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Aol Folel weE A% WaHE wd foprlsh olEsld 4A%
JFFFol oFolAW FAL YAHoE WHHI Tyo] Frtuch
% o] Al B4 P4 % BRIARE sl 44T Fo| Be

o] @ 7-Eo}Xth(Anderson et al., 1996). Ejol7] FH& F&3] F7}8t
i, A 6 olFlE T EalAM, Gelrle wh
Aolr] W BEE = A, AFe g5k wigt F7)soh A7) o] AUbA]

= "y el EF2 Aelrb gloy AFET] ol Fell= EAd ol oAl

[
X
o|\
S
ol
k=l

Hls) AA=H o= HA & A7V A3, = dFdIol ¥ FR A,

= S7F 717l ¥ 27] wZolvh(th 3= thAek3], 2000).

7 A FEy Ase pe Wgw wg @t Ao ol

Aoz A (AFWF3}F enchondral ossification)® A, = 2P 2

71 ZEFAME o FHHYPA (=3} intramembranous) ¥ &
ALzl 3 HEj S FHolA ®rh w87 F F Yol Al oA

of Ho & 90%0l Eale FHS A " o] WS
Aol A&y FuhéelE S (subperiosteal resoption)E £3 ©wW A FI1E
Fal 1 Aol 54 WY EHoR TS dole AR VEH e

2 A dF A2HEES 7P oA "Hrh(HEY], 1991). AbE7] o] F-9]



2Y 2742 B2F Aol w2 o yelAE Ty At 27 o
F 743 gaste] 17~204 Aol F717h Ae BaEA et
3@k AR 13~174 Abeld] o] Frbk FrelAtish o] Fof
L FAS gastcd oYt B 17-204 AtldE gt 2
B F7b} AsErtn @k olsh o] AEs] Heke] Yol T

Fol G EFUms ool wa 2 olft gHES TY F718ol

A9t ofz2pe] AS- 9~184, kel A5 10~204] Ake
714 9] 50%7F A EH, o= AbE7] weke] e Wstel whelo] 9l
tH(Anderson et al., 1996; Katzman et al., 1991). Al&=7] 2~31 &<t
A W Za 4 449 297t e (Krabbe
et al., 1979), Ab=7] Ado Al H 2E 2~ H #(testosterone) FoJA] =2
W Zae] BipE S7HAAT L @k (Mauras et al, 1994) . %3 of =
E 2 l(estrogen)> AHE7] AW ol =4 Za A SAANE AT
Aol =AFe F7t fFE€eAl 7l stttal dhth(Buchanan et al,
1988; Glastre et al.,, 1990; Lloyd et al., 1992). & 7o oJ3hd &
FoF gEATY EEs =dFS A% A 11~14M A3k 5
Zbgol M Eokal, 27 F 23 e 16M A6 FA43 Frtsklen,
A= 13~17A41 Atolell 71 Beol F7ksksl

1992). Bonjour et al.(1991)¢] 2= A

A= 54 71(15~184De a9k E = E¥URrt FUFe AL,
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1l 3k}, Matkovics (1990)
o] AFAAME 164 He] FdFe] HAH A oy =ZAF] 90~97%

of o]&t}tal 3} al, Zanchetta et al.(1995)2 of=3lE|L}o] AF3F=
el AYE WA oE g ATl HAY HulxdEddE BE A7+ 16
Ao o, & A5, dE A, szt U= 4A7ZHA F7t

shthar 3t Young et al.(1995)2] 10~264] &Aoo gk 3 eh%
Agelx Het wdEE Aol wet S48k plateaus ol F 717
164 7olet sk, 59 Hu FAGFS A7 Aol HFE &F

1847l =¥t 33 vh(Riggs et al., 1981).

T QF9 ZFHwo] 204 Zube] FAaFrba 3, Riggs et

al.(1981) %= 204 olF-ol ="dx7t F7kskAl Ut

A AFME UEE FdF ¥gE 4T F Ao 28 20
Al ool wiel oS dide® g Fukd Ao HFZFHE ] 10
|k Srkeksle, 20t 5
al.(1993)¢] Aol AGE FEo2 AT I o] ZHo] =
e S7HAZI Sk & 17214 Afolel He A AxtE
thato 2 3k Ao A HAl(total body), HE 7] AF L Q5o FHE
o ZdwFo]l yolo w} FojAow Frhgtial Kalst
o] 95 vE= §F99o =A=F wsld #Aste] AR AduE B
31 dtH(Venkatar et al., 1991).
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H Yy gE I AAY Ao #3E oA =de 987w
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SAl SojzatFgrale] Ag T2 oshA 1947 S
oz st AARES AAA Asgtoly Aol glon Ao
A "g A Y8S S8 odst & FEdo S ol xEA
02 FItelEE tdon, AF Foeo FoE AUk
A ES AFEZ FRASH o5 AAA - gy 5HLS
<% 1>3 2
¥ 1L oAT gAY A 54
Variabl 13yr 14yr 15yr Total
anabies  m=71) (n=60) (n=63) (n=194)
Age 12.86 13.63 14.79 13.73
(yr) + 0.35 + 0.52 + 0.48 + 0.92
Height 157.60 160.16 160.66 159.38
(cm) + 5.84 + 475 + 5.49 + 555
Weight 49.24 51.99 55.12 52.00
(kg) + 858 + 7.07 + 15.83 + 11.33
BMI 19.88 20.32 20.74 20.29
(kg/m’) + 2.70 + 2.38 + 2.69 + 2.61
M + SD




2) 47 717 2 A%

re
re
4
Lo,
N
)
WE,
i)

A= <3t 2>0] AARE mheh

Procedure Duration
Design and Planning 2006. 06 2006. 08
Literature Review 2006. 08 2006. 10
Contact Subject 2006. 10 2006. 11
Measurements 2006. 11 2007. 07
Data Analysis 2007. 07 2007. 08
Writing Dissertation 2007. 08 2007. 11




3) A4 AA

Design and Planning

Literature review

Contact Subject

Measurement

~

Physique, Body composition,
Bone mineral density, Bone mineral content

-

Separate of Group

Age: 13yr, 14yr, 15yr BMD: Lumbar, Femur, Whole body

) r
y -

Data Analysis

3 r
y \

Writing Dissertation

a9 2. A A

2



4) &3 &yl

B oATel AgH F4 PulE <E 3ol AN whsl 2ok
3. 574 3
Variables Model . Part of Measurement
(Company, Nation)
. GM-1000 ) .
Physique Height, Weight

(neoGMTEC, Korea)

Inbody 4.0

Body composition ]
(Biospace Co, Korea)

Prodigy

Bone density (GE. USA)

%Body fat,

Fat mass,

Fat free mass,
Skeletal muscle mass,

Body mass index,
WHR

Bone mineral density,

Bone mineral Content




ye
7]
Z
T

5 54 ¥=

Ay

(1) A A=A (physique)
N gAY AGA(neoGMTEC)E o] &351o] I3 z}o| Al =3} €
o] FHLAA} A AME HeA F F, duigolA F GH7A 9

FAAYE AZ ST 01cn ¢l 71 %),

Ay
rlo

8k

(2) A A Z4 (body composition)

Az S gFas dI 277 (Inbody 4.0, Biospace Co.)E
o] g3l %body fat(%), fat mass(kg), fat free mass(kg),
SMM(skeletal muscle mass, kg), BMI(body mass index, kg/m’) “1¥]
31 WHR(waist-hip ratio)s= 43ttt +5°ltf 5420 JF& 35
7] el AF220~25°C)ol A Aol gt e A Fol SAsEA S
W, A5 A, A B d8s dYetal, dEom Exo] R
= <7t ) BFUF obdl & A= xWe] AEA BEE s, o
S 7HA dXAFA Seiwa dduige FJEXE WA JFA7
T AE2A A= HEHES ok A=de] Atolrt AR BegA gk
= o 1657H Ed SAHse F

AAE FAR F Bk A AAE oF 227 S



(3) &4 =(bone mineral density)

i

Wro] =48 DEXA((Lunar prodigy, GE)E ©]&3}o] lumbar
total(g/cr), femur total(g/cw’), whole body BMD(g/cr), whole body
BMC(g)& SA4staon, gidxtes dadgo]l HAlEAREE, HE, A
A, BA 5)8 AAst 7 B o7 scanning tabled] A &
A E FH == sk

3G AE center linedl %3 w3 ohg, I @Al W]} top line At
ol 1~2m A= AL Fi, FES F WL EVES BoRF o

gk £ A4 SHolE AL FARI] A F A9 strapsE




6) A5 A

e A8 AHg= SPSS win(version 14.0) 74 ZE IS o] &3

Aom, TAHA B4 e e 2

a1
s

el el B M) EE=HA(SD)E =SS

one-way ANOVA)S AAetglon folgh Aol7b = Ag-ole
shaffe A} 5 & A8t
4) AAxzAo] EdLo A+ PSS WA A= vlastr] e &
ST 8 3] 7 4 (multiple

linear regression)& A Al o™ A B (stepwise) 7] S 4 &35}

([
23
r o
o
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jutot
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wn
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=
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o
23
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5) #HkE FAAE ety st dAFE olgste] THAdB A

6) RE BAH fo $F(a)e 052 ARk



3. &+ 2%

2 A= SAle AFeteE AFA(13.73+0.92yrs)S T o 2 AR
weh Az e SUEE S4sd dew 2o AnE 29
o},

1) AA=A

MAZAG el A F7b WE o ¥ 24 Ade <3E 4, 5 >,
<19 4~11>00l A A g bpe} 2o
E Y EICE E I EXEE

Variables 13yr 14yr 15yr
Height(cm) 15760 + 584 160.16 £ 475 160.66 + 5.49
Weight(kg) 49.24 + 858 51.99 + 7.07 55.12 + 5.83
SMM(kg) 1781 £ 297 18.68 £ 2.52 19.23 £ 275
Fat mass(kg) 1415 £ 491 15.32 + 4.17 16.22 + 4.76
Fat free mass(kg) 35.38 + 4.40 36.67 + 3.74 36.92 + 6.15
BMI(kg/m’) 19.88 + 2.70 20.32 + 2.38 20.74 + 2.69
%Body fat(%) 2764 + 518 2920 + 4.88 2948 = 4.63
WHR 0.79 + 0.04 0.80 = 0.04 0.81 = 0.04
M £ SD



¥ 5. g5 A x4 one-way ANOVA Z 3}

Variables SS df MS F MC

_ BG 364.36 2 1821814 623" .
Height oo 558300 191 2923084 a

(cm) a<c

Total 5947.45 193

BG 1152.80 2 576.3978 4.66"
Weight

e WG 2364148 191 123.7774 a<c
Total 2479428 193
BG  69.40 2 3470106 454°
SMM
i WG 146142 191 7.651495 a<c
Total 153082 193
BG 14438 2 7219139 335
Fat(k?)ass WG 411652 191 2155248 a<c
Total 426091 193
et free | BG 9332 2 4665015 1.97
mass WG 452006 191 23.66523 NS
(kg) Total 461338 193
BG 2514 2 1256763 186
BMI © we 1209260 191 6767537 NS
(kg/m’*)

Total  1317.73 193

oBody ~ BG 13277 2 6638648 275

fat WG 461735 191 24.17461 NS
6) Total 475012 193
BG 0.01 2 0005326 406"
WHR WG 025 191 0001312 a<c

Total 0.26 193

"p<.05, "p<.01, T p<.001
BG: between group, WG: within group
a: 13yr, b: 14yr, c: 15yr



height2  F(2, 191)=6.23(p<.01), weight2 F(2, 191)=4.66(p<.05),
SMM=2  F(2, 191)=454(p<.05), fat masst F(2, 191)=3.35(p<.05),
WHRE F(2, 191)=4.06(p<.05)2 A=l W& Fgk Aoz} Ao
fat free mass, BMIL, %body fatx= 9|3+ x}o]7} gldt}.

