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<Abstract>

Kinetic Effect of Anticipation(AC) and Unanticipation(UC) on the knee

injury during Cross—cutting motion of female collegiate soccer players
Jin-Hyun Kim

Department of Physical Education
Graduate School, Jeju National University
Jeju, Korea

(Supervised by professor Che-Cheong Ryew)

Background : In the various sports game situation, performances are not always
anticipated but almost occurred by sudden response mechanism. Particularly in soccer
game, variations in biomechanical parameters may be occurred with more frequency in
unanticipated cross—cutting actions than those of other cases and moreover, it may
induce more severe variation in some variables. Therefore the purpose of this study was
to examine the kinematic and kinetic effects of between AC and UC direction on the

knee injury during cross—cutting motion of female collegiate soccer players.

Methods : Elite female collegiate soccer players(n=13) with righted-leg dominant to
verify the study purpose participated in this study. Analysis method of
Cinematography(3D), ground reaction force and electromyography(EMG) on the right leg
was conducted for the stance phase of the cross—cutting. The UC cross—cutting motion
consisted of both an approach run followed by a jump of 06 to 0.9 meter before
operation of GRF System and a plant-and-cross—cut motion with 45° angle at contact of
the right foot on the force platform. Analysed variables were consisted of contact time,
ground reaction force, maximal knee angle, maximal ankle angle, maximal knee moment,

maximal ankle moment, and signals of EMG around the knee joint respectively.
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Results : Elapsed support times of AC and UC group were 0.27sec and 0.31sec
respectively, of which difference was statistically significant (p=.000). Elapsed times to
peak Fx of ground reaction force for the AC and UC group were 0.92sec and 0.78sec
respectively, of which difference was statistically significant (p=.039). The ground
reaction force pattern of the peak value Fz(second peak) of the AC and UC group were
27128BW and 24 70BW respectively, of which difference was statistically significant
(p=.001). However there was no significant difference between groups in the peak value
Fz(first peak). In the initial contact, GRF(peak value Fz) in hip joint angle of UC group
showed rather tendency to flex their hip joint(p = 0.00). In the maximum flexion, UC
group showed tendency to flex their hip joint (p = .000) and AC group showed tendency
to rotate internally(p=.012). In the GRF(peak value Fz) of knee joint angle, UC group
showed tendency to do more varus(p = .027) In the maximum flexion, UC group showed
tendency to do more flex their knee joint(p = .004), and UC group showed tendency to
do more varus in the maximum varus(p=.001). In the maximum dorsiflexion angle, UC
group showed tendency to do more dorsiflexion(p = .041) in ankle joint. In the
GRF(peak value Fz) in hip joint moment, UC group showed tendency to flex their hip
joint more(p = .010). In the maximum flexion, UC group tended to flex their hip joint
more (p = .002). There were no significant differences between two groups in knee
moment. In the initial contact of ankle joint moment, AC group showed tendency to
rotate internally more(p = .050). In EMG analysis of the right lower leg muscles, there
were significant differences in only 4 kinds of muscle group<Rectus Femoris(RF),

Lateral Hamstring(LH), Lateral Gastrocnemius(LG) and Medial Gastrocnemius(MG)>.

Conclusion @ Kinematic and Kinetic variations were more occurred in the mediolateral
plane, and variations In muscle activation patterns were more occurred in the lateral
gastrocnemius, vastus medialis and lateralis muscles than others. When considering the
above, these findings showed the importance of simultaneous strengthening and balance
training between muscles of the medial and lateral side of the joint and considered to be

helpful materials in program development for an injury prevention in soccer player.
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7Bee] AR A Au=e] Aol Sl glol TSl FAeHA] faL WA Tk
ok AARRITe] AL giElE ARG W ek, T Yol AR} oF 3o,
EZ 7|57 oF 2emi7l HoHGirgis, Marshall & Monajem, 1975; 4-27F, 19%9). ARl b=
Sy AR dAA o m HFT BYS ofFU xR AT oF W° ALojA ofg] &

ofy
rlo

S A Bl APAAE WEE AR b Fa AE FAReA WA Ak

o[l AAARITE LHbundle)s T 5 l=uke] o= AL =go] HaL glont AR
o] 715& oldfetet mee T AHe®E AZEthReiman & Jackson, 1987). B3 AHAAIQIT
o] 82 F2 FE MW middle genicular artery)e] Q1A (ligamentous branch)7} aFal U%-= UlS
9 9= 3l&FM(medial and lateral inferior genicular artery)®] €%A|(terminal branch)7} 933t
(&1, 1939).

vpxEko 2 AU RIS vAlT-Z(microstructure) & E2H 14 f-(collagen fibril) 7} EojA Adr-

(fibril) 7} =31, o]50] thA] Ro] A&(fasciculi)& ©FaL o] Afrdro] Rojx Al AaAIt7}
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A, Knee external rotation
A

i=3
=

) 443 ),

UHStaubi, Jakob 1992; slvbe, 2009). Hthe] S==919k FlH Sl A
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AKCutting
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JtHLaPrade & Burnett, 19%4; A5 5, 2010).
2003; 71 S, 2007, 2009; YH| L 5, 2007, 2008). L

3 B % tHDejour, Bonnin, 1994; Griffin et al, 2005; M54 5, 2010).
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ARk we] glo]= F¢) YolE EFEskeIAtY o - Y AlgE Alefoll Apolzk YEAl 99k, ¢
ylolel Adjele]l ABAE giitia B 39 tHArendt et al, 19%; Hewett, Stroupe, Nance &
Noyes, 199%; Hutchinson et al., 1995; LaPrade et al, 19%; 37]& %5, 2009).

£ olghy IIHE oxp SFHeEd] A Ads FosA S7HIZITKSoderman,
Alfredson, Pietila & Werner, 2001), 37]& %5, 2009). 1g]al &4 o]gko] & oHEL WA o]glo]

e AR Addoz AW Al 9do] 27w ¥ Ertin HuatgtHUhorchak et al,

2003 F7IE 5, 000). BAolS Al SHA & (FId) Buk ohyzl B9
sWdE(Whe S A=, ol RN FetE v Tl Hol delE S

Q2lo]tBoden et al, 2000, Hewett et al., 2005, Markolf, Graff-Redford & Amstutz, 1978, Markolf,
Burchfield, Shapiro, Shepard, Finerman & Slauterbeck, 1995; Uhorchak et al., 2003).

AN dels de e FAdvelTe AT ¥ ojgsoditta Rusdln

A 2] At oz A fAddee w94de SPI afloltiHewett et al,

1996, Huston, Wojtys, 1996). Al=7] o] Foll S3a sl ulgollA - Yzke] Aol7} Yehe o5

AP tiEol thaiA Azl ol eS AFeHMarkolf et al, 1978 F71F 5, 2009). 2|

A, T22A A A o 2EZAL A5 AWAARIY A3l &S ST EEY o
olo|w(Gray, Taunton, McKenzie, Clement, McConkey & Davidson., 1985; Zelisko, Noble & Porter,

1982 71F <5, 2000), o1 2o F714Q1 Mol o3k o] = oo AMAAIY 4
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7] % 3)7](luteal phase)ol

FEe 9 7

A

3

&7

= oz

Moller-Nielson & Hammar (1991)

o/

7](follicular phase)©l|

2
X

L

vk ] (ovulatory phase)dll Z7}&

=
3

O

APAAL] A frobiE

A

3

(fibroblasts) ]|

Ay A fopE

W

A Z1eHBooth, Tipton, 1970; $+71% &, 2009).

