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ARTICLE INFORMATION ABSTRACT

Original Research Paper The purpose of this paper is to investigate the effect of viscoelastic ankle foot prosthesis on below-knee
Received 08 December 2016 amputee gait cycle by using dynamic simulation of human walking. A two-dimensional, seven segment
Accepted 23 December 2016 model is developed to simulate normal and amputee entire gait cycle equipped with foot-ground contact

Available Online 15 January 2017 model in order to simulate entire gait cycle in an integrated way. In the first step, optimization

procedure was coupled with forward dynamic to simulate normal gait cycle. Next step was started by

5‘;{:2,‘;,’;';0 Ankle Foot Prosthesis replacing id_eal torque generator of ankle joint with pass_ive elements tha_t represent_s_passive _pr_osthetic
Below-Knee Amputee Gait Cycle ankle-foot, in order to simulate below-knee amputee gait cycle. The optimal coefficients of joints that
Dynamic Simulation of walking were obtained from dynamic simulation of normal gait cycle were then used for amputee model’s intact
Optimization joints. Three types of optimal passive ankle foot prosthesis were designed using forward dynamic

optimization and the simulation results were employed to compare the performance of different
prostheses. The results indicated that using viscoelastic ankle foot prosthesis decreases speed-
normalized total work, cost function, dynamic effort and increases speed of the amputee model. Hence,
using viscoelastic ankle foot prosthesis can improve below-knee amputee walking pattern.
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Fig. 1 The 9DOF seven segments model of human locomotion
Sl 28, ol caSar Cas (gl3T 42,0 9 Joo 1 S

sl o alazd ja o Joe Coadge 0iaS (ay i Al

ol Jate gan CoaSw @ Slgs Jate Sy aliugay cinS 5o
LS 0aS Wlg G g0 a0 sl slaygliiS adgs o wHLae
(1) alasl, 5l o e (slojglisd a0 4t 5 55 o e 5 Jlowy)
S g e gl 35 05, o] ot sliied S e S
5 72 i Jd i lapledl 5l oS5 b 53550 Jate yo Jlonl jsliss
e e (il e

M; =K, (6] -0 +C,(67 —6") ,i=1to7 @

S Ghalejl 5l a5 azpe apgly e i 4 0™ 507 (1) dlal, o
O™ 507 Huizmen Widloo abizd o 50 Joe gl g wloe Cewsa
il oo abaxd Ha s Jaw slagly Ce g g gz ye Slagly Cae o 5
P00 e g ez Glawsly Sy 5 lagly CumBge Gy IS Sl
G ogd oo Jlos! Jate 4y BN (b Jolas j5biaS 098 0 0L Jate
4 dzg b oo Pl sz Solaion 53,5 codia 0 Jaw gllas
e i Selins o (B9, cJie 4 lade slajsliss Jlos!
b alyo G g Ki g,y cpl o a5 Cewl ool a8 5 Jlai o gilwans
aope &l 09,5 periee b siluange wnl alwga Wb &5 wies

ooi=l led Joo-2-2

shoslinul sl 4y yes g 8 laglall alowges (raaj L L obed 53luJoe
o) USems S 0lg b 09 o0 sly ey b olod alaii o (oY) Jaie
Silodend a7 L0 O jgo SSasS il 4 uped slra ) 035,
S (59; 4l S (e 9 b o P Slag s il joliieas )8
L iloe 5 dges S 3 9 53y 90 Al po 3 aS L A e s
Q2 JS5) 0,10 059 sy lams

313

5 a8 oy bl o 8IS Sl b s ome &jg0 1) Cilides
i b Fen jl eansS eslinul 98 Joere b oy SlidxS )
Cowsy @l g 4000 Genad oST053 L Spg0s 1) 955 ¢5ig s sl el
Sl @ el sols s el 86 5 ey Sledlbl wilgy o3 edel
U‘))‘ 9 & wolw Ls““ﬁ) )l solazwl a‘).aL..a V-1 43‘)‘ U"j) a‘) JL..«J &9y
ot il o 1, gie adad 5,3 58, Wity a5 EuS S (65l il
g i)l Dledlol wlgs g0 WS (i, SieVlgSnng 590 (sla Rl
D20 18 ds e cpl Glddss [Los] o guke

