HEFMIE 62 :1-19, 2017 1

e KPS SIS 350 2 PR iE s & U O BEREIC D0 T
Kiy A HOF A

Yuji Ohshima?® and Norihisa Fujii®: The function of the adductors and iliopsoas during the maximal run-
ning velocity phase of sprinting. Japan J. Phys. Educ. Hlth. Sport Sci. 62: 1-19, June, 2017

Abstract : The purpose of this study was (1) to quantify the contribution of the adductors and iliopsoas
to the hip joint torque, and (2) to clarify the function of the adductors and iliopsoas for terminal support
until early recovery in maximal velocity sprinting. Eight male track and field athletes volunteered for
the present study, and sprinted 60 m from a standing start position. Ground reaction force to the right
leg was measured using a force platform (1000 Hz) placed at the 50-m mark from the start position.
Simultaneously, 3-dimensional coordinates of body landmarks were recorded by a motion capture sys-
tem (250 Hz) with 20 cameras. The right hip joint torque was calculated using inverse dynamics. To
estimate the muscle forces of the right lower limb, we created a musculoskeletal model. The contribu-
tion of the muscle forces to the right hip joint force was calculated based on both equations of motion for
each segment and equations of constraint conditions for adjacent segments connected by a joint. The
main results for terminal support until early recovery were: (1) The adductor muscles generated less
torque during hip joint flexion. (2) These muscles were involved in forward acceleration of the leg on
the same side. (3) The iliopsoas was involved in the forward swing of the thigh on the same side.

Based on these results, it can be concluded that the hip adductors do not function as hip flexors, but
as forward accelerators of the leg on the same side, based on the hip joint adductor torque. In contrast,
the iliopsoas does not function as a forward accelerators of the leg on the same side, but delivers for-
ward swing to the thigh on the same side for hip joint flexion torque.

Key words : musculoskeletal model, equation of motion, equation of constraint condition for adjacent
segments connected by a joint
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7 (2012) iF, WHR-EATV V2 —LHAA
KFEAT YV R —DF T 4 7 AR % 3
N, R AT Y v 7 — R > O BB
JEH RV RKEL, ZOBOY =T fELKE W
TEHEBILAICL TS, ERIES (2003) 1T,
HARAKRFEEAT Y V2 —IZOWT, mAFEE
R R CRAE L /BT Ly b EAEEE O
RN, BEAEEE & EEI (5o’
DL, RO R ST 5 £ TOXHE)
IC30 4 IRBAET R V7 B KO RV O
KE I EOMICHEAHBEBIRAGED D/ b
HL TS S5, SEEBRBEEG T E AT
vV FRENOBRAEFAR/-BE» 51t (Farrar and
Thorland, 1987 ; ¥4, 2000), FBE&E)E ih
BIOMBHNIAEEE AT v FEDDBEW
Z B, KBEEOM s J U KBRS OREWIHR & A
TV FETIOBREFRIBIE D, HIE OFEE
7», 1997 ; Sugisaki et al., 2011 ; JEEBIT),
2000), MXEASEMI LOMRICEEL- L T\ 511
OBMERBEAKEVEE ATV FETIREWC

EDREINTWA.

R U RTINS, AT UV FRENEED
Licolcid, REASTRNIs L OB OHEE A
HETHHZLEHALNITHS. Tz, HOREK
W & ATV FREDORBGRE BRI, D,
WEEFBEOM RN T E AT v FRED D E W
EWVIORRAELNTWS I I LY NEHEEO
AL OEEM L RIN TS FFEIEH, 1997
Sugisaki et al., 2011). PJEGEEOGE S AT
VFBEENICEGRAALNIEE & LT, NEiRE
IR BAER MG CILRENCEA L, BT
RIS b, LD EWERERE A #E
BIHOICEBRL T 5 ELATIE TIRHERIL T
W5 (JFEIE A, 1997 5 K1, 2011 ; Sugisaki
et al., 2011). LA»L, COHHENL, WNEFHEELS
B RAg AL CI R ER L, ISR ih(z <
IXHBICIER T A C & &l RO A BREMEIZERY
79 4T0F%% (Dostal et al., 1986) &, 2 kIcEIfE
S E L DHELFES DI FERAE 2 5\
IR FIC R S N A BT L7 B LU0 E

