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ABSTRACT

Objective : The purpose of this study was to investigate the effects of landing height and knee joint muscle fatigue on the movement of
the lower extremity during cutting after landing.

Method : Subjects included 29 adults (age: 20.83+1.56 years, height: 172.4249.51 cm, weight: 65.07+10.18 kg). The subjects were asked
to stand on their dominant lower limb on jump stands that were 30 and 40 cm in height and jump from each stand to land with the
dominant lower limb on a force plate making a side step cutting move at a 45° angle with the non-dominant lower limb. The fatigue level
at 30% of the knee extension peak torque using an isokinetic dynamometer.

Results : The results showed that the difference of landing height increased maximum range of motion and angular velocity of hip, knee, and ankle
joints in the sagittal plane, and in the angular velocity of motion of the hip joint in the sagittal plane. The maximum range of motion of the knee
joint in the sagittal plane and the frontal plane decreased on landing from both heights after the fatigue exercise. The angular velocity of the hip
joint in the sagittal plane, and the maximum range of motion of the hip joint in the transverse plane decreased for both landing heights after the
fatigue exercise. The angular velocity of the hip joint in the frontal plane decreased for the 30 cm landing height after the fatigue exercise. On the
other hand, the angular velocity and maximum range of motion of the ankle joint in the sagittal plane for both landing heights, and the angular
velocity and maximum range of motion of the ankle joint in the frontal plane increased on landing from the 40 cm height after the fatigue exercise.

Conclusion : Different landing heights of 30 and 40 cm and 30% fatigue of peak torque of knee extensor found a forefoot and stiff landing
strategy, when cutting after landing. These results might be due to decline in the shock absorption capability of the knee joint and the
movement capability related to cutting while increasing the contribution of the ankle joint, which may cause increased ankle joint injuries.
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Table 1. Experimental equipment

Equipment Model Manufacturer
Body Composition Analyzer ~ Venus 5.5  Jawon medical(Korea)
Vicon camera Vicon MX-T10 Vicon(UK)
Synchronizer GIGANET Vicon(UK)
Analysis S/W Nexus Vicon(UK)
Isokinetic dynamometer Cybex CSMI(US)
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Figure 2. Plug in gait full body model
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Figure 3. Angle definition of lower extremities

4. SHXE

E7] A2 SPSS 20.0< ©]435le] 7 WsEe] ity ¥
THAE 2 siglom, 2] Folg) vE F e s
£ qa¥yel F ad= WESAC o8t mo-nay ANOVA 3=
Zae 7&4 éi" o] o} @4 =o| 7ke] Bt Aol theE
=t A foleEd 057 SISt

l:t:

1. 2E2EL| Z2IX]|

A 28R A<Table 2>, E19] 3%, Zo)|9} 9= 7+

N AL aINEF, 6=4.632, p=.040), =o| 7+ fo)st Fa3}
(F1,25=22.891, p=.000), %= 7} o8t FE 2K F)2528.093,
p=.000)7} YEbSTh =o] b ARSAA AR, 92 A
(125=5.426, p=000)3} |2 3(£,=3.043, p=.005) 5F 40 cm
=017} 30 em =o| WU} A% Z4%sF fosH & A0
et 9E 2 AR A3, 30 em E0)(2526.122,
p=.000)2} 40 cm =O0](£#2.275, p=.031) BF |2 A Hr}

HE & AS ATt ol & A0E Ve E29)
3%, o] 7+ et FREINF,5.653, p=.024), Y= 7+
et FAINF,26.652, p=.015)7} UERSITE 0] 7+ AR

2 A3l 92 A(62.861, p=.008) 40 cm °|7} 30 cm ¥



Effects of Landing Height and Knee Joint Muscle Fatigue on Movement of the Lower Extremity during Cutting After Landing 315

Table 2. The angular position of ankle joint

©)

Height Pre Post tvalue Fvalue

Bl 30 cm -12.9247.68 -17.50+8.08 6.122*  22.891* (H)

40 cm  -19.0645.87 -21.20+7.77 2275  28.093* (F)
tvalue 5.426% 3.043* 4.632* (H*F)

) 30 cm 3271543 34234479 2543*  5.653* (H)
Sagnttgl B 40 cm  34.65+6.80 35.82+7.07 1906 6.652* (F)
P tvalue 2.861* 1.744 0.330 (H<F)
B 30 cm 2601661 -12616.60 1315 4.408* (H)

40 cm  -0.68+6.97  1.54+8.13 2086*  4.443* (F)

£value 1.515 2.171* 0.522 (HxF)

Bl 30 cm  -1.30+1.89 -1.36x1.81 0.732 8.333* (H)

40 cm  -0.17£1.63  -0.32+1.90 0968 2.341 (F)

tvalue  2.870% 2.701* 0.192 (HxP

30 cm  1.69%1.13 1.79+143 0815 7.567* (H)

Frl(;nn t:l B 40 cm  2.66+1.85 294179 1960 3761 (B
P tvalue 2.533% 2.827* 1.156 (H<F
B 30 cm -0.89+1.82 -0.85t1.76 0293  12.077* (H)

40 cm  025+1.82  0.64%2.11  2.499* 3795 B

tvalue 2.866* 3.887* 3572 (HXP

Bl 30 cm 6041025 6.184999 0264 3.879 (H)

40 cm  0.99+12.85 1.96+12.84 1.189 1.648 (F)

tvalue  2.117* 1.728 0.59%4 (H<P

D 30 cm -13.85+8.84 -12.8849.01 1929  11.827* (H)
Tralisalvlzm 40 cm -20201054 -1939+1017 1317 3.607 (F)
P tvalue 3.408* 3.379% 0.068 (HxF)
B 30 cm  2.62+11.09 243+1036 0230 5.299* (H)

