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Relationship between mineral density of
hand bone and body height, menarche
appearance and mandibular growth

The purpose of this study was to examine the rela-
tionship between annual increments of mandibular
growth and the bone mineral density using computed
X-ray densitometry (CXD) method.

Subjects consisted of 199 girls and 68 boys ranging
in age from 7 to 19 years at initial stage. The mate-
rials used were serial hand bone X-ray films with an
aluminum step-wedge ruler, lateral cephalograms and
body height data taken over 2 or 3 years. These data
of short term were studied as semi-longitudinal data.
The mineral density of hand bone was measured by a
quantitative analyzing system “Bonalyzer” (Teijin
Ltd., Tokyo).

Results were as follows :

1. Peak velocity of bone mineral density measured
by CXD method appeared about 2 or 3-years later
than those of body height and mandible and +1-year
around menarche in girls. It was suggested that many
girls acquired peak bone mass in their late teens.

2. When multiple regression analysis with annual
increments of mandible as criterion variable and
parameters of CXD method as predictor variables was
applied, multiple correlation was 0.7~0.9 in boys.

3. It was indicated that the average change of
mineral density obtained by CXD method was useful
for the evaluation of mandibular growth.

(J. Jpn. Orthod. Soc. 55(2) : 98~110, 1996)
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10.0~11.9 40 (14) 18 (7)
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16.0~19.9 33 (1) 8 (0)
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K2 AT—V1IIEI2EBEOBRRBE, ERCEERSIOTNE (XF)
FE5{E+1SD
FEREEE 7.0~9.9 (3 |10.0~11.9 (&%) | 12.0~13.9 (&%) | 14.0~15.9 (%) | 16.0~19.9 (=)
[EEw () 8.9+0.82 11.040.62 12.94+0.63 14.940.59 17.2+1.11
HER B 8.641.31 10.941.09 12.4+1.14 14.24+0.65 14.7+0.18
HE (cm) 129.9+7.78 143.1+8.18 152.3+7.15 157.7+4.82 158.6+4.89
ZSNA () 80.2+3.00 80.7+3.27 81.1+2.96 80.8+3.72 81.7+3.29
ZSNB (%) 77.1+3.20 78.1+3.81 78.6+4.09 78.5+4.21 79.243.57
<ANB (%) 3.1+2.59 2.5+2.52 2.5+2.20 2.3+2.78 2.6+3.18
A -Btooccl pl. (mm) | —2.3+3.11 —1.84+3.67 —2.34+3.22 —2.5+3.86 —2.243.31
N-ANS (mm) 49.0+2.84 51.5+2.98 53.5+2.49 54.4+2.51 55.2+2.41
ANS-Me (mm) 63.2+4.57 63.8+4.30 66.4+5.09 69.3+4.98 69.5+5.06
Cd-Go (mm) 47.9+3.42 50.6+3.26 52.3+3.84 54.6+4.68 57.0+4.08
Go-Pog’ (mm) 67.3%+3.29 70.7+4.37 73.34+3.46 75.2+4.47 76.9+4.82
Cd-Gn (mm) 105.2+4.84 107.2+5.78 110.9+4.23 114.9+6.13 117.3+5.42
X3 ATV 1IIHIT2EBREORRBE, BERCEHEEITOTHE (BF)

Ey{E+1SD
TERGRE 7.0~9.9 (B) | 10.0~11.9 (&) | 12.0~13.9 (&) | 14.0~15.9 (&) | 16.0~19.9 (&%)
B (%) 8.7+0.82 11.0+0.68 13.1+0.54 15.2+0.47 17.3+1.04
GEs Y 8.5+1.54 10.9+1.39 12.7+1.08 14.940.89 16.040.25
&£ (cm) 129.5+6.16 142.74+6.77 154.9+8.23 169.0+5.49 172.0+£4.69
ZSNA (B) 80.4+2.49 80.2+4.13 78.3%3.14 81.1+3.80 81.3+4.23
ZSNB (B) 78.0+3.17 77.2+3.69 75.8+3.90 79.9+4.68 78.6+4.96
<ANB (%) 2.5+3.32 3.0£2.73 2.5+2.27 1.2+3.06 2.6+1.79
A - B to occl. pl. (mm) | —3.0+3.06 —2.4+3.31 —1.9+3.23 —4.4%+4.55 —1.1%+1.89
N-ANS (mm) 50.2+1.91 53.4+2.41 57.0+3.04 58.5+3.70 58.8+3.42
ANS-Me (mm) 62.2+6.04 66.514.66 69.4+5.64 73.8%5.55 74.2+6.26
Cd-Go (mm) 50.0+3.82 51.7+4.30 54.8+3.46 59.9+3.70 63.5+6.14
Go-Pog’ (mm) 68.41+3.75 73.4+4.24 73.4+5.33 80.8+5.50 77.4+2.26
Cd-Gn (mm) 103.5+5.32 111.1+5.41 114.0+6.66 124.8+7.95 122.5+4.74