AAZAGANM FAHCE Folgh AFolE Bl 2459 FAA] 2

e A% AFAA AR < 559 2
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SMM
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Fat free mass

(kg)
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BMI
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%Body fat
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UL Ay ZF7be) wE Her vnl A AdE <xF 6 7>, <1
d 12~15>9 4 A A gk vle} 2}
X6 AFAY A % Ay
Variables 13yr 14yr 15yr
Lumbar total = o791 (110 1024 + 0102 1.092 * 0.121
(g/cm)
Femur total
, 0.907 £ 0.118 0.919 + 0.102 0.949 + 0.127
(g/cm)
Whole body
BMD 0.992 £ 0.066 1.011 + 0.057 1.048 + 0.074
(g/cm')
Whole body
BMC 184876 + 299.08 1985.84 + 249.08 2100.79 + 348.14
(g)
M + SD



¥ 7. o954 A FUE one-way ANOVA 23}

Variables SS df MS F MC
BG 043 2 021705 17467

Lumbar total = e 937 191 0012431 ane

(g/cm) b<c

Total 2.81 193

BG 0.06 2 0.030694 2.26
WG 2.99 191  0.013561 NS
Total 2.65 193

Femur total

(g/cm)

Whole body BG 0.11 2 0.053217  12.14

<
BMD WG 084 191  0.004383 E<C
P C
(g/cir) Total 094 193
Whole body BG 2134665.57 2 1067333 11.69 a<h
BMC WG 17436521.14 191 91290.69
(g) a<c

Total 1957118671 193

<05, “p<.01, T p<.001
BG: between group, WG: within group
a: 13yr, b: 14yr, c: 15yr

lumbar total> F(2, 191)=17.46(p<.001), whole body BMD< F(2,
191)=12.14(p<.001), whole body BMC-< F(2, 191)=11.69(p<.001)= <1
ol wa fol3 zolrt Ao}, femur totale 9 E 2kol7F 1
o AR EZAGANAM SAHSE Folgh AolE: H a4Eo TAAHS
TS A AFAA A <& > 2
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3) FHE =

Ao wE Hod P vu B AyE <HE 8 9>, <19 16~

18>0 A] A A] sk H]_g/]_ paz=h

E 8 oFAe weW TUE A3

Variables Lumbar total Femur total Whole body
(g/cm) (g/cmr) (g/cr)
13yr 0.979 + 0.110 0.907 + 0.118 0.992 + 0.066
14yr 1.024 + 0.102 0.919 + 0.102 1.011 £ 0.057
15yr 1.092 + 0.121 0.949 + 0.127 1.048 + 0.074
M + SD

¥ 9 oAFAY E9d FUE one-way ANOVA 23}

Variables SS df MS F MC
BG 0.30 2. 0.15 14.787"
a>b
13yr WG 2.13 210 0.01
b<c
Total 2.43 212
BG 0.39 2 0.20 2450
a>b
14yr WG 1.42 177 0.01
b<c
Total 1.82 179
BG 0.68 2 0.34 28.217"
a>b
15yr WG 2.25 186 0.01
b<c
Total 2.93 188

"p<.05, "p<.01, T p<.001
BG: between group, WG: within group
a: 13yr, b: 14yr, c: 15yr



13A1= F(2, 210)=14.78(p<.001), 1441 F(2, 177)=24.50(p<.001), 15
A= F(2, 186)=2821(p<.00D) % ZFAE R9lo] we §o3 o]} 9
k. UE R FAGOR fol@ AolE mel axFel A

Ao Al FPA AT <E 9>9 2

i

S
Sy
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(r=476, p<.01), %body fat(r=.355, p<.01), WHR(r=.330, p<.01),
height(r=.306, p<.01)¢] M= s el

AR ARG AudA £4 A BE FEdA

o} wh7FAZ SMM r=814(p<.01) 7} =& FAEE BHAoH fat
free mass(r=.705, p<.01), weight(r=.603, p<.01), fat mass(r=.594,
p<.01), height(r=.568, p<.01), %body fat(r=.416, p<.01), WHR(r=.335,
p<.0D)e A2 s YERIH
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5) &4

TA(13.7209yrs)e] =% 2 FRV| A FAHAL AAAY
(n=194%)S o=z JHFE o835t AlEsom olo uis A
= <3E 11, 12>°A 2= vpel 2o

Aa ZUE AN JHALE o] &3le] AEegon, AFE <X
1>el A ®i= wpel gk o xE8ha 1949 9] height, weight, age,
SMM, fat mass, WHR & Z¥U%E& ¥dste A i+ SMM, WHRe]

Qi o 2714 AHE o] &7 A

S YEFATHR=0.402, SEE=0.054).

ZUE FAHAE 402%9 A9

F 1L A FEEe g AEY A3

Variables Equation Ve SEE
Equation 1 Y=0.738+0.015%(X1) 366 .056
Equation 2 Y=0.461+0.014%(X1)+ 0.373%(X2) 402 .054

X1=SMM, X2=%body fat, Y=BMD,
SEE=standard error of estimate



1S5S ol gete] AEsHgom, A3}

1A% 7HE 2 dbgske A= SMM, %body fat$lal o]

2
685%° d¥H<E

N
L
X
X,
=5
ft
o,
oo
o,
2
>,
ik
-
N
ity
ol

o
ol
1
rlo

T 12, A2 2RoA%e] dEHARA A3

Variables Equation Ve SEE

Equation 1 Y=266.981+92.020%(X1) .662 185.5

Equation 2 Y=85.543+ 85.924*(X1)+ 10.322%(X2) 685 179.6

X1=SMM, X2=%body fat, Y=BMD,
SEE=standard error of estimate
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A= 7F H o] 2t (Horlick et al., 2004).



CAAI RG] AR STel wE Wit vl A A9 height2 F(2,
191)=6.23(p<.001), weight< F(2, 191)=4.66(p<.05), SMM= F(2,
191)=4.54(p<.05), fat mass+ F(2, 191)=3.35(p<.05), WHR< F(2,
191)=4.06(p<.05) = <& of B wYg Aok Ao, fat free
mass, BMI, %body fat:= 23 z}o] 7} gl T},

CEEEe dE FUbel wE Har vlal 4 A9 lumbar total
F(2, 191)=17.46(p<.001), whole body BMD-> F(2, 191)=12.14(p<.000),
whole body BMCZ F(2, 191)=11.69(p<.001)= A= wE F2fgh
zpol 7k A o, femur totalS 93 2ol 7t gl

Aol wE Fed H@ Ha 74 A3 134 F(
210)=14.78(p<.000), 14A= F(2, 177)=24.50(p<.000), 154= F(2,
186)=28.21(p<.000) 2 FH = F-Ho w {23t 2ol 7F A AT
CAA R EEE 9 R ERe] AR A3 %body fat, fat
mass, fat free mass, BMI 18] 1 age, weight, heightoll A A& 4+
o] YEetgtom 1 F SMMe] 7HY =& A o] UER

C AN Edwe] AL 0461+0.014%(SMM)+0.373+(%body  fat) o= (R=0.402,
SEE-0064), A4l &7 =5ke] 5441:285.543+85.924+(SMM) +10.322:(%cbody
fat) O Z(R'=0.685, SEE=1796) VFePgh
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ZEN 71 At ESA 5, 2009). & %= (bone mineral density: BMD)

n
& Z(peak bone mass)el]l ©]|E2A ¥, 71 T AAHEA F
A Fo7F AT 270 dA2EZe] 7} A4S H A (Riggs et al.,
1986) =7t #astr] AlAsth @2 AlE @7 Ag R o] Fof
AA o, ZiAte] #Eol AA @9 &4 W =% Har o
E=7F Aetdt. oje gk go] AEHHW mAl ZxA e A ofit®
wuEsol TASHA Har, QA9 oz F9o =H Ads FHAIA
13- SAo = HA Hdo] doju} Aol fPdS 7HAE + = 3
thH(Polltzer, 1989). =W el A =vhe <ol o4& A H2 104
Qb 352 w3 FUbste FAlolaL(EAA, 2002), EHhEET &

WozAEd R ow Awar]st oy WEe Ay WA Feo)

o,
=]



Snow,

Salamone, Glynn & Black, 1996;
Shaw & Matkin, 1996; WHO Study Group, 1994). Miller et al.(1996)

1993;

Dawson—-Hughes,
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Bgo starh tgAEe A Aol Aol glov, o
8, BY, £F B¢ 4V BT AT AsSgn =3 B AP
24 9 24 e FRE A4 F AT AuHow AreE

#13 AT dAke] AAH 54

I

Lo

Ju

. 19yr 20yr 21yr 22yr Total
Valiables g3 (1=127)  (n=60)  (n=80)  (n=350)
Age 18.81 20.0 20.96 22.72 20.50
(yr) + 041 + 0.08 + 0.13 + 1.01 + 1.49
Weight 55.52 55.61 54.53 53.74 54.97
(kg) + 6.76 + 6.86 + 554 + 581 + 6.41
Height 161.60 161.40 161.22 161.54 161.45
(cm) + 477 + 5.18 + 4.49 + 5.33 + 4.99
BMI 21.23 21.08 20.94 20.65 20.99

(kg/m’) t 2.24 t 2.81 + 1.85 + 2.09 + 2.37

M + SD
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2) 47 717 2 A%

Procedure Duration
Design and Planning 2008. 06 2008. 08
Literature Review 2008. 08 2008. 10
Contact Subject 2008. 10 2008. 11
Measurements 2008. 11 2009. 07
Data Analysis 2009. 07 2009. 08
Writing Dissertation 2009. 08 2009. 11




3) A4 AA

Design and Planning

Literature review

Contact Subject

Measurement

Physique, Body composition,
Bone mineral density, Bone mineral content

¢

Separate of Group

. y

KAge: 19yr, 20y, 21yr, 22yr

BMD: Lumbarl~4, lumbar total, Femur neck, BMC:

{ Femur troch, Femur total, Whole body = Whole body )

-

Data Analysis

Writing Dissertation

% 19, A AA



4) &3 &yl

2 Ao ARRE S AHl= <3 15> AAE vpel o

3E 150 574 |
Variables Model . Part of Measurement
(Company, Nation)
. GM-1000 ) .
Physique Height, Weight

(neoGMTEC, Korea)

%Body fat,
Fat mass,
. Inbody 4.0 Fat free mass,
Body composition )
(Biospace Co, Korea) Skeletal muscle mass,

Body mass index,

WHR
B densit Prodigy Bone mineral density,
one densi
Y (GE, USA) Bone mineral Content




5 54 &5

ye
7]
Z
T

(1) A A=A (physique)

Ae gAE A3 A (neoGMTEC)E o §3te] @Al A w3} ¢
of 3ot Ay AAE FHASHA  F, guidelA F GH7EA
FAAYE ASSFAHSAHAITL 0lem 9] 7). =3 AFe 2
g 5 ATAL Tl LEE st V52 A5 A, Tdele

kgo = 7] 2890k,

(2) A1A)ZA (body composition)

MAEAY S-S I A3l 227]7](Inbody 4.0, Biospace Co.)E
o] 83l %body fat(%), fat mass(kg), fat free mass(kg), skeletal
muscle mass(kg), BMI(kg/m’) 12]12 WHR & Z43dtt 50

AU JFE st Aol F(20~25°C)l A A FAES A
A Fo] FAG o, AF7ES A, d4dE 2 d"ES d9gsta
FEowm EFo] FES EVFE ) BEFTLE obeE A= e 1
, DAE ZHEA dAAFA edEa WEdnge F

-
wAlE WA HEAZ F a2 A5 JEHES v A=l A
5

ot MR %A FEE o 1571 WY 53

o
o
o
rir

rf'

g FA gm ALHA AAE FAT F Tukr H AN o 227



(3) &4 =(bone mineral density)

i3

Aol =48 dual energy X-ray absorptiometry((Lunar prodigy,
GE, USA)E o] £3}9] lumbar 1~4(g/cr), lumbar total(g/cr), femur
neck(g/cn’), femur troch(g/cr’), femur total(g/cr), whole body
BMD(g/cr), whole body BMC(g)S =A3t¥ o, A= g o]
A=A, HE, AA, B ) AL Ve HFo=
scanning tabledl] =4 F& AAE HSIEE AT

3P 25 center lineol| 23 w3 ths, I Ae] M2l top line A
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3. &+ 2%

ol
=

2 AF= SAY AFeE AA(2050+1.49yrs)S o ®E <
wrel AR Fed L8 SAso gy 22 A%E

ot

3]
= =

ne
32

D AA=A

MAZEAF AE St wE H vlu B4 AdeE <3E 16, 17>,
<a¥ 20~27>9 A AAIgE wie} 2}
%16, gAY AFE AAxAgd A

Variables 19yr 20yr 21yr 22yr
Height 161.60 161.40 161.22 161.54
(cm) + 4.77 + 5.18 + 4.49 + 5.33
Weight b55.52 55.61 54.53 53.74
(kg) + 6.76 + 6.86 + 554 + 581
SMM 20.27 20.39 20.04 19.65
(kg) + 264 + 2.63 + 243 + 2.32
Fat mass 16.49 16.42 15.87 15.66
(kg) + 3.99 + 3.88 + 3.28 + 3.49
Fat free mass 38.61 39.19 38.65 38.09
(kg) + 5.49 + 3.89 + 3.56 + 3.43
BMI 21.23 21.08 20.94 20.65
(kg/m’) + 2.24 + 2.81 + 1.85 + 2.09
%Body fat 29.43 29.23 2891 28.89
(%) + 421 + 4.04 + 4.10 + 4.16
0.81 0.81 0.81 0.80
WHR + 0.04 + 0.04 £ 0.04 + 0.04

M + SD



¥ 17. A9 21424 one-way ANOVA Z 3}

Variables SS df MS F MC
. BG 6.06 3 2.02 0.08
H(ecllf?t WG 867224 346 25.06 NS
Total 867830 349
' BG  210.10 3 70.03 171
W(ilght WG 1415150 346 40.90 NS
Total — 14361.60 349
BG 29.69 3 9.90 1.54
5(1?(2\)4 WG 221825 346 6.41 NS
Total 224794 349
BG 42.76 3 14.25 1.03
Fat(k?fss WG 480676 346 13.89 NS
Total 484952 349
Fat free  BG 61.46 3 20.49 1.17
mass WG 605797 346 1751 NS
(kg) Total 611943 349
BG 1491 3 497 0.88
(fgl/\ff) WG 195238 346 5.64 NS
Total  1967.29 349
BG 15.83 3 5.28 0.31
/B((’iy) B W sse449 36 1695 NS
Total — 5880.32 349
BG 0.00 3 0.00 0.72
WHR WG 0.38 346 0.00 NS
Total  0.38 349

BG: between group, WG: within group
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SMM
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Fat free mass
tkg)
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%Body fat
(%)
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29 26 oo AAYE W3
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a5 TEEe dF Sl WE Hat H| A Ay <E I8, 19
> <19 28~32>0 A A AT vpe} )
318 oY) dEd 95 adxE Ay
Variables 19yr 20yr 21yr 22yr
Lobar /) L% Loms so1 00
Labar 2/ LY Lo1p sou0 =00%
Labar 3@/ LG Lo s o
mmber d@en) LYo e it <ot
Lumbar total(g/crf) il&?gz il'ol.lﬁ9 ili)l.%9 ilbl.éllgo

M £ SD



19 ot el dHE a5

i

Y%= one-way ANOVA 23}

Variables SS df MS F MC
BG 008 3 003 161
Lumbar 1 WG 540 345 0.02 NS
(g/cm)
Total 547 348
BG 007 3 002 130
Lumbar 2 WG 638 346 0.02 NS
(g/cir)
Total 645 349
BG 001 3 000 027
Lumbar 3 WG 529 346 0.02 NS
(g/cr)
Total 530 349
BG 0.0 3 000 009
Lumbar 4 WG 625 346 0.02 NS
(g/cm)
Total 626 349
BG 002 3 001 053

Lumbar total

, WG 2.09 345 0.01 NS
(g/cm)

Total 512 348

BG: between group, WG: within group

lumbar 1~4, lumbar total> AW Folst xfo]7} gldlom EA 4

A A Ade <x 19> 2



BMD
(g/em?)
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Age

19yr 20yr 21yr 22yr

a9 28 A 85 1 =9 : ¥

BMD
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0.8 A

0.6

19yr 20yr 21yr 22yr

a9 29, A e 85 2 =9 E W



BMD
(g/em?)

