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Effect of gastrocnemius muscle stiffness in rebound jumps under
slanted contact surface conditions on achilles tendon force

Sungjin Yoon!, Keigo Ohyama Byun3,
Hidetaka Okada? and Kaoru Takamatsu3

Abstract

A study was conducted to investigate the effect of gastrocnemius muscle stiffness on achilles ten-
don force in rebound jumps on slanted contact surfaces. Five trained college jumpers and throwers,
and six active males executed five continuous repetition rebound jumps under three surface gradient
conditions. The surface gradients were 8 degrees uphill type (U8), 8 degrees downhill type (D8), and
level type (L) conditions. Force plate and limb position data were recorded simultaneously during all
jumps. The changes in length of the achilles tendon (Lar), m. gastrocnemius (Lgas) and gastroc-
nemius muscle-achilles tendon complex (Lyrc) during the eccentric phase were calculated according
to the model of Voigt et al. (1995) and Grieve et al. (1978).

The main results were as follows;

1. Jumping height in U8 and L was higher than in D8. There was also a tendency for a higher
achilles tendon force at the midpoint (ATFyyp) in U8. On the other hand, in U8 and D8, Lypc was low-
er, and Lat/Lgas was higher than in L.

2. There was significant positive correlations between the ground reaction force at the midpoint
(GRFygp) and jumping height, and ATFyyp and jumping height in U8, D8 and L.

3. There were significant positive correlations between GRFyyp and ATFyp, and Lar/Lgas and
ATFyp in U8 and L. However, Lyrc and ATFyy, showed a significant negative correlation.

These results indicate that the stretch length of the gastrocnemius muscle-achilles tendon com-
plex is lower, and ATFyp higher under uphill-type conditions than under level conditions because
Lar/Lgas becomes higher as gastrocnemius muscle stiffness increases.
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F—J— ko pR—ERY M VLB, HRESE,
iR E

I. B 9]

UNT Y RO VT DED NI RT 4 v 7%
fhEE—4EHEY A 7 )10 (Stretch-Shortening Cycle;
SSC) ##piL, fhRMEBHED O EMEEBIEN OB
IRRBEL TN 5701, BTV F—%F
KX % (Thysetal., 1975). %pic, WM
IRIVF—DFR - BRI, BOREINEERE
THAHZ &5 (Bobbert et al., 1986), 7L
ABHIMAE LT 5 EREET, VNIV FY
TONRT =<V ADEEICKESERL TV 5
EEZONS. Fl, UNTVEV R, T
B 3EoFCch, REAEICIER T % BEES
—7 F UV ABE S (Gastrocnemius Muscle-
Achilles Tendon Complex; MTC) 2R#E L/ b
W EBADHEREPIRENT EARDLEN T
% (RF - &%, 1995; Bobbert et al., 1987). <
NooT EnG, YNV YL, MTC
DB L UBRBH e K& S M3 5Bk
BEBTHAHEEZLOLNS.

UV Ve vk, REWLTIAF AR
Jy 7 b=V I FRO—DTHAL. e
V== v 7 FRE UTHRIICHWS720DICHE,
MTC OIS CEREZZ RICANT,
MTC @ FL 7 REREEZEBE L T ENE
BEThH. UNTV VYV L, BRI EE
7T HBEE I HERMEBEIC X A A (HRA
) Dod B 72IC stiffness % % R HICERIL T
& %. stiffness |3, BEIN/THO V)% Kk
THLDTH A EEZLNT WA (van Ingen
Schenau, 1984). O U —/ 7 ClX, HE
RSB BRI L 2 EIT LT, W
IZA B BRI 55 stiffness O b # X 5 p P EE
TR L Tr A RGBT, BN OERE
FTREICEEINSZ &6 (Aura and Komi,
1986), EANE, FiIC LR EMETOY/NT VF
Ve E, IhOORBEEHRTHOICHE LI
FV—ZVTFRO—DICEBH EEZOND.

EEOLE, EROMREREE2 T, —BEAS

F (FEH, 1997) B LU KRFEEEBEHEEL
FUETEFEREE (FiTh, 1998) Zxtg s L
T, ERHETO YTV PV v iC B A8
5 stiffness V)&, T U AR EBEEHO
fEg . (Lat/Loas) #AHWTHE LTE /.
DOEH & LT, #stiffness 1%, AHIRENITH
LCHEOEAENSLTHT 1D (Morg-
an, 1977), BLHOMRLEHA VA I &Ik
T, Wstiffness VNIV HHETE AT EHBIT
b s (Lieber, 1992).

