[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

ohSas § LI guy (S)bes abLc ... eIl Jilis (Lads guled (o) 1 oeiwes guap G

4 Yo (ylylows L5-S1 g Sliosi ol Jolie . aio wled (§9p5 3 gwer o 2 s G
395!

‘QL}}&L«}L«:JI ‘\LSQU abbi«réblja \_A:J»;r Olﬁa‘w;‘;&;v\w;*‘w}ﬂép aable

) Oleo) (lebo) ¢sSabpy pgle s8I Bl sxSuib wesld csg)) 5955 (I
SRl WS (UBIS s8uis)s e sdlud) pgle 9 L) saSuis)y «csibjpg pgle a9)S (P

DS

Ol 2 o s oyt 5 SleMb] Juolia oles 59 2 5l 58T 3590 5 e gl SadsSsl loys 5 3 1 edlisl s40nde
292 jodgSl & Moo oyl LE-S1 g Slios plas] Juolio luaie 1olo5 (S9565 2 (ogigs mart 385yl (3o | oam

5 o el oS3 S 55 e () 3 (o 53 4y g 4 il 4 Sn 553 0 513 b g 9 Sl
2ol Judou g 4 im0 cqa SPSS (independent t-tes) 1581 p 5 i ealaiwl by oald ¢ g Kistler couly )59 o Qualysis
Wb 4,5 IS 4 (0] 0) (o)l (gine

5 WA Gy L 538 oy o e Jodl S (93508 938 (a=21+%) pgo g (0= 1-F) Sl 4lf (S0l 1930 (51 48l
s g Sl dxio (8> ael g piin e 9t 055 o) o 9568 e ol Sl ) (ixe sl 4 NIBW Y-/-0
(a=11+¥) bl (2ol )l (dxe yob & 51 b (i3 ol (> 5508

o> (gme Sl 55 gt cmej ol uSe 9950 p9> 5 Jgl 4B 5 LE-ST (S o aiahs o & (ygiogy (2 38 05 420 g S
L 8 oy plin giogy a1 oolial gl o Ly )l (i) o) (Jgene s pur )3 GadgSil (llors (53 o) SiloinS 9 SiiS
385 L5-S1 o 5 bz plil Jolio 1 i 1 4355 gt Jgans o pos

08y oly ¢ aio olod (Soy8 mp Cigiwg GadsSusl (g5 (W 24

Ol Ol Wleaal ( (Ki 5, p e AU I TGt P RER P 5 PP S PR
Email: jafari.op@gmail.com


mailto:jafari.op@gmail.com
http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

Q¢ )02)ih (@ d)Laud (4l § Cunyy )93

el (Sib)y eole alEim3ls (ihag)) (alc alas

oy 5 ool L jm iz o2 jodsSl (g)low:
o 4z ST )ewl IS 31 lhlan (58,
9 SigdgSanl 3l 5> ol o amd g (Lt ks g
5 (VW adllae Iy (30300 csglis JLoy
O 1) SadgSal Ghlon 3 )5 Chpms 3 (VW) o2
B o

A odds Jlasl jaliil g gy oy L0 LS laire
> (me BB 1435 o) plin ]y 9 G s
G e (0 xe BB 4igS zud Lol o)y 3959
2 F AT esalie (K8 g jeddsSl (g)low
0ol )lSen 5 0y (6950 ddlllan S
M3 9y pgd 9 Jgl 48 53 ()l (ine gl
oly o> gaw Jodll S (3908 59y 053 9 (A
ped b 1> (g)l> (gxe Lol (i o2 g joi)l b 018,
$390= S9y2 P9 9 Jol 4L g (A (815 (59
Sl Om 3l o9 58 oy e e Jedll S
ot oo 5L (V))nd salio g el
o) ol S (93908 9 (AE (o8 (g9 LoD
P (me gl S 09,5 g SedsSsl lles oy
oSe (63508 (o5 D LS Ll (YY)aly oL
IS g (il (el B Ol )3 (e ol
O e 5 (g ax ST.(YY)2,s )& pas
Jmodll S (s (18 5 (e3900 (598 4 2>
5 o2 S (i ) )1 (e (K08 (2 e
oS S S (Hixe Dl Jg 3l
o 093 9 o L ) oly (g (e Sl
(V))255,55 oanlie

