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Abstract

Objective : This purpose of this study was to analyze of relationship among the variables of kinetic and
dimensionless leg stiffness according to the body weights differences during gait.

Method @ We selected subjects of young women divided into 2 group (Normal n=5: mean age:
25.40+2.30 yrs, mean heights: 164.80+1.88 cm, mean weights: 53.95+4.00 kg, mean BMI: 19.86+1.32
kg/m®, Obese n=5: mean age: 22.80+1.48 yrs, mean heights: 167.24+1.34 cm, mean weights:
83.95+11.98 kg, mean BMI: 30.30+4.15 kg/m?) and level walked. The 4 camcorder (HDR-HC7/HDV
1080i, Sony Corp, Japan) and one force plate (AMTI., USA) was used to analyze of vertical ground
reaction force (GRF) variables, COP, low limb joint angle, position of pelvis center, and leg lengths
during stance phase in gait.

Results : As a result, the conclusions obtained were as follows; Center of mass (COM) velocity in
displacement (Y-axis) showed significant difference with more rapid at obese group than that of normal
group. Position of Pelvis center in displacement (Z-axis) showed significant difference higher at obese
group than that of normal group. Peak vertical force (PVF) and dimensionless leg stiffness showed
significant difference with the higher at obese group than that of normal group. The ratio of the PVF
normalized to body weight didn't show significant difference statistically in between group. Normalized
value to leg length showed significant difference with more reduction and stiffness at obese group than
that of normal group during gait.

Conclusion : In terms of performance, it appears that increased dimensionless leg stiffness is associated
with increased velocity of COM, PVF, and change of the leg lengths (%).



37
38
39
40
41
472
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

Keywords. Dimensionless leg stiffness, Body weights, Gait, Spring-mass system, Obese

Introduction

]

o| Zst 2IRURO|H MAH2=

i (=]

oN

P2 289 Y S2t Y (osteoarthrits) 2 Z&o o2 &
5

AC! = o o

o&otd HHoM H[SRISe| BEYR A2 B, £ Y X|2[7]| 7t @2 ZH(width), 12|10 A[ZFZ|HO|
t22 (Spyropoulos, Pisciotta, Pavlou, Cairns, & Simon, 1991; McGraw, McClenaghan, Williams,
Dickerson, & Ward, 2000; Lai, Leung, Li, & Zhang, 2008; Browning & Kram, 2007), YY1} 2224 09|
25 HRA7t AAEICHMessier, 1994). O|2{st S A 2l 2N S7HE 4S0| 52|20l 285h=otE =
Z7tA|AH(Andriacchi & Miindermann, 2006) 24 b= ZHAYS QEFA|ZICtD B35t QICHHochberg et
al., 1995; Stirmer, Gunther, & Brenner, 2000).

O| 2|0j|= 3F2|2| Astd EAS S| lo H2 = S0| 0|F0{2| 12 /AT 3], QA= Y, A=, 2=
39| 0 =&t AS2 TR0 U7| W20, WA Hst 20t Me stR|Hete] =342 OlsiSH?| 2lsH
F (stiffness) B2 17 2atH| 0| 201 A CHButler, Crowell, & Davis, 2003).

Fe2 Tttt Q00 AA|e] S0l ORI ot WY 7to| AA2 dFH 4~ U= (Butler et al., 2003),
[2]9] 22 dAste ChEE Amal-2l2F BEl(spring-mass model) 2 2ALE|UCHArampatzis, Briggemann,
& Metzler, 1999; Blum, Lipfert, & Seyfarth, 2009; Donelan & Kram, 2000; Farley & Gonzalez, 1996;
Lipfert, Gunther, Renjewski, Grimmer, & Seyfarth, 2012; McMahon & Cheng, 1990). EC} &l A AdH5IH
spring-mass system OfAM Cie|l= AZ0| gle Y ATZO0|0, Z[R]|7| SO 2|Ci2X|HEE (PVF: peak
vertical force)2} StA| 20| HIIS(AL)}F LS 2t240| QUACHDonelan & Kram, 2000; Farley & Gonzalez,
1996; McMahon & Cheng, 1990).

