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Abstract

Background and Obijective: Using lumbar orthoses changes the running mechanics. An essential biomechanical factor in
rehabilitation and injury prevention is the co-contraction of the knee and ankle joints. Therefore, this study aimed to
investigate the effect of 2 types of thoracolumbosacral braces on ankle and knee joint co-contraction in people with kyphosis
during running.

Methods: This quasi-experimental study was conducted on 15 men aged 18-25 years suffering from kyphosis greater than 40
degrees in the Biomechanics Laboratory of the University of Mohaghegh Ardabili Health Center during the summer of 2020.
Each participant randomly performed 3 running tests in each condition: without a brace, with a sensor brace, and with a
simple brace. The test consisted of electromyographic data of the selected lower limb muscles, which also recorded the
contraction of the knee and ankle muscles in the right leg when running at a constant speed.

Results: The results showed a reduction of the general knee co-contraction while using a sensory brace compared to without
the brace by 6% during the loading phase (P<0.05). Additionally, using a simple brace compared to the condition without a
brace, the ankle-directed contraction during the push-off phase decreased by 38% (P<0.05). Directed vastus medialis and
lateralis co-contraction while using a sensory brace increased by about 49% compared to without the brace at the loading
phase and increased by about 47% at the mid-stance phase without a brace condition compared to the simple brace condition
(P<0.05).

Conclusion: General knee co-contraction after using a sensory brace was lower than when a simple brace was used.

Keywords: Brace, Thoracolumbar, Kyphosis, Ankle Joint, Knee Joint, Running

*Corresponding Author: Amir Ali Jafarnezhadgero (Ph.D), E-mail: amiralijafarnezhad@gmail.com

Received 15 Oct 2022 Cite this article as: Piran Hamlabadi M, Jafarnezhadgero AA. [Effect of 2 Types of
Final Revised 11 Apr 2023 Thoracholumbosacral Braces on Ankle and Knee Joint Co-contraction in Individuals with Kyphosis
Accepted 15 Apr 2023 during Running]. J Gorgan Univ Med Sci. 2023; 25(3): 27-35. [Atrticle in Persian]

Published Online 7 Nov 2023

Article ID: Vol25-30 URL: gorganmedj.goums.ac.ir © The author(s)
BY NC

Owned: Golestan University of Medical Sciences Publisher: Deputy of Research and Technology


https://www.ncbi.nlm.nih.gov/mesh/68001915
https://www.ncbi.nlm.nih.gov/mesh/68012544
https://www.ncbi.nlm.nih.gov/mesh/68007738
https://www.ncbi.nlm.nih.gov/mesh/68000843
https://www.ncbi.nlm.nih.gov/mesh/68007719
https://www.ncbi.nlm.nih.gov/mesh/68012420
https://orcid.org/0000-0001-9247-2563
https://scholar.google.com/citations?user=8SzuaaUAAAAJ&hl=en&oi=ao
https://orcid.org/0000-0002-2739-4340
https://scholar.google.com/citations?user=em_L-vQAAAAJ&hl=en
http://goums.ac.ir/journal/en

2955 (g5 3 PolE DUy guaanS 3 gy 3t g0l 4 1500

SU S 31 p ke oliials aloxo ~

(AY o2 39 9) ¥ o5tads / YO 0593 / oY 3uby

el

e-ISSN: YeeA—FeAe  p-ISSN: 18PY-FY70

5T (gw sed b

(€

FlH9L @0 Jolo oliilad polio g S5 g es 5 i » Eo3 95 I
ON9S cy> 90 Jad 5 4 Mo U418 50 9o

O D"y oty i ool 555 O D GalT foo ol 33k
- & o s - P - - e & - - 5! ‘
Ol s )l o oo )l 3ae olKiils ¢ pwliiilyy o (s 5 pole 0aSLadls (8359 Cu e 09,5 (D)9 Cupde (6558 (Sedily
Sl el sk | Bie olStils «wlitily) 5 5 sl oSS o o555 SilSages 05,5 ¢ bl

oUw>

o] G 5Kl 5 P 3 e Sy Jol38 G S 30 i Ny D g Sl 508 Sl ) ) aslizal 1BAB § dise
2 b o Jolie poLaNen polis p SISl gaYsST0 pw p g0 52 F) oot ssbite 4 andloe pl . Col b o 5§l Joorlio Olojor LSLET
o Lol Gy g3 o g3 sS4 M Ol o 43 S5

5 Ceadlw 350 Silagy oK LT s azys £0 1 55 sl 4 Maw lu IA-F0 5,0 10 (G5, Lo piand anllls ul i ooy p (995
s G S o g Ly g o o ol sty SEUSES 1 S50 ki plond] VAR Slogl5 b o] idomo o825 ok
bl kiie e S g S (slaosls ol Sloj] ul sl plowil o3bs s p b g peien SIS i b i pu Sk S
20 ok gl s b Ol 33 p K00 Sy (5l 53 Ly b o g $L5 e JSLE 45 s il

S Gl G b deo 3 T g sy gy Sl sty G 13 it o o Sl 5 il ot o g0 Lo 3l DL
PA g Ol o S o b guo sl pobiifen polis s p S Il 4 G 030t i o ] ,;m/f@ P<es00) Chl ials
Il g o s s oy ) oolizal Il > )y 5 AN g Dt s S P</00) Zl S sy
13 ey £V 3 g 03l s pp 0 Cod ot p D gl Sl 5 T o U 45 5 doo s £9 0 5u> ‘;J/ijl,c'.«lg JB o ey 0ok
P<e/00) il

g g 03l o 1 03 lizeel Yl peies s o 1 830zl e 43 4l 308 LA op Sl s 4 16 g5 domis

O g3 ¢ pilj oo o b o oo ¢ jpslS ¢ jladsST) 47 ¢ o 2GS (SWOOSN9

amiralijafarnezhad@gmail.com Suig Sl oy « 9,5015 panzr (e ol 1355 1 g dumms 0unns g5 ¢
SYO-YVO-0FF plos g ali ¢ D)) pole 5 (S0 Camyi 09,5 owliddly) o i pale oaSlails o Lus )l B olKiils ¢ s )l x Slas

VEYIANELaasl VEYNYE bdy VEYNYY  algdlel  VEAVAY  Jgo
Goys YA o OLKea 5 Griegel-Morris "Lt Y 31875 S do\do

23 B YO ¢ 5l OLKea 5 Cutler 5 e &+ 6 Yesl 3l s He 5l 5 smbs lagyluials Q—gj@bj‘éj}i;gw)b

M bles S 518 55018 (s leal gl 1y S #F L Y sl 3l
34 s e POl 5 amllan ke sla g5 4 s olnial !
Tl Sleys Sl sad 5 bl e S Sl ) ealizal OT alex
5 ke 5 6osl Gl i 3y L aS Sl 0T Jub 6 S5
gt S sbe GUIF rile (S5 00T sy 4 e
S Sl Aoy VA g o HledSThs Al o el
s 1) dd b Lowge 51 5YL glodl S 513 doys OY

