF(0.42%%%),  0.6677F
(0.37+%%),  oludo|&ul] 0.81F**(0.56%%F), 0.787%~
(0.50%%%),  THElELSw] 0.73%%(0.45%%%), 0.70%**
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Table 4. Correlation between Bone Mineral Density with f‘mlluc:[}umeLnL Indices
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Fenmlc

rl

Male o
T RN LS
rl r2 rl r2 rl r2
Height 0.81%%%  04SHFE  0TORKE  Q42FEE  (82REE (56
Weight 0.85%%%  0.60%+*  082%k*  054FK% 082 (63w
BM] 0.70%*%  0.50%%* Q6T Q4SEHE Q64THE 053w

Circumferences

Head 0.76*%*
Upper arm Q.71 %%*
Waist 0.60% 5+
Abdomen 0,69 &
Hip 0.8 %+
Thigh (. F3***
Medial calf 0.75%*#
WHR 0 dohes

Skinfold thickness

Bicep —(.33%%
Tricep —0.31%*

0.15
0.04
— 0_44 KFE*
—0.09

Subscapular
Suprailiac
Thigh
Mechal calf
Darsal hand

Body composition
TIFBM
TLBM

O 1121[

D ' -1 9 #ode ke
() Be* =+

0.50%%*  0.73*xx  Q4qrer [ 66*F

0475+  Q.65%%*  Q35k#+ ]
043775 Q66%%%  36%FF  (.64%
0.427%%%  Q.66%%%  (37%FF 734k
0.567#%  (.78%%%  Q50%k% () g]#ww
0.45%#%  070%*%  041%x% 0 @g¥rx
0.49%+%  74%%%  Q47%xx (6w
—0.19  —048**% 0.7 = —(.d2%**
0.02 —0.33%**  —0.01 0.27%*
0.01 —0.31%+ 0.00 0.42% %%
0.20 0.12 0.14 0.4 ] ***
0.10  —0.02 —0.01 0.44% %+
0.05 —0.39%** Q0] 0.44% %%
0.02 —0.47%**  —0.05 0.40%#*
0.13  —0.09 0.07 0.01

G,G I & i
0. 'J[]

0.45% %%
0.8
— {} .D ":l

0.26%*
O 5?.4:'.‘:':':
0. 13

0.63 %
U 8‘}:‘:?’:‘.‘:
0.46%**

0.34#%*
0.54%%
0.§3*%*
0.48% %
0.58%**
0.43#%%
0.43%*+

—0.05

—9.05
—9.01

0.22%*
.32+
0.05
0.23%
0.21%

0. 53# %%
(). §R=*+
0.d4 %%

0.62%%
O? 1 ok ok
0.63*#+

0.53%#*
0.66%%*
0.65%%*
0.65%**
0.63***
0.59%%*
0.53%+*

—0.15

0.31%%%
0.42%#*
0.47% %%
0.45%%*x
0.43%#%
0.47%#%
024+

06 l 7=k
0.67%%*

0.49%

r2

0,49+
0_62 ok
0.54%++

0.36%#+
0564+
0.57*=*
0,54+
0.5 %%+
0.45%#*
0.38 %3+
0.09

0.17
0.24 %+

0.38%
0.36%
0.26**

0.38%++
0.35%

. total faf bod}f mass, TL BM mm! ]C;tﬂ body mass

Weight = TFBM + TL BM -+ bone mineral content(BMC)

I{'fll[ =

TEBM / (TFBM + TLBM) X 100

r2 is partial correlation coefficient adjusted for age

p-=0.05, **p-<0.01,

(0.41%%%),
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Table 5. Multiple Regression Analysis of L.umbar Spine and Femoral Neck BMD on Age, Pubertal Stlage

and Anthropometric Indices”

BMD region Gender Independent variable
L.umbar spine Male TLBM(2)
constart
Female Tanner Stage
Height(cm)
Hip(cm)
constant
Femoral neck Male TLBM(g)
constant
Female Weight(kg)

consiant

Parameter

* adjusted R’

Eestimate (Eyl~
1.79046E-05 ] 14191: UE} 0.74
0.212828 0.043356%
0.063825 0.012964*** 0.77
0.005014 0.001726™
0.004684 0.002007*

—0.369746 0.1840672%
1.23781E-05 §.4823E-07*** 0.70
0.445421 0.031970%*
0.010285 0.001008** 0.50

TLBM; total lean body mass

Wcight - TFBM + TLBM + bone mineral content(BMC)

< p<.05, ¥F p<<.0l, ¥¥F p= 001

' Derived from multiple regression analysis with BMD

anthropometric indices as the independent variables.

