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ABSTRACT

The purpose of this study was to investigate the effects of knee joint muscle fatigue and overweight on shock absorption during
single-leg landing of adult women. 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. Both the normal weight
group and the overweight group showed that use soft landing and ankle dominant strategy. The peak vertical ground reaction force,
the knee joint absorption power, and eccentric work done, as the increase of knee joint muscle fatigue level, showed a decrease.
And the hip joint absorption power and eccentric work done, as the increase of weight, was less than the overweight group showed
the normal weight group. In conclusion, the accumulation of the knee joint muscle fatigue and the increase of body weight may

lead to an increased risk of injury during landing.
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THDe Loes, Dahlstedt, & Thomee, 2000). w=bA 2}t
A A FAEFe dEE de A O 2 &5
T NS fIste] AAGE AFAEL] dder #A
< wlolgit),

< J2e quXE FFsta Hd 288 HAANT=
Aol o] w3 Bl o8 ZaHE AR
o] =W (Kim & Youm, 2013; Bisson, McEwen, Lajoie,

ilodeau, 2011), 2=¥= AF8HE opua} UAAYEol|A
s Jehhs @4tolthKim & Youm, 2013; Ledin,
Fransson, & Magnusson, 2004). =2 490& 82| 74
’d A7) W e Wslel FYAE &4, 94 Al
Amol &4, & W] ARE HAATE trkkEe =
7 Fol sloH, E5E T A% e Pl T
A= e Axetar & 4 Ark(Bisson et al., 2011;
Kim & Youm, 2013). o]}t < #|29o] W2 9 3t
7ol tist wkgAIZE, AEe] 91A] 72, T2k {83 Al
olo] Ferot e AR A A2 Q1S FFS
u] X1 tH(Kellis & Kouvelioti, 2009; Kim & Youm, 2013).
ey 2 R7F 22 53 9 95 ol mA|= Hyt
9l 7)Ao thet AFRIE thah BE3F Aot}

Kim, Shin, Seon® Kwon (2008)2 H]RH1z} A Akel
252 R Ed(drop) FA 52 A A EE 54
ARk 9-F8HA WSS ¥A% Az vvel F
< AR gl vl =5 FA 2 A Ho 4 A
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T T2 2Z2AA|Y] X0 HHEAQ] HilE Fro] A
af WAL F7MAZtHKim et al, 2008; Kim &
Youm, 2013; McMillan, Pulver, Collier, & Williams, 2010).
olgfst F7HE AT FEH sl &4 FIATE
440 A9l e oy R 242 238 &4
< 7M7) f9lo] Etk(Goulding et al., 2000; Smith,
Roan, & Lee, 2010). 28l o4& tioz 2] F2t
I AFo Be AAGEH A FU2e] BF oph F
=3 Ao}

A T2 AERE, FEAd, JUAES T3 A
Al T = Fake] dolE Haskelal F58th(Dufek &
Bates, 1990). 2H2] A 574 & Agz ddd g <
TolA BAe] IEIE AS S22, FEE A, 3
G AT oA FES 2 22%, 41%, 38%
2 YUEFS S H(MeNitt-Gray, 1991; Zhang, Bates, &
Dufek, 2000), &A1& 40%, 41%, 19%% YEPTHDevita
& Skelly, 1992; Schot, Dufek, & Bates, 1994). °]<}
7o) ZA) Al FEREL HY BRA Fo3 248

QTS sl A2 ¢ F AUth(Decker, Torry, Wyland,

Mot & o rly
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RS ARSIl Sk TH(Kellis & Kouelioti, 2009).
webr] 22 Al $4 Foll 23 IS sk F
EET g2} AFo] A BEe] FF4 F5ol vA|
£ Gl gk Ao dardo] a7E wEhd o] o
To] HAHL ok AX| Al FEAE 28 29 AT
o] T4 FFol PAs YL Yol iA} sk Aot

II. o4 gt
1. 47 CHAF & AlE{EH|
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N W A #hol A =4 W] gl 200 o34
< FARE Addeigion, A3A AR AEBATE
olgsted 25-299kgm® Well U= 158 AT L&,
18.5-24.9 kg/m? Wol| = 158S G4 1502 E73IA
THWHO, 2004). 2% 2 Fobigta B el = <
3] 193] (IRB)S] 4lojet A3 oA E wtor, 4
o] Y= = 1 HPA= 25 22 FE Algh
stk o] Ao gk gidAEL] AAFH B
<Table 1>, AFE-¥ AH]= <Table 2>9F 72t}