14 4

2

10 4

4

0.8 -

0.6 T 1

19yr 20yr 21yr 22yr

2 30, A o5 3W =k W3

BMD
(g/em?)

16 4

14 4

12 4 l l

10 4

0.8 A

0.6 T 1

19yr 20pr 21yr 22yr Age

a9 3L ouAe] 23 49 FUE W3l
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(2) 945 i =2=

iy e A% F7b & H vl 24 Ay <iE 20, 21
> <% 33~35>0 4 A upe 2
3020, iAo AEE gy 2 Ay
Variables 19yr 20yr 21yr 22yr
1.021 0.970 0975 0.945

Fermur neck(g/c) + 0.159 + 0.012 + 0.120 £ 0106

0.79 0.783 0.79 0.744

Femur troch(g/cr’) L 0114 0158 £ 0200 + 0140

1.017 0.988 1.012 0.960

Femur totallg/em) — "o100 014 s 0172 + 0097

M = SD



# 21 otfA e AR

Z %= one-way ANOVA 23}

Variables SS df MS r Mc
BG 0.25 3 0.08 5.08"
Femur neck azb
(g/cx) we ool e 0 e
Total 597 349
BG 0.15 3 0.05 2.19
Femur terCh WG 8.14 346 0.02 NS
(g/cm)
Total 8.30 349
BG 016 3 005 327
Femur total WG 565 346 0.02 a>d

(g/ci)

Total 0.81 349

"p<.05, "p<.01, BG: between group, WG: within group
a: 19yr, b: 20yr, c: 21yr, d: 22yr

femur neck2

F(3,  346)=5.08(p<.001),
346)=327(p<.05) & <A@l W& {3k ztol7}t

femur total> F(3,

AN

o1} femur troch

e fol@ Aol Qo UE BUEA BAGOR fold AelT

Rel aaEe TAH BAL 9% AFPA AR <E 20> 2

o},



BMD
(g/cm?)

14 4 [

1.2 A

0] [
1

08 +

0.6 -

04 T T 1

19yr 20yr 21yr 22yr
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BMD
(g/em’)
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(3) 92 A =dx=% AL

LY

LA}

¥4 %

A2 BRES A TRAAG] AY Frkel wE FF w24

=~

ME

ol

A= <F 22, 23>, <18 36, 37> A A A g vpe} o)

322 gAY AFEE A EEE 2 25U d
Variables 19yr 20yr 21yr 22yr
Whole body 1.118 1.112 1.122 1.105
BMD(g/cir) = 0.070 + 0.079 * 0.067 + 0.067
Whole body 2362.69 2357.19 2352.16 2285.26
BMC(g) + 294.62 + 337.46 + 277.27 + 237.44
M = SD

¥ 23 A Y dAEd AA Fur 2 FE71 A% one-way ANOVA

4 3}
Variables SS df MS F MC
BG 0.01 3 0.00 0.71
Whole body
BMD(g/crr) WG 1.81 346 0.01 NS
Total 1.82 349
b BG 328340.32 3 109446.77 1.24
‘Whole body
BMC(g) WG 30455793.99 346 83022.53 NS

Total 30784134.31 349
BG: between group, WG: within group

whole body BMD, whole body BMCx &

om EAAH B A= <F 23>y #rh
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3) F9d 4%
(1) 294 83 YU

Ho mE oF HFod Fdxe] Hi v #4 AysE <F 24
19
=

25>, <19 38~41>o A A AT ule} 2}

I 24 ool a5 Feid 2dE Ay

Variables Lumbar 1 Lumbar 2 Lumbar 3 Lumbar 4 thlgtl:lar
(g/cm) (g/cm) (g/cr) (g/c)

(g/cm)
19vr 1.106 1.161 1.209 1.173 1.164
v + 0124  +0132 +0124  +0132 £ 0122
v 1.101 1.160 1.208 1.164 1.158
v + 0126 0142  + 0121 £ 0128  + 0.119
Lo 1.102 1.169 1.212 1.164 1.164
y + 0131  + 0140  + 0133  + 0136  + 0.129
oo 1.068 1.129 1195 1.163 1.143
y + 0120 + 0126 + 0119  + 0146  + 0120
M + SD



E 25 AT 8% T

i

Y% one-way ANOVA 23}

Variables SS df MS F MC
BG 0.45 4 0.11 703 a<h
a<c
19yr WG 6.59 410 0.02
a<d
Total 7.04 414.00 a<e
BG 0.74 4 018  11.34™  a<h
a<c
0yt WG 10.24 630 0.02 acd
Total  10.97 634 a<e
c<e
BG 0.37 4 0.09 510"
2lyr WG 5.8 295 0.02 a<c
Total 5.65 299
BG 0.71 4 018  1108™ a<h
a<c
2yt WG 6.30 393 0.02 acd
Total 7.0l 397 ase
b<d

“p<.01, ""p<.001, BG: between group, WG: within group
a: Lumbar 1, b: Lumbar 2, ¢: Lumbar 3, d: Lumbar 4,

e: Lumbar total



1941= F(4, 410)=7.03(p<.001), 204+ F(4, 630)=11.34(p<.001), 214
= F(4, 295)=5.10(p<.01), 2241+ F(4, 393)=11.08(p<.001)= 85 =

i

E RSe] mE FoF Aot Atk 8F FUw o] BAHOR
FF AolE B Q2T TAHY BA AFPAY ARE <E

25>9) 2}



BMD *

(g/cm?) ! * %
! * ¥ %

15 - | "

12 - T T

09 -
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03

oo T T

lumbar 1 lumbar 2 lumbar 3 lumbar 4 lumbar total
a9 38 19414 &5 Fo¥E dUE wWst
BMD
@em?) |
l *k k Xk
15 - M s
1
124 g 1
09 -
06
03 -
0.0 T T
lumbar 1 lumbar 2 lumbar 3 lumbar 4 lumbar total

1% 39, 20419 &3 e =dE W



BMD
(g/em?)

L5 - *x %

1.2 - T I :

0.6 -

0.3 -

0.0 : T

lumbar 1 fumbar 2 lumbar 3 fumbar 4 lumbar total

19 40, 21419 o5 Fepd 2= Ws

BMD ¥ %
grem’) | * k%

f ]
15 | * %

1z - T

0.9 -

0.6 -

0.0 il .

lumbar 1 fumbar 2 lumbar 3 lumbar 4 lumbar total

" 4l 22419 a5 el e W



(2) #9d i =2=

¥ 26 ohgel hE v @

== T A

Ao we dgF 5o
27>, <71 42~45>0l 4 A A3 upel 7t

e

9

oy

= 23

o
£t
=
R

Variables

Femur neck

Femur troch

Femur total

(g/cr) (g/cr) (g/cr)
19yr 1.021 + 0.159 0.79 + 0.114 1.017 + 0.122
20yr 0970 + 0.122 0.783 + 0.158 0933 + 0.124
21yr 097 + 0.120 0.799 = 0.200 1.012 + 0.172
22yt 0945 + 0.106 0.744 + 0.140 0960 + 0.097
M = SD



¥ 27. A dE F9¥E F9%E one-way ANOVA A}

Variables SS df MS F MC
BG 067 9 133 7503
>b
19yt WG 438 246 0.02 4
h<c
Total 7.04 248
BG 3.7 9 163 8339
>b
0yr WG 6.99 378 0.02 4
h<c
Total  10.26 380
BG 1.55 9 078 2774
>b
2yt WG 495 177 0.03 4
h<c
Total 650 179
BG 2.31 9 116 8598
>b
Wyt WG 318 237 0.01 4
h<c
Total 549 939

skokok

p<.001, BG: between group, WG: within group

a: Femur neck, b: Femur troch, c: Femur total

1941= F(2, 246)=75.03(p<.001), 20A+= F(2, 378)=18.39(p<.001), 21
M= F2, 177)=2774(p<.01), 2241 F(2, 237)=85.98(p<.00)= U=
FE 29l uhE o9 Aol Atk UE FAE R9le] FAF
0% ROIF AolB B QT TAH B AFPY A

<3 27>

ri'ﬂ

=5



BMD
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*k k ¥k

femur neck femur troch

19 42, 19419 diE e

BMD
(o/emy)
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12
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k k%

femur total

FUx W

*k k k

femur neck femur troch

femur total

19 43, 20419 dtiE Feid adxE W)



BMD
(g/em?)

15

* k k * k *k

1.2

0.3

0.0 | . a ;

femur neck femur troch femur total

19 44, 21419 diE Fed == st

BMD
(o/emy)

1.5 -~
k k% *k k k

1.2 A

0.9 -

0.6 -

0.0 o : e ; .

femur neck femur troch femur total

1% 45, 22419 diE e =dE W



(3) #HE AA =2=

Aol w2 Fod A Fdxe Wit v A= <F
20> <17 46~49>0 A A A ble} )
3 28 AfA e FojE dA =EE A¥
Variables Lumbar total Femur total Whole body
(g/cm) (g/cm) (g/cm)
19yr 1.164 + 0.122 1.107 + 0122 0811 + 0.035
20yr 1.158 + 0.119 0988 £ 0.124 0806 + 0.032
21yr 1.164 = 0.129 1.012 = 0.172 0.807 = 0.031
22yt 1.143 + 0.120 0.960 + 0.097 0.804 + 0.033
M = SD

— 100 —



F 29 ool Fd dAl

i

Y% one-way ANOVA 23}

Variables SS df MS F MC
BG 5.24 2 262 2544477 sp

19yt WG 2.53 246 0.01 a>c
Total 778 248.00 b>c

BG 7.90 2 395 3880177 op

0y WG 3.85 378 0.01 a>c
Total 11.75 380 b>c

BG 3.85 2 192 122157 5y,

2lyr WG 279 177 0.02 a>c
Total 6.63 179 b>c

BG 458 2 229 2170177 _op

2vr WG 1.95 236 0.01 a>c
Total 6.54 238 b>c

sekok

p<.001, BG: between group, WG: within group
a: Lumbar total, b: Femur total, ¢c: Whole body

1941= F(2, 246)=254.44(p<.001), 2041= F(2, 378)=388.01(p<.001),
21X = F(2, 177)=122.15(p<.01), 22A4= F(2, 236)=277.01(p<.001)= =
A wepd AR F9lel ME KT Aol AUk AA AW 2
2o EAAoR fold Aolg mel axse TAAA A9 A

A= <3E 29>3 7},

=

o
o
ol
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*k k%

*k k% *k k ¥k
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0.0 | . L ; .
lumbar total femur total whole body

2% 46, 19419 o A 2w A5

BMD
g/em?) * k%

15 | |
k k% *k k k

1.2 A
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0.0 - . ie ; .

lumbar total femur total whole body

1E 47, 20419 Fed dA =EE wE
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BMD

@rem?) * k ¥k

*k k% *k k ¥k

0.0 . . N ;
lumbar total femur total whole body

19 48 21419 Feid Al ad = WSt

BMD

e * %k ¥k

k k% *k k k

0.0 BESSESSES :
lumbar total femur total whole body

1% 49, 22419 Bl dA =dE W
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Az A FUEo AddA BAA3 weight(r=.413, p<.0l)
o] 7} ki SMM(r=.391, p<.01), fat free mass(r=.391, p<.01), fat
mass(r=.323, p<.01), WHR(r=.238, p<.01), %body fat(0.178, p<.01)<]
TA 2 ol ko] YERE

Az A R "e AudA 2423 weightst
SMM(r=.729, p<.01)o] 7} =%kal fat free mass(r=.677, p<.01), fat
mass(r=524, p<.01), height(r=.460, p<.01), %body fat(r=.239, p<.01),
WHR(r=.210, p<.01)®] =A12 Fof gk AF3to] YRyt

— 104 -
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100>d,,, T0>d,, ‘60>d,

I dHM
90670 1 SSEW 1%
7€00 72070 I Ssew ey 0L
L3180 7680 0G0 ! SSEW Jey
0200 6v0°0 60870 VLV 0 I ININS
/870 V50 W/8L°0 LS80 09870 ! WUBPM

waee 0 LOET0- 0990 H0S10 +0€9°0 3570 ! WYSOH
Ay 06C0 L2970 7050 ~0CL°0 0CL0 0970 OING
236G 0 3LT°0 0960 +66E 0 160 ~cIV0 ¢L00 aNd
—” (%) wAmmwwq () (#0) (34) (1) So[qeLIR A
1.3 Apodo 11 %o Ssewr 18 NINS WSOM WSeYH :

o
T
T

# KEEd B&

ey EeRlchE Y & SRE E ik 08 =



5) A4

o th 4 (20.50+1.49yrs)e] =2 = B EF71EFe] FAAS dAlL
(n=1947)& ez fHFE ol&sto] AEsslian ofd w3 2

Y= <3 31, 32> A B vkl 2o

SMM, fat mass % WHR T ZHELEE WYgsls= A ¥+ weight,
height, SMM, WHRo] %31, o] U[7}#] X% & o] &3 dAi=dE F4

28 232%9] AW ES JEFWTHE=0.232, SEE=0.064).

