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Evaluation of Plantarflexion Torque of the Ankle-Foot Orthosis Using the Artificial
Pneumatic Muscle
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Ankle-foot orthosis with an artificial pneumatic muscle which is intended for the assistance of
plantarfelxion torque was developed. In this study, power pattern of the device in the various
pneumatics and the effectiveness of the system were investigated. The pneumatic power was
provided by ankle-foot orthosis controlled by user’s physiological signal, that is, muscular
stiffness in soleus muscle. This pneumatic power can assist plantarflexion torque of ankle joint.
The subjects performed maximal voluntary isokinetic plantarflexion motion on a biodex-
dynamometer in different pneumatics, and they completed three conditions: 1) without wearing
the orthosis, 2) wearing the orthosis with artificial muscles turned off, 3} wearing the orthosis
activated under muscular stiffness control. Through these experiments, we confirmed the
effectiveness of the orthosis and muscular stiffness control using the analyzing isokinetic
plantarflexion torque. The experimental results showed that isokinetic torques of plantarflexion
motion of the ankle joints gradually increased in incremental pneumatic. The effectiveness of the
orthosis was -7.26% and the effectiveness of the muscular stiffness control was 17.83% in
normalized isokinetic plantarflexion torque. Subjects generated the less isokinetic torques of the
ankle joints in wearing the orthosis with artificial muscles turned off, but isokinetic torques were
appropriately reinforced in condition of wearing the orthosis activated under muscular stiffness
control(17.83%) compared fo wearing the orthosis(-7.26%). Therefore, we respect that developed
powered orthosis is applied in the elderly that has weak muscular power as the rehabilitation
equipment.

Key Words: Ankle-Foot Orthosis (F#%8 R X7|), Performance Evaluation (& H7h, Soleus Muscle (7HAHD]Z),
Muscular Stiffness Control (25§ Z4 T H0)

1. HE 29e 49 A% 284 Bol pRen
A7 Y29



B2 HYZsHs|R H 272 63 pp.82-89

June 2010 / 83

Y AHE FAFE 5L FA e @ A
8BS gom

A7t & SHoA st A&olm Wi
el Fabolth! oleld WEH o] olaiel
AZE AAE ©|FAANA Hed, 5L 7]
A% PF Fod ok FAeln. 54, & B

do E3 4 sde mae) FAe] 43
A Awe AW 28y gl o we o
s 34 THoz dstd % wue) B3 U
Y E EolAx o, mysl Uy =@
ol AHelth Ed, HYuA AW So=z
A% MEF A BAL Bopy2 s 3
S WA eR [P A9 FA7 oJPm, o
3FEQ 2 HEH W ok FAo] vhehy

SE8] FAAIA 36}“‘4 B4 ¢ T&
g B3 F7E HESA 1Y Fr)o w2
HAe ME/FA 2FLFE A3 FB*%
718 ALst. 2Eu AMSE TEYE 3
+EFE AAEFoR v e EHY Xaz 74
o] 2of #AHEo] A7) 3T}

Daniel P. Ferris®’ ¥ H3 A £AZZ EZ
(plantarflexion torque) & HAJA]7]= powered ankle-
foot orthosis & 73t dhx|vl, E Sod B
Z7)E Wi £ 2979 gAY 24 A%
g olgstel Aol ¥y AEE RUTh =9, 5F
M9 7178 e FBA w272 445
AE AL dEY Yamamoto®® Fo| 73 &
9N o1 §F FVA wzI|7} gk o] )
MAYAe) fo BANE o8 FATT B
et AE ZdES FAA7 e 772 §
o gtk W SHACIE olg¥ Tud wEv|2
A, Furusho'® 5°] MR FAE o] &3 Y BE
12 AusE Yok ole AEE ANE o] &
2y FHE HEH, 4719 4L g8 F
BE Wstehs A AN Bae) AMsEe R
HF3S. EE Takaiwa' 52 F7|¢ AT
%9 F%EL o]&d wE2F T BzdE
Rol ZAon F¢ AT AFIHE o] 1Y
Ad AAE NEsta do}. Granata 9 Gorden'? &

1

J

=08 K

N

o flo

x
J

BE A9 35 A" wWSIF F& EoFE
F3Ad 2275 MEsdony, d dAdME ¢
Z7]e gR2HY FFSI U AF dA= o]
==

o} o), FZPH BEIY FHNIFHF EZ B
ZE A% d7EL %ol P oy, B
7] Zgo= g HPAY FaEE A T
A7E o] HA E3 on, FHE HZ7
o g8 REHE HASTF E(50.09+12.05Nm)E
1AA A E?ﬁg w2 g we] HE FAEF
R4l E (ankle plantarflexion moment, 116.48+26.10Nm)
Bt} 53300k £8, FEEIT BHZ o5 7]
2o gt =Rl A FAC o FEgte] &
QA okt ol2ig HEF Fd Tl o7 W
J EF A= B3 Moy He HxE EHO

2 SHHE BHEVIE of&H YA oS AT

A8 9% Fo8 w2rle oul@ ggold
B ATFANE AFEYDTE AFoolHE o
$oa wag A AT a8 B4ND + 2

E F3%E BE7NE gt 7R S(soleus
muscle)?] ZFAEE o]&F Ao dauyEFL 53}
o FAZF EJE Ad3gen, Bz A&
79 Y E-EH = Al(feed-forward control) %
o ME F#{H FHu EAE Hudld FHAAH
B2x7)9 a&& AL

Du

2. N2F 74

21 SHFE Bx7|
B =24 Az E3d BRI
o, kg AAHEE 712 AL 0%

27 =2

d, BB FATF E

Fig. 1 Ankle-foot orthosis with artificial pneumatic
actuator



SAYUZS|X M 27 A 635 pp. 82-89

June 2010 / 84

gag st 1 A9 AFFLDE dFololH
(Shadow Robot Company Ltd., UK)E °]$‘°12% AL
of, e REel ¥Rk 2
FololEle) Apgke E 13 2o,

Table 1 Specification of artificial pneumatic actuator
Length | Weight Pull | Max Pull

210mm | 40¢g 12kg 20 kg

Diameter

20 mm
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Fig. 2 Muscular stiffness force sensor and calibration
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Fig. 3 Comparison of Surface EMG and the MSF sensor
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Fig. 4 Block diagram of the feed-forward control using

muscular stiffness force in soleus muscle
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Fig. 5 Experimental apparatus of maximum ankle torque
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