—75, SSCEBNIC BT HEBHHOMEIL, 5
stiffness @ %5 Z & BT E (Edman et al,
1982; Cavagna et al., 1975), FhizFEBEHHE
THHEMBEOMEELRKES LTS EEZ
bihab. EfERmEmOMAEEDL, MRHE) &R
BEICT VB LRAONICEEINT WS
(van Ingen Schenau et al.,, 1997 ; BT,
1988). L7238 - T, REMOBEBRESKEZ WY
NIV RV % VT % L DHRCEITT 57201
i, HERFE> CEMREICYD B ok a (B
FpE) o7 F LV ARET (ATFup) #KE<
THIELBREEIL RS EEZDNS.

7FVARICE, RERES ThHBHEN T LU
CSAGPABE LTS, LaL, INHDHD
MBI BT RE SRR, iBEREE s
H# U CEGRER LN EBAREIN TS
(Gollnick et al., 1973). E7z, b 5 A #HitHEEHS
BChHOITH LT, MEREHIT B & BREIATIC
FeB->THAZHEFHHTH D, KEEEED
PER XN L PEES I, BEHES S RINFIC
BHEINAEVOHEND S (Moritani et al,,
1990). L7 - T, NURT 4 v 7 I Bk EE)
THHUNT Y FV V7T, BHEGILE S A
e LT, 7 VAR SERD K
EVNHDOEEZOLNS.

Z TAMIRTE, BERETOUINYV FY Y
VT BT B BEBE R O stiffness 757 5 L AJ@E
NERFETHEELHONITT S0, Lar/
Loas & ATFump & OBfRE#KET L7-.
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1. #ERE

BB, K¥kE EREE S L U C &S
HELSL (FFE 2224045, HE :180.3+
6.0cm, {AHE : 74.3+7.7kg, THEE :41.7+2.2
cm), BIU—BEAFTF 64 (i :27.0+
3.85%, & :172.7+5.1cm, {AE :69.7+4.7
kg, THRE :41.6+2.8cm) D114 % H\ /-,

Bk 3 A OB, EEB, BEEbk,
ZEETHD, BCEHIIIEIC 2m 18, 5m 45,
16m6lTHorz. Fio, WTEEREZ2L0HE
BRI <ho, BCAEI70m 72, 73 m 97
THo7o.

BT T AICHID, & TOWBRE AW
FEDORRY, Fikil LUSERICHES fEttie & &+
SIHBL, EBREMNCHTARZE B, &
B, BEBEICLTAEMETCOUNT Y FY%
VD M- 7R LUBBE L, Th
ZIEAERD - 1272010, BRI+ nElE %
TR/,

2. SHELEH
PEREITIT, HAVR I SSCHEB)TH B F DL
TOYNT v RS BlEERkE (5R)) %, LM
ERtm8E (U8), “Piumm (L), Fixfms
B (D8) OfEAR v 7 A (Angle-Box) |k TfF
/. TNThOERSGHETOSR] #&EfT§
HEIZIE, TEALZTEAIR v 7 ADOHLERAIC
BT S LIRS 2, BEROREBEINK
EWT Ein ¥, FEBREBTIIT o I2BEIC
FEETbY/. #8E, wWIhdBoEiAog
Brle T/oOWFRBIC Y TEE T, Bk
A TEARITELILT, TELRTELSX
SITHER L Th® 72, WFnOBEMEICHE VT
LEEIORFEZTH®, TOEMITROIBESD
B TR DR EGHIRGRE Uiz, 7k, i
HOEMNAEORABIEFIL, £ TCOHBEIZE W
THVEALCITOY, REMCITo%kEx &
B

3. PWMEBRLUDWAHZE

AR TIE, TXNTOBEERAR %, #iEOR
RGCHRE LcmEEY T4 A A5 (Nac #8,
HSV—400) #HAWTC, 882000 < THRE L.
TN ERERIC, WEARNIE 7 3 —A 75y 7 %
— ./ (Kistler #1384, 9281 type) % B\ THIE L
7o,

WHERDOT— 2% 12 LT, BYRHEE &
UMz ko, BhES (H) 1, X
[JH=1/8-g-FT?2] (Asmussen and Bonde-Peter-
sen, 1974) [Z#Zerse] (FT) B LXOUOEIEE
(2=9.81m/s?) ZRATHI LIk TEHL
7o, LIS, ZOTF—R%EH EIC LT, $HEIHE
ICBT AP R OMER ) (GRFyip) #3K D
7c.

