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Effect of knee extension force reduction induced by fatigue on muscle co-
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Abstract

It is necessary to examine the changes of muscle co-contraction in different percent of fatigue-induced force
reduction. The present study aims to investigate the effect of fatigue-induced force reduction of knee
extension on muscle co-contraction. Ten healthy and active women aged 26.10+2.99 years performed
fatigue protocol including 5 seconds of maximal voluntary isometric contraction (MVIC) of the knee extension
and a 5-second rest. Muscle co-contraction was calculated for each subject in the repetitions in which the
MVIC force was reduced by 10, 20, 30, 40 and 50% as compared to the pre-fatigue MVIC force. Knee
extension force and muscle activity measured by Isokinetic and electromyography apparatus, respectively.
The difference between co-contraction of vastus lateralis and medialis in different percentages of force
reduction was not statistically significant. The co-contraction of rectus femoris and biceps femoris increased
by 40 and 50% of force reduction compared to pre-fatigue co-contraction (P<0.01). Co-contraction of biceps
femoris and vastus lateralis increased by 20, 30, and 40%, as well as co-contraction of biceps femoris and
vastus medialis increased 40% of the force reduction, compared to pre-fatigue co-contraction (P <0.05). The
results, overall, showed that the change of co-contraction during fatigue is influenced by the selected muscle
and the rate of force reduction. This finding can help researchers decide how neuromuscular fatigue effects
on muscle co-contraction

keywords: Muscle force, Electromyography, Fatigue, Co-contraction

*Lighazale@gmail.com



S S-ERK RN o PP PYNCICIE J P

doio

SOhas (S (V) Cl 3555 S > 5 Slar slaclad plol 80a Jsliie 4o S S
o SSosbas opd s s S Sl el e (V) (S (650 5 Ol b b Rl Ol pea,
S o S ikitns Olaizes (V) Aol o5l A5 e a5 e Slolil Saes b
() s 53550 S o (gl 536 Ko ahiae 81 U il o im0 55y o sbos e
Slasly g plas ol (655 50 (S (V) 5505 s 5 6550 Lie (Koot dias oo 0L Slallas
S e s sl (55 e (Saes 5 el gl 5 VL 5 gl w4 b e (S5
Ol (b 5 ol ol ol a0 by e 30 e Sar (7)) Al o oS S > sladss
lredasdiml Jols Jases Saest 3 855 Jelge (7)) Wb o 288 Dlas bt slsl o,
e Do g pe 5l S (o (1) Wies LB o5 58 5 Jas Jeeily ol (Gde— e
otz O St 50 Slides ) 3 &S ege Gl pite akes ) oSS Slidss o
(Jrate SLbI s ST 5 s ST OMae Dlajps Jos a0 (8) Sl ' GDlae SLEI oa b S5
58 e J S o e Sla(sh e S0 dilen & oLl 0a (0) 35 e S L o
o5 55 Geomed 5 (V) 08 > oL Juate o hhade sk 53 5L OLSy 555 50 (V)
&‘)[Sjwip'u.]j‘)bgg}kbckwjzC)MJéw(rﬁdf;sMbL;aQLiJLaw)ﬁ.b)b&s)k«b(/\)
ol olil oa il e S1aSsssba 3sls U Maem Sl ol 555 pde pomen 5 S >
G el 5 () ke sla o 55 4 e il o Ll 355 e 3T 3500 5 ke S5 138
S Olgsa oLl wn 5 (S5 s5 it K Olgea (S g des oo w355 (V1) (55
WSl e (V) dites pae 0t J 2S5 G50 S s 8 O 35l gy BT 63 e s
3o 5n soen 35 OF=1) 1) Wlassls Sl Lol a5 Koot 36 oy & Olies 51 5
(e e gt 3 Shes kS 5 (St boaxlps o &S ol pl S Ol (55 ol
(Rl b Ol ki b3S dalyt s OF Ol s 53 5 8 5,13 36 o oLl on 28
b SRl b e S LIS RS iamen 5 s Sl Slanl Lo 8 oSl ez
e ila sy SLEl wa (Kot 36 s a6 Slii S oS ol pl Coanl e 4K
(ak?,.}\&;-d}My@l@ﬂﬁgmﬁéMJJQWQ@ij@uéé)}bp.w\
O8N 35d 0 o b