ALY R
J‘ R

wly s SMae Sl 4SS e 5 4 ol b

5558 a5 Dlpi 5o Ll g e SIS 5 (Ol DS

Condy Ol 4 55l Y gama ol 43 (555t SIS g
Olej 53 5518 a5 ol cpl p slimel 5 548 0 alid Cmlisl
ol S ad)le ol S A 55Tl gl Sl o3le §k
4l Sl el DB O 53 oltle Ol 1 glalis
Sl Glo g w SKws O 03,00 s 4 2iy sl
Gl dzy3 YomFo 5 5a 18 b Ol e "l ol o 355 b Ll 5 e
NUARPPTN SN0 (N PN CO R RS Wy S i A I
T s i s uls Ol s 4
23 Ao 3 VO g st o1, a5 Hazebroek-Kampschreur

Article ID: Vol25-30

Yo JITY clio



https://orcid.org/0000-0001-9247-2563
https://scholar.google.com/citations?user=8SzuaaUAAAAJ&hl=en&oi=ao
https://orcid.org/0000-0002-2739-4340
https://scholar.google.com/citations?user=em_L-vQAAAAJ&hl=en

YA/ 55505 e ool 553 9 341 oo ot oo

o) 53 o3kl 3550 Sl o3Il .ol LE Vel 6, SS (glae It
Coge w badse Mg e SRl i Gl SRas
s OBTl w zws 5

SV Ll asly il Jald addles 4 555 slajlas
3 05037 55 S 8 LUlg 5 Owes oUls rils Teas s B
SN 5 U8 ke 43l Jold andllas 4 55,5 pde slaslne
Ol b O lie 6, S wpe Ol oS ool 5 ding 558 asl;
Ok b Sl ealial L a0 (b ooy Uy ST sy gt
S5 sl s Gseds SN L o sesT
s JEI b a8 B s O e LSS L8 08 s
Pl w0 anis oo L5 31 035 gidue oy g0 53 Uy S
s

3550 o 3 05 8 s Jals lads e oSG8 5es (la S5
S s el b Gl a8 asly 288 15 Sl
G by opl i3 S ds eslinal Olpl ) 4iS Cole Calanie
w31y cmn Jgep "Nl Ao )38V OT SLL o 5 4o S
e S 1 Mg Are Tan= 2h/L L 1, salS
Cix A L (BIO SYSTEM, UK) Jox LG 315 50, 3l
Aol b e L VY LB b (glopls JS8) odad g5 elaws 55 S
ﬁ"?“‘.ﬁ("’“;skt‘\" 633959 Cunslie (o Lo YO ST 0 b S e
S Sy s MV S B O e S s,
s lss (TA) ol 5 ciys Slas 318 5les SN
Ogiw oS5 (VL) oyl gy (VM) Jsls o (GM)
S 2 s OT) i o (BF) Glh,mss «RS) o8
Vorr ol paiged Wl 3 L O Cnly )b 55 (GLUT-M)
5 okedl 5 e SOGe 5y Loy el Il S ool 5
s o Loy S s dd el do)s Ve JgbI L
SISl S s OMae cl S sl bl SO,
(Surface Electromyography Non-invasive Assessment of Muscles) d».h.w
s 6l oy S i Joue 255 15 5 a0 es s
Sl omen T B et el Sy, Gb oSlas
JEV s S Gl S leesls 038 S
(Lowpass filter) ;38 -wb = 5 5,a \+ (High passfilter)
Gt 3 o2 slag s S (sl 2k 2 51 s eslizal 5,8 00
A oslizal (¢ b

Lok w5 osle s p b oL aw g s Doty 5L s Lo G 505T
sls plnil s D)o 4 ) O3 ST ls) i e
Luls 03 SO Y oSile cdul s 4w 55 baosls o ol
Lol gl ooy elil gzt LT sl b sl
b odss larl 5 g8 .28 8 el balal Sy 4 il

(AY (o2 55 2) Y o )lond / YO 295 / VEY smly [ (555 (Suijy pole oKl alzxo

wdls 55,0 G ) aiby cpl 5 LBl wdls age AE G354
Osi (srb oy Lok 4y 00508 oy Sloray 1) 53 87 LSL
5588 Golmial slls 33 b ST el 3 1y LIS Wl (O3
52,05 &b b 51 )0 4y 35 355 el 33,4
w23 1 bl ol A SUsaY S5 e p sl bl en
S Ko G555 Sl 05 g 2l S Gosb 4 S (o
b IS e M S LSt S s e
Joo Ly gl b 015 o s ol 5 b 5Tl
Sy G Sl & a5 L %S ealimal 15 O 5 o) o)
S 301 13 3 Sl oIl Va2
S Wysb ol e 3 S esliul SMae S SU C s
Slp el sl Sl S ke 1S b S
ssba s Sl Dhae Sl Ol Dde b5 Sl b
Wl ae Sl UK 4 Ssline glaastls 53 03 28
ol (S ple 5 5 S oo isily Dbl
e Gl Ol 0y @oladl s erlgs Cosie
Jos Caliee SM2e Olojen Clb dzes 31S 5ley S
b Sy g Slde SLEles |y Jaie 6K o oS
2133y Jalgr (SLEler 5 o ges LBl £ 5 55 JS
Olbl s Gles 8 Sl s 4 me SLEIs
dlons s 09 8 o) b g gaea Sl s 35000 Joie
s Sl s Jbigr SlEler s Vs
L el el (glls hate Ol bl Cas Ty s ST
5 OU b o (L) Gl yskiE 4 o fmde ol
s olilen o Sl oyl slizel Vit ph fade g5l
b os,S Colem |y ol glayskiS 515 Jumie oyl — sl
das ialST 1) feate Sy il sl SLST sl

2 IS LsY S5 g g8 55 S e sk 4 adllas )
22 5588 & 0ne Ol ym 5o 55 5 L e Juole [SLEIs olie
) (’\”‘;‘ O 93 oy

IR U490

35 L VA-YD 55018 4 Mes 30 V0 (555 (o 2o ad anlllas ol
G oKy gyl 5 e e SO oKislesT
A b P4 Sl (b sl

Jossl Sy pske oty G5 aaS Wl 3550 anllls
5 o€us 5,8 .25 8 L5 (IRARUMS.REC.1399.255)
.mt;p«ptof;fa,y@t,a};mtﬁ;d_u,wu@,

crl kb slizal sl (o Sl S g e Sl sl
3Nl Sheslat e /00 (6,5 sae clu,; &S sl plas JIple 5
g &S5 il sls BT 0 g5T Sl eslil o8 +/A (,LT Oy



5985 4 Yise 1550 13 915 9 b o ol (3iId e 3 1 Slugma¥sS1 5 it £ 99 511 T ¢

G Jlie o Al 0 Dle w5 o e Sy Do 4 &S
@0k, S 05037 Lwg gaglie go,0 ool S AS plonil e lin
OB 55t 2)5m dt gy 5sb 4 Ladiped A e ol 3 aT 5y
BE 6y TS sl 1y Lolsl STas sl b o S
S0 35051 s Al 5 ESL sl Bl Sae MVICS
I3 o 835 2 S G515k 6 g aliae (sl 555 o
for 4 o s fol Olabl SIS als 4S5 s 4 5
adllas Tl oy AL e @ e 555 531 BB S
BEler A5 el ey ST D (s sl USG5
5 S ST Mo Clab § gamn dpop G2 b ) Joolie oo 50s
3 5 e (ALlen (51" dlos L ST SMLe
G ST Ode el s ST OVe CJlb Jpe b
Vo sl ¢S sde gl

