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Abstract

Age-related changes in body composition, namely a decrease in fat-free mass (FFM) and bone
mineral content (BMC) and a reciprocal increase in fat mass, are often observed in general popula-
tions. Dual-energy X-ray absorptiometry (DXA) makes it possible to analyze BMC, bone-free lean tis-
sue mass (LTM), and fat mass more precisely and easily. To examine the changes in body composi-
tion with advancing age, percent body fat (%fat), BMC, LTM, and fat mass were measured in 79
adult men (48.8+19.9 yr) and 134 adult women (50.8+19.3 yr) using DXA (Lunar DPX-L). The
subjects were divided into 7 subgroups according to chronological age. The highest %fat was
22.3+5.4% (70-79 yr) in men, and 32.4+7.1% (60-69 yr) in women. The mean peak BMC was ob-
served at the age of 20-29 years in both men and women, being 3.3+0.5 kg and 2.6 +0.3 kg respec-
tively. Fat mass and %fat increased significantly (P<0.05) from age 20 (21.7+3.9%) to age 60
(32.4+7.1%), and then decreased in women. Fat mass and %fat gradually increased (P<0.05) with
advancing age, but not to a significant extent in men. BMC and LTM decreased significantly with ad-
vancing age in both sexes. The cumulative loss of mean BMC was greater in women than in men, but
LTM showed on inverse trend. Characteristic changes in body composition associated with age in the
region of the arms, legs and trunk varied considerably among body components. The mean fat mass
of the arms and trunk was significantly larger at age 50-60 than at age 20 in women. The mean LTM
of the legs decreased significantly with advancing age, but not in the arms and trunk. The fat mass
and LTM of the trunk were higher than those of the arms and legs. However, BMC of the legs was
higher than that of the trunk and arms in men, but similar in women. These results suggest that age-
and gender-related differences in body components do exist in Japanese men and women.
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F—TJ— k: GER, 58, M, DXAE
I. #%

A OERREITIRE E OMEIFA TR L 1T
WEKICE T AR IARARICRETESH
FICEE LTS, L L, PERZRES L
JEEETI DR T 75 LIZER B 2 5. F AR
13, %< DEWFERHRT FIVOER & LTE LT
LEROBHIFHEEZRRTHH0OE LTEETD
BHEWVZ KD, BEEROBRESR Th 5 HKIEN
DRIERFEMEE (fat-free mass: FFM) (%, &f&
AFERREORKICT e A DA TII I TERE L
OEAFE LB EDEHINT 5 (Aloia et
al., 1995; Reid et al., 1992). BEIEH I EEIRE
A, BERR, SR & OAEBBEROEREF
UL E T AERIC/ S (Banerji et al,,
1999; Mark et al., 1999). L7-2 - T, H{EMERK
B 2 ADREREOMERECHELEIC R DR TR WEE R
BRELTEFONS. ERICBIT 2EELEE
TiH > TSR FFM I3, 2R E, K
B, BRI L > THEILT % (Bemben et al,
1995; Wang et al., 1994) »[REIFRIC, SHAIEEC
KBEBERBR E DT A T AXA WO E L E <
FiF W5 (Brown & Jones, 1977; Gazzaniga &
Burns, 1993; Kohrt et al., 1992). OB &AM D,
FAREROBEAN R T AAEEER OB L IEF
WCEELWRER THAD. LirL, AT
hnth & & BICEAL T B FEEROER B 5T
TAHZEICEEEZRTTHr L.

BB O ZE LI oW TR L 72 THFEe
kB L, PEIICKT AHRENIEMT 55—
TRHAEBEOEMA K E BS54 5 (Hassager
et al., 1986 ; f@xk - €A, 1990 ; dbJIl, 1985)
& & BB DRSS 3 S O E R 8
Rons (Borkan et al., 1977; Poehlman et al.,
1995; Schwartz et al., 1990). B CIAE A
Pg B — A TR LD & FFM OAMC &
530D TH %5 (Fronteraet al., 1991; Flynn et al.,
1989) & DfaHE, FFM 3Z1b L7\ MERRRE 8
781t % (Bemben et al., 1995) & OFERNHE

(]

INTWA. &I, Forbes & (1976) (Links
IS FEM OZEALIC DWW CREBT Y 7 E RHic & D
WTHH L& A, BHiF0.34kg/yr, LT
13022 kg/yr AT A5 xRV L, iEic
PS5 FFM O P EDOZEABI G %R THHEEICIx
% ErEFA L.