FEEDOEEE (GSmax)

BRES L OEHWEOEEE (GSmin)

B AR (MCD)

EHREEmRE (d)

BZHhFEiIE (D)

BEZhFFE (L)

FEESHOHEAN, 7 7 u L TEEREERK L,
BAT =V IO TTEE2ER (Cd-Gn), TERE
(Cd-Go), TEBEHEHE (Go-Pog) iwoWwTiTotr. %
7z, FEEFREROEELXHHL L TR T —Y 1B
LSEHARSMOFA 2T (1), Kz, A5—v1
KEBWTEEORRE 27§ 57201 TW2 ki
> TEHE (Radius), R#& (Ulna), thFF - #5H
(Short bones) ZFHfixt& & L7z RUS 2 a79%3K
O, HERNEEEFFER DV ERD 2.

Riz, G, THESR BECERAEHZILZE
NIZDNT, BFERE 267 BV TAT—Y 1o

AT =Y 2 £ COEHEMBENEERD, $/AF—
VIDERDDHDL TTHQIDODVTIRIDICAT—Y 2
POAT—Y 3 ETOFHEMELEELZRD . X
TV 1 0ER, BIUAT—Y30EROHZ LD
WKDOWTRAT—Y 2DFEMTHBLEZNZThIZDONT
7.0~9.95%%, 10.0~11.9%, 12.0~13.9 3%,
14.0~15.9 5%, 16.0~19.9 5% D 5 D DEFMEFICIFEL
Jo. A=V 1ERT—=V2, ERIEFAT—Y2ER
77— 3 OFHAMEIC DWW T paired-t-test LT E
DRRE EIT- Tz,

R, BFHCEISWIBEEERBEED 1 DT
H5 ZGS/D DEMEICEOBMAR 2 EER L, 20%
B € — 7 ORHH & 2 AR % B H I 8+ 2 H
BT, BLEAZhO 3 RERHERE RO THEDOH
H|ERA L7, 25, FHEREREL SGS/D 0o%1t
BEOBMREME U7, SFHEEFEIZ ANB A2 5%
LTClass I (L F:25~45%, BF: .1.5~4.5
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x4 BEBRCBUHIZIAT—S1HALRT—22, $HERAT—S2HHRAT—2 3 £ TOFFHELE (XF)

FHfE+1SD
EwEE 7.0~9.9 (&%) 10.0~11.9 (&%) | 12.0~13.9 (&) | 14.0~15.9 (&) | 16.0~19.9 (&)
B 37 54 68 57 36
H& (cm) 6.19+1.64 *** 6.20+1.83 *** 3.00+2.11 *** 0.69+0.66 *** 0.24+0.55 *
Cd-Go (mm) 1.45+1.05 *** 1.57+1.05 *** 0.89+1.22 *** 0.60+0.85 *** 0.13+0.34 *
Go-Pog’ (mm) 1.70£0.96 *** 1.74+1.04 *** 1.14+1.11 *** 0.30+0.79 ** 0.18+0.45 *
Cd-Gn (mm) 2.754+0.79 *** 2.57+1.03 *** 1.95£1.25 *** 0.66+0.68 *** 0.28+0.41 ***
2GS/D 0.07%£0.10 *** 0.14+0.13 *** 0.14+0.14 *** 0.06+0.16 ** 0.05+0.14 *
GSmax 0.08+£0.13 ** 0.19+0.18 *** 0.17£0.17 *** 0.09+0.22 ** 0.09+£0.19 **
GSmin 0.09+0.12 *** 0.18+0.18 *** 0.18+0.17 *** 0.08+0.18 ** 0.08+0.17 *
MCI 0.01340.020*** | 0.0230.154*** | 0.019+0.021*** | 0.01140.018*** | 0.003+0.033
d (mm) 0.03£0.17 —0.05%=0.64 —0.1440.40 ** | —0.10%£0.15 *** | —0.07+0.12 *
D (mm) 0.22+0.11 *** 0.24+0.41 *** 0.10£0.18 *** | —0.02+0.11 0.01+0.09
L (mm) 2.27+£0.92 *** 2.33+1.68 *** 0.78£1.46 *** | —0.14%+0.93 —0.19£0.99
ARF—Y1ERT =Y 2, FRBAT—Y2LAT—YID *** P <0.001, **: P<0.01, *: P<0.05