= 48,5 Oyg o Sladsd Wb o)l &S S len
bl sl y= 03)ly Jodll uSe (59,5 )
o Gl 65 e g 9 b 98 oy (> jodsSl
i SOl ladss cpl D (wdudl g M gols ogMle
P9 Az b an Sl I (as 4 0D sdalie
9 o2 b oad Jlosl (yej Jodl oS slag s
DS S9y8 g 4y (o 4 Ol )00 9 Canl
Oddgy pBB Cusly g g (sb g 0d)ly (e Jood!
= 9o 43 Cwl ot idie 0I5 o)Ll Ly po
9«58y oy e (e Jodl S g9 (K8
= e Jolie 1o 0)ly (lade (el sl

9

HPRT
jodgSl 1> Sl o i g (B)b sl
d9os sliwly 5l La oy e (g5lows opl 5o (V)]
s iy il Gl 0gMe 5008 lay Byl
2 3o V=Y jodeSsl ()los g0 (V)5 o Iy
L aS (gyob 4 cunl Jae uin yidlo Mol as
A Gl 4 ol oMl e Loul s il 8l
Clae!] piuaw OMSEL(Y ¥l o iolj8l ) a4 ).
553 Jslos dlox 1 Sgeyon Jelgs 5 Suj b
4:9)]0 S s .(\ ,0) ..\M:bL;o d)l":‘.-? u.;‘ LS‘)-.’ 0l
Ay oMas pla Suyd o S0 L g as olas

(5 V)b o W] cpl (Lol s
oielS Gl (2l ey 2l Sl ey,
b iledlal g (13559 Jold (2l e sla by,
B )1 ool (\Y’-\;’) ..\M:L»L;o C)b.a.% g dl.m
Slyr 9 3y o 5| B SedgSil lops (Lol caglyl
S A (Ghnysdd Mol b Ll iyt I 6l
ol p 5)) cute Jl 4 Slalllas 5l (55 (A)3g 00
)l 48 s (S (A=) )asles, ST 0 STE Lol
0983 Sl (S g S (0 o5 ) Lol iy

(RS oS 55 ]y 55

Ohlews 3, (VY ,IY) Canl o5 jodd ool &5 Mo
oly g ol Wle sla culled plosl plKa 555!
Fas (W)l 483 )8 () 3590 (8,
ol 0 odlatwl objl cas oo sl g,
S g a5 wils SHleaisS pr oy e oS L5
B3 FUERIA uLM) (7S L)T W ) (V\)ub&.«bs
ael> & (5ol 4y D (0 i |y (588 ol ) SsleiS
.)Hu_a dgdse L)l) J.a.a.o 9 g}ij VR Y W U’SP
)l oas SV b eslaiwl 5,8 el wigale
OS2 9 3L 1y JUg)s aio ) oy g S S >
DA)S o o5 1y ailis


http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

ohSas § LI guy (S)bes abLc ... eIl Jilis (Lads guled (o) 1 oeiwes guap G

A A8 adsd jd lin;yd a8 ael cols,
08l WAY Jlw Jol das o pols dslllas
b bl leduol (Kb pole oKl odsuilys
S gim dw St g 4o e Ol 20
yo—iS Qualysis Sl S cal_w)(mmdlsS)
So s YU ey w U oy Y L (Switzerland
AA Jice oo (oo 0058 ) iS55 donio
Sl (Uwdaw youiS Kistler gslas calo)@ys-
Lo isgajl (S8 5 (SilonS sl juito
Lo 33g05] 533, ol ymame b o3zl 53, ol plSin
s ) 5530 3 w5 S5 S, 395 550+
5 SleinS glo yiel)ly 4l oS Ad iy (g5 N
2 35 9y dxhio b (55l e Lab ol 3 (StkS
D9 03d ol () SIS (615 pB e S 5o
el Agy kg plojan gy aio g b (g
ro g g 9l (2B g (D G p S VY
S Sacelys pg Sl dy aily ooy 5 Jgl osblie
s gL Y9SN 900951 Juahe (olu5 005
92 Lo Sile S Al cuad (535 @i 000 gy
¥ ogde dy du0 S coal o g Cowly Cuoio
— M8 zolaw & S, ¥ s (Cluster) 5 oMS
osias Jate (oo 5 i) b Blo 5 o, (oo
21y o8y oly el Cuddae JU 5 0 A dtwlgs ol )8l
i3 plosl (g5l 5 prune