40 cm  -2.17£14.36 42411491 2.382* 304 (B

tvalue 1.883 2.616* 3.006 (HXF)

All data means meantstandard deviation, *p<.05
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em ool A= UIBA, 40 em Eoloxl= 9)3]do] Ry,
o] 7k Fog A7k veRsith g® 7F AR A 40
em E0]ox M7 ARTE 92 3(4=2.382, p=024) 23
& 9ls]He] yepyith

=S

FEAE| Z9iX|

APEFA 24914 A3} <Table 3>, B29] 79, 0] 7 frolg
FRINF 11026, p=003), Y2 7 728t FEINF; 14242,
p=001)7F UERStTE o] 7F AR A, 92 H(se3.131,
=004 UZ F (03007, p=.006) EF 40 cm =O|7} 30
em o] Hrp folepA & Zzto] UERgth JE 7 AR
274 A3 30 om E0)(1=3.836, p=001)S} 40 cm %]
(172923, p=007) 5 9% A Hr} -JJE T free 2>
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Table 3. The angular position of knee joint © Table 4. The angular position of hip joint ©)
Height Pre Post tvalue  Fvalue Height Pre Post tvalue  Fvalue
g J0om 12895677 1238:668 088 0041 () g 0em 214703 2892611 0317 289 ()
40 cm 12144520 12.66%659 0833  0.000 (F) 40 cm 3070698 30814736 0157 0010 (F)
tvalue 0.596 0.225 1.746 (HxF) tvalue 1413 1.782 0.191 (H<F)
30 cm SLI42610  48.12+725 3836* 11.026* (H) 30 cm  32.18+880 2683:9.67 6676* 2229 (H)
Sagital B2\ o Ss484743 52061830 2923¢ 14242% (B) Sagital B2 40 33031851 28.64+1167 4223 38889% (B)
plane . . i X i ) plane : i : : ) :
tvalie  3.131* 3.007* 0.149 (H<F) fvalie 1371 1.288 0002 (H¥F)
g 0om 17276672 1860:508 1210 7446* () gy 0em 199763 3315693 1815 2456 ()
40 cm 1978+7.12 22484655 3.583*  7.461* (F) 40 em  -069+681 -137+801 092 3051 (F)
tvalie  1.876 3.000* 1358 (H¥F) tvalie  L174 1681 0474 (H¥F)
g J0cm 0345304 061341 1245 0065 ) gy 0em 871385 9851403 2515¢ 30206* ()
40 cm 033447  031+496 0051 0453 (F) 40 cm  -12424330 -13.174343 1354  4927* (B)
tvalue 0.018 0444 0.337 (HXF) tvalue 5.075% 5.031* 0487 (H<F)
ol E2 30 cm  098+940 -147+775 0906 0236 (H) ol E2 30 cm 598530 -6.44%5.14 0684 0023 (H)
ne 40 cm 255+1L15  2.13£1042 0819 0009 (F) lne 40 cm  606+584 614531 0108 0239 (F)
tvalle 0635 0303 1375 (H¥F) fvalie  0.092 0378 0.193 (HxF)
gy J0om 045504 006441 163 0631 @) gy 0em 18408476 -1770:470 1577 0763 ()
40 cm -133:5.11 053596 1882  6.961* (F) 40 cm  -18.124581 -16.82+498 2155 5543* (F)
tvalie 0963 0580 0276 (H¥F) fvalie 0327 1.500 0.888 (HxF)
g J0em 481760 578707 2718 6230 () gy J0cm -1296:1183 -1060¢1205 4914 059 ()
40cm 0113857 0244916 0200 2073 (F) 40 cm -1461+1347 -1325+12.64 2215% 18063* (F)
fvalue  2242% 2.674% 1281 @*P) fvalie 0586 0944 2265 (H¥F)
g J0em 4415806 4095812 1274 10178 (H) g 0n 63451072 70651108 L1103 0071 ()
Trﬁsarvl:‘se 40 cm 11224864 1160880 0772 0009 () Tra;fmv]ee‘se 40 cm  736+1244 782+1234 0816 1637 (F)
tvalie  2.961% 3.388* 1.804 (H¥F) fvalie 0273 0254 0006 (HxF)
gy 30em 330715 3815691 1294 0155 () gy 0em 20641179 -1853:1095 4409° 019 ()
40 cm 261880 267890 0079 0241 (F) 40 cm -1941+13.67 -17.0712.94 4482% 38.196* (F)
tvale  2.811% 3.145% 0577 HxF) tvalie 0402 0485 0.104 (H¥F)

All data means meantstandard deviation, *p<.05
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p~000) 25 92 A Boh 92§ folah 22 Z57fo)
UFERSTE

WA Z9A A3 E1e] A, =0l 1 fog Fan
(F1,26=30.206, p=.000), I = It FoJ8t FEINF, 254.927,
p=035)7F YERRTE =o] 1 AR AR, 92 A(5:5.075,
7=.000)7 2 315031, p=.000) EF 40 cm °]7} 30

om o] BT} sl 2 ool vepth w% 1k AR

A3, 30 om ol V= HTE W2 Fee2515, p-018)
T & 94;@0] UeRdeh B39 A4S, g2 7§98

AINF,5.543, p=.026)7F LFERGTE 92 7k AR A,

All data means meantstandard deviation, *p<.05
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A e 90| Uetsith
FEE 2% Ay E19 4, 92 7 {3 Fav
(F2=18.063, p=000)7} UERSITE 92 7+ AR A 30
cm E0|(5=4914, p=000)S} 40 cm EO)(1=2215, p=.035)
BE g A Ro 92 & fosl A2 9jsdo] vEek
th E39] 7%, 9E 3F 73 FAINF2<38.196, p=.000)7}
yebstth 92 7 AR AT 30 om 350)(142¢4.409,
7=000)2} 40 cm =O)(1=4.482, p~000) BF FZ A Hr}