SHHIfEIZ DV T, paired-t-test &AW TEDOREEITo 72

x5 BERBRIIBUIZRT—U1HABRAT—U2, $RRBAT—U200RAT—Y 3 $ COFHERMELE (BF)

E#fE +1SD
SFEHREE 7.0~9.9 (B) |10.0~11.9 (%) | 12.0~13.9 (&%) | 14.0~15.9 (&) | 16.0~19.9 (%)
' 13 21 28 20 10
B (cm) 5.18+0.83 *** | 7.06£2.31 ***| 6.98+2.75 *** | 2.40%+2.39 *** 0.12+0.74
Cd-Go (mm) 0.97+1.22 * 1.7941.33 *** | 2.36+1.27 *** 1.5841.50 *** 0.57+0.77 *
Go-Pog’ (mm) 1.7540.56 *** | 1.96+0.98 ***| 2.14+1.24 ***| 1.06+1.20 *** 0.32+0.39 *
Cd-Gn (mm) 2.16+0.95 *** | 3.154+1.45 *** | 3.50+1.47 ***| 2.09+1.56 *** 0.57+0.61 *
SGS/D —0.05%0.10 0.06+0.14 * 0.20+0.12 *** | 0.13%+0.15 *** 0.08+0.15
GSmax —0.07+0.13 0.07+0.18 0.26+0.16 ***| 0.16+0.19 *** 0.13+0.20
GSmin —0.03+0.13 0.10£0.19 * 0.24+0.15 *** | 0.15+0.19 ** 0.09+0.20
MCI 0.0024+0.016 0.008=+0.018 0.017+0.054 0.016+0.023** 0.0130.020
d (mm) 0.0940.09 ** | 0.10=0.13 ** | 0.02+0.47 —0.09+0.26 —0.14%0.16 *
D (mm) 0.17+0.15 ** | 0.2720.18 ***| 0.31+0.21 ***| 0.10%0.22 —0.02+0.16
L (mm) 1.56+0.77 *** | 2.38+1.47 ***| 2.36+1.85 ***| 0.13+1.67 —0.29+1.24
AF—V1ERTF—V2, ¥NBAT—Y2ERAT—Y3D **% D 0,001, **:P<0.01, *:P<0.05

HAlfEIz DT, paired-t-test ZHWTEORER{To 72

fE), Class II (4.6 EELLF), Class Il (&Z+ : 2.4 ELL
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P2, $NBAT Y25 AT V3 ETOEE,
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HET, DBLULIE12.0~13.9 KR CHE ISR
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SIEL DML, 12 RIEMDE -2 2 RLDIC
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Lo XCY Al
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{EE2OBEAXK E, ANB fic k> T4 L - SEEE
EBrhZhoblRihiig e R L. ZORE, 7B
WA RE BRI L i3 —E D%
FRETZERTES, $LBFTERERELY L
eI ZFIZHS DI TE R P 5T,

B5, 61T, BFERZhOTHEESE, &,
B XU EGS/D oFMEINEo RRMEER L. £
e THEES L S ROFEMBINE %, At
2GS/D oEMEERRLY:., Mo oBohi k>
2, XTFEBOL TG THERIE HEROMINY — 71k
FNERIS~IER, 95 THLDITRL, =GS/D
DE—271FZNo IV 2EBNTHREL. BRI
BOWTETHERDR, FRHHEOE—73ZhZEFh
11.5~12.5mHite, 115 TH DD, =EGS/D
DE—7FZNe LD 2~3HEBNTHRBE L.

B 7 IR OBARE 2 45 LD FIZ DOV T, FIEE
R 2 BAE L U ORI BR, TEEeAE, o
FHEB LU 2GS/D OV FEMELZEOHRE 2R L
72, B, A5 BDOVIIWIRFRIL12.6 R Tho/. F
DFER, G, EHFEEB LU TEERABRDH
e — 27 3VHERSHO 1 ELLERTICERAEL T 501
LT, SGS/D Wikt 1 E£ERICHEMO ¥ — 27 3fF
EL, ThUBOERENE CRER LI EZ R %
mno7z.

