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ABSTRACT

The purpose of this study was to investigate the effects of knee joint muscle fatigue and overweight on the angular displacement
and moments of the lower limb joints during landing. Written informed consent forms, which were approved by the human subject
research and review committee at Dong-A University, were provided to all subjects. The subjects who participated in this study
were divided into 2 groups: a normal weight group and an overweight group, consisting of 15 young women each. The knee joint
muscle fatigue during landing was found to increase the dynamic stability by minimizing the movements of the coronal and hor-
izontal planes and maintaining a more neutral position to protect the knee. The effect of body weight during landing was better
in the normal weight group than in the overweight group, with the lower limbs performing their shock-absorbing function in an
efficient manner through increased sagittal movement. Therefore, accumulated fatigue of knee joint muscles or overweight may
be highly correlated with the increase in the incidence of injury during landing after jumping, descending stairs, and downhill

walking.
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7422 2219 93 vHH(Kellis & Kouvelioti, 2009)
g i 2 oA F7), 2] AAE 25F, 8, 34
of 7hsHel A, A 7l A Ao 7]%4
A4S HkeltH(Byme, Twist & Eston, 2004). ©]2 gt
G IZAAS] Yo R A4, DG 2%

= BB Y ol A - BelH 42 T
U}(Anandacoomarasamy & Barnsley, 2005; Kellis &
Kouvelioti, 2009). =47 7 & 349 #A&2 o

N

E A Fof vl =& Zo7 BTS2 (Hootman,
Dick & Agel, 2007), 53] 2¥= AgoMEs 2A] 53
Al B o] dAlE= ZoE HAEI Qltk(Hawkins,

Hulse, Wilkinson, Hodson & Gibson, 2001; Olsen, Mykle-
bust, Engebretsen & Bahr, 2004). ©]&3t x| &2
Aa71, w71, Ad WH 7] 53 22 YA Sl
ofs A= 54U 5O ZM(Kim, Shin, Seon &
Kwon, 2008), 2= AFSHE oz} U dAgholA] v s}
A F¥EE EFoltk(Kellis & Kouvelioti, 2009). wehA]
At s Y RS Skl RE9e dA
9] AT dals okttt

=] Al Fete i, FE, ddo], T2 HdolH, <l
Ae F2 =237 ”Elzé, FEHL LS T3l ol F
3he] Hol= ]_l_i}’é‘} Stk (Dufek & Bates, 1990)

Zejut 2R Al FAH
AofelA] Fethd, Ao F23d, 75 dF dsks,
A &4, 8F &Y Y o= oloXIth(Dufek &
Bates, 1990). ©] T FEIHEE 2] A] Fals Hol
WE ReRA 34 F5E 8 FoW 48 W
(Decker, Torry, Wyland, Sterett & Steadman, 2003;
Zhang, Bates & Dufek, 2000). A8 Ao 2Jspd, 2k
Al J@xEe] FERHE =3 4eE A sl 24L&
ol Ao Yehd AF H 79K Decker et al., 2003;
Devita & Skelly, 1992; Malinzak, Colbyb, Kirkendallc,
Yu & Garrettc, 2001), o]l HH= R Al IHAE
o] FEAE I3 ZEE M gt THS =0l A
2 YRt ¢ B37K(Chappell, Yu, Kirkendall, & Garrett,
2002; Chappell et al, 2005; Yu, Lin & Garrett, 2006)
ATt
Kellis & Kouvelioti(2009)= P A< zH 108 O
o% S5y AHe) REwd A A4 2 23 Ea
30% = FE23 43k 927} 30 cm =o]olA]
tﬂ- xl—;(] }g] :ij—E_,)r /‘741;(] H]—Eﬂoﬂ ];(]‘— ;@“__Jroﬂ EHE]-
T2 FYsigon, 1 43, TEwde) Ade vzs
z#xu 7] 4% A A FEwE 2 gund 237
8 Ml AoE detou, REwd 332 )
2 a7 Ao LEeA Hele] fela Jake HAA
Fe Ao Veidth mebd REwEel A4 9 23