ol HrEy]

ity

%.O

Beltran & Rutherford(1996) €74571¢] uj2h7)

o

Posthuma, Bass, Bull & Nisker(1987)2 ¥7571% 7Hpremanstrual phase)olA 57|

APAT AzE2

s

H, o]

Ho

3t

al

=l
th aga ATE

3

Al(oral contraceptives)”}

0]
=

i

i

Moller-Nielson et al.(191)+ 73§ 3

Martineau, Al-Jassir, Lenczner & Burman(204) %

}

F}E3)

_g]

A<
&34

delolt}, FHdrkelty} dokeuldEite] 3-52-8(coactivation)<

, 2077

|

A

sttt Wojtys, Huston, Schock,

S wolzogy E£PWHS HID
A2}

2}
A)

1Ho

Bloll A kR oA

A}

[e]
=

]

I
Jol=
)

Boylan & Ashton-Miller.(2003)

ket webA oA

5

¢ Attu

37}

9 B Aduee-duevizdg ] HiER vleo] ¥ sokHewett et al, 199%) #d]
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HAKSell, Ferris,

< Juvizaas el 2% el

Abt, Tsai, Myers, Fu & Lephart, 2007; White, Lee, Cutuk, Hargens & Pedowitz, 2003). ‘g th&] vl 2]

A=3HKennedy et al, 1985; Schultz, Miller, Kerr & Micheli, 1984; Schutte,

=
=

(mechanoreceptors)

Dabezies, Zimny & Happel, 1987). ©H#]#A] &2 o

2t

H

A

[e)
T

5-87] (proprioceptive) 2] <1do] B AXE A& ondthHaycock, Gillette, 1976). ©]# o] 1

ARATFEL FAAT

o
L

Rozzi, Lephart, Gear & Fu,(1999)

N

%!

X
)

=
T

mj

3t

H
5

P a, ARl Ag8os

TlEZF v AH(Chappell et al., 2002),

el A S3keh vl

Ce

CHMarkoff et al., 1995). o7}

o]
A

3
pul

oHLephart, Ferris, Riemann, Myers & Fu,

o W= e o 2

1

(Malinzak et al., 2001).
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gold, 57149 HAx Ego|yd 5

Mo

ob

1) XA EAFFE 2~E 83 (standing quadriceps muscle stretch)

A Jdd =it 2E 8 A (kneeling hip flexor stretch)

i

oju

2% (hamstring stretch)

(gluteus and hip rotator stretch)

< 2E##(groin stretch)

oz

5 =

6) XA Folelt 2~E# A (standing calf stretch)

D & & (bridging with ball)

&4 A7) (walking lunges)

Mo

3) Y ~F E(double leg squat)

1 ~FE(single lef squat)

)

7|(tublig walks)
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6) okl FaL 2713 way kicks)

THH

=)

)
KH

1) 2AE HX(squat jumps)

(single leg hops)

7] 3
Hv—‘

&

(side~to—side hops)

FERell A
5) 180% Ast HZ(180 degree jumps)

7] 3
2L

= §

3) Aol

(lunge jumps)

3

THHewett et al, 1996, Hewett, et al., 199; Kraemer, et al, 1998, Lehnhard,

s

A om Sasol

et al, 199%; Caraffa, Cerulli, Projetti, Aisa & Rizzo, 1996; Soderman, Wemner, Pietila, Engstrom &

Alfredson, 2000; Myklebust, et al, 2003; Heidt, Sweeterman, Carlonas, Traub & Tekulve, 2000).

o/

Hewett et al.,(1996, 199)
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oju
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CHKraemer et al, 1998)al H.I1%|9lo.
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A w, Qldiel A 7]

L}, 71 o]%o| Hewett et al.(1999)0] A
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Fady, oAk A5 d
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Caraffa et. al.(1996)2]
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77}
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1S 771tk Hewett, Myer, Ford, Heidt, Colosimo, McLean, van den Bogert, Paterno & Succop,
2004, Myer, Ford & Hewett, 2004). & A4 $HS T34 32 AR5 5242 202 v 5
o, o} A ZES TV 4 Tk < A IelE - 67 vl SUbEle, 1 Ay

SN A 483} d Bt ZAEATEHewett et al, 1996). T o oJzse] o+ 217

v

& FHES ARG Woked, £d ol A9 wErdE SF Hleo] HAERT ¥ =
UK Kraemer, Mazzetti, Gotshalk, Volek, Bush, Marx, Dohi, Gomez, Miles, Fleck, Newton & Hakkinen,
200D, & o2 gl & A T2 S5 oF oRES A= 3 o tiKramer e,
al, 1998, Wroble & Moxley, 2001; Kraemer, Hakkinen, Triplett-Mcbride, Fry, Koziris, Raramess,
Bauer, Volek, McConnell, Newton, Gordon, Cummings, Hauth, Pullo, Lynch, Mazzetti & Knuttgen,

2003). B3 2 A7 FH Al TheiAlE S4Ee Tkl

)

Ae A7 259 BdEe

r

gl xsta, w ol A F#S ZF7M7ItHRooks & Micheli, 1988; Faigenbaum, Kraemer, Caill,
Chandler, Dziados, Elfrink, Forman, Gaudiose & Roberts, 199; Hewett, et al., 1996). & 2174 TH
oAz} AFse] £ RS AL EeFadE ] o] glow Aees & wIaEs 94

FHMyer, et al, 2004). o9k e, AN S Soledl 2Ae © Y 2k
28% A T Myklebust, et al, 2003), +&THE FEAIEH 2He & FHS 80-90% a3=
HAtHBen-sira, Ayalon & Tavi, 199%; Kraemer, et al, 1998, Wroble & Moxley, 2001; Hakkinen,

Alen, Kraemer, Gorostiaga, E., Lzquierdo, M., Rusko, Mikkola, Hakkinen, Valkeinen, Kaarakainen,

II.

Romu, Erola, Ahtiainen & Paavolainen, 2003; Kraemer, et al, 2003). webd Aazpeld) &4k o
T Fo &5 FYY PFTHS FUkH, 4 9 2 E9E EoiMyer, et al, 2004) AEAS
o2 FES 2ES Z7AZItHBoyer, 1990; Fry, Kraemer, Weseman, Conroy, Gordon, Hoffman &
Maresh, 1991; Ben-Sira, et al., 1995; Chilibeck, Calder, Sale & Webber, 1998). <-&&# 3} Za}o]Q.
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Aggelousis,

Kyriakos,

Leontsin,

Jamurtas,

Fatouros,

1992).