£6, TUTHESARROEMENE L SEB LV
BEERRAEEOECE L OHBEE R L. L7
BWT, THEB2EBREOENE - EEMHEE2ZRLL
bo, 0.0~11.9KHE TR HEES L UD,
12.0~13.9 Bt TI3 5 R, 2GS/D, GSmax, D, L T
bote, BFBLTIE, 10.0~11.9%, 12.0~13.9
&, 14.0~15.9®mHTIZEE, D, L&, 12.0~13.9
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F8, KL F, BFZhFThiiowTAT—V1
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>GS/D (/year)

8 r Cd-Go, Go—Pog’, Cd—Gn (mm/year) , 20,2
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7+
[ _r=0.849%+
6 - // ) 0.15
5L s
**:p<0.01
4l =0.309%* 1o
s Jo
2r 0.05
1
0 ; . . : . 0
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E E e ()
5 TEREEN. & BiEE (3GS/D) nEMEMENEIREE (XF)
>GS/D (/year)
——(Cd-Go
8 rCcd-Go, Go-Pog’, Cd-Gn (mm/year), | 6opog " | 102
& (cm/year) .-------070754%
- ~. psszen |~ Cd6n
7_ l/' \_. =U.0> “—'E’E
6 | 0.15
5 L
4 + 4 0.1
3 L
2 ¢ 4 0.05
] L
0 : : s . s s 0
7 8 9 10 11 12 13 14 15 16 17 18 19
EE 5 (%)

6 THEEEW H& BIEE (3GS/D) nFREmEnRRHhE (BF)

BEDZ s, KR THOIEHREIEFNICIE
IE R e BB R R T HRABEE L s e,
RICHBEEMBIZ OWT, BRHEAAERBEEE 25
RELIIUNSPOHE L BT 5 &, AR THYL
72X RAE IARHERY L S RE %R TR & IR
BEEOZWEMTHZ LY,
2. CXD FKICL 2 BEENAIEREIZOWT
INECTHEHREORZKZEE U THREL T8I
TEBIZBEL DFEPERINTWEY, WRIOSE
T3, Microdensitometry 3% (LA, MD 3 & BE33) 19,
Dual energy X-ray absorptiometry & (L, DEXA
& LR 32 1990 Quantitative computed tomography

(AT, QCT @ EemER) SN EEgEEEE»H
FELTHRETENTWwE, &/, NEOLSHNLBIE
EOEHRB I OWTIE MD %22 Single photon
absorptiometry 3 (LLF, SPA ¥+ ME3) 2220 QCT
k229, DEXA ST S0F 0 X 2 ER L ENT V5,
AT I OBEERED S b, BIEHERKIC
HHATE 2B G B AFEELT, FEo3C k- TR
ant MD 2B L CXD EX1Y2H WA 2 &k
L7z, CXD AW OH W3 FBEXBEERBIEER
REXEORK, HZE, MEHMOHEBRMEIEL, v
T 2%CV LT THD 2 EBREEN TN B>,
7z, i DEXA 3% QCT #%E o 11Th
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2 GS/D (/year)
7 r 8 & (cm/year), Cd—Gn, L (mm/year) 10.25
nE
TSE -8k
&1 ! ¢ -+~ (d-Gn 0.20
—_L
5 | ‘ —=— 3 GS/D
**:p<0.01 1015
*:p<0.05
4+
0.10
3 L
4 0.05
/3 S (S A bbbl P
1k x & 1 0.00
]
0 . ' I ———— [ -0.05
-2 -1 0 +1 2 &
7 VNEEEIAEEY L TRO-ER, THEELAR S-HFER(L), BEE

(2GS/D) o> FHFEEME

= 6 TEELHEQEMEME:, 8RS LUBETRERERANELRLOMEE (XF)