ST 05m5T 5 SPSS-26 (T Ll 51 eslizul b Lasls
23 S i 0305 Lol n (5SS sl b bl
O35 dlj Ll o 5 4o /00 I ST ()l gme ela
RGN 2550 S35l 09057 Lo g nesls 5 5

sl

VAL /4P 35 ol YYWARY/A o 351kl O3l ol 5 5 S00a
a5 PFEY 5518 Lol O e rjf)l:fVY/hi\Y/Y\ 053 e
Y

03 e Ok s bl s b e faide (o ses (SLEla
bl S5 Ol g 5 0l S (ST o 6,50k ety slajl
(S8 Jdor) AzBI (g ,l5 gme

e b eslitul laldle ys gl fede e ses oLl
ST Dl O3 o 53 6,55k 5B 53 sy gt 5 o3l
L (P<e/oF9) s (g ols sme
@ S Sl et e p Sl 3Ll 3 G5 ke (e ses
Jader) (P<e/00) Sl aly (555 gmn (HlT 2alS osler s
Sl awlie 3 L e fade Sblgr Sl (S
osba 03l o 5B 55 e Ok T g esler ey 5l eslinal
s Ll 53 bk ad 55 (P</ FY) Sib Lials (gl ine
(Y Jsdar) Al odalin (6 )ls sme (ol T gl s 05l

Jr dSST e 6 Sk Gy LB 53 oy Os 5 b O s
S5 Jade (o) 5 515 sl Sl p Olus 5 05l
Y Jgdar) A8l (6 Hls sme sylaT il

23 55 Jake oSt 5 (6580 Jlalgr SLEIes
sk (@A 23 Olwg 5 03ls Ja dSST sl (5 8L fraly (slasl
L2BIL (g yls sme (LT Sglds O3 b e ) eslizal gk
(Y Jsds)

Spin g Kl Sty B S atal o Wt sl Sl 15, gt e
Iy sgo Caald b s azal o LT Sl s Lals oo Ol 1y e O e
Ol ol OlEs 1y Lol Ol iy guiw Hligs 5 LS Ol
23 MR il Olge 4 o3 5 ol Bl Olge 4 e
o GokE iy a3 I (G gaiT (i As e S
A A Olo byt Cunds 5,5 U o (0,5 59,5
ST 50 WA e 45 s il g i gd Sl O 50 Loyl 5 51 eSS
¥Vl S b1y 3 odd 1 e OT (S 5 5,5 dois
0305 Lol god ay Sl il 4285 93 Ll b pa o g Lgy 30 e
Coley 1 Odss Jole 5K a ld awl GsedT il
Py
3tk o A 5 gy 4l g3 505T 053 5 S
Gges Dol L A @ly o 3y 00 ¢ (aS (gl 4sed Lauy
losls 58 ST oslss s BESS s I e
ST 56 s sl Dlgs (b e el oS 558
Oad ik b (FZ210N §5,8) o) b L bl les abols Ol
SME b gl 565 8 s (FZ <10 N) (e 51 L sy
5 Slhe o3 FO Olge 4 51 ls 5B cadsl o ys VO Olgs 4
Al Gy KO 56 slgml dons B Olse a Osls s B
40515 53 dikey &S5 es ) BLEN (b Gl peler dlde Sl
g:..a;liam..\f»rl;dlol)}lg-a@»:k;}lj‘}@&:ﬁ@p%
dze gl il )53 Cuaslie Jali SDae (6l ok sl
S LDy Jos il (5 ST e (s s e Sl
23 RS |2 gy |y 2SS L, 5 s dbe s 55 2SI L
Sl s Browgls 5o S5 a8 s s dae gln 15
WU S s alae 6K gl e sy 6K tuas SAe
SIS S 4 LY ) Joo ol S5a5 a5 Shudy g
g aids &S5 byl ST ol 55 ol zul Ol e g 5l plos
0m3T cnl 03 s G s S SO e Ul
i izl 5 o g ol $S ) 6,8 Sl s
Ko dsles sdaline |, S aals 5 EMG o&Kons | siils
S eagedo s S Il 5 a4 1) e SAe EMG
by s plndl e g (2SO o bl el o b G g 3T
S 318 plos S o 1 ool sy glaosls I oslizal
Sl oMoy b5 8 nlons (RMS) S¥ie Eolab - b LIS
&S pespl Loldl 5 EMG Gbdi&w 55 el @iledle
s gl Jdos ol 5 7T eslizul (MVICS) (g5l ais
5 el (3] ity &G jep 5l (SLEI RMS ) Laesls RMS
Gl 4505 2 IIMVICS 55 a0 53 558 Vor sde jdo 0
33 ate @30 ALET 4w Jold & 3 8 plowil b 4w abiae

(AY o2 55 (2) Y ojlowi / YO 0y93 [ VEY sl [ 5,5 (SKijy eole olRuils alzxo



Y'Y 1555515 xSl ool 555 5 k] oo 5l 3Vho

59815 4 Mo ol 30 50 )1y g J15SLurgro¥ 9515 s 32 b g 03l J1yS L go¥ 9515 (s 12 L com 32 o9y ilisio Sl 50 (90 (> 9l Jado 9 b o Juado (ogoe (poLilen 1) Jgur

P-value 3 bl Gl il g Kk
’ ol ot Glogls o dlae Ll
L ool e 2 b o 9 o Os Sl o
R ) M s o3l o O ilisee
ISy o 2 ISy o 2 oslw o b

AR [YAA -/fa# RN AVIVELYY/N Y Ve V/EYEYY/AY A2/AYEYYIVE IR gt
AR SAYY AR < IVFY ARRV/NES AVA AT AY/Y¥+£V3/AA AANYEYVR/AD 51wl

L e Jeaio
< IAOY AR </AYY < [OAA YAINAEAY/Q - V\Y/A0£80Y /- F YV/IYO£AV/YF ool o
AR LARYN </YPY AARS FOIVEENNPIY - FVA-E\YAIER ARRVINZRTAVIR Olws
AR </ % < [OYY <IYYA APIFELY <Y - AERIEREAR /4 AV/YOEVY/AY IR gt
AT < [OYY <IYAY RN AUV/OYLY - JAY ADIOYENF[- A YAIYEENYIY - Kl wilo

5l Jaie
<NYY Y EAYAN] LR Y/a+OV/A \Y/015Y YY/fe£FA/QY ool o
AR <I\YA ANY4 <IYYA FY/Va£\ YV /VF INFARESRavAAd FYNYENY /e Olws

5985 a9 Moo ()19 50 55 510 g J1,5 L guo¥ oS 15 (gt 12 L 9 00bw IS Lugua¥ oS T3y g2 b et gy Bliie (S CIL> )5 (95 (e 9il) o 9 by o Juado HIs Cur (oLle 1 Y Joua

P-value S lustinl Bl ol g Skee clols s oabas ouled
S oy ,L: wLAA o ,L: wﬁ o u::;uw u:b M0 sgcias o o3k (2 o O3 il
DIIF oy DIIF o o=t

