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Effect of choice reaction on knee joint kinematics during sidestep
cutting maneuvers

Kenji KIMURA D, Shinji SAKURAI 2)

[Abstract]

Previous studies on the kinetics of sidestep cutting movement reported that the
external moment of knee joint was larger under an unanticipated (UN) condition than a
preplanned (PRE) condition. The purpose of this study was to compare the lower limb
joint kinematics in sidestep cutting maneuvers in the first half of the foot contact phase
between UN and PRE conditions.

A VICON motion analysis system using ten cameras (125Hz) was used to determine
the lower limb joint kinematics of 8 healthy male subjects during sidestep cutting tasks
performed under the UN and PRE conditions.

Knee flexion angle and anterior tibial draw at initial foot contact were smaller under the
UN condition than the PRE condition (UN: 27.4+£10.0deg; PRE: 38.1+£10.6deg and UN:
0.9+£0.5cm, PRE: 1.3+0.6¢cm, respectively). Knee valgus angle at minimum running speed
in the foot contact phase was larger under the UN condition than the PRE condition (UN:
7.0+1.8deg; PRE: 4.9+2.9deg). Subjects tended to turn their lower trunk in the direction of
travel after cutting earlier under the PRE condition, and the angle of pelvis in horizontal
plane at first half in foot contact phase was significantly smaller (UN: 10.3+10.6deg; PRE:
20.6+10.4deg) under the UN condition than the PRE condition.

Previous research on the knee joint stiffness based on cadaveric studies reported that
the combination of the knee valgus load and anterior tibial drawer force increased the
anterior cruciate ligament tensile force. In the present study, we found that the knee valgus
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angle and anterior tibial draw in the first half of the foot contact phase were larger under
the UN condition. The results in the present investigation suggest that sidestep cutting
under the UN condition increases the risk of knee joint injuries.

Key words : Unanticipated condition, knee joint injuries, knee joint coordinate system

F—0—F BELAPAUMOIRE, BRIHEE.

Fig P i A

1. IU®HIC

o h— NZXT v PR= VR EIREINS
74—V FAKR=YTiZ, BFERRIILLT
Bex e FAERSEEZITV., T L—%ZF T LT
%. Andrews et al. (1977) 3BT LK
MAEREEE S v 714 v 7L X0, A4 FAT Y
THy b, ZOARAF—N=F vy O 2T
EFELIZe YA FATy Ty b EdEmE Lz
WO BN EATH M2 B H S 5T, 70 A
==y MIFHE Lo Ol o & &
RORT CTHHM & 28I T, Bt L2
FNCETHMELEE T 5 2R L Twb,

INET, Iy Ta yTHIZARLND A
EBLOHMEEIZE > T, BESTELSLH
FHIA P L AP BHETTFEA (ACL) D)
AZIIRKEL 2B L5 SN TE72 (Chappell et
al., 2007; Yu et al., 2006; Boden et al., 2000). Agel
etal. (2005) &, v =N T v b R—
W2 BT B ACLIE @ 65% 13 725 b %> 28 7
o, HAAEEO X D2, s & o F il i
WIREE (noncontact) TH L7723 D TH A & L,
noncontact CTACLIEB DL N 8ET L2 & %
RL7z, Cerullietal. (2003) (A ML A 77—
I ACLIZHU) A TRzl T S 705
BRofER S B L2 BNCER 3 2 $F1E 50
WE KT (GRF) DY —2 & ACLIRIID Y — 2
IR O FIZFRBIC AT 2 L %
7R U720 Besieretal. (2001a) (&4 v 74 ¥ 7 HIZ
JRBAETIC A U B WA B & NAMiE R 7 >~ =
YT LTHEEICREWTZ E&2R L. FITH
A RAT Y 7hy MBSO ABE.
WRERIET =27, 7aRXt—nN—hv &
WL TREL AT 2R LT,

CNFECORBEEHOBELBKRF LA FA
T Ty MFREOL I, Bid o CTERT )
A D7 o TV L IREECT I AR O bV 7 %18
HL72bOTHY, EHT L H A% EBIRUGIC
LoTHRELA Y T4 ¥ 7% BTk MoEHh
ORPAEHES)ER L2doidd v, Ll
Wo, by h— NAF v bR—= V7% ETIE, #
FIEZNZNORIIIS U THRERIZEE 3 5 1A
ERELIERITo TWh EE 2 Hb, Besier
etal. (2001b, 2003) & v 51 ¥ ZEEIZB W
Ty AR OWTORIRISOHF I (BB HAIH
M IR ; Unanticipated, L UN & 9 5%, Hj
b o TREV % #5878 L 72 IKRE © Preplanned, LL
% PRE & § 5,) 12X o THLULBHEE~OEMN
DEVE, BB 5 BEMEEICERT 554
ME—AY MEHB LB L2, UNOY A FA
T T Ay BT IR EBEENIICA T S
AR & N BEEAT A5, PRE 2~ E 2B
L7-E3ELTWAE, ZOREIL. EIRSDSH
LIl WhiE, Lo SITEITHINEEZEZDL LW
AT EDTA RAF Y THy FEITEOEILEF]
ERILTVDAREEZRL TS, 20729,
Lo BIETHMEE 2 HIRBICB VT, R
HHENDSED L HIEAT B DRI OV THRETT 5
ZET, A FATy 7hy NEMEER LV EEIC
HALPICTEDLEEZ LN D,

[EBIEEE)L. S F ChEERIZOWTIES
CHEFTENTEZ. LALARD S, EBEAES
) 7ot b RIS E B & FIRE S RBRE IR LT
&G S EE 24T 9 o RBAETIEIRE KRR BE &
JRZERBRBAFT I X o TR S LT\ B, B KRR
IS RE TOR M e, 3 X OB & h
P B CTKRTFHONE, IHEDEE) AT HETH
D HETETH CITAEI S AR Y O By A3 7] RE
Thbo EERMBEIIIESSHME L KRS HE
HEOMOME TH V) . B OJRMIZEE, B