EEAEE | 7.0~9.9 () | 10.0~11.9 GR) | 12.0~13.9 (R) | 14.0~15.9 (X) | 16.0~19.9 (%)
# 37 54 68 57 36
BE 0.300 0.420 ** 0.613 *** 0.163 0.021
=GS/D 0.309 0.004 0.246 * 0.036 —0.044
GSmax 0.315 —0.042 0.278 * 0.032 —0.029
GSmin 0.196 0.098 0.212 —0.005 —0.080
MCI 0.301 0.117 0.105 —0.045 0.048
d —0.276 0.014 0.128 0.003 —0.160
D 0.044 0.300 * 0.353 ** —0.063 —0.090
L 0.239 0.153 0.541 *** 0.045 —0.394 *
- p<(.001, **: P<0.01, *:P<0.05
%= 7 TESLHENFIEEMEL, SRELJUVBETESREFROELE L NHEH (8%
FEREE [ 7.0~9.9 (%) | 10.0~11.9 (& | 12.0~13.9 (&) 14.0~15.9 (%) | 16.0~19.9 (%)
54 13 21 28 20 10
= 0.112 0.701 *** 0.715 *** 0.869 *** 0.593
5GS/D 0.470 0.384 0.346 0.371 —0.136
GSmax 0.389 0.435 * 0.278 0.403 —0.127
GSmin 0.464 0.268 0.256 0.235 0.060
MCI 0.518 —0.031 0.121 —0.018 0.248
d —0.243 0.428 0.029 0.253 —0.393
D 0.411 0.446 * 0.557 ** 0.505 * —0.125
L 0.232 0.608 ** 0.494 ** 0.706 *** —0.389
¥ D000, **I P<0.01, *IP<0.05

RIS L LT, EohPERoP ARG E T 57
B, B L BHROBAH OB LTI, M
IR B AIESBEICITE TR RS DT
S5, 2ENE 1~ 2 EOEHMOMNTERZHWT

nTwzal, LIFRbBEEBRRCEVWHBESRD o1
T3 2 s, RERICL > TRD LN
AEEOEZETEbO TRV O LS h, BEE
OREWTIRRET I 1, Bl HkEFEz sl —7,
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RE RAT—V1HBVERT—P 21287 2EBFH, THAE2AR (Cd-Gn), ERELUVUEEER
EFRABEE L, ¥0% 1 EHOTEELAROERMEME & OEME (LF)
EWREE 1 7.0~9.9 (B ]10.0~11.9 (%) | 12.0~13.9 B | 14.0~15.9 (%) | 16.0~19.9 (%)
54 37 54 68 57 36
[& “F-tp 0.053 0.155 —0.402 *** —0.262 * —0.158
Cd-Gn 0.241 150 —0.002 0.317 * 0.131
HBE 0.261 0.106 —0.401 *** —0.004 —0.334 *
2GS/D 0.207 —0.203 —0.501 *** -0.225 —0.140
GSmax 0.182 —0.230 —0.454 *** —0.206 —0.194
GSmin 0.249 —0.177 —0.515 *** ~0.176 —0.031
MCI 0.120 -0.166 —0.399 *** —0.163 —0.053
d 0.082 0.241 0.289 * 0.170 0.052
D 0.215 0.216 —0.142 0.133 0.028
L 0.226 0.207 —0.330 * 0.077 —0.290
#EE D 0001, *F:P<0.01, *: P<0.05
RY9 RAT—V1HDVERT—U21I812BE8, THESLAE (Cd-Gn), BRELSUBIEEE
EREFIFEE L, *0% 1 FHOTHEELHAENOERENE L DBEE (BF)
FHEE | 7.0~9.9 GR) | 10.0~11.9 (&%) | 12.0~13.9 (5% | 14.0~15.9 (%) | 16.0~19.9 (#%)
# 13 21 28 20 10
JiEgaa —0.028 0.359 —0.290 —0.622 ** —0.393
Cd-Gn 356 0.237 0.063 —0.308 0.051
HE 0.230 0.153 ~0.057 —0.398 —0.210
>GS/D —0.069 —0.223 —0.214 —(0.678 *** —0.674 *
GSmax 0.115 —0.175 —0.096 —0.668 ** —0.689 *
GSmin —0.252 —0.183 —0.298 —0.582 ** —0.577
MCI —0.333 —0.281 —0.035 —0.287 —0.596
d 0.218 0.430 —0.035 0.140 0.497
D 0.063 0.395 —0.164 —0.132 0.181
L —0.009 0.331 —0.039 —0.050 0.252
FEE D C(0.001, **1P<0.01, *: P<0.05
R 10 X721 OEELBERS L UBETESREEE 4 3HPEH L L, X DBEOTHEELAER
DEREME % BHEH & L -ENREDIHOESR
R 7.0~11.9 (&%) 12.0~13.9 (%) 14.0~19.9 (%)
R A MRS EHUERE | EABGRE ERERE | EAMEBERE BERERK
P4 73 51 75
| BECEER 0.037 0.001 0.564 0.318 0.397 0.158
_ CXD #: 0.396 0.157 0.590 0.348 0.350 0.123
T B+ CXD % 0.473 0.224 0.605 0.366 0.520 0.270
" 28 17 23
g | BB 0.407 0.166 0.569 0.324 0.759 0.576
. CXD % 0.818 0.669 0.907 0.823 0.742 0.551
T | g+ CXD & 0.818 0.669 .925 0.856 0.814 0.663