HEE Y2 25 790 net 9IS e ZeE By
o}aal:}. Gehring, Melnyk & Gollhofer(2009)e H4 7zt
He thgo® gz Zg2(leg press) FHIE o]&3fo]
Z]EHTO}"/] 50% TR HY 7F 1163]9F 1203] whE &
AE 9271 52 em EolollA] T A A FEHE 2
A Ak mAle 23l g AFE FYsieH, 2
23, A #5254 SUishe Jles His)
Atk ol¢h o] HE f Wy, FE FF, A E9
T AY 210 wet & #He 54
g ol UEhdS & St
Azl 7k #de] A tE 2ZAAY] F=o|
vHEZ QL FotE E: =5
(McMillan, Pulver, Collier & Williams, 2010). =7}
s FE5I sjgldd TS FIATIe o] =, o
Folvh Z49] 9188 57K IZITHGoulding et al., 2000;
Smith, Roan & Lee, 2010). ©|&13t o2 AT 1
s 7 oAk Fx2F, 715F gl ek JRot
L7533 = A o|thHills, Henning & Steele, 2002).
e 2] s2F A vEe) AT Bl tid A=
el 25 uEe dAolm, 53] A Al A IS
o] 2 AAAE R g AFe A9 fle APl
oA AwiL npe} Zo], AR A F4 Fo Fag
qs Fcke F5 WE 50 =29 ATl st
A #HH] 2ETH - 2FAEE Wl wX= dE
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1. 947 CHAF 9 ALE{EH|

o] Ao tdRlE dgAEe A7 glem, A 6
A W A #-e AE b4 o] gl 200 A4
< FE9E Adste], Al- A4 (body mass index)ol]
whet A E(25<BMI<29.9 kg/m?) 1533 AAHAIZ(18.5<
BMI<24.9 kg/m®) 15%< ALSIATHWHO, 2004). A3
A Folista ¥ ol e 9dagds(RB)] 4
oje} FPAE] HY FoXE Wt AFo] MAH=

B¢ JPA= PG ol v & ==Y F
o= AzelTt. o] AT FoJd thARES A1 F

EAL <Table 1> 72om ALgH AH|= <Table 2>
o} 7t}
A 2R F2S Fds=E XA AAEnET

(AMTI OR6-7, Watertown, MA, US)a} #2417 gt
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Table 1. Subject characteristics

Age(yrs) Height(cm) Weight(kg) BMI(kg/m?) Leg length(cm)
NG(n=15) 22.14£2.25 162.92+3.91 51.98+3.21 19.57+0.68 33.07+2.49
OG(n=15) 22.1+1.67 165.17+7.06 75.18+11.32 27.53+2.98 33.87+3.68

All data means m#sd, NG: Normal weight group, OG: Overweight group, BMI: Body mass index

Table 2. Experimental equipment

Equipment Model Manufacturer
Vicon camera Vicon MX-T10 Vicon(UK)
Synchronizer GIGANET Vicon(UK)
Analysis S/W Nexus Vicon(UK)
Force platform OR6-7 AMTI(US)
Force platform amplifier MSA-6 AMTI(US)

(Vicon MX-T10, Oxford Metric Ltd, Oxford, UK)E A
Aeiion, 2" Fukre @4 tlelE 120 Hz, ARk
2 Hlol¥ 1200 Hz= A aiieh. Ay aelol= nj1n
H WA Elo|ZE FASle] A T4 A] w|IIgo] o
AEES ot A dajol wmEt AXE JHE 7HsA|
2%, AR =R ZE(df)E A Y8 oF 45%
o]} o &3} th(Lafond, Corriveau, Hebert & Prince,
2004). AAHTAE tae] 425 T Ade] 922 9
Aow sigon, MRl 49 WS XF, AF WS
Y&, 5% 3e 7502 Ayt