(Adams, O'Shea & Climstein,

710°

oju

=

Kostopoulos & Buckenmeyer,(2000)

s

yslolof #519)

=

o

%91t Heitkamp, Horstmann, Mayer, Weller & Dickhuth, 2001; Holm, Fosdahl, Friis,

golemEd, &

=
o=

=3

Risberg, Myklebust & Steen, 2004; Paterno, Myer, Ford & Hewett, 2004). ©]*]
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B Aol amsAY B49) ARG % ok £5 9 A SA9l MEEY S84 o

B Q7o) thbs AgA 2] Heg ol 579 45 13902 AT 6749 ol el 5%
W) 9, P4e 9A 9e ASE AT ATHIAES APl 9N ATaesas
(RB)S] 5% Wtk A@e] Zast W, 7ol Wt Aol ol F28] olssta, Eola 44

2 gon Addgon], e $4d %S use) A8 AT ool AAA S43)

AH<Table 1> 2 ANAZAHABTable 2> the3} 2t

Table 1. Demographics of the subjects

Subject Height(cm) Body mass(kg) Age(yrs) Career(yrs)

M=SD 162.5+5.2 50.2t4.4 19.2+0.4 7.5t14

Values are mean=standard deviation

Table 2. Anthropometric data of the subjects (unit : mm)

Subject AEE7) SHEE SH4E Rk
A n=13) 236.96.9 945+5.8 65.1+2.8 236.96.9

Values are mean=standard deviation
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w Gl ded HieTe G BG HE 98T A, AHRETIGRE), 271584

(¢}

E X8 <Table 3>, <Figure3>} 7t}
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QL
TR
E
2,
=
1o
g
5
n
ox,

Table 3. Experimental and analysis equipments

TE 2d4 T A Z A} A z=7t
A& Vicon MX-T40 6Th Vicon UK
} . National
HgEX] A] 7] Labview 8.2 1tH USA
Instruments
Rkl AMTI MSA-6 14 AMTI USA
A7 24 Trigo Wireless EMG system 19 (&A9) Delsys USA
ZEAA Bx5M-MDT 1% Autonics Korea
o1z 7y Campo oF 5m° S -] Korea

+ ArelMe] ARG A9 2@t (kinematic) Yl ¥MAES 48] #ske] Vicon
Aol 3k EARA Al ZHEHMX-TA0, g=) 6t olgaklth. 7hztol M WE= #eld
2 AAlel F24%E vl (Landmark)ell HHAFSO] T Zhdlzte wolseldA Az E¢7](Vicon
MX Giganet)& &dto] HAE Aoz A&AA w8kl

i

13

flo

 AFAA 9 WA ARAAY A FE@Ate] 28 AR oA ARl oS o
S AAE F7] Yokl =EE AFE 9 323 Labview 82 AZE 0] Data Acquisition(DAQ) =

S A714 Als2 A Photoelectric sensor)dke]

[
il
>~
>
oo
QL
K3
e
ﬁ
~
A,‘i
QL
)
o
~
i
S
o,
_>|4_‘
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3) A+ 7)(Ground Reaction Force platform)

= ATNY AueET)E AR A QR o] AWl AA|HE ot E9dH
(kinetic)$] WlE<= AH=st7] ffstel AMTIAMS] Zeol 8l0mm, WM 400mm =17]¢] A[HRk7]
(MSA-6, M=) 1HE ol&siith o] Awwte 34719 EAgd= 22t FabdA](load cel)7F -
5 o] glo] A|HrH 1

4) 7 %(Electromyography)
Bt a9l HAEE DelsysAte] Trigo Wireless EMG system 8A1'dS ARg-sle] A8 d =24
AAe] Ak IEake] s 2 MVC(Maximum Voluntary Contraction) S 4381, 247

A tdAEe] Yol H= @28 sHA7F Awle] A= gk & SR g AEsisith A4S

il

w A7 e tdAES Al Sol7b] A <Figure 4>} 2ol A A FHeIh A
I} AlTe SAsaL sAEEe TgE TEb] flste] tEldels SAIAL LEF

3 SHE H5 SSSY tEldols EXE ol8ste]l AW AAllA == (Anterior
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rFEEEYY

SEXIAI7|

Figure 8. Experimental equipments
superior iliac spine, ASIS)FH tEUS 4 8715 Bhsle] A= US SAp7e] AgE =
gafglom, S3bdn) S3bde] ynle ARHE of8sle] AH ARelA @5 diE w4 57 17k¢

e, S Sde] 9l5 BARA U= EApRx]e] 2 dAelE SISl

2) QA WAz PHA B
2 7o) BE thiAEe Hu Gehit Wi R8sk ST et ge AHEe] Fe Wy
B gl siglor] AIzee B AR Slal B Holo] Aln FSH: F7EE %8s
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Figure 9. Data collection of the subjects

A Esiet ks B Aol SRl 3] egtonw wdEM=E 289 5 SEeA|
e Aok
(27 15mm)E <Figure 5>9F 20] & 16715 92 slxlell Flelgr) FEde ke
WPFE=Hleft and Right Anterior Superior Tiac Spine, ASIS)¥ $4F4E=H(Ieft and Right
Posterior Superior Tliac Spine, PSIS), t&|21533H(Left and Right Lateral Epicondyle of femur)2}
9)% HAR((Left and Right Lateral Melleolus)ol 52181510, ok Greater Trochanter)s 915
Fi= 3k A< 9)55(Left and Right Thigh)>¥} thE |=43le} ol= &2
= 8 X< 2S5 (Left and Right Shank)>oll PIAE H-21819itk

1:1::1,

K

W AQle] SAE S8l S73kE A1 AdEjolA B R|((Left and Right Heel) SAF-9F AR 5=
Z 735{(Left and Right metatarsal head)oll= F-2r6133ck
2 AT BE dPRES 9 Agks Haskl o] SR AlSE dojur] flste] vHaEd

Collection @ jeju



FHYZE thigh)

G5 thigh)

VEZH2HL epicondyle) HEZAT( epicondyle)

FEI5¥(shank) SEYZE(shank)
Y Z2AB( malleolys)
272 Z(tos) & 527 (hes)

Figure 10. Marker attachment Points
o] 2& AAsiaL A= AlA F Fgure 6>} 2o] & 879 TS TSI
F2} QA= thE 2l rectus femoris), &3 (vastus medialis), £15=4Hvastus lateralis), %17
ZXtibialis anterior), HHE|o)1F - Hbiceps femoris long head), ¥FA % (semitendinosus), W&
(gastrocnemius)©] W& Hmedial head)®t €15-Hlateral head)ol™, 7} 52| 5 flol] F-2l8ck
(Beaulieu et al., 2009).

A% R A 737) g Sl )] $1ste] mme) L]
£ A W] Sl Go] A% ol 4 Qles Walskn, AwMElE TlEdow slo] Tl 6
vle) GAEA SiElE SgREel Afeies 99 s
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Figure 11. Electromyography attachment Points
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Figure 12. Experimental field
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A AA F AR U], 28 A on] AR WERS dal A&l 7 -$(anticipated cutting;
AC)9} &A Ado] Wk A% 7F A Eo] ARde] - WS & 9l Z-$-(unanticipated
cutting; UC)Z Yol Adstsich Abdlel] wako] AAld HA9-(AC)E #, § 77 23]% F745}o]

1 7 139 HolHE 24 &&3or Apdel] gkl AAHA & AHUC)= #,

zZo g Wekdsl 3= 92 A2 7" (cross—cutting) 8.8 QB9 2x] & 2o 7 wekhgl &

= A4 Abol= A”(side-cutting) & & A=t B Ao Ay EXoE A2 A

5. X243 U A

Py BN do] ABY FIARE W0 Aete] 6019 G Tz B2 A|Zgon,
SR8 AR Q90T A AHOE WA ol 22 A 94 AAS] 93kl Butterworthe] 2

A A E e (low—pass filter)HS o]&35to] 11.0Hz= DE e stich

of oJg A= flel7] gistel 2t FPAES] %Body mass® EESFete] WERTh

AL Als BA40)= EMGworks 3.7 Analysis(Delsys, USA) 2ZEYo]E AR&3l9It}y dapd o
Aozl 9 2t Butherworth 2nd order A 9ZE]S A838}0] Adk F34=(cut of frequency) 100Hz
2 I slgdtl o] A8E o]% HiH(moving window)S AA3}] Root Mean Square(RMS)ZEC. 2
FAE ol A o4 FEERMVIO)LZ Fdlete] BMVICEHS A&tk o)2A &z

