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KEYWORDS ABSTRACT

Leg Length Discrepancy People who suffer from leg length discrepancy (LLD) due to the shortening of one side
Compensatory Insoles of the lower extremities change their movement pattern because of using compensatory
mechanisms. Methods such as manipulating a compensating insole are used to correct

Kinematics the movement pattern to normal. Therefore, the knowledge of movement pattern
Motion Analysis changes in with and without using of insoles can help to develop rehabilitation methods.
Stair The aim of this study was to investigate the kinematics of the lower extremities of people

with leg length discrepancy during stair climbing with and without using insoles.
Twenty participants including 10 normal and 10 LLD people took part in this study.
Their movement on stair was recorded using a 7 camera 3-D motion analysis system.
Changes in the angles of the hip, the knee and the ankle joints were calculated by the 7-
member Euler model and compared by independent and paired sample t-test at 95%
confidence level. The results showed that there was a significant difference between
healthy people and people with LLD without using insoles. These people had higher
extension of the knee, pelvis and ankle at the initial contact and toe off in sagittal plane
and more knee and pelvis range of movement, less adduction of the knee and pelvis at
the initial contact in frontal plane, higher internal and external rotation of pelvis at the
initial contact and ankle in toe off in horizontal plane (p<0.05). The results also showed
that maximum abduction of the pelvis and maximum adduction of the ankle, maximum
internal rotation and the value of the angle of the knee and ankle had no significant
different between normal and LLD people (p>0.05) when using insoles. Therefore, the
use of insoles can correct some parameters of the movement pattern of the lower joints.

“Corresponding Author

Address Department of Biomechanics, Department of Biomedical Engineering, Sahand University of Technology, Tabriz, Iran
Postal Code 51335-1996 Tel  +98-41-33459466
E-Mail ali.hashemi@sut.ac.ir Fax  +98-41-33444309

Copyright © 2021 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License


http://www.ijbme.org/

www.isbme.ir /ol 1 (Sog waige Grezeil 50

www.ijbme.org /| A+ +#-QFAD : 59,580l gLl [ Yoo A-OAPA : ol Ll
]] 9 -9 &) (AT

AD - VY AF.. )LQJ‘ A IO)LQ.& AT :0)3.3

Pl ;o b Job SBLST gl o ol 8l Sl plasl Juolao gblg) (guamdun Ol pudi’ cwy
oS (3l jaar (A5 3l eolail (9 9 b aly 51 38, UL

¥ é,’.wuo S 6‘5%@) / e La).«J.C ‘6‘3-9'1"” ‘s.o.wlb / L u‘,@o L s‘sélgTd.?d ‘5»“—

Q‘J)l s)J)u RSN ;M o oo ¢ ;im).) (w0 Lgod.i.w)'" ilo s&y&o}u 05; sd.{;})‘ ‘SNLM»)[S -
Ol e kg (graino olSisls o Kby cwdige (G00Sld « SilSagas 09,5 ¢ boliwl =T
Ol eoleol (S pole olSiils ¢ piduiyles (goaSiiils ¢ iduiles 09,5 Loluwl =T

o wlaice

10.22041/1IBME.2021.141814.1647 : Jluzws (gawbis

VEe o sy V0 b pdy IAERAAT R SRV SRR WA 3T - aileles (o o
oS Sols slaojly

o s & i e @y Sl il b Sy S 5 ol L Jsb Gllisl 5l as gol 3l b b Sl
Sy Il 4y 8 1 55 il 55k (olys aims oo et |y 355 <5 o (55 e o (sl pmnnilSo oL e AT
5 BT cnlply 09d o 975 0aiiS Gl S oy 5 4 asbe lol sla g, 5l ool Seilotw