L Lo o3ld 3gr 35,8 VY Lo o3l (g9l mon (wilS' 3
(V)68 5 b 5 Ve g3 LIS ol 5
W58l oy sleslawl U (SoleisS” sla ooy es
(QualysisTrackManager) ,oce S5 uandlsS
(Switzerland Qualysis ¢S i g5 F/IV aseud)
(Visual3D) (5 5,5 Jlgi=g sl3-31 o jl s e
Sl b (K ,0] C-motion 8 i aJg5 F aseus)
5 o3lil jlag SMae Il g (3,5 e
o9l ) e 4 63 65 Jloneg Sl ey (295
gl oKl g & aseus) (Open-SIM) s
S9r sshate ool ($9565 (swyp solate 4 (10l
SLes phl GMde gliiS g (e Jodll (pSe
e 138l p 5 S e Cpgl H181 5 0l JUi]
LSl a8 ol SMae Sl piumw 36T ¢ jlo

Y

gyt o 55 slad b Wi e g 0l Jlosl 4y B
A8l olyen (Slow plil )3 (uey9 g Juate

o0 & ldlie (Saung (Ul 4 429 b (i o2
2 8y oly e Gliss plasl Jolie o)y sl
3929 4l 03l )13 () 3)90 1) SedeSinl Glilew
= 2ly Sl g (yp d dlde S oS g 2l
adly (b ol pLSEn )y Joade 9 yo8 Jolis
5 el (Y1 )og: (53y90 dalllan S o 5] 45
o5 oy o G55 plsl Juolhe s g5 Jlos! 0555
oly > Jmolie (Sl 0520 5 e o9 9 L
S Gl g Sl )08 b Coeal Sl (43,
GaS )3 A3 0 118 (Al (maasie LS )
oS gy Jold) (ade (les (slagys pSl>
= Dly G (IS gy B3l 4 Jaie Jod
25l OPEN-SIM 1581 o 5 31 oslizal b ( Juolio
Sslogn 0j9> )3 hader gy S gy ol WA
iy ol 0,8kes i o 5l eolatl b oS Ll o
asle Gidie SMie ISl YN L o lew
L 2,5 ol |y lawigeel 5 gje ld ey ylyinl
7= OFn gt Sl (pp Bl Dl B
L5-S1 5 slavs plas] Juolie late wled (59
D92 () oy (> jod gl 4 Mise ol los

e hg) 9 dlge
3 0 Dl D9 (50 e £ jl puols dslllas
Sy A 0y B (pSle L ol oSl 4 Mo
Cygmo ds p)So LS YOIFES/N 5 4 o VOYE-/ A
Joiz) 63,5 8 pb adllae (ul 3 (e yiws )3 diged
O30 Ly (V Jelds 3850 4 399 sl Jle ()
bl U5 (7 (45 (s Lol gl I (g0
535 0 Pl 855 i (¥ Jits (53 o,
Odo S5 lyr gy 5l ookl ddsle (0 Sl sl
Sl oMae dSwl OMSUiw 4565 ya 186 (F anls £
aueS (B Aol plias] g 8y ofy o IS
A3 hbol (Sép pole oKl wladss o sWS


http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

Q¢ )02)ih (@ d)Laud (4l § Cunyy )93

el (Sib)y eole alEim3ls (ihag)) (alc alas

gld ogesl 5l e ool (glel il g 450 g
JLley &9 (spp Cae (Shapiro-Wilk) sk
o o3y Jloy 2555 & 4295 L b ool o ol
s 5 2l Sl gl Jite Cu (5 g0l

A olaiwl (0=+/+0) (gyld (size

fobRgR s 4Bl

oy GLSe Slej sl el jline Blizdl o (Lo
2350 ogd g L lalid 5 jadasl (llews (3,
(owidlS ¢y b 98y oly s cawl 0del ¥ g
G5 4 jadoSl (low p Jsb g (i3 ol o puo
(4B yo 520)V, VY £V (4B j pa) V)V +/VEF/AY
Sglds 4595 gud 45 Kol Candy yio VYVES/4D 4
PLS Jobo 5 puislS «38) ol Cs o 3 (515 (Sime
sdalie 55l g 5 b (538 oly (o> oSl (low
(o> /) wis

9 dmate maw (b gy (pest g S > oo
sy el 331 5 ol g Mt 555 (5550
oSl Mde (Al ps (53l s b .
b i 9 SOl Sl s oy g ausls
oar 3 ey ol 5 eoliel b i w315 353
s (Al prass p oy (SlSage 5l