H15=2.155, p=.040) 2]

Iz F FoeA 2 9J3]30] UEkkit

4. EHESTZE U SIX|2RES| 1S

EFE Y] AV 7HES] A <Table 5>, oI5k v%
7 AT AL AINF, L5509, p=026), =0 7k Gol8t Faa}
(F,25=52.386, p=.000), F% 3 coa 5 TH(F, 57762,

p=000)7F YERSITE 0] 7F AR A 92 H(466.867,
=000 I T F(£,4=5.387, p=.000) EF 40 cm °]7} 30
m 0] Kok 7RsHeE felehl FUskIth SR I AR
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Table 5. The range of motion of Lower extremities ©

Height Pre Post  #value Fvalue

30 am 48.12:776 5418+7.92 7918 52.386* (H)

S;ﬁn“:l 40 cm 55.79+732 59304838 3.920%  57.762* (F)

pvalue  6867¢ 5387 5.500% (HXF)

30 cm 3324152 343:152 0701 0001 (H)

Ankle I;fg“nfl 40 cm 316145 356:164 2.540%  7.505% (F)
tvalue 0431 0.330 1310 (H<F)

30 cm 21984694 20.69+6.19 2.553* 4015 (H)

Tr‘;ﬂsalvl‘:se 40 cm 2341#550 23394635 0033 2912 (B)
tvalue 1419 2293* 2,944 (H<F)

30 am 40961506 3924557 2.128% 15784* (H)

S;ﬁn“:l 40 cm 45.04%637 42.33+7.65 2202%  7.293* ()

pvalue  3702%  2918* 0696 (HxF)

30 cm 7.8623.66 6544382 3.111* 2968 (H)

Knee ifg“nfl 40 cm 964465 8484362 2515%  13.613* (F)
tvalue 1548 1.789 0073 (H<F)

30 cm 1061#4.17 11264405 1756  8.561* (H)

Tra‘fmvl‘:se 40 cm 12.88+451 13394579 0981  2.635 (F)

P tvalue  3023%  2.506% 0053 (H*F)

_ 30m 8214317 7.12:320 1409  6354% (H)

S;ﬁ‘n“:l 40 m 869302 903:439 0455 0373 (F)
tvalue  0.789 2.706* 2497 (HxF)

30 cm 7.76£270 775:2.68 0019  45.117¢ (H)

Hip F;l‘;“nfl 40 em 11095479 1L112407 0024 0000 (F)
tvalue  5204% 6325 0001 (H<F)

30 cm 11384494 7494350 7422 1893 (H)

Tra‘fa;fse 40 cm 11914560 9.3845.18 5360 74431* (F)

P tvalue 0492 2.408* 4210* (HXF)

All data means meantstandard deviation, *p<.05
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=001 B R A Hoh 92 & 7Rsev el
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1= 04 R R Al 5 o I 7 o= Ay A Y o B < R
30 cm FolollA] FE A HUF FE 9(£:=2.553, p=.016) 7}
SHA A sk

FERE] AP 7hse] Ay, Eo] 7 o3 Fax
(F 2715784, p=000), T2 7+ 28 AT (F; 27293, p=012)
7F ekt o] 1F AREHA AT 32 (43702, p=.001)
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wrp 7k s SKeISIE SE ZF AR A
730 cm EO)(1=2.128, p=.042)S} 40 cm EO|(£=2.292,

p=030) 27 g2 A ®ep 92 F 7hsHsr fele 7
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A 7Rs ) Ay w2 7F 593k FEINF, 13613,
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A Eo 92 5 7FsHE fesl Aasigivk EE b
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ERsit] o] 1F AREHA Ad), 92 H(6s3.023, p=.005)3
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o 7FsS7E frefstAl S7sksith

FPTAL A TS Ad, ol 1 fost Far
(F126.354, p=.018)7} UESTE 0] 1F AR A3, =
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A7} ol SUIESiTE B JRsel Al wol 1 #
OJet FEINF 245117, p=.000)7F HERSATE 0] 1 ARSA
A A3}, 92 (65294, 20007 TZ F(16.325, p=.000)
T 40 em %07} 30 em o] Bk 7REHSTE Sl &
7heloltt. W 7he9l A gols) FE 3t JeAgE
HF 24210, p=050) 2 F|Z 7+ {28 FEIN 074431,
7=000)7F e o] 1F ARRHA AT SR 912408,
7=.023) 40 cm £0]7} 30 em o] Rl 7FsHATT ol
7kl W2 2F AR AT 30 em E0N(67422,
7=000)2} 40 cm =0)(£5.360, p~000) KT F=2 H Hr}
7 & 7hsHS7E freletAl FHaeisich