BE V=S 2% A9 M=ot v g 285t

S 22] FERe wdkg AAsH| sk A
A AGEEA71(Body Composition Analyzer Venus
5.5, Jawon medical, Korea)& ©|-&3sfo] A& A5S =
A3 v AEBZATE AEelon, Ayt 4=
o] gt A= A dE=7te] v, T
o] Yu], b dolg FAsth AA 2de
Helen Hayes®] marker setg g3+ Plug in gait full
body models- ©]-&3t39 2, 14mm +8 WAl 2671
£ <Figure 1>} o] F-2lete] Bdlg 7445130t

o] Ao A¥ FAE oF 10879 FH] 58 T3
g &, vAE FEfelal A A B ol s st
g2 H SAHSE of 539 ot A E Ak, 1t
= &5 AHIE ol&st] 7R 90%k0lA IR T
=5 AlFsle] Hd FE3E AXEATL 50% olskE
33] ol A& Al Al IR f{ & (Fagenbaum &
Darling, 2003y& SAI3 th, oF 58]9] < AAE 4
AlBIGATE. ok 2] W2 ARRte] Ao w40 em

H
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Figure 1. Plug in gait full body model

=ol8] Aol STt AlEF Al g 94 tElE
goz Ul F, 2RISR JE UEIE oIFAA A
2 ZA5A st thLawrence III, Kernozek, Miller,
Torry & Reuteman, 2008; Pappas, Sheikhzadeh, Hagins &
Nordin, 2007). 223 2] J3S FHAslslr] Aste] A
2 33 T 7k Bo)=E 1o (Decker et al.,
2003), ¢4 ohel A4S A Bask 35 A sk
2EE 53| o]Fo|Ht}(Lawrence III et al., 2008; Kellis
& Kouvelioti, 2009). 3] Aol <Jshd, = =2 a3}
A7 9% Fw g I L S gt zolzt )
o, BB A%, oF 10308 ool HEEE Ao
2 B350 0™ (Adlerton, Moritz & Moe-Nilssen, 2003;
Yaggie & McGregor, 2002; Bisson et al, 2011), ¥&
W42 A, of sl Aol $HY 5 A vz 53
= oF 1-2¥(Froyd, Millet & Noakes, 2013), 70%<}
100%0] 2A%E 54 W 5 A J= a3= 77} 3
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Table 3. Peak extension torque and number of repetitions

peak extension torque(Nm)

peak extension torque/FFM(Nm/kg)

number of repetitions(times)

NG(n=15) 88.46+14.86 2.20+0.32 36.67+9.31
OG(n=15) 109.86+25.15 2.24+0.36 39.13+£12.12
t-value 2.837* 0.252 0.625
All data means m+sd, NG: Normal weight group, OG: Overweight group, FFM: fat-free mass, *: p<.05
}\]7‘}%} %3/\]@(Rasstad f& Hallel_l’ 2000?’ GRS Table 4. Definition of joint moments
ol &g At A, THY, IS 75 T Al oF 4 - —

. . . Joint moments Positive(+)
A)7HMichaut, Pousson, Millet, Belleville, & Van Hoecke, -
2003) ool BEHE Aow wuHh M of @ N Plantarflexion
To) M T AAEHS W2 Uk 0% T SH o= Ankle joint Abduction
ABeeH, B2 T3 pas e 96 s u Extemal rotation
24 AesrAct. Extension

Knee joint Abduction
3. 20 REAE MMEZ £H 9 0|2 /U gy External rotation
Extension
A FERE AAED] 543 T2 HL P § Hip joint Abduction
24 537 (Cybex HUMAC NORM, CSMI, US)E ©] External rotation
galleon, dFom 3t FFs WA S8l 34 A
oF 10% 7+ FHlES AAskart FE3E e 7Hsi S
© AR e 0°olM = A Q7R R SFlon, 7
TE 90 o AMEEISITE 5 A V1S Y FE3