Table 1. Subject characteristics

Age Height Weight BMI Leg length
(yrs) (cm) (kg)  (kg/m’)  (cm)
NG 221+ 16292+ 5198+ 19.57+ 33.07+
(n=15) 225 3.91 3.21 0.68 2.49
OG  22.1+ 16517« 7518+ 2753+ 3387+

=15 1.67 7.06 11.32 2.98 3.68

All data means meantstandard deviation, 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)
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2. AE Ext

AP A F2E Fdske Xl AHRHE R
(AMTI OR6-7, US) 1th¢} 294 7hel 2H(Vicon MX-
T10, Oxford, UK) 10t A3l o™, A& Fol=
%74 dlolel 120 Hz, AW ©lo]E] 1200 Hz2 A%
sixich. ARt Aol s vy WAE HeolZE F3s
o] ZA] F2F A w|1igo] JAHES s AY HAp
of wet AXE AHE 7FeARl F, A EEZE
(driftyS AAsE7] $18l] oF 45% ol oD akith(Lafond,
Corriveau, Hebert, & Prince, 2004). %A= thidA}
o] F= T e YAE Y= %o, HFA]
2 e XF, A B YE, 7 e Z50E
275kt

RE S &9 A9 =8 v g Zg-at
55 silon, 27 w42 WdE AAJsHA siglth A
3 A AGEREA71(Body Composition Analyzer Venus
5.5, Jawon medical, Korea)s °©]-&3l 2143} A5 =
A3 o ADFAFE AEsislen, ik, 723,
]S4 A9 et FAE o]&ate] tidAES]
WFEE=7re] UM, FERE dEHE yH|, v
Zdolg 43t kst AA] 292 Helen Hayes®]
marker setS 574 Plug in gait full body model& ©]
&3er, 14mm 73 WA 2670 <Figure 1>
o] Fafste] ®dlS Fdsiit)

it

Figure 1. Plug in gait full body model

st A4 AeHyoldS st R d 4
o7 oF 539 ok ARE HAAsITh I v 554
537 (Cybex HUMAC NORM, CSMI, US)Z ©|-&3&}]
Hd FE34 AHRNES SAs1%10m, FE3E 2
Ao Al J=25 fdaidinh. FE5E e 7heR9l
A" 745 0o F= e 9072 sIlon, 7k&
TE 90%s5 ARERSITE 5 T4 71 Hd T3
A AHRHETL ZF 50%9F 30% olstR 33] o) A&
WA A= silem, oY A= 7} 50%9F 30% V=
& 5 ¥, 7hes we] A tH(Fagenbaum &
Darling, 2003; Harkins, Mattacola, Uhl, Malone, &
McCrory, 2005).

o 2] W2 AR Aol wet 40 cm 1€
Az Qo Sk AlFF Alse] so] 94 tEE
o=z YRl & AL e tEE ol AIA T
2k2]51A &} thLawrence, Kernozek, Miller, Torry, &
Reuteman, 2008; Pappas et al., 2007). 22|22 o] gk
& Haslsl] flst] Az wAdE F, 7l Bol=E
3190 (Decker et al., 2003), ¢4 T AAHLS A7t B
39} F& A sk HIAES T3l o] Fo % th(Lawrence
et al., 2008; Kellis & Kouvelioti, 2009). 413 <15-9j
ohd, F& BHe] A4, 710% e 554 v &
T A HR 3= of A R fAlEE AR By
HAtH(Rasstad & Hallen, 2000). o] 9A7¢] ¥ F 53]
A2 52 A 2Q8FE AR 5 oJUZ Agkst
o, o] Al H7 g3 AE Folet
4s Aoz vt

2 8 o

3. X2 X2

o] Aol AH| szl thek FdAE} AN 2ts

5718}, 3, E4& Nexus software (Vicon, UK)S
ol g&3tom, T= Mz Fof oF s¥1e] ot AR R85
T8t 2 5 339 AR ARAE HAgE & Hetat
o] AF=3tHGehring, Melnyk, & Gollhofer, 2009). <
JAIF 9} A|AUFE2LE = Butterworth low-pass filter 2}
& ol&slo] AdFI 6 Hz= FE H S tH(Decker et
al., 2003; Pappas et al., 2007).