Y= 7t 25 AT A8 S AI7Fe g2 EF3Htime nomalization)dke] & 100% 1-7HS 10% ¢
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W3l 3 A PPz FAsHH e 2k
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Figure 13. Event & Phases
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4) 1A #AZ Hel
sto] F9ge & Nexus

L B
= GAEY

B ool s #AALE 1] (Vicon MX-T40 Camera 6t)E ©]§
ot apA BA 4w A8 E2 ARSI 4o AouHe <Table 4>, <Table

17 AZEg ]2 AAlg
5>, <Table 6>, <Table 7>¥} 72t}

Table 4. Plug in Gait(Thigh Segment)
What How Direction
Origin RKJC
1st Axis Z RKJC—RHJC Vertical, Pointing Up
] perpendicular to the plane defined ]
2st Axis X Anterior
by RHJC, RKJC, THI
. Cross product between Z and X ]
3st Axis Y ] Lateral, from right to left
unit vectors
Table 5. Plug in Gait(Pelvis Segment)
What How Direction
Origin (LASI+RASI)/2
I1st Axis  Y(Q) RASI—LASI Lateral, from right to left
) perpendicular to the plane defined ) o
2st Axis  Z(B) Vertical, Pointing Up
by LASI, RASI, LPSI, RPSI
) Cross product between Y and Z )
3st Axis  X@R) . Anterior
unit vectors
Table 6. Plug in Gait(Shank Segment)
What How Direction
Origin RAJC
1st Axis Z RAJC—RKIC Vertical, Pointing Up
] perpendicular to the plane defined ]
2st Axis X Anterior
by KJC, AJC, TIB
. Cross product between Z and X ]
3st Axis Y ] Lateral, from right to left
unit vectors
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Table 7. Plug in Gait(Foot Segment)

Jrhias How Direction
Origin TOE
1st Axis Z TOE—HEEL Posterior

. perpendicular to the plane defined .
2st Axis Y Lateral, from right to left

by Toe, AJC, HEEL

. Cross product between Y and Z ) o
3st Axis X ] Vertical, Pointing Up
unit vectors

V(X,,Y;,Z)7F ol 2 0= T a4lell ofsl At Il
. Uu-v
0= acos (p7vy)
XX+ Y.Y +27
= acos ( ] s ] )

VXpt Yot Zo \[Xp+ Yot Zo

Figure 14. Definition of lower extremity
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t73 7 (paired t-test)S
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&l Abde]

=

F 2 A7) A 7R 0.3140.05sec

& o=, ARl

-4.803, P=.000). ©]

=
=

M+SD
0.27+0.04
0.31+0.06

Sec

V. 2%

ucC

AC
AC:Anticipated Cutting, UC:Unanticipated Cutting / unit :

group

amA 139 oA dek A

)

chea} 2,
variable

L

solyol ek BAHOE FOI3 Aok ekt

o nAE 9 7

oz} o] AR AR FAA AR o5 oo mE AA]|7] A
Table 8. Comparison of the support time between AC and UC

<Table 8>3 <Figure 10>914 AXH A7}

stpom 1 Az

o
AR 0.27+0.04secol™, ARl

1. RIX71 Alzt
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Figure 15. Comparison of the support time between
AC and UC

oAz Fdre] AR AY Sl AP oS oo mE 27] AUHFAC) ANFEFH F4
ARt gre]l o7k 571704 e] AlRitime to peak Fz)3 #Ae] -9 MY HdeHs wB] 913
AAREE o] 2 ¢ Aol Aok H717H49] AliHtime to peak Fx
§ A9 Hulgk(peak value Fx), A-$ A3 Hlgk(peak value Fy), 54 A9 3 WA uigt
(First peak value Fz)2} 2 9] F A Hl7k(Second peak value Fz)& 2FEste] #4131t

_

& BT ER A

1) AHvke] Aozt =7]7129] AR
<Table 9> % <Figure 11> AAE A o] ALALE} o5 of o] wp2 9 Ayt glo]
A7t H7174419] AZHtime to peak Fx)2 092+018sec, ARl WEFS d|Zalx] 53 A9
0.78+017sec = AP o)So o] wet FAXCR Fojdt 2fo|7} YeRtHt=2319, P=039). ©|&
Bl Aol AR WS vjE] o3ekA] R A9 e US/95 Weke shedE Hsiv o
Al veidths 28 4 ok 1 9] AR oS o] mE 1 Aunk o] Azt ¥7)7t
Z1¢] Al7Htime to peak Fz)ollAv= SAA SR F2)3t fo] 7} eRbA] kgl
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\\Q
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Figure 16. Comparison of the ground reaction
force(time to peak Fx) between AC and UC

Table 9. Comparison of the ground reaction force(time to peak) between AC and UC

variable group M+SD t D
AC 0.92+0.18
time to peak Fx 2.319 039
uc 0.78+0.17
AC 0.02+0.01
time to peak Fz -54 590
ucC 0.02+0.01

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : sec

2) A o] H gk
<Table 10> % <FHgure 12>, <Fgure 13> A

r\ﬂ

A3} 7ro] ARIEE ol ool e ]
o) T A FHuigloll s Aol Weke: olSE A9 27234300N, Aol WEks: olSekA] Bet
79 AT0+210NC R APIHEF cl5ofiiel] ufe} A o® fejgh Ajol7} Uepdth ol& ) Al
o] WIS di5eh AQelr] Sxbdo] E=t HWA 157 B A5 v SEES AE] AlRket
= TR B 2 38 dsjele] FIshE] Bes wrkar & 5 Ak 11 9] 9 AdRe] Hulgh
-5 e gy el A wiA Highell s BAK SR felet Xeol7t v eidck

2
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Table 10. Comparison of the peak value between AC and UC in the ground reaction force

variable

group M+SD t p
AC 0.22+0.32
peak value Fx 3 700
ucC 0.18+0.35
AC 9.69£2.31
peak value Fy 053 93
ucC 0.66+2.32
peak value Fz AC 36.93+8.26
270 792
(first peak) uc 36.2615.70
peak value Fz AC 21.28+3.00
4.326 001
(second peak) ucC 24.70+2.10

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : BW

35 1

time(sec)
=

=
L]

10 A

B AC

2 UC

Figure 17. Comparison of the second peak value Fz

between AC and UC in the ground reaction force
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3. &N 2z

Azt ST ARA AY SAIM AR o5 o] ntE 7] AMHZAC) AHH 74
AnkEgio]l - Hdzk 2 wj(PVE2) a3Ee =3/A1d(Flexion/Extension),  W%l/¢]d
(Adduction/Abduction), W3] %/¢)3] A (Internal/External Rotation) Zt%& A3ty w3t A2 ~7]¢
Ao adEe] Ao #3F Z(maximum flexion angle), o WA ZH=(maximum adduction
angle), At W3d 2% (maximum internal rotation angle)S Ap&lell #8F o =3 799 n|g] o=3}

A 58 7o) 4eE Akl ke vlasklt

Table 11. Comparison of the flexion/extension angle between AC and UC in the Hip joint

joint variable group M=SD t P
Flexion(+) / Extension(-) AC 46.90+6.24
-5.84 000
<Initial Contact> ucC 51.0245.85
Hip
Flexion(+) / Extension(-) AC 48.40+7.22
-5.870 000
<Peak value Fz> ucC 52.37+6.18