L

5. SIA[2ES| F2HE 48T

wEbd Al ZH5 5 A¥kTable 6>, P19 7%, 019}
Y72 7+ AT AL GINF, 5537, p=.026), 0] 7+ FoJ3t F
EINF 17472, p=000), B2 7} 608t FaH(F,,=37.491,
p=000)7F YERGTE o] 1F AREHA A 92 (4115,
p=000)3 2 F(1=2.877, p=008) EF 40 cm Fo|7} 30
em E0] Hrp foap Skt E IF AR A,
30 cm 350](£5=6.678, p=.000)%} 40 cm 0(£5=4.178, p=.000)
BE R A Hu vz & fos Skl p2e) A,
W7 b Fo8 FAINF 4503, p=043)7) UERSITE 92
A A 30 em FolellM YR AHY v §
(572,055, p=049) eIkl S7iskoint. g 24 A,
P19 A, ¥z 7F Fo3 FEINF 16462, p=000)7} L
ERTh 9% 7F AR A 40 em EolollA E HH
HZ 3441, p=002) OISl S7KEISITE W 724
T An, P29 A, 9Z 7 ARAA AT 40 em =0]ofA
W& AR 92 353169, p=.004) 2 7HAaaisich
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Table 6. The angular velocity of the ankle joint

/s)
Height Pre Post tvalue Fvalue
Pl 30 cm 257.31£62.24 316.99+64.89 6.678* 17.472* (H)
40 cm 296.70+59.43 335977331 4.178* 37.491* (F)
Sagittal tvalue 4.115% 2.877* 5.537* (HxF)
plane - 30 cm -194.58+58.21 -217.97+3839 2.055*  0.194 (H)
40 cm -207.44%46.37 -21249+40.02 0862  4.503* (F)
fvalie 0958 0940 2269 (H¥F)
Pl 30 em  17.0549.33 19304942 2,008 0.105 (H)
40 cm  15.61+8.35 1951+10.74 3441* 16.462* (F)
Frontal tvalue 0.738 0.095 0.981 (H*F)
plane » 30 cm -147149.12 -1606£8.71 1.138 0452 (H)
40 cm  -1420£7.55 -1420+894 0004 0871 (B
tvalue 0254 1.028 0.772 (H*F)
Pt 30 cm -113.24449.36 -117.00+44.42 0827 1336 (H)
40 cm -118.13441.24 -126.67+45.78 1539  2.227 (B
Transverse tvalue 0.688 1422 0.652 (H*F)
plane » 30 cm 93.86442.56 93.85+35.64 0002 0393 (H)
40 cm 104.21£34.64 919314266 3.169* 4.053 (B
tvalue 1.315 0.276 3,802 (HXF)
All data means meandstandard deviation, *p<.05
Table 7. The angular velocity of the knee joint Cls)
Height Mea;PiiSD MezritSD tvalue  Fvalue
Pl 30 cm 214.94+43.17 217.64+40.88 0404  6.137* (H)
40 cm 236.68+4326 2264014339 1650 0481 (F)
Sagittal tvalue 2.924* 1.323 3.592 (HXP
plane - 30 cm -185.18456.02 -180.06+25.77 0440  3.759 (H)
40 cm -208.00£29.01 -181.42+28.79 5969*  6.135% (F)
tvalue 1.924 0419 3,132 (HXF)
Pl 30 cm  -7.94441.55 -13.39+3853 2.173*  0.095 (H)
40 cm -1537+50.78 -12.88+44.14 0986  0.770 (B
Frontal tvalue 0.627 0.047 4.569* (H*F)
plane » 30 com 41043505  1147£3231 2255  0.006 (H)
40 cm  5.80+45.77 82743650 0812  5.427* (F)
tvalue 0.153 0.361 1.089 (HXF)
Pl 30 cm 53.03£28.85 60.54+29.01 2.892*  4.077 (H)
40 cm 62.70+27.80 69.39+3557 1800  6.674* (F)
Transverse tvalue 2.067* 1.748 0.061 (H*F)
plane » 30 cm -43.67+2526 -49.78+2247 2.109*  3.011 (H)
40 cm -50.81427.25 -57.09+28.03 2.238*  6.598* (F)
tvalue 1.404 1.992 0.003 (H*F)

All data means meantstandard deviation, *p<.05
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il

W A 2SS A¥<Table 7>, P19 4, =0l
3 FEINF 26137, p=020)7} YEFITE Eo] 7+ A}
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o] Hr} fraH Skt p29] 7, wE F fod
Tﬁﬁ(ﬂ,gfalz»s, =020)7F eI 92 7F ARSEA A
3}, 40 cm EoloA] FZ AHL} 92 F(£4=5969, p=.000)
T hasilty A 4455 Ay, P1e A, =019

M

7

H}r -{c+ e}
o_>i

N

T2 b AL EINF, 4659, p=041)7F YERITE T2
FAEAA A 30 em Eolold vE AEc g 3
(L=2.173, p=.038) frelstAl F7ksioltt p2e] 4%, g= 7t
ot FAINF 5427, p=.027)7F YERRLE J2 IF AR
A4 A9, 30 em EolellA 2 ARG 9Z $(1e2.255,
p=032) oI5k S7keKSieh W 745w A9, P1o) 4,
Y& b F% FEINF L6674, p=015)7} LERIT] =0]
2 AERA AT, 92 (62067, p=048) 40 cm Eo7}
30 cm =0] Ru} 49844 kel F2 7F AREAA A
3} 30 cm ololM FE AT UE 3(4=2.892, p=.007)
s F7kslsitk P29 gz 7+ fost Fad
(F256.598, p=.016)7} YERsTE 9|2 7+ AR 2} 30

F=0|(6=2.109, p=.044)9} 40 cm ¥O)(£2.238, p=.033)
BE 97 A R 92 3 GOk F1eisich

Table 8. The angular velocity of the hip joint Cs)