WA Kwﬁﬁmﬁié%wﬁ&tﬂgﬁw&%i Ny MBS D% OBERICEE ST T 5 L%
S50, Bilicbl:o THREIT 2581, Z08% 71%2%34’, m@ﬁﬁiﬁ‘@ﬁ’%}iﬁﬁibfm%bb"(“bif;m
%§T7M§ﬂ%% a5, HIESMIC L 3 BEEEOE E%%K%ﬂ%p
Frz, BEEGAME M B, EEE - B @b,ﬁmwﬁkéﬁﬁ?6am BZDDLDOD
WA Tt RV v DI RE, 5, EElk, & BiEEs @mﬁéukﬁﬁibwamxé.bbb
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W& 175 £ G D B ENL T E OB EEL G
EDHESHTE DT, BEE CERAE & OB
HHIZOWTIETHETH S,

AEZZODWTIE, BACBOTHARAERALD
FHENEVY, FECOHRER L OBREETF CHET
ZEEABTVEREINTWE® NIHOEESR
OHEIWCBWTYH, GROBETHIET 2 LIZEAY
ANEEZERTED SNV EREIN TS,

HR 5L, KEEHPAREEL 2 EOVWHY
AEEGOEER L OBICEREZMHEEIZD 5Nz D
watL, FEWEETHIEEOEEECIIERERHE
BEDOENZL -T2 I E2WEL TnwD, KFETH
wiz CXD #%|Tid, H_PFEERHV LD, FHEP
HETHEDOND LD RBERTFIXIE LA ERENR
WV, L7edSo CHEIMPERHIEIRME 5 2 8,
FARIZ B W TR EEERT/NEIORAERE L LT
W33 2TRAED1IDEHEZ SRS,

F7-IEENE o B E E OEIC O W T, LS
&, RABTFOEEE L IBEFFOFEOEE 1
iz > TEBILUCESR, ##FTCOrARICER
DL 72 Z L 2RELTWS, &5l S,
IN e BRI B VT, EEESEEEE O HEE)
BeH L BEN D B LR TG, CXD BitBnwTh
SGS/D ® MClL w3 EF AT rRENHEDONT
BY, EEMHOEVEREMfITCHIbDEFZON
27 L Lahs, BEMICE 2:E8, MHEO
HECHBEELEMIE bl 0O HED H
D BIHBEOMINCHERICLELEESEICDOWTO
SEHIIZEE S TR W,

—H, Ay AEBREOBERCRITTEECD
W Johnston 5198 X UV IZEH CBEFRLEDH B
I L EEHEL, F7 Matkovic 5234 LY A
DR IHBTEHEEICEREEZDH S Z L 2HREL
T,

Dbk, BEECEEYrS2EHZOND
TRIZ D L v, AR TE, T b Iliaiass
WHEET 2 BARAEE/NESHRETHD, PixlL
b AFERE, HUZS B 2 FHEIEILEL VDD EFHZ
5Nn%. L»L, Ay y ABRERLEHEIZDOWT
BRI NTE Y, Zhs & FEEOFERBENE &
DEEIZ OB T SERRAT T 2 081D 5,

3. BEEENFRIEMEEICOWT

DEXA 32295 SPA #2229 QCT #2529, MD 32
W X BRI ORI X D, EEEEEREICAH
BB 5 EWRBENT WD, FEESV,
SGS/D MEBEHICEERNICHE S ke S PR = 4
WL, #EMAS— b ORI T T 9 WA,
BAEME TR O 13 &Kt BrTcenth 1l
A%, 14 AT SR L 72, elrael % v 7o R se
T, BAEIMEREILFIcB8L TR 125 BT TR
USETHLI btz 1z, BABLUES

word Lo, BEMMREY —/HE TRKERD
BEaElEd 2 ik TBBARE LAY, Zhllg
BECEBEENI L I Lo THEBDEL %
L TWwWa I EBbhot:, Z0O& 5 BEBRORH
DEFICBLWTLRDLONEHE I L, WOBEZ
79 9 2 CHERICEKRENT —< Th 5.