EIBEIC R SN 2 RBEEIMR L7 A K &<
FTHIENEETH S &l XN TO B LTI
(PTLiZ 72>, 1986 ; R IEA, 2003 ; KHEIED,
2012) #EHE TN DTHS. —7,
RAREERERTOBFZ 3RILHIL 2K
B B (2016) 1F, ZREMIBPICRESINS
PR BEE R R TV 27 3B A R T R S E A E %
Fb, ZRMOKRBISAE L7 & ke oE B i
DEVZICE->T, ZO®RHGEEEZMZ TWDC
ERHIOMCL TS, Ee, ZORED KR
HiNER RV 7 BHARTTICIR S & 5 2 LICH 5
LCWAaTREREEZRL T b, ShHOEITHISE
o, AUV FRENCHERERD A EEZ 26N T
WANIEFREORIC LD, ZEE > 6EIE
WA B W CIRBISETE /T -V 7 35 KO WER -V
THENTEER SN TOLDpEHNL T LT
FEWEOANZALEH LN HD 2 TEER
ZEThHA.

WERFRE & & O RBARIRFORIIC K 5, 1KY
i~V 7 EBUCR T 2 BB AN 5Tk E LT,
MERKET V" AW THEE L 72 & F ORIIC &
LB PV AR TAHENETONS. O
NETICD, BEKTT IV ERWT, FREEL
ERMAOHE N EHE L2 EfThbnTw5b
(Chumanov et al.,, 2007 ; Chumanov et al.,
2011 ; Dorn et al., 2012). Z @7/ T% Dorn et
al. (2012) X 3.5m/s, 5.0 m/s, 7.0 m/s, 9.0m/s
(RREERE) OFEBELZSHL, 7.0m/s L
T TR OBEINC A R B R SR D3R
TIMEEIML, 7.0m/s 725 9.0 m/s NDHEE DY
I & 0 B BAETE #h 3 J OB AR ORI 338 N
LcZemlmELTW5D. DFED, RIS,
5 EEIAFTIC AR S N 5 IREI SR B oV 7 ot
FAHBEHOBEBRIC OWTORETINTW5D
7, WNEEGFICE R L, BREIE Ly OB
T 5 EBIZ DV TN TV A BRI 2\ W O B
Thh.

Feab U7 k51, SRR & EIEIRT-EIC
RIEIN D RBIEE M -V 7 13 E\ R
BIA2OICEETHS. £, KELIXEIEE
MRV 7k, BEICH L TBRTICH 5% X
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YA 7 IVOFTERFHPEME T 5720 Th5 &%
26N T\w5 (FI{LiEA, 1986 ; Schache et al.,
2011 ; #3817, 2003 ; KRHIEA, 2012). L»
L, BRI L > THE S ABEE vy
13, ZOBHiTHATHS2O0D87 A R
fEFHL T AEERSTH D, L7 AV FOHED
AHEFENINE SR TN L5003, FEiItws Ay
b 23BAET Tl L 7RAECREMT bV R IE T B
CEICk s TERSINAEHI N THA. 2%,
BEEIIC 7 AV P A S ISR S Tv 5
DI PV TRHAHDB, BEE bV 7Ick->T
FAELESININE 7 AV FEIEIE TS &
BE2BHIELTESL. LIch->T, ZEAEY»
SEEIIRTEIC RS WT, ¥ ORI F Ly REERIC
R L THEFITH MR IS E T 50
Vo= 1 N e e IS Ao Y Nl s = i ) 7 A £ 3 1]
HOBREHOLNCTL0LERD L. KE - #EH
(2016) (&, 7 A FOMESFHER L O
WBRAEH#N L, BENEomEiT> 2k
T, BT ROV BRI OBRAE B G LT
5. ZZT, BIFENS T EHERET VERW
LI ET, HEgE, S EEEEICK T ST
BB DWT, HERiicim s 57EH, 1
R CWAET AV b s ¥ L EAEE
BbTE%. £/, TN OOEMERICHE~N
52T, KRESHHOREXHOL TSI T
BAEBMEOA =7 A WHOLNIIT 5D 2 TEE
Thb.