BONETAER YD EICLT, £, &K
RS L UBRIEY—7 D2 RIGEEY 1 av
BEICTHARY, HEFHIROEEEERRE
L7z, ZLUTRIC, ERBE LU HEREEEOR
VLT B 3% Wells and Winter (1980) & J5:
2 & DWW TH%E L, Butterworth Low-Pass Dig-
ital Filter # WTOREIL L. 7ok, REIHh
T B AR D 43 BT RO R BT A B 80T, 1-7 He
OEHENTH > 7= KBIFE TR, TOFBLL
HHEEEEY AT, REIE, BEIfik LU e
OB AE A& L-. BEES ML iE, FITLE
2 (1992) O BARRG REE BV TR DI,
T, KROBHZE, BEPOMER L CERET—
AV, TG ABEOREI LAY V7Y
TAVEFETIVICAT LTEE L7 (Winter,
1990). 7xds, ABFFETIE, HEAEH ETOHDOME
A, HTokLoeRkd: (K1).

9, O ZEEOFLEEZ, FEBT +—
AT5y b7 x—LIlEHEZBE—AV T
[Fz-ay+Fy-az] ¢V —BT7 53— TS5y
F7a—AICE2B5E—X 2 [b(Fzs+Fzy—
Fz1—Fz)] OO0 HFVA LS, UFO LS IC
ay,az,az % RO 7. 7x ¥, tan 0= (ay—p)/
az=—a b L, BIZ=A abc & ade BT
BHIDITKDDL LB TES.

ay=—az-a+p (D
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Fig. 1 Calculation method of the center of pres-
sure.
F: The force that the body applies to the
angle-box. Fy: The horizontal components
of F. Fz: The vertical components of F.
Fy,, Fy,, Fys, Fy.: The horizontal force of
sensor 1, 2, 3, 4 supporting the force plat-
form. Fz,, Fz,, Fz;, Fz.: The vertical force
of sensor 1, 2, 3, 4 supporting the force
platform. 8: The Y coordinate of point of
intersection with the extension line of the
oblique side of the angle-box and base of
force platform. ay: The Y coordinate of the
center of pressure A. az: The Z coordinate
of the center of pressure A. b: Horizontal
distance from O’ to each sensor (0.2 m)

a'z={—b(Fz;+Fz,—Fz3—Fzy)
+B-Fz}/(a-Fz—Fy) (2)
az=a'z—0.054 (3)

T VAREES (ATF) 3, BE&S V7 %
E—AVEFT—ATBRTHILICE > TRD
(Fukashiro et al., 1993). E— XAV F7—AIL,
Grieve et al. (1978) ODEFT I & H LI LTRD
7= (Bobbert et al., 1986).

BEEm— 7 F VARBRBESEHOR IEIL
(ALyre) &, EHET— 22 6B 6N KR
B L ORBEMOBEL %, Grieve et al. (1978)
DETFTIVIEATILTRD72. ALurc DO H, 7
FUARBROEIZE(L (ALap) F 7 FVAEDIL
=0T ABEHRERTR [ATF=k(4La1)?] %
FAWTsk® (van Ingen Schenau, 1984), BEHE®
DE 3FAL (ALgas) (E ALyre 2B ALar B2
LB Z 2T ko> Tked/: (Fukashiro et al.,

1995). 7z, ROBUEER T kid, Voigt
et al. (1995a, 1995b) I L At FtE [k={YAr
(Emax—&1) 102}/ (maxlo) 2] 1ZHE > TRz, #EE
THEHI>T, THEFVARBDOEX () BLU
BeWiERE (Ar) 13, Yamaguchi et al. (1990) iC
Yo THEIN/- FORIKDOFEHEZ A7,
FNHOMEIR, £hZh0.364m ks & 0.625
104*m2CTHo-72. Ik, YIIvrvrEK (1.2
GPa) %, emax IBOWHERORIZIL (7F
VABED 6 %Y %, er RBOI—0
TABRICK T IR EEORIE (TF 1V
ZBED 2 BITHY) BRI, DX DA
ZeClE, 4 TOWBRE I B\ T—EDOMMER %
AWTWADT, HiEm ICREAERL T 5.
MEEREIC B %5 MTC (Lurc), 7 F U AR
(Lat) BEUBEES (Leas) DOHERE, )
FROBEIBIED CBERRFOESIELETEL
I S &I ko TRD.