F 31 AN Edre] g3 A

Variables Equation R SEE
Equation 1 Y=0.857+0.005*(X1) A71 066
Equation 2 Y=1.164+0.005*(X1)+(-0.002)*(X2) 189 .065
Equation 3 YZ&(S)%%E%?}%%T(X1)+(_O'OO4)*(X2> 9215 064
Equation 5 Y:O+.(1)'1210+6(**<(§(388)*(X1)+O.028*(X3) 297 064

X1=weight, X2=height, X3=SMM, X4=WHR, Y=BMD,
SEE=standard error of estimate

— 106 —



2 AL o] F
A AEE ol & A4 BENAG FHAL 573%9 A@HS
BRI CHR'=0573, SEE=1946).

£ 32 A EFRIAPe v TR A

Variables Equation R SEE
Equation 1 Y=623.459+85.318+(X1) b32  203.6
Equation 2 Y=584.097+72.557+(X1)+18.327+(X2) H73 1946

X1=SMM, X2=fat free mass, Y=BMC,
SEE=standard error of estimate
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3.

& A= SojARtdistatel] Al Tl otile tidem AlAlxzA

WEE =45to] ot T nX= 2918 dotsle] FUE
AAE RS An g5 2 A8S AT
CAAIZA Y A Sk wE Hi v 24 A fogk xelrt

sUze] Ay FUrel wE Hi vlaw A A3 Jumbar 1~4,
lumbar total> AHH fFolsk zo]l7F §19l o™ femur neck F(3,
346)=5.08(p<.001), femur total-> F(3, 346)=3.27(p<.05)= <7
2§03k Zol7k o}, femur troch <3 zko]7b ¢l
t}. 283 whole body BMD, whole body BMC+= 1% <] g
Aol 7F AT

Aol wE Fod e vl FA A3 83399 194+ F(4,
410)=7.03(p<.001), 20Ml+= F(4, 630)=11.34(p<.001), 21A+= F(4,
295)=5.10(p<.01), 22Ml+= F(4, 393)=11.08(p<.00)=Z 8F ="U%
ool wE Feolgk Aeolrk AU WiEF9 19KE= FQ,
246)=75.03(p<.001), 2041 F(2, 378)=18.39(p<.001), 214+ F(2,
177)=27.74(p<.01), 2241 F(2, 237)=85.98(p<.00D)= tyE =4
ool mE fFog Zelrh AAH. HA Fed = 194=

F(2, 246)=254.44(p<.001), 2041+ F(2, 378)=383.01(p<.001), 214+

H

F(2, 177)=122.15(p<.01), 2241+ F(2, 236)=277.01(p<.001)= A
Ropd EUE Pelo] wE fo3 ol Ut

FUE ¥ A4

i

2712 %

= O

Lo

T At fat
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mass, fat free mass, BMI, weightol] A

(p<.01).

0.466+(-0.005)*(weight)+(-0.002)

9

s

=
T

body BMD2]
#(height)+0.025%(SMM) +0.897+(WHR) ] M (R°=0.232, SEE=0.064),

whole
23%6°]

o.

ok
2}

Lreb o,

[e)
e

584.097+72.557+(SMM)+18.327+(fat free mass)]™(R'=0573, SEE= 1946)
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fat mass, fat free mass7} =2 E dAvto] vk ®star gl

fat mass¢t =L xo] #HAAJ tha| A= fat mass7t =S5 =Y
L7t E=oe A9 FEE o] Fu7HChen et al, 1997, Reid et al,
1992) FH<tel&= fat mass7t 7HA &= 284 stEists BASH fat
mass’t =TS UE7F Yre ool AAHA AAH U
Zhao et al.(2007)2 4191 448943} F =2 1988%W S thAto =z dAd
I oA RFoA e weightE 71 A$ %body fat7} mold 4=
SHUETF AT P o) 13970 TS ez gk g
A= %body fat7t F7FEE auesAd =4 AP=7F Eof
Aol Q¥ tH(Hsu et al, 2006). ¥, <83 T+ fat free mass<}

Do #EAdS HlwA ddd JA ey Lo (Douchi et al.,
2003; Wang et al., 2005) #H<tolle S5 FHTE 8o Fasits 7
a7} 552 9 vHGerdhem et al., 2003; Sirola et al., 2006).

g ofA kAl A ZAlQ] o] Qolo] WL eSS wx=

fl
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A ek A ol RE g wE Az AIe dauAE
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& A= SAl SojAtistate] Ajek FQl AAFR 20th o thA 1709
= e AAsden, A7 ddAe] A4 5S4 <E 33>

°} 2
Z,-LOA 0015 A e AT, 0049 ¢ gdTon 2

el

%33 AT g AAH 54

Variabjes | 25<T<LO -LOST<0 T<0 Total
araplies (n=37) (n=66) (n=68) (n=170)
Age 21.43 21.27 21.74 21.49
(yr) + 128 + 133 + 164 + 146

Weight 50.66 54.35 55.47 54.00
(ke) + 459 + 678 t 655 + 650

Height 161.86 162.21 162.02 162.06
(cm) + 4.89 + 536 + 4.99 + 509
BMI 1953 20.83 21.25 20.72

(ke/m’) + 150 + 212 + 231 + 217

M + SD, T: T-score
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2) 47 717 2 A%

Aol 71z @ A= <3 34>0] AAIS wpe} )

Procedure Duration
Design and Planning 2008. 06 2008. 08
Literature Review 2008. 08 2008. 10
Contact Subject 2008. 10 2008. 11
Measurements 2008. 11 2009. 07
Data Analysis 2009. 07 2009. 08
Writing Dissertation 2009. 08 2009. 11
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3) A4 AA

=

2o s 2UE 24 & WHO 7128 dastel

Design and Planning

A r
y .

Literature review

3 r
y N

Contact Subject

3 i
7

Measurement

Physique, Body composition,
Bone mineral density, Bone mineral content

A

Separate of Group

-2.5<T-score<-1.0 -1.0<T-score<0 T-score<O

3 @
J \

Data Analysis

A r
J \.

Writing Dissertation

a9 50, Ad AA
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4) &3 &yl

2o ATl AREE FA AHl= <E 3B>ol AAIgE vhel 2

3B FA A
Variables Model . Part of Measurement
(Company, Nation)
. GM-1000 ) .
Physique Height, Weight

(neoGMTEC, Korea)

%Body fat,
Fat mass,
. Inbody 4.0 Fat free mass,
Body composition )
(Biospace Co, Korea) Skeletal muscle mass,

Body mass index,

WHR
B densit Prodigy Bone mineral density,
one densi
Y (GE, USA) Bone mineral Content
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5 54 &5

ye
7]
Z
T

(1) A A=A (physique)

Ao gAd 247 (neoGMTEC)S o] &3te] & Alo] A =3 H
o] #HA <} AY AAE HSA g F, dupetol A F AHIA 9
FAALE ASFsAT. = AT 2o T ASAY T 2
=

S /18 254 FAUAA, BHAE ke R 7 S3AT

H

(2) A1A)ZA (body composition)

MAEAY S-S I A3l 227]7](Inbody 4.0, Biospace Co.)E
o] 83l %body fat(%), fat mass(kg), fat free mass(kg), skeletal
muscle mass(kg), BMI(kg/m’) 12]12 WHR & Z43dtt 50

s JFE 7] deol F20~25°0) A Ao JAES Al
A Fo] FAG o, AF7ES A, d4dE 2 d"ES d9gsta
FEom EFol FES &7 U E57F obdlE A=) EwHe] 1
= , 9AE JHEA AT Selwa ddniee F
wAE HA HEAIZN F 12 A= HFHEF b A=o] A

5

ot MR %A FEE o 1571 WY 53

o
o
o
rir

rf'

g FA gm ALHA AAE FAT F Tukr H AN o 227
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(3) &4 =(bone mineral density)

FA =] 4L dual energy X-ray absorptiometry((Lunar prodigy,
GE)E ©]&3}l9 lumbar 1~4(g/cr), lumbar total(g/cn’), femur neck(g/
cr), femur troch(g/cm’), femurl total(g/cm’), whole body BMD(g/cr),
whole body BMC(g)S S743tsion, adate Aol &2 (<t
A, e AA, BA 5)8 A AT 7 E BA O R scanning table
of A & AAE HAst=S skt

925 center lineo| 23 w3 v, IR MEle}t top line A
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SPSS win(version 14.0) 54 Z &1
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Fom, TAH A WS

A 2] =

A7 *

6) A5 A
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2 2Hgste], AAZAT 2R FRWAS Fa A4

fo
r o
S
i
i)
ki
o
r o)
(e
S
¥o,
rr
D
o,
N
-~
ol
S
N
1o
)
i
i)
[y

T £ wE NARYe P wa B AR <E 36,
=
=

51~58>0 A A A% mlof

E 036 oA 2EE s AAxRAd A9

Bone mineral density levels

Variables
-2.5<T<-1.0 -1.0<T<0 T<0
Height(cm) 16191 £ 492 16220 + 543  162.02 £ 5.01
Weight(kg) 51.12 £ 4.49 54.83 £ 6.85 55.80 + 6.60
SMM(kg) 1873 + 2.11 19.69 + 2.30 2047 + 2.38
Fat mass(kg) 14.40 + 2.44 16.68 + 4.25 16.51 + 4.15

Fat free mass(kg) 36.74 £ 3.12 38.15 + 3.40 39.31 + 3.51

BMI(kg/m’) 19.53 £ 1.50 2083 = 2.12 21.25 £ 2.31
%Body fat(%) 28.06 £ 3.35 30.07 + 4.03 29.23 = 4.57
WHR 0.79 = 0.03 0.81 = 0.03 0.81 = 0.04

M £ SD, T: T-score
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¥ 37 A FUE = AAFA 9 one-way ANOVA 23}

Variables SS df MS F MC
‘ BG 3.02 9 151 0.06
H(egi?t WG 439664 163 26.17 NS
Total  4399.66 170
_ BG 566.26 2 28313 7.8 o
Weight WG 662263 168 39.42 a
(kg) a<c
Total 718390 170
BG 7353 2 3676 698"
SMM
@ WG 88544 168 527 a<c
Total 95896 170
BG 140.35 9 7017 463 -
Fatmass o osisgl 168 15.14 4
(kg) a<c
Total 268415 170
Fat free BG 159.86 2 7993 696"
mass WG 1929.83 168 11.49 a<c
(ke) Total  2089.69 170
BG 72.31 2 3615 831
BMI a<b
z WG 73095 168 435
(kg/m’) a<c
Total  803.26 170
BG 96.36 2 4818 2.83
[0)
/°B°<(ydy) ot WG oose248 168 17.04 a<b
(0]
Total 295885 170
BG 0.01 2 0.00 3.45°
WHR WG 0.19 168 0.00 a<b
Total 0.20 170

"p<.05, "p<.01, BG: between group, WG: within group
a. Osteopenia

b: Lower nomal bone mineral density

¢: Normal bone mineral density

- 122 -



weight< F(2, 168)=7.18(p<.001), SMM= F(2, 168)=6.98(p<.001),
fat massv F(2, 168)=4.63(p<.01), fat free masse F(2,
168)=6.96(p<.001), BMI+= F(2, 168)=8.31(p<.001), WHR-2 F(2,
168)=345(p<.05)® =d%= FFo w2 Fog Zolrth AR
height= 2]t Z}o] 7} LAt

AAZAGANA SAASE Fo3 2ol & HQl 8459 FAA &

e A% AR Aae <E 37> 2
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SMM
(kg) * %

20 -

15 -

25 -z o T-score

O 53 A 9 E ol FATE v

i3

Fat mass
tkg)

15 A

-2.5 -1

% 54 o e sdE sed AANTE Bl
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Fat free mass
tkg)
50

30 ~

20 -

10 -~

25 1 0 T-score

a8 55 oAAe] =% FEd AX e v

BMI
(kg/m?) rEX

25 I |

20 -

10

25 -1 0 T-score

29 56, ot e e E el AAA A Bl

_l
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%Bodly fat
%)
50 -~

T-score

-1

-2.5

4]

Z

a9 57 e e el

WHR
1.0 -
o5

T-score

-2.5

19 58, oA 9
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2) #9d 2=

1) 794 &5 4=

FUE $Fol B Ry 9F FULe FF wu P4 Fie
<3E 38, 39>, <7L¥ 59~63> A A AgH vhe} o)
i3 oo wEE FEE o5 B9 29 A3
Bone mineral density levels
Variables
-2.5<T<-1.0 -1.0<T<0 T<0
Lumbar 1(g/cr) 0.957 + 0.088 1.064 + 0.092 1.152 + 0.0
Lumbar 2(g/cir) 1.026 + 0.167 1.105 £ 0.08 1.223 £ 0.0%4
Lumbar 3(g/cr) 1.063 + 0.04 1.161 + 0.035 1.282 + 0.100
Lumbar 4(g/cr) 1.038 + 0.098 1.116 + 0.083 1.237 £ 0.145
Lumbar total(g/cf) 1.018 + 0.082 1.110 + 0.075 1.224 + 0.0%4

M = SD, T: T-score
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=<

39. A FEE 5 25U % one-way ANOVA A3}

Variables SS df MS F MC

BG 0.93 2 047 5432

Lumbar 1 WG 140 163 0.01 a<c
(g/cm) be

Total 2.33 165 ¢

BG 1.03 9 052 4215

Lumbar 2 WG 206 168 0.01 a<c
(g/c) b

Total 3.09 170 ¢

BG 1.24 2 062 7474

Lumbar 3 WG 1.39 168 0.01 a<c
(g/cm) .

