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A study on ankle-foot orthoses design for hemiplegic
patients using three dimensional walking simulator

Gait pattern affected by ankle-foot orthosis plantar flexion stiffness
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Abstract:

In an evidence-based rehabilitation context, es-
tablishment of a new ankle-foot orthosis (AFO) de-
sign method is required to make each user to ob-
tain a mechanically appropriate AFO (fitting the
individual physical condition). In this article, we
constructed a three dimensional neuro-musculo-
skeletal model for walking simulation of a person
with hemiplegia and generated gait with or with-
out AFO. Circumductive motion of affected lower
limb was observed at the without-AFO conditon,
however the maximum magnitude of the compen-
satory movements were significantly reduced at
AFO wearing conditions. Among four stiffness
conditions of AFO, which caused different plantar
flexion stiffness around ankle joint, energy con-
sumption rate did not indicate significant differ-
ences, while the external rotation angle immediate
after heel contact increased with gain in the
plantar flexion stiffness of AFO. This result indi-
cates the possibility to infer effects of AFO char-
acteristics to wearers’ gait prior to clinical trials.
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Fig.1 Skeletal model : sagittal view (left) and
frontal view (right).

Bz x UCBi15° - B NEE90° - I E #90° T
EEs L7z,

(2 BETIL

Hase & 7 VIR L CEBINE L22iiE. BN -
JEEFINMEIC b A DTH Y, At se
B TI0E %% 5 72, F 15 OELE ((F 0 1B R E1T) 1E
T TVFIVETNETBRIZ, TE 52T EMKITED
T5E9I12 L7 SHOFHKETIVICERE LM%
MA=LDZX 21K,

() #HEETIL

MREETFNVIE, HaseEF VI LCH¥EML2H
FHEANOXIE % fi 3 1 Z 23— DA ZFD, %
BH % BRE) 3 2 i 13 2 M2 o RliiE/ 35 2 7126
U720 2479 A% BREI RO HHEZ L O—ED
YA ANAR, W - BEAE R EREERE, SO
TA—=F N 7 Z2EL, ThozEEL THED
KEZERRT LIV AT LTH D, KEFINOMRR
INT A FZE, HREE) OIS PR BT 5720
MO Z T hnwZ & & Lz,

(4) KRADIEA

AR & AR L7z RO A E N E N o )RR 4 T
(MEEH oMM B X R REROPIMI) CTHREFEL
BrHrZ L, ZNENOEI ORI ERZICA T
L2HEHMET 5,

2.3 HEZEHERORTE

(1) BxBIEN & KU RRRAED
I TR LR MEET VISR LT3 @

X2 BERETIV
Fig.2 A perspective view of skeletal model with muscles :
The shoulders’ link and part of the pelvis link are omitted.
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Fig.3 Angle-resistive moment curves of lower limb joints
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Fig.4 Angle-resistive moment curves of affected ankle
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Table 1  “Micro-scale” PC cluster specification

Cluster server :1

Number of nodes Cluster nodes : 6

Number of cores |24

CPU Intel Core i5 2400(3.1GHz)
Networking Gigabit Ethernet

0S Linux(CentOS 5.7 x86_64)
Parallelization

libraries MPICH2 1.4.1pl

Job scheduler Torque 2.7
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Table 2 Walking speed, Stride length and
Energy consumption rate

Walking Stride chIIlleslfx}I’lption
speed [m/s] | length [m] rate [J/J]
w/0AFO | 1.20+0.09 | 1.26+0.14 1.43+0.04
IAFO05 0.86+0.06 | 0.83+0.03 1.21+£0.06
IAFO10 0.87+0.08 | 0.86+0.05 1.25+0.21
IAFO20 0.83+0.06 | 0.81+0.04 1.17+0.09
IAFO30 0.83+0.04 | 0.80+0.01 1.16+£0.10
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Fig.5 Energy consumption rate
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