4. HrEHOE

ZREHEBICBT A FEEEORBERERT -
7z, BERE A BT AEAEBOR BEREIC
X—EEDOS Bz Ay, FEBEE TH-
FEBIEOWTI S SIS ERBE AT/ &
7o, MEBRELT, €7V vV OFEEARWTERL
7o Ta ks, METMEOBEESEITERES %k &
U1 % KB THIE L7,

m. # xR

M2ic, BAPLIAZAOHEBRBICKT 5
ALyre, ALar 38 X U ALgas DH R Z 77 L 7.
U, LB LUDSOWTNOAFTIZEBWTH
ALyrc, ALat 36 £ U ALgas 13, BEHBEMHGE L,
R L Qe E7z, USITL L HE LT, BERE
HOMEE/ NS MERICH - 7.

x1ic, BhiEs, BYRHE, ATFuvmo, Lmrc 8
F U Lar/Leas ®R L7z, TNHOGHERIC
3, EAEREICHETN B EE TR DN -
7=. LH L, #HHRELEBOFHETALBEIC
i, UKL LIZD8 e LT, kSIS
<, BRI R WEm %R L7z, ATFup i3,
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Fig. 2 Typical examples of length change of muscle-tendon complex (ALyrc), m. gastrocnemius (ALgas),
and achilles tendon (ALar) in 5R]. ALy is 4Lgas plus AL,

Table 1 Jumping height, total contact time, achilles tendon force at midpoint (ATFyyp), muscle-tendon com-
plex length change (Lyrc) and ratio of achilles tendon length change to m.gastrocnemius length
change (La1/Lgas) during eccentric phase in 5R]

e Jumping Total contact ATF L
Inclination n height (m) time () (N /kl‘éb (Ir“ﬁ; Lar/Loas
trained athletes U8 5 0.419%+0.078 0.151+£0.010 89.3%x12.2 20.6+6.2 4.29+1.37
L 5 0.438+0.070 0.152+£0.018 85.8+17.9 20.4+7.7 3.04+1.12
D8 5 0.390+0.065 0.144+0.020 67.2+14.7 18.3+6.0 3.37+1.56
active males U8 6 0.348+0.020 0.172+0.015 71.5+12.7 23.7+£59 2.31+0.72
L 6 0.332+0.023 0.175+0.017 68.9+11.2 29.2+54 1.38+0.45
D8 6 0.329+0.035 0.165+0.012 70.1+ 4.4 22.7+6.0 1.98+0.70
Total U8 11 0.380+0.063  0.161+0.018 79.6+15.1 22.3+6.0 3.21+1.44
L 11 0.380+0.073 0.165+0.021 76.6+£16.4 24.8+80 2.13+1.17
D8 11 0.356+0.058 0.156+0.019 68.8+ 99 20.7+6.2 2.62+1.32
F-value 0.496 0.624 1.716 1.004 1.844
Difference ns ns ns ns ns

Values are mean+SD

U b KEWHEHBICH - 72, £/, US kL ICERB A OHEBBERBRD b,
UD8IZL & B LT, Lyurcid/h& <, Lar/ X 412, ATFwvip &SR LU BYIRRE & D

Loas 3R EWEICH - 7c. BifhZ L7z, ATFup & BEES & ORICIT,
X 3z, BYUdEickir 2mEK ST (GRFum) U8 (r=0.638, p<0.05), L (r=0.839, p<0.01) B
CHEE S L UBYRE EORERER L. X D8 (r=0.611, p<0.05) & ICEBELIED

GRFyp & kS & OMICiE, U8 (r=0.792, AHBRIGRARD OGN, Li L, ATFup &Y
p<0.01), L (r=0.769, p<0.01) 3 L (*D8  Kffll & DENCIE, U8 (r=—0.873, p<0.01) &k
(r=0.602, p<0.05) & HICHEAREOMHBEBEFE T L =-0.917, p<0.01) TNV TEELAD
R bNsz. £z, GRFyp & EVIRHEI L OB HEBIBIMRAERE D b /o, D8 Cid BBz HHEIR
213, U8 (r=-0.841, p<0.01), L (r=—0.911, VR b NEd - 7.

p<0.01) & X U'D8 (r=-0.817, p<0.01) & % X512, GRFump & ATFym & OB %5 L
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o trained athletes
o active males