AApTelAE R'=077% 4 A5

S(p<0.001), Fl(p<0.01), del E= p<0.03)7}

o)} w4=z AAx|lc) dH alE7dF-e] A5 L7} -
oA R =0.70.0.8 AA|MHp <0.001)te] F21H<

wiz=gj o1}, ofAltollAl= R*=0.500%
0.001)0] 823 wiariz A7 xE|lcKTable 5).

Hl{p =

! &t
= = = [ -y — — 1 _ Ny
Zelmzo) o)l BAL o AMlETE ER AR
Nexbolld Guak ¢ glow] wdk Fodk Aol

L

= 1

3 g7} wol Ha ek FrigFe A Tad

y
)7 wpizell

ofjubd ] gahv - A

é.
ifd
ol
O
I:}u
,:1:-
e
il
=
}c»
[l

C
L3l ,AE-};::DL{;}] Eul o|2ol|= ol A j%] e_'—-al:D] _J:»"i,;?,_- FAa

| 1.

Lke - == 1
0]— O =0 I A=
'||_-——~._'i_.. P 1

Zlolel5]. Miller —

719} Fak 4o) 2ol FHE

Qi) syl QakvollA o] Fuk w4 BRI B =)
22 whale] 7)1 2 cllEdAtekar Prio~8] vhEf

— 463

dS

A Aol 2 Zake] HAS Slell =HshE AT
Feoluvhe F83 del

so)pao ) T 3 Aol el ol A%
wluz Azle] ek el Mejshiz QST A

5"’“\ ulalS- of| Z5s)ar X
Joel3,6]. Fullell= J-'H?"-'Ul 0:1
Aol|4 552 "’—.!'*’*“ﬂl ol ’ngtnﬁl 247) 2

o Arget,

L il

/] L—1x’]c:.\,-’“—~ 2
wArkEA A7 ol Sl
wgtelol ddebel, S5 A, -
ol o] Flofele Ao Waleho~11]. Ttelw
B{}IUULH =121 Az e] FEk 718k Ll-CJ :

= ) djsstel B0 FoA



— gjgh] a8 A

a )

. . A - O

clar slglon Gilsanz G{13]<> 7 Abg) chEsated
o gy 4o B ERelA Agel 47
Stak o

(linear growthyo| Bl 10ty 2170
Ak Qo) BDHJL‘IUT =112]3} Grimston[8]<>
o), A A&Rol| upZ o34-a) tjE|7d+H E”.JL‘- b
ol 51 47l ES] A el 15
o] 27] WA A&H 2
Aol 7S 27do] A :q-_n;._;l ?.m-uﬂ ;ﬂ;‘-nl 15~164]]
7 ME= Fek glAdo] s 7HAslgick Bonjour &
[12]2) Grimston|8]< wAfell4]= t)g]e
ool iz 2

o) wste} tf WY AA} ek Raslis ol
el

_'_-T’_q_} L
=2 21— o

7}7} tanner stage

S-2 4= Aol A anner stage£| !

5lellis

13} F AE7] g
of Aot} wlsll Al 21 Azke] walz} o A
: Zezeslgde) wEd)k Kroger 5114]% Lol
ol] thZ & AdAke] Wit qitel|A] l’Ulf»’M—— = A%
2ol7) gloit, 16~1T7A4lell A of2kte] 23 F1
127} wAs] Zrfkslan 18~194ell A L‘vﬂ} s l

let,l‘ —L‘LD ?1 C’ 1' ‘_E_D] -—_':_TI- ﬁ]}ll’

817 Wi @

-—"N—

127} odzlel] ulsled 2

o A1zi= volol] whel, Lelan I el whz} ejed)

2 AEe] At AulE B g aRe) gl e =
H 3 Aot viglell wet =
s o 2l Zr17F I9lA, anner stageol] whE
| 2 wistols fel9l Holrt Rglesl
Qe olAEe] FULErh Al uleled |
ol AL =3 ks Balew, el el ]L’
esle] wWATolA ol gl ulsle] B fefel
al _‘Tu;_;;.IL]_ 0. 748kS plolel o]g) 7ho] =
1213} Kroger 5{14]2] 4+
]

ol| 49} 7to]| A AJZiz Al 8|3 H2)ol] nluy

1=

17 Z=71= Bonjour 4!

= okA S - - J- —
g} k5 Ho|= ZloE

&115]<
104
glon) 1~154el4 = ofzlatollA]