INHOETHIRIL, HIEL & FFM OZ{t%
HROICHE L7 b OPETHAH. hEZz 5L
L GEBEIRRE, WRORE, 7LV AOKBIL
FOBRBERTHERREP OFRLBEEBD
B L BEBEP D AHDT, e & HICEL
THEBEREZMZACELFZEETHAD. Lr
L, HHEROMZE CEHEE (bone mineral con-
tent: BMC) OfF#H % AN CRERICHE L7
TR ERE 2. T, BITHROIFEA
CIHFENEACETABRETHD (Aloia et al,
1995; Nuti et al., 1995; Worsfold et al., 1999), H
AR HBFHIR 5% (Tsunenari et
al., 1993). Tsunenarietal. (1993) i%, B4 O*t
RELFEH, FE, @O 3FFICHTC, BMC,
FFM, kg%l L7z, T O/REE, HFHO
BHEOBIMTIIEIE OEMA KX EBEE5T5 &
Wi L7z, Shuinz Tk MR L EET
BhHEVZED.

kD &mBE 2T, BRARABZ O
CAE D F RO ZEALHERS 2 FE IR 3 5720
2, RO2_%BWE L. HIEHE, BMC,
LTM, KR OHERBIC O\ TH LI 5.
WE, f8r, Iz 5 BMC, LTM, {KlglEOHE
Ba B4 5.

I. % &

1. ARHE

NEFEEFET S0, BROEE AR,
BT & % I BERR L7 EDRI Y 72 [ i O
HIRAERICEL > 7. COBEICE UT&RBE D <
W, R, AT, KT, BEFEW, duEs
BB, RRECES, WAz ¥ OHug» b B RIS
L7220~88 DB A BH79%, #1344 (&5
2134) OEEAERPAMEORNRE CTH 5.
2B FRETNCARADRE %25 CEE P HE %
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WDIzEDOARTHSH. FFLREIZFIAL &g
OEEEE, BEAWE, ARORFEL EIZOVT
DBEMFAEZT 7. @EOBE, A D SE
7634, BAREL7-F 1624, BELD -7-0
PoledT HEPIBLTH - .

2. HIEIRE

O Rk

HFROWEDL, HEFEFAE L. #BRETE
72U CHE, B, T, BREEEE REiCo0, B
RITEN B A L 5, 0.1 cm BACEAEIL7-.
HEDL, FEFTFABLGHILZ. LaL,
REFC X D AEME & BT L F— X RIR
# (dual energy X-ray absorptiometry: DXA) i
FEOLLEE OVF## DPX-L) #FIH L TxD
7z ['BH#& (bone mineral content: BMC), {&jg
5 (fat mass: FM), £tk BMC & FM %
W% & (bone-free lean tissue mass: LTM) |
DEFHE BFEEFLY) LOMICETOENE
U7-. B KBS : 65.7+8.2kg, DXA ¥ :
65.8+8.5kg |, &M AE: : 54.2+8.2 kg,
DXA ¥ :54.0+82kg| THo/. £ T, &
HiNIC L A hEMBEZFIAH L84, FAE=BMC
+Fat mass+LTM (X 2) OBRMNELITITR
LRV & D, DXA BIC & AREHE A
L7z, DXABRIC L AHE L FEC KL ABKE L
OB, XFROHE, BHETr=0.98, «H
Tr=099TH- 7. Going et al. (1993) %,
FEOBNIC r=0.99DEF W HBITH 5 L HiE L.
@ FRMRK