crl 53 O ) s e (2l 1) oLl oa Ol (Saes cdilandls Hlgbl Oliioes (5 5 03 (S5
2l (23l e 3L (8) 5,0 5,8T ae SLEl ea  (Soest 65 55 0l (505 Gime Olis

Of e oMae oLil oa o 6 e 00 asin b aS| oy cl r DS de Sl

1. Muscle co-contraction 2. Muscle synergy

"



VP Ol g 5le o) oplad esld 5 (B5ys b s eyl

Sl 55 Al (OMae anb SLEl va 0S slazel 51 S0 S L el s (side SledUb|
oo s St 8l eg e s sl Slidd G35 ) sl e 4 OS5 2ds S
5 odoslizal b g3 ga3l 05 505 st (gl slite sls IS5 5l Olids opl 3 cdas o 0lis sLa
(1440) OLSan 5 Jgaisy Ssbar ol sdian § L0 53 Koot Gl sl glaj o oSSl oo
chas " e ST g, 1, (MVC) Yol (olil ST dw 3 00 50 b Kot ci iy 56
Sl LBl a (St 0 b oS s OF 51 (Sl 0T Gues s s gad ey Sl s
sy ke oS Kot S5, gl 3l e b b g 5a3T (YY) Oer 5 16 a5 (V) L e
L ol 2l ol il e S Sully dm b St Caady 1 gl ants LSS Y
2 S S5, (V) Sl el ol e s S e Oblae Lolil o S b iy
S 3s MVC soys 00 Jslee (oL b 6l piinaST &S = gl (Y0)8) 0l Kan 5 sk oo
eS| S o 3 a0l e s, e 5l 53 o ss VSl e Sl aS s 4 S s lehadl Sat
AR b ot S 5 L3S sl [ sl i 0 S e S e il
505 Sarlis O o s Gn g3l 35 (Y01)) OLKes 5 S Gaid 3 (1) 5,105 (6,50 S e odlae
o3 Yol G Ls gl 536 s a8 Wnls aalsl i U S 55 Olgsas |y 515 Jeate (035 5L
o2 G o e (Kot oS 55 0T 5l (Sl 0T Gk 4o diyled Jlasl | &l 55leiS Slos
S Sl (San by €0V0) 5330 OLss e S s 4 ol S g dlae oL
Sl il sdd Ssline il 515 4 e Llas S B s (Saes gl Ol oS Sl
AL Ssline 5 3l il glados 53 (S 1 A6 oLEl oa Ol 5 S ok ol S
Aes o g ahae 5 550 03 Al sl S Sl Sl (S gl et i bl O
Pl o LTS 5500 s |y Jlge ol Ol on cplpla s,0s S8 (St (5 e 35,3 ( Silaly b
R CRE G S Ve SRS V- DU SCHJUNES Sy [ G [ R Y I JOOR RGP
has oLl a y Kast o 5 3 0lgn 8l s Baal ol G 50l Sl 0L

A el

Ry
YUV eE Y44 1) i Ve sl s Jle Yo B YY w dels b Jled 065 ol iass ool amsls
e 53 okl (6 Saged B, (r;jx,i 04/ E VA 1035 e Sl VTVY V0 15 JLl
Sl A Sobe G 4 sos Slskae LAd Ol G W ped Olpear s Dbl Ole