U8 L D8
= 0.6 = 06p = 06
g E B
N’ 'Y S’ Nt
Z 05 2 05k = 05k
% 5 i
S 04l Z 04} £ 04l
80 ° % r=0.792 o) o0
=1 ) n=11 £ r=0.769 £ r=0.602
2 03 F p<0.01 2. 03F n=11 2, 03 F n=11
g g p<0.61 g p<0.05
3 3 3
} A L J = 0. 4 1 1 = 0. 1 1 i
=0 & 60 90 120 %0 60 90 120 20 60 90 120
GRFMID (N/BW) GRFMD (N/BW) GRFMID (N/BW)
@ 04p @ 04p @ 04y
g g g
< 03} ok E 03} g 03}
15 o S == 0511 2
_S p—< 0.01 - n=11 - r=—0.817
=] = p<0.01 = i n=11
g 02 M g 02f o g 02 p<0.01
. Il ) J 0.1 2 L Il , L A |
=0 e 60 90 120 g 60 90 120 0 Y 60 90 120
GRFMID (N/BW) GRFMID (N/BW) GRFwmip (N/BW)
Fig. 3 Relationship of ground reaction force at midpoint (GRFyyp) with jumping height and with total contact
time in 5R]J.
® trained athletes
o active males
U8 L D8
= 0.6 =06 = 06p
E . E E
2 05t E 05} = 05
5" % 5 .
= 04} o S 04f £ 04}
8o © n=11 = o0 r=0.611
£ p<0.05 £ g o n=1l
203 203 F o 03 ® p<0.05
E g E
= 0. - L 1 - 0.2 4 4 1 - 0.2 1 L i
0 23 0 60 90 120 30 60 90 120 30 60 90 120
ATFMiD (N/BW) ATFMID (N/BW) ATFMID (N/BW)
Z 04p @ o4p @ o04r
-] ] -]
g r=l—lo.s73 E E
n=
o 03fF p< 001 = 03F r=—0917 o 03F
1> ) n=11 15 r=-0.563
8 8 p<0.01 8 n=11
= = g ns
g 02} g o2} S 02}
= M - ° = o X3
3 8 3 hd .
S o1 1 L 1 S 01 L v ' S o1 L S 4
30 60 90 120 30 60 90 120 30 60 90 120
ATFmip (N/BW) ATFvip (N/BW) ATFMID (N/BW)

Fig. 4 Relationship of achilles tendon force at midpoint (ATFyyp) with jumping height and with total contact
time in 5R]J.
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e trained athletes
O active males
U8 L DS
_120p __120p _120p
2 3 =
% 90} 3 % 90} % 90} .
=) 08 =098 a P oogqi .
é 60r (¢} ° p<oo é SoF o p<0.01 é 60F .. :(i: Y
< < « "
3% 50 90 120 355 60 90 120 3% ) m 120
GRFMID (N/BW) GRFMID (N/BW) GRFMID (N/BW)
Fig. 5 Relationships between ground reaction force at midpoint (GRFyyp) and achilles tendon force at mid-
point (ATFyp) in 5RJ.
® trained athletes
o active males
U8 L D8
_ 120p _ L2or . _ 120p
3 ° B r==0.602 g
= ° r=—0.782 /g® o ll_<1(1).05 Q
90} a1 90 | P 90k
% < 0.01 E’ o o % .. r=—0375
8 o M g ) o 8 ¢ %o o =11
= 60} o 2 60f o = 6of e *
g g X g y
30 . . . . . 0 . . L . : 30 L . . . :
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E E ] g ( ,.;1—10.012
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8 E oo > * = ® *
=) L) r=0.686 = © L]
E 60 E 60k (e} b E 60 o°
i o o p<0.05 ] [
< < <
30 ———— 30 e 30 — oy
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Fig. 6  Relationships of muscle-tendon complex length change (Lyrc) and ratio of achilles tendon length

change to m. gastrocnemius length change (Lsr/Lgas) during eccentric phase with achilles tendon

force at midpoint (ATFyyp) in 5RJ.

7z. GRFymp & ATFump & OMIICid, U8 (r=
0.898, p<0.01) B L UL (r=0.872, p<O0. 01) Iz
BWIERREDHBEBEMRPED bN/zD,
TIIBEERMHBERIRSRD binh - 7.