P

4 AHEATF 50% oIt 33] oY A%
S TH(Fagenbaum & Darling, 2003).

Ao FEHE JdEASY J2 f2 &5 dde
<Table 3>3 2t} Ho FEA4E AHEAE= AT Iw
of A¥AlT ZFEY ¥ w2 ZoE Yo
(65=2.837, p=008), AA o2 FF38 AHMETE 1
= 2l BAHCE FoIg xle]7k e bA] eigkon, ¥
2 % WESS 3 a5 k] FARCE {79

3 Aol7k YRR 23t

Y A2 5

4. Xt2 2|

o] A7t 2R Fzbol tigk GRSt AANEAIE
o] 5718}, 4, 4 Nexus software(Vicon, UK)E
olgstnom, BE Azt Fol of 5He| ot 2A| A8 E
TRl 2 F 339 AFARI FARAE FAS &, Heta)
ATHGehring et al., 2009). FFA5e} AAREAE =
Butterworth low-pass filter 225 ©]-&3f] 234 6
HzZ B ¥ 3} thDecker et al., 2003; Pappas et al,
2007). &gk ZA]) F22 79 oWIE(EL: FA] v ¢
Z7] A5 AA, E2: Hd AR A, E3: F
e AR 2719 #2HPL: E1F E2 Afel, P2: E2
9} E3 Afe])o & FHEate] 43 th(Koh, Cho, Moon,

Thigh Seg)Fnent Shank Segment  Foot Segment

Figure 2. Local axis of lower limb segments

Lee & Lee, 2011; Edwards et al, 2010). ¥4 W5
Zy 7 QAT 9 FA QA7 SRR FEe] ZhE S
of RHES AW, I, T FAYSE A=A
o} SHA] #-o] oWlEY Z}9|X|& Plug in gait full
body modelZ ©]-&3toH, Z9EA ] XA%EAE 7]
Fo 2 A9E-Y AAHTAI 2 HHAE YeEM=
=R AFESE o (Figure 2), 314 Bde] #7HE
ZPAQ)= 7 oWIE 7he] Z49)R] Aol 2 4RSSt s1A
HHe] HHEE 959 o]l 4kEaiiion, Wy
A el= <Table 4>} 72t}

5. A 2
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Bt

A A2E SPSS 20.0S o]&sl] 7 M4E] 5}
RS k2 siloH, AT 15 S 25
743 vEe 9% A -5 ko] A5y g3kl =Ea
ARES S8l vHESA ©gk mwo-way ANOVAE AA|a}
Ak FAA =& 052 S

R

ot
1. 7ZHE A QA|Zt
22| F2e] b A7 B T4 A 7l tig A
I= <Table 5>} 2T}, P, P2, S48 oM 2
E3 A7) 7 AR g3, 287 F83, A0 F5
e FAXNCE FF Alo|7t VERA] 4%k

S AN

2. SIX|2E ZHHe|
1) LEFE zpag)
ke obd ZhH Qo thek Axk= <Table 6> 2t} ¢

el Pl 7elM It AR A3 AE &, a7t
FaI= FAHCE FoAT Aol7f yehbA] agkon,
AN717F FEIHF 25=11.498, p=002)y= fr2lg =jo7} vet

stk £ Pl P 2§ AR $EAE &
3, 27 FESHE FANOE foI@ Aol7k thehiA]
Qgkort, AP FRIE 12909, 00D F918

Table 5. Elapsed time (Unit : s)
Time " »
Pre Post

NG 0.11£0.01 0.11+0.01  0.181(T)  0.768

Pl OG 0.10+0.01 0.10+£0.02 0.570(G)  0.002
£ 0.591 0.794  0.184(TxG)