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

<Table 11>1A AAJE Ah o] 7] AAAS Al o] w2 gk Aol Wk 53

o,

9 469046 24deg, AP WES o Z51A] 3 - 5102t5.Bdeg® W o Zoj ol ul} A4 o
2 F9J3 lo]7} UERE oM (t=-5854, P=.000), FAAHEE o] At He Aol nade] &
3 ke AbHo) WeRS o) &8 A9 4840+7.22deg, AFHY] WS o) 28] B3k - 52.3746.18deg ®

2 fo)ek Afol7h et tHt=-5.870, P=000) <Figure 14>0]/ ¢} 7ro]

o
oSt
=2
i)\
e
-
=2
==Y
v
ol
)
1
o
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Figure 19. Comparison of the initial contact flexion angle
between AC and UC in the Hip joint
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Angle(deg)
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Figure 20. Comparison of the GRF(peak value Fz)
flexion angle between AC and UC in the Hip joint
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Table 12. Comparison of the adduction/abduction angle between AC and UC in the Hip joint

joint variable group M=SD t P
Adduction(+) / Abduction(-)  AC -11.7945.12
-1.001 336
<Initial Contact> ucC -10.18+6.63
Hip
Adduction(+) / Abduction(-)  AC -821+4.9%6
-539 600
<Peak value Fz> ucC 1312695

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

>~

14

i)
4
>
>
2

<Table 12014 AN A3} 2o nHdel vg/aa Zeois 27 AvEE
weigte] A7} sl AR RO BAMOE old Aol7t L etk sAw 27] AW 4

= ARl Aol Bake clSekA] X Aol adde] ofd 4%rk ¥ A delkit

Table 13. Comparison of the internal/external rotation angle between AC and UC in the Hip joint

joint variable group M=SD t P
Internal(+) / External(-) AC -6.08+10.70
1.293 220
Rotation <Initial Contact> uC -8.69+11.97
Hip
Internal(+) / External(-) AC -6.97+10.29
1.190 257
Rotation <Peak value Fz> uC -8.34+12.43

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg
<Table 13>4 AAE A o] uydo] W3H/9)3)H ArollMe 27] AUFEH A} 4]

Ak gro] A7t S Al ZFolA EAHCE Folet Aol7 vehx] gttt spAt 27] A

H S AR ARl BFe oSehx] K3 Aol o] 9|3 Z4ert ¥ A7) HERsT
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Table 14. Comparison of the maximal angle between AC and UC in the Hip joint

joint variable group M=SD t P

AC 54.01+9.02

max flexion angle -6.269 000
ucC 58024856
AC 15.82+4.13

Hip max adduction angle 1.768 102
ucC 14414453
) ) AC 5114879

max internal rotation angle 2.1 012
ucC 2.97+8.19

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

<Table 14> 2 <Figure 16>, <Figure 17>, <Figure 18>°1x A€ A3}
d|Z3 79 5401:9.02deg, AFHol
wel BAHOR fojet o7 Uepgom(t=
Aol Waks o3 A9 5114879deg, AMde]

RS2 Ao

58.02t856deg o= ek

=} O
Weks

o 501 4ol

297+819deg® frelgt 2bo)7k Uepgth(t=2.91, P=012). 1 ¢ Hdl uldzeo] dsirs 2

% Aol7} LA ek

70

60 - |

[%)

o
-

-

30 o

20 o

10 4

extension / flexion (deg)

-10 o

-20 +

— T eee UC

Figure 21. Comparison of the flexion/extension angle
between AC and UC in the Hip joint
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Figure 22. Comparison of the adduction/abduction
angle between AC and UC in the Hip joint

external /internal rotation (deg)
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Figure 23. Comparison of the internal/external rotation
angle between AC and UC in the Hip joint
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2= 2tz

oz} SR ARA AY FReA ARRE oS o] mE 27 AUHEZIC0) M- 4
AAdkE gre] o7t 2 wj(PVEz) £349 =2/417 (Flexion/Extension), WR/$I¥(Varus/Valgus),
W3] 71/9] 8] d(Internal/External Rotation) Zt=g #4513tk T3k A28 SalA S3de] &

Jud
~

W =3 2% (maximum flexion angle), ) ¥ Z%E(maximum varus angle), o H3d 2%
(maximum internal rotation angle)E ARHol| Wk o3t 499} vlg] oSspA] E3F H9-9] s

hEstel ghe mlaLsklTh

Table 15. Comparison of the flexion/extension angle between AC and UC in the Knee joint

joint variable group M=SD t p
Flexion(+) / Extension(-) AC 1841+3.86
-1.029 324
<Initial Contact> ucC 17.30+4.47
Knee
Flexion(+) / Extension(-) AC 26.47+6.35
521 612
<Peak value Fz> uC 250994731

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

<Table 15>°l4] A& Az} o] SWEe] ==/Ad A= 27| AdxS AFs} s4AH

o
Ao,
r
R
O,
AN}
N
)
o,
i)
N,
O
1-4
O
%0,
ul
ol
o,
AN,
=)
i
rE
m

Table 16. Comparison of the varus/valgus angle between AC and UC in the Knee joint

joint variable group M=SD t p
Varus(+) / Valgus(-) AC 5.52+4.07
-1.356 200
<Initial Contact> uc 6.124553
Knee
Vaus() / Valgus-)  AC 4674452
-2.520 027
<Peak value Fz> ucC 6.1145.78

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg
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<Table 16>} <Figure 19>l 2lrjel Z3} 32o] 2ix[ddt=glo] eyl == ARl S
o] UMbt Zie= ARl WRkS oS53 - 4674452eg, APdell WS oSS 58 -
6.114578deg 0= W el e} SAH R Fofdt Alol7} HERsk o (t=-2520, P=027), 7] A

WS A BAROR Relek Aok viehb egitk shAR ARel B alEek 29

Aol Sxbdel Uk 2yt o A dERdT,

15 4

12 4

Angle(deg)

%

Oac ~uUc

Figure 24. Comparison of the GRF(peak value Fz)
varus angle between AC and UC in the Knee joint

Table 17. Comparison of the internal/external rotation angle between AC and UC in the Knee joint

joint variable group M=SD t p
Internal(+) / External(-) AC -10.7746.24
-610 533
Rotation <Initial Contact> uC -12.10£5.43
Knee
Internal(+) / External(-) AC -217+6.78
1.801 097
Rotation <Peak value Fz> ucC -3/76x58)

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

o<
T4

o

CTable 17014 AR At o] &8Ae] W3l R/98d 2ol 7] AREE A4
Auakeigko] A7t i AR mRolA EAACR o3 Aolrt UEA gtk SA% 27] 4
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H S AR ARl BEE dSatA] R Aol sdde ¢85 4t ¥ A yehew,
o] Aol A Hod woll= Aol Wake A5 AolM o 2 93 4= HERh

Table 18. Comparison of the maximal angle between AC and UC in the Knee joint

joint variable group M=SD t P

AC 52.35+6.53

max flexion angle -3512 04
ucC 58.0446.13
AC 10.154585

Knee max varus angle 4133 001
ucC 14314741
. ) AC 18.33+7.64

max internal rotation angle =447 663
ucC 18.6646.69

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

<Table 18>7} <Figure 20>, <Figure 21>, <Figure 22>°lA] AAE A3} o] &3hdo] Huj =
oA Ao WS ol Ze A9 52354653deg, APAol WEFS oZabA] Rk A4S 5804+6.13deg
=0l Lol wlE} EAH R o3k o7l LEhtom(t=-3512, P=004), At Ut zhzoj
NE AbAe] WeES o =8k 49 10.15:585deg, AP0 WEES o 2314 B3t A9 143147 41deg® 1}
G ofSofitel] wet FAKCR Fol3h Aol7h WpehtTHt=-4.133, P=001). 1 9] Hdf W3] 2
aie EAH 0z o8t fol7h VA gk

lo
il
o
oSt
=2
|\

N,
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Figure 25. Comparison of the flexion/extension angle
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5.