(Vo) piy oKl

18800 g o

s sl it Jold ol o o it
(LS Job 9 5id) oy oy o)) (58 oy (Sle
Wi g g 0N oy oil) b e Jolie Siles
(90 S93) (o) Jodll S 98 Sl e
(o) ol oS (2)5 (Bl g s (ol
o l; L o Jolio (Juabe (uled (59y00 slo e
JgldS g (S dmio dw LSS 5
Dy Sl plul SMae

axfllae )3 4S8 S g 51 )81 Ciliaseiie (V) Jou

Med i (55l s Sl (e e Slee lowl o Lo a0 OB cSyd
o e ¥o/sE5/\ VovE/ A e vo SisdaSl
Cowly Yy
- ¥
e 5
Cowly Y.

sxo olas Lol cuwl aidly yiol381 55,) 51 eoliinl b guls (nSle 4 )31 sl oas 03y i Joda oyl 3 oS jglailon

Gl 63945 4

S 8 15 31,31 )3 w1 9t 9 b Tl y3 I Sile; (5 paite 5 lukilins! Bl ol g peSilio (Y) Joua

e b SR O9Y eito
VY- /YEE/AY VeSIVEN Y (48:35/ p23) yuidlS
AT =R VAYE-/VY (45b/ o) e yos
VYV /-0 VISt -YS (io)pas Jobo

oS 9 S5 (0=+/+F) po3 o (a=+/-Y)
FYMAEYQ/OF oy U o8y oly cps opao ol
o s34 a5 Kl cawN/BW 8- A/YESS/04
o= 09— ) oly (e g e ol 5l (o)

Sy yidny

Y

oS gy d)liwl Byl g (:S0ke ¥ o
Ay oo i |y (Gliss plil 1 (e Sl
Sliwly 3 e Jodll S 59588 polie (1Sl
iy (2l (B g (pg> 9 Sl AB) (als (el
YA/YYEY/YO 9 EAVAE=AV/AR P =R A N g
g 4S5 ol Cawds o p b 3, oy cps (N/BW)
09 55 ol b dugliie )3 (61> (gme BB 4555
Jol 4 Sl (0 +/+8) i s ey


http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

ohSas § LI guy (S)bes abLc ... eIl Jilis (Lads guled (o) 1 oeiwes guap G

(N/BW) 53508 5 (25 515 ¢ il o3 ol 13 mn Josll o (595 3,5l 50 9 (il ¥ Jgn

P-value e b PR 9 (N/BW )uiio

AN FVYEW,NY FEIVYEYY/AD Jol als

il el
AR AAVAES AV AF/YEYY/YE pod als
o[eVa FYMALYD/0F £V -EY5/A5 Jol als
«/YY TEYEY-S/YY TYUYEVV/A- 0 g0
o[eLx O-AYESS[0] FAMNOESY/Y - pod als
<Y1 VA/YVEE/YD /Y FEO/Y PSRN

Jbanls daxin S dwl jb ae GialS oo yle
qa=2/2Y) 55,0 L 538y oly oy (5508 )88 giw
> Lise yob a (5 JWg 8 (35 > aials Jlie 5

fomele o) <8l Gl 5l 5 oslisl

A o0 oyl 1y I (e WA

SslensS 38wl Glyol g pSln ¥ Jgio
O 9 g Joabe olj Jaie () Jade (S
09 9 Lkl 93 50 () ol e (6508 8
39 (o odnliie 45 jo b lad .Cal ool puopo

ot 09 9 bl )3 1) (g 9 (N ¢ 93l ¢y rolhe SlodsS 3 jlsliw] Byl g (e € Jgu

P-value i b S O9Y (4513) pukic
./yy ¥/ANE - AY ofovE- /¥ Jals
wlees \WIAYEY Y QYELY/Y gy oS
“/A+ Y- /Voto/os Y\/- 0y JWj)90
N 3) FO/VEY/YA AATZESIAYS Jlsbe
«/AY Vo JOAEN/ES Vo /EYEL /A Jisg b o
A YEIYEY /A YYIAAEY /Y Jts30n
«/¥a \INETLS) OF/VYED/ -4 Jeale 5l;
oYY A iR E=701 FY/AVEY/AY Jlsbe (P
/oY% A/YEN/YY NEVE /ALY Jabe
oy YFEY/Y VYLV /YO Jisg b L5-S1
vy VA/FYEY/A LAYAYE=/AY Jwiyse