Srila ] I s :}I

Mcecormick - 2 DEXA :::].g-'.s'] QZetlo

T
I'Lr]r':

THIEe] thol Xol7}
ol el
1{:'] 16?:”)']- L-Jf} 10}_ o;1x}:£.g

i |-J

S7gellA A A=

e

Z7)17} $lxls

— 464

A 113 A4 & 1996 —

t. A3 Zazsto] v S e
271 vl szsAl fr;-l_t-l-rl aﬂ-ﬂiw} Gordon “&{16)% o
AAEH weka] 85 R e &

R e

7l A see] Z7jel JAIQIckAl Sk

Landin S{2]oll w2 TolEE AZE7lel] A% =

rE—f4

\-.
—'—!

2 Wolw ool 27d0] A=Y B 57} 45
b e ik lsich AAES] Qo

3} TS2, TS22} TS3 ApololjA] X oz Yojytom,

CISviss LM-%HH-‘:
|} =7 AR o] TS29
o]} ?Lﬂl 7] 2152 el

],

ek clalagel FUE S obrelds T
A
/D

o] Algtel] dlsle] ZH = %’
TS3 f‘rG\DIW A5kt
M Ade] AT a2)ar B9l wie) e

2o} Aol W & sl AR T A 9

A8

o Zoflo) BuEy) ZA vh2A) ko), ofAllel

glo];| TS3 o] &mﬂ = ::]* dﬂi-?_q] ad;;-]-&- 7_1-5_.‘5 _1_-_::-];:]

O 0O LT o |
1. O - 2 7. ool 2] a0 = 1 ) O
oL 7lo@ Mol z7o] Bk WAlel Syl ok
L =] O r_ = = -~
e 71 ol Zei AT

x| 2-o] HMa513,12,15
= Al ;1] AGFSo] Azly|el Zek -*.-L-t-lﬂq- 2] %5k
slck Delmas 5{3]3} !
O

7] ojelole) Q=¥ ohE|F- 52wy FRle o

2] A Aol 72 Ae] glow B3 77 2

EI gl qulhner|?]£] Doyle S{17]-&

2] AAeo] 71 Ea

Z|u) A Al
ST ] E=e] A
Fayslo] *‘ﬂ%ﬂl A2 Agee] Akl il

A= o) ieate] of A7k glek AAEe] aielldE

Fawe) 7], 20F, S 2, w)ek A T, A A
he gl ek 5 AXAIE A5 Alolof] AR 2

Cl]fﬂ-gl :"'T_le-_il_'[_' EII_ [L”

WA

0] $]4).Q whid Zr|aiEe]

Ap i olzpL

a2ie] s15)ch f-]r.u

- L

4Alol] o 2% )

U

el 9o R(8,15,18,19] B A%



_ g‘ ] ] 531 1:3 J'] Jclfill_. lr] ;-"]Fg

51419 74 A= oizbgel|

cL} o7} vl Hasjebil ALEx

C'D
C-"

c}.

oI A A2 7] o] ek sl4lo] Z| ol arell- o|F

(@] a o = O =2
v BAH oz Fesi] wal ATl EF ¥
) A E7h S Fekas wale] 7k 2 o5
1 giek ulelA 4719 B Al Hefsh A
Sale] TS el A A Eeles el WA el
zsi3 A 2ol il$ Foqr dojul. AAviel =
v Z7he A A, A cls Belel wet et

Aloll Tl o] E2e] o:lzlrf} s DISﬂ- o) 2
2 o) Bok wAw Dele] A

sledelA-gol tigk AT el Aegsln et

ol A= f—‘*1 Sof| ofst Huv} vo|g AAelni

514 ) Beppee] Agel] F-93 H919) 853w of
B el TUET ZAER dlg Hiel uel, A
A A%, A 2o AEe) vl
oiut: 7~234] Aele] 717k A 927, odA
0798 dpboR eFl UElT el BUED

=9}9] 31-':11-’3%— one-way ANOVA, Duncan lest,
Pearson’s correlation ' partial correlation analysis,
&7 E-A(linear regression analysis) S5 HEs}elc)
A1}
1) TSI(p<0.01), TS3(p-<0.001), TS4(p<0.001),