ol e (e — ar Glaglen 40l pde (YO JINV) Cogllae wals 53 S o35 atld

1. Maximum voluntary contraction 2. Antagonist coactivation
(MVC)

v



S S-ERK RN o PP PYNCICIE J P

1S b gls sl 3 OA=10) Sdlae — Sl Glags lbmial 4 Sl poe 5 Slios lil 53 hade - SSlae
oSS 5l g 5 Lk o LT o Ll 5 O gl )l s b il ) Sl s 4 3555 Jasl
A Sl S Jols eslizal 350 il s Ol Sapesl Olgea abcsls, e
sl B8 sles S e 51 3 (Kl Biodex) syl olKes 5 (WML MegaWin)
S5 A sl 515 iineST (g S el sl Sl olas Sl 5 e OhlLae ol
(MVIC)" (osl,l K ras il olil Slus i oo S 5 (6803l il S| (g5 ,0 ol b &5 Saes
Sl o (55 & Gupam anrl o b olislasl 53 o sa3l 5 pam 51 U3 555 4w (08) 5 415 (o 2inS]
i 1 Sl il gy o5l s sl 51 o i e AST Sl 4y 5 a3 MVIC sla0 g
2 sgam 3 e Gsasl ABL AR sy o s e Lang STl 00l 13 e s Sy sbe il
RPM 0+ s b (gl pwast 53 ids 0 fold 058 o8 el r 03 S o 0 5 1y 5500 Ok Il oo
(RF)" Sl sl 51 Ls g oosle oS 5 5 b woute OMas (S5 0 (6108 55,5801 s 2350 Sl YO
(Y) w3 oLl SENIAM. 555 0 (BF)® Iy s 5 (VM)® Jls g (VL) 1 e

Las s 2SI 3 50 b3S 50 ahiols s, a3 iy 5 IS 51 oolital b gy e oy San sl 2alS g
S5 SL G S g5 a4 e il 555 5 6l el (T a8 Sk s re il Y 50
33 S sk Olgsa 58 on ol 01 51 g 03,5 s sl o531 65 i e IS
S sbar Gt 0 Szl s Jhio o) 535030 (6835, 5 day (YY) A o a5 S
ASIEMVIC 8 > ¥ il 53 g3l L(8) dd o Sl 080 5 a8 5 s g5 sln sl 5 oS Ll
St IS5 e (10) 313 g planil Sl pss abiae Sl 3ledle 5 gl p (a3 YO asl3) Sl
(V) 58 o lal 1y s ol adB 0 5 (8) (amyn W sy 5l xS MVIC oo ol oS
MVIC 460 sl 2l oo o 38 oo OMae (S0l cdlad Saes IS5 sl L Olejon
sl S doys 00 4 Sl GRS (g oS Ll e sl ol Ul al B0 S5 s
39 e S opl OF dwloes 5 ol St 51 i il eS| (g0 cadsl (G, 5l sk Ay 355
L oadsl s Ol Cuils 1) S8 o5l o, i < GOUSS 5l piennSt Il 1SS e e 51 &S
A ol Kot 1 S S

Sl sk 55 s adsl S8 deoss 00w Odemy sk La 33 5031 MVIC sla,l S5 slass (Sl
bl T o Talgs 5 aibomasypo L) ST s OBlie oLEl a5 LSO VA (St IS5
3o S b adsl s 4 e LSS O 5o 55 2nnSTMVIC (65,5 Olje &5 38 513
Sl Jsb s S ae lasl SO bl o o 35 anil 2alS Aoy 00 580 0 Yo O Ol 4 Soet

nglmwﬁsgﬁé\ﬁﬂé)'\&&jjg Ol e &\j\ﬂésﬁ %;w\@ﬁ»&’-‘_}.{;)ﬁ

1. Maximum voluntary isometric 2. Rectus femoris 4. Vastus medialis
contraction (MVIC) 3. Vastus lateralis 5. Biceps femoris

