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WHER OB (F53C) : In this study, we focused on the deformity of the human foot arch
with aging, and investigated functional roles of the foot arch by a computer simulation
analysis. First, a simulation model was developed by combining the FE model of the human
foot with a rigid link system based on forward dynamics simulation model of the lower
limbs. Using the simulation model, a shockabsobing effect of the foot arch was able to
be analyzed. Second, the viscoelastic parameter of the arch link was determined by the
motion analysis of the human foot in a gait and the whole body human forward dynamics
model with “arch link” was developed. It was shown that the energy efficiency during
walking was changed according to the value of the foot arch stiffness parameter,
especially, walking with very low stiffness (soft) arch shows the lowest efficiency in
the simulation trials. In addition, the state variation of the foot arch by aging was
simulated by operating the value of the parameter of the arch link, in the result, a
standpoint on the foot—ankle deformation was acquired

BT TERA
(BRHAL - 1)
[EREEE A1 HE 2T & &t
2008 F 1, 300, 000 390, 000 1, 690, 000
2009 F 900, 000 270, 000 1, 170, 000
2010 FE 1, 200, 000 360, 000 1, 560, 000
&t 3, 400, 000 1, 020, 000 4, 420, 000

IR« G - 2K — VR
PR R - AR IS SRERERRE « Tl 1L
F—U— KM - AL, REATE, A



1. WHEBRAR LI DO =

t NOROEITT —TEEICRESH
5. TOWENBAEDEE LT RS TEFE
FHLTWAES->THLEBE TRV, 20T
—FREGE RS IS T E RS T —
FEAERT D203 H - BEiTH Y, FEE R
ELTEHERDY, SHIIHENCLSZEL
WK o TT7 —F LS XL T 5. RAF5E
TN EET LT DHZ LTk, 7T—
FIRFIZREIN D BEER &V D FEED
BN & LD L&D IERER E O
BREHLIZTHIHLDOTHD.

TSI A ZE (BT D W T IR T 1 70 E 131
SEFFEOT A & LT, BA (2007) 12
£ A5T7 —FEELEDOWA, FH(2007) D2
RO TRERENHD. LavL, JEH
DRI %18 o T MERT R Ze i S X RS 72 B 7
V. AR DR AR 2 T TR IE &
EEIZITHOICHT-> COREEINFKT S
bOEEZ NS, BRI R ORGER &iF
Z CEFIREI TN 5 58 I L ER
EEABROERGIEEZ & LRENIE S
N, TORRIZER S Z Liddb7enz
NEZ NS, £, BEE2#-> TP+
Z EIER AT H T%étw%%@i% DI
ZH7R 0. iz B RE & RE D
%%%ﬁt%wﬁﬁézﬁ—%ﬁ%®?ﬁ
AHEZE26NH0, REFEOEZ NS Z
LiF, BREMERORRZERTLHEHDT
T7eneEEZ TS,

LorL, BffECliaryPa—FyIa b
—YaryE RV ANTTIECLY, BEEE
DERZED & &b, BHikiER 2T A
NI=GE ORI 725 RIS AIRETH 5.

2. MFED B

AWFZE O B BMEIZ L 5 R EFE D A
H=RNERHT L, ZOHIEEERERT S 2
LTHY, ZTHNIZE o TRERAERITFRINT S
ElE OSITREVIK T, EEAR, i, &
EVE VST ERHRZIBULZ & TH
5.

Fo, BHAEROER E L TEHEOIERHN
HDHN, T TITZEOBATIE R, HLF

ThwEIc k2 boaxd5 L35, Lal,

Z I TOMREFIESCHERITRAER M
D= A =X ADRHICEFEET 5.

3. ROk

FB1OFEELELTTFERIMKY > 7250
DRI = AREZEET VICERR L, )L
BATHC I 5 TR o2 E S B s 71
DHAEACIRE S KEFIC X » TH U7 B
W% e % Z & 25k L.

[ Skeleton model ] [ Anatomical data ]

l l

[4 parts of bony cnmponentsJ [ ligaments J

l l

forward dynamics model

Foot FEM model
by ANSYS

X1 RESTFEET/VELOFEHIEY > 7 €5
JLDOREGE

M, =k(6,-6,,)+cO, [Nm]

2 pES7ZJ7RIEN, BESRAEIA T —F RS L
-RT7—FHET N
[y > 7]
I8 BEE - S
O fikE - 2fRE, % 1,2,3 P eF
I : 258 - 55 4,6 P g
[#7]
SRR RIISE R, BIER, v T AN, g
it
RENTER - BRSNS
[P & o8l - A58 &
E%4ﬁ
— 8 KO =R B R ETE
%E%i(}%ﬂiqﬂE”ﬂﬂE’é’” e

B2, HAERMEOHMICLY ZoFik
MHIEEN 12T VAW R T —F %
WA Y 7 IZFT MALT 5 FIEERINL 7=,
EA, WEDLIZX - TRR SN RE) 1
EHLOMEHET N (18 ) 7 - 33 HHE
T4 85) Z_—R L, BEEEX 2 IR T 2T
—FHiET M @LK%TW%%ﬁb b
BT N2 Y XL E AW T A — X RR
FIEIZ LV BRITIRIEZ AR LT,

WML DRT —FHIDO/NT A —Z 35
ITHORIBER & T35 2 L1280 s
L7z.

RHMOFRERET NV E FTHREENEY >
EF N EMBEDETHEKEET Y UL,
ESE) ) H R EBN A AR T DD TED
Pl A 25 Uz, fHZ23EM L LT R
MAEY v 7 EFEFADETFYIal—a v
ATV, R FEREAMURAE ) O B B~ BT




L, MACAAREE 72D Z L Z2ox Lz, BARA
WX, ShEHMOE T L, Z0%T
IR ERIEHNIN E 2EETRE N, —T7,
HIfE FANCIE, L7725 ERED VDTV
DN, ZAVHRAITHEE Lz, FEEMEARD S
RDLBE LK) 7 R D PR
REEBE LEETAEERTDHZENTE
7.