FAFTE g A ke v o] WA A
HikE o) 2R sk HAEREERE 10 Nyl 7534
o] HFFAIH R Hoste] EAEHATH Yeow, Lee, &
Goh, 2010). &4 ¥e HG5AA AN (peak vertical
GRF)# I, 7504, P2 2] 919 (power, 1)2F
AF(work, 2)S AHEstiom, AAuel= 2 AHe] 7t
Lol FHES] Fo=7 AEsIon, 59 72 HHe

Lo
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5 7912 elsiak. BelN P Qo] ke s
919} FAFFO] 2w A ARow J%é‘}ﬁizftl,
go] gte B Ao Flelale o) oz Aol

A
tHYeow et al, 2010). WS FF3Me A4 A

(body mass)©. 2 o] ARESIAATEH

JOIIPOWEF = M X @..ouveeceririererieissesisieessssssssssssssssssssssses (1)
I
Jointpower=j ) o7/ 2)
t;
4. SH Mz|
EA) 22l= SPSS 20.0(IBM, USA)S o]&sle] 7 W
SEe) Baw FEAAE AF 000, IFEH
T 2w, T 25 2T 2 AZIAR, FH
F234 A1 RHE 50%T, ] 7233 A 29

_
,
2

E 30% TR g gt e dds %
HHE=Ao) o3k avo-way ANOVAS A8t 218
AP AARE SHEE ttest, A7l 7F A AL Bon-

ferroni® AAFAT. BAR A5 052 SAsic,

r\l

. 4 a}

1. Z[cf FE2E o

ra

DHE

A} FEd AdEdEs Y2 §2 $F AT
<Table 357 7t} Ho) 520 AARAEE 25 7o

AR o8 Aol7k e sigkon, =
S5 MEGE Y OF 6] BAKCR fold Zolvt
JeRiA est

2. Z|chEX|HEE

AR EE o] t)gk A= <Table 4>9F 72t} 3
UFAAHERE S A7 FEINF, 5=24.278, p=.000)°]

A frold b7t vebtth. AR A, AT 2

Table 4. The peak vertical ground reaction force

& Hd FEHE AHRHE 50%9F 30%7F AP R
SRR EEUrE} on, HF 28 F
TE3A AARWHE 30%7F AFART 95 A

3. SiX|2HEe| me

s e] Theloll tist Azl= <Table 5>9F 7). W
A IRl AN FEIF, 55=7.215, p=000)°14 <]
gk zpol7t vER o, AR A, folgk zfol=
Elux] skt FE#E S9e A FE39
(F555=25.384, p=.000)°14 2]t =o]7} LERstTh AR
A7 A, AAF 5L 50%9F 30%7F AP R 2R
Aoz Yepton, IAF 152 ARI>50%>30% w&
2 ettt JuAE s9le w57 FEINE, 55=14.074,
p=0000°I14 Folgk xto]7} vrebsdth. AR Axt, AR
(5=3.951, p=.000), 50%(t,5=3.697, p=.001), 30%(t>s=
3.196, p=003) 25N FAF 28] ZAAAF TEKR

o 2e Aow vk,

S #ol| th3l Az= <Table 5>9F 72t} W=
EED) %T_%]:% ;\] 12 FEIH(F,5=3.749, p=.030)°1* -
ojgt o]z} Yeptot, AR A, feldt 2ol Y

Table 3. The peak extension moment of knee joint and the
number of repetitions

Peak extension torque/FFM  Number of repetitions

(Nm/kg) (times)
NG
(n=15) 2.20+0.32 36.67+£9.31
oG
(n=15) 2.24+0.36 39.13+12.12
t-value 0.252 0.625

All data means m+sd, NG: Normal weight group, OG: Overweight group,
FFM: fat-free mass, *: p<.05

Time
F post-hoc
Pre 50% 30%
NG 24.24+2.30 22.2142.23 21.98+2.04 24.278(T)* Pre>50%, 30%
PeaaliI/Y(gRF oG 24.50+1.45 23.06+2.73 23.06+1.26 1.280(G) Pre>30%
£ 372 .927 1.919 1.285(T*xG)

All data means m+sd, NG: Normal weight group, OG: Overweight group, 50% & 30%: 50% & 30% level of peak extension torque of knee joint, *: Result

of repeated measures two-way ANOVA, T: Main effect of time, G: Main effect of groups, TxG: Interaction effects of time x group,

t-test, ns: non-significant, *: p<.05

b Result of independent
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Table 5. The power, eccentric work done, and contribution of ankle, knee, and hip joint