S x5S (=2 +5) 318 ol ]y syl ine
bl a8l 5L 585 oly (> g (g
OBy oy e gt (gl L () (ixe oglis Lol
i 303 (B Jgaz) (0= V) el 351 90
oly oy olios Pl ciliske Jolio 35y (sl
ol LS 1) (6l (ixe glds 3551 9 9 b 58

(a>+/+0)

qF

add o s 1y LI Jme WSS =

S latsS 35l Gly ] 5 3 Slso ¥ Jgis
o L bl > i gt 5 oS 6l oy Juolia

3o QU 1y (e Ci9
ojlasl alllas cpl )3 55 e 5 9l oy Jade yokiS
Gt A (6ygusI oS (1Sle S (65
9 PAENE Gy g g L bl 5
SBW3] 4565 g 45 ol Cawd & + FAAE- Y


http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

Q¢ )02)ih (@ d)Laud (4l § Cunyy )93

el (Sib)y eole alEim3ls (ihag)) (alc alas

&0 9 915 «0ly oo (59) 2 Jlos] 5glulS 3 lniliw] Bl ol g (ke -0 Jg

P-value o b owr sy (NM/BM) ylis o
+/+7 -[sack- /Y5 ALV asls
VY NG 2IAN JVAESIYA iz o
/vy ALEAR ¥y 581l
<Y NRVENR: At [f sl “
<Y A S oI ebkef A ks o
+/+1 JYAEIY- NI R isls .
AN AL VAT JIYASENE pinS| 3
vy INYELY YDA JEY isle sdl, )
+/€€ <IAYE-[00 VAT /£ SIS g L

Joolae alls 3 15l ygi (338 o) blde )3 )l L
S o il i 5 L5-S1 4 iz sl
(5 Jasa) (a>+/+0) ol lis (g)l> (pme M

ool (g9 Oluliwl Bl ol o (Sl & ol
09 9 b o) oy o e g 9l ¢y ol late
Jolie (Jndo wlad 59y dmd o LS 35l

Oy oly cp aslllas opl )3 0ddd (645 o3ll i
09 93¢ oy Joolio hato (poled (59 8 5 lailiuw! 120l g sSSlo -T Joi

P-value oanl ooy NIBW) uado ol 55,06
«Q <Jo-E/YY IVE-IvE (hls s0l8) Jol 4lB oy Jeate
LIANS FIAEN VY YISVE- AN (Ll olaB)pgd als
+/€1 YIsoky/ss YIFEEY/YA (83505) Jol 46
Y VISALY SV olsE-IsA (so905) oo 4
N VAEVAGH VY s s
«Joy WA ENT VAVE/YY (L oola8) Jol als $1; i
Y ¥/-0%\/0 a0 (Ll oluB)pgs B
+/A YIPYEV/EY YIFFENAD (sd90s) Jol 48
Ak3 YIYEY/\S \ifze A% (ed905) pg> al3
oYY -IvasE/\Y AAEDAN S
oYY \AREATANS Witz Vars (Gl ol8) Jolals b gmo Jucie
+/10 B/FYEY/0) of -0k /Y (L5 aluB)pgs ol
<Yy YIVEY/A FIYSEY/0Y (635905) Jgl 48
«IYY V-[55E-[OA \RAraVa3 (63905) pgo alB
o /¥ -[OAE- /Y- <[¥AE/VY B B
o[y <Yy /YY NANE VRN (tls ool8) Jgl a8 L5- | nio
[ SAYE. By YYEITY (L85 oli8)pg a8 S1
+/+9 YIEVEN/YA YIYALZ-/N- (g390s) Jol al8
«IYY \Vzzhiq Vot /£ (63905) pgo ald
AR NAYS VAR AT 2VR%4 PESEEN

4595 Fud oy Dyl (o 9 (58 ol

shade wled g9y 5 SHas LS o 5]

o 09 9 L o) oy e (S i

< :lJJ

1S A g Cou

= g gt Sl oy p Bl Sl B
Jmade § SLos phil Jolie (laie ol 59y
ol @l 35 jodsSl & Mis ljloy L5-S1
oS S9ys p9d 9 Jol 4t ol (i pils Gaiou