UttH o=z ZH S Hoteh= W2 Ch2|Z0[e] Mot Frof| Ifet & 71| 2 fL28 o~ U, 244 (vertical
stiffness)2 C2|Z0|o] a2t 3 Z7t=l= &% (hopping)2t AL (umping)e H7t5H7(0f

Cte| 2 (leg stiffness)2 2712+ E2[7| A| 5tR|Q| Hotd E43 HWIISH7|of 71 Aghet i 0|CHMcMahon
& Cheng, 1990; Cavagna, Franzetti, Heglund, & Willems, 1988; McMahon, Valiant, & Frederick, 1987).
O Z7I2t E2|7| Al otA|e| datd EZYE BItE &+ Ues Ch2[dH2 McMahon & Cheng(1990)2|
AAHHO| B0l ARZE|L U=Cl, PVFE AL 2 L0 BIIStC} o[, AL 2 2ZAMOIM AY 2 St
A|HIER|Q| Cr2|Z0|, £2I1&0} Z|BHOM 2HSA(COM: center of mass)7HA| HlE{7} 0|2&= 2, COM 9
zIof 212, COM £EEE, 02|10 XY A7HS 0|8st0] JUSHH 2AMst= B, ASHEZSt:=
12{5tR| ot

HEHRZSC| Y2 F 7R STHOIM AHE 4 U=, 24, z(z2| Ci2|ZHEII0IM 62 SF72 s==(H,
G4, Y, AAHF) ¢t COM Q| £BEE, §, AA|7| 245, COM 9 z[tie2] He| 50| =&8&Ql 7|52
2ZotA(TF Aol S0 et Cie[ddE S7tele BlAel HAZTH HEE/AT| WZO[C(Farley,
Glasheen, & McMahon, 1993). O] 2t0jlA] QI7te| S22 i St CHFsHA|2t Ci2| 20| #isk=0|
LYot d(constant) 2 7HEIUS o, MAHASTFSI0 T2t PVF, 512, 12|11 otR|e] 4 Al S7t=l=
A =20 SHEICE

&£ OHE O|RE, B3 Al |R|7| AZES RA|HA|Z7| 12 5HA| HAL| 2FZE7t  S7I5H =H PVF = HdA4k=
SENE 2OIC}(Silder, Delp, & Besier, 2013; Teunissen, Grabowski, & Kram, 2007). C|2, Z7|2} &2|7|
ted ALOA PVF = 271E 5HE0 =3 710)| M2t 2|2 SItE|= #AZ 4Fe o~ AL, (Sildedr et
al., 2013; Teunissen et al., 2007), 231 A| 72121 H|=2| 30%2| £25tE AlA|0| HE3HE T, PVF= B2 15%
St AR|2k(Silder et al., 2013), SLst 30%2| £ot=2 H2|7|8 F=3le M, PVF= T 12% =0
211517 H&0|CHTeunissen et al., 2007).
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0|9} 200|, B3l A| HxjHoz 2 Ha17 HEL|H, Z|2|7| OF Aol @2 (Silder et al., 2013), 2249
== (Birrell & Haslam, 2009; Silder et al., 2013), &=242| Hi2== 2T (Sildedr et al., 2013)7} H
S7tl=d, 2= E™Ro|AH F5P0F CiEA 5 fEIE':| SHA|EA Ze HA| ®HSl=(of Cfe|Zddel £#2|Z
JE5tA| mpefet 4~ Qi 20| A|SHE2e| &4F0[CH(Silder, Besier, & Delp, 2015).