S S8 83l ay Sleys slaisy, o>k 4o Wls e (5l eslitul e 5 b 25 Sl S T
shls ol 3l jo &5 5l eslainl aas 9 b o Sbow plasl Solosaws Sl s o) o asdllas ol 5l G al,

ek 5l 28, UL pls ;o oS 8,8 Ve o8 o addllas cnl jo el aly 5l 028, UL o b (alisS
Oy ol oals cod &S > LT G piiwgw Lawgi b oalsS (sl ks o181 g Il ol 3l 69,5 g0
O3l 3 esliil b 5 oad alone Slsl (g, 5l spae ¥ Jae bl e g 9l (08 ke 4w sl
S8l iy 45 sl o0l s gl sl 0 Al 140 lisabs] b )0 20 5 Jiene T gLe]
5 O eoily St oo 5k hlo e 318118 sg2g (gl gire gl ((BS (y9 Sb liS 5 L
P &S sanls (Jlazrle sazmio ;o aly 5IL ud e galaad g adgl Gules galad o L e
5 I A g JBig amio 50 (X g o5 lp aly b adgl ules o b 58 Gl Suo5
(2o samio ;5 al 5l Gl lae galaad 5 adsl wles )3 S b ge 5 N S B
O S0 g S )93 (Saietion i oGBSl eslaial 5l ey (<) 0) s @l ol 4y S
09,5 35 m b e 9 98l (b o g gl eled 5o augly e 5 (S1s (232 g b e 5 O
6l 3155 e 5 5] oalial by (P> /) el 00l i gl sine olis iS5 93]

RUISE SRS [P O SR Y IPURES JORPPRR < NES OO

J oo (GO 95*

Ol oy i sirieo oSN (S cwdigee (50aSiils ( SilSag 09,5 Sl
+AA-F1-YYFRF5F oAl BIYYO-1345 ey A
+FAA-FIPYEEFY- Q4 51,0 ali.hashemi@sut.ac.ir  Sig SI!l Comy

Copyright © 2021 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



Vo AD =YY O F v lar o) o)lods VO 080 o gim) Sy it lea

DAL % et o i 51 256 108 3,0 iz e 5 VY]
asle 550 lo g, 4 Cad by, ol 4> ST.ams als ],
5 DAL L 5o o Jsb slaplac ly ol slodos
s sl ol 3 LaiS co gl otalsdl sla, sl Ss
plail Sslorew 551 Wb Ll el 5 Jgloe ¥V oY)
Ol B 00y gy b 85 ol 5l oolainl pln jo Sl
w9 2yl 28 o o8 gilucsle o ol b
Slo mhaw ;o (28 ol Silfog (5551 idS Slallae yo
Lol 85 13wy 0,00 b Jobo BT ljls ol 31l
54l 59, <52 plin jo Sl plul (Soleiw Sl pss
4 Jsb Blis| goaisS ol S 5l ooliiul 36 iz es
S8 addllas 550 by Jobo SWS Slejo g cnizml) Olsse
Al Sl gy ctalllae ol 5 G el 428,55
55 5l onliil gay s by Jsb BT gl ol Sl
ol aly sl 8y UL s jo 0aisS ol

o 59, g Slgo ¥
oSS &S il ol 81 -)-Y
Job Blzst g Wie 5,8 1+ ol 15 Yo g b anlllas o]
ouds ol J;58 05,5 50 ol 98 Ve g geil 05,5 0
Saine Sy SelS Slyles b ol 31l sl oS
Yorye bl ol Jsb Gl aS od anl 6)l5 9
o K VER o> Lol 3l ol g LSl g4 51 g mm
tST 4 a8 Sldbgls cp 5lOm AVOEY - 03 5 JLo YO£) -
olal Ojgo 4 ding 00,5 hled bl axdllas yo oS5 0
BT pmsT S gl b ass Sges a5l g oads ol
wituoly goaSlidls Cladsd 35 6y aicle S &S >
S sy s Slaml anl jeas lhol S psle oKl
g0 53 g 0a 00ls s byl 4y Jos g plad & jgo &
CS gy Fo oS aeboolo, oS b 4 bl saeldl
el 0 331 oy 5l asdllas ol o aildbogls

Olmend 9 Jlwg -Y-Y
Vool olrol (S pele oRiils Olagow 35,0 0
L yo calizes bLE o Qualisys Motion Capture .o 90