S (e jsbo A o p b (58 ol (> s ol

0


http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

ohSas § LI guy (S)bes abLc ... eIl Jilis (Lads guled (o) 1 oeiwes guap G

e o2l 5l gl (585 ol) 4 Cud (51 (e
bl dw (S olel 3 Ggteg g il )
3o el 3 G ol o sl 0l (ko LS
3 ol Ceond )3 9 b oo dlael Jr 5 U S
g SIS s el ) S Cudgde g
@ o b ol gl A8 e sl 4T S|
45 oyt g piSIs S s dleld &S Conl (gl 465
Jhals dio ) a4 il uisls oS > adel
S (o0 a9

&yw = o Gl ol_’:éf )»L(\A)ubl&m
aS aoh lis g a5 S ey X g 4l il
4Sygb A 3o S 1) (58, ol ) SleinS 2
>9mdl)&m50ﬂ<u‘d§uuﬁpmb
7= 393 adlas (YY) hlSen o (ce)S S oo
o Az 51 By dox (nl 4 oSl ey
Sol s ol b g Jolie (8o atelsy p gty
SUS o o e o 5 Bl s ine
e sl 3 (VY)eewlS (S g as
(WWzgable 5 (W) SSgg (VW)ohlSen 5 (02,8
Db Slgs o

SIS 4555 gun b ulod g9 Ui S
jodgswsl oo (hade (wlos (59,8 O ) (e
Jol dlb ax STl L 55l g 9 b (538 ol o
Jmolie s )3 (lade (wled (69550 (53905 P93 9
ple cde gy dme Lil38l pl Ll col yilsel
ol 9o (hate wled (950 Jgl alB )y e BV
il Hbls cpla Ll S 09,5 4 cund oo
Pl gl pe 4 Wles Ll olgzds ce o b 28,
S9rs o9t 4 (ade wled S8 p
a5 S el ey L 1) L5-S1  Lade wles
AV A YY) JLS 5500 9 JUg s e Jlunle dxans 5o
Sy gl S L Jole opl 5 S el ials
Qb dls g Ay s g g0 wla D ONas Jlad

17

C iy D LS pols Buind adllas | ol puls
L 58 ol e P8 sl 9 (538 ol ey (55 o,
S (e Dol Jgame (58 ol b dualie > )
g5 g gy 5)l GBS plgi oo ol b el
ohlbes (58) ol Gloj (aldd o puiie (ke ]
5 (VF)uwsigale (VW) Kan giag)ss )l jod Sl
oly piy 9 pLS Job s yuw a8 iy L o))
o= 09 9 b o) oly (e SadeSl plilew o3,
S ol ol Uy a8 ol ol o)l ine cogli
S Slgren yolbs guiod

$3905 S9y8 9> 9 Jol A ob (LS (i ob
e ok F)l L 53y oy e (e Jedll S
55 zud (YY) o) Ken o SOL .l yiol58l )l
S el B g (90s (5958 ) (51 (sme IS
Wl 09)5 9 jodoSsl (hlan o e Jodll e
B9y 3 5y (mime BMA] pis 4 0,55 odaliiie
095 5 Ohlow O (e Jodll oS (2)B 3D
ol (YY) oh)Ser g (00 S (YV)L3,5 odalive b
M5 $955 p9d 9 Jol A 3 (6)> (dme gla >
oy o> ghaw Jodll oS (93505 (59555 00 5 A
P> 4B > (61> (gme gl iz o 9 55 L ()
S350 9y P> 9 Jol 4l g (S (1B g9y
b om 5950 D9 585 oly o e Jedll Se
OhLSen 9 (32955 (V) 8 osalidie cg
oS S92 6 e SNBT &s5 s (V)
2350 a9 5 L ity oy e e Sl
G5 ) (W) 453,85 edaliie jodsSl oy low
O Jodll S (93505 (5955 P93 5 Jgl 4B ol
oly Jl e 61> (me yobo )1 L 38 o]y o>
=il Jools ol L as ag 5yl oty o938,
2 Sl clde wls )b Splie )Ken 5 pgy65
G895 53 39 ohlew olseil g9 bl a4 gl
3 jgdgSenl (Sl Godssal plilew (Sen 5 9y
Adg lyad ygiw 4> (Double curve) Lol o> g9
2 Lsal SO glb ol gaiss ljlew aSJls )
Wdgy &l 428 -y giw