K612, Lvrc 8 & U Lat/Leas & ATFym &
DR %R L7z, Lvure & ATFyvip & DN

U8 (r=-0.782, p<0.01) 5L UL (r=-0.602,

p<0.05) IZB W THELZADHEEIBERIRD
N7z, D8 CiIEE E*ﬁﬁ@ﬁ@gﬁﬂmbf)%h?’l#
> 7. %7z, Lar/Leas & ATFum & OEIZI

U8 (r=0.875, p<0.01) XL (r=0.686, p<
0.05) IZBWCTHEREOHBBE/RARD bl
25, D8 Tl B EHEEERILRD b -

7=,
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Table 2 Ankle joint angle at toe-on, midpoint and displacement during eccentric phase in 5R]J

Inclination n toe-on (deg) midpoint (deg) displacement (deg)
trained athletes U8 5 132.8+ 7.1 107.7x£7.6 25,1+ 9.7
L 5 134.1+12.1 109.1+7.0 24.9+10.5
D8 5 136.4+11.0 115.0x5.8 21.4+10.1
active males U8 6 133.1+ 4.9 102.6 6.9 30.5+ 9.4
L 6 136.4+ 3.8 99.5+9.1 36.9+ 7.0
D8 6 137.9+ 85 108.5+4.8 29.3+ 6.9
Total U8 11 133.0= 5.7 104.9+7.4 28.1+ 94
L 11 135.4+ 8.2 103.9+9.3 31.4%+104
D8 11 137.2+ 9.2 111.5+6.0 25.8+ 9.0
F-value 0.806 3.164 0.970
Difference ns ns ns

Values are mean=+SD

E 21T, EEHEA (toeon) ¥ L UEH &
(midpoint) (2313 % RBIETAE I L UM5R R
IR0 5 RBESAEEMER L. INDOSH
HBICE, ERERICRANEERERRDON
otz L L, HBREEBOVHETARIE
BT, BHRERORBESHAEIL U8 » 6 D8 A
EOAHICONTKEL LD, BYHE0REEA
D8 b k&<, US BLULITZTIERL
BERITECH- 7. o, HEREICETS
JEBARIAE AT D Ak b/hE <, Lid U8 &
W LU TETREWEARTEANICSH - 7z

V. & £

— I, B/ —H i3 SSCEBIC L - T
EESL. COEDICE WY —RRETE HEH
LT, BREEER)TIE, REEFPICETIRMEE
RTHHBICHBR S N7 TV — N EHE A
HCTEAMHINASZ EHABFSNnS (Farley,
1997) . HERBWEICE R I N-WE T RV F—
3, B, b bR O I
fIZT 0 Bb s OMER S (GRFup) 12 &
- TP E % (Bobbert et al., 1996). ZD = &id,
U, LB LU DEDVWTNORAFKIC BT,
GRFyp & BbiER & OMICHE B 5 IE OB R
RN/ OIHETES (K3). L
Do T, REFMOBEBMENLKREVUNT YV FY Y

VBT, BT RLF BB L, Bk
BErmdsl-icid, BmoEfic Rz
{, GRFuip # K& 95 LT CEELE
HRO—>Ths EELZLNS.

EIHT, ZOESTRRBEOBEBENKE N
UNRT YV RV % v/ T, ATFup B ED LD 7%
BEZ R LT DOMIOWTIREROB 5 &
CAHTHAS. £ TABZE T, &MCUS, L
B LU D8 ITKIF A AT Fum & BkEE# HEs L,
DWTATFyp ¢ kS & OB KR, B LU
ATFyp & GRFuvp & OBAFRIC O W THEE L7z,
FORER, #RE2BOFHETAIBEICIT,
D8ix U8 B LU LICHE LT, ATFup i3/h&
<, BBEmREVWErnARDON ED. £
7z, ATFymp & BEES & OIICIE, U8, L LU
D8 DWFNDORFICE W T L EERIEDOIBIES
RBRDOON/D (K4), ATFumn & GRFump
& DRNZIE, D8 IZB W TDAERERIEDIHBIRS
RIBOONT» -7 (K5). ThHDOFBRIT,
EHEOBEFNCERE <, ATFyp ZU NIV F
Ve VT OMES B LI OOEEZERO—
DA EHRTHDTHS. LrL, FTHE
FEDE S, ATFup # K& T&E b o7z
D, 5 WL ATFump & GRFuip & ORICEE
e AHBABA R BRRO NG D5 T T EEE TN
3, BHEOEAHC L > TTF VAR L 1 5A
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FIRESC EBHEINS. CORRO—D &
L“C EAEICH > CEREICIERAT A BEET

S, EMEMEABSICTREMNEOMEIC L - T
i U%RBAET bL oy OZCEE R RIE Lo w ek
DEZOLNAD, O EIOWTEISBELIC
BEt 3 AUNBERD 5.