Ip

A e

o2t SA7e] AR AY FROA ARG oS oo M2 7] AWHEHI0) AHH 73
AatEglo] A7t @ W(PVFz) S8de] wjE#2/4 52 3 Dorsiflexion/Plantarflexion), 3]u/3]9]
(Pronation/Supination), 3]%/%] 3] (Internal/External Rotation) %2 2418lsie}h w3l a2 ~7E
A ZHAo HY wlESEsr A E(maximum dorsiflexion angle), #Hd| W¥F 2 (maximum

pronation angle), ) W&]d Zt%=(maximum internal rotation angle)= H] s}t

Table 19. Comparison of the Dorsiflexion/plantarflexion angle between AC and UC in the Ankle joint

joint variable group M=SD t D
Dorsiflexion(+) / AC 04130
Plantarflexion(-) -1.245 237
-5.03+
<Initial Contact> w DUBITI0
Ankle Dorsiflexion(+) /
AC -279+t5%
Plantarflexion(-) -1.641 127
uC -055+7.87

<Peak value Fz>
AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

<Table 19>l #AAJE At o] H@de) wiSway/ASws 4ol 27] AHHS AR
FAAATE gl Hh7E = A ESellA SAH R ol Apol7h vehA] 3tk shxvt 271
AR S A AR gho] 7k B Al EAelA AR Wike 53t Aol e

of A%23 7wt f 27 Jehg),

Table 20. Comparison of the inversion/eversion angle between AC and UC in the Ankle joint

joint variable group M=SD t p
Inversion(+) / Eversion(-) AC -0.14£1.33
190 852
<Initial Contact> uC -0.18£1.53
Ankle
Inversion(+) / Eversion(-) AC 0.5941.29
-.163 873
<Peak value Fz> ucC 063£1.47

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg
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<Table 205014 AAE A3t ol Fede] /sl Aol 27] AWHE Ad5 FAAY
welgro] A7k S A WA FAHCZ o3 Aol vehbd gt & 2] AW %
At FAA R ol Aot sl Adel BN A B o3 ool u

oA vl A% ugd

Table 21. Comparison of the internal/external rotation angle between AC and UC in the Ankle joint

joint variable group M=SD t p
Internal(+) / External(-) AC -2.18+867
-129 89
Rotation <Initial Contact> ucC -1.9449.21
Ankle
Internal(+) / External(-) AC -6.83£847
837 419
Rotation <Peak value Fz> uC 7931941

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

<Table 21>o14 AAE A3} o] Fabdel New/sl8d Aualde 27 AWHE AR} 54
AuirEgio] Aok sl AR B BAHCE fold olrt UERIA skt 84
W A5 Aol Aol Bae dZa ASelA F o 2 s 4wt tehda, AR

t7h S Aol E ARl ke dSekA] e Aol & o 2 3 ATt ekl

rE
i
Y

o

N

Table 22. Comparison of the maximal angle between AC and UC in the Ankle joint

joint variable group M=SD t p
AC 18.09+7.93
max dorsiflexion angle -2.289 041
ucC 2242751
AC 4.22+2.36
Ankle max Inversion angle 248 809
uc 4084214
AC 19.44+12.34
max internal rotation angle 1.454 172
ucC 15.69+10.99

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : deg

<Table 22>9} <Figure 23>, <Figure 24>, <Figure 25>0l|A AAE A7} 7o] 24 Ao wj=

23 Aol Apdel] Weks o3 A 1809:793deg, ARl WERE dFShAl X A4
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Figure 28. Comparison of the Dorsiflexion/plantarflexion
angle between AC and UC in the Ankle joint
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Figure 29. Comparison of the inversion/eversion angle
between AC and UC in the Ankle joint
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6. L2E ZHE

AR} Y] Arx AY SAIA AR oS of e wWE 27| AWHZAC) N 4
AAnE el Hoizb 2 wj(PVEy) a3Ee]  E=2/A1d(Flexion/Extension),  W#/<]#
(Adduction/Abduction), W3] %/¢) 3] A (Internal/External Rotation) EHES 2EA5l9it} =3 A2 47
B EoA ude] Ho #F2 RWlE(maximum flexion moment), Ht] WA EHlE(maximum
adduction moment), F W3d EHE(maximum internal rotation moment)E ApRdol| Higk <=3t

Aok mE] dSekH] 3 -0 RHMES AEsto] gle nlalsigit

Table 23. Comparison of the flexion/extension moment between AC and UC in the Hip joint

joint variable group M=SD t P
Flexion(+) / Extension(-) AC -0.29+0.55

1.620 131
- <Initial Contact> ucC -055+0.57

D

Flexion(+) / Extension(-) AC 552+1.88

-3.074 010
<Peak value Fz> ucC 6.360+1.82

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

7 VR QAR ARl Wk o
ZapA) g Aol AdRAEs} 2 kg, SRR RbEgle] Aok B AlAAE AR ¥
&S o8t 49 55241.88Nm/kg, APl WS oS3 Ea 49 6.36+1.8NmkgE FAAHCE
o] gk 2po]7F Wb THt=-3.074, P=010).
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Figure 31. Comparison of the GRF(peak value Fz)

flexion moment between AC and UC in the Hip joint

Table 24. Comparison of the adduction/abduction moment between AC and UC in the Hip joint

joint variable group M=SD t P
Adduction(+) / Abduction(-)  AC -0.32+0.46
-1.6%6 116
<Initial Contact> uc -0.14+0.47
Hip
Adduction(+) / Abduction(-)  AC 15441.82
-.164 873
<Peak value Fz> uC 1.63+1.22

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

<Table 24>1M A& A3} o] o] /ol RalEdXe 7] AdfS A} 2]

R
=}

wuigte] APt sl AQ BN BAROR fold Rolrt e etk w27
A% Ao Aol e a2 g BSolN AARAETL 2 Uehdor, Saxwue
¢

ol Fth7F sz AlolM ARl BaE dlEabA] 23 Aol WARREZL 27 e,
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Table 25. Comparison of the internal/external rotation moment between AC and UC in the Hip joint

joint variable group M=SD t P
Internal(+) / External(-) AC 0.02+0.07
2.083 09
Rotation <Imtial Contact> ucC -0.01£0.08
Hip
Internal(+) / External(-) AC -0.56+0.35
1.810 0%
Rotation <Peak value Fz> ucC -0.75£0.25

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

<Table Z5>o14] ANR 23} ol mebde] Wala/o)sa BrEAE 7] NS AHs 5
AARBEgte] At s A R AR fola Aol e Sislek SR 27]
AR E AR SRR Aot S A BN A B3 A5T A9 19

o] W ARAES} f A JeERgTh

-

Table 26. Comparison of the maximal moment between AC and UC in the Hip joint

joint variable group M=SD t P

AC 5.70+1.80

max flexion moment -3.87 002
uC 6.63+1.57
. AC 3.60t1.58

hip max adduction moment 1.476 166
uC 3.07+0.72
max internal rotation AC 0.1240.10