A



VP Ol g 5le o) oplad esld 5 (B5ys b s eyl

Vo Olgeas 3 g anl fals el 69,0 4 Cand Loy Ve QTJJJJU ST MVIC (65 0 o8 (5,1 SO
MCMRR‘}&\K&\"&)})}Qﬂ)uﬁg}v’jzloooLg)‘bfﬂ\.’}uwuksjsMJ.«.G&_,\.;):WM
wbl{)v\folﬁ,«}:l.:.éjhﬁjju.é.l;-}‘_;é\JfﬁLch:ﬁlrududtﬁy&j:ﬁ)ﬁ;ﬂp.:ﬁ&w:llo)'\
RMS)J..ia.dizjfa:u.:dMﬁ@bﬁ@\;yﬂﬁd\ﬁRMsv oeFla sl g5 oa0e BTy (LIS 8
RMS J.slis baosls (g5ludle 5 shaieas .t dosloes MVIC (5031 a0 Sl aslb Y (gl Ciie gla 1SS
oo Ve JJ&JJijmﬁjMQMMV|C}\J¢L>—RMSJ{MJAgbﬁfe_uTCﬁ.u;m.
)\b)LﬂM‘bVM)BF W}VL)BF LRF)BF VMM jVLQMdeéLL\vAL)\JwJ;JJg
rﬁa\},ﬂup;&;;\n 4 oddasle sde U8 a abaly ol bl o (YY) WS acule ) ol abail
Al e SAE pSLEl s Ol AL aS L g 2l Ve sdal sy sde o3l l,a 5 iy olal

Cos ST Al aeRMS

ol oo = ——— x 100

. Cnns ST al2eRMS
el=il ( Version 25, SPSS Inc., Chicago, IL) SPSS i3l 5 5l eslizl L Laesls bl o yay o
Osa31 31 Wesls (ol Jolowi sy 35 shataay 5 S ,mld 05051 51 Laesls 0351 pab ooy 2 sl A
A a8 s (P Se/00) (glsbas rlane s S aslinad (501 ST glaesls bl 5T

bl
o‘)wdj./\e—)b};b .st:.., ‘6‘5f.>u'&lsgd.l.«>w" 6LAMJJJJW S Qy\.,a;' CJ[:J‘U.]@}.’JA@LU

ROW PRI E

S5 iS5 ,m Ll Calides Gladeoys 53 Ciwie SMae Sl RMIS Y J i
(MV'C M)J)J}}Jgrﬂefwﬁ)

BF VM VL RF 358 SRR e
YV/Y ek VYUY AQ/QvE V4/0 Y AVAYE 14/AQ ALV E VUAT Kt 3l e S
Ye/N v VY4 V4V E Yi/04 VAZEE BLVAY VY e A\V/EA doys Ve
YUAYE VY)Y YVt Ye/Aq \AVARE -SA7LR VY/Artk Yo/gt® Loy Yo
Yo/\vE VUAN VA VAR ok \V/YEE OV/AvE YV/A® BT
Ye/VE VO/VY 04/A E \Y/0V* Y/ YY/YA® £4/6 0k Yo/ oV * BT X
YAV ATV F EV/QeE \Y/VA® oY/q £ VAN IAARE AL EWSTE-D

Ll (P L/00) cb..w 03 Sl san sl F Cadle

1. Common mode rejection ratio 2. Root mean square

0



S S-ERK RN o PP PYNCICIE J P

Sl 5 (S o0 L (RF, VL and VM) o ST odlas o las s e LS ) Jpir b
cHlae 5 RF dlae el 2alS sls 0las baesls (g lel JUT Ll scsl 2alS ly opiinaSt g5 ,0
3y90 55 (P S0/00) 54 s pme (gubl Bl e 40 5,0 <l A3 ¥ 5 Y 5l LS 5 4 Vastus
OLSs (St iy 0L s e cpl Cdlad s g 3l 0L 8 55 (BF) s Sl alae
@BFquQ;uﬁau;j\wﬁzwﬁmc)a.,uj;\jw\w,gsgu;wﬁf
» VL 5 VM ae SLil oa 4 bype polia ) Jlsgad 53 (P S0/0Y) il alS ()bl bl
Lls OLES b ol sdlBosls OLES 5 il Sogline slads,s 5 (o 5l i) adsl (55,00 Caned s
S| (5w bl glite slads s 53 VL s VM owd@wvﬁo\ﬂ);whﬁmuﬂ@