AU Sloclas oS o o 5l iy o5 428,518 (talesT s 5
(_g)_:f)lf L la ‘?Lm)fow r:l.a.'{ (_go\.\.a:Li..o ‘51).3 LQ:Q] S9y

* Plantar Flexion
¢ Extension
* Marker

doudlo —)
SV =¥ s as og ml, Ol 5l (SO L Jeb Sl
2SSy PBlasem Yl i b (8lisS g 00ls 25 013
Jole g0 sy 2o [N amo o 18 b o1y i) e e
plal o laplasenl gojlasl gy obigS 51 oL (g sl
oS dee s b s ol Olemil ! 255 (i G Sl
s &5 o plSn o Sl plail Sllae oabsS 5l b
L] ssi oo Slios plail )b o alisS el aS ous
ol g0l Coonl sl SilSogm S 5L Job llxs
S o8l o Gl olml b (025 O ppe G T
oz 5l aS o ol L Job Sl 5l b @l
Ol es @0l iz (Jgore (53 ol 45 (SuilSages Ol s
Ol o 93 T A e Toud a5 S 38l 4y
Bod 5l dy e Toad b g otk sl Jsb (0,5 obsS (s
2 1T o5 o)lal oliss b Jsb (2l 6l oy 5 55
33 ol Sl g o 85 poe slowl el JUS ol s
el il JA] g5 g oK) Jaie Liole dV-0] 23, o,
Dol oo (V-] 3,085 o [a] L ollae 00,0 4
S &5 el Jgexo goy0)9) Cullad Sy 4l (59, 25 >
5 bgiw a5 5,5k 4 [N o)ls baiw sl ok sosill
095 4 |y bgaw 31 U e 9 Sy 31 Ve S0 aaly
w a5l asugly je s ol 5D Y] ses o ol
sreilys g Slhae collad Gl o Fge 9)S0g, o plgre
o )5 5o aly 5l s pSo e wadse ooliul Ll (38
sl as cpla azg L.V O Y] el el gl s Sids
Sl Sl Jyeme 59500k jo b Job ST 6l
Folis sblgs 5o Ol pots aloa 5l Sliow plad o (Ssloins
Gl S5 2 SNl a8 090 il atan by o 5 O ool
55 ol 5l il Sglite Wl 913l b aly g5, &S > s o3
b Jsb Sl glls ol3l sliss alasl Selorew ow )
el Ceol 1l aly 5l oolitul plSin
Solpee b b Sl JLSl 5)lse pals ol
slS ghls b Jsb Sl goansS Gl slaiss
L 2Ul @l g pdyBllasl 5 JS& ks 5l aS oaisS ol
plEin ,0 0asS ol a5 [V 0] 85 soliial o ls b wiS
Gl 5o a8y G 5 ) Gl b Wl oe (Jsene 555000
Stos plail s ollae 5 Jolie 5, (Jobss alz3l 4 ol 3l

' Trochanter
" Dorsi Flexion
" Flexion

Copyright © 2021 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



@ : X 5 Fosliid cygn gbaly 5l 8, U oie b Jobo Bl (gl s ol 3l Slios sl Juslie gLl (somans iy sy ool ol (e S \%4

b oads cel b ol sl oo S 5y 05 9 SO ,00
Sg3 SRS 5 0aiS Gl (B Sl S S b e
39 o sl jo 0uls oslaiwl pgd (5 3duaST T S colaiul
soglle 4 (25 jlade cnlply 009 1+ (59 Jood plin

A2 OW PREPUER SN SRR ES S AR

o S5 65155 e 5 0 =(1) S

el b5 olis (5518 U

NL | el sl o Sis8 (21 JusS g
N2 Cely Sl e S8 (A JuS g
N2 ol 5il; (215 JosS ]
N4 el il L Jus !
N5 Cesly oy lgFes] o
N6 Cely ol Sl Cad
N7 Cly b Glo Sloe o
N8 Coly by gadly
N9 casly Sl Jof et
N10 Cely 5L ey il
NIL | o lyensl cosly (UL s> Coond
N12 T olgml
N13 ez bgr SHs B S
N14 oz sl e S8 B Jos
N15 wz 65l > JaS
N16 =z &5y Ll Jus o
N17 ez ol ol
N18 =z o) Sle Send
N19 ez b @l Sle Cwad
N20 ez sl gl
N21 e b Jsl sl
N22 e b ey cis|
N23 | oS gl i oUb gl cond