* T, AFRETE, HEBETNVEHCT,
TR O BRI S50 A IRBAST - oL o
DEBIT 5 NEFITE B L OB % & 4o 1B
OB OLMICT ST &, BIEOKEE
i bV DA T AERAE LML 72D %
T, B A O TSRS K OB IE
WOBREZASLPCT S LA E L.
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Fig. 1 Global coordinate system

TR REBHEETEME LTS BT HREE8 4
(& :1.77+0.00m, {A&E :67.0+£5.3kg) &
L7z, RBFRITHEKREHE RHERELZAESO
ABH TN TEYD, FHRICEEL T&#kE
IZH 62 LDEBRO BB LURBEABOB N A
T, OB LUEBTOBINOREZE-.
FERABEZIAX VT 4 VT AZ =P 5D 60
mOEEEEL, FS0mH SICHBR LAY
F—AT7 5y 7 x—A (Kistler #£8, 9281A,
9287B, 9281C) % HHITAL—RITHAZHAE
RIS & Le. RRRCEATHIgE CRILE D,
2008) wHEICL THERGHT SATEOERET —
e A= ot BEVENE S Hrd<iE (Vicon Mo-
tion Systems ##4, Vicon MX+ ¥ A5 A, T20
71 AF204, 250Hz) & W TCHEIE L 2. #axt
FEERL, HAES WA Y i, $hiE b XA Z i,
Y& Zihos s X & LAz (Fig. 1). #3
L 7e H R T D 3 RIS R L, BREmHT
= (Wells and Winter, 1980) 7 FH\ > CIRERT &
¥ (75Hz—125Hz) #REL, MHETHhDK
W 2 RO Butterworth digital filter % F\CFE#g
LT A AT - 7z

2.2 HHIEB
KT, KB - B (2016) #&FITL
T, OB & 0 #fE I N/c15DRIkE 7 £
VIEETIIC L TeH e ULz, &BAH
OFLOERICONT, ELAKEEIEKITZ,
(2003) 2MRFELHE, NS OBSH LI
KE - B (2016) L FROHEZ H/C
2.2.1 BAEih&LORMEEIM LY

(1) &7 AV FEESR

K- I (2016) OFEaEEICL T, H
KUYV 7 ETILVDOISE T AV FIHoWT, K
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FHENCH L, HWHEE TS LFROEBEER% 7%
EL7z.

(2) w7 AV FOAEE R IUAINEE

K7 A+ O BRI 10 A AEE,
YAV PICHRELCBBEE R, OHEB L
(FE, 1983). F7z, 15O N7 RRM
BT AHT ETHMEEZREHL ..

(3) HRERG DEME/ ST A—%

K7 AV OEOLME, BE, BEE—AV
FEOEMNS A—20, FI{L (1996) 23424
L 7o HEE BREUE F O To e ISR O (R385
REGHEROMARATLILT, #RET L
IZHEH L 7.

(4) MBI

BHE2 (2004) OFErEBEICL TLEWE
T4 #E 4 AR5 (R ERERT) s L UOLEh
OFBAFT, KB, TERIHE, RBIHT, MBI, Ik
BIFTOBE PV 7 S L UES N EHH L /2. &
7o, BEIR & EIRA AL ABEET (W L) L
PRICrE S 7-BE RV 7, BEINERE - B
(2016) OFERLHEICL THBL /2.