Total  2.63 170 c

BG 1.05 9 052 4000

Lumbar 4 WG 220 168 001 a<c
(g/cm) be

Total 3.24 170 ¢

BG 1.07 2 054 75027

Lumbar totalwo 95 g2 o0 a<c

(g/cm) b<e

Total 2.23 164
"p<.001, BG: between group, WG: within group
a: Osteopenia
b: Lower nomal bone mineral density

¢ Normal bone mineral density

lumbar 1 F(2, 163)=54.32, lumbar 2 F(2, 168)=42.15, lumbar 3
< F(2, 168)=74.74, lumbar 4 F(2, 168)=40.00, lumbar total> F(2,
162)=75.02 = =282 FEol uhE Fo3 ZolE& B IH(p<.001).

Bgw 8% sUndA BAACE §o% AolE MY 2iE

TAAQ] EHE A% AN Aok <E 39> Zoh
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* k¥
* k%

*k k&

B

T-score
H

H
am
M

T
=
T

*k ck k
T

-1
>~ =
T
* &k

\

-2.5
-2.5

BMD
(g/em?)
15

0.3
0.0

1.z
BMD
(g/em?)
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1.2
0.9
0.6

0.9
0.6
0.3
0.0

29 61. oA 9
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BMD
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19 63 ot el =
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(2) #9d i =2=

9% o wE F9E dgE FExe H vu F4 A
I 40, 41>, <18 64~66>00 A A A wpe} 2

T 40, i BUE £EW oE Py FUE A

Bone mineral density levels

Variables
-25<T<-1.0 -1.0<T<0 T<0

Femur neck(g/cr)  0.844 + 0.068  0.934 + 0.081  1.022 + 0.086

+

Femur troch(g/cn’)  0.652 + 0.080  0.723 £ 0.064  0.848 + 0.195

+

Femur total(g/cn)  0.852 £ 0.070 0948 + 0.065 1.064 + 0.129

M £ SD, T: T-score
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E 4L AgA 2EE o8 Y5 EFEE one-way ANOVA 23}

Variables SS df MS F MC

BG 079 2 039 6064 a<p

Fermur neck WG 109 168 001 a<c
(g/cm)

Total 1.88 170 b<c

BG 104 2 052 28797  .op

Femur roch v 305 168 002 a<c
(g/cm)

Total 4.09 170 b<c

BG 114 2 057 61397 .

Fer(“gjzgtal WG 156 168 001 a<c

Total 2.70 170 b<c

skokok

p<.001, BG: between group, WG: within group
a: Osteopenia

b: Lower nomal bone mineral density

¢: Normal bone mineral density

femur necke F(2, 168)=60.64, femur troch< F(2, 168)=28.79,
femur total> F(2, 168)=61.39% H#U%= o wWE F93 zo]=
HATHp<.001). F98 tE = Eo =

Al 8ase] FAAS B4 A% AR Avks <& 41>3 2

>
oft
Xl

2}
o
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(3) AN TdES A
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Bone mineral density levels

Variables
-25<T<-1.0 -1.0<T<0 T<0
1.012 1.088 1175
Whole body BMD(g/c) + 003l 0019 0053
2021.57 2252.68 2497.40
Whole body BMC(g) + 15477 18667 + 219,08

M + SD, T: T-score

¥ 43, A FEE ol AX FEns 2 FR7]E% one-way
ANOVA 73}

Variables SS df MS F MC
BG 0.67 2 033 20157 a<h
%Oleéosnf) BMD e 0.28 168 0.00 a<c
Total 0.95 170 b<c
BG 566580682 2 283290341 7503  a<h
Whole ?Sy BMC WG 634312097 168 3775673 a<c
Total 1200893678 170 h<c

BG: between group, WG: within group
a. Osteopenia
b: Lower nomal bone mineral density

¢ Normal bone mineral density
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whole body BMD+= F(2, 168)=201.57, whole body BMC< F(2,
168)=75.030.2 TW%E FFo] e Fof3 2olE B ATHp<.001).

whole body BMD, whole body BMC®2] TAAX o2 HFolst 2o]l&
Hel 8459 FA4S #4S A% AMHA Ade <# 43>3 2

o},
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ZUE o & AARAge] daHdA 24 Aae <E 44>00 A4
®i wpel g
Z 7}

2t (-25<T<-1.0)°| A lumbar total> WHR(r=.354), femur total

< height(r=-.351, p<.05), whole body+ WHR(r=.228)0 4] A& H.$J
o yre AAT(-1.0<T<0)°lA lumbar total>%body fat(r=.232),
femur total %body fat(r=.205), whole body+ fat mass(r=.164)¢}
e HAAR BE

2ol A o5kl i,

LEIN

a8 3 AAT(T<0)o A lumbar total= SMM(r=178), femur total-=

fat free mass(r=242, p<.05), whole bodyT= SMM/(r=404, p<.01)3}
#Hd S BHA
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25917 Hofol A4 ol7ie] gtk
A

e AAzde] a3E dWste A 7HA THECd = AlS

fato]t} fat free massol WE weightd] Z7}= Fol 7| AF A=<
ZFsto =X HPAY =es& o 3 ow(Booth et al, 1994;
Crisp et al.,, 1984; Haffner et al., 1992; Krolner et al., 1982), &X-X]
e ol=gld o= 2 Al(adrenal androgen)S  °f 2~ E & 7l (estrogen) &
2 A= A9E 7t By Juk(Bjorntorp et al, 1991;
Reid et al., 1992; Sowers et al., 1992).

aelal 2 FEE e xR How HFH A5 Fof =dHS UH
Z 2. ™ (lanyon, 1984, 1992), fat free mass(lean body mass)® 8 T
4 ex F9 st 259 FH5YS vede 28 ¥ F1E A
HE Yele =E =9 193
st m Sas IR B 3th(Schoenau et al., 2000).

A7 A= AAzA Hi v 24 243 heights 29 %
Fooll wel Fogk Aol uEbubA kdAIRE Aol =3 Aol
H] & weight 8%, SMM 8%, fat mass 12%, fat free mass 7%, BMI
8%, %body fat 4%, WHR 3% +rolstAl =2 A= Jeuton =

WE FFEd wE Az Fuad 24 dn U5 £ 44

/\O]—

s

BAE 2ol o] THEESE A=

r

ol A SMM, fat free mass$t %ol A#S H T}

Al T S 2EET M =2 AT 242 AR
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frejgt FaAAE Bllvdes A2 A 7AAd A4S F+ fat
free mass7t 8% F8 ZAALAd Bud A AFE3 dA
3} (Bakker et al., 2003; Douchi et al., 2003; Miller et al., 2004) fat
free mass®t <F o] F7HE Fd weights fFAlste 2ol ad= 3
ol Taste el AtR ol

olA A AES W7l oAHAR A B ATES T

shuw ohest gk

(Blain et al., 2001). A&, AWy 25 22 QALE T34
Atell G XS H A=
H) 5} (Zhao et al., 2008), <*5 <]
207 A3A A (Matsumine et al., 1986) =thAlel daFS n )

x
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—_

AT U S R SR g wE AR =HE

A2 Fo AARYY o= aole] urh o FUES} wale] )

CEEE o mE AR Ha vlal 4 A3 weighte F(2,

168)=7.18(p<.001), SMM-< F(2, 168)=6.98(p<.001), fat mass+
F(2, 168)=4.63(p<.01), free fat masst F(2, 168)=6.96(p<.001),
BMI+= F(2, 168)=8.31(p<.001), WHR=> F(2, 168)=3.45(p<.05)=
L= e mE 723 AolE Bl
ZHUE o mE Fod 8F FdUEe] dir v 24 A
12 F(2, 163)=54.32, lumbar 2 F(2, 168)=42.15, lumbar
32 F(2, 168)=74.74, lumbar 4> F(2, 168)=40.00, lumbar total<
F(2, 162)=7502 = 9% FFd wg Fo3k Afols RHYH
(p<.001).
=HE oo wE Fod diE =9 Wit Hu 24 A3
femur necke F(2, 168)=60.64, femur troch< F(2, 168)=28.79,
femur totalS F(2, 168)=61.39%2 =4 % FFo] @& Fo3k x}o]
= HATHp<.00D).

=UE S mE A U= [l

T

2L

ar
=

N

4% Ft v &

1%

n
A3} whole body BMDE F(2, 168)=201.57, whole body BMC<
F(2, 168)=75.030.2 ="WL FFd & FYgt zolgE HAG
(p<.001).

H AT (-25<T<-1.0)o1 4] lumbar totale WHR(r=.354), femur
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total height(r=—351, p<.05), whole body+:= WHR(r=.228)° A 4}
#E 1Yo ke A (-1.0<T<0)o A lumbar totale %body
fat(r=.232), femur total> %body fat(r=.205), whole bodyi= fat
mass(r=164)9} A4S BHIAT ZE FEoH Folskr gk
el ar AAT(T<0)ol A lumbar total= SMM(r=178), femur total

2 fat free mass(r=242, p<.05), whole body= SMM/(r=404, p<.01)
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198 YEytHBono &

[e]
Einhom, 2003; Liggett & Reid, 2000, Mayes, 2007, Shore & Delateur,

2]

=
T

59

2

ks

M

|

2007; Stewart et al., 2002).

%

Jjo
—

M

A v 3 ch(Edelstein et al., 1993;

Lo 50~70%%

VA
=

I

Dargent-Molina et al., 2000).

R

ol
il

A

—~
fite)

m.o

ol

Likcy

o] vpulA] 20~50%¢]

o

o

EA o 2= weight’} 7H

=5, AAY

1
o

At} weight

2 dHA

0|

~

AR e

=
=

7Hd el weight

o] Fo x| =] ¢kkti(Salamone et al., 1995). L1}

th & A

ol

(Edelstein et al., 1993), weight7} =4

weight”}

7}, weight 9]

o] A2 YA tH(Reid, 1992).
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<3 45> 2t

E 45 AT Bl AAH 53

Haw ERsgon o5 AAH-ALA

. 40yt 50yr Total
Variables (n=53) (n=57) (n=110)
@grf 4024 + 290 5095 £ 522 4560 + 683
HOBM 15797 £ 635 15687 £ 596 15743 £ 616
V‘f(ilgg)ht 5508 + 721 5658 £ 917 4560 * 6.83
BMI 2216 + 277 2300 + 341 2256 + 311
(kg/m’)
M t SD
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2) 771 R AH

Procedure Duration
Design and Planning 2009. 06 2009. 08
Literature Review 2009. 08 2009. 10
Contact Subject 2009. 10 2009. 11
Measurements 2009. 11 2010. 07
Data Analysis 2010. 07 2010. 08
Writing Dissertation 2010. 08 2010. 11
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3) A4 AA

Design and Planning

Literature review

Contact Subject

Measurement

Physique, Body composition,
Bone mineral density, Bone mineral content

ﬁ

Separate of Group

\ v

rAge: 40yr, 50yr,

BMD: Lumbarl~4, lumbar total, Femur neck, BMC:

{ Femur troch, Femur total, Whole body = Whole bedy )

“

Data Analysis

Writing Dissertation

% 69. AF AA
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4) &7 FH]

2 Ao ARRE S AHl= <G 47> AAE vpel 2o

3E 47 578 4
Variables Model . Part of Measurement
(Company, Nation)
. GM-1000 ) .
Physique Height, Weight

(neoGMTEC, Korea)

%Body fat,
Prodigy Fat mass,
(GE, USA) Fat free mass,

Body mass index,

Body composition

Prodigy Bone mineral density,

Bone densit
Y (GE, USA) Bone mineral Content

— 1562 -



5 54 ¥=

A
ye

L
T

(1) A A=A (physique)
N gAY AGA(neoGMTEC)E o] &351o] I3 z}o| Al =3} €
o] FHLAA} A AME HeA F F, duigolA F GH7A 9

FAAYE AZHATHEARS 0ln @9 71 %),

(2) A2 =4 (body composition)

AA 24 Z=HE dual-energy X-ray absorptiometry(DEXA, Lunar
prodigy, GE Medical Systems, Waukesha, WI, USA)E o] &3}
total mass, %body fat, fat mass(kg), lean mass(LM, kg), “12]iL

BMI(kg/m') s SAstAth AA AT #Ef H0S 12417 &<

3B 5 od 9 ZASAT AAAE Xoray 24 AR, @
E, A, B4 5)e AARD, £¢ 443 g F e g =
B3kt

(3) ¥ =(bone mineral density)

ZHro] =42 dual energy X-ray absorptiometry((Lunar prodigy,
GE, USA)E o] &3} lumbar total(g/cm), femur total(g/cr), whole
body BMD(g/cnf), Whole body BMC(g)S A3t o, ¥dx= o
8o AR, ME, AJA, BA 5)& AASL 7t EFo
2 scanning tabled] ZA 7% AAME HEE AT SAGAE

i A Aol A vk ekl A b4 w718k
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6) A5 A

SPSS win(version 14.0) 574 Z213& o] &3
gom FAAQ B4 W& vy 2.

A e
v
2) Z+ wWelIzre] A#ABAZ Lopr ] 9] pearson AFyEA

4) 7t A=, HgW FolE HFEr] ste] o
one-way ANOVA)S AA|siom ozt
shaffe AF$HSS AA S

=

5) BE A fo &

(

M

QO

)2 .05% At
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3. &+ 2%

2 A= SAldd ATt T4 (45.60£6.83yrs) = /S

of wet AAEY PoE FUEE FH5] e

ATt

D AA=A

Aol mE AAxEA =

~T75>0 4 A A wkeh Ao

o
£l
=
=
A

ot

722

o)
4

O
R

o

=

=

n2

A A <3E 48>, <1 70

w48 Fdeqel du Az 23
Variables 40yr S0yr t p
Height(cm) 15797 £ 635 15687 £ 596 0926  0.356
Weight(kg) 55.08 + 721 5658 + 917  -0952 0.344
Fat mass(kg) 1710 + 468  17.80 £ 580 -0.700 0.486
Far free mass(kg) 35.67 £ 442 3466 + 945  0.723 0471
BMI(kg/m’) 2216 £ 277 2300 + 341 -1418 0.159
%Body fat(%) 30.74 £ 552 3174 + 590 -0.908 0.366
M + SD
AAZAAA AFE folF Aol7t ggom FAM B4 A

<3 48>
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Fat mass

tkg)

30 -
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20 -
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J
-

Fat free mass

kg)

50

40

30
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4oyr

a9 72, Tdolgd e AA




BMI
(kg/m?)