ol2{st 2AHEE aiZst7| fIgt W' & otLt2 20| Cist CHYst M-S A S & Jdlst= WHE
AAlotEed, Hi2 22 ZEFSHdimensionless  quantity)O|CHHogan & Sternad, 2009; Lee,
Ranganathan, & Newell, 2011). °|7F°| sl 224 20| o5t HeS0| W BV =0,
UZZHO| AL} Thot T, 02| T2 FE9MA|A Hlul A5t 0{2{20| UCH= O[20|Ct, oo
Silder et al. (2015)7 A|H-&f HZ| AI 2t2490| ZA(COP: center of pressure)d1t ==l (center of
pelvis)7tZ|Q| Ct2|Z0|E %= HEletL, PVF = SR N 42 M2 L0 BES}

=

=,
_E
=

ot 5= 5, ©@eI7H
UYHR ALHES AR SHUEE, 0| RS R2HY Tieldd (dimensionless leg stiffness) 0|2t HEHSHUC.
Ol 23 Al PVF 7t S71otA &2 Ci2le] Zd: S71=R|2, Bds22 ¥ C2] 7t 432189 7|

4 0l
YA SO EEEH 22 0|R0{2|= TS (Hyun & Ryew, 2014), H|S2{0[0f 2 St2|2f Z-gt Aoty #CIS
IS B0t YEeh| 24 BTt AL
CetM 2 ol SH2 FA| 2 Al AS240|0f THE 3tr[Q] 25t HolsS 245t/| fIet 20|t 53],
243 Cielddat 2s9std oS el AE w35t 2840 Eils 9 T A= AAl €
45t 1 A} SHRACE

1. Participants

£ A9| A= ASA10[0f| 2 Ch2| A H|WE 2fol H&HS 5 E(mean age: 25.40+2.30 yrs, heights:
164.80+1.88 cm, weights: 53.95+4.00 kg, BMI: 19.86+1.32 kg/m?)1} H|ZFl 5 ®(mean age:
22.80+1.48 yrs, heights: 167.24+1.34 cm, weights: 83.95+11.98 kg, BMI: 30.30+4.15 kg/mz)gi

MHBISUCE OIS BAZ0| B2 A YD} 22 U ST S0| 24 ES F U0| 0[40] gl AHS0[ACH
A 2 0| ST IS S HHEAD, 010] SOUS P F MAIBIICE

2. Experimental procedure

23l Al HS0[0)| T2 F21 Cte|dde FHotety| fls Che| 20| Halge 3 2t J4EME dAlet =
EMEHACEH A Al 4 THo| 7H0{2HHDR/HDV 1080i, Sony Corp, Japan)2 &7H=E A4S 2[ot EA|HE(Q2
mx2 mx1 m)2t E S22 2HLE 60 frames, 12|10 =2 A|2H2 1/500 sec 2 AT

AHAR R EHE Fot?| o 5 27F 7HQIE vtEAo=z ASE HASIYL, Ay S0 *EF ¥s
22z 27| Y2Z7|(initial contact) O|F HHE|= A[HEH DZHHRIS 2 X|HEH=AZ|(AMTI-OR-7., USA)
1 CHE AtEd MEE 82 600 Hz 2 228 s8I,
£ 0l Ct2| 20| Hetg0| S2%t #Helez EANYOIM 2RI E 4 e Ao ALES T|otRICt.
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120 Figure 1. Leg length was estimated by calculating the distance from the center-of-pressure to the center of the
121 pelvis(Delp et al., 1990) and lower limb angle
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Knee joint
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Ankle joint
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Figure 2. Marker attachment point

<Figure 1, 2>2} Z+0], Silder et al. (2015)2} Delp et al. (1990)0] 22t Cr2|AHE HIIGIY =L, &

A0 M 234 A| Ct2| 20| HakaS motst| 2ol 2 CHERFSO0A 19 74| DFAHE R22HAIZACHright - left toe,
right « left heel, right - left lateral +« medial malleolus, right - left shank, right - left lateral + medial
epicondyle, right « left thigh, right « left anterior superior iliac spine, sacrum). Z2t= Aol A| YHEUHEE2

o =2
SAHe HEZZ0| O|F= HdUidE, FEAEE UHEEZL SIEEZ0 O|F= dtidE:, E5HE2
SIE[ZE0 Y2H0| 0|F= HUA=Z HolStRACt. O, 3 A SR 32 AAYHS Y =, 20

Cish22E X &, +B1 Y| tist 222 7 222 HOISIAC

3. Analysis & process of data
M7 QEZR WO| || 27|YA| Ele A|ERY 2|27 & 2EZ V= H7]7} O|R0{R|= &4
2SI, FaH 2|2 (Kpg )2l A2 T3t ZTHFormula 1).