W2, 7 —FHzHTLIHEKET V&
AWTREHOZEE LS L OEeT OMBRITES D
WG NT DA, RE OB,
N7 G OB IR R T —F 0L
TERIME L UCiRA, FD/RT A —4 & LTt
WH OHBATRIZ BT 5 S EEE AT > 515
LT KM Z 5 2 72, S5I12, FOE%E
EEFTHZLICE-T, AllE, k Oz
PEECHUDME) 2 22 VIR BE D B BT 2 F 3 5
FToR k=0, 1, 15, 100, 200, 400, <o)
TEE S, BT —F DL, 4 BES,
KK, FLTZRAF—HEIZONTY
a2l —a v E{Tol. FORE, B7—F
DEFXMMEDIE FIZ XL > TT —F OERN
FHCEMT 52 L ERBO (K3)., Zh
W2k, ETAOZYENIRIE I .

10 10

AN
© © foot archs,/ \\\\‘
—_ ' 4 N
= s %
@ <
L e T T S~
g ~ /
© = ankle Q»"
‘:\Jf
-100 Gait Cycle 0 Gait Cycle
k=100[Nm/rad] k=15[Nm/rad]

3 T TR EOR TS O L

Fo, BEHLEBEIMEFEL = 3L X—1H
BB E, T—FTEERMEOKR IS
T RVX —HE DB DM m 28550
7-(X4)., Zhicky, v hORT—F»NH
ITRFO = R VX —HEIZH G LTV D ARE
PEDRIE S 7.

k=400 k=100 k=15

4 T —FEERPEORE T 5 BB FR
D AN ¥

5. FrpREimLE
(WFFRAREEE . WFZEA 3 R ONELEERF 223512
=Y

(st ) (FE2 1)

© hiLFz, @EEFfMH, 7 BEHT —FOF
ERRICH B LTI FiE” , o
e, ARiA, Belnth 25 BEHEIRE.

@ fmwts, 2BocHl, AR, PNEEM,
EUEZEAR, 7 vy B —IT & DRI Ty
BizonWT” , ENEERY BT —
va vk WA, VA, 29 &,
2009, pp71-77.

ra¥k] Gh1 o)

© WEEM, mWEFfm, BPIER, 7 2E7T—
FIR I L ORISR HRITICE 2 DA
BT 28E I 2L —ya 20k
7 2 6 Bl A AREEE B R,
2010 4F 10 A 24 B, JIEZ U > AKT v
BE

@ PuEl, EBEf EATME, RARE,
MAIETR, " BT —F O ) R R 51T
RG22 BICEHT VI 2 b—Y
a URNTT, CAETEA SR ERE AL T
REFAEA KL, 20104E9 A 20 H, KK
RFEFx ¥ o2 KR

©® hEZ, mEZEf, “RH7—FICEH
U7 BRATRRNT” , 5 24 Bl B ARMUE 2
NS, 2010429 A 18 A, iATHIEH
PEET TV B

@ Takayuki Maruyama, Takamichi Takashima,
Hisashi Naito, “Computer Simulation for
the Effect of Foot Deformation.” , 13th
International Society for Prosthetics
and Orthotics World Congress, 2010 4F
5 H 10 H, Leipzig Germany.

® WNEEM, EWEFEMm, RARREE, HFIER
BE) ) FHI S TR 2 b —2a il kb
RO ) FAEE AT, AR TS B
22 BN AT V=TV v I H#ESR,
2010 4E 1 9 H, [ILEERLRS: [l

© ML, UM, REHEMC AT 5%
BRI av—v a3, % 25 [AH
AREMAE B2 RE, 2009 48 10 A
31 A, MPEERSHY .

D PEEM, EWEFEf, AARE, HPIER
“REHIOE 2BE LI ZEHTY R
a2 b— g UETIVOME”  H AT
B BAETHY AR Y T L2009, 2009 4FE
9 A 25 H, A LTRKRY: &%

BB, B, “RJEESBUCRE T
HFEER ~ ayh—Y— DS

IZHOWT ~7, 16 B AZEREE R+
DRSS, 20094E 7 H 18 H, Elk

TV v I R—)L Bl
© PNEEM, BIEFM, WARfEEE, HPIER



“NEBE AT R 2 b—3 g Ik
BB D I FEZFEENT, A AR S N
NIz y=T7 v THEEERES
20094E1 A 23 H, fig=zo g vtk
v — dbiEiE.

@ %S sTE, BB, BEANEE, “HE TR
HHFR BRI BT DY AR
556 [RIZETE SCHR TRl A K4S, 2008 47
9819 H, B RFTEE LA

(X)) GFofth)

(P 36 M PEAE )
OiRdt (Gt o)

6. HFFTHAGE

(D) Wrgefzess

EWE =i (TAKASHIMA TAKAMICHI)
EEEHE) ALY TF—a vy FZ—
(BFZEHT) - WFSERT s BB AT -
TR+

WIEEFE R 00425654

(2) WH5e oy i

NEE W (NAITO HISASHI)
KBRKEE « FERE T 2R 9 R - Bh %
HIEEF S 40392203

(3) AT T2
C )

o EER =

(4) Wrget 18

A2 (MARUYAMA TAKAYUKI)
ENEELEY N T —arbr ¥ —
(BFZEHT) - WFSERT s BB AT -

AR+

BB rl (HOSHINO MOTONORT)
EEEHE) ALYV TF—a vy F—
(BFFEFT) - WFFERT ks B IRaraeis -

AR+