U —

10 1

40yr S0yr Age

a9 74, A9 A A=A S A}

%Body fat
%)

50

40

20

10

40yr 50yr Age

a9 75 Tdold e AALE W)
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)
e
ol
e
il
i}
i1

1) 954 &85 =4

il

=UEe] A" St mE H A

76~80>0 4 A A1 gk npe} ),

=3
M
1%
it
_E
rlr
A
=51
S
«©
Y

8

oy

<

E 49 Fdele) 943 9% Fuw A3

Variables 40yr S0yr t p

Lumbar 1(g/ci) 1.087 £ 0.146 1.051 + 0.158  1.099 0.274
Lumbar 2(g/ci) 1.165 £ 0.158 1.097 = 0.174  2.123 0.036"

Lumbar 3(g/cir) 1.244 0.180  2.004 0.048"

I+
©
—
S
o

1.178

I+

Lumbar 4(g/cir) 1.237 £ 0184 1.183 = 0.189  1.508 0.134

Lumbar total(g/cn’) 1183 + 0.151 1.135 + 0.170 1575 0..18

M + SD, "'p<.05

T d"gd 85 FHE
lumbar total> 40thel H]3] 50thu] AR A T Fo sk 2ol 7k gl
o™ lumbar 2+ -5.8%, lumbar 3= -53% T ASFH L 723k 2o

7F dEbs o (p<.05). SAAY A A <GB 49>3 o
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B

b
=
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Nfo
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Age

s50yr

40yr

BMD
(g/em?)
16 -
14
12
10
0.8
0.6

£

Age

S0yr

4o0yr

BMD
(g/em?)
1.6 -
14
1.2
1.0
0.8
0.6

=)
M
T
g
Col
_ZT
of
o

jze]

gyl

Nfo

TH
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BMD
(g/em?)

14 4

12 4

10

0.8 -

0.6

I9H 80. s aF A

40yr

S0yr

i
=
H
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Age



hE Fdxe & Z7bd wE gy vlu B4 AyE <E 50>,

F50. o] AR diE U= Ay

Variables 40yr 50yr t p

Femur neck(g/cir) 0.925+ 0.149 09081 + 0.119 0658  0.512
Femur troch(g/cr)  0.791 + 0.110  0.757 + 0.107  1.646  0.103

Femur total(g/cn) 0982 + 0.111 0961 + 0.121  0.988  0.326

M £ SD

=)

T AFE dE =
femur total> 50wl FFASEAAIRE Folgk zbol7h glolom FA A ]

A A <E 50> 2

= =4 A3} femur neck, femur troch,
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BMD
(g/em?)
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o4 T 1
Age

40yr Soyr

a9 8L Tdolde] vy Ay HE wst
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0z

O 82 o Ade UE Ax =

40yr

50yr Age

H
rE
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BMD
(g/em?)

1.4 -

1.2 A

0.8 -

.

0.4 ,

40yf' 50_]/!’ Ag e

9 83 Fdelgel YE A4 FUE W
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(3) d&dE AA

i

Yo AA

i

2714%

whole body BMD$%} whole body BMC®] 13 ZF7ho] w& o 1
o BA A <F 51>, <Y 84, 85>04 A A3 vpeb b

5]

5. oA el A5 A =dx % S5 d% A

Variables 40yr 50yr ¢ s
Whole body
BMD(g/crr) 1.133 + 0.072 1.018 + 0.096 1.537 0.127
Whole body
BMC(g) 239346 + 34849 232742 + 32739 1,022 0.309
M + SD

Zdo] e A8 whole body BMD % whole body BMC &4 2
¥} whole body BMD, whole body BMC3+ 50t wj 7FA4 &t = vk 9

gk Aol 7k sl
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3) FHE =

1) 794 &5 4=

Variables Lumbar 1 Lumbar 2 Lumbar 3 Lumbar 4 thlgtl:lar
(g/cm) (g/c) (g/cir) (g/cm)

(g/cm)

" 1.084 1.163 1.242 1.233 1.180

v £ 0147 £ 0161  + 0172 £ 0187  + 0.152

- 1.059 1.101 1.183 1.188 1.139

vr £ 0156 0172  + 0179 < 0188  + 0.169
M = SD
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5]

53. T 7l

i3

Y%= one-way ANOVA 23}

Variables SS df MS F MC
BG  0.882 4 0220 8163
a—c
Ayr WG 7292 270 0.027 a-d
a-e
Total 8174 274
BG 0668 4 0167 5575
S0yr WG 8084 270 0.030 Z:;
Total 8752 274

sekok

p<.001, BG: between group, WG: within group
a: Lumbar 1, b: Lumbar 2, ¢: Lumbar 3, d: Lumbar 4,

e: Lumbar total

404= F(4, 270)=8.163(p<.001), 50A41= F(4, 270)=5575(p<.001)=
FUE R e FoF o)k Uit

FUE P99 BAHOR fol@ Aolg mel LxEF A
Al B9 ALFA

AA A= <¥ 53>37 2}
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BMD | * % %

(g/em?) \ ‘
*k k 3k
15 - I

0.9 -

0.6

0.3 -

oo T

lumbar 1 lumbar 2 lumbar 3 lumbar 4 lumbar total

1% 86. 40419 &F Fed =dxE s

BMD
(g/cm?)

1.2 - [

0.9 -

0.3 -

0.0 I : i3] I

lumbar 1 lumbar 2 lumbar 3 lumbar 4 lumbar total

% 87. 5041 a5 F-epd =9k st
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(2) #9d i =2=

deel me o ey zuwel WF ww B4 Ave <E 54,

55>, <718 88 89>l A] A A8 ule} ),

%54 A oiE Repd 2 A

Variables Femur neck Femur troch Femur total
(g/crr) (g/c) (g/cm)
40yr 0.919 + 0.148 0.789 + 0.111 0.979 + 0.111
S0yr 0.914 + 0.123 0.761 + 0.107 0.965 + 0.121
M £ SD

=<

55. Ao tiE ¢ FPE one-way ANOVA 23}

Variables SS df MS F MC
BG 1.034 2 0517 334777
Ayr WG 2503 162 0015 ac
Total 3537 164 b-c
BG 1.245 2 0623 454137
S0yr WG 2221 162 0014 ac
Total — 3.466 164 b-c

stk

p<.001, BG: between group, WG: within group

a: Femur neck, b: Femur troch, c¢: Femur total

40M= F(2, 162)=33.477(p<.001), 5041+ F(2, 162)=45.413(p<.001)=
gE FE Pelo) B2 fo@ el ek
l-}

dgo) FAHOE FolF AolE wel SaEe T4



BMD
(g/em?)

15 - *
x %k k x %k k

0.9 -

0.3 -

0.0 : : T

femur neck femur troch femur total

19 88, 40418 diE el Ed=E Wst

BMD
(G/cm?)

1.5 *

0.9 -

0.6

0.0 = T

femur neck femur troch femur total

19 89, 40419 diE e =dE st
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(3) #HE AA =2=

57>, <19 90, 91> A A A vle} ),

E 56 Fdol gl ey A IUE Az

Variables Lumbar total Femur total ‘Whole BMD
(g/cr) (g/cm) (g/ci)
40yr 1.132 = 0.073 1.180 £ 0.152 0.979 + 0.111
S50yr 1.110 + 0.094 1.139 + 0.169 0.965 + 0.121
M + SD
¥ 57. A Fod A4l U % one-way ANOVA 23}

Variables SS df MS F MC
BG 1.218 2 0609 44756 .}
Ayr WG 2205 162 0014 a-c
Total 3424 164 b-c
BG 0958 2 0479  27.664"
Syr WG 2.806 162 0.017 e
Total ~ 3.764 164

skkok

p<.001, BG: between group, WG: within group

a: Femur neck, b: Femur troch, c: Femur total

4041= F(2, 162)=44.756(p<.001), 5041+ F(2, 162)=27.644(p<.001) =
AA Red wUE ool v Fe)@ o7k AT
AA Ry B BAHOR fe)@ Aolg ml arEe) T

AARQ Ao AT HA AFe <3E 57> Zh
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BMD
(g/em?) *

15 - * *

00 = . .
lumbar total femur total whole body

19 90. 40418 Fepd Al Ed = Wst

BMD
(g/cm?) * k %k

1.5 4 * % %k

o0 = . A :

lumbar total femur total whole body

19 91 50419 e HAl == wE
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1=)
ERY

4) &

r

AA G AdEEE 2 AA 57147 A £ 23
<% 58> A Hi wle} P

Az dE AA, A FdEe A 24 Z¥ height,
weight, fat mass, free fat massi= <49 AIAIAAE Hols ¥
%body fat= =9 FHdAE BT

Az aF HA, WAl FFUIAFe] AHdA 24 A
height, weight, free fat mass© %<9 F#IIAAE Hol= WHH fat

mass, %body fat2 &9 A@d#AE BT

¥ 58 Fdolye U 3 FRsldgw AAzgel gua 2y
A3}
Variables Height Weight Fat mass Free fat %Body fat
(cm) (kg) (kg) (%)
(kg)
Lumbar total 0.077 0.052 -0.026 0.143 -0.114

Femur total 0.029 0.011 0.009 0.134 -0.068
Whole body BMD  0.088 0.038 0.020 0.184 -0.103

Whole body BMC  0.064 0.056 -0.005 0.159 -0.077
Height 1 0.396™" 0.103 0.330""  -0.174
Weight 1 0613 0290  0.412™

Fat mass 1 04117 09117
Free fat mass 1 -0.065
%oFat mass 1

"p<.05, “p<.01, T p<.001
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AT A3 Fdelqel Ay Fb mE FUEE fo
Aglom, Ay uhE Red FUEe Aolw ehg
°]

9F FUx =4 A lumbar 1, lumbar 4,

rob

Aol 7}

lumbar total, femur neck, femur troch, femur total, whole body
BMD, whole body BMC+ 40diel] H]al| 500] of 7FAaskAAw {2 gk
kol 7k gl o}, lumbar 2+ -5.8%, lumbar 3% -5.3% +<stAl 7
28k AT

gt g2 50ME ASFE ABS APsHA =Y o] A7+
Aol WAsk= A7IEA 40AIFE 109 Fob2> oF 3%7F E4A Y=
W F Aol F o] 10d wtell= oF 9%7F S Eo|(o]wEF, 2000;
Hcinonen et al., 2001; Marcus, 2001; Schocnan et al., 2000), 504 ©]
o= 2EEY #Fo% davt v Adow dHA drk(e]H D,
H s, 2005 Charkoudian & Joyner, 2004).

AurH oz Y71NE 404 olAAAE F FHo F Pand 2

i

7] el ol S7FSHAINE 404 o] S REHE & dARY = Ao
AR FeFo] Aadte] .o BF 10dvtd oF 3~5%<] H| 8

Hu oo ASE HlA olF 47~T44 Fote] Hir A&l 10d
ult} oF 9%9] o] &t}lal i (Gallagher et al., 1980).

B AT JHAEY AR A 2= 2 A 51 E e

fl
e
2

AABAZS =H3 A3} height, weight, fat mass, free fat mass:= %

of FuaAE dHetstoer, F9lol wel fat mass, %body fate &9

SRPAS GEIT. agY BE GEAA fo3 FuRAS U
WA ekoreh
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H S 3 A A weight?} fat free mass, o5 Zo]

|
T
T
)

—

7 S8 Aol w(Kim et al., 2006;

£

b

)

A7 2ask

=
1=

Kim et al, 2009; Song et al., 2009),

)

el
ol

T

M
el
ol

fat free mass?]