Fvalue
0062 (H)
59.273* (F)
0324 (HXP
1.649 (H)
1574 (B)
1871 (H¥F)
43841* (H)
4292 (F)
0086 (HXE)
0029 (H)
0.050 (F
1.657 (H<F)
1.880 (H)
12.065* (F)
3311 (HxP)
5716% (H)
11.608* (F)
1445 (H<F)

tvalue

6.684*
6.084*

Height Pre Post
30 cm  16.63+29.05 -13.89+35.98
40 cm  17.07£32.76  -16.76+44.99
tvalue 0.079 0.486
30 cm -186.11£57.68 -184.90£32.23 0.106
40 cm -200.47+20.83 -184.40+28.27 3.398*
tvalue 1421 0.129
30 cm 154342222 21.23#21.65
40 cm 344442673  41.27+24.73
tvalue  5.647* 5.708*
» 30 cm -65.08+33.60 -68.20+22.58
40 cm -6832+33.44 -63.37+31.81
0473 1.207
35.80+29.89  21.87+29.67
40 cm 40.72+33.18  32.66+39.96
tvalue 0.809 1.856
» 30 cm -78.51£30.55 -70.09+24.26
40 cm -71.28+26.69 -58.78+27.58
tvalue 1.483 3.259*

All data means meantstandard deviation, *p<.05

P1

Sagittal
plane

1.615

Pl 1.975

Frontal
plane 0.523
1.188
tvalue

30 cm

4.519%

P1
2032

Transverse
plane 1.968

4972%

JPTd A 4455 AI<Table 8>, P19 49, I=
b st FEINF 59273, p=000)7F YERSTE 9® b
A4 A3k 30 em E0)(16.684, p=.000)2} 40 cm =°]
(L5=6.084, p=000) 25 T2 A Wt} I T FofsiA IAa
aSitk P29] A, IR 2F AW AT 40 em EolollA
Y2 ARt 92 343398, p=002) F5HA Atk
WIH 455 49, Pl A, %0 o8t FaY
(F 43841, p=000), = b FO8F FEINF, 4292,
p=048)7F YERRTE mo] b ARHEA A, 2 A
(L=5.647, p=000)7 F|Z F(£,=5.708, p=.000) FF 40 cm



Effects of Landing Height and Knee Joint Muscle Fatigue on Movement of the Lower Extremity during Cutting After Landing 319

il =
=

%017} 30 em Eo] Bk FoJsHAl SIStk 8 7
A7 P19 A, F= F F2AS FEINFL=12.065, p=.002)
7F vERttE 92 2F AREA A 30 em Eolell dE
AR 9)Z 344519, p=000) 25k skt P29
789, =0l 1F FS FEINF 5716, p=.024), FE TF
A& FAINF11.608, p=.002)7} YERRTE o] 7+ AREA
A A3}, 92 343259, p=003) 40 cm ¥=°]7} 30 cm =
o] ®r} FolaHA FHasialtt v 3k A A¥ 40 em
olofA HE ARG IZ (14972, p=.000) T8
B ied

V. = ¢

o] o] HAL A7 wo|s} FEWE FEVL A F
W A T2 Al AR 2 nAE FES Y
stuat sldow, 7 A3 30 cm9} 40 cm 0] 2po|9 Hu
FEWE AAEA 30% 7o) dEe AA F U A% E
& A FEHEY FAET "5—;‘30] awE Aoz Yehte
o, 92 d FA5T 1AL FERH EsE Aow U
= S A~

of
iﬁ
i

A%to] s} ek
1. &% 0lojl = &3}

L5 ZE9Ael g AP

A Axy B1e 92 A

= 1
7 & B 37 Zo|r} = % A= 4%e] IS4,
E2& 2 A ZH] Eolrt Lﬂj S 4we] S,
B3= 3% 3 30 cm =0l94E HSE, 40 cm %0004

= HHZ%J”C’] UERtE E Y, Bl g® A 9
2 T E5F 30 om =017F 40 em o] Hoh HzEe] S
E2+ JJE A 92 T B 40 em %°]7F 30 cm %] K
‘:} uizte] Z7k B3¢ 9= A7 92 $ 30 cm FololA

S1¥Z} 40 em Eolollde WiZo] yERgtE WA
A, Bl FZ A 30 em %017} 40 em 0] B Ujs]d
ol 7} B2+ ¥&E A ¥ZE & EF 40 cm %07} 30 em
o] Ho 9339 F7k E3v IE F 30 cm =0)oME
Y54, 40 cm =ololX & §1E| 7o) ‘JrEPXALE}

e UAE ] A8l Tkt 29 |l At
go] QEm, A Al AW A 7@155]”* XVSM o}
AL AA 9} 55 AR 2 AT Cortes et al., 2007). A< 2

= XLX] FeE o] ghfto] WA Ax|eh= Al

%‘i&
AEsl BEEY, $5 A 27)9 270
Lo o] AR 2A FEA7F WA A Aoz HERA

_y_

o] %9l #HPTKButler, Crowell, & Davis, 2003). °©]&{3t

RelA o] ATeIN e B ek 747k Eolox
B ASAAQ] Qo deigth o] AT Ad, Ay

E19] 73, A 2ot 5855 ASE549 $7F W
& B2 B, MR F AL w2gE ANAY SUE
W B9 7, dE 5 AL 22E Qe S

Padua (2000 = - HA Al B F2Y AlE 9
@ A 7 dEe gelsiglon], 1 dele !
Aol 2 fEshs w4
Aglo] Zhashs Y2 oA
SEshe diEibE 4 418
Aol F7pd ZHEwola] APFEA pLe) A4S, = xhql vz
F 5T A4 oPh e s STkl
S AEel AT, Sz A5 92 F B
=552 ZTksIgIT) webi] ZA) Eo] }%_%/;% Lo o]