HHEEROBEL, &I RxILF— (80-100
keV) J{ET X F— (40-50keV) OHEDOE
B 200X BOSEBAEFHRT S EE, RIS
BELIC L AWEOBES DO X BHECTRZ 5
Z EuFHET % DXA %BEFIH LT, BMC, FM,
LTM %#lE L7z, AP CEA L7V #Eo
DPX-L %, HHEEOHERDO P TREN L EME
ELTEDELEDPRDEN TS (Mazess et
al., 1990). S AR %A 3 %5 DXA B:ORSE
IZOWTIE, BER» B LN/ RESHE X
NTW5%. DXAEIC X ARIEE & 8% DFEHE S

B % M U7-#5 %, Bl & FFM Cr=0.98-
0.99DMBEN R 6N, ZOBEORWC & PRD
BN TWwW5 (Pintauro et al., 1996; Svendsen et
al., 1993). BIEIZEE L ClIBRERLHICOTT
WhHgBEAYE T SE, BREAYEEN Y FIC
Ml-bb®/k., BIER, 283 AF v /O Fast
Mode TfT - 7.

3. &a&xuE

O BERDFHE L BEERFET RO

Q@ FWFHOBRETRET AH/20IC, =it
BB O 21T, BREPROLN/ZHBIC
DWCOLEHE T Tukey &% L D#RE L7-.

@ MEIFHEEEKEDTS % & L.

. % R

BRAB LI KT 5 EZFERPIOBEH B OF-HE
b EHERZE A Table 1 IT/R L7z, BHEOBE,
TEl R L hlgl D 2 HE CRAFRETHEEE
DR ONED» - 72, HK, k&, BMC, LTM,
FFM 01365 (P<0.05) THho7-. T
i3, 2B OENEE (P<0.05) Th- 7.

EERRIFER O Mg AL S #EB 2 MRt 3 47201,
Fig. 1 IZFEICH 3 5 ZEADME R L UEERT]
DFEfEZR Lz, B Cldgenicmng 5@
MTHHD, BEEEILTR o7, TR
205% M8 H60RRATHEM, 60K 2 ST0RAIC
M THA, 708 &80 TIRIF—EDE %
L7z, I BT A208%0 H30EEMAIC T
TOZLEMHEICHE (P<0.05) THD,
30 R8O DMFRE R IZ20FR O L D BE
WS KETH - 7.

BaPicthkBEL XU TN E2ER T 5 LTV,
BMC, {kBEEGOMERICHE S HER 2 BE LD
Fig. 2 T» %. BHICkIT 5 4EEIT20EAHL S
TORAR CTIIBE LI T 9 5758, 808k CHEEIC
KT L, 20888 C71.9+72ke F B=SE%, 80
%A T54.5+59kg ¢ mIKME 4~ L/z. LTM
i3, 30m%ft (51.9+5.1kg)-40m%ft (52.7+£6.4
kg) TEALB Dm0 d O D205% M (57.8+6.2
kg) 7 580K (41.1£4.9kg) IKHFTETL
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Table 1 Descriptive statistics for 8 variables in men and women

Age group (yr)

Sex Variable F value
20~29 30~39 40~49 50~59 60~69 70~79 80~
Men Number of subjects 18 11 10 14 13 7 6
Age (yr) 23.2+3.2 331%£2.0 441+ 34 542+3.1 65.8+25 743+2.4 82.8+26 621.1*

Height (cm) 171.9+6.2 170.6+£4.9 171.0+ 56 165.3£4.4 162.5+3.8 161.5+59 159.7£4.5 9.9*
Weight (kg) 71.9+7.2 684£7.6 67.0+11.1 64.3+£64 63.8+6.7 61.6+4.6 54.5%59 5.3*

%fat (%) 15.0£4.9 19565 167+ 6.4 19.9+49 19.8+4.2 223%£54 20.7£8.0 1.9

Fat mass (kg) 10.84+3.8 13.5+5.1 11.6%+ 6.0 13.0+4.0 12.8+3.8 13.9+4.2 11447 0.8

BMC (kg) 3.3+0.5 3.0+0.5 2.7+ 05 27+03  28+04 2505  2.0+07 6.6*

LTM (kg) 57.8+6.2 51.9+51 527+ 64 48.6+4.0 48.2+3.6 452429 41.1+4.9 12.2%

FFM (kg) 61.1+6.7 549455 554+ 6.9 51.3+4.1 51.0+3.8 47.7+3.4 43.1£55 12.0%
Women Number of subjects 21 22 20 27 18 14 12