12pol (Aot S, 2010), LA

0
oH

oF
o)

199 o (Sowers,

S

Hi

j
o
)

—_—
fils)

oF

i
b
T
M

& K9] fat free massWho] =

ke
L

1992), Nicholas et al.(1995)

fat free mass7} A W= Hr}

&

bt

S

ARA, o]

she] g7l Athn

Aol A

AN

il

oy

Y Reid et al.(1992)2> =%

weight®} fat mass7}

o=

o] A o] 7% fat free mass H]&o] thE

u, A7

} ¥s°] HEEF fat massol

M

Al

5 (1993) ]

=]
54

1}
=

ol
100

‘m'O

™ fat mass®t

S

g]

T
)

A

T
=

)
=

S u] fat free masse} &

el

714 7ol height, weight, A2 @A 7 vhar ¥H8], fat mass

M

Hlo

o
jant

—_—

d.
o)

Njo
Mo

M

o]

ok

o &k (Deforonzo & Ferrannini, 1991)9]

Z] o]
1w

o] A= skt

)

[
o

oF
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lumbar 1, lumbar 4, lumbar total, femur neck, femur troch, femur
total, whole body BMD, whole body BMC+ 40tjel H]3] 50t] wj

HASAA T fFolgk 2ol = gl e, lumbar 2+ -5.8%, lumbar

3. dFe e aF 59
F(4, 270)=8.163(p<.001), 504+= F(4, 270)=5575(p<.00D)Z &F =
L Fofo] mE {3k o7t dslow, hE FH H v
A A 40M+= F2, 162)=33477(p<.001), 5041+ F(2,
162)=45413(p<.00D) = tE ="ExE F oo & Fgk zko]7b 3l
At} lumbar total, femur total, whole body BMDelA 404+
F(2, 162)=44.756(p<.001), 504 F(2, 162)=27.644(p<.001)= |
o EEx Feo wE Fog Zfolrk AU

4. AA =L AN
height, weight, fat mass, free fat massi %o A#A#AA =S et

wom Koo ulg} fat mass, %body fate &9 A#HAAAZS e

TRE] Hit Hlal 24 A= 404 =

=l

fid
e

% AN BRAAG AuwA 2445
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153 40, 500 el frol

=
=

ol 4 height, weight, fat mass, free fat mass®}

mass, %body fate <2

Ae AR

)

o}

1

;01_

3 oF
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H o
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Nlo
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AA & Aol xut FHAFo] Y AMES o R A& =4
A=A T-score} -1.59F -25¢1 A5, 04 uwjo] wjaf 10d ¥
F =4do] B gEo] ztzh 2w, 39 7t FUFesh e ALo®E YER:

t}(Kanis et al., 2001). &3+ Rotterdam study(2003)°ll 4]+= 554 o] 4+

b A3 dAe] A% uHF 2ol 9l Aol 2069%7 2y

<, 61.38%7F &3 ATE TWelal Ao ofxpe] g 44.09%7F =

disease: EPOC)& = aFo] Mdd ASdE ata3ss dwsty]
43 g7t "ottt oy (Kanis et al, 1997), Seeman &
Eisman(2004)2 Zdo] 9t #8252 259 uidolr AlLxofof
gpa wmkt) oJH S AAEe] THRATES ARShe 7IEol oA o
2ol 3

obf mE ytllA FEoR ARSSta gl FHE el mhE A
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],

7 3y
1) 97 t%
B odpE SAY AFdE A4S YHoR FTURE X
WHO 7] -25<T-score<-1.0°] #|Fsl= =3 4LTS o= &
T 117, BT 9o FAHATH
ARE dEAES AEAS 7298 HALE T8 2R s
WA 5 QJE RS BESAL SRR aWe wE A 4¥8 W9
of 9 A, FAU £FE ¥ A= A4S Ak
o]=9] AlAA - AeA 5L <3 59> o
E 59, A didAke] AAA 54
) Exercise group Control group
Variables (n=11) (n=9)
Age(yr) 39.21 £ 4.74 41.89 £ 3.27
Weight(kg) 54.13 + 8.40 53.83 £ 8.62
Height(cm) 156.47 £ 8716 155.88 £ 3.62
M = SD
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2) 771 # HH

rh

A9 717 Y

i)

A= <GE 60>l AAIGE wkep Tt

& 60. Ao A

Procedure Duration
Design and Planning 2009. 06 ~ 2009.
Literature Review 2009. 08 ~ 20009.
Contact Subject 2009. 10 ~ 20009.
Measurements 2009. 11 ~ 2010.
Data Analysis 2010. 07 ~ 2010.
Writing Dissertation 2010. 08 ~ 2010.
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3) A4 AA

oAt Folgh 3 @AE 2457 Yo skl o,

AAlE <" 92>3 2o

Al
=

il

~
J

Design and Planning

B ~
v

Literature review

™ ~
v \

Contact Subject

B ~
v

Measurement

Physique, Body composition,
Bone mineral density, Bone mineral content

A

Separate of Group

Exercise Group Control Group

™ r
v -

Data Analysis

™ ~
J

Writing Dissertation

a3 92, Ag A



4) &3 &yl

2 oATol AREE FA AHl= <3 61>l AAgE vhel P

3E 61 578 |
Variables Model . Part of Measurement
(Company, Nation)
. GM-1000 ) .
Physique Height, Weight

(neoGMTEC, Korea)

%Body fat,
Fat mass,
. Inbody 4.0 Fat free mass,
Body composition )
(Biospace Co, Korea) Skeletal muscle mass,

Body mass index,

WHR
B densit Prodigy Bone mineral density,
one densi
Y (GE, USA) Bone mineral Content
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5 54 ¥=

A
ye

L
T

(1) A A=A (physique)
N gAY AGA(neoGMTEC)E o] &351o] I3 z}o| Al =3} €
o] FHLAA} A AME HeA F F, duigolA F GH7A 9

FAAYE AZHATHEARS 0ln @9 71 %),

o] &3slo] %body fat(%), fat mass(kg), free fat mass(kg), skeletal
muscle mass(kg), BMI(kg/m’) 12]32 WHR 5<& =433t}

(3) &4 =(bone mineral density)

Aol =4 dual energy X-ray absorptiometry(Lunar prodigy,

GE, USA)E 9] &3}9] lumbar 1~4(g/cr), lumbar total(g/cr), femur

i3

neck(g/cn’), femur troch(g/cr’), femur total(g/cr), whole body
BMD(g/cr), whole body BMC(g)< 7433 o, 3= A2 o]
A=A, ME, AA, BY S)S AAst Ve HEFdo=
scanning tabled =7 7 AAE FHSEHH3 T

¥ 2E center linedl 23 w3l oha, IS W]} top line At
oo 1~2cm AE A& T, &5 F A EMEE 2ol=F st

At E3 AAA SHel AL WA A8 F e strapsi
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(4) ¥Fz=2a9

ggd Belel $EATFe] A B

(

TAFF oM< 62>, IPAEZ H o5& kuramoto & payne(1995)2]
L

4 Ao

HARM)=(1.06xE°] =¥

A%)-3411= o]&sto] AT

FAI(kg))+ (0.58x¥HE-3157)-(0.20%

1IRM9] 60~70%° 3@t &% #Arz 25 o 10~1234 34 E
+&< oo F 33 6/ME S sk, 27 de] xd ufwit) <l
o E4el g SERAE 24 ook
¥ 62 2477 48 5 29

. Time .
Variables Contents (rmim) Intensity
Warm up Stretching 10

Arm curl
Triceps extension
Shoulder press
Side lateral raise
Main Front lunge 0 1RM
exercise Supine hip Lift 60~70%
Sit up
Side bend
Hip extension
Hip abduction
Cool down Stretching 10
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6) A5 A

e A8 AHg= SPSS win(version 14.0) 74 ZE IS o] &3

Qor, FAH B4 Uge T 2o,

2) s

=171 vlaE 93] repeated measures of one-way

3) w3 SAA7]A 2 FYx=E dotn7] 8  repeated

measures of two-way ANOVAS 2 A&}t

4) = SAH 7] FE(a)e 062 dAHEA
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D AA=A

2457 28 s A5 a5E AAERAY B vla E4 Ade

-

Mo

<3k 63, 64>, <19 93~98>0l A A AIgH v} Zr)

E 63 2w Az A

Exercise Controls

Variable (n=11) (n=9)
Pre 3mon tmon Pre 3mon 6mon
Weight 52.39 52.15 53.65 .47 53.73 53.96
(kg) + 860 + 829 + 703 + 866 + 734 + 75
SMM 18.35 1843 19.25 17.90 17.77 17716
(kg) +346 +330 +£360 + 241 +227 +213
Fat mass 18.40 1815 17.41 18.32 17.90 1856
(kg) + 415 + 397 + 377 + 537 + 524 + 512
Flavtlafge BB MM BB BN BB MK
(ke) + 763 + 809 + 7HA + 355 + 2.60 + 301
BMI 21.97 2263 21.34 2221 22.06 22.50

(kg/m’) +249 =279 +233 +369 +£320 278

%Fat mass  31.00 3142 29.40 3345 3291 3463
(%) + 523 540 +536 +54 +£392 £48l1

M + SD
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¥ 64 2FE AAEAFe two-way ANOVA 4}

Source SS d MS F P
Group 25817 1 25817 162 692
_ Error 2872.801 18 159.600
V\Eilgg)ht Time 7380 2 3600 214 808
GroupTime 8299 2 4149 241 787
Error 619.685 36  17.213
Group 11197 1 11197 423 523
Error 475979 18 26.443
S(ig[ Time 2000 2 1000 5557  .008
Group*Time 2974 2 1487 8261 .00l
Error 6.479 36 0.180
Group L1181 1118 018 .89
Error 1119274 18  62.182
Fazkr;‘;‘ss Time 1713 2 857 2292 123
Group*Time 5716 2 288 7413 002
Error 13880 36 386
Group 7.964 1 7.964 .070 795
Fat free Error 2060.728 18 114.485
Mass Time 2580 2 1295 1286 283
(kg) GroupTime 14247 2 7124 7078  .002
Error 36232 36 1.006
Group 1.086 1 1.086 .049 0.828
Error 380.093 18 22.358
BMIZ Time 1706 2 &3 836 442
(kg/m’) _
Group*Time 6929 2 3465 3398  .045
Error 34.663 34 1.020
Group 129802 1 129802 1719 207
OlFat mass Error 1283555 17 75503
(%) Time 445 2 223 169 845
Group*Time 34786 2 17.393 13.187  .000
Error 44845 34 1319
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TFRET, NEETH SHANCLFF)0 we ARzl )

ﬁ
ol
fol
&
il
e
o

IR 7] $l8te] two-way repeated measure ANOVAE
S A= <3 64> A Al vie} 2o

weight®] & &¥= F(1,18)=162, 587178 a3+ F(2,36)-808=
o3k Apol7b vEhbA] eskth &5 ok 54 Aol mE A
kg0 Ed= F(2,36)=787% +o]atA YerA] ekttt

SMMe] 1% a3+ F(1,18)=4230.2 Fo|gt Afo|7} YehA] ekl
=477k a3 F(236)=55572 §23 zko]7F vebgth(p<0l).

r—{o

et S Aol mE ASAE Y 2 F(2,36)=-8201% roldt
SATHP<.0L).
fat mass® 1 &3+ F(1,18)=.018, =477t a3+ F(2,36)=2.222
2 %k Zpol7} YEhbA] &ttt s ek 54 d-Tsol mE A
A8 g F(2,36)=7413% 23k tHp<.01).

fat free mass® I+ BY¥= F(1,18=070, =#A7]7re a3&=
F(2,36)=1.286% 2|3k ZFol7} YetuA] &gt &5 79 54 A%
o mE dsAge] ave F(2,36)=7.078% 23t tH(p<.0l).

BMI®] 155 ®¥= F(1,18)=.049, 547|3re] a3 F(234)=836=
ogk pol7b UEthA skt F et 54 AT Foll mE Ae)
49 a¥= F(2,34)=3.398% <3 tH(p<.05).

%Fat mass L& ¥+ F(1,17)=1.719, 547132 a3+ F(2,34)=.169

2 3%k Zpol7F e A &ttt s ek 54 TSl mE A
SAgo] g F(2,34)=13.187= 2] 3t th(p<.01).
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Weight

(kg)

70
==EG
60 | J‘ l —TCe
50 - I ] 1
40
30
20 1
pre 3mon 6mon Time
a9 93 2453 2EeE AT W
SMM
(kg) * k%
25 ** “‘
==EG

20 - I _l e
15 T

10 4

5 =

o T 1

pre 3mon é6mon Time
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Fat mass

kg) *
25
=*=EG
20 -CG
15 4 T
|
10 4 %
—
*
5 &
() T 1
pre 3mon 6mon Time

Fat free mass

(kg)
50
=*EG
40 - ==CG
30 +
I
20 - **
1
*
10 4
0 |
jre 3mon 6mon Time

- 195 —



Bmr
(kg/m?)

30 - * %k

=*EG

25 - -GG

20 +

15 4

10 4

%Body fat
(%)
50 * ¥

* % =*=EG

40 - ; ---------- i_ ---------- _l . -=C6
1T 1

I
20 4 *® |
* %
10 -
o T 1
pre 3mon é6mon Time



2) #9d Ed=

1) 794 &5 4=

== o = S
UF TYLEF A-FF IFW BW 9F TUS9)

o

7+ Bl

il

A AIe <E 65, 66>, <2F 99~103>A A g wpep )

Exercise Controls
Variable (n=11) (n=9)
Pre 3mon 6mon Pre 3mon 6mon

Lumbar 1 0.976 1.001 1.014 1.011 0.990 0.984
(g/cir) £ 0.094 £ 0107 £ 0.081 £ 0.091 £ 0115 = 0.115

Lumbar 2 1.044 1.074 1.089 1.061 1.094 1.076
(g/cm) + 0114 £ 0.097 £ 0100 <+ 0129 £ 0.289 £ 0.278

Lumbar 3 1.104 1.120 1.140 1.121 1.093 1.061
(g/cn) + 0107 +£ 0112 + 0120 + 0.133 + 0.138 =+ 0.127

Lumbar 4 1.102 1.105 1.147 1.112 1.084 1.044
(g/cn) + 0121 £ 0124 £ 0108 + 0.101 + 0.126 + 0.122

L‘ggg:lar 1061 1.080  1.098 1.080  1.049  1.049

: + 0104 + 0101 + 0096 + 0.107 + 0.116 + 0.121
(g/cm)
M+ SD
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¥ 66. 1FE 8F FUE two-way ANOVA A}

Source SS df MS F P
Group 000 1 000 001 972

Error b17 18 029
thrgn/lzfnﬂr) I Time 000 000 173 842
Group*Time 011 005 6.770 003

Error .029 36 .001
Group 001 1 001 013 001

Error 1369 18 076
Lf:/]z;; 2 Time 013 2 006 612 548
Group*Time  .003 002 159 854

Error 376 36 010
Group 013 1 013 307 586

Error 764 18 042
LLE;/]?;; 3 Time 041 001 680 513
Group=Time  .013 011 10110 .001

Error 764 36 .001
Group 022 1 022 548 469

Error 708 18 039
Lu(zl/]z;; 4 Time 041 001 833 443
Group*Time  .022 017 14528 .001

Error 708 36 .001
Group .006 1 .006 191 667

Lumbar Error 601 18 033
total Time 018 000 728 490
(g/cm) Group*Time  .006 006 12224 001