< [OAY < IYVY QAT QARAY ARAEYID AIAREZARY VY- /) GrS,b 58
<IYEY < [OYY QA < /¥a¥ VIYO+- /P9 AAREZAR) VIYSE-/TA 51 aileo )
SNEA “P¥Y Ni¥as el PV SIPYENINA SIEYEN/ A NIAEANA ools o bee Jaie
<[FAY YTV IfY. IYYY QAREAVRIN BAREATR4 AAREAVN Olws
<IYOF YOV QAN g ¥ FAFYEYY/AY VYIEYEYVIAD AYIEALYYIEE 3RSt
AN} RINAS QAL QAR INTAREARYE ABINVAEYFIVY YEIOVEYO/YY S ailee )
QAN RINAS RARR <A AEZARCAZNAR ARIAREAAVING AAZAREAZGIZN ool o #h ke
<160y Y Nia% Bira O+IYOE\YF/AF FEAFEITYA] FENOLNYIV g

Siledled 31l 3 g BB SBIF ) M
TS o bl DM (65 pS pss 5 LN SDLae
Lo s 55 Jolin sms (SLEIer Wlos 57 2018 Slalllae
0305l 5 055l e O (S5 58 by plasil 6l 2
Todizn (63,8 5 0 o3 5 L e DU S (ol s s
CANL; Oals J.a 5B S sl plas L = sl ol s b @L‘J
5 JB skl g Jeaie Cas SBT 5 s ST s
(e 33 305 0230l Jool 3 sy ol el il sl
o LSBT S l0ss sl e 555 0 3305
S 3 S o Jlab 1) ahze &G (635,5 T 51 LSS &S cl
GOs,y G55 5 s I lis Cov 1) Cus ST &
585535 Ojr & Sosb 4 A8 o Jb |y L ST S~
Ty (Ko (S 28 Sl 4 (S 05 Sl
= ol J):.:f WJolw 55 J:J: S cils oledl Olg oo cnlply
5513k Gl Lol L S e Wil or 55 O (5 5 L
ok 5l nsd b anlllae (sla e o Lo iie pl oy p 45 A
5 b ST s (pee oA 5> Vpere K
238 Jo 55 58 o Jb Gsben 55k 4 515 G ST

Sl 1 Gas ST 5 s T laigr oliles

(AY (o2 55 2) Y o )lond / YO 295 / VEY smly [ (555 (Suijy pole oKl alzxo

S Jete (2o 5 (I e Oae e @A@\v,»

\:—JL> 4 C_ar««; )‘JJ}M Uy ‘}‘ oalaiw! 6L¢¢JL> 4....1&:: B
azals 6 ls gme Sl LT 5 31 6,850 56 53 e Ol
SMas Hls S s.pL.U‘..A s Ol g awslin (P<e/0Y9)
o S ekl e 3 S Jeeks (0 s s
O ol 4Bl 15 e s S 4 S 1) s
G 03l s 3 o3lizal (g 5 (6 )ls sme (s LT o slis
(P /NF) Cals sy ST wle 6 5w p Osb Sl @
e o oElen Olgn o3le s p 3l e3liul oa &S (55 sbons
P Jgder) Cals ol 530 ¢ 039 Sl 4 S

<on

)JQGA‘J@&WUA@(VAMJJM@I@UQ«?}?Q
€3, ol gme Dl s 05 5 b Gl 55 Oy 95
osb 4 S Gl SB s S5 fade egee oLl L
L3l aalsT (g ls s

S b ol (K S5 Jale 53 poses oLl Bl
oLl (S B LS sogb 4 il ol en fads
S Wlos S GE Sllllas 5y cpl 5l Mg e b Jade
Tl S 03y e e el (S S e GBS o



5985 4 Yo 51550 13 915 b o bl (3T 3l » I Slugsa¥sS15 oyt £ 93 1/ 1Y

01950 59 510 g J1,5 Luogua¥ 9515 (gt 12 b 9 00bw J1,S Lo guo¥ 5157 (s 32 b gt 2 (9o Bliin (I )0 (95 (o Uy g0 o (g yguicinsS T g (5 ) guusld 510 Cugr (LSLIn 1 ¥ Jguar

598 4 Miw
P-value S il Gl ol g 5 Skes clasls s odbas e
S Coge a ‘: ML‘“ o ‘l: wf o w:i“ww Hil’ S ygeien a2 ool o O3 il
IO o IO o= R
- IFYY < /YYY <IY\F# /Oy VOY/OF£EY/YE ANATRAE=4ving VOA/FOEYF/04 GrS b
ARG <[fYY DARAE +IAQY VEVIVYEP SN A ARG VARER SYVNA VEVID-£0Y/VE 51 sl )
-1FYa RIAAR AR AR S OV/YYEVOY/AY YY/av+ f- /80 YAFFENYA/YY ool Jo ke et
</fYY +/¥a-. AN <I\AY Af/77EYOY/A4 VYF/IA-£YYEIFA \RIAREA R 7ia Olwss

O30 33 310y guuins JI1 35 Lsgua¥ o515 (s 32 b 9 00bwr J1 S Lrgua¥ o515 (s 32 b o 32 399 ilidio S l> 55 (9 (o 8il) e (o 2)l5 9 (SIS (g SBlae HIs gz (LSLiilen : F Joux

598 4 M
P-value 3 laslisl Gl il g oKk
) s o Glogls o edlae el
Losbs b o O o Os S "
S ) . Iy 2 ool 2 o O e
Syt o 52 ISy o 32 ool (p b

o[ AY IvVE ey NEY VSV AAETIAS! AR Y SR JTH
R oY NS Y VY e /5 V/EEL /59 Ny 151 ailes

b g Jaio
SYA- YN Y S EVY NAGESVA SIOYEVNE YSEVIYS ools »
“[E5A N oY SN VYOV /E NIXEAL SEVEVY - s

Osbig! Jsb 3 ol OMde 3ledls I bee oy 5T gl
S5 ol STl dasd o a4 Sl S ST 3 503 03l
2 Gl Sl ol adles m Mas oSS
O 55 i gy pmiznST| 5 (6)5uS ls g 5Ll
ALal S Ws S 5,18 01,8 5 Hirokawa bty cpl s sl
Lo aols gl Ob bis o b6 51 6Ky faen SOMae
Ol gzl Jsls i o g ol o 3 i olwls 51 6,8 gl
2l 6 blie LUy ¢l 1, S5 3,Shes 5 Sy
G378 Olays & &y fen 58 0l & () sb 4 A4S e
Oloys 53 LSS 5 o &S axals Oledl ObT cpl b .ol
Olsie & s o bly ol hyls lagls <115 bl
Olys Ol a5 by e i Sla iy Gl p S Oleys &S
ol s b me 53 48 YL s Shee b 0LIK8 5,5 s @l i
o) 3178 e 15 eslimal 340 603 Ll 5 SLKY glacanT
S W3S )F adles K s 0L 5 Kyrbldinen s,
75 JB osbe Wl K nn S ez G508 Sl
2 e e B Cas ST SlEles 50
WT o ol & Candly cpl b ol s (8 mnn LG
IR B o DLy L I er Ol a1 OT i )
Sk 4 e Ol 53 fse Oleys Olsie 4 Ll e tAa3 e
e Kb 517,815 eslinul 5y 5e sl s by
IS pde ol Gy s Dler OOlas Sl S e
53 I 015 e 1, 0T e 5358 0ss (b gl a8 4l
dae (G jeler SMas 058 il SMlas Kl