=77, UNT YV FY % VT T, BRI ST
D% TIZ X BEB T XIVF—%Z1T LD B 7201
FESIIERE L, BESIIEMT 5. 20l ki
FoT, MTCEFZR < fETS. LirL,
MTC iR s /=& LT, BEBERO stiffness
DRKEIC L - T, MTC 2R A BEER 5 &
OC7FVARBOMREREZIRLSLDEEZ LN
%. Kurokawa et al. (1997) (%, TEBKC BT %
MTC OBpRE & B E BB & W TRE L7z,
ZORER, BFORIEREIC B\ T EmRtE D
BHERIT, CORFORINC & - THRIZE | & i
s MTCERIFT—E), E-BFREICEY
THRSERECENEZREL, COBICH| &ML
SINTWIEPEHET S L 2O XIVFE—ZF|H
LCEEMATON S E3E L. AFRICE Y
THEE I 8RR 7 SSC G 21T > T d (]
2), Kurokawa et al. (1997) OWZeEE % ZHICF
HE, UNTV Vv TICki0 5 SSCEED
B ETHICE E BT -0iIiE, MEREICE
WCHERE A O stiffness 205 2 LI Lk - TT
FUARZMHREZ Y, BEIOVF—DR - F
FIRBEEZ DRSS Z EREETH S
EEZO6N5.

Z ZTAMRTE, ERETOUNRTV FY Y
VB SBERE RS O stiffness N\ &, Lat/
Leas # BV THeat L7- (Lieber, 1992). # 0kt
R, HHREEBDOPHETAIEEICIE, U8
FUD8ITL &HE LT, Lar/Loas DK & WH
MIZH-7 (FD. COZ L, EEETOR
Bl FHmE & bl UC, BERRAG O stiffness 2375
FAARKODSZ L EmBTHLDEEZ LN
5. Lo Liaf L7-& 51, ATFyp ix, U8
K&L, D8iZ/pawWimaERLA: (FD. L
Do T, HRED B[ & RE2 T & RE T &
> C, Lat/Loas PR EL 7e o> TH T+ U AT

PP BRI R BAREDD 5 C & BRI N
L. KR TR IOFRBEEZ R T 5 7DI1C
LAT/LGAS & ATFym & OBIRICO W THRE L
. ZORER, WEOMICIE, U8 5LU'L Tik

ﬁﬁ&IEUﬁEE%E@f%# RO BN, D8 Tiddk
HoNxhroTe (M6). TDZ &k, kEREs
HFHE Tld, Lar/Leas Z KEL 5 &0
ATFyip Z#KEL TH1DDOEBELEHITIn A
CEIRETHLDTHS. BT &R T,
Lar/Leas # K& LTS ATFyp 34T LK
EL BB EBRBOHLN. TORREL
T, TrERAETE ER & RHE R L OSFimE &
LT, Bk REHOETEEENHIRINS -
DIT, MTC £RICK E L MEAT B0 B n
2722k, BRUBHES P EEHSOERE LD LI
B OEMICEEMICIER L TWA T & (FiF
B, 1997) T EOWEMESEZ ONDLR, Th
HICOVWTIESEI LI T ABERD 5.

APFZe i, 4w, USIZ L XU D8 & Hik
LT, MTICE&ROMEZEZKELTHILICE
- C, MRHEE > BRICEES Y, BHEGO
stiffness BL U7 FVABENZED ST R T
XHDTRI WP EEZ TNz, LaL, U8l
L XUD8 & HE L T, Lar/Leas B L T
ATFyp i3 KR EWETICH - 725, MTC OffgE
B3 L X0 dhSWEHEEZR LA B, £/,
U8 BLIULICB VT, Lurc & ATFyp &
EICEE XA OHBEBEMRARED b (X6).
INHDZ EiE, kR EfEL L UTEFHIEmIC S Y
Tid, BERERS O stiffness BEEB T LIC k- T
HREROBILP/NEL LY, ZTORKE, MTC £
DOMEEREZ/NE LT, ATFup K& T& 7
CEERTEDTHS. £z, LASHEDO LS
I MTC MR INS LD BT TUNT VR
Ve VT BT o LTh, BEEGO stiffness
PHH LD KRELSTRAEI L L THREOE
bk bihaL L, 2han MTC &EDOMREE
/N LT, ATFup K& 3 5DICHRIC
ERLCWAZ EERTLDTHA.