EPRI PRy &kl Ew@&j‘&y@\rﬁyw(w): Ov g & Ko Yo V) Sl

1.0+
AL
AR

JAR

)J:J &Q\SJ«A)J

AN

K 3l e G

Y g T As Yoo \Ys Ve

oLl e Lo s
58 O3l sl sladsys 5 (S 1 Lt Cundy 45 VL 5 VM Sde SLE on ) Sl e

eldesls &Lﬁd‘)bj@):_gﬁ CJ‘ C)}LEA 6&-1«9)5): RF}BF C)M y@\rﬁmkfszu.a
csily ST (§ 5,0 bl dp 3 00 5 b JJRF,BF«L‘L;y&,zt,slv_ag\ﬂm\;om@u.w\
58 1 Aal 5l (gols e Hsbay (g0 bl As a5 Y qujléjﬁfb@\rﬁqw

(P <ovy)



VFer Okl 5 5l ) epled gyl 5 Bos b s i

1.0

AN

AR

5 als ds s

JAR

S 3l e G

Y. §n . Ae Yoo

s2LEl oa Aoy
,J_;al;,}uu‘5uw,;)@;lﬁw”>RF)BFwa,zt,z;\rk.v,uﬁ

P piznSt g, ol slase slads s 55 VL 5 BF C)M&Qﬁj\vﬁpkﬁfﬂ;uﬁfﬂ:ﬁ):
Yo 3 VL 5 BF olae ol o oS 5, Ol 5 S gl 560 W el oosls OLES

(P <goyv0) ol &\p|)l>w)y@@jl&y@|ﬁqwjﬁ il s ys e

o
B AR
3
v AR
ﬂg) Y.
% .
ha)
7
S o
Yo i T Ar Yo
2L op ds o

58 3l Sl slado s Kawst I e Cands 4 VL 5 BF e GSLE oa ¥l s

slonls QLA & 4ls 50l 53 50 il Soglas glads s 55 VM 5 BF odlae d@@\vﬁgbﬁf @L:.?
S oSl g0 il dsss b 53 VM 5 BF odlae slil oa sls 0L Lassls (gobl LT .o
&‘P‘d)‘)@ﬂ)}b@‘jfd‘-)u&).ﬁ\"‘5\'wa\gﬁ&j‘ﬂf@\wﬁ@w

(P <eyv0) sl

V)