2.048 063
moment ucC 0.0640.08

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

vl ARG WS olEd A% ST0:L80Nmkg ARl WEe S w2
6.68:1 5TNmkgO.2 §8 clZolRo] weh BAROR o8 Aols} hehdor(i=--3857, P=0)
29 Ay o 2AE, Ao ged BAE BEoN A ojie] ma EAHoR o3
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Figure 32. Comparison of the flexion/extension

moment between AC and UC in the Hip joint
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Figure 33. Comparison of the adduction/abduction
moment between AC and UC in the Hip joint
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Figure 34. Comparison of the internal/external rotation
moment between AC and UC in the Hip joint
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23 ZHE

oz} E Mg A2 AR FAA ARAEEE oS of el wE 27| AUHEH(IC) AP 57
AEnrE gro] A7l € wj(PVF2) &3de] #21/24 (Flexion/Extension), e/ <]¥HVarus/Valgus),
U1 3]%1/¢] 3] A (Internal/External Rotation) EHEES

r—1u:

Hsjgirk ma aRsAY Bl Spae
Hol == EE(maximum flexion moment), ) Wy 29 E(maximum varus moment), o] W3]
1 2 E(maximum internal rotation moment)& ARl W& o E3 49} wlE] o8] Kgk 7

9] RHEZ AEato] g8 Hlwsleith

Table 27. Comparison of the flexion/extension moment between AC and UC in the Knee joint

joint variable group M=SD t p
Flexion(+) / Extension(-) AC -0.32+0.19

-1.625 130
<Initial Contact> ucC -0.21+0.13

ee

Flexion(+) / Extension(-) AC -0.69+1.09

1.263 230
<Peak value Fz> ucC -096+1.41

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

<Table 27>014 ANE A3} 2o] Lol EH/A0 BAENNE 27] AWHE A7 547
welgo] Aok H A RN FANOD I3 Aok ek ekt s 2] A
A% A Ae] B A28 A9l AURAETL B 27 vepton), 2Ax g 4

t7h S Aol ARl ks dSehH] 53 dolM AREHMEZ o 27 vt

Table 28. Comparison of the varus/valgus moment between AC and UC in the Knee joint

joint variable group M=SD t p
Varus(+) / Valgus(-) AC -0.05+0.22
-.257 801
<Initial Contact> ucC -0.04+0.25
Knee
Varus(+) / Valgus(-) AC 1.2340.83
-1.070 306
<Peak value Fz> ucC 1.54+0.47

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg
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<Table 285014 ANE A5} o] Lo FJ BAESIAE 27] ARAE A £47)
wuigte] Ak sl A BN BAROR o3 Aok e geld S 27] A
A5 AN ARe] $3L 3% AelA SuEEs o 27 Uehton, $AAHu gl

7}t s AN ARl WES dSstA] Ret Aol M UpiERETE A v,

Table 29. Comparison of the internal/external rotation moment between AC and UC in the Knee joint

joint variable group M=SD t p
Internal(+) / External(-) AC 0.01+0.04
1.963 073
Rotation <Imtial Contact> ucC -0.01+0.03
Knee
Internal(+) / External(-) AC 0.11£0.20
PR 357
Rotation <Peak value Fz> uC 0.0610.22

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

<Table 20>0l|A #A|Aj¥ Ay} o] Lol W3|#/9]3]d RHlE = v}
A gro] Huj7l Be Ald BEFolA BAHoR fosk Ao)7p YehA] Sttt aRA|nk %7
1A HE AR FAAETE o] HUl7l He Al EFolA] ARl WS o &ek 9o i

o] W ARAES} § A JeERgTh

P

7] AHE A

Y
A

N
Ol

r
i

Table 30. Comparison of the maximal moment between AC and UC in the Knee joint

joint variable group M=SD t P
AC 2.66+1.38
max flexion moment 1.361 201
ucC 2.17+0.53
AC 2.365+1.87 910 -
max varus moment . .
Knee uc 2394036
max internal rotation AC 0.620.24
700 A97
moment ucC 05940.17

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

<Table 30>3} <Figure 30>, <Figure 31>, <Figure 32>0l|A AAJE A7} o] mabde] Ho 2=
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Figure 35. Comparison of the flexion/extension

moment between AC and UC in the Knee joint
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Figure 36. Comparison of the varus/valgus moment
between AC and UC in the Knee joint
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moment between AC and UC in the Knee joint
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23 HHE
oAzt S| AR AY FAIM AR o5 ol mE 7] AUAHZAC) AR 74
AHgrE gro] Hoi7b & wj(PVEz) 349 wjS==/452 = (Dorsiflexion/Plantarflexion), Ww/¢H
(Inversion/Eversion), W#]%1/9]3] A (Internal/External Rotation) ZHEE 43190} &3t A2 27H
SR E34e A wEZF EulE(maximum  dorsiflexion moment), Ht) W EHE
(maximum inversion moment), #t W3] EHE(maximum internal rotation moment)S APde] H

& S5 A5t g dSeA] Xe Ao RHES AlEste] ghe Hlalskelth

O

Table 31. Comparison of the dorsiflexion/plantarflexion moment between AC and UC in the Ankle joint

joint variable group M=SD t p
Dorsiflexion(+) / AC 006£0.10
Plantarflexion(-) 000 1.000
~0.06+
<Initial Contact> e 0.06:0.06
Ankle Dorsiflexion(+) /
AC 0.76x1.21
Plantarflexion(-) 45 76
ucC 0.68+1.22

<Peak value Fz>
AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

<Table 3>o4 AN 23} o] Fahdo] jEFH/AZEH BREAE 27] AWYE A4
AR wEge] APk St AW RN AR fola Aolsh e Sisith A 54
Awige] Aok B AReAE Aol B 38 A5l F3RAES o A e

Table 32. Comparison of the inversion/eversion moment hetween AC and UC in the Ankle joint

joint variable group M=SD t p
Inversion(+) / Eversion(-) ~ AC 0.010.02
1.049 315
<Intial Contact> ucC 0.00+0.01
Ankle
Inversion(+) / Eversion(-) AC -0.0710.21
-1.8%6 04
<Peak value Fz> ucC -0.0120.16

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg
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Table 33. Comparison of the internal/external rotation moment between AC and UC in the Ankle joint

joint variable group M=SD t p
Internal(+) / External(-) AC 0.01+0.04
2.183 00
Rotation <Imtial Contact> ucC -0.02+0.03
Ankle
Internal(+) / External(-) AC 0.09£0.19
94 374
Rotation <Peak value Fz> uC 0.04+0.21

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

<Table 33>l AAJE A3} o] o] Wsl/9)s)d RHlEX 7] AAHE AelA A}
Aol WS el Ze 739 001:004Nmv/kg, ARl WEFS dZetA] B 4% -0.024003Nm/kg o=
Wl djSojio] wel FAKeR ok Aolrh UERTHE=2.183, P=.050). A% FA Ak glo]
A7t He AN E S5 olfel ueh BAH R frofe Aozt vhERA] gtk

Table 34. Comparison of the maximal moment between AC and UC in the Ankle joint

joint variable group M=SD t p
AC 2.94+0.64
max flexion moment 1811 0%
uC 272+0.42
. . X AC 0.09+0.09 Loo1 27
max Inversion momen -1. )
Ankle e 0104008
max internal rotation AC 0.9240.32
-219 831
moment ucC 093+0.25

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : Nm/kg

<Table 34>9} <Figure 33>, <Figure 34>, <Figure 35>0l|A AAE A7} o] Sade] Ao 2=
E Ho Uy 2uE Ho Ws]d ZuE RRoA] ARk S offlel| mE} BAH R folet
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Figure 38. Comparison of the dorsiflexion/plantarflexion
moment between AC and UC in the Ankle joint