K PVF
b -
E U= lmi)/lo

Formula 1. Dimensionless leg stiffness

o|m, PVF = 417 S PVF & Z CHAI2| S22 LHR0f EE3teh 440(0, [,= ¥Z7| ¢t C2|Z2 (2
HolES BHES ot 0|0t [y, 5 & AFA S0k 2[4 Cf2[Z0[0|0, Ci2[Z0|= COP 25 & 2 (Bullimore &
Burn, 2006)5t0{ 282 Z4l(center of pelvis) A7tA| AAHStH CHPlagenhoef, Evans, & Abdelnour, 1983).
A=z 4HE Al (F)BIE(Visol., Korea) |A 7H2t5t Kwon GRF 2.0 program 2 0|23l Z|HERS H|0|E{Q| 2t2 &5
2|5t 1, Ci2|Z0| BH3E2 Kwon 3D XP ver. 4.0(2007) 2142 0|25l 2554 BHOIEZ2
AEHEE EHI"“} Ol 2AA 2tHSt S, 12|11 3 212 2tH = Abdel-Aziz & Krara(1971)2]
He Soll AlLtetl, 0% Butterworth 2f IS EERYHE 0|88 2Otz 6 HZ 2
O|Z(noise)& A|Hst = CIO|E{E AtESIRUCE E3|, 36 7He] EQIEE 0O|8¢t 3 24
econstruction error 42 .0456 cm 2 QI ACt.
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0%, AEE BOIE2 PASW 22.0 Z2I(BM Inc., USA)S OIE3t0] 7|Z2E7 20l
AESIR D, HSAH0[0)| T2 F OF 2t = t-Z & (independent t-test) S A AISHRACH a
Results

HZ2f0[0l| T2 25312 HIOIS0| Bist= (Table 1> U CFigure 3, 459 2T
23, YYTA 20| Mats BB 10| YYHF 18T

2}
001). FEHE A4 U2 50| YE4IT AL H =25

o

F U ERW

i

=

.05).

SHA| 2 Ze= |27 3¢t
o AlME

—

YEE 220,
SEf2 2¢ony

SR RUBIACHP 001). & YR 20| HSts YYHF 10| HEF 1§LC} o 4223

IS 22D, SA X222 7OISIACHA.001).

Table 1. Kinematic variables according to the body weights during gait

Body weights
Section t p
Normal Obese
Hip joint (degree) 153.93+7.10 172.01+5.09 14.499 001 ***
Knee joint (degree) 164.80+6.76 162.00+£5.79 3.763 001 ***
Ankle joint (degree) 103.94+6.27 101.11£5.93 7476 00] %
Velocity of pelvis center Y-axis 137.50+12.40 121.74+10.74 17.775 001 %%
(cm/sec) ’ ’

Position of Pelvis center Z-axis (cm) 94.38+1.27 95.88+1.18 9.837 001 ***

NOTE: **¥*p<.001, normal BMI: 19.86+1.32 kg/m’, obese BMI: 30.30+4.15 kg/m’

=S HYO|sHs YAS 250| v A2 H WEA LIERLD SAHLE 7OStAUCHA

=
<001), =S4del #2912l Hets HIZ 280 JHAHS 28=EH o =/

.001).
Al HS20[0f g 25t HelS9| #ah= <Table 2>2F ZTt.