Time
F post-hoc
Pre 50% 30%
NG -121.67£15.07  -11649+14.65  -109.30£1623  7.215(T)*.000  ns
Ankle  OG -110.65£19.77  -106.42+16.59  -101.80£19.66  3.174(G) ns
P 1.717 1.763 1.139 211(T*G)
NG -42.75+18.43 -34.79+14.44 27.04£14.99  25384(T)*.000  Pre>50%, 30%
(%‘}XZ) Knee  OG -42.80+13.30 -36.75+18.14 2945+15.11  .077(G) Pre>50%>30%
r 007 326 437 189(TxG)
NG 31.11+11.21 -31.04+11.84 30311045  1.121(T) ns
Hip 0G -11.09+16.10 -13.53+14.00 -15.07£1523  14.074(G)* .001  ns
P 3.951* .000 3.697* .001 3.196* .003 2.332(TxG)
NG -13.81+2.02 -13.36+1.75 -12.26+2.45 3.749(T)* 030  ns
Ankle  OG -12.38£2.72 -12.08+2.84 -9.98+6.31 3.763(G) ns
P 1.628 1.487 1.305 247(TxG)
NG -4.84+2.07 -4.02+1.65 -2.90+1.80 16.154(T)* .000  Pre>30%, 50%>30%
(\;)]VS‘;{:;) Knee  OG -4.78+1.54 -4.17+2.05 2.68+2.92 .005(G) Pre>50%, 30%
P .089 215 241 125(T=G)
NG -3.53+1.28 -3.55+1.33 -3.47+131 .545(T) ns
Hip 0G -1.31+1.96 -1.60+1.83 -1.58+2.00 12.261(G) ns
r 3.661% .001 3.345% 002 3.061% .005 669(TxG)

All data means m+sd, NG: Normal weight group, OG: Overweight group, 50% & 30%: 50% & 30% level of peak extension torque of knee joint, *: 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 independent

t-test, ns: non-significant, *: p<.05

EfupA] edskth. FEdEe
(Fy,5=16.154, p=.000)°1*1 <]t Z}o|7} Yepyit), AL
A AR, AT 25 30%e= ARIED FA, 30%
= 50%ET 22 o YEston, A 25 50%
S+ 30%7F AP R T 22 Zlo® vt Judde] o
o] 187 Fadke JERA] gkot AAs A At
AV (15=3.661, p=.001), 50% (t:5=3.345, p=.002), 30%
(125=3.061, p=.005) 27X AT gm0l AT 2
FHTF 22 2102 UERT

Age AN FRH

V.= 9
o] e o WA A FEUH 2% szs T
o] =7 B nXE= kS YolH vz} F= Aoy,

o] Aol HuFAAHRE A, Z“Piﬂ% :ﬁOﬂHb
Foll A
2 % oJduth foleh Fhshs A0E UERRS
H, I T Iaodre Hd FEHE AHAEHES] 30%
T2 FEoA HE2 ol ET foleA a4
o2 Yelth FEFTE g 23X Pk e F

S Fue A3, AAS aFdMe Al &
 ANARTES] 50%} 30%7F F=2 L oldET
Al Fasks Zeg2 yeigon, 3AE Iaele
Ai i 0] 1>50%>30% o= FolshA| Fidke A
o7 ehgt) Faade) AgA A Axh, AAE 2
FollMe Hd T2 2ARHES] 30%E 2 f
o MrTh At vEhgter, o FEd A RRES]
30%= 50%ETh §olE AskE Aow Jehdth 3}
As 2FolMe A FEHE AHEANES] 50%2%
30%7F A= i o|dET Fee Hide o=
LFERS T

7 i § 2] A A LS Aojske Az
S Al TR Ym g e, O A A,
A7 A, dEANT 9o R A3 Eth(Padua
et al, 2006). =34 &% ¥2 A Y 25 dEHH
A AR ARSSHE Ao ® B USI S (Padua et al,
2006), ©] 7] AfolM e FAfsHA WEAHA =7 ¢
Tohe WEHE S o8 0}04 3
= Aoz HAuFLh TS oA

o HEsk= Al ‘?—z‘%%éiﬂr —‘”r

1o
ol
-

A —’rdl A
| Blaf o] A
Adg Bk A

O.I./
o 0{

mm
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H AR ZRshe A4 2R A o8-S (Cortes et
al, 2007). c]2igk 919 HAe FE FEHE AHZS
ol gste] FAL Fot, 2 A HFFAIHEE S
#HAaEth(Devita & Skelly, 1992; Kellis & Kouvelioti,
2009; Madigan & Pidcoe, 2003). ©] A2 A3H =
PR H 55 AEYES] 92 £F S}
of wet HujrAxmnE el vt JERe™, ol
A= AR QI 93 A4S Haslael| 9% =9
o] A3l Aoz FAEtKKellis & Kouvelioti, 2009).
Zeuh ode] 7Ag, oleh AR e 259 ¥R =
2 43 A T T HES A7t o]FARA] ko
H, A s 2l Adel S & ATH(Decker et
al., 2003).