=S asaby oy Gl S dely sy s
sob a3 L 8y oy > A5 (ST pass


http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

Q¢ )02)ih (@ d)Laud (4l § Cunyy )93

el (Sib)y eole alEim3ls (ihag)) (alc alas

Jol a8 g LE-S1 (8> aiels o &y (ygiwgs (2
xe Sl 55 b (o) Jodll S (69585 P93 9
Ohlen b oy SslolsS 9 oS 5 ()b
ol )0 i3 o) (Jgeme a3 jodgSiul
Sy Ly g8y ol) oL (gitogy 1 oolil
g SLs el Jolie e Sl 695 g (Jgons

)5 L5-S1 _fuaie

(8 5l Sl

Db (o (19,18 o ST Buisd > S pd bl

References:

1.Arnold H. Etiology and pathogenesis of
spinal abnormalities in the growing period
juvenile kyphosis and scoliosis.
Monatsschrift fur kinderheilkunde
1957;105:61-5.

2.Stokes IA. Axial rotation component of
thoracic scoliosis. J Orth Res1989; 7:702-8.
3.Weinstein SL. Adolescent idiopathic
scoliosis prevalence and natural history. Ins
Cour Lec1988; 38:115-28.

4 Weinstein SL, Dolan LA, Spratt KF,
Peterson KK, Spoonamore MJ, Ponseti 1V.
Health and function of patients with
untreated idiopathic scoliosis a 50-year
natural history study. Jama2003; 289:559-
67.

5.Burwell R, Cole A, Cook T, Grivas T,
Kiel A, Moulton A, et al. Pathogenesis of
idiopathic scoliosis the nottingham concept.
Acta Orth Belgical991; 58:33-58.
6.Mahaudens P, Banse X, Mousny M,

Detrembleur C. Gait in adolescent
idiopathic  scoliosis:  kinematics and
electromyographic  analysis.  European

Spine J2009; 18:512-21.

7.Haderspeck K, Schultz A. Progression of
idiopathic scoliosis an analysis of muscle
actions and body weight influences.
Spinel981; 6:447-55.

8.Hsu JD, Michael J, Fisk J. Aaos atlas of
orthoses and assistive devices. Elsevier
Health Sci Publication.2008;P.130-8
9.Aulisa AG, Mastantuoni G, Laineri M,
Falciglia F, Giordano M, Marzetti E, et al.
Brace technology thematic series the

v

sl s 58 ) el ol pon B ooy ¢ anily
g 45 <8 o ojlal I (36 45 gol> g S >
g Sle gl dlae g 4l jpuinas] o Mae
SopinS] ©ygmo & s ol & 29500 J S
@5 L8 o> yeS 2 ly slagy Sl g 0nd b
Cadgame jodgSl ()lon 53 (VA)u2lS o aily
1 EMe oyl bl ) by o sl S o
boiine [y 9y a0 )3 9 03> ool 1) 45 o
9 o iy el by 1jls e )l Juate &
=)oy Cope Sl gy p Baa b gim Sligis
295 gy oy s late (wles slagys

D95 gy p Wl 09)5 L dunlie

progressive action short brace pasb.
Scoliosis2012;7:6.

10.Grivas TB, Bountis A, Vrasami |,
Bardakos NV. BRace technology thematic
series the dynamic derotation brace.
Scoliosis2010; 5:20.

11.Kramers DE, Quervain IA, Muller R,
Stacoff A, Grob D, Stissi e. gait analysis in
patients with idiopathic scoliosis. European
Spine J 2004; 13:449-56.

12.Luk KD. Comment regarding gait
analysis in patients with idiopathic
scoliosis. European Spine J. 2004;13:457-8.
13.Chen p Q, Wang j L, Tsuang y H, Liao t
L, Huang p I, Hang y S. The postural
stability control and gait pattern of
idiopathic  scoliosis adolescents.  Clini
Biomech1998;13:52-8.

14.Chockalingam n, dangerfield ph,
rahmatalla a, ahmed e-n, cochrane t.
assessment of ground reaction force during
scoliotic gait. European Spine J 2004;
13:750-4.

15.Chockalingam N, Rahmatalla A,
Dangerfield P, Cochrane T, Ahmed EN,
DovE J. Kinematic differences in lower
limb gait analysis of scoliotic subjects. Stud
Health Technol Inform 2001; 91:173-7.
16.Gelalis I, Ristanis S, Nikolopoulos A,
Politis a, Rigas C, Xenakis t. Loading rate
patterns in scoliotic children during gait:
the impact of the schoolbag carriage and the
importance of its position. European Spine
J2012; 21:1936-41.