Table 2. kinetic variables according to the body weights during gait

LIEIGSH, SAXHS=

Body weights
Section t p
Normal Obese
PVF (N) 622.09+85.76 955.48+149.61 4.323 .003**
PVF normalized (N/BW) 1.14+0.07 1.17+0.05 753 473
Dimensionless leg stiffness 23.34+2.54 31.16+5.96 2.697 .027*
Leg lengths normalized (%) 4.97+0.68 3.89+0.70 2.450 .040*
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Hip joint angle(degree)

NOTE: *p<.05, **p<.01, normal BMI: 19.86+1.32 kg/m’, obese BMI: 30.30+4.15 kg/m’

23l A MME PVF(N)E= H|2F 120] 955.48+149.61 N 22 HAAZE 189| 622.09+85.76 N 2Ct H 3|
LIEFSE D, SAHC 2 QOISIACHA.01). 2t CHYAC| HZ 22 PVF £ L0 BE35 Zat, FuAE 182
1.14£0.07 N/BW, B|2t 222 1.17+0.05 N/BW 2 2 2}0|&= Qi 222 LIEIHTHA .05).

CH2|Z0|E 100% 2 EF3}510] 2|2|7| SQte| Ci2[40| HetES &A1t 21, H4AE 182 4.79+0.68%,
HIZH JE2 3.8910.70%2 O A UELL, SAH22 FISIACHA.05). 0|0 THE Rt Ci2|ddE
=AMt 2, FHAES 182 23.342.54, HIZF OF2 31.16£5.96 22 ¢ AA UEL} SAXC=
FISIACHA.05).

<Figure 5>= il Ci2|Zgnt 2t BI0IS 7Ho| 2AIE Ogo= LIEtHCH X 22 2| o2, FHAS
080 23344254 o+ HIZF JF9| 31164596 2 YT +2Z HAIGIAL, ¥ &2 oA EHE 2L,
Ct2|Z0|, PVF, J2|11 S8tSA 2|9 ¥st oz 2t AUAE LIetH Z0[Ct H|2F OF0AM JG2tAo
AMHYE], FE22H0| Z5HE, 2|1 C2| 20| Bigtg0| 21 Ch2|Zde] 37|3710 Fe82 = Ae=
LIEFSICH B, HI2F D80| ZAAS ASEL 0|87t O 2l Ao = LIERRR 0 Cie|4d4ol 37|= H
Stz A2 LIEFCE
- T
' “ * * Jou Figure 3. Lower limb joint angle (degree)

Pelvis center velocity Y-axis(cm/sec)

Pelvis center position Z-axis(cm)

20
0

Stance time % Stance time %

1 25 50 75 100 1 25 50 75 100

Figure 4. Pelvis velocity (Y-axis) and position (Z-axis)

191
W Velocity Y-axis(cnv/sec)
O Hip joint . B Leg length normalized(%)
3 W Knee joint # - )
B A Ankle joint - " N " ,
z Normal group * 2 £ -
§ | == Obeserow _+_ e £ 2w _ 4'?_ B
3 - E 4 3 .
+ -+
Dimensionless leg stiffness - Dimen‘sionless leg stiffness . Dimensionless leg stiffness
Figure 5. Relationship among the variables and dimensionless leg stiffness
Discussion
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Spring-mass system 2 7|Z9| ARzt 2 (inverted pendulum)O| ZAISHA| KT £2RIZ2|HE MHE0|
ARl “M"AF HElRE COM HAQ| MHO| 7HsotCHGeyer, Seyfarth, & Blickkhan, 2006; Whittington &
Thelen, 2009). O] 2|0f|= AZ= U AUAO| WA ASRS2 Q17| RE43UH S FA0|LS 2ot 442
Agtof| ==SHCHButler et al., 2003). Ol 2a5WE o A &2 Z40| Z420|2|2tHButler et al.,
2003; Stefanyshyn & Nigg, 1998; McMahon & Cheng, 1990), HF 27{L} EE= 2 2iCHsHA| E|H A0
LAE 4 U7| WZO[CtButler et al., 2003). L2t 2 A YYEENM EH0| 251 0|52 =422
Of HIRSHA L= OHE, XS210[0)| ITHE Cle|Z42t REHet HOlS 7| AAHIZ AT 2Tt