S S-ERK RN o PP PYNCICIE J P

o
3 JAX)
3
\_%) ARG
o AT
bl

AR

S 3l e G

Y. ¥ 7 A Yoo

@bgb'rh M)J
58 3 Soslize sladoys 5 (SKaws Sl i Cundy 5 VM 5 BF Sde SLE on F Sl e

Or 7
Ghae oLl on r ( (SKost 5l 30 15 eS| (55,8 Bl Olsee U s il oo s
S o ST O C b (St S50 L disls 0L O0lae SJlb 4 by e il
Sladgss .l rals e 5,0 Sl Ao s Y 5V 1 5w Vastus adlas s RF 1w, o le
S 5 2skiS Al L Ol eyl SLSLEN gl 21 e oS dies Cllas ol e on iy
;)j;st;WTJ&@L;uw,ﬂyqsu.;b\.(wmgyﬁtsw;?w@gwcbﬂjw\
by o am dglie Ol ool 03 oy Ve Slad mlaw (St o 50 3l Ao G
Olads bl 0 5,0 Sl Loy Yo 5 Y 5l s 5 @ Mastus odlae 5 RF R N e
B o (S 5l 6 15 ST g 3 Ol B b sl 30 s g
o Sl 5 St Sl Bl s IOas LBl e kS ol 0L S ska 55 s
sladoss 53 VL 5 VM LSLal o Olp ol G glaasly polal i OLSG il iz
8 Olin 45 550055 13,50 (6 S (St 5l Sy (oSl b 0 il phinaST (5 0 2l sl
S5 pinS) (6,8 il Oogliza sladys 55 VM 3 BF oy ioes 5 VL 5 BF RF 5 BF oo ol
Sl daz 3l (YOA) sl 5 (Y91 8) gilas S 3L ﬂlplﬁj\ﬂf@l&gw
3 Sl S OO WS s Dhds BB oo b e (S [ 20 oSt
sy 0L Ol o amgt i3S o VL 5 VM Olas Lolil a1 (St 30 0
U 5 O 5 Coanl L(8) 5L VL 5 VM cilae LSLEl oa 6050 Dlaem pae St
B a5 e Kot S 48 S w5 s [ VL 5 BF s LB a o
s, oS sy ol ol Guiss asl sl G Ol e sl L)) ssd e 5 sSde ILas s

\Al



VP Ol g 5le o) oplad esld 5 (B5ys b s eyl

slizel Oliimes o olwil3l ASL axils s S e s oLl oa p Sslie 3T Wl e ol Ko
Al sbaal BB Wl e 5550 4l (V) Sl 3 s pamie bz o 55 SMlde— ae fuly L)1

S dzen OF Kby dliae 5 e 55 L oaal, 3 ol i Sldites 5 Slidss ) 5 ol
Salime b STy o pamie Sl slajlitle 5 ee slag Bl L 4 Cilie odlas
Sl cahizs Calinal cod b sl ol sSB W yls bl Oliis 4S g sba sl Sanst 4 S
2SS el sduaes 5 dlae a3tk 5 e Sae el o Ol Clasl s, 5L
53 55 (V) O 5 b (1) Wyls b e aliae 3 Kot anw i 3 (g pd S ol
s S50 (Sl 5 G650 oIl 55 Sze (6 551 5 Comd g Aile (sla, 5816 05 S 0Ly (655 0 e S
Olpear b SKea S > dolyslias 5 SMas gla)b i 5l dlae golane 5 oS 5 055 Jegs b
gl Sl 55015 (TE) X5 a5 s aden 5 SloLEl 3 (Soust Dk &5 S50 bolye
S e el e 5 dy e b e (S 4 ESTy s calie S0Lae (g g O sline
el amj,éb-éﬁ};é):;;:«,;ly\])ﬁ L;\ﬁlyuyt@trﬁﬁ;u”; < glata c,l:.:

PR oo SRl e (St Asls 0L S S1 a5 s ol S0l G s S e L
e Sl sl slados 53 il ol bl (3 VM 5 BF omes 5 VL 5 BF (RF 5 BF oolas
M\ngjgéaQJq\p\@ujVMjBFW,RFJBFL;;L.j;\v_auhmséub@.;\;'@
S0 plaw & Sl VL 5 BF oolae 53 Lol aa (hl 5l Ll 63508 3l adsl (s, doss 80 G 05
T P VR L PP M WP P PRTRC ER PSSR WS CR RV ]
oLl oa Ol &Sl Sl 5 3,8 o 13 Ll ot oL a6 S (5,8 A5 s abae o b
e 4SSl Ll el aalsl 5 il gy 5 05 500 iy (S ol 03V Wled ks (S o ahaae
oo 50 a4 (S LS o S (SLED b Olje 550 3l 51 (g pn 3 (Sae 2 hy
i oLl s (Saes b L Olojes 4yl e il Sine b ol G p 53 4Bl ek 53310
s ot Ll S oo dd (St R (e e 3 S 4 5145 3L nl LS e AS (o
IS sllas mha 53 fate U5 5 S > GG bl i SLEl v (95801 das b o5l e
52 () XS o i oLl on (St 550 olus disls 0L 355 s s 55 oS on Jliis 35 S
Sloses sl GLE s & i SLEl o Olse eiipde Ylaiml W3 503 Ol 5t 555 ol o
2 Sl Bl (S 55, ¢L<;A Lddies Olidms oMo (8) Sl feaie Sl bai> gl
b 5 i beS o s bl b a S 6 S e e SVl pae wten il £ o
3 3l S slite lads ps s ccilise S as 5o SLE s Ol ol 31 eSSl s (Y0) 550 ol
Jﬂ&@;:éﬁbﬁ;&bq—\y r&.ﬁ Mz (65 Shas ol bl 4 Ll g o 50 3l &