Collection @ jeju

101



=]
Fo

o
=

[=]

™
&
=
=
a

&
i

©

©
=

©
(V)]

eversion / Inversion moment{Nm/kg)
&
ra

o
o

0.7 4

—AC ses UC

Figure 39. Comparison of the inversion/eversion moment
between AC and UC in the Ankle joint
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Figure 40. Comparison of the interal/external rotation moment
between AC and UC in the Ankle joint
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T T N9 IHolA ARl W o S5ek 9ok v o SetA] ke - gkl Fegk Afolrh et
stk o)k eh 288 A, Wslo| T, SulB, v Raein
Table 35. Comparison of the muscle activation between AC and UC in the RF & VL

10%  20%  30%  40% 0%  60% Ov 8% 9%  100%
402 o6l 1067 334 6l67 498 426 208 1907 1079

AC
RF 253) (263 (765 (3314) (5243) (4622) (34600 (1735 (1453) (932)
270 66 1229 8007 4866 BB 2146 21D 1891 82
ucC
(1.35) (304 (9400 (3399 (2846) (2990) (1696) (1075) (13.30) (11.37)
2483 -l -602 -1869 1206 2781 162 14 04 1368
P 029 146 209 086 201 018 144 387 965 19
1033 2121 3024 B3 4257 4D 4333 P02 2652 175
AC
VL 47) @®7) (119%) 1161 (1968) (2071 (19290 (2042) (1357) (12.97)
8 2433 4192 4863 4644 411 012 328 214 1253
ucC
(5000  (942) (6.12) (368 (1956) (17500 (19.09) (2060) (13.98) (1273
t &8 -1166 -1398 -1263 -7 -84 -9/ 1103 1308 1863
P 392 267 189 234 470 610 AT 292 157 087

RF(Rectus Femoris):th® 2<%, VL(Vastus Lateralis): 2|24
AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : %MVIC

<Table 35>} <Figure 36>°4 AAE At o] tjE 22 A 31 T 10% 7-3kellA] Apdl

oIt

WS )53 H9-0] Harold (24253 %MVIC] L, o)Zahx] $&t 7ol 270+1.35 %MVICRE AR
oA BES ol5e Agold o 2 2BAYRE Bolow, o FofFE: (M2 FF Ao|7t 3l
ASZ Uehdth B3k 60% TR Aol Rk ISt A9-9] ato] 49.8944622 %MVICe] L,
53k K& 4ol 334812090 %MVICE A el5& AfoA o & 28 =g nylen, o 7
el Me] frolghee 0182 -ol3 Atol7h 9= A= Helsit:
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Figure 41. Comparison of the muscle activation between AC and UC in the RF
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Figure 42. Comparison of the muscle activation between AC and UC in the VL
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Table 36. Comparison of the muscle activation between AC and UC in the VM & LH

10%  20%  30%  40% 0% = 60% Ov 8% 9%  100%
714 1742 3147 B3 4622 HXE 3104 D21 2236 18%H

AC
W (449) (684 (21.23) (3b46) (454 (1542) (1321 (1486 (10.02) (17.31)
663 189 3018 &H 4677 30 293 2001 2382 1420

@7) (658 (1204 (9054 (3060) (143D (1092 (1379 (22.23) (1516)
A3 -8 01 13 06 -469 24 -9 -310 195H

P 137 280 344 29 94 648 311 402 162 146
2853 668 2660 2621 20488 3797 3062 634 146 132

uC

AC
IH (1044) (1018) (3743) (2442) (1762) (2445) (1330) (1195 (914 (1179
200 2880 1713 256 2% AW 2848 660 1706 1312

9.86) (10.10) (10.18) (868) (1656) (1278) (17.06) (1207) (11.73) (13.02)
t 318 82 106 621 820 238 482 -0/ -81 04

P %6 411 308 6 428 0H4 638 942 406 92
VM(Vastus Medialis): WZ-3+%, LH(Lateral Hamstring<biceps femoris>): thE| o]+

ucC

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : %MVIC
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Figure 43. Comparison of the muscle activation between AC and UC in the VM
<Table 36>} <Figure 39>4] AAJE A2} 2o tiE|ol7=AE WAl 1 5 6006 7ol ARd
of kS =3l H9-0] Hito] 379712445 %VIVICe|al, dlE3HA] 58k 790l 2478+12.78 %MIVIC

2R S iEE A5 o 2 SRS ngom, o] Tl felEe (BIR FIe
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Figure 44. Comparison of the muscle activation between AC and UC in the LH

Table 37. Comparison of the muscle activation between AC and UC in the MH & TA

10%  20%  30%  40% 0% = 60% Ov 8% 9%  100%
2320 2966 367 370 3006 D8l D6 174 1115 1418
AC
VH 692 (1303) (1943 (21900 (1986) (1166) (894 (872 (11.16) (1629)
293 2182 3007 AL A0 21 2635 1090 1094 1446
ucC
(1378) (14090 (1881 (1951 (17.33) (1462) (1477) (779 (766 (1028)
-6 671 398 -161 1382 19% -237 627 106 -070
P 470 011 698 35 192 136 317 A2 918 46
4709 2432 1972 23 1667 9B 862 731 6.02 475
AC
TA O8) 958 B%) (1326 (11.%) @45 G @17 Gk (B3
240 270  209% 2021 1598 1348 837 78l 7o 378
ucC
899 (88 (800 (1102 114D (70D @61 @76 (269 (201)
2% 606 -6l ™A 229 -1519 03 -609 -148 8B
P 173 06 a8 465 823 140 624 oA 163 38

MH(Medial Hamstring<semitendinosus>:¥+19%<, TA(Tibialis Anterior): 17 &<

AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : %MVIC
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Figure 45. Comparison of the muscle activation between AC and UC in the MH
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Figure 46. Comparison of the muscle activation between AC and UC in the TA
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Table 38. Comparison of the muscle activation between AC and UC in the LG & MG

10% 20% 30% 40% 50% 60% 70% 0% 9N%  100%
1213 1687 2582 4215 4548 073 5100 4882 408 3717
AC
G (1037) (796 (1416) (3257 (3221) 1241) (1973) (1584) (1691) (2263
1111 1316 3123 4401 3388 304 372 30X 5210 20965
uC
G71) (765 (30300 (2743) (1910) (1279 (11.33) (1848) (17.75) (1815)
507 2049 -946 -408 198 3691 2569 -427 1684 1529
P 621 063 363 69 074 003 025 677 118 152
2068 013 318 064 4357 4036 5211 5193 4626 3281
AC
MG (1674)  (11.00) (33.24) (2854) (31.71) (2773) (2793) (1678) (14.00) (1699)
2094 217 298 0 HM39  HBHK  NV92 4018 5317 474 2600
ucC
(1484) (1467) (1877) (5094) (2960) (1662) (2219) (3147) (1353) (1461
t 1.377 766 285 =349 1198 208 2945 -.143 30 1552
P 194 A8 780 733 2A 062 012 889 132 147
LG(ateral Gastrocnemius):2]ZH]5+ MG(Medial Gastrocnemius):WZH] &5+
AC:Anticipated Cutting, UC:Unanticipated Cutting / unit : %MVIC
Lateral gastrocnemius
60.00 Y fmmmmd| >|€ >
50.00 4 .Q'-m’, st
.‘..‘...‘ ... .ll..".
U 40.00 1 /V\ : ". / l’
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Figure 47. Comparison of the muscle activation between AC and UC in the LG
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Figure 48. Comparison of the muscle activation between AC and UC in the MG
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