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A simulation study to assist ambulation rehabilitation

of hemiplegic patients

Construction of hemiplegic gait model with spastic ankle and model wearing an

ankle-foot orthosis
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Abstract:

It is essential for persons with hemiplegia to
participate ambulation rehabilitation process
based on quantitative assessments of lower limb
kinetic function in motion. We aim to utilize three-
dimensional computer simulation technology of hu-
man locomotion as a useful tool in clinical sites, the
technology that has remarkably developed in re-
cent years. In this article, we construct a 3-D mus-
culo-skeletal walking model with hypertonic soleus
muscle and also an ankle-foot orthosis wearing
model on it. After hundreds of thousands of re-
peated calculation with micro-scale PC cluster,
we obtained ten cycles of ambulation for each of
models. It is observed that compensative motion
such as circumduction of affected lower limb and
contralateral upper limb occurred during gait with
hypertonic plantarflexion muscle. On the other
hand, gait with AFO indicated reduced abnormali-
ty in frontal plane although asymmetric motion
such as extreme short step length of non-affected

side was shown in sagittal plane.

1 IS

BRIC L D EZ7BATRE I O MR - MERE - L%
X5ZEREFEHINE) T —3a VIZBWTERE
TH ., HAEEIIBWTIHRNE ORI 2E 2
NTWb, LELAAS, BIRICB A 54TReHE
AT HE R AR 2 EANE 2 LB SN A BRE L
ZHBIZX > THREINLEZENERTH D, HEE)IZ
BOTEELREE %2 R 723 BEHERE L IRE) 5, ) 2 4
BRAAT OB AT DT 7 Hs S A B A0 'Y
WCHZ, UNEYF— gy 7ay s aEIT S
EIXHFELRETH - 72,

AR, BHRRIIC RO Z L B oREk e X
N9 &3 5H, BRI BTl 2 v) 58 2 R
D EEALTAERPE T TBY., ThaFEHTL
V= AND=—ZAH B L TETW 5,

HENEBE 2SS 2 E BEHRENDG 2
ONBLGIIBVTHRELTRBEWICRELTVLD
X, HEHEFT > AHIOREIREREZ O SR
LC, #MENEBEZ 521950 (B 278Dy A4
IVITENLEThERETLZNTHY ., HIS, F
RIS % fif 2 7288 2 AT BTV Rl iE, wl
ONORBLFHEICL ). ZORETRHEHOTLE
K& 7% A 00T &, IR H B 8 R0 U BERTAM
WNTEDL LI D, RIFETIX. T FE TR
o L7 A R RT3 a b —2 3 v
HW 2ROV NE) F—v a3 »r7as 5 MREHc

fitk D F 50 < Y HZEFT G E 105



BNOY—WVICRBEZIRLIE, Thbb, HITH
O\ TH SN L TR BAERERE - 55 5F 52
BIYATFAREETAIE, FLT. HTHEEY
PR L-RECEHARELSTE Y I 2L —va vy
TRDO, HHUFZEFERPBEONL LHICTH
EREEAEE LTWwD,

VAR CTd B AREE L, FEBEOBFIZAIL 72447
EFIMERICOLEREROBHBLI Y 7 by 27
~NOMAAR I (AL v 7 2 —ZADHER) D
Feat, EMEEEEFTVORBREY I 2L —Y gy
MRS R ER L 72, AfTid, RS LT K
Miod 5 EEEICH U TR MRS LG E
DRSO EZ T, BXO, Z0E2 kD
{yIalb—varilfficonTitihd %,

2 THEHEMETIIOHUR
2.1 KRR - FERRERIIC DOV T

F 4 OWF%TIE. ThF THaseEF V" 2312
TR ZEE L2 EFULE, A NTA R
BTN AT TEY BENFENY I 2L —
va vOHETIIEFMICLDOTE 2R DT,
BONTMERELEATANEZLGR L T5 2L
THRIEIXA U wvads, BRISH OB, FROA
o, BEFNIISNTRAYDAT) - AR BB
BDZrs 74y 7 RREIZBOTONRE & B
| - JERRBM 2SR 2 5 2 L ZHER SNV, KSR
WZBWTH, ALAEDLLDOMBICHLFINTE S L)
T A TFETH LA LT, AR e 7
Vo A(D—EB) IOV TRtRT 5,

2.2 EMEBESHETETIIOXHE

(1) fERETIV

JEBIH O i & B S B KPR CRBLL 72
DOPERET IV TH )., KERFEEORZRT LK
1 DMFERD L IR D, ZOETFTIVTIE, I
MBI L TIILE— A v MR AET 2T 5 &
W BRI Z TV A DO, L E OB
WCBWTHEIEN LB ORELZ LT LHIEL < £
LTV EREZLRWIRETH - 72,
(2) HBETIVDOEZA

Z 2 TAWIZE T, B EERFOMEOETH
% e O Z B IRY U ERICE L2 ETe T X
MICRERELZS5 2525225, 22T B
iR & R R E 2 s KT RERI O 1 %5 (3%
bbb, mABHEIDO 1 %% 543 558 %8s