TS5(p <0.001 1)e]l 2] 2] 712}, TSI1(p<0.03), TS3(p <

0.01), TS5(p<0.001)ell4e] AFE HA7) oz} )

a-2lshA olcl, TSIHp <0.03), T 53{13{0.05)01]f~‘]5]
c=o] my} A F 9l TSI, TS3, TS4, TSS(p=<
0.001)oll 4 2] A eke w7k ofzlell 13 tod e
S Zokou), TSI~TS5ellA el vmiAl £4 7312
s Awk F2(p <0.05~p <0.001) 2 As{p<

A1z o) sresle] 3 —
0.001)3} TS3(p<0.001), TS4(p<0.0 ohellA ] Ak
2 ofz}7} wHAlkEc) %9]‘-51-?‘1] = \

2) W 2
wgo] S7 kel rL‘H Z7F LH&J‘? i3} 852 %”E_}_.;
= 7} 0.78(p <0.001), o4+ 0.77(p < -0.001)2] “4lle]
glolm, chEldie] Tk Ak 0.76(p <0.001), o]
2} 0.44(p<0001)2] Ao] ek AgF FH=st
o] |4 A2t wAke| S Y o] e = adjusted

| )

=0.58, ofzke] 8+

——

D of|a] TSIl TS5 A A2
wsol] whgp FiEe] Seoldk Fvh A%LH(p<
0.001), E3] 5ol = o] 2}l A4 TS1-TS2 23%,
TS2-TS3 27%. TS4-TSS 11%2] fo|dk TR =7}
= 99l a(p<0.05), gAkrellAs TS2-TS3 30%,
TS4-TS5 18% 2] 2-2)8k Z7}5 KeJckp <0.05). thE]
AVl olabell A TS2-TS3 16%2) fol2 T4
T ZyE 3313(p<0.05), ol A= TS2-TS3
1?%, TS4-TS5 15%2] $-23r 275 Hoi(p<0.05)
iy B 25l oF g Ae] SUEs
TS2-TS3 J]G]G]A] Z7}7} 71 ARk

7 sole] FAEE vlsllE

Z10) %“Aﬂf o] TS3ellA] o177} wtel] H]alﬂl
o.9)5A] Eotoni(p<0.01), tEF] FH5E
s|#] TS1(p<0.05)3}F TS3(p<0.01) ) I‘SS(an.D )

oA WAk} odztel vlslel folslAl ERk

4 Kze AEel 92 ul uiE|Z Zhzte] THEete
AR EE= dae] 71¢ 076%+(0.30%*), 0737
©.25%0]9l3,  olake]l 73§ 0.84FFE(0.517F),
55+(0.39%**)o|Qdrk odEdg FAlEIES]E] SHh
8 ol TR} AAEE Aololle Foldt el
A 2ée Awe) Zulwele) o984 At WA 7
= R’=0.57% y=0.133202XTS+
0522498, ulglZdEe] IHEe R=0.5302

=0.091364 XTS+0.660273 2.2 FA=AUck oiA2]
fH gZ=vo] Fuwl= R=0.702% y=0.125351X
+0.576167, cH_r:ngJﬂrg] Fujr R=03028%

1
s 9xne| BYE

— 465 —



y=0

061909 X TS +0.640790.0.2
ole] #7154 73} adjusted R
& A ol| A} edgizle] kAol 4] vl

Zko] 74-.9-= ool A Nr) Al Als

— cish)|Eu)slg) A A

__L

= Aleet C’l i fIIDH»*’]

L] _rr.:J]-Ll

4)

L

oll=

th2 AR AIE Aol dlslo

o A SRl HelllE =

i Tl Qloi A a3
i) _L'_l;g

A2 23k Aol

0.05~p<0.001).

5) Qare] R oidt A 4 A% AEE
23k ofe] AAAIE Age] ekEelT =4 2R e
*=0.74 2 AlAelp <0.001)8r0] G2l v

<0,

]34
A R
901

}, odA= R7= 0.77:2 Al As5(p<0.001), #1(p

01), dwe] Eali(p<0.05)7} ol WaE 4%
E}?{ltl-. 9 diE|ARe] s @akrellA= R7=0.70

& A7 Help <0.001)Rte] S2o]) vlgrg] e}, of &)

R

|2 R'=0.502.2 #|Z(p<0.001)0] F-2|3t vl

2 A7slgiek

dE:

s el

olo
AA,

Ay s |

. J A=
=) ,:.] J.I.Ir

S
of| %=

QZHol gl o] Zalvy) TS1ol|4] TS5
71 Hilgel uju) Zl ko Fo)d)k =71}t
g Alolo] Zulv wig)
ofr}e}

7363 1

1!, tanner stageol] whE
o]k Xol7} lolon] g HollHe

vlsto] gofelrl 7} !