il Doy A e s SBgs dlae 5 F'f (Sl s

Sl skiE ol Sl DA 5 s kiS5l Sl
osba Sy SLEles S Sl pl p slizel Pk ph s b
,&xsguxg;luw@@%@)uﬂufymm
S5 s S5 s dbime 3 Jumde IS I 6,8 s
1 Lol AL s |y S ol WIS o 55 s gee (ALl TS
FAem RS b 5l S Sl 53 0T 03 g b
s I hade NS el s o ol (S 5 ol
Salph S Cal sk jasda Sl ases Sliles
oo & s 5| DLSLEI 55 415 sl 5 st glaskeS
S
5 5 g LolEl s s gme sl sl anlllas o
ool UK laddllas 53 A edalin 1) Juads o)l
JSE o5 55 ol pen Jlysadshely o 50T sl OUS S L 515
2 Vash e ol Sl 5T gl Sl bdes usjly ks
SKaleal ugyls 4 Maw slagly OLKes 5 Gross aslas
1 5 SEEST T 5V g5t o8 by Ole3l T s
Sl 3l s ol ol e Hlew (sloos 5 3 313l aes 53 Sl sl @
ol L oS ™5 00 e sdalia LT 55 515 s (SHlae )l
Sl bl cbe addllas 53 ST gy 4 g swenl Lo andlls
ol M Jlea slagesilSe 51 (S il (gl s
4 il boaadlles )y oS S5 S A1 WIS o ams Dol
31314 o 15 T gl Lol 3 o iy Sl (it 7 55 b
Ko (S5 5 sl ansls Sglie jlaw S 58 5508 (sl
5203 S s dlg e b e Sl Jles ‘w_sli‘ 5
o M Ohley Gladlas 55 K5 Db sl aslles

(AY o2 55 (2) Y ojlowi / YO 0y93 [ VEY sl [ 5,5 (SKijy eole olRuils alzxo



YV 1 5583055 shm o ol 555 5 (5341 o 5l Ve

ol 5 e o o Shes el 5y Slales PAKIMa
ol G ST gLt LS oiasolis  (Seust 51 g ks
23 3l e BT s ST SLEI oo 51531 L Ole o oS
LS o W Oy Ky et 4 slgr dlde CJlab o does
Olojer (ludls KL 1) Kaws 4 bye s Julge &
B P S PRI I N E g S FRCR TS
3 2l Sl eslial Calie lacdl s DMl oLl s
b5 Jpames &5 onlinal &7 (6y5b 4 ol Sgline Jolus
Ol oo adllas opl Cusgdoes 1Vl Sglite oo J guaes
o 3 gt 3l eslitel (SOl gy Ol s pde
S smop s 5 Oy By oy a5l s by S -
23 305 0 L3l ey p Sleslizal ke Y b

& 5 dom

2 IS SIS ey oS sl Ol adlas ol s
N Ohlos 53y o 5 515 Joolin Sl 5 a0 ALEIen
23 35 m8 ALl oa I S 4 )8 o 150
o g o3l w5l eslatel Ol pein s 5l eslazul o
AU s 5 Jhade (psee (Ll A 4 g b s o
oslizal & 58 Ole3l Ol b o Jade Hlalgr oSl
s b DU JAS ol 3 03 LIS e S e V5B
B g 15 0 o

S8 9 KIS

Jsl (gl 93bT Jo Ol 39s (5T 4l OLL ol las o
oMils I s SOy a3 Ayl elid ) ey
adllas 53 oSS L0 Olbgls b g syl i
53 Bl oyl 68 OB L5 ) Sl Sl
A s

References

1. Vaughn DW, Brown EW. The influence of an in-home based
therapeutic exercise program on thoracic Kkyphosis angles.
Journal of Back and Musculoskeletal Rehabilitation. 2007;
20(4): 155-65. doi: 10.3233/BMR-2007-20404.

2. Nitzschke E, Hildenbrand M. [Epidemiology of kyphosis in
school children]. Z Orthop lhre Grenzgeb. 1990 Sep-Oct;
128(5): 477-81. doi: 10.1055/s-2008-1039600. [Article in
German]

3. Bartynski WS, Heller MT, Grahovac SZ, Rothfus WE, Kurs-
Lasky M. Severe thoracic kyphosis in the older patient in the
absence of vertebral fracture: association of extreme curve with
age. AJNR Am J Neuroradiol. 2005 Sep; 26(8): 2077-85.

4. Jafarnezhadgero AA, Piran Hamlabadi M. [Effect of Simple and
Sensor Thoracolumbosacral Braces on Electromyography
Activity of Selected Muscles in Patients with Kyphosis during
Running]. J Gorgan Univ Med Sci. 2022; 24(2): 24-30. [Article
in Persian]

5. Piran Hamlabadi M, Jafarnezhadgero AA, Anoushirvani S. A
preliminary design of new corrective and wireless thoracolumbar
bracing for individuals with functional thoracolumbar kyphosis.

(AY (o2 55 2) Y o )lond / YO 295 / VEY smly [ (555 (Suijy pole oKl alzxo

do o Sl 55 SV ol Sl Sy mils 6 S Sl
313 i L eles ilweslel 55 ege L O g b Oluy
3 Sas (gl OMae (giledl iy d e 53 0y sk @
5o GBI 35 Sl oSl el Ao 55 ks
B frar I bt s Shas 22l 5 Gl g sl
o) 53 Ky peen M b AT g, nl s
Blo sk & 55 Db J 25 Gl p5Y (55,5 Sl Lol d e
2435 it Sl 55 JS b Mol e L s
5 55 Jeaie 5y Cand Wy 3l eslimel 1 sy,
Ol itz 3 o3lizal o8 ol ot 5,18 O¥Lae SLdlea
Jr el s b Ollas @u”.,m@ Sl 1y a5l L
(Pl sba HE ples S Sl Ol s SslE pe
aadllas ol 5o Ll ued 53 . Cnl gunanl 515 SM2s L&l
B 5 e g bl Sl o S UE cdaliv
S5 0o (b p 05 5 b bl 5o (olagme Dl
S eslizul el 5 Mae Sl I 4 o) sba sl
HB 655k 56 55 g O S o Sl s o
Gl s g BB il Ks b g edalis
51 als 56 53w p O3k Sl 4 Cand 03l w1 03l
S10lse b landlas 53 0, SKes sdaSilva s, cpl 5l.s i
b3 B oy OBde (LSLEI s (Dde - (pmae Dby
S LS IS SR s 6l SlLEl b ol
sk 53 5 (Il sl 3l s (s 5 s gy SBLae (s3ledles
Oledl cpiomen T il o> o Sy 5 39 alin op s
};LA;‘LH}Q@JAJJ&{}J?;&‘JA)JQ}LEru\.ﬁi{u\}};
b las Mol haie DU Li sl ol el &S Lo L
5 Watanabe asJlae 5 T"Nussbaum 5 VYassierli asilas =k

Journal of Advanced Sport Technology. 2019; 3(1): 33-36.

6. Hazebroek-Kampschreur AA, Hofman A, van Dijk AP, van
Linge B. Prevalence of trunk abnormalities in eleven-year-old
schoolchildren in Rotterdam, The Netherlands. J Pediatr Orthop.
1992 Jul-Aug; 12(4): 480-84. doi: 10.1097/01241398-
199207000-00012.