Age (yr) 229+25 34.6+27 457+ 28 523+1.7 63.6:+32 76.6+£2.5 852+1.8 1312.9*

Height (cm) 160.0+6.1 157.4%54 1563+ 4.9 154.3+4.5 151.5+4.2 145.8+2.6 141.9+5.0 27.4%
Weight (kg) 53.0+57 55789 574+ 80 581+7.1 552+6.4 46.5+7.0 451+6.1 8.1*

Ytat (%) 21.7+39 28.7+6.4 298+ 53 31.7+6.3 324+7.1 283+6.9 28.7+8.6 6.4*
Fat mass (kg) 11.5+2.3 163+58 174+ 51 18.7+55 182%57 135+4.9 13.4+55 5.8*
BMC (kg) 2.6+0.3 2.4+0.3 25+ 0.3 2.3+0.3 1.9+0.3 1.5+£0.2 1.5+0.3 37.4%
LTM (kg) 38.9+4.8 36.9+4.3 376+ 42 37.2+39 351+28 315+29 30.2+2.2 11.0*
FFM (kg) 415+51 39.3+45 401+ 45 395+41 37.0+3.1 33.0+3.1 31.7t2.3 12.8*
BMC =bone mineral content, LTM =bone-free lean tissue mass, FFM ={fat-free mass
*P<0.05
507  [Men]
n=79
451
40 -
g 35 * Fvalue = 1.9 (not significant)
s 301 .
3
b4 254
L
£ 204
[ 3]
o 151
[}]
[a
104
] | * Fvalue = 6.4 (P <0.05)
5 ! * Multiple comparison
; 30~80>20
0 20 30 40 % 6 70 8 20 30 40 s 6 70 80
Age (yr) Age (yr)

Fig. 1 Individual values and M £SD of percent body fat in Japanese men and women.

7o, {KBERHI1311.4+4.7kg (807K L) -13.9+4.2 B (2.0+£0.7kg) THE (P<0.05) IZI&ETL
kg (T0fY) O TH 50, ERBHCTER 7=
237 7-. BMC 13205848 (3.3+0.5 kg)—-80 M B AEEIT208%48 (53.0+5.7kg) »
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[Men] * Fvalue
804 Weight = 5.3 (P <0.05)
LTM = 12.2 (P <0.05)
Fat mass = 0.8 (not significant)
BMC = 6.6 (P <0.05)

xé\@h‘ﬁ\g\@ -
LT™M

* Multiple Comparison
Weight: 20> 80,70; 30,40> 80

60

Components (kg)
N
[=

LTM: 20> 80,70,60,50; 40,30> 80
BMC: 20> 80,70,50; 30,60> 80

20

KA\A’/H/N Fat mass
A— A& & A —A 4 BMC
1

T T T T T T T
20-29 3039 4049 50-59 60-69 70-79  80-
Age (1)

* Fvalue
W
0 LWomen] Weight = 8.1 (P <0.05)

LTM = 11.0 (P <0.05)
Fat mass = 5..8 (P <0.05)
BMC = 37.4 (P <0.05)

50 4
Weight
40 4
1+ Multiple Comparison

30 Weight: 50,40,30,60 > 80,70; 20> 80 LTM
LTM: 20> 80,70,60; 40,50,30>80,70; 30> 80

| Fat mass: 50>20,80,70; 60,40,30> 80
BMC: 20>>80,70,60,50; 40,30,50 > 80,70,60; 60> 80,70

A/A/’A/A_\A\ﬂhﬂ Fat mass

A—A—A—A—4 4 4 puc
.

T T T T T B T
2029 30-39 40-49 5059 60-69 70-79 8-
Age (yr)

Components (kg)

20 4

104

Fig. 2 Changes of body composition components
with advancing age in Japanese men and
women.