17.Wong M, Cheng C, Ng b, Lam T, Sin s,
lee shum I, et al. the effect of rigid versus


http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

ohSas § LI guy (S)bes abLc ... eIl Jilis (Lads guled (o) 1 oeiwes guap G

flexible spinal orthosis on the gait pattern of
patients ~ with  adolescent  idiopathic
scoliosis. Gait Pos 2008; 27:189-95.
18.Mahaudens P, Banse X, Detrembleur C.
Effects of short term brace wearing on the
pendulum-like mechanism of walking in
healthy subjects. Gait Pos 2008; 28:703-7.
19.Wiernicka M, Kotwicki T, Kaczmarek
D, Lochynski D. Postural stability in girls
with idiopathic scoliosis. Scoliosis2010; 5:
36.

20.Beaulieu M, Toulotte c, Gatto L, Rivard
CH, Teasdale N, Simoneau M, et al.
Postural imbalance in  non treated
adolescent idiopathic scoliosis at different
periods of progression. European Spine
J2009; 18:38-44.

21.Karimi M, Kavyani M. Scoliosis curve
analysis with milwaukee orthosis based on
open simm modeling. J Craniovert Junc
Spine 2015; 6:125.

22.Yang JH, Suh SW, Sung PS, Park WH.
Asymmetrical gait in adolescents with
idiopathic scoliosis. European Spine J
2013; 22:2407-13.

23.Schizas C, Kramers I, Stussi E, Grob D.
Gait asymmetries in patients with idiopathic

aA

scoliosis using vertical forces measurement
only. European Spine J1998;7:95-8.
24.Kadaba M, Ramakrishnan H, Wootten
M, Gainey J, Gorton G, Cochran G.
Repeatability of kinematic Kkinetic and
electromyographic data in normal adult
gait. J Orth Res1989; 7:849-60.

25.Delp SL, Anderson FC, Arnold AS,
Loan P, Habib A, John CT, et al. Opensim
open source software to create and analyze
dynamic simulations of movement. Biomed
Eng leee Trans2007; 54:1940-50.
26.Mahaudens P, Banse X, Mousny M,
Raison M, Detrembleur C. Very short term
effect of brace wearing on gait in
adolescent idiopathic  scoliosis  girls.
European Spine J2013; 22:2399-406.
27.Karimi MT, Kavyani M, Etemadifar
MR. Gait analysis in adolescent idiopathic
scoliosis walking with boston brace.
Scoliosis2014:;9:24.

28.0atis C. Kinesiology the mechanics and
pathomechanics of human movement.
North  Am lippincott Williams Wilkins
Publication. 2004; P. 1-66.


http://dx.doi.org/10.29252/sjimu.25.3.90
https://sjimu.medilam.ac.ir/article-1-3405-fa.html

[ Downloaded from §imu.medilam.ac.ir on 2025-12-22 ]

[ DOI: 10.29252/5imu.25.3.90 ]

Q¢ )02)ih (@ d)Laud (4l § Cunyy )93

el (Sib)y eole alEim3ls (ihag)) (alc alas

The Effect of Boston Brace on Lower Limb and L5-S1 Joint Contact
Forces during Walking in Patients with Idiopathic Scoliosis
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Abstract:

Introduction: Scoliosis is a lateral curvature
of the spine that affects walking in these
patients. Using orthotics is one of the most
common treatments for scoliosis patients.
There is little knowledge about the effect of
orthotics on joint contact forces during
walking. Therefore the aim of this study
was to assess the effect of Boston brace on
lower limb and L5-S1 joint contact forces
during walking in scoliosis patients.

Materials & methods: 5 girls with
idiopathic scoliosis participated in this
study. Qualysis motion analysis system and
a Kistler forceplate were used to record
data. SPSS software (independent t-test)
was used to analyze data at the set point of
0.05.

Finding: The first (0=0.02) and second
(0=0.04) peak of vertical ground reaction

force were 188 and 20.05 N/BW
respectively during walking with brace
which was significantly greater than that of
these forces during walking without brace.
The excursion of the trunk in sagittal plane
significantly decreased during walking with
brace (0=0.02).

Discussion & conclusions: Boston brace did
not affect gait kinetics and kinematics
significantly in self-selected speed except
L5-S1 range of motion and first and second
vertical ground reaction forces. So Boston
brace has no negative effect on lower limb
joints and L5-S1 joint during walking with
self-selected speed.

Keywords: Scoliosis, Boston brace, Joint
contact force, Gait
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