(5) BASIFEEL RO

HNC 3500 % I%BasH, BERAMIIs kU BRI >
WO, WEEETRIC K o TR L 2o e HERE R
1230 AR IV 7 & LU F Tk N A BB R D
#EC P L 7- (Fig. 2). Fig. 21" L72kD
12, KEEt2Z7 A ORI RIOBEMNY Lk
Zrnp T, THREEZ AV T ORES WO BN T
FIV% ZRinee T, B 7 AV F ORISR OB
MR Z PV Vrawe W E L7z, £/, YiR—1
N7 PV ELT, EREED» O ARBEE A~ MDD
NI TV % Spuip T, A5 BB ETPI 2> & A5 e BE A
IMHEIATE 72 D N7 B U % Spinee Tll, 45 2 B8 571 12 A22
BWERED AR D XY T IV SRanke
fih & Lo, SEMEERICOWT, RilfmoOE
(LY PV ESR— R P VRAWT, Bl
B OBALAR 7 B VIS L CTEWIICEAT S % EER
ARELIC. Tnks, xBTS J U RENIC
OWTIEE fh— R, RREEIC O W TEE-E
R, vEhTRBIAT B X OCRBEEIIC oW TIEA
fn—pha, RIS O\ TIPS, 2 il

[ I8

(a) Right hip

®
(c) Right ankle  (b) Right knee

Fig. 2 Joint coordinate system
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Fig. 3 Muscle model

3 BART I X OREBAATIC o\ TP g4 e,
FRBAEIC >\ TR EIN-ES Ml TH %
2.2.2 FRNDHEE
WEIFETEIC K > THEE LB L7 id
ZOEEDL DO M IV Z IS L TWABEEOmHO
RINC LB IERDBIE S T 5. & TR
Ti3, A GhmR I ZHIL 7)) iconT
MO ERHS HHEHRTT LV EfEL (Sartori
et al., 2014), WRNEHE TSI LT, HEN
FEIEIC & > TEB L /HHOBE V7 & &5
DORIN & o> TER SN PV 7Bl 2. L
TICHBR N e HFIEZHH T 5.

(1) HEHETIVEXUHET IV

R THWFHERET IVICEEN 5T
Hill-type € 7 )L & L TEF Ik L 7= (Zajac,
1989). COETIVE, FRMAEEE L 7 R
F(URRAE - CE), WFIMEE (PE), ¥R



I KPR L J) TR 3510 % PBRRHE & W WL O b e 5

Table 1 The muscle parameter values

Fmax lopt lslack o Fmax lopt lslack o
[N] [m] [m] [deg] [N] [m] [m] [deg]
gluteus med.  5o55 ) g78  0.054 8 gluteus min. 2592 0.016 0.068 10
(ant. comp.) (ant. comp.)
gluteus med. 4084  0.053  0.085 0 gluteus min. 3542 0.026  0.056 0
(mid. comp.) (mid. comp.)
gliteus med. g5 053 0065 19 gluteus min, 5175 0510  0.038 1
(post. comp.) (post. comp.)
gluteus max. 4874 0125  0.142 5 add. magnus 3715 0.060  0.087 5
(super. comp.) (super. comp.)
gluteus max. 4726 0127 0.147 0 add. magnus 2671 0120  0.121 3
(mid. comp.) (mid. comp.)
gluteus max. 4825  0.145  0.144 5 add. magnus 2467 0249  0.131 5
(infer. comp.) (infer. comp.)
biceps fem. gastro.
(long head) 4881 0.326 0.109 0 (med. head) 9115 0.390 0.060 17
biceps fem. gastro.
(short head) 2203 0.089 0.173 23 (late. head) 4190  0.380 0.064 8
sartorius 820  0.100 0.520 0 rectus fem. 5832  0.310 0.114 5
add. longus 2808 0.110 0.138 6 semimem. 7949  0.359 0.080 15
add. brevis 2160 0.020 0.133 0 semiten. 2073 0.256 0.201 5
vastus med. 8899  0.126 0.089 5 TFL 3456 0.425 0.095 3
vastus int. 7214 0.136 0.087 3 soleus 22378 0.250 0.050 25
vastus lat. 15163 0.157 0.084 5 tibialis ant. 4708 0.223 0.098 5
gracilis 950  0.126 0.352 3 per. brevis 2116  0.161 0.050 5
iliacus 4276 0.100 0.100 7 per. longus 4492 0.345 0.049 10
psoas 3326  0.160 0.100 8 per. tertius 1788  0.100 0.079 13