A]
A

=, A Al thEAREel =

2ko)

1 %017}

l

-1 0
Eohe wEd 94 Azl e T BuEn, 1w
olejdt X olo] WE WE 94 Ao wEgdo) By

3k olojA] Al A9 Sl dke v S Aol
5k e} AE Al e 85% SlS5elA idE
Qoln], ol WEPAY Feg Yo sl WAt
(Gutierrez, Jackson, Dorr, Margiotta, & Kaminski, 2007).
TR 2ol s AWWJ A3, A Fol7t w2
5% 92 A3 vz F vE R B 2379 2
Sy 29, S 49 I F B B2 B
Fb epdeh. T2REe] 708 kel g A
G As, PLe 3K ol w84 dr A )

|

Hebsteh, S S At A A3,
A Folrh £85% vz A% A2 F BE ARSIt )

740_% URERsiTE A3 Aol sk A Fol7t w2

=3 457h A e #A gole FEES 4k
| Tr«h{} Jee vty HuUSOM(AL et al, 2014;
Fagenbaum & Daling, 2003; Yeow et al., 2010), ©]2]s+ A3}
SpHA Al FEVAS S5 4 FTohs T

T

E

5LO. A~ fe) o~
As s 5S¢ 5 Stk

_iim rkﬂ

2

2. FEME m=o| mE &1}

wERA A9Ae) i A B, B S F
584 A% 49l ) B %%%w e

M deds L}E} et o

off » & N i



320 You-Kyung Kim - Chang-Hong Youm

[e)

4 TEo ol sxE 77} spAREe 45 7]
Aol vA= Gl tist A5+ A3, vz F wEwEe] A
223 84909 Pk deti wuagted, ol o
AT-e] dZ ZZEZI} Coventry 5(2006)8] 3H4 IZE -
k7] fjste] 71w HE ZRES 7] Afolel| ot Z1o
= ekt

Decker 5(2003)> =5 A A Aol w2 &x)9] oy
A F5 2B, £E8A Aol tat AT A, o)yl
Wi 27 4% Am A Hrp AAY A4S o] g3t
Ak 2R Hasiglow, olefdh Ak Ax| FRHelA
BEge) ZMEslsh AR 5718 Zesisni stk
Madigan?} Pideoe2003)= =8 A A alA§9] =7}
AWZAE 5% 58t 1 £5oI8A Wole| n|x|= o3

o o A7 A5k o A4 A JPuEs Feuad g}
Ml e 202 LB W, WBeEe) A1)
Fhshe A0% Uekdtin ek o 47 At Ay

o Tz F 80 A5z AHEHle ke oS
o M- Aol AR 7)ol ot ow gkt u)
A BEE 280 mE & 2] A] a0 o~
A Fa8 4B s Aoz W

APl s S5t A9 @
B A FolA A ARG AN A E sk HE)
o, A Al FAFF} A FE GFAAE 240
(Cortes et al., 2007; Devita & Skelly, 1992). 744 A= 2

A

Wl ox i o 2 X

2 Al AW HE S FERAE Al Zber) 90°RTh
HEHLE ASEaTo] & duAE ek dgs
o, AN AA= A Al AW S F FEEEY A 4=
7F 90°wth A3, FERAEN JYed Al oEshis
ks ohKDevita & Skelly, 1992). o] A Az} AjAHA
A Ay, BRE vE A T 90 Ry) 2

Ueht A4 27 #gke] AMgE Aoz ddEt) 2435

T4l P1E] Y2 & FERAL JEHYT} A Yeld:
o} olgh o] A T AE Z& AR % kg Aeo] o]
olA)= EA3} 7ko] ?ji,\Xj,Cﬂ o] doju= Aol F
sqpae 22z} 7 ! 2] skl eh

(Cho, 2012), ©] A9 o FE38 ANAEA 30% T
2= Cho(2012)2] A A¥e} FARHA LreRt 71__% Rk

JPd o] gt APdad A3 Ry vE F o
gebde) Far 4% 7 P1S vE oy utdo) &)
g 07 UERITE Cortes $(2007)S QJiabde] =
240 A, A Ak ek {28k AJolrt Sl Ao
HslGin) who] ohga] Fto] WA A g A% 2]

A A7 935471 mfolekal st o ?i? QJMWE
TR R § AW A4S Al BRI ASEa4E
7F S7r AoE Yehon, FAET eMe JEud
o] FAYo] FHaE o] LRkttt
Zhang “5(2000)°] A Al skA] Q] oUA] F5 7]
o et A7 Ay}, JPHE AT} oA S5l F
e kS g Haslgich 12y Iguchi 5 (2013)9
o5 Ao Alo|t AY F& Al AR 927} A9 &
8 Fsolsh, ISl wx|= Jel tigh A A
T Aol Y 5 Al FAFT FHlelA ofAdo] HA
of vlal 2 JHwd I U e, olefst A
 APAARIY FAe] SRS mole ACE Hiskglth
whEba] o] AT Ay, FE T AVSHeN JYIEe] HAY
o] 77} Yehkor, o) A AT Axsl fARE Aoz
ke sk pollA] BE F w2 i) o]
B, ol FEE AAE 259 927 A 2olE
WAt Hal(Byme & Eston, 2002; Twist & Eston,