EdRo k512, U8 L ik LC MTC Ofé
REDNIWVERIZH S Z EPRD SNz, A
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Fig. 7 Typical examples of angular displacement of hip, knee and ankle joints in 5R].

T, INEAHEMICERT 572010, iR
BB I UBYRAIC BT 5 EREMAE B X UHE
RN i) 5 RS AEEM & i Lz, 2O
R, BRELBOVHETALBHEICE, UL
L CHELT, RESAENIRLUIrETEELR
RECEMT IEMOB S &, BIUEEEA
EEMOE T PNIWEFADOB S Z EPBRD LN
(E2). Fay 7Y+ /7T, BElRRCKER
EEPINDHDT, COEREZTILORIRT 5
7eoiciy, REEAMEHL Y OHBEOFHERLS
O, TELRTERE LR TE 52 LRE
FLWEEDLNTWS (KT - &, 1996). L
TehoTC, INHDOT EHEILTHE, BAxs
HT, BRSSP LDERE L/IREBTERTES
DT, REGZEMBIZHIGTXARREBEOD H Z
&, BIURBEREMFCBAS ZENTELD
T, MTC 258 ICMEI N WATRER OB 5 T
Eln EDWEINS. T, O EE, K7
R L7 B BIE 7 1 B OBBREIC B 5 RIS
DEEEMMEI D IHEEINS. Tixbb,
USIZLICHE LT, #ib L Thr LEEEFEAH
BT AETICETHRHAE W EBRDLN
%.
FRORERT, VNNT VY% TDOMTC
TR T A8 KURBOMERIT, FEOEA
ABIC K-> TRELILETRTLDTHS. KB
FOBRYZEICTH L, EREFEIIFEREE[E
U ZnLl EiC, Lar/Leas # K & < LT Lumrc
HINXLFTAHEITEST, ATFyp # K&K T

=LA RERD b/, ATFuwp iZ GRFump &
HREGIEOIEEEREMRA DD, ZhHiIdkESEE
BRIFOMBBERAB L BRI L L, 75
AFZA M) w7 PU—Z2VTFRO—DELTY
NGV RV TR RWABRICIE, SEFHIEIZZ
TEEEPE T L bHEEINS. LAL,
ZDlzOITiE, bR ERES LUEFE TOUN
IV RV TR =S S ER AR L
T, Lar/Leas ® Lmrc % EICED L D I ERH
HELAHDOPICOWTEIHIIHRT AT EPNET
B5H. Fiz, AFRTIE, 2TOHEBREICNT
—EOHBER RN FUVAROE ST/ %
HELTWAZ ML, 4% MRI (BRESRILE
EEE) #AWTTF UV ARBROE X8 L UBEE
BEBAZLICHET AT L LLETHA.

V. & 3]

ABFFECIE, ERIETOYNT VYV FY Y /I
B> ABERER O stiffness 237 F U ABE IR
ETEELZHOLNMCT A7, Lar/Leas (7
VAR EBHEH OMERE) & ATFvip (B
RICBT A7 F VAR & OBERICOWTH
L7, 5 ADORFEE FHEEMES LU TER
BE, BXU66ZBO—EBEAFBFIT, TDOHT
DYy PR EE G E Y U8 (Em &4t
H), L CEHm) sL0D8 (TR &fhE) O3
DOFHE TThR/z.

ARRDOIB S IEAERITLTORD TH 5.

O BEEIUSKIULADS bHELTE
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WEEIZD - 7. ATFmip (3 U8 28K & W AR
Holz. T, U8 BXU'D8ITL Ll C,
Lure (BEES —7 F UV ARBRBESHROR IE)
13/h& <, Lat/Leas ZREWEMICH - 7.

@ U8, L, D8 DWFhiZks\WTh, GRFup
(B Ric s A ER ) B KT ATFum &
kS & ORICE B R IEOMBERERARD LN
7z.
® U8B X ULIKEBWTIE, GRFum &
ATFump & DE3 &L U Lat/Leas & ATFum &
BICERRIEOHBRERIRD N, T,
Lure & ATFuvmp & OMICHEE 7% A OEBIBI R
RObNTz.

FaAOERIT, ERERHES K CSEFHIEIIC S W
Tld, BEEAGO stiffness @5 LI k- T,
TFVARRNDEZRESTELILERETH D
DTH5H. ¥z, kR EpEITPHE SR Cr%
N RIS, Lar/Loas # KELTE, ZORKE,
MTC OffiRE %/ X< LTs, ATFymp %K %
KTEAAREM LR THLDTHA.
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