NG  0.14+0.07 0.15+0.07 0.105(T) 0.678

P2 OG  0.13+£0.05 0.13£0.07 0.826(G) 0.167
r 0.563 1.006  0.330(TxG)

NG 0.25+0.07 0.26+0.07 0.178(T)  0.840

Total OG 0.23+0.05 0.23+£0.06 1.221(G) 0.177
r 0.689 1.248  0.473(TxG)

All data means m+sd, P1: Phase 1, P2: Phase 2, Total: Total time, NG:
Normal weight group, OG: Overweight group, * Result of repeated
measures two-way ANOVA, T: Main effect of time, G: Main effect of
groups, TxG: Interaction effects of time x group, *: Result of paired #-test,
°: Result of independent r-test

Table 6. The angular displacement of ankle joint (Unit: ©)
Time
P t°
Pre Post

NG 48.10+4.03 48.51+4.21 1.263(T) 0.673
P1 oG 47.584+6.31 45.32+6.76 1.046(G) 1.471

Sagittal £ 0.272 1.552 2.608(TxG)
plane NG 9.16+3.47 10.82+4.79 1.839(T) 2.146*
P2 oG 8.40+5.14 8.85+5.45 0.773(G) 0.334

r 0.477 1.054 0.604(TxG)
NG 4.59+1.50 4.32+1.50 11.498(T)* 2.482%
P1 OoG 4.59+1.58 4.19+1.32 0.016(G) 2.426*

Frontal r 0.004 0.257 0.439(T=G)
plane NG 0.61+0.53 0.93+0.80 1.368(T) 1.692
P2 oG 1.25+£0.92 1.26+0.91 3.595(G) 0.066

r 2.329% 1.079 1.147(TxG)
NG -21.51+6.03 -20.15+6.00 12.909(T)* 2.752%
P1 oG -21.69+6.45 -19.9346.01 0.000(G) 2.467*

Transverse r 0.079 0.103 0.222(T*xG)
plane NG -2.53£2.05 -3.73+£3.23 0.904(T) 1.691
P2 oG -4.994+3.32 -4.86+3.09 3.775(G) 0.146

r 2.443* 0.984 1.387(TxG)

All data means m=+sd, P1: Phase 1, P2: Phase 2, NG: Normal weight group, OG: Overweight group,
Main effect of time, G: Main effect of groups, TxG: Interaction effects of time x group,

 Result of repeated measures two-way ANOVA, T:
®: Result of paired #-test, °: Result of independent #-test, *: p<.05
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Table 7. The angular displacement of knee joint (Unit : °)
Time I b
Pre Post

NG 33.114£5.77 33.46+4.93 0.216(T) 0.336
P1 oG 29.39+4.26 28.36+5.44 6.550(G)* 0.985

Sagittal r 2.011 2.691* 0.877(T*xG)
plane NG 15.73+£7.04 17.61+7.84 1.046(T) 2.362*
P2 oG 13.94+6.35 13.7245.35 1.511(G) 0.155

r 0.731 1.588 1.669(TxG)
NG 9.28+8.02 8.56+8.21 4.139(T) 1.396
P1 oG 6.41+£6.43 5.08+5.07 1.584(G) 1.537

Frontal r 1.081 1.398 0.367(TxG)
plane NG 7.97+3.84 10.14£5.07 2.906(T) 2.678*
P2 oG 10.86+6.94 11.20+6.45 1.031(G) 0.271

r 1.416 0.500 1.568(T*G)
NG 4.75+3.78 4.68+3.60 0.690(T) 0.185
P1 OoG 3.80+4.55 4.81+£3.35 0.099(G) 0.950

Transverse r 0.619 0.108 0.914(T>xG)
plane NG 0.81+2.50 0.63+1.99 1.817(T) 0.649
P2 oG -0.52+£2.91 0.49+2.99 0.659(G) 1.842

r 1.347 0.152 3.746(TxG)