Error 601 36 .001
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TE(EET, e FAACGFF) wEk giE el 1)
}®7] 93te] two-way repeated measure ANOVAZ
A A <E 66> AlA g Bpe} 2o

)
rlr
fols
&
il
e

o

lumbar 1¢] 2%  &dE F(118)=001, FA7IFe] g3k
F(236)=1732 frelgk abel7h vepubA] &gk &5 59 54 A

Fo wWE AzAge ade= F(2,36)=6.770%2 ostAl YEeRsth
(p<.01).

lumbar 29 1% 3= F(1,18)=01382 2]k 2o]7F YEry; o
(p<.01), A7t a3 F(2,36)=6122 #2|8 o]z} YelLA] o
*tt. . S 38 AT e AsAge aHe
F(2,36)=159% ¢ &tA EbEA] & Skt

lumbar 3¢ &% &3+ F(1,18)=307, A7zt gy

ToFol W Jagge adE F(2,36)=101102 ostAl JElRTh
(p<.01).
lumbar 4¢ % &3+ F(1,18)=548, SA7|Fe w3=
F(2,36)=833% & ztol7} UetubA] &kt &% #-Fok 4 A
5ol w2 Jazge] s F(2,36)=14528% o s Al YERS
(p<.01).
lumbar total®] ¥ = F(1,18)=191, =AH7|7re zaIE=
F(2,36)=728% 2|3k ztol7} yephA] Fdtt. &5 #-Fok 54 A
Fo mE Fszrge] e F(236)=12.224% fre]stA e T
(p<.01).
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Exercise Controls
Variable (n=11) (n=9)
Pre 3mon 6mon Pre 3mon 6mon

Femur neck 0.845 0.850 0.8%6 0.844 0.843 0.79
(g/cr) + 0081 £0082 0116 0067 =071 = 0729

Femur troch 0638 0.693 0.714 0.664 0.664 0.643
(g/cif) £0074 005 =004 +000 =£0062 =0070

Femur total  0.893 0.8H4 0.897 0.8%6 0.868 0.829
(g/c) + 0774 +£0656 0072 0060 =004 = 0.067

M = SD
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¥ 68 159 ¥ =9 % one-way ANOVA Z 3}

Source SS df MS F P
Group o4 1 014 864 365
Error 297 18 017
Fer(ng”/rcm?)eck Time 000 2000 032 968
Group*Time 022 2 011 4140 0%
Error .098 36 .003
Group 027 1 027 1919 183
Error 255 18 014
Fer?;/rcrgmh Time 000 2 000 324 1%
Group*Time 006 2 003 6637  .004
Error 017 36 .000
Group o7 1 017 1566 227
Error 194 18 011
Fer(ngjszg’tal Time 007 2 004 3794 032
Group*Time 010 2 006 4833 014
Error 036 36 001

, Hlsa) R SAATH-F-F)o web tfE 9ol w|
A= BIE dolH ] 93te] two-way repeated measure ANOVAZE
AAE A= <3 68>0l A|ASE npe} 2T

femur neck® I ¥+ F(1,18)=864, =A7|7te] &=
F(2,36)=968% & ztol7} yetubA] kvt &% o 4 A
T-Fol mE Fog ade= F(2,36)=41402 F2lHA YERS
(p<.01). femur troch® 13 ZT3+= F(1,18)=1919, A7+ s=
F(2,36)=324%2 {23t zpol7h yehuA] gkt &5 #-Fo 54 -
5o mE Faszge gy F(236)=6.637= oA YERRT
(p<.01).
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7]

5
¥
K|
A
o
L

femur total®] 1% Z = F(1,18)=1566°22 28k AFo]7F LpERY
o]k Zpol7b hERuL
(p<.05). %5 HF9 A AT wE Fazge axes

F(2,36)=4.833% 2|8 Al HEbRtH(p<.05).

o] gy F(236)=3.794%
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12 4

BMD
(g/cm?)

“*+EG
==CG

et

0.6

0.4

0.2

pre 3mon 6mon

¥ 106 457 2EEE F ooE AA UL W
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(3) A4 E2=s A =572 F

UF 2HEE A-FF g A

- -

i

WEs Ay FR)

i)

‘%]: )

o,

vl A A <3E 69, 70>, <1¥ 107, 108> A A A g nle}

Exercise Controls
Variable (n=11) (n=9)
Pre 3mon 6mon Pre 3mon 6mon

Whole body  1.083 1.085 1.092 1.076 1.063 1.059
BMD(g/ci) + 0.662 =+ 0.065 + 0.063 + 0.042 + 0.040 + 0.039

Whole body 2140.73 2137.73 2157.00 2104.00 2054.22 2057.11
BMC(g) =+ 309.93 + 319.11 = 31530 #* 169.12 + 193.05 + 176.80

M + SD
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5

% one-way ANOVA

1

70. 25 A A FUe 4 FHE7HE
A 3}
Source SS df MS F P
Group 006 1 006 683 419
Whole body Error 163 18 .009
BMD Time .000 2 .000 1846 173
(g/ci) Group*Time 002 2 001 11.820 001
Error 003 36 .000
Group 79948.0 79948.024 387 542
Whole body Error 37157022 18 206427.902
BMC Time 6953.0 2 3476534 3640 036
(g) Group*Time 106358 2 5317934 5568 .008
Error 343805 36 955.016
H 503 AN (%30 wep da FUx 2
&= 895 golr7] 9lste] two-way repeated
T F(1,18)=683, =A711te] &
ol =
L}E}

ol

U] Z
measure ANOVAE AAIgH A= <3E 70> AA|gE vpe} 2o}
5 AA .

whole body body BMD<e| =1

257]
= F36)-1846% 218 Aol7k e @l &%
4 AT Fo mE A58 Zde F(2,36)=11.820% 2] &t

whole body BMC¢ 1% a3+ F(1,18)=387%2 93t xto]7} e}
mE A zkgo] gib=

S EHp<.01).
HTHp<05). && 5o =
FA e TH(p<.01).

AN
F(2,36)=5.568% 9]

ol

wA o, A7 gy F(2,36)=3.640= {-2]gk x}o]7} hE}
g Ao
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ABSTRACT

The Actual Study of Exercise Prescription for Risk

Factors of Osteoporosis

Kim, A-Ram

Depart. of Physical Education
(Majoring in exercise Prescription)
Graduated School of

SungShin Women’s Univ.

This study analyzed bone density by parts in various age groups
and its correlation with body composition to prevent and improve
osteoporosis among women. This aimed to provide a variety of
basic data which could minimize negative effects and maximize
effectiveness in body density, along with an empirical research to
develop and distribute an exercise program, drawing the following

conclusions.

1. This study analyzed bone density by parts in various age groups
and its correlation with body composition to prevent and

improve osteoporosis among women. The aim is to provide a



variety of basic data which could minimize negative effects and
maximize effectiveness in body density, along with an empirical
research to develop and distribute an exercise program, leads to
the following conclusions. An attempt was made to analyze
correlation between bone density and body composition. Also, an
estimation equation among 194 middle school girls (13 to 15 yrs)
to measure body composition and bone density in the lumbar,
the thigh, and the whole body was developed. The mean
comparative analysis of the body composition by increase in age
showed that there were significant differences by age in height,
weight, SMM, fat mass, and WHR, but no significant differences
in fat-free mass, BMI, or %body fat. The mean comparative
analysis of bone density by age showed that 15-year-olds had
the highest bone density, with the increase by 11.5% in the
lumbar, 5.6% in the whole body, and 13.6% for bone mineral
density in whole body as compared with 13-year-olds. As for
changes in bone mass for each part, general bone mineral
density was highest, followed by radial bone mineral density and
that of femur, for 13 year olds and radial bone mineral density
was highest, followed by general bone mineral density and that
of femur, for 14 and 15 year olds. After performing correlation
analysis between physical composition, bone mineral density and
bone mineral content, positive correlation was found in all items,
with skeletal muscle mass showing the highest correlation. In

this way, it was possible to develop an estimation equation for



bone density of girls in adolescence. As the results, the
development of bone mineral density and bone mineral content’s
measurement and estimation for middle school female
adolescents, are useful in evaluating bone mineral density in
growth phase. This data can probably be use to evaluate

exercise programs for prevention or personal health objectively.

An attempt was made to analyze correlation between bone
density and body composition. Also, an estimation equation
among 194 female college students(19 to 22 yrs) to measure
body composition and bone density in the lumbar, the femur and
the whole body was developed. The mean comparative analysis
of the body composition by the increase in age showed that
there were no significant differences by age in lumbar, femur,
whole body. But, the 19-year—-olds had the highest bone density
in the thigh as compared with 20, 21, and 22-year-olds. The
mean comparative analysis of the bone density in each part by
age showed that all age groups had the highest bone density in
lumbar 3 among lumbar regions and that the bone density was
highest in the femur neck among 19-year-olds and in femur
total among 20, 21, and 22-year-olds, with all age groups
showing the lowest femur troch. The comparison of lumbar
total, femur total, and whole body bone density showed that all
age groups had significantly high lumbar total but significantly

low whole body bone density. After performing correlation



analysis between physical composition, bone mineral density and
bone mineral content, positive correlation was found in all items,
with skeletal muscle mass showing the highest correlation. In
this way, it was possible to develop an estimation equation for
bone density of female college students. In conclusion, female
college students had a good level of bone density in general, but

bone density in the thigh tended to decrease since the age of 19.

3. Body composition and bone density in each part were measured
by the level of bone density among 170 female college
students(21.49+1.46yrs) to determine what factors of body
composition were more related to bone density. The mean
comparative analysis of the body composition at bone density
level showed that there were significant differences in weight,
SMM, fat mass, fat-free mass, BMI, and WHR by the level of
bone density and lumbar, thigh, whole body bone mineral
density, and whole body bone mineral content by the level of
bone density. As the result of the correlation analysis by bone
density level, in the osteopenia(2.5<T<-1.0) group, lumbar total
and whole body had the highest correlation with WHR and
femur total had the highest correlation with height. As the result
of the correlation analysis by bone density level, the lower
normal(-1.0<T<0) group, lumbar total and femur total had the
highest correlation with %body fat and whole body BMD had

the highest correlation with fat mass. As the result of the



correlation analysis by bone density level, the normal (T<0)
group, lumbar total and whole body BMD had the highest
correlation with SMM and femur total had the highest
correlation with fat free mass. This implies that maintaining
good weight is the most important factor in retaining bone
density health to prevent osteoporosis at the age of 20 when
osteopenia rate increases among women. Thus, increasing muscle
mass and fat—-free mass through exercise will play an important

role In increasing bone density.

An attempt was made to analyze correlation between bone
density and body composition. Also, an estimation equation
among 110 middle aged women(45.6016.83yrs) to measure body
composition, bone density in the lumbar, the femur and the
whole body was developed. The mean comparative analysis of
body composition by the increase in age showed that there were
no significant differences. Those in their 50s showed significant
differences by -5.8% at lumbar 2 and by -5.3% at lumbar 3 in
lumbar regions. Those in their 40s or 50s had the highest femur
total and the lowest femur troch in thigh regions. As for bone
density of lumbar total, femur total, and the whole body, all the
age groups had significantly higher femur total and significantly
lower whole body bone density. In conclusion, middle-aged
women in their 40s and 50s or so showed no significant

decrease or Increase 1n bone density at other regions than



S.

lumbar 2 and 3 and no specific correlation with body
composition; therefore, external stimuli seem to be necessary to

protect bone density.

The effect of 24 week resistance exercise program on body
composition and bone mineral density in osteopenia woman With
the recent increase in medical expenses due to osteoporosis, it
has become a significant clinical issue that why its prevention
and treatments receive increasing attention. The purpose of this
study 1s an analysis of the change of body composition and
bone mineral density after combined resistance exercise program
for 6 months in osteoporosis woman(EG: 11, CG: 9). The
subjects were 20 osteopenia women age between 40 to 50 years
located in Seoul. Participants were randomized to either twice
weekly supervised strength training for 15 weeks followed by 24
weeks of unsupervised training(treatment group) or control
group. The frequency of 6 month combined resistance exercise
program were 3 days per week with the exercise duration of 60
min. All measurements were performed at baseline, 12 and 24
weeks. Results of this study are as follows. The weight body
composition, Lean body mass, and fat free mass in the exercise
group increased 2.4%, 4.9% (p>.05), 4.7% (p<.05), and those in
the control group decreased 0.9%, 0.8%, and 1.7% respectively.
The fat mass of the exercise group decreased 1.4% and those in

the control group increased 3.7%(p>.01). The BMD of the



lumbar, femur, whole body BMD and BMC of the exercise group
increased 3.5%(p>.05), 0.4%, 0.8%(p<.01) and 0.8%, and those in
the control group decreased 2.9%(p<.05), 6.4%(p>.05),
1.6%(p>.05), and 2.2%(p>.05) respectively. So we conclude that
the resistance exercise program for 6 months improves the
quality of life with positive effects in body compositions and
bone mineral density of participants. Further studies on BMD
according to developmental stages of adolescences need to be

conducted with a larger sample over a larger area.

In summary, bone density increases remarkably in adolescence,
with differences by parts; however, it scarcely increased but even
tended to decrease after the age of 20. Bone density gradually
decreased after middle age, particularly with a significant decrease
at lumbar regions.

As for correlation between bone density and body composition,
better bone density was more closely correlated with fat-free mass
in adolescence, youth, and manhood.

The increase in skeletal muscle mass and fat-free mass is
important in maintaining and improving bone density; in particular,
since regular exercise has positive effects even on middle-aged
women Wwith osteopenia, exercise of muscular strength will be
helpful. Here, it is recommended that the exercise be performed for

6 months or longer.
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