QUM YT Bt 20|, £AM Ce|d4e| EAHE PVF Q| HIE(HISHES}) L Cf2[Z0] 100%0i Cist
HI2S O|85t0] FIIetCh ALZL, ASAt0[of g Fat ci2|dde H|2t 180[ 31.16+5.96 22
FEHE 0E2| 23.3442 54 ECHE 3 SA X2 (2|8t 2{0| & LIEFRHCE,

1 QEZ 9 Z2(2|7| S WS 0|83 XSO0 TS SA|HE Zeo| HetE Hlu2As &
244 Zte= HBF 80| FHAE A8 20 ¢ AIME FEIE B0, REHE 2= ¢ =25 4
Hd Zte= O A4S =3 € JEE 20 SAX2Z |FOISIUCE 23 A| H[2RIS2

|1S01= 20t O A AME HUEI=], FEJX| A Al dE2E 2= 3 =25EL
Spyropoulos et al., 1991), R&&Ho| =3 UL FA| 2 Hap/t LIEHIHR| el H+(
Hortobagyi, 2003) 222t SALSH EAS Lt £35|, <Figure 3>} ZH0| 2248 2|2|7| SO 51R|24H Zt=9|
IEHSL §, JYEE 2= 2|2|7| O|F HIPF S0 A4S IS0 Hlsh A2 4HE= HEIS
20|12 QCt &, REE A= A 0| 24 Al SHLAE ?lol O =3A17|= ElRECOM 22 A|
AMEAZ = PV HESHA UElLE BHH, BI2H O82 S| S7t2 Qs =7[™A| Al S28 =30
O|R0{A|R] ¢k, 221 HHOM A HE| = HERVt LIEFLER| QERUCH T2tM StR|e] 22 JENE 23S o,
HIZt 2S0| A4S AELECHH ZAE ZtMZE 20 SA 0 CH2 22 2|8t ofH| S22 2Lt 22| 2(517|

R LR
&5 9 221903
|

f
!

A

A
=
A

r
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O oX nE 02 o
k1 oox Jtu on rx
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b

£
2

o

0|25t Z2te} <Figure 4>2} 20| ZEHEAI9] U 22| 2| HEHE Hwsl 2 mf, B2 JF0|AM S8-S0
Cist +EHASO| Ols8ees YA OASE0H O Le|A| UElR, £21%|e Hete O 52 A=
LIEHGICE, Ol = H|BHRIS0| E3H7|7t F4A|SQIS0l Hls 1 2 20|, O£t 24, 12|11 A|R]|7]| A|Zt0]
2= EZS EoIcts HRAD(McGraw et al., 2000; DeVita & Hortobagyi, 2003; Messier, 1994;
Messier, Loeser, Hoover, Semble, & Wise, 1992; spyropoulos et al., 1991)2t= SAFet HEHS LIEFHICE,
T2t HIZE 289 sir|&d 2= L Zut SH 2|e £2| B0 &elgt &~ QIX0|, COP 28H
SESAMVR| 2| 20| BSE2 H|0F Q50| 3.89%2 JAHE 0859 4.97%LCt O 2AH E4H {95t
20| E LtEFHICE O[2{St Z1t= Silder et al. (2015)2| HT0A E2|7] A| 7HRI2| HSE 7I&(0%)22 10%,
20%, 30%2 3122 SRS ), 22t 73%, 7.7%, 7.0%, 6.7%= CI2|210| #alg HH[Exoz
LAECHE 2t FASHA| LIEHGLCE