All data means m+sd, P1: Phase 1, P2: Phase 2, NG: Normal weight group, OG: Overweight group, a: Result of repeated measures two-way ANOVA, T:
Main effect of time, G: Main effect of groups, TxG: Interaction effects of time x group, b: Result of paired t-test, c: Result of independent t-test, *: p<.05

Table 8. The angular displacement of hip joint (Unit : ©)
Time o b
Pre Post

NG 14.35+3.72 14.11£4.03 0.270(T) 0.360
P1 oG 13.69+4.81 14.49+3.88 0.009(G) 0.970

Sagittal r 0.417 0.265 0.956(T=G)
plane NG 9.16+5.91 9.06+5.95 0.130(T) 0.107
P2 oG 8.68+7.53 8.3246.64 0.072(G) 0.415

r 0.196 0.324 0.041(TxG)
NG 9.03+3.56 8.64+3.73 0.352(T) 0.587
Pl oG 3.9444.89 3.844+5.38 9.895(G)* 0.202

Frontal £ 3.263* 2.839* 0.127(TxG)
plane NG 7.45+3.76 8.16+4.66 0.003(T) 0.714
P2 0oG 7.1243.71 6.35+3.64 0.673(G) 0.941

r 0.241 1.180 1.322(TxG)
NG 25.59+9.80 24.84+9.24 4.954(T)* 0.823
P1 oG 24.29+10.39 21.14+8.95 0.541(G) 2.106

Transverse r 0.353 1.113 1.870(T=G)
plane NG 8.09+3.79 10.08+5.08 2.613(T) 2.057
P2 oG 12.01+7.42 12.55+7.41 2.318(G) 0.437

£ 1.822 1.063 0.866(T*G)

All data means m=sd, P1: Phase 1, P2: Phase 2, NG: Normal weight group, OG: Overweight group, *: Result of repeated measures two-way ANOVA, T:
Main effect of time, G: Main effect of groups, TxG: Interaction effects of time x group, °: Result of paired #test, : Result of independent #-test, *: p<.05
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Apo)7F vERstTt.

2) 78 a3

29k ZPAglel] ISk A <Tuble 753} Ak, A%
wel Pl wqlolA TE AV B &k, AR
FEA BALNCE fol@ Ao} thehix eigkont,

Tm7t FREIF)2676.550, p=016)= 2|3k Zpo]7F Let
ek
KT,

3) duE Zhis)
FEHA Zhaslol tigh A3= <Table 8>3 7t} Hs-
we] Pl 7NN w3t A7) b dEag 2 A7

Table 9. The moment of the ankle joint

FETE BAM0E Fol@ Folrh UEA sigke
E7F SR 9,895, p-00dy= G2 o7} Lie}
st swe] I Pgels 28 A7) 7 4EAE &
3, 287 FETE FAACE fol3 Aolrh YERIA
RIGOLY, A7IF FEIF, 2=4.954, p=034y= eIt 3}
o7} epge.

L=
22 THE o3k éﬁ t <Table 9>¢} 7t} A5
28 g3 a7 8

(Unit : Nem/kg)