Jate b b axipge Fon 80 oeyp il Gl Saa
oy (e 95 nj g @b 0,8 SoF S sl el 59, SerVlgSnns
&S (nl po aBlce S Fop b amlis 5 Slo mlaw 55, )
S Hokiedy By 90 [0 CueX Cén I JSiie (60,0l g ool Juw
ehad 0)8 g Jloyop oo S (Sealos (ileand alwgay (Ll )L,
P i 5 b ol u8l jelaeay ol oals &l gily 55 sac
b et Sislins siludige ) 5l Jlop 02 laaned )5 Jade
by 0,8 Solaw 5 Joo Soloiw G OS85 aiS Ban
alpd 3L 5l am ol oads soliiul  aKisle;T slaools 3l sael cusay
Gl azs | am an e Casots Joe 4 3555 sl ygliiS Jade o
Joe  2lBilo;l slaools 5l eolarl b Jloy 5,8 58, ol (55lwdds gl
P ke Ul e Jlab e 58,5 3ol b o 5 ol o3
AigeS Boa b Jbd e gy dw o > e 10 050 o0 gl Pl (JLd 8
=l g 2k (Jby o8 Soleipw 5 Jow Ssledw oy OB 0,5
ol 50 el oo duslio Fgp 1o A ome e (§5lwancd 5l odel Cawoas
O35 Sedp olS Sl b amme Slagsn ALk ln G
Sl 4 g Gl oas a8 5 e o Jloy Sloiew 4 oo JS Silocw
SVl Fgp g SiaVlsSiass 59 5l amlio b (555l 2 e cis i
Sl 4 Jow IS Soiladw (50,5 Suo35 jlae o5 <8 SGews 5
@ @l b alis I Jolo mls ol a5 13 o)z 950 Jlo s
gae @ad 0 18, St )0 ghe gld Jae o Slee 5 alie a2y
wlolid jelaiedy 359 SGymal)l adllas Ll jo el ool (5 liFaxo
&l 5,8 18 ol ) calize sl isy o 08,50 Knws 5 (ol
Gl 413 ,5 Ojgu0 guac

s Ot Jow -2

Joe ylis bl -1-2
2 bats lis 5 agly Dlesd pyiien Jlog 98 coS S o
Sro Sl Koo Dlxio 5 5LiS 5 asly st 5 e 0 &) Sles aio
Sl Joe ( Sz oile, Bl 4 sl a4 cnlpl el 0,5 )l
gas @i 38 5 Jloy 38 oS o (Seld (silwant jslaeas oot
S i Jae "1 K" o sl e Sl amio 0 Gom 90 o
39 ¢y 90 i sbchaXw b Jao .l oais ools ylis pol> gty
I ilwancds 5l Gan aScpl a4y azgi bl oo b CoeX 90 5 3l
Wil CoF S ol 9, Fan sl U owyn oS
Sl Jis lociaSn o "1 USE" olil 4z & Jae jskiie o
S o il polo Gadiz (glajls (5KSusly wilgi oo 3l laews g e
309 dsb el Olos oz il cod g ar gLl om slayize "1
Blao a5l ol o &y lociaSin (oo (sl 0Bl oo CiaS p2 0>

1 oplais 17 055 1396 (13,5 58 (w3 Suille wdiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.1.18.8
https://mme.modares.ac.ir/article-15-2902-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.1.18.8 ]

OHe 9 (S )8 Soxo

Sl 9 G)wd 3o 193l) p3) gae 2B 3,0 S JSaww 590 22 b Eo S VlgSamg 339 03 MU w2

@lposls Jabe ;o sl oz e lasly oy 5 agly polie ool oas
Sygody (1) aaly o oolaiwl jslaiedy ol 5L a5 anil o atwga e
4,98 Gy byl arye alugyll ooy psliie oy wnlys atusy
O A5 el o b (giludd ol 0 h dss slbosls 4 o
Slr b o Bl slaosls 5l 5 8)ls 92 ()8 cly 5 o b
3,95 plSin [26] o 50 Oz ae 4 aygly el ouls oolanl Koo b
anil 053 ple i agly el Oglite Jlow Col) 5 o gl arsl
42,0 80 G sl anil 953 plie 5 4z )3 97 390 p5 cul, b
Joe a5 (sl 2Btslesl slmasls 5 solimad oyl by ool snds 3 )l5E
S jlotend roiz plnil 4 az g3 b gl oo Jue ol8l 5 (InLL 4 2
Las gl 5ls 0,90 Hobial a5 wd Ol 4 (gly 4z 30 90 x> e ayl;
LLgo o a8 (> o 05800 el o) b obed 5L Gosb 51 gl )
oins Jlal Jade 09 o0 o b 93 (m y9lisS ool )l (pled s
Se g e o pd Syl et (ooled wiile j Jae 4 4 45
s K olyd el ot o,Lal s (1) alaly o 48wl o Kipos oy
09 4heS b poditne Sinlind (siludinge ailp Gosb 5l (1) 4, G
e Soilorws il 1SS e b ar j2 bl Covdy anje &b
Ry oly o0 oy walys 0B Jaa 5 090 005 a2 pe Slein @
o iloand o ange b wsS JLis ) ez e (pRabejl slaosls
b Jate Sind 5 (s alpd 0)5] Cemday pslaieny Jloji 08 205