Al

0 L;”‘)J"“"‘S)’)?““‘)" @L@J—(‘)wa

Woslo Jodxs —O-Y
S 3> (45 e 1-0-Y

G ak b sbiie b obed Gdgl ol (25 > g4 2 S
\u;:S)"’ 6m|o ! G 64-1’ lJ )L....«...a ‘_gl.s LR u..»l_ob'

Pl i5epalS (59, 00l add yrne opdiad o ke 1580 3
Qualisys Track Manager ,l38ls i 3l oolaswl b .ol ous
6095 ;2 ) Bimss 5l (e Gl LS TV 530
Slaizs gode polie 4y a il o3 Ve Ll 3L Sl
ol cwl sas o gz e Slaise olliws jo b )3 olus
GBS 535 5 5 ool (3,5 kb ZollB (glyls l3dle

el Joges oy g ooy Cud )0 04290

ool 6)5Téoq -Y-y

i Sl jo WSl Solas VY ggesme o
lle Lacl L, soamlie sly Slow plail  Sagll
Gowdw o o9y Ol 50wl oad ool 13 (V) Jgo
Gos 9 W gl A oye b osr 4l Lz ) <5~
ol (g ls posls sl VY] sl oais asuie yio gl YV
oud Al 555 g 903l 09,5 59 pEUS o8 1 plas
28 g Jgae (Seagll oy winy sl
Sesbiwl Slelbl cdl> pl jo g 48,8 1,8 las 5 g0 glas
plod 5l G el 00 od Al O Do 4y oy 90 Lawgs
b LG oo atwles (L oligS 5 pll) Faus o8 i
3 ot 3 458, Ul loely 51 aan asile 5 Jpane 550 <
Omb s o8, UL oS > ol Gl baly 5l glagl & by
V0 corlinl galols b syd o lawgs b aw laaly 51 sl
Ghlool,al 5 568 (g, 4 (5,10 ol .cwl ol |1 ,ST glasl
25 0% pgate GodiS Glpa (A5 0l B L L (absS
oads hb s 5l oled el ool 1SS Lie oligS gL
Sl 0a ooy Las (V) UG yo aly (g9, &S > sl p

b Job LS owiS ol yor (S ~F-Y
b nj o3 0asS ol (55 5IL Job S zUal sl
Ll a5l gilu e o515 Gy aS oud oolanwl oligS
Sk ¥ Seiall Sl al o omly ol oad sl
Sle sl sl oads JoSis aidly (5SS Jsb o a5
S S pgd Kyl Sede oagel b >llol sl as
oo il 00 b abgS Jlade Jolae i ;o o] Cwlis
a bl el ol s b a3 4 cwlis ol ol
ot IVF] sl b sel> sauml )0 Y0 5 dawg o 70+
o Sy > 5l ten Sl ol 5l &S CS Ll jo 0alds sl
e 5l al sl IYF Y] WS o S el eSSl
Al S Cesgy jl cdadlrs 5 Ly 6,0l obml 6l b

' Range of Motion

Copyright © 2021 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



Y AD =YY O F v lar o) o)lods VO 080 o gim) Sy it lea

Js> Olisd Shsl sl e s 4 Y s o0 B bl samlns
Oliss s Lo [YV] il oot 0oLl Z g X oy jgoee ans
el 00 dslie (V) Ll 51 ooliiul b yemee dus Jo>

5

g i T
S

L PN

)ouaxmfgjwquLonj‘)lJm—(v)Jm
JWsy8 g Jiuzle gamio 0 o 4 oz g Sl Cos

COSB 0 sinf ]
wpy=| 0 10

—sinp 0 COSB |
1 0 0 ]