Kb - I BIRBOSIC X 254 FAF Y 7y FEIEh O BB ES) oW T 3

5 B TH KRR B L 28 5. B RBREY
i TlE, BIETHE 2 L TV 2 IR & KR
BOW,/ AR O BT A B ET O SR PV AH
BB HEEB 2§ 50 20 & ) ICHERIET IS HME 72
WERBIET CldZe < iz & WHEEB AR A E D S
5 Z TSR A EH L TWb, TNE T, K
FORAFEIEH L EOKRME IS G OI
HEHEE L, ACLICIEN 252 52T & L THE
L OBRDHRET SN T %72 (Fleming et al., 2001;
Markolf et al,, 1995). L2 L 7Z&2%5, ¥4 F2&
T 7y OB E ) o RS & KRR
FITR T 5 G OWAEEE) 2 M5 L T B %R
e

RIFFETIEY A FRAT v 7y MZ2WT, Fi
Lo TRENHIND 5o TWAIRRE & L L T,
BIREDH 5 Z LI L DM F D0 onzE
B & RKBE I T 5 G DI HERE) O EE IR
L7z Wi, A FATFy 70y MR
CEREIBED ) A7 KE LA (Besieretal.,
2001a; 2001b) L #WE SN TVDH T Ep 5, I
IR O T OEB) 2OV THET L 72,

ARFFED B ERUGIZ L o THA FA T
Ty NEIESED X HIZEALT B O B
AP ORI OEENEH LTS 2IcT 52 &
Thbo

2. Kk

2.1 #HKgE

WME X 8L OBANBIEEZ NG L LTIk %E
1To720 WME OERL 241 + 275 CPIE+
W) . FEIX1.70 £ 0.04m. AHEL 666 *
88kg THole TOWME 7NV — T2k, T
DB RDGEDBAERED 72\ & % HET I
ALz PRIRFRERAET S EFMGEZ E 4
HWED [NextR e § 2022128 5 MR E ]

WCED X, BWHE IO B, EBONE.

ZEVEOTNZAITV, ERSMOFE 272,

2.2 EBRREBIUHEIRRGE

REBTIE L7 ERIEAREE R O T
£ 7.35m TEEE L7z WiENS 4.35m Hb I
HIEREDOER T HET S 3 HAOERKE T —

Iﬂ“ﬂl\

1
Foot ®
Switch

m»

e a

[Photo Cell
(hight 0.6m)

’ - Running Direction

VICON-MX cameras

Figure 1 Experimental setup.
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Figure 2 Positions of reflective markers.
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phase. Durations (average £S.D.) of foot contact and pre foot contact under the UN condition and
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At Initial Foot Contact At Minimum Running Speed
Unanticipated Preplanned Unanticipated Preplanned
Running Speed (m/s) 2.52(+0.28) 3.52 (£0.32) % 1.68 (+0.37) 3.23(£0.31) %
Unanticipated Preplanned
Duration of Foot Contact (s) 0.32(£0.07) 0.20 (£0.02) 3k
Duration of Pre Foot Contact (s) 0.34(x0.07) 0.23 (£0.05) 3k

* denotes significant difference between Unanticipated and Preplanned (p<0.05).
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Figure 5 Changes of knee valgus angle in decelerating phase under the Unanticipated (top) and the
Preplanned (bottom) conditions.

Table 2 Knee joint kinematics (average £S.D.) at initial foot contact and at minimum running speed in foot
contact phase. Translations of tibial proximal end relative to femoral distal end (average *=S.D.)
under the UN condition and under the PRE condition.

At Initial Foot Contact At Minimum Running Speed
Unanticipated Preplanned Unanticipated Preplanned

Flexion Angle (deg) 27.4 (+10.0) 38.1 (£10.6) % 60.2 (7.7) 56.8 (+4.4)

External Rotation Angle (deg) -0.2 (£5.9) 0.6 (£3.2) -0.1 (£5.9) 0.2(+4.3)
Valgus Angle (deg) 4.8 (¥2.7) 44 (x2.4) 7.0 (£1.8) 4.9 (£2.9) *

Lateral Tibial Shift (cm) 0.3 (£0.3) 0.3 (£0.2) 0.3 (£0.2) 0.2 (0.2)

Anterior Tibial Draw (cm) 0.9 (x0.5) 1.3 (20.6) 2.0 (£0.5) 2.2(x0.7)

Joint Distraction (cm) 0.4 (£0.5) 0.2 (x0.7) -0.1 (£0.7) -0.2 (£0.7)

* denotes significant difference between Unanticipated and Preplanned (p<0.05).
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Table 3 Hip joint kinematics (average =*S.D.) at initial foot contact and at minimum running speed in foot
contact phase under the UN condition and under the PRE condition.

At Initial Foot Contact At Minimum Running Speed
Unanticipated Preplanned Unanticipated Preplanned
Flexion Angle (deg) 33.9 (£6.8) 46.7 (£9.5) * 38.4 (£6.6) 41.4 (£7.0)
Internal Rotaion Angle (deg) 10.2 (£8.2) 6.9 (£9.0) 10.8 (£7.5) 8.2 (x8.4)
Abduction Angle (deg) 12.4 (£6.1) 7.8 (+4.3) 12.4 (£5.4) 8.4 (£6.0)
Direction Angle of Pelvis (deg) 11.4 (£8.0) 16.6 (£9.3) 10.3 (£10.6) 20.6 (£10.4) 3k

* denotes significant difference between Unanticipated and Preplanned (p<0.05).
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