Frax [NJ: Maxforce

lop: [m]: Optimal fiber
lgack [m]: Tendon slack
o [deg]: Pennate

(SEE) »olebiE Gk Tos (Fig. 3). #&
WOBMEERDOEHE (L), BFEEROIIRA
(), BEFOBARE (lna), EHEITHERE
EFY VY7 7 OpenSim (Delp et al.,
2007) IZEEN TV AEERKET IV (3DGait-
Model2392) #BEICREL 7=, F/o, &HOF
R K5R 7713 Ward and Smallwood (2009) 73
e L 7oA B O & MO R LY & LI

TFL: tensor faciae latae
semimem: semimembranosus
semiten: semitendinosus
add: adductor

per: peroneus

fem: femoris

gastro: gastrocnemius

PeaE L7z, Table 11213, ABFEOHEKET IV
CEENTODIEROR KRS, PHEERD
FHR, WFEEOIIRA, WEEOARROM
ERLTW5. EHOTREESHRORSIE, #H
mAEREAESOR s L (Fig. 4), R AEH
WCHEHL 7.

lure=X1=1 | Pi1— Pl 1)
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T, lure 3HESEROR S, n i ZFEHED
¥, (3R SOIEE, Pt FHORBADRE
xR L CT\\b. &7z, T—AV T —AICD
Wi, Biro/ct s AV FEERNTERIN
TWABED & 572 OB S EREALRHED &
BRI O E TORERES L7- (Delp and Loan et
al, 1995). 2%, Fig. 4 DYE TR, pgs &
phrosmal Ze fk A 72 AR Sy & BABA RO F T O S
TE— AV T —LETE5S.

Fig. 51, BOBARTHEEL ROKR S~
ESBIER f(lsgr) (van Soest and Bobbert,
1993), WiOFEME THBEAL L LI EROK
X-ENIBIRA g(lcg) (van Soest and Bobbert,
1993) 5 & UV UL 2 FE -5R B R R & (leg)
(Nagano and Gerritsen, 2001), D% E TH
WAL L 720 F5M B R O R SR TIB R & (Ucp)

) Proximal
segment
e P4 2
N Proximal
\No segment
. »P
Joint ¢ g 3

segment
|

Fig. 4 Definition of muscle-tendon structure length
and moment arm

HEH

(B# - 1y, 1995) Z#RRL7ZEDTH5S. £
Z T, ABFge TR\ /- Hill-type EFVIE, BT
TR L7723 (2)—(6) B D 37 D.

Iurc=lsge+ lcg* cos o (2)
Fspp=Fy f(Isgr) 3)
Fep=Fou-gUcg)  h (ZCE) q (4)
Fpp=Fuk(cp) (5)
Fspp= (Fep+ Fpp) - cos o 6)

22T, R@uEmREEHhORS, BEFRORK
X, WHEBEFRORIOBEBRTHY, lyrc 135
BEARORS, g dBEZORS, gl
MERORES, aldFRAZRL A, K(3)
BREFROENERIOBGBERZRLTED,
Fspp 3R], Foo 3HOR KT R L T
5. RN AR DR -K S-IEEE DR
RAERLTEY, Fepld, BHEEFZEDOET, ¢
i3, BREZEOEEEZRL Tn5. ANGB)IE,
WFIMEHEEFZORI-RSBEHRRAERLTED,
Fpeld, WHIHMHEEFORTEZRL Tn5b. I
(6) 1T HtaR ) & WHEEFR D8R ), WHIHE T D
RIDOSDHE K TH 5.