HZ Ll L7 ZOBMBPIE TN % AT L B
DVIRIRT D E 2R LMETHY . EBRIIHEM
DR Z S L CTRET B DD 5,

B, HiFE oA ITHase T 7 IVHERA L 7-Hill
A TEREEERLTBY . F8ET) D3 &M I H
WCHRAE T 50 Fo0 HREEE 7 4 — RNy 7 OfL#
AL EINTWD, ZD720, it X9 il
WA NG & % R B ET LSO BT E I D A
O HEMICLEIR SN, SAENEEL 5255
2Ll b,

3 ETREERETTIV
3.1 BETREERXREBEETIVOEZLS

AGRIOET VL, 2RI O BHIRPT TR & R
BINFEFTOETFNEIIRLD, HTHEEE3
EHLZWHUE T, R TH - T b BIHETE PHRLER
WX AZEHEIUIIIERTH L EWMEL TS, HbH
W2 A3 A TREE2REAET LI LIE, PEHE
W25 WAREFVIZBW TR EEE E LY D
ZERPUREE 2 2B bR s L ThH Y, T, &
HKRRDOLD LT THERDO DGR T 5 (Hily
Mesd) ZETHOLNS, BB, ECMKEIE
X BE— AV M3 & FRERICHES 25
nas,

£ 150

=100 \\ \\

E 50 N

o U meﬂMU\\h“H\

w50 o

0 with AF 0 '\

L‘1[jt| l h \

=-150 EES EVETS

=< B0 40 200 00 20 40 60

£ 150 \

= 100 p

= Y

o 50 withaut AFO ~ T

\

-1oo with &1 0

- 150 dorsal plantar
B0 40 200 00 200 400 60

Angle[deg]

X1 EBEE (B#F) A (B) ASE. (F) BEEE
Fig.1 Ankle joint stiffness characteristics:Inversion/
eversion(upper), Plantar/dorsal flexion(lower)

106 fEfko T 50K Y AT A4



HIAT Report 2013

TITHI)—HEZTBPRIEE LS ZVOIX, T
HOBRERMICE D VHTREREZESL L VA,

T A OBREREIEIC X o TR L BE 2SR
E— XV IAFEL, BIE SN WIREECIIE B
WML E 25 2 2 TH A, MR TIEE T2 A
HHrMMEEAE BES°) 28b, EHEICLD
R L CTOETMO 22 TEMT 52 25w
I GEWIICZ Yy b2 VT I U ARRERT S X
II2) BYEEIN L, SRR ETIEL T A
DREBICE L RHHEBE— AV FEETHRERD
W (PURIE) B— X U P A9 MRS
0° LB EWEL, a5 LIREEL
T 5,

3.2 EAEZEMHEMORE

Db oimma B F 2 88 L7z iz 8yt x H
FHEERNCE 1 ISRT o B 112 B TRl 1328 B2 3
H LW O, K2 B2 25 B o & W 1
—E—X Y NEAREETH b BT AEOEY
JERIE & NAMERIYEO K & 21X 3 ~5 #5#H (1
LCED, EEMAENMIIZT0 Lo REE
MPPIREE & U, B~ T B2 B oo Ji i ST
PEALEIZ 2D . 72, FRANIZAERO TR
PUCEEOWREIASIMD ). RO ADYEEIZIE
NRTEDRKRELZHEIEZRTIHFEE o T b,

AR

T
geet\

i

s

L Tl oF =Yy ey

Y

4 HITOER EBFR
4.1 32— a>DER

WRET N2 R= I TEEET 5 K02
HhBITOES 2O, HEZXA NS A FEE10E
L7ze SNFTLHBRORIRETFET, TAVF—H
BRI AEL LT, FEADPLESAMNTIA FD
5ANMTA FopaiHiifRICyYIal—Ya r&dE
Wi L720 B, ABEPCY 5 XA F 3RO D DI
R — PR AR L. GHREEI EK30% X
TTWn5b,

4.2 HAB

PEHR? CRBOFETYI 2L —Y 3 v 2%
L 72455, 2075 |22 55077 M O#E 0 3k LEHE 2 #2C.
MW HEEED DI0A b T4 FORITHAER S iz,
72720, BESMFIZBWTIE, EBITHIMIHT LA
FH T ORNIED LR & <, F 72, #2048 %
L 2BOMTTI7THROUREICER T 75— 2
Hohl, RRANRELRLEREIE- T2 MEBID
BT BB E DRI BWTAER SN RA %R
AF A4 7T F ¥ TH2IRT, B, FHiEOE
WS RATC OV () 2RO
&2 A, BATHEEm/s|IEZ M FN1.07+005 - 0.94
£004. A bMJ4 FE[mM}IZ1.23+0.04 - 091 £0.02T
HY. HOFHEOED 72 ITDO5 A M54 Ko

peecsceerir,,

MR

A}
i

i

=y
i oy =), Yy g

i“!i"ilii

SLLL{TINE

K2 EWRINEFTORAT1I7ETF v

SRR R R N R AR B IR e U -

i
[l
!

Vi VYA AL MMV YA

1 Ll HY \ } | } |

| 1 \

W I 4 L 4 E + I +
9w e I AR Hoated ||‘l:

Wa{ K \
8L 4,

(k) ®RE. (F) BTFREELESE

1
°l I} i

Fig.2 Stick pictures of generated walk : without AFO(upper) and with AFO(lower)
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Fig.3 Abduction angle of thigh of affected side.
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