Time
F* r
Pre Post
NG 2.47+1.10 2.48+1.01 0.854(T) 0.073
El  0G 3.04+1.10 -3.26+0.82 0.052(G) 1.114
£ 1.522 2.334% 4.134(TxG)
. NG 25.96+3.07 24214325 23.727(T)* 4.950%
S;lg;rtf:l E2  0G 24.86+2.34 24.07+2.60 0.387(G) 2.060
£ 1.106 0.135 3.396(TxG)
NG 174.60£38.51 176.7133.59 0.045(T) 0.286
E3  0OG 172.76430.14 168.52433.55 0.194(G) 0.627
r 0.146 0.668 0.401(TxG)
NG 0.030.13 0.04=0.18 1.668(T) 0.435
El  0G 0.00+0.10 0.03+0.10 0.208(G) 1.545
£ 0.717 0218 0.365(TxG)
NG -12.37£15.11 9.87+13.92 7.912(T)* 2.945%
F;glfgl E2  0G -12.67+12.61 -10.99+11.43 0.022(G) 1.378
£ 0.059 0.240 0.302(TxG)
NG 3.62+13.03 -5.14+11.24 0.517(T) 1913
E3  0G 3.0449.62 1.42+8.72 1.279(G) 1.256
£ 1.592 0.526 5.195(TxG)*
NG -1.84+0.67 -1.57£0.50 13.031(T)* 2.724%
El  0G -1.77+0.83 -1.39+0.84 0.253(G) 2.535%
r 0.244 0.724 0.412(TxG)
NG 35.39+15.68 3238£16.03 11.080(T)* 2.086
Tr"gizlvlzrse E2  0G 29.39+16.67 26.16:£15.93 1.111(G) 2.699*
£ 1.016 1.066 0.014(TxG)
NG 41.02+16.98 41.65+17.94 0.372(T) 0.460
E3  0OG 46.08£16.97 43.74420.92 0.300(G) 0.965
£ 0.818 0.293 1.138(T*G)

All data means m=sd, E1: Event 1, E2: Event 2, E3: Event 3, NG: Normal weight group, OG: Overweight group, *: Result of repeated measures two-way
ANOVA, T: Main effect of time, G: Main effect of groups, TxG: Interaction effects of time x group, ®: Result of paired #-test, °: Result of independent #-

test, *: p<.05
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o

= FAASE Folgh Aot UEREA] &3k, A7
7y FEAINF, 26=23.727, p=000)= F213F o] 7} eyt
ot 2heHe) B2olM s A7) 3 A adth e
7 FRIE FAHSE FolF Alel7h A §igke
W, A717F FEIE 7912, p=009)= 23k 2}o] 7}
YeRTth E30A 257 F85, A7 Fads Ezﬂﬂ
o7 fogt x|zt e A ko, a5 A7l 1
AT AG AINF,1=5.195, p=030)= ]38+ zjol7} L]—E]—
SATh

2wl Blol 283 A7) 7+ AeRe a3, 87
FrIE FAXNCE FoF Aot e A e3gkon

Ebdth E29lM 253 A7) 7 deAg w3, a5t
B BARCE g Aol7t YERA] o, Al
7N17F FAIHF,=11.080, p=002) 2|3t xpol7} Lye}
ST

2) =534 malE

T2 wilEd] thek A7 <Table 1053 o). A
o) Eolld 223 A7) 7 AeRe &3, 27 F
A= EAROZ §o3t 2Jo|7F YRR 929koL) A
717F FEIHF, =21.760, p=000y= 5-2]3 =jo]7} Lyek
Ut} B3l 283 A7) 7k Asake a3 A7) FE