¥ 77, BRI O THARBEEA ML, 307
CEBABE (BEHE CEITL2EHFZHATY
722300 UL, BIE CHRATEORIRHEZ LD
B 10 R L 7 23S ONHRE I NS BRI
S TiE, DEXA shaHWIHZIC L - T 18 EHIER
WIRADBEBCERET 2 LRESINTLEY, 72
EEIZOWTIE, SPABEZAWLRIC L > T, A
BRI LTFThYE, BT TEKRETREET 5 Ll
ENTWE®, 20k CRAXFEORHORE FF
BRI B L > TORERD EHZ 5N DD,
ho gkt bOTHY, £
IR O L MEEBEET 5 2 LICHED
DBETHL, KT, LFIRBWT, M4 EUETC
BAERCIEST 2 OB T HD, FnllE
WFEBHNC AR T OO0, TTIREACERL T
WLELHB I ENbhoT.

BABEOERICOWLTE, BHRLEDTO R
me, HYVEMOBEEOHEMAENS Z L 23FREL
KoTWng, ZOEMS, FEROFHEMESRK
2R, BHEEOHEMOKTRHAK = 2L
EHEDHTVED APEFERE, COM» S bHEER
ThiEEZOHND.

4. BIEBOEMEMES LU DOBRIZOWT

—#z, WFRBTLIDRIEHRL, FROFEFO
BINo A 8— b b BFICEE THRERT 5. M2 WKR
T LI, BEEOLMFHEICOVWTHZTDA/NN=]
OB L O — 7 O, BRI B v
THESHS» R, BRLVEYTHLZA MO
7R R R Rl 200k —27 LT
EFxMED2 Evbh, BEHCBU 2 FEZEOZEL
iR EryBARERBESERTEEZLON
24849 AR 2 REMORMEFFHE T 55—
F—EEEETIE, BHEERTR2RIT I ENHES
N0, F 1, BRI L b o CTEIERS RIS T
L EDBHOENTWAE, 2O En s KT, B
HIVE > D53 L BIE DR DI ORSHE & BIEROFE
fe e & OBEIC D W TR 21T o 72,

HAC 8 2 ¥R FEmR I 1992 O FAE TR, P
12E3. 72 BTHD I EBHESN TV, KE
BN BT AUREOTFHERIZ 12.6 K Th D, IXITFHE
X% 2 5tz APTROFEE T, SGS/D I3HIRER
% 1 R F h 2 AERIK 10%FTR O FH 2B nE
BREDENIZT b oT, 1 ~2FRTIEER
BEHIZERD e o7z, Theintz &% 3018, 2 4
DINOBEEIINAS W 5, FES2E, BECB

vy
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WTHIRRBITFEROMMZIZEA LRV &2 lE
LTwa, [RRZ, /\ES, BRo03, ¥k 2 F
DNICEL S BEESEINT 2 2 L 28WELTEDY,
AWFAER L IZIZ—H L T3,

PEDZ Eps, T TREBEEIVRTIRICEKR
OIINE —27 270, 10D bICRIZREAFECE
TLENL DO LYW N,

5. FIERCSHETES L UER - TEBREED

BEE

EELVIAME L FREC ANB iz k- 74X
NGBS L BEE L SR W T L A EE L
T3, SHEAMERE & 5RO ERIEARE & o B
KOWTHEHM3BLUORAITRT LS, —~EDMEA
ERET LB TE o

272, BRETHERCBW CEAERHICHL T
BEPEDOSNDL ZENHFEINTH L0, BiHE
DEAARIE & B R TEE % £ OB R ORIIEE
MR ZRPZD L0 E I ic OB TIREESMCE R
TRy, KFREOHERE, TF BFibaEOm
ME =27 O FPIGEN T FEERSOEINE — 27 58
HEL, SORTZFIBEVTH2E BB wT?2
~ 3 LRI ZGS/D MBEIINYE — 7 BR$ L Wb D B
WEIRZRLTWS, £6, 7TIRTLIICTEHSS
EEOEMBEMNE & SGS/D ¥ O EEBEOEE -
O ESOMEERED s -7 2 ik, ok
AT OTNERBLTWE LD LBIRENDS.
IhonZ ik, BERERREBECEVWTE, BER
THEZEORIOEME, TFELEOBEEDR
IERFRCET T2 b0 TiE %L, $TEEBOES
DEERL, Z20#N2, 3EBNWTCKEBOBEED
IS % LW /NEOBEROBEEZ TR L THW3 b
DEBZ LD,