7. Griegel-Morris P, Larson K, Mueller-Klaus K, Oatis CA.
Incidence of common postural abnormalities in the cervical,
shoulder, and thoracic regions and their association with pain in
two age groups of healthy subjects. Phys Ther. 1992 Jun; 72(6):
425-31. doi: 10.1093/ptj/72.6.425.

8. Cutler WB, Friedmann E, Genovese-Stone E. Prevalence of
kyphosis in a healthy sample of pre- and postmenopausal
women. Am J Phys Med Rehabil. 1993 Aug; 72(4): 219-25. doi:
10.1097/00002060-199308000-00009.

9. Sran MM, Khan KM, Zhu Q, McKay HA, Oxland TR. Failure
characteristics of the thoracic spine with a posteroanterior load:
investigating the safety of spinal mobilization. Spine (Phila Pa
1976). 2004 Nov; 29(21): 2382-88. doi:
10.1097/01.brs.0000143110.59837.f2.


https://content.iospress.com/articles/journal-of-back-and-musculoskeletal-rehabilitation/bmr00163
https://content.iospress.com/articles/journal-of-back-and-musculoskeletal-rehabilitation/bmr00163
https://doi.org/10.3233/BMR-2007-20404
https://pubmed.ncbi.nlm.nih.gov/2147337/
https://pubmed.ncbi.nlm.nih.gov/2147337/
https://doi.org/10.1055/s-2008-1039600
https://pubmed.ncbi.nlm.nih.gov/16155162/
https://pubmed.ncbi.nlm.nih.gov/16155162/
https://pubmed.ncbi.nlm.nih.gov/16155162/
http://goums.ac.ir/journal/article-1-3881-en.html
http://goums.ac.ir/journal/article-1-3881-en.html
http://goums.ac.ir/journal/article-1-3881-en.html
http://goums.ac.ir/journal/article-1-3881-en.html
https://jast.uma.ac.ir/article_805.html
https://jast.uma.ac.ir/article_805.html
https://jast.uma.ac.ir/article_805.html
https://pubmed.ncbi.nlm.nih.gov/1613091/
https://pubmed.ncbi.nlm.nih.gov/1613091/
https://doi.org/10.1097/01241398-199207000-00012
https://doi.org/10.1097/01241398-199207000-00012
https://pubmed.ncbi.nlm.nih.gov/1589462/
https://pubmed.ncbi.nlm.nih.gov/1589462/
https://pubmed.ncbi.nlm.nih.gov/1589462/
https://doi.org/10.1093/ptj/72.6.425
https://pubmed.ncbi.nlm.nih.gov/8363818/
https://pubmed.ncbi.nlm.nih.gov/8363818/
https://pubmed.ncbi.nlm.nih.gov/8363818/
https://doi.org/10.1097/00002060-199308000-00009
https://pubmed.ncbi.nlm.nih.gov/15507799/
https://pubmed.ncbi.nlm.nih.gov/15507799/
https://pubmed.ncbi.nlm.nih.gov/15507799/
https://pubmed.ncbi.nlm.nih.gov/15507799/
https://doi.org/10.1097/01.brs.0000143110.59837.f2

598415 & Yo 0f30 13 915 9 b o bolie 3UEIR e 1S Lageo¥s51,5 it 9550 511 T &

10. Piran Hamlabadi M, Jafarnezhadgero AA, Anoushirvani S.
[The effect of two types of thoracolumbosacral braces on
electromyography activity and pain index in patients with low
back pain during walking]. JAP. 2021; 12(1): 1-10. [Article in
Persian]

11. Jafarnezhadgero AA, Piran Hamlabadi M, Valizadeh Orang A.
A Preliminary Design of New Kyphosis Backpack with the
Ability to Show Pressure and Maintain the Curvature of the
Spine. Journal of Advanced Sport Technology. 2020; 4(2): 76-
82.

12. Jafarnezhadgero AA, Piran Hamlabadi M. [The effect of 8
sessions of Thera-band exercises on the joint position sense of
the knee and ankle in diabetic patients with osteoarthritis of the
knee]. JAP. 2021; 12(1): 31-43. [Article in Persian]

13. Twomey LT. A rationale for the treatment of back pain and
joint pain by manual therapy. Phys Ther. 1992 Dec; 72(12): 885-
92. doi: 10.1093/ptj/72.12.885.

14. Jafarnezhadgero A, Piran Hamlabadi M, Noorian E. [Effect of
Two Types of Thoracolumbosacral Brace (With and Without
Sensors) on Electromyography Activity of Selected Muscles in
People With Thoracic Kyphosis During Typing]. The Scientific
Journal of Rehabilitation Medicine. 2023; 12(2): 218-29. doi:
10.32598/SJIRM.12.2.2. [Article in Persian]

15. Emami S, Jafarnezhadgero AA, Piran Hamlabadi M. [The
effect of knee orthosis on co-contraction values of knee and
ankle muscles during running in people with knee deformity in
the frontal plane]. WRN. 2022; 8(4): 76-87. doi:
10.22034/1JRN.8.4.76. [Article in Persian]

16. Lloyd DG, Buchanan TS. Strategies of muscular support of
varus and valgus isometric loads at the human knee. J Biomech.
2001 Oct; 34(10): 1257-67. doi: 10.1016/s0021-9290(01)00095-
1.

17. Jafarnezhadgero AA, Piran Hamlabadi M, Anvari M, Zago M.
Long-term effects of shoe mileage on knee and ankle joints
muscle co-contraction during walking in females with genu
varus. Gait Posture. 2021 Sep; 89: 74-79. doi:
10.1016/j.gaitpost.2021.07.004.

18. Heiden TL, Lloyd DG, Ackland TR. Knee joint kinematics,
kinetics and muscle co-contraction in knee osteoarthritis patient
gait. Clin Biomech (Bristol, Avon). 2009 Dec; 24(10): 833-41.
doi: 10.1016/j.clinbiomech.2009.08.005.

19. Mirzaie Z, Seidi F, Rajabi R, Khoshro F. [The effectiveness of
an eight week exercise program on lumbopelvic stability of
women with lumbar hyperlordosis deformity]. Journal for
Research in Sport Rehabilitation. 2019; 6(12): 1-10. DOI:
10.22084/rsr.2019.5141.1065.

20. Piran Hamlabadi M, Jafarnezhadgero AA. [Effect of Simple
and Sensori Thoracolumbosacral Braces on Gait Kinetics in Low
Back Pain Patients]. J Gorgan Univ Med Sci. 2022; 24(1): 53-
59. [Article in Persian]

21. Page Ph, Frank CC, Lardner R. Assessment and Treatment of
Muscle Imbalance: The Janda Approach. 1% ed. Champaign:
Human Kinetics. 2009; pp: 25-27.

22. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G.
Development of recommendations for SEMG sensors and sensor
placement procedures. Journal of Electromyography and
Kinesiology. 2000; 10(5): 361-74.

23. Pamukoff DN, Lewek MD, Blackburn JT. Greater vertical
loading rate in obese compared to normal weight young adults.
Clin Biomech (Bristol, Avon). 2016 Mar; 33: 61-65. doi:
10.1016/j.clinbiomech.2016.02.007.

24. Willwacher S, Goetze |, Fischer KM, Briiggemann GP. The
free moment in running and its relation to joint loading and
injury risk. Footwear Science. 2016; 8(1): 1-11. doi:

10.1080/19424280.2015.1119890.