AZZE FEINF 55=13.031, p=001)= st o7t b i BAIHSE {8t 2ok e ekgkont, aF
Table 10. The moment of the knee joint (Unit : Ncm/kg)
Time = p
Pre Post
NG ~16.33+4.85 -15.15+3.48 1.530(T) 1451
El 0G -17.94+7.56 -16.84+6.23 0.767(G) 0.665
£ 0.695 0.917 0.002(TxG)
. NG 139.09+51.11 119.33£39.97 21.760(T)* 3.197*
S;g;t:' E2 0G 140.23+39.91 125.56:£49.05 0.052(G) 3.637*
£ 0.068 0381 0.477(TxG)
NG 98.46+38.17 104.01+31.45 0.711(T) 0.734
E3 0G 75.10£30.32 77.89+36.47 4.636(G)* 0.437
£ 1.856 2.101% 0.078(TxG)
NG -3.88+3.48 -2.96+2.98 3.542(T) 1427
El 0G -3.75+3.00 3.09+3.14 0.000(G) 1.228
£ 0.107 0.119 0.096(T*G)
NG 77.56224.87 67.05£2621 21.942(T)* 3.355*
F;ﬁa‘gjl E2 0G 73.01+42.32 63.69:40.34 0.102(G) 3.273*
r 0359 0271 0.079(TxG)
NG 73.53+30.59 71.82+30.34 0.083(T) 0.448
E3 0G 74.52+31.46 74.66+£32.23 0.030(G) 0.036
£ 0.087 0.248 0.116(TxG)
NG -1.59+0.59 -1.36+0.50 8.635(T)* 2.798%
El 0G -1.38+0.50 ~1.14+0.65 1.268(G) 1.762
£ 1.025 1.047 0.010(T*G)
NG 14.58+10.21 14.51£9.60 0.651(T) 0.056
Tr‘]‘;izlvlzrse E2 0G 13.78+13.20 12.28+12.92 0.135(G) 1.017
£ 0.186 0.536 0.539(TxG)
NG 13.51£12.27 12.77+13.95 1.894(T) 0.509
E3 0G 23.46+10.51 21.74+11.27 4.806(G)* 1.649
r 2.386* 1.937 0.303(TxG)

All data means m+sd, E1: Event 1, E2: Event 2, E3: Event 3, NG: Normal weight group, OG: Overwelght group, *: Result of repeated measures two-way
ANOVA, T: Main effect of time, G: Main effect of groups, TxG: Interaction effects of time x group, : Result of paired r-test, ©: Result of independent #-

test, *: p<.05
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Table 11. The moment of the hip joint

(Unit : Nem/kg)

Time
Pre Post K a
NG 17.58+15.21 13.06:10.12 2.402(T) 1.343
El 0G 24.13420221 18.93+14.60 1.755(G) 0.983
£ 1.003 1.281 0.012(TxG)
NG 102.74+41.50 108.34+41.04 8.032(T)* 1368
S;‘grtlt:' E2 0G 38.32+50.64 53044873 13.504(G)* 2.501%
£ 3.811% 3362* 1.619(T*G)
NG 159.96+52.72 156.78+48.18 0.027(T) 0.570
E3 0G 126.21431.34 127.95+41.02 4.081(G) 0.259
£ 2.131% 1.764 0.318(T*G)
NG -9.55+7.60 -8.25+6.94 2.066(T) 0.728
El 0G ~7.20+8.94 4.75£9.18 1.171(G) 1.286
£ 0.774 1.178 0.196(T*G)
NG 122.35430.31 103.73+29.37 16.604(T)* 3.783*
F;g‘:fgl E2 0G 134.57453.14 126.85+51.74 1.115(G) 1.944
£ 0.773 1310 1.906(T*G)
NG 72.28+54.12 64.64+56.91 2.503(T) 1.160
E3 0G 90.87+38.47 83.98+54.10 1.086(G) 1.077
£ 1.084 0.955 0.007(T*G)
NG -0.70+1.07 -0.76+0.94 0.008(T) 0.466
El 0G -0.55+1.74 0.47£1.75 0.197(G) 0307
£ 0.294 0.563 0.221(T*G)
NG -21.46+10.09 -18.38+8.64 4571(T)* 1.929
Tri‘}:’;rse E2 0G -16.73+10.81 -15.74£11.10 1.046(G) 0.954
£ 1.239 0.726 1.215(TxG)
NG 31.43£12.70 230.11+9.93 0.043(T) 0.804
E3 0G 23.8249.49 -25.5849.86 2.663(G) 1.409
£ 1.859 1254 2.221(TxG)

All data means m#sd, E1: Event 1, E2: Event 2, E3: Event 3, NG: Normal weight group, OG: Overweight group, * Result of repeated
measures two-way ANOVA, T: Main effect of time, G: Main effect of groups, TxG: Interaction effects of time x group, °: Result of paired

t-test, ©: Result of independent #test, *: p<.05
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