R(a)x = [O COSa  —sina QD)
0 sinae.  COSa |

COSY —sinYy 0]
R(Y )z = [siny cosy o
0 0 1

4 Comd gae o ool Slaize olfiws 90 s yile

Ohed s le 0y L ol LY 9 X Z sloyoone Jo>
ol Hlas (V) galal, &0 4 bayeome Jblis

R = RzRxRy = D)
Cacp sa cf s
sacY + Ca sf sY CacY +saspsy CBsY
sasY + Casfcy CasY +saspcy CBcY

wleylo a5 sl o)) Claise phmms i sl
Ol o M3 s ML M2 galais as Coadgo by a5 ol 5Ls oSG
3,5 dwlo (¥) Loy, jleslacal LT, L@Q'I

M1 — M2
= ML - M2

(M1 — M2) x (M1 — M3) )
Y= 1M1 = M2) x (M1 — M3)]
Z=XXYy

S om Jlal b gl ool b gl oSy glajloy
Slosliul bpgs jome o Jsl js2me Olgie ar b o 5 5y Jolie
S Setdee g 9l (2B haS @l 5o seree SolA
Bl (Slos Sond 0 09290 S LA jlosliiul b g ol Jade

* Frontal

" Internal Rotation
* External Rotation
* Transverse

sk 3l o, Wbl o by e g 5il; (S Jolae sbils;
sabad ;o aly (59, 'S > g9, salixd 3 Jolae sbly;
2 0% Tilraey sblsy ann a5l ol e
57 I8 samio )0 b OS50 Tzl (samio
bty b sln o2 gambo 2 BT LB 25 2
bl oad ol 5 @528 (S o (45,2 o o sl
S i b <8 > by RY VB Cilie 580 55 51 oolicu]

Lol 0ad gl oy Cwond Vee 4y S > IS0

W 50310 3 s —Y-O-Y

U"Jﬁl ] 00l oolaiul w)b).aw.u 99 )l dslllao u.!‘ B
Sl oo ploxl 092 g0l (glaosls (gl ool o asle p i
Acgoimo O dfduﬁ &:Ub L Sl QS.QA \))‘9,0 gﬁ’)“' o
ol Gy 5l esls cnl 5,5 sy &5 WALS S92
S sools 6‘)—.’ u.;)b).auw.: 099 Ll 00l oolaul
Sasgerme ;0 (5 polie LlUs 4 cul (S sl 00y ploxil
polas plo b (Jeoxe e g 0l olay a5 05 jalls ools
&ly o ojls b Dy slaosls Weosls (pl a5 all azils
S8, L as s glaaigai by baools « py (gloosls 51 glais
ol 5l g amsls cals esls JS sacgome Joo b o IS
Bi> qu) 6[.%0\)‘& w)..sd.c U’“’j) UJ)JOQLMJ AAA.AS‘SQJ Coxs
lal il cpl plml lp Jgloie by, SO 50 el oyl
olie e o0 aseiie A5 ylo 518 T o aesls a5 glosb
30 Dy gools ylgie 4y o3l nl by 9 UL slaosls 5 soms
.\.’9.»;‘59 Bds> oolo (§4€ g0 )l 9 0 4.\_9; ).E.v

W omly (Seiledw Julos -Y-0-Y

el A5yl 5 aSUL Cond g0 ) plesl 25 > g o0
el Sl ;o 4ol Lol i 4 4> L [YP] o5
oz VL (Joe el @ b o (sl Sz 5 Sliow
iz ¥ as gysb arons (HLbL o s solilgaz 09
wid S s )0 gily 0 az 0 ¥ g o0 j0 4z 0 ¥ e ,0 oI5
Wl 1y bl gamb &5 4 (005 (5 G b Sl o
ol oas ooy Las (V) UK j0 oads 2k Jow il
(o Al 5b sl aw Jol o g 9315 (X Jolia (L)
e & el (2B Sl 422 g pad Suspil e

' Heel Strike
" Toe Off

" Extension
¥ Sagittal
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