25. Fauth ML, Petushek EJ, Feldmann CR, Hsu BE, Garceau LR,
Lutsch BN, et al. Reliability of surface electromyography during
maximal voluntary isometric contractions, jump landings, and
cutting. J Strength Cond Res. 2010 Apr; 24(4): 1131-37. doi:
10.1519/JSC.0b013e3181cc2353.

26. Murley GS, Landorf KB, Menz HB, Bird AR. Effect of foot
posture, foot orthoses and footwear on lower limb muscle
activity during walking and running: a systematic review. Gait
Posture. 2009 Feb; 29(2): 172-87. doi:
10.1016/j.gaitpost.2008.08.015.

27. Konard P. The ABC of EMG: A Practical Introduction to
Kinesiological Electromyography. Version 1.0. Noraxon Inc.
USA. 2005.

28. Asim HM, Qayyum A, Hashim JA. Leg length discrepancy; the
reliability of tape measure method. Professional Med J. 2013;
20(6): 995-98.

29. Tal-Akabi A, Steiger U, Villiger PM. Neuromuscular
adaptation to early post-operative, high-intensity, short
resistance training of non-operated lower extremity in elderly
patients: a randomized controlled trial. J Rehabil Med. 2007
Nov; 39(9): 724-29. doi: 10.2340/16501977-0116.

30. Anbarian M, Sepehrian M, Nazem F, Hajiloo B. [The Effect of
Pedaling and Fatigue on Changes of Knee Muscles Co-
contraction During Running in Triathletes]. J Sport Biomech.
2015; 1(1): 5-13. [Article in Persian]

31. Esmaeili H, Anbarian M, Hajiloo B, Sanjari MA. The
immediate effect of foot insole on electromyography activity and
co-contraction of leg muscles in individuals with flat feet.
Journal of Research in Rehabilitation Sciences. 2013; 9(2): 295-
307.

32. Rubenstein LZ. Falls in older people: epidemiology, risk
factors and strategies for prevention. Age Ageing. 2006 Sep; 35
Suppl 2: ii37-ii41. doi: 10.1093/ageing/afl084.

33. Di Nardo F, Mengarelli A, Maranesi E, Burattini L, Fioretti S.
Assessment of the ankle muscle co-contraction during normal
gait: a surface electromyography study. J Electromyogr Kinesiol.
2015 Apr; 25(2): 347-54. doi: 10.1016/j.jelekin.2014.10.016.

34. Hansen S, Hansen NL, Christensen LO, Petersen NT, Nielsen
JB. Coupling of antagonistic ankle muscles during co-
contraction in humans. Exp Brain Res. 2002 Oct; 146(3): 282-
92. doi: 10.1007/s00221-002-1152-3.

35. Schipplein OD, Andriacchi TP. Interaction between active and
passive knee stabilizers during level walking. J Orthop Res.
1991 Jan; 9(1): 113-19. doi: 10.1002/jor.1100090114.

36. Zhang LQ, Xu D, Wang G, Hendrix RW. Muscle strength in
knee varus and valgus. Med Sci Sports Exerc. 2001 Jul; 33(7):
1194-99. doi: 10.1097/00005768-200107000-00018.

37. Jafarnezhadgero AA, Oliveira AS, Mousavi SH, Madadi-Shad
M. Combining valgus knee brace and lateral foot wedges
reduces external forces and moments in osteoarthritis patients.
Gait Posture. 2018 Jan; 59: 104-10. doi:
10.1016/j.gaitpost.2017.09.040.

38. Gross KD, Niu J, Stefanik JJ, Guermazi A, Roemer FW,
Sharma L, et al. Breaking the Law of Valgus: the surprising and
unexplained prevalence of medial patellofemoral cartilage
damage. Ann Rheum Dis. 2012 Nov; 71(11): 1827-32. doi:
10.1136/annrheumdis-2011-200606.

39. Heiden TL, Lloyd DG, Ackland TR. Knee joint kinematics,
kinetics and muscle co-contraction in knee osteoarthritis patient
gait. Clin Biomech (Bristol, Avon). 2009 Dec; 24(10): 833-41.
doi: 10.1016/j.clinbiomech.2009.08.005.