550m%fRk (68.1+7.1kg) THMT 54, Thld
RETIERT L, 50 ClRmE%, 8051 T45.1
+6.1kg & FEMETH - 72. LTM & BMC {320
B GO LT TE T AR 5. &g
BhlZ, 208%ft (11.5+2.3kg) » 5508%ft (18.7
+5.5kg) THEEINT S5, 508 & 605k (18.2
+5.7kg) O, 7T08%fL (13.5+4.9kg) »80%%
& (13.4=55kg) OMITENZNELST A{ET
B o 7o 208%A8 0 H30ERM CTId E B E T4.8 kg
B, 605K H70A CTld M C4.7 kg 3§

L.
HEMAROEHEFE (KIEHE, LTM, BMC) I
DWTHE, B, HICo TEERBOZELE 5
RN kES L7 (Fig. 3). KREERHIE, BMTIt
Wi, g, WEDICERBITRERERR OGN
Mote. THEOEE, HTRBELRENRLNE
Do oA, REETI340 - 50 - 60205 1% &
D, BETIE50 - 6020 L VEE (P<
0.05) ZrEfEizm L. LTIMIE, Bi b bicH
THEZ (P<0.05 BALN, B TiZ20mM8
2350-80m%f & ¥, i Tid20:% K 2360-805% 1K
£V, 3050280 & D RETH - 7.
BMC i, BHETIIM & F®T, otk TidlhE, &
%, HcTAEEZE (P<0.05) BAHELAL. BHEED
Ba, HT20mMR0850-805% K &k 0, 30 - 40%fR
280 &V mE %, A C20m%A30 - 50 -
SO LV BEAR L. wOHE, KiT20
B H50-80m%fk L 0, 30mfA60-80m%fk LV,
40 - 50ERR 80 & D B %, B T205%8 58
50-807% %, 30 - 407%f%4360-807% K, 50 - 607K
P8O & 0 =l %, i T20-505% 2360
1) A= - R N Bl

V. % £

BT ERNC E DWW CH BB OIEIC 5> Z
/R = DWW TR L7cAREORURIT, &
D2EICEHNTEAHLEERDNS. TTIERAEED
Az xt4 5 LTM, #Jg, BMC OZALD &
DEIEDL > TWAPCETLSMERTH
5. 2FBE, FHEEROEEROEIZDOWT
Wi, #hEe, PICo0 TR LR THAD.

HES IR S A O H HFER OB DWW T,
L OMRFIC > THEIN T 5. Fig. 41
VXA IE CHRIEIBIROE(L & BT OB R
TEEDOTRL.

BRI R OIS FE S BALHERBICES T 5 B
WEEELDLEMLT LK LICRBETiIan
sz, F—T7T AU N ANERGE, 1960FRICH
& L7z Norris et al. (F ik, 1963) 1350
BAEZ R T S DOOFBEICKEREDA DN
ol L OfER%, Myher & Kessler (77U ™7 A
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—dk— Arms
12 4 [Men} —O— Legs . [Women]
—8&— Trunk * Fvalue
* Fvalue Arms = 2.7 (P <.0,0§)
10 Arms = 0.3 (not significant) Legs = 1.7 (not significant)

=4.3 (P<0.
Legs = 0.6 (not significant) Trunk = 4.3 (P <0.05)

Trunk = 0.8 (not significant)

Fat mass (kg)
@

—O

}zi

* Multiple Comparison

Arms: 60,50>20
Trunk: 50,60,40>20

0 T T 7 T T T T T T T T T T T ]
20-29 30-39 4049 50-59 60-69 70-79 80- 20-29 30-39 40-49 50-59 60-69 70-79 80-
Age (y1) Age (yr)
30 - [ Men | [ Women ] * F value

Arms = 0.7 (not significant)
Legs = 7.0 (P<0.05)
Trunk = 1.9 (not significant)

* Multiple Comparison
Legs: 20>>80,70,60; 30,40,50 >80

T

20

LT™ (kg)