SHH, XS HZS HHO|A, H|PRISE2 2 7|2t SOt STHE A|S0| 23 A| 272 otZ0 482 & U2,
Atele| XS0l AetstA| stA|2E0| A&st= AEI=RAES MRYSIH oSS 2|48t AIZ & UCHDeVita
& Hortobégyi, 2003). SHA|SF, 7|Z2| Zd W2 0[2{8t O|2F0| A=, AA| 2| SIto)| et
PVF 2} 20| Hl2|H o2 27t5|= 2|20 MHE|RACHFarley et al., 1993). 0[0f £ MM HZHZS}
A PVF o N Zr2 H|BF 1E0| 95548+149.61 N 22 AMHMZ 1E°| 622.09+485.76 N ECt ¢ 3 A
SAHSZ RO|st X|0|E LIEILHD U0{, tHast 20|z Ci2|ddE shMe 4+ UL, AHSHES 2
YAAS o H|E 0] 2-2H1.14 N/BW, 1.17 N/BW 2 2 20| IUCH.

0|0f| <Table 1>t <Table 2>2| Z1t= ECH= <Figure 5)2t 0|, & & of
QlE Zto| ZAIE AmE A, PVF & Cte|Z/gel 37| #set 2 20| ¢
BtSAO| MYO|SEEE HIP 080 A4S A8E0 o =2|A

—
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)
Ao UfERYT) =
Clalztel 431s o

2 AYE Pt CriY 2t 2
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S7t=l= HEZ EQUCt BHH, SFA| 2 20| HHSI0|M AP atdn FEAHO| MHHENTL SUHE | £2
IR|HRE O IH S7HAIA Ci2| 20| HeE0| O 202 |= A2 &QI=|QUCt

H3l A HIZRIS2 F4SS2 Blusl 5t 2|/S2| A0, 2%, 12|11 2R17|s0M M2 o2
EZ0| LIEHLI=E(Perry, 1992), Ol &4 2=ZA 12t 2€22] 2ot U H5iE EMAI7|= 2% 2012z
OlAlE| 1 QUICHFelson & Zhang, 1998; Hochberg et al., 1995). £35|, Grimston, Engsberg, Kloiber, &

1 .
Hanley(1991)2 Cte|dd £2|7t S7HE+5 SiA(Q 2872 daAl?|1 831 240| fE & &+ Ctn
20510 =0, & H+el Zufet Blud = wf, U2 O82 &S O 20t QAo 271 SESI2
oI5l 71 A|Z2A|ZH(DeVita & Hortobagyi, 2003)2t E3&E71 ZkA (Andriacchi, Ogle, & Galante, 1977;
Ryew, Lee, & Hyun, 2013)El ZA0|2t MZEICE = H|DHRISO|AH| LIEHt SR 2sH?| das
Ols&5&e| Z4, O2|n SUEA £2RRIE O 4SAIA R0 f2/7t gl A2z 718 4 oL,
Ol2{st EYE2 23] 512 2AYUS H FAAAH Cr2|ddE S7HAZ 4= U= 32t 20l0(2f M2HEICtH

el 2 M, ols2s Al Ctelel ZH2 AHES(McMahon & Cheng, 1990; Silder et al., 2015)t

o I —
HEOM= Cre|ZdS BII5H7| flofl A& WS AE4SHOF SHC

o

Conclusion

2 A9 FH2 UAS OS2 U2 OF 7 HS*}0[0f T2 224 Ch2| 341 2595t HolS 2 A E
=ASIRUCE O 2o, MAHSAHAR|Q| AYEE Hets JMAS OS0| HIS AFEL 4 WEAH| |est 2t0[7t
LIEH HHH  SBES A0 £2|Q(2| Blats FAAS OASECH BT 00| o =2 |2lst 2f0|E LIEHHICE
Z|U2 Z|HeteEdn Zxtel Che|Zd2 H|B OF0| FAAE AEEC 4§ IAH {Felst 2I0|& LIEH D,
HESHE 2|Cp2] 2|HEHY 22 & OF 72H |96 20| = Qs 422 LIELGCE Ci2[ 20| Hake2 H|2t JF0|
AMAS OFLELE O B2E JE|E LEIKCE =, B3 Al 21 Cj2[Z49| S7tet el AAISAe| &5,
Z|CH2] 2|HEEE 2|10 2| 20| #ek20| M2 SVt LT 20| JUSS AAFSHCE
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