40. Hirokawa S, Solomonow M, Luo Z, Lu Y, D'Ambrosia R.

(AY o2 55 (2) Y ojlowi / YO 0y93 [ VEY sl [ 5,5 (SKijy eole olRuils alzxo


http://jap.iums.ac.ir/article-1-5539-en.html
http://jap.iums.ac.ir/article-1-5539-en.html
http://jap.iums.ac.ir/article-1-5539-en.html
https://jast.uma.ac.ir/article_1032.html
https://jast.uma.ac.ir/article_1032.html
https://jast.uma.ac.ir/article_1032.html
http://jap.iums.ac.ir/article-1-5555-en.html
http://jap.iums.ac.ir/article-1-5555-en.html
http://jap.iums.ac.ir/article-1-5555-en.html
http://jap.iums.ac.ir/article-1-5555-en.html
https://pubmed.ncbi.nlm.nih.gov/1454864/
https://pubmed.ncbi.nlm.nih.gov/1454864/
https://doi.org/10.1093/ptj/72.12.885
https://medrehab.sbmu.ac.ir/article_1101379.html?lang=en
https://medrehab.sbmu.ac.ir/article_1101379.html?lang=en
https://medrehab.sbmu.ac.ir/article_1101379.html?lang=en
https://medrehab.sbmu.ac.ir/article_1101379.html?lang=en
http://dx.doi.org/10.32598/SJRM.12.2.2
http://ijrn.ir/article-1-681-en.html
http://ijrn.ir/article-1-681-en.html
http://ijrn.ir/article-1-681-en.html
http://ijrn.ir/article-1-681-en.html
http://dx.doi.org/10.22034/IJRN.8.4.76
https://pubmed.ncbi.nlm.nih.gov/11522305
https://pubmed.ncbi.nlm.nih.gov/11522305
https://doi.org/10.1016/s0021-9290(01)00095-1
https://doi.org/10.1016/s0021-9290(01)00095-1
https://pubmed.ncbi.nlm.nih.gov/34246175/
https://pubmed.ncbi.nlm.nih.gov/34246175/
https://pubmed.ncbi.nlm.nih.gov/34246175/
https://doi.org/10.1016/j.gaitpost.2021.07.004
https://pubmed.ncbi.nlm.nih.gov/19765867/
https://pubmed.ncbi.nlm.nih.gov/19765867/
https://pubmed.ncbi.nlm.nih.gov/19765867/
https://doi.org/10.1016/j.clinbiomech.2009.08.005
https://rsr.basu.ac.ir/m/article_2716.html
https://rsr.basu.ac.ir/m/article_2716.html
https://rsr.basu.ac.ir/m/article_2716.html
https://doi.org/10.22084/rsr.2019.5141.1065
http://goums.ac.ir/journal/article-1-3934-en.html
http://goums.ac.ir/journal/article-1-3934-en.html
http://goums.ac.ir/journal/article-1-3934-en.html
https://www.infona.pl/resource/bwmeta1.element.elsevier-bdf686b1-e718-3a62-96b4-aa757860d38c
https://www.infona.pl/resource/bwmeta1.element.elsevier-bdf686b1-e718-3a62-96b4-aa757860d38c
https://pubmed.ncbi.nlm.nih.gov/26952204/
https://pubmed.ncbi.nlm.nih.gov/26952204/
https://doi.org/10.1016/j.clinbiomech.2016.02.007
https://www.tandfonline.com/doi/abs/10.1080/19424280.2015.1119890
https://www.tandfonline.com/doi/abs/10.1080/19424280.2015.1119890
https://www.tandfonline.com/doi/abs/10.1080/19424280.2015.1119890
https://doi.org/10.1080/19424280.2015.1119890
https://pubmed.ncbi.nlm.nih.gov/20179648/
https://pubmed.ncbi.nlm.nih.gov/20179648/
https://pubmed.ncbi.nlm.nih.gov/20179648/
https://doi.org/10.1519/jsc.0b013e3181cc2353
https://pubmed.ncbi.nlm.nih.gov/18922696/
https://pubmed.ncbi.nlm.nih.gov/18922696/
https://pubmed.ncbi.nlm.nih.gov/18922696/
https://doi.org/10.1016/j.gaitpost.2008.08.015
https://applications.emro.who.int/imemrf/Professional_Med_J_Q/Professional_Med_J_Q_2013_20_6_995_998.pdf
https://applications.emro.who.int/imemrf/Professional_Med_J_Q/Professional_Med_J_Q_2013_20_6_995_998.pdf
https://pubmed.ncbi.nlm.nih.gov/17999011/
https://pubmed.ncbi.nlm.nih.gov/17999011/
https://pubmed.ncbi.nlm.nih.gov/17999011/
https://pubmed.ncbi.nlm.nih.gov/17999011/
https://doi.org/10.2340/16501977-0116
http://biomechanics.iauh.ac.ir/article-1-27-en.html
http://biomechanics.iauh.ac.ir/article-1-27-en.html
http://biomechanics.iauh.ac.ir/article-1-27-en.html
https://jrrs.mui.ac.ir/ojs/index.php/jrrs/article/view/141/article_16694.html
https://jrrs.mui.ac.ir/ojs/index.php/jrrs/article/view/141/article_16694.html
https://jrrs.mui.ac.ir/ojs/index.php/jrrs/article/view/141/article_16694.html
https://pubmed.ncbi.nlm.nih.gov/16926202/
https://pubmed.ncbi.nlm.nih.gov/16926202/
https://doi.org/10.1093/ageing/afl084
https://pubmed.ncbi.nlm.nih.gov/25465985/
https://pubmed.ncbi.nlm.nih.gov/25465985/
https://doi.org/10.1016/j.jelekin.2014.10.016
https://pubmed.ncbi.nlm.nih.gov/12232685/
https://pubmed.ncbi.nlm.nih.gov/12232685/
https://doi.org/10.1007/s00221-002-1152-3
https://pubmed.ncbi.nlm.nih.gov/1984041/
https://pubmed.ncbi.nlm.nih.gov/1984041/
https://doi.org/10.1002/jor.1100090114
https://pubmed.ncbi.nlm.nih.gov/11445768/
https://pubmed.ncbi.nlm.nih.gov/11445768/
https://doi.org/10.1097/00005768-200107000-00018
https://pubmed.ncbi.nlm.nih.gov/29028621/
https://pubmed.ncbi.nlm.nih.gov/29028621/
https://doi.org/10.1016/j.gaitpost.2017.09.040
https://pubmed.ncbi.nlm.nih.gov/22534825/
https://pubmed.ncbi.nlm.nih.gov/22534825/
https://pubmed.ncbi.nlm.nih.gov/22534825/
https://doi.org/10.1136/annrheumdis-2011-200606
https://pubmed.ncbi.nlm.nih.gov/19765867/
https://pubmed.ncbi.nlm.nih.gov/19765867/
https://pubmed.ncbi.nlm.nih.gov/19765867/
https://doi.org/10.1016/j.clinbiomech.2009.08.005

Y0 1 58a035sm o ol 555 5 (5341 o 5l Ve

Muscular co-contraction and control of knee stability. J
Electromyogr Kinesiol. 1991 Sep; 1(3): 199-208. doi:
10.1016/1050-6411(91)90035-4.

41. Kyréldinen H, Belli A, Komi PV. Biomechanical factors
affecting running economy. Med Sci Sports Exerc. 2001 Aug;
33(8): 1330-37. doi: 10.1097/00005768-200108000-00014.

42. Savage DD, Garrison RJ, Devereux RB, Castelli WP,
Anderson SJ, Levy D, et al. Mitral valve prolapse in the general
population. 1. Epidemiologic features: the Framingham Study.
Am Heart J. 1983 Sep; 106(3): 571-76. doi: 10.1016/0002-
8703(83)90704-4.

43. da Silva CR, de Oliveira Silva D, Aragdo FA, Ferrari D, Alves
N, de Azevedo FM. Influence of neuromuscular fatigue on co-
contraction between vastus medialis and vastus lateralis during

(AY (o2 55 2) Y o )lond / YO 295 / VEY smly [ (555 (Suijy pole oKl alzxo

isometric contractions. Kinesiology. 2014; 46(2): 179-85.

44. Yassierli Y, Nussbaum MA. Utility of traditional and
alternative EMG-based measures of fatigue during low-moderate
level isometric efforts. J Electromyogr Kinesiol. 2008 Feb;
18(1): 44-53. doi: 10.1016/j.jelekin.2006.08.003.

45. Watanabe K, Akima H. Neuromuscular activation of vastus
intermedius muscle during fatiguing exercise. J Electromyogr
Kinesiol. 2010 Aug; 20(4): 661-66. doi:
10.1016/j.jelekin.2010.01.003.

46. Anbarian M, Hajiloo B, Sepehrian M, Sadeghi S, Esmaieli H.
[The Effect of Quadriceps Fatigue on Co-Activation of Knee
Muscles during Walking]. Jundishapur Scientific Medical
Journal. 2015; 14(3): 309-21. [Article in Persian]


https://pubmed.ncbi.nlm.nih.gov/20870510/
https://doi.org/10.1016/1050-6411(91)90035-4
https://pubmed.ncbi.nlm.nih.gov/11474335/
https://pubmed.ncbi.nlm.nih.gov/11474335/
https://doi.org/10.1097/00005768-200108000-00014
https://pubmed.ncbi.nlm.nih.gov/6881031/
https://pubmed.ncbi.nlm.nih.gov/6881031/
https://doi.org/10.1016/0002-8703(83)90704-4
https://doi.org/10.1016/0002-8703(83)90704-4
https://hrcak.srce.hr/file/194793
https://hrcak.srce.hr/file/194793
https://hrcak.srce.hr/file/194793
https://pubmed.ncbi.nlm.nih.gov/17052918/
https://pubmed.ncbi.nlm.nih.gov/17052918/
https://pubmed.ncbi.nlm.nih.gov/17052918/
https://doi.org/10.1016/j.jelekin.2006.08.003
https://pubmed.ncbi.nlm.nih.gov/20133154/
https://pubmed.ncbi.nlm.nih.gov/20133154/
https://doi.org/10.1016/j.jelekin.2010.01.003
https://jsmj.ajums.ac.ir/article_47080.html?lang=en
https://jsmj.ajums.ac.ir/article_47080.html?lang=en