10 A
*F m
Arms = 1.8 (not significant) . . k\‘/"——‘_‘\A\A
Multiple Comparison
Legs = 4.8 (P <0.05) !
0 Trunk = 1.4 (not significant) Legs: 20>80,50,60,70
2029 30-39 40-49 50-59 60-69 70-79 80- 2020 3039 40-49 50-59 60-69 70-79 80-
Age (1) Age (y1)
15 1 [ Men ] . [Women]
; * Fvalue
; Arms = 9.5 (P <0.05)
: Legs = 30.5 (P <0.05)
: Trunk = 19.7 (P <0.05)
1.0 4 :
5 |
< i
o :
> :
& )
0.5 - :
* Fvalue :
Arms = 1.2 (not significant) /
Legs = 7.2 (P<0.05) , . . ! * Multiple Comparison
Trunk = 3.7 (P<0.05)  Multiple Comparison { Arms: 20>80,70,60,50; 30>80,70,60; 40,50 80
Legs: 20>80,70,50,60; 30,4080 i 1 ggs: 20>>80,70,60,50; 40,30>80,70,60; 50,6080
00 Trunkc: 20 >80,40,50 ! Trunk: 20,30,40,50>70,80,60
' 2029 3039 40-49 50-59 60-69 70-79 80- 2029 3039 40-49 50-50 60-69 70-79 80-
Age (y1) Age (y1)

Fig. 3 Changes of arms, legs and trunk at each body composition component with advancing age in Japanese
men and women.
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40 4 [ Men]

354

304

25 4

Percent body fat (%)

20

This study
Norris et al. (1963)

Myher & Kessler (1966)
Fukunaga & Kanehisa (1990)
Tsunenari et al. (1993)

Nuti et al. (1995)

70 80 9

e

20 30 40 50
Age (y1)

45 - { Women ]

40

35

30 4

Percent body fat (%)

This Study

Young et al. (1963)

Pollock et al. (1975)
Fukunaga & Kanehisa (1990)
Tsunenari et al. (1993)

254

20

T T T T T 3
20 30 40 60 70 80 90

5 & ,
% R
S |19cte

Fig. 4 Comparison of %fat with advancing age between this study and previously reported study.

2, 1966) 1Z205 MR BT0R A X nd 5
B 5 L DRI HEREHE L/, Nuti et
al. (DXA-Lunar DPX : 4 % U7 A, 1995) %
SO E ClIWhd 508, TOBTH—EE
ROBEMTH5 LIERH L. Bk - &A (BE
% HAA, 1990) & Nuti et al. (1995) & R4
IC50RE TN T % &M LT BB 2 D%
DIEFHZ DWW TOHERIE T E I WVERNCH - 7-.
AR T, £EBNCIE70 E T+ A
FICH 5 & B2 58 OEMMIMEEEE R
LDTEZP T, BRITHROBERZBE TS
&, I & & BICHERICHEINT AR, £z R
ZBHMWEDEDPBE THIEZWEDRL LR TH
L. COXDIHEET HERIT, FHICH W8
B DR HESCERA LB OB WNIC L A4 DT
BHD. 2FD, BEMERESLER) B
fER & 0 & RERRE D R D S B RER
LTHLHLEHATES. KAAROERLFIROL
WESE D BEERITH S L ERDID 2T
R4 % &, Norris et al. (1963) < Tsunenari et
al. (DXA #Z—Norland XR-26 : HA& A, 1993)
DG L RRICEII R 2 A B Z OB EER
LOTHZEWEWZ LS.

I T 5% £ 205 &, Young et al.
(BEE : 7 AU AN, 1963) 1220885 H608%
fUE TOZEAL, Pollock et al. (BEWE : 7 AU A

N, 1975) [3HFE & FFEOHE, Bk - &R (5
B BAA, 1990) 1320%M 75 5508 % ¢
O & 4., Tsunenari et al. (DXA-Norland
XR-26 : HAA, 1993) (3%&% - b4 - 5E%
W L7 B 5. SO X5 THHicivi=T
B BRE DRI D Z & DRHEMEDO KNG B\
BEACDAEEOEZRIRONSD, Mhn—3d
LIEF SBREE I Nz, KFTHIEE & AR ORSRIC
B AL AEEE, 20880 550608 &
THEMT A THDH. 20860 = st

L72IN D ORI < L ERIgHRIT g & &
HICHEMT AEANCH S E VO FERICETS. L
»L, ZOWTHEIEHERMET T A5EmICHA S
LD, RFROBR, GHERIT X 7.