Isgp B E L TR@IICRATH T ET, I
wRDLHZENTE, [EHE g PEERMOEEIC
X, RQB)—OB) "0 Fegg, Fep, Fpp WHAMTE
5. LU, lgr DEPHEYTHRVWEEITIEA
6) PR SL 7\ ZTT, (6)DOD AWK
D72 IND K DI lsge DMEEHRZKE L, Fpp &
W E Lz, 361, RDITRET X ICHE
NEE—AV T —L%FLHI ETHRNICK

Relationship between

Relationship between
SEE strain and SEE length
6

—

CE length and passive force,
o CE length and CE force

Relationship between
CE velocity and CE force

CE force,

=
o

0.5

Normalized force
(MuscleF/MuscleFy,,,)
(=} (=3
'S »

|
Passive 1.5
force

1.0

/ 05
L

0
0 0.025 0.05 0
Normalized tendon length

(Lengthggy; —Lengthg,)/Lengthy, .

0.5

Normalized CE length
(Length,, /Length,,)

0
1.0 1.5 2.0 -15 7.5 0 7.5 15
Normalized CE Velocity

(Vel, /Length,,)

Fig. 5 Property of CE and SEE
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LB PV R L.
MT]’:=7’]’:‘F§EE (7

ST, MTiid, WilckoTERSNA
TV L7, rdfickd5iED
DOE—AYV T —A, Fpld#ii OFENT
5.

(2) I bEtE

BB ET IV EHEES L L CTHOERE S
RN L AR V7 2B 5 R TES
7, BN FE RIS ko TR LS L7 O
KESHWHTPRDOMAE LRIIE T
B XD, ZONRWE RS B OITAKBE
Je Tl BALET B % W TR OIE M A P E L
7z K@) BHIHEHER, RO IEHVBEBETH
5.

JT;=3%1 MT} (8)
J=X%, (g3 (9)

CCT, JT B A L - TH SNz
JHED VORI RV, MTHIF 12 &> T
I/ jliEH OB MLy #RLTED,
J=1I13 PR Efh, 7=2 3 BRI th-
Ry, =3 3 IZBIETE th—(h R, /=4 13%E8
i Ea—s iR, =5 (3B BIET Y - el < B
L. Flo, JEAWBEETHS. 2FD, 500
BATC >\ C, MEFEET R CHEE L /2B -
V7 EHERE L - &R T X BB ROV oFp
—F L, »OHMBERTH L EHOE®ED 3
TP NI A DE T O~ T LITHERL
7o Txds, HAUBSEUZ, EEEHOHEN A &KE
(EFHEIC k- THELETHRESEICL Tk
EL7- (K&, 2005 ; Yokozawa et al., 2007).
F7z, B (2005) (ZAEBFEHOEHEERX %
FINTHIGE L 7= id B & HEE L 72 O1E M 7 M
WL, 1Y A7 IVRhICET5 2 >OB/SNZ—
DELL T0AB T EEHRL Th5. TOREL
5 HIBIE A 55 OTEMEE O 3 TR /M 3w 4
% & THRFOCIIES R C 2 EENIC LRI T E
L ERRTHLT END, AFFRICE W TLIENK
o 3 FGm/ g BB & L THW .

2.2.3 BAEIAHICH T ZRAE b IL 7 & & U
AR D BB
KE - BEH (2016) (%, 157 A F L1485
i SEARIED v 7 ETFINCOWT, BT AV
F OERHER & BfiO#EE R # T 5 2
LT (EKIE, 2007), mAHEAEREREICE
VB BER NSRS 4 B BART L 7 OB IR 7 B
rEREMALCWS. 22T, AFETL, A
(10) 22 HBAEI Tt 4 HBAEG -V 7 8 XU R

OB IIER I Bk 2 F L 7.
M 04545 ¢} 14
04545 I ch [
Cr ¢ Ossx45 JF
G
= N (10)
Cen.Acc. o

CCTC, METREEIET AV FOBE LB
T VIV E LOIEFTITHY, ch &l
&, JFICR A@RETHTHA. VE o3&k
157 AV P OBELIEE L AMNRE Y E LD
7B RV TH Y, JFIZHR14BIE ORI S
TELDIIINT FIVTHL. GlEHEKIE T
AVPIEHLTWAES, NEI&RT7 AV
IEHLCWABE PV &V ATE—AV
HELDIFINT FIVTHS. Cen.Acc. g (3,
BRI 310 2 HAE TR OR L INE RS % &

LDOIATINTH D, Opxm i nxm OX¥ BFTH]T
H5. RAVICHOWT, BEATHIOMITH %
WNZFL B 2 & CEBEAT V7 DAY B BT
DREIEHOLPICT A ENTE A, Fiz, 5l
N7 PV NOLEBOREBEE LV 712o0nW T, #E
E LR NC L BB V7 WA & T,
ISR O FR 71 & BRI OBARE B 6
THIERTES. R(10)DFEMIC >V T
KE - BEH (2016) ICEELTW5.