6. AIEFEREER & THEBRRNENEE & DBSEIC

21T

EA D AR % 5l 3 2 ke LT, FEXHE
HEBOTEMA N b 25HET 2 H5EN b - & b{E
HEUELNEWEEZ SNTWS, Lal, HEErCEt
TLHFORELE T Y I NCHET 22 i3k b R
THY, HEEOEVFHE 21T 723 HEFO 70
DbV == BN EELS, F1, BEBIHOML
K LTTETH 2 TW2 kT, X7 T16.08%, BT
TRB2HEETHMI 2 e0TELZL), Zh#
TW2 3 ROEHE L 70 o 7o TR AN & i L € R 3
MOH5HAANZYTIZD 2 L5, 7T 14.7 1%, B
FTI6 1 EUBREFlTE RV L2k 3 Ll
REIESRRHRA T EEREGIC B 2 BIRBIEE#ER
DWLE DL E M TG IEANEREHE O SR O H5E H
HETH L7280, BHERBCBT 2E8BORERT
VYN EFMT LGB EETH L. Ak
SN EERBIHIC B U 2 TEHEL2M4KE (Cd-Gn)
O¥MFEIILZF T 3mm 5, BFT 4mm THY,

LRI L > TR DV ERCER I LAHRELT
WL Ulzhi- TRIERRHRIR Tk, Bric BEI%Y
BT SR TEEED D 2 5THE HESLEE 75 5
Tz,
KWFEHEE» S, CXD 3 &k 3 BB ORIEIL, K
R, BAOHEEREL LT THEREDEELRT 150
AR LR VB 2Red 2Ry b L LTHEHSN S,
EXUETHBORENKEVWETFICB W TIIESER
e s W T BEERREEL & 2 0% O TEEEM
BRZEVWHEESED NI L h S, BEREEES
HTZONREIEWwWEFEZoNS. 7 SGS/D
EHB IR TEE R CORE OB T
B, BOBEE LI BNREREEZ 5 A%
W9 38T, AW TERLHMEE L2 T
HELEMOFETH2?, L TBEES S
THERETHAFHT 22 2 CHBEOERE S
S BAREMEYNH L. L LSRR ER YT THEED
THENZB W TR, BHEERDHRER DR IR -
TR EWIDTREZL, LLAROEECZL
EMAZIECE->T, EVEEHEOSVEHEKET
HEEEZRD L ZENLVOTREVHEEZ T WD,
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MREEE DA T LcE b TEEOEINNHED &
NDEZERDHDLIENDY, BOFEHNLRKEDKT
BOWEMER T 2 FEBERERE, RAOKTERIO
OERN 2FAE & 72 2 REME L H 5 5 |

AW FEHE RS TR B % e A ARET 3 5 =
LZEoTHEoNDTH S, S, LbHEHHIC
b7z R ERONE L BEEICEb 282 OFRTO
HEPHERR L OBEEOEN, 80T 2
BHOD R WEHEOBEROHIE HER IO nTh
MRETL TWw X7z,

Rz 2B, KIBTBER S L CRBIx B
D & U7 ALK S B 5 b B (F el = S R B 1 i
BLR2BHOBERRLET. 72, FROMEICHED D
HREEIHMEZEY & LS B E TS
WLRBH LT, 2512, AFFROZFTICHT 0 ER
HEIEEBEOBAEERCEL BILHBHL LiF g T

T8, K#RXOEEZ, 5§52 B AABIESRRIYS (1993,
FERES) 72 & ONE 12 MIHABRBFES (1994, FE) 2
BOTHEKLL.
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1) Mitani, H. and Sato, K. : Comparison of man-
dibular growth with other variables during
puberty, Angle Orthod 62 : 217-222, 1992.
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KR4IV CET 2% -THR 98, F§7,
MR EL T, HEHEE46 1 517-533,
1987,
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