20075 sl 2A F U A Ao JFE vA L 9

K OHT HHE Fo I‘H

SN 2~
o= %T%E}

17
=i

o] Q)
313 A8 54 A 5
Bzt slglon, 71 ARe thgy) Ptk
o] A7) 30 em®} 40 em ¥o] Aol WEHA, FEF
x% O%E-h,]-x%/] }\])ﬁﬂi/\o 7_11-4'\—_1,:_9} 7
o7 Uepsith FEIES APIEA 9
32 % 30 cm9 40 cm 0] BT FAAshs 2oz YER
ot} Jgad el AAEA ZhEr Hi A
HY= 92 T 30 cm 9 40 cm 0] BT FAAs= Zlow
Uebst ey el Al
T2 F 30 cm$} 40 cm 0] EFOM T7REHE Flo® o
ERgton, It &5 5s) 7Rs s I ¢ 40 cm =9]
o F7kshe Ao R et
AEX 0% 30 em$t 40 em 3F Eo] Aolg} FEWA L5
O] A =4 30%°) vEe FEEd SR
g Zdsta ol WE FAFT

BAe A7) Holsh P Wk AH F
} &

Al



Effects of Landing Height and Knee Joint Muscle Fatigue on Movement of the Lower Extremity during Cutting After Landing 321

2 571l

= JEA
Uobh s #e) S W7k o Al e sle Ade
Sz A% e gag AT 7o
- o=
an—_ll—-I'_-I_

Ali, N.,, Robertson, D. G. E.,, & Rouhi, G. (2014). Sagittal plane body
kinematics and kinetics during single-leg landing from increasing
vertical heights and horizontal distances: Implications for risk
of non-contact ACL injury. 7he Knee, 21(1), 38-46.

Butler, R. J., Crowell, H. P., & Davis, I. M. (2003). Lower extremity
stiffness: implications for performance and injury. Clinical
Biomechanics, 18(6), 511-517.

Byme, C., & Eston, R (2002). The effect of exercise-induced muscle
damage on isometric and dynamic knee extensor strength and
vertical jump performance. Journal of Sports Sciences, 20(5),
417-425.

Chabran, E., Maton, B,, & Fourment, A. (2002). Effects of postural muscle
fatigue on the relation between segmental posture and movement.
Journal of Electronyography and Kinesiology, 12(1), 67-79.

Chappell, J. D., Herman, D. C., Knight, B. S., Kirkendall, D. T., Garrett,
W. E, & Yu, B. (2005). Effect of fatigue on knee kinetics
and kinematics in stop-jump tasks. 7he Anerican Journal of
Sports Medicine, 33(7), 1022-1029.

Cho, J. H. (2012). The effects of landing height on the lower extremity
injury mechanism during a counter movement jump. Korean
Journal of Sport Biomechanics, 22(1), 25-34.

Cortes, N., Onate, J., Abrantes, J., Gagen, L, Dowling, E, & Van
Lunen, B. (2007). Effects of gender and foot-landing techniques
on lower extremity kinematics during drop-jump landings.
Journal of Applied Biomechanics, 23(4), 289-299.

Coventry, E., O’Connor, K. M,, Hart, B. A, Earl, J. E, & Ebersole, K.
T. (2000). The effect of lower extremity fatigue on shock
attenuation during single-leg landing. Clinical Biomechanics,
21(10), 1090-1097.

Davis, M. P., & Walsh, D. (2010). Mechanisms of fatigue. 7he Journal
of Supportive Oncology, 8, 164-174.

Decker, M. J,, Torry, M. R, Wyland, D. J., Sterett, W. 1, & Steadman, J.
(2003). Gender differences in lower extremity kinematic, kinetics,
and energy absorption during landing. Clinical Biomechanics,
18(7), 662-669.

Devita, P., & Skelly, W. A. (1992). Effect of landing stiffness on joint
kinetics and energetics in the lower extremity. Medicine and
Science in Sports and Exercise, 24(1), 108-115.

Dufek, J. S., & Bates, B. T. (1991). Biomechanical factors associated
with injury during landing in jump sports. Sports Medicine,
12(5), 326-337.

Enoka, R M,, & Duchateau, J. (2008). Muscle fatigue: what, why and
how it influences muscle function. 7he Journal of Physiology,
586(1), 11-23.

Fagenbaum, R., & Darling, W. G. (2003). Jump landing strategies in
male and female college athletes and the implications of such
strategies for anterior cruciate ligament injury. American
Journal of Sport Medicine, 31(2), 233-240.

Gandevia, S. C. (2001). Spinal and supraspinal factors in human muscle
fatigue. Plysiological Reviews, 81(4), 1725-1789.

Gear, W. S. (2011). Effect of different levels of localized muscle fatigue
on knee position sense. Journal of Sports Stience and Medicine,
10, 725-730.

Gehring, D., Melnyk, M,, & Gollhofer, A. (2009). Gender and fatigue
have influence on knee joint control strategies during landing.
Clinical Biomechanics, 24(1), 82-87.

Gutierrez, G. M., Jackson, N. D, Dorr, K. A, Margiotta, S. E, &
Kaminski, T. W. (2007) Effect of fatigue on neuromuscular
function at the ankle. Journal of Sport Rehabilitation, 16(4),
295-306.

Hakkinen, K., Komi, P. V., & Kauhanen, H. (1986). Electromyographic
and force production characteristics of leg extensor muscles of
elite weight lifters during isometric, concentric, and various
stretch-shortening cycle exercises. International Journal of Sports
Medicine, 1(3), 144-151.

Harkins, K. M, Mattacola, C. G, Uhl, T. L, Malone, T. R, &
McCrory, J. L. (2005). Effects of 2 ankle fatigue models on
the duration of postural stability dysfuntion. Journal of Athletic
Tiaining, 40(3), 191-196.

Hrysomallis, C. (2007). Relationship between balance ability, training and
sports injury risk. Sports Medicine, 37(6), 547-556.