O
ar

I[-‘L_

glow], tlEl7d el eule] WAzt oixjel] Blsle:
Fo o) GolslA] 7L B2 7IgFS Helome A
18] Bule 2ol 4 A% Ad 2elw Yool
cha) cloldl A Mol A ok eyl W 2%
AAAE 2)gel Tl ulye phelo] glgly

% n 2 S

I

923,

. Landin L, Nilsson BE: Forearm

. Christiansen C, Krabbe S, Rodbro P: Effect of

puberty on rates of bone growth and minerali-
zation. Arch Dis Child 54:950-953, 1979

bone mineral
content in children. Acta Paediatr Scand 70:919-
1981

Delmas PD, Glastre C, Braillon P, David L,

— 466

1 A4 = 1996 —

Cochat P, Meunnier PJ: Measurement of bone

mineral content of the [lumbar spine by dual

energy x-ray absorptiometry in normail children:

correlations with growth  parameiers. J  Cliy
Endacrinol Metab 70:1330-1333, 1990
4. Tanner JM: Growth ar adolescence. 2nd ed

Oxford,; Blackwell, 1962
5. Consensus development conference: Propliyiaxis
and treatment of asteoporosis. Br Med J 293:
Q014-9715, 1987
6. Miller JZ, Slemenda CW,

TK, Hui S, Johnston CC: The relationship of

Meaney FJ, Reister

bone mineral density and anthropometric vart-
ables in healthy male and female children. Bone
Miner [4:137-152, 1991

7. Faulkner RA, Bailey DA,
Wilkinson AA,

Drinkwater

CS, Mckay

DT,

Houston HA:

Regional and total body bone nineral content,

bone mineral density, and total body tissie
composttion In children 8-16 vears of age. Calclf
lisswe Int 53:7-12, 1993

8. Grnmston SK, Momson K, Harder JA, Hanley

DA: Bone nuneral density during puberty in
western canadian children. Bone Miner 19:85-96,
1992

9. Sandler RB, Slemenda CW, Laporte RE, Cauley
JA, Schramm MM, Barresi ML, Kriska AM:

Postimenopausal bone denstty and milk consumip-

tion in childhood and adolescence. Am J Clin

Nuwirr 42:270-274, 1985

10. Christian JC, Yu PL, Slemenda CW, Johnston
CC, Ir: Heritabiliry of bone mass: a longitudinal
study in aging male nvins. Am J Hiwon Gen 44
429-433, 1989

I'l. Hahoya L, Anderson IB: Lifetime calcium intake

and physical activiry habits; independent and

combined effects on the radial bone of healthy
J Clin

premenopausal  caucasian Am

Nutr 49:534-541, 1989

warlen.



14,

 olzlat 2] 19k A A% Y AAIZAS) Fleste] b -

1

Bonjour P, Theintz G, Buchs B, Slosman D,

Rizzoli R: Critical vears and stages of puberty

for spinal and femoral bone mas accunutaron

during adolescence. J Clin Endocrinol Metab
73:555-363, 1991

Gilsanz V. Gibbens DT, Carlson M, Boechat MI,
Cann CE, Schulz EE: Peak trabecidar vertebral

densiry: a comparison of adolescent and aduli

females. Calcif Tissue Int 43:260-263, 1988

Kroger H, Kotaniemi A, Vainio P, Alhava E:
Bone densitometry of the spine and femur 1l
children by dual energy Xx-ray absorpticmetry.
Bone Miner 17:75-85, 1992

Mccormick DP, Ponder W, Fawcett HD, Palmer
JL: Spinal bone mineral bone density in 335
children and adolescents;

normal and obese

16.

17.

19.

. Oldland

evidence for ethnic and sex differences. J Bone
Miner Res 6:507-513, 1991
Gorden CI. Halton JM, Atkinson SA: The
contributions of growth and puberty (o peak bone
mass. Growth Dev Aging 55:257-262, 1991
Doyle FJ, Brown I, LaChance C: Relation
benween bone mass and muscle weight. Lancel
1:391-393, 1970

LM, Mason RL, Alexeff AL: DBone
density and dietary findings of 409 Tennessee
subjects. Am J Clin Nutr 25:905-911, 1972
Eyberg CJ, Pettifor JM, Moodley G: Dietary
calcium intake in rural south african children.
calcium intake and

The relationship berween

caleium nutritional status. Human Nutr Clin Nutr

40:69-74, 1986