K (10) DREATANEE LT AV O FERS
BHREE BRI L > TRET BfTFITHS. %
TR T, FINT RV N OSBRI -
WZIZOWT, 1Nm O, Nixk kU WER
W7 wfRATH T T, FEERORE =X« L Z1L
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THERBDOHRT, ZNHD IV % 1 Nm FBHEL
T EICER SN A A OB T2 FH L /.
BARI D LA L 7 B8 LUMIRII OB thAE <
ZET, BNV BLXUERNIN KT AV T
B SHZIEROE— AV F2RHTES. B
LY 7 AV NICER LSS, TOY T AV I
F o THRINTWABEEIO MV y BeDt s A
VMCFERSRZEROE— AV T, A1)
HRAWTHEETE%.

Moment; . =JT;;;+r_Dis;x JF_Dis,
+r_Pro;xJF _Pro;j;  (11)

Z T T, Moment;;; 3, BAFijOREDHD D
BAET MV 7 B 7 A b ISR S 72 IE%R D
TE—AVEFTH5S. £, koW, k=1
13, BAMIEEERICKT 5 x i, k=2 3y fili%,
E=33z %R L Cn5b. JTld, £7 AV
FOICPERL TV 5BE8T7 O kg ) OB -
W27 TdhHhb. r_Dis; b r Pro;iL, W7 AV i
DELD BIEMHRNE 2 D LB IV & I
NAPDMERY FLEEINZHRL TV 5.
JF_Dis;j; & JF_Pro; ;. %, BAijic30 5k
HEDD OB L ZIC k- ThERShThbE
7 A b O AT AICER LT S B A
NaeFNFIRLTWA. ¥z, AL AV
IZOWT, ZOR7 AV MIZk > TR T
VB OW AL, Ly AV LRI <
Wiz, JTOED L0, R(12) & v
THHTES.
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Fig. 6 Definition of thigh rotation

Moment?; = JT{+r_Dis; X JF_Dis7; .
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(a) Plantar-Dorsal flexion axis
of ankle joint

(b) Flexion-Extension axis
of knee joint
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By inverse dynamics

© @& By estimated muscle force

Fig. 7 Averaged pattern of joint torque by inverse dynamics and by estimated muscle force
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Fig. 8 Averaged pattern of hip joint torque about extension-flexion axis by lower limb muscles
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(b) Adductor magnus

(c) Adductor longus

0 (a) Adductor brevis
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Fig. 9 Averaged pattern of hip joint torque about adduction-abduction axis by lower limb muscles
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Fig. 10 Contribution of anteroposterior right hip joint force acting on the right thigh by joint torque
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Fig. 11 Contribution of anteroposterior hip joint force acting on the right thigh by adductors and iliop-

soas
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Fig. 12 Averaged pattern of hip joint torque about
In.-Out. rotation axis by adductors and iliop-
soas

(a) Hip joint flexion torque

(b) Hip joint adduction torque
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Fig. 13 Averaged pattern of anteroposterior hip joint force acting on the right thigh by unit hip joint tor-
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Fig. 14 Net moment by joint torque acting on the right thigh
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(a) Adductor longus (Total)

(b) Adductor magnus (Total)
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Fig. 15 Net moment by adductors and iliopsoas acting on the right thigh
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Fig. 16 Schematic representation of hip joint force by
hip flexion torque
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Fig. 17 Schematic representation of hip joint force by
hip adduction torque
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Fig. 18 Schematic representation of hip joint force by
hip Int. rotation torque
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