Iguchi, J., Tateuchi, H., Taniguchi, M., & Ichihashi, N. (2013). The effect
of sex and fatigue on lower limb kinematics, kinetics, and
muscle activity during unanticipated side-step cutting. Knee
Surgery, Sports Traurmtology, Arthroscopy; 22(1), 1-8.

Jo, S. C. (1999). Biomechanical analysis of bare foot landing and shod
foot landing in drop jump. 7he Korean Journal of Physical
Education, 38(3), 715-725.

Kellis, E., & Kouvelioti, V. (2009). Agonist versus antagonist muscle
fatigue effects on high muscle activity and vertical ground
reaction during drop landing. Journal of Electromyograply and
Kinesiology; 19, 55-64.

Kim. S. K, Shin, S. H, Seon, N. S., & Kwon, M. S. (2008). Vertical
reaction force and kinematical compensation movements analysis
of drop landing movement in obese and normal subjects.
Korean Journal of Sport Science, 19(3), 1-10.



322 You-Kyung Kim - Chang-Hong Youm

Kim, T. H, & Youm, C. H. (2013). Effects of knee joint muscle fatigue
and overweight on the angular displacement and moment of
the lower limb joints during landing. Korean Journal of Sport
Bionechanics, 23(1), 63-76.

Koh, Y. C, Cho, J. H, Moon, G. S., Lee, H. D., & Lee, S. C. (2011).
Effects of visual information blockage on landing strategy
during drop landing. Korean Journal of Sport Biomechanics,
21(1), 31-38.

Lawrence III, R. K., Kernozek, T. W., Miller, E. J,, Torry, M. R, &
Reuteman, P. (2008). Influences of hip external rotation
strength on knee mechanics during single-leg drop landings in
female. Clinical Biomechanics, 23(6), 806-813.

Lee, S. C., Becker, C. N.,, & Binder-Macleod, S. A. (2000). Activation of
human quadriceps femoris muscle during dynamic contractions:
effects of load on fatigue. Journal of Applied Physiology; 89(3),
926-936.

Lepers, R, Maffiuletti, N. A., Rochette, L., Brugniaux, J., & Millet, G.
Y. (2002). Neuromuscular fatigue during a long-duration cycling
exercise. Journal of Applied Physiology; 92(4), 1487-1493.

Madigan, M. L., & Pidcoe, P. E. (2003). Changes in landing biomechanics
during a fatiguing landing activity. Journal of Electromyograply
and Kinesiology; 13(5), 491-498.

Marshall, S. W., Covassin, T., Dick, R., Nassar, L. G.,, & Agel, J. (2007).
Descriptive epidemiology of collegiate women’s gymnastics
injuries: National Collegiate Athletic Association Injury Surveillance
System, 1988-1989 through 2003-2004. Journal of Athletic
Training, 42(2), 234-240.

McLean, S. G, Felin, R. E., Suedekum, N., Calabrese, G., Passerallo, A.,
& Joy, S. (2007). Impact of fatigue on gender-based high-risk
landing strategies. Mediicine and Science in Sports and Exercise,
39(3), 502-514.

McNitt-Gray, J. L. (1993). Kinetics of the lower extremities during drop
landings from three heights. Journal of Biomechanics, 26(9),
1037-1046.

Padua, D. A., Amold, B. L., Perrin, D. H., Gansneder, B. M., Carcia, C.
R, & Granata, K. P. (2006). Fatigue, vertical leg stiffness,
and stiffness control strategies in males and females. Journal
of Athletic Tiaining, 41(3), 294-304.

Pappas, E., Sheikhzadeh, A., Hagins, M, & Nordin, M. (2007). The
effect of gender and fatigue on the biomechanics of bilateral
landings from a jump: peak values. Journal of Sports Science
and Medicine, 6(1), 77-84.

Price, R. ], Hawkins, R. D., Hulse, M. A., & Hodson, A. (2004). The
Football Association medical research programme: an audit of
injuries in academy youth football. Aritish Journal of Sports
Medicine, 38(4), 466-471.

Raastad, T., & Hallén, J. (2000). Recovery of skeletal muscle contractility

after high-and moderate-intensity strength exercise. Europeon
Journal of Applied Plysiology; 82(3), 206-214.

Shin, C. S., Chaudhari, A. M., & Andriacchi, T. P. (2009). The effect of
isolated valgus moments on ACL strain during single-leg
landing: a simulation study. Jowrnal of Biomechanics, 42(3),
280-285.

Sparto, P. J., Pamianpour, M, Reinsel, T. E., & Simon, S. (1997). The
effect of fatigne on multijoint kinematics, coordination, and
postural stability during a repetitive lifting test. 7he Journal of
Orthopaedic and Sports Physical Therapy; 25(1), 3-12.

Twist, C., & Eston, R. G. (2007). The effect of muscle-damaging exercise
on maximal intensity cycling and drop jump performance.
Journal Exercise Science Fitness, 5(2), 79-87.

Yeow, C. H, Lee, P. V. S,, & Goh, J. C. H. (2009). Effect of landing
height on frontal plane kinematics, kinetics and energy
dissipation at lower extremity joints. Journal of Bionechanics,
42(12), 1967-1973.

Yeow, C. H, Lee, P. V. S, & Goh, J. C. H (2010). Sagittal knee joint

kinematics and energetics in response to different landing

heights and techniques. 7he Knee, 17(2), 127-131.

N, Bates, B. T., & Dufek, J. S. (2000). Contributions of

lower extremity joints to energy dissipation during landings.

Mediicine and Science in Sports and Exercise, 32(4), 812-819.

Zhang, S.