RIZ, BEEBOEILEICOWTHRFL-E
%5, BUHEOBETORMAR CTL13.9kg & HAME, 205
fRT10.8kg L J/IMEEZR L, HEDZEIT3.1kg
THo7z. TOETEK - &A (1990) L
L7z11.6 kg KX D3 L <&\, LeHDBE, 508%
R D18.7kg D K1E £205% 18 D11.5 kg D7.2
kg OEL, &K - &A (1990) 238 UENR TH
A L7c6.0kg LOEETH- 7.

FATHRFE Comg L C\ 5 FFM OfER & Hig 4
%7-:812, FFM (LTM+BMC) % & T &
L7z, RROFER T, Bi & LIC40% 8T
ETWINT 5L00, &EMICET T 5@[H
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BmEINns. Bd L2200 CRAMES, 80
BACTREMA TR L. BT FEBET18.0
kg OKIBHET, HETiE9.8kg DIETARD
Nn7-. O FFM oA ER % BMC & LTM (2
SFTHRERT AL, TOBENIVEHICRZT
4. B BMCIE, 205%1%3.3keg 7 H805%
2.0kg ~ & FHETLIkg WA T 55, 205%
K 5305%A%, 30mfH HA0RR TN EN0.3
kg T oA L, 40-60ER TIIT—EMEHE D
5, 608k H70R CHU0.3kg WA, TOR%
£ H80BRARIT 2013 T0.5 kg D KA B EIZE
XN, —F, LTM 32052 5305%fK T5.9
kg, 4085182 H50EEI T4.1 kg, 6058 5705
£73.0 kg, 707 B8O T4.1 kg DEEE
BABR BN, THEOBE, BMC i320~405%
RCFKREEELNBROLNE L, 505K 560
A, 60EkfH ST0mARIC TN E 0.4 kg DFE
A HNEZE I N, LTM 13205%%7 5305
G20 kg, 508k f5h 56054 T2.1 kg, 60m%fLH
S70®AT3.6kg DWABR LNz, TDXD
12, FFM % BMC & LTM [ CTHiRtd 5 C
IV EDEERLLIVESBLNS.
Tsunenari et al. (1993) 73 DXA gk L D kD7-
BMC, LTM, fghiic oW TR, ERFNCHKE
L7-RSRIC L5 &, BUOKIBYRIIPESESE
FOEBECESHEERTY, BEEEOMICITER
ERBE NG -T2, ELIT, WHETIHES, +
E, BROSHETAERESLRONZLST,
BICRE S RIBIFR OB PBE I N 5 o L
EL, ROWREOERIIRLHERNTHS LR
26| 7-. Nutietal. (1995) {3, DXAK,IC L AH
R S BEOBICOWTHR L2 A, &
BERG N & & L, FEM IIMMET, &I
RFI50M E ClIEM L, ZOH—EMEE R
T5HEHRELK.

thEOELICK 4 %5 LTM, BMC, {&fgh5 & O
BIEM ZHRET S &, OB E, 208210
30 % % 12 1 "C LTM %2.0 kg, BMC {30.2 kg
BT 6T HENP4.8kg HinL7:
CEIC RO BENP2.T kg EMT SRR & Tz
C ORI 331 B ARE OHEINT EITAIRRE O3 N

CEALDTHLEHPTES. D LD %A
1408 E TV . 5O A H60RRIIC 22
THES29kg ET LRI, LTM ¢2.1
kg O, BMC ©0.4 kg DA, 4KBgHHTO.5
kg OB BEE L TW5. ZORIICK T A4
BOE T, FEHOZEIELD S LTM OETIC
EALDOTHAHLHWCTE/A. L L, 60
D ST 221 THRE 8.7 kg DFEE KT
1213 LTM 3.6 kg %4>, BMC D0.4 kg {84,
IR D4 Tkg AP OB TEL L DIC, T
OEFEAICA U A BEOWA IR & LTM O
BWHOBPPERSBEET L EPRHLNICTR -
72. TOESIC, L TREEOEBICKH T 54
fgli, LTM, BMC Z#DOEIRH & D AW RE