B9 0 dmloee (B) kil 3.l

6
Mpceli:fzwzr—gzm)z dt+p,+p;+ps+pst+ps
i=1

+Pe &

9 &7y Sleiow o DS e Jloge 25 o (5) abal; Jol & )le
O aeS b s oo LS |y Gloj jerme g Jate 52 (sl e Sileis
oS (nl )3 098 (oo S0 ez e s Jue (28 o, KUl Ol
@428 L) Jloy 9,8 slne 03900 10 b Jads (slajgliss JyuS jelaie 4
el 00 Bl gl ile a5 1550 a3 6 o(Joo (gl 00l iy a3 39 9 08
SlygliaS joe b aS wload (NSl aey > &l plsie & 358l
Sl 00ls lid ol auS oo deu > |y Al je b e 00gue 3l b fads
Jleyi 98 eagame 10 Loy g canlie (ala)glidS anje &l ol &
wgd w35 Gl s e b5l gl jle Lid ST Jlie 0 5 wes e
P 9 2 ooy Jlos 93 Suileres 4 Jue Sileiw Lebse
alp gy pE Jloy 08 jlre sga Sl s ke (slaygliss hlis
B N O R - TSI C P Bey
5 s mlpd 518L (ileatg anl B 5l B ol wd S O jge e
Al wibie a2y o2 of) S adgs 5L jolaieds (labte Siges
Sgder £y Jate o Sinped 9 (S calyd (05 e b siluaige
Lol cansts gilwands plmil 5l o Jow Soloiw a0 g
oL B ol nl g 098 oo a4y 3a @l (Jo Soslodpns 1 oslii
9 S A <l (95 9)ls L plmlin b oo aslol aeS 4 sa 0
L oS opdiee Sy lake gloygliss (1) abaly o Jads ;o Siped

23,5 (0 Sl 5l S lasgi azye 33 ol S Jaw 4 LT Jlosl

* Genetic Algorithm
® Pattern Search

1 ooleis 17 0955 1396 (133558 (w30 Sl Suwdiie

Fig. 2 The foot-ground interaction model
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Table 1 Constant values of foot-ground interaction model

kg (N/m) Cmax (Ns/m) p (M) u A (m/s)
15000 1500 0.01 0.45 0.0005
! pseudo-coulomb
2 MATLAB
3 SimMechanics
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Fig. 4 Comparison of model’s dimensionless joint torque
(Nm/(massxgxheight)) with reference data: (a) ankle moment, (b) knee
moment, and (c) hip moment.
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Fig. 3 Comparison of model’s joint angles with reference data: (a)
ankle, (b) knee, and (c) hip.

Jais (©) o Jraie (W) iz 50 ool b Jow slo faite 4yl annlin 3 S
oS Jae (@) 5

a4 Je 59,5 e bl oo 117 (MFs) 4 1.15 (mfs) L.11 (M/S) o5 )5
Slyed olpan 4 Jol S5 Fgp Gled @Bly 0 45 ped oSS g p
P s o e b oo d9ne Jol S5 Fgp 5l eolatul > 4
Jley U5, Jle (lsisa b oanlin pow oS 5 Fgy 5l Joe oolinul
P 9 P90 S5 Fop Jl &S Bl gli 5 ghe @l 38 Jue ond
oolaiwl Jol oS 5 359, 5l as ey Jaw IS )5 Cand S o0 oolaal
ks Joe oS S sl el b Slpss 25 03 LS e polaiens

0sd Jloy aoyd B I oS ) aziymge 9y €985 5t b gl 5 gae
) AhS el snd ) (G 5 ) 5 USE" 5 3 Jsir gl
Absgay g dje @l Seelad I Gl waile oS IS gl 2l
S5 bl 5 g qlad 08 coS IS (gileand I a5 el lea
"0 52) 5 JSb" 10l et 4 el 00 oy code] sy 3 g4
ead g e o slo Jate (Cuda) SO pilS g (i) SO STl
"(o 9 C) 5 J.i{l;” 5o as )slauLo.a: RGO PP RS uL\MJ JM 00 gac
S iS5 e a2 IS oyl )y (olod il o online L8
Fon) p9d &5 S5 5l Joae eolinul oo (53555 Ceaws il Juaio

316


https://dorl.net/dor/20.1001.1.10275940.1396.17.1.18.8
https://mme.modares.ac.ir/article-15-2902-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.1.18.8 ]

OHe 9 (S )8 Soxo

Sl 9 G)wd 3o 193l) p3) gae 2B 3,0 S JSaww 590 22 b Eo S VlgSamg 339 03 MU w2

Ay Pop hltee Sl 3l eolinul plin gae alad Jas coF IS slo el aslie 3 Jouar
Table 3 Comparison of gait parameters for amputee model when using different ankle foot prostheses
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Fig. 5 Normalized percentage of gait parameters for amputee model when using different prosthetic feet: (a) normalized percentage variations of
cost function, effort, total work, intact limb and residual limb total work, (b) normalized percentage variations of intact ankle, knee and hip total
work and residual knee and hip total work, (c) normalized percentage variations of intact ankle, knee and hip positive and negative work, (d)
normalized percentage variations of residual knee and hip positive and negative work
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Fig. 6 The effect of changing prosthetic coefficients on Normalized percentage of gait parameters resulted from amputee gait simulation of the
model using ankle foot prosthesis composition 3: (a) K, is variable and the others are constant, (b) K, is variable and the others are constant, (c) C,
is variable and the others are constant, (d) C; is variable and the others are constant
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