e o

L

o,

PEel &5 A AT dolue Faom
Al F= e P, PR, JUBAe B 2K
Al Fate] HolE HAsglelal F$HDufek & Bates,
1990). 53] FE3d-2 Aol AdHgle] Fals Wol vt
© RN TS AHHLE FFshe I3
(Decker et al., 2003; Zhang et al., 2000). 942 #&
W Y JEdt] A4S Fshe v, oA
< IEAES TR oEst] 48 Frshe A
° 2 ®WIEQthDevita & Skelly, 1992; McNitt-Gray,
1991; Schot, Dufek, & Bates, 1994; Zhang et al,
2000). ©1¢} fFAFSHA o] Aol BE HPAE HEH
Hof| o|Esl T4 Fske Aol e, o] A9
o FEAHE AARAES] 97 5 ST wet U
WA FERE 4§ 8 AT vERd v,
PEAEY 54 57 sHo= Aol7F YehtA] %8kt
FEHES 4
& o] W& oz Hygh My A Ayl FAL
Al UERd A o= ghkEithDecker et al., 2003; Malinzak,
Colbyb, Kirkendalle, Yu, & Garrettc, 2001). ©]&s+ 2
= S A Al HEE AAF RS Hastst
7] 93 YEHEE o8k T4 5 Y A3t 2
83 Zo= vk
< Y2 ZZAA A S VXl 2F &
Q1o o] A Adafoll B FES A st
$Foly Alghe] Skl dojdti(Chappell et al., 2005;
Padua et al., 2006). ©]&{3 FRo] F2& FZo] 4
P S WAA HA, o AR, FEHES =5
AL, 25 Ao] T8 AaE, 3 Ao s 2
84 27l A7 velbdti(Johnston, Howard,
Cawley, & Losse, 1998; Miura et al., 2004; Rozzi,
Lephart, & Fu, 1999). o] A7ollA vehd Axe} 7o)
e wAE D22 Q13 A Al T4 Fee w
E3dol| oEsH Hm, oleg e Heg Fa)

l

e

= A FA A A o Fale] ol a&Fo
2 AofsA] Fehs Hglo] Hol Azl M2, 759
AF dAsks, AdZFH 8F 4 (Dufek & Bates, 1990),
W Aot HIHESA AR 3 (Chappell, Yu,
Kirkendall, & Garrett, 2002; Chappell, Herman, et al.,
2005; Decker et al, 2003; Devita & Skelly, 1992; Malinzak
et al., 2001) 52 A= o]ojF ZolthKim & Youm,
2013).

FAFo] FAFSA VIAE Bl @ o] el
Ydel §5 vhsh A9 Aol A AR, 50%
30% 7ol HAF 2Ee] AT 2EETE fol5H
ke Zle g vepdth ey dEAE Y FERE e a9
Aot dFolMs FoIg 2fel7F UehbA] @it o] A
o F OF BE A A A olgslglon] W
Az e olEee Fue AU 2 4
A} A% e wERs Rendel Hrsts 2ds
gudsl 34 §4 592 A9 fA%

O A 2_1

o= gypEsl &

Fol BlE 7= AHAS 99 B ol &
A3} e ol APS ML 5 e Aoz B
G tH(Goulding et al, 2000; McMillan et al, 2010;
Smith et al., 2010).

vd E

o] A= Y HA| A FEHE I =9 AT
o] T4 Fol MAe FF Lok A vt A2
AEe AUtk A ASH AT 2w BF I8 HAA
of Ewd RS oldshe JleE YEikt &
W] V7 = S et ARy, S5
o] Frvhe), AP A7 et et Al S
7l e dRede] F vejek AR A2 AT
Iwo] AT awET A2 Zlow yeisth 224
o2 FE W 5 IR FH Y AT T A

ofN

7 2T AeR A5Hn.

=
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