C THHED, BETR—EoEAARONL -

7z,

X5, BEERNCE/CERNCE D < B AR D
I RE S LR 7= X D EEMIC O 5728
i, B, B, MoKEMLC s 55BN,
LTM, BMC Dz h Z N O DWW THEE L
7o, MR OSE, BT, B, AR, Hid
MBI TEREERR DN o . i,
MTREBERR DN -7, BEEHTE
E#E (P<0.05) BROHN, MMESICHE S EIEEO
BB & R OREl, 2% 0 EEEOEN O
BTACNE L BIET 5 EHEREIT X 7. LTM OEd
3, Bt B CTRAERELRONK
, HOABREECH-7. TOI LIF605R
kit s BEEBEOR TOEFHESED LT
LIEERBTHABERTHAHEELZDLNS.
BMC i B\ CHEImBRIOZEIE, B CaMefA&
Bl AEPAKELLBEEL, ETEIH, &
#®, WABE L CWa EHEHITES. 512D
OEBUTI, K%, Bickid % BMC Cth 5. JE
fi& LTM i3, fh#HSR34 <, KICH, BHOIR
ThbH. LrL, BMCid, BT EHLD
%<, THETREIERAETHA. O Lrb, H
HAEBICRBT 5 EEE L & AIER AT
BEAER L, Wiz 5 &3 BMC OffEfFIC
DB LA EERETRET LA THAD.

AR THOLNEROBRITT, REBEIK
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PIRAICIERE S 5B ICR > T 5 & OISR 756l
BROB® 5 & wREk Lz nide bk Bbh
5. BONIAERO—RICIL, EEFAORRIC
XYL XD PLETSHSS.

V. & 8

2050 88X D B #2134 w5t 53 1= DXA 1
WK LD RDOIAKNERFE, &85k, LTM, BMC ©
FRICH S BOHB TR LR L. B6h
TR RIZROBY TH 5.

1. KERSRIE, BHOSBE, FRERCEE
BB R SN 5 7. ol TR0 A0 5
60 CHEICHEML, ZOBTET L.

2. HEEL, B CREBEELRLIARONG
Do To. o TS0 T18.7 kg D AfE %20
XA T11.5 kg OFR/IMETH - 7=

3. LTMiZ, B TiE205th 5305k, 40
BfNH 6505, 70l 580 CHEE IR
YBBEINI. T, 208K 5305k
T, S0k H60iR T, 605D 70T
WABRLNI.

4. BMCIZ, BHIZ205%MR2 5305k, 305%
R BA0ER TN ZN0.3kg FoOWHA L, 40~
60 CIEIE—EMEEZHRONB, 605N OT705%
0.3 kg WA, 708 A 5805 T0.5 kg D
ERNBABBEIN. OB 4E, 2030 -
0IRAR TR KR ELGEMBLRONE L, 60 - 705%
RCEE TR L.

5. HIERAIL, BT, B, #%, B&LICE
MR TEREEDPRONZL 5 7. THEOSEE,
MTEBEEERR SN, WEEBRTIIEL

B (P<0.05) THotz. LTMIZ, B L b
KR E BB THEREESRONEL, WTEEZE
(P<0.05) R BN7-. BMCiz, BH:CH & &k
#®, WHETEM, #%, BCThHEEZX (P<0.05)
R L7z,

6. HERF & LTM I, s /ka4<, M,
BiDIRTH 52, BMCid, BM:CHAKE LD
%<, TUHETHEIPTIIRETH - 7-.

AE AP O—EIT, B A% TARA Broe

By b (IREE  HPFERK) BIUFER
104 BRI R B f I $ [HEpse ()
(BREZE510680012) | OFZEEZIF TERS N
72 DTHA.
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