193-185 yoyo 10 o lesis (17 093 1396 3 (Yw) 3o SwlKe wligo alxo

g3 ale dolinle
O 3 Sl (witigo

mme.modares.ac.ir

I

TG

o p Klos b gil) ol Silwamd 9 100

2 SLels Alaias Pouly S15 L jaans £y gaad yS 3l e FGbbalis aad

J)@ ‘Ol)@ oy (Sl (sIRe (.\..Z)l ‘_;..:L:..Z)lf d}zui;jh -1
S ol ol (SlSe g b3l —2
zakerzadeh@ut.ac.ir 11155-4563 iy ssio o) y45 #

LRVES Al OleYb!

o gy alis
1396 55,0 28 :cdl
1396 )9 05 24 2 o oy
1396 je 21 wcoles s )l

alas cins (b Ghlen WS e S8l (58) ol sl ol @y Sish g 55 olae (85 0 0 L Sy 5 gl sl
S o 32355 55 ko 52506 558 5 (5551 IS o 13 plaCasgions Sl el o (el s (5550 5 & ey e
hby lises (law 5k gy p8 g bl by 5B Job 50 Ciglite p35lSK0 95 b cawlio 1)l (il b dlie ol 13 0y o0 5y oS

Jas u,.......:‘—.\..» 5B elel b A:Jg‘ ooles salasd i, yl) Jhato ¢8> (O.)L'A'J‘u').l 5B el sl o 03l ol o )loa sdlas s 55l Al
13y 0315 g amcl H58le 5 31 edlisl b sl S iU wloll g s g3l Jumtio ¢ puitob o 1 3l dn b (6 pSan 4 dogi b g o3, S g 9l slagp)l
Al oAd Aty Cygo 4 b s9il) Jhabe hw LB (ly jlidyge HoliiS ude Sloj p a3 law e gl eS8 U hon 8
Mo b ) Gglite SMae s i b jlaw 90 §il) Juate (b pMol g jlidyge olisS ¢ cizmy pi8 5l odliol b s D9 g0 Wu"
Wl Juate b Jolgys 0nid sy 55 51 ool b puiuslys ccalisee  sMiae Cand jlade b jlaw o gl 5)l alBls (sl b esn)S e

e e . - Aol . . e . ool galas cins
Oblewr &8 o0l 3gut0 el b &5 5 ol jl oolatl v yols 39294 o y2 (el ) Sy €8 JSew g5 (Sl 5 03,8 Wi,

Dgd oo 3 slom pllw OMas 4 Jlais ol I ErSolr cow aSL> S o

Design and Simulation of a knee-ankle-foot orthosis using torsional spring
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ARTICLE INFORMATION ABSTRACT

Many people suffering from neuromuscular diseases, have some degree of limitations in their walking
pattern. Knee-Ankle-Foot Orthoses (KAFOs) help correct patients’ gait pattern by supporting knee and
ankle joints. Patients with quadriceps muscle weakness suffer from some restrictions in extension as
well as in controlling their flexion during the gait cycle because of abnormal stiffness pattern of the
knee joint. This paper addresses patients with quadriceps muscle weakness by designing an appropriate
orthosis utilizing two different mechanisms for the stance and swing phases. Stance phase mechanism
locks knee joint movement from the initial-contact up to the end of mid-swing phase and with regards to
the orientation of the foot after mid-stance phase, the knee joint can flex freely. The required moment to
reproduce the stiffness of a normal knee joint is calculated using the OpenSim software package in
conjunction with the data collected from the motion analysis of each patient.

The required moment to modify the stiffness of the knee joint for two patients with different levels of
muscle weakness was reproduced using a torsional spring. By designing patient-specific orthosis, the
stiffness profile of normal joint for each patient with distinct level of muscle weakness can be
reproduced, allowing patients to experience smother gait cycle. Using this orthosis not only improves
the patient’s gait cycle but also prevents potential damage to healthy muscles.
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Fig. 2 Stiffness of healthy joint versus stiffness of severe weakness of
quadriceps muscle.
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Fig. 3 Shows kinematics and kinetics characteristics for three patients
suffering from different levels of quad muscle weakness. (a) and (b)
display slight level of quadriceps weakness, (d) and (e) are for
medium level of weakness, and (g) and (h) depict severe weakness of
quadriceps muscle. The grey band represents normal +1 SD [6].
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[1] J. R. Kirkup, A History of Limb Amputation, First Edittion, pp. 199, London:
Springer Science & Business Media, 2007.
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