T 35 3l 1 e Ao 55 5 (Saes Sk b S5 )sba S atls Ol & Jeabias Eom

\a



S S-ERK RN o PP PYNCICIE J P

Wl Jlas b elacs 55 O s Sl abiae S b o JalS I 55 s ST alze G b

d&r.&.nJ\.,aJJJJ‘ijfl:jjWﬁTQMW#M‘Vﬁu&uMMWf‘W
osSde lae e sdelasa s ) Lol s 5 0en 5 88 glaasl s dal 50 =il 5l

() el

S 5 A

dae U cos Yol Sost ol LSLE1 b Gatli ods Lsls Ol Lol Ged mls IS 5bay
s §l A L oa Ol o S| Sy b o il St (550 3 Ol Ll 5 e
asl .als co S St g, Sl 1 Salae lado s s il ol ccsl il ‘_;<1»~> o
0525 03L53 (5 S ol 53 el 63 gm OVd 5 a0 58 Olionn ) L5 0 Sl Gl

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Al oS Silae Sliles p Slae ae Sos 6

&bw

Gonzélez-Izal M, Malanda A, Gorostiaga E, Izquierdo M. (2012). Electromyographic models to assess muscle
fatigue. Journal of Electromyography and Kinesiology. 22(4):501-12.

Enoka RM, Duchateau J. (2008). Muscle fatigue: what, why and how it influences muscle function. The Journal of
Physiology. 586(1):11-23.

Boyas S, Guével A. (2001). Neuromuscular fatigue in healthy muscle: underlying factors and adaptation
mechanisms. Annals of Physical and Rehabilitation Medicine. 54(2):88-108.

da Silva CR, de Oliveira Silva D, Aragdo FA, Ferrari D, Alves N, de Azevedo FM. (2014). Influence of neuromuscular
fatigue on co-contraction between vastus nedialis and vastus lateralis during isometric contractions. Kinesiology. 46
2).

Di Nardo F, Mengarelli A, Maranesi E, Burattini L, Fioretti S. (2015). Assessment of the ankle muscle co-contraction
during normal gait: A surface electromyography study. Journal of Electromyography and Kinesiology. 25(2):347-54.
Rosa M. (2015). Co-contraction Role on Human Motor Control. A Neural Basis J Nov Physiother. 5(248):2.
Katsavelis D, Threlkeld AJ. (2014). Quantifying thigh muscle co-activation during isometric knee extension
contractions: Within-and between-session reliability. Journal of Electromyography and Kinesiology.24(4):502-7.
Detrembleur C, Dierick F, Stoquart G, Chantraine F, Lejeune T. (2003). Energy cost, mechanical work, and efficiency
of hemiparetic walking. Gait & Posture. 18(2):47-55.

Richards C, Higginson J. (2010). Knee contact force in subjects with symmetrical OA grades :differences between
OA severities. Journal of Biomechanics. 43(13):2595-600.

Peterson DS, Martin PE. (2010). Effects of age and walking speed on coactivation and cost of walking in healthy
adults. Gait & Posture. 31(3):355-9.

Smith CM, Housh TJ ,Hill EC, Keller JL, Johnson GO, Schmidt RJ. (2018). Co-Activation, Estimated Anterior and
Posterior Cruciate Ligament Forces, and Motor Unit Activation Strategies during the Time Course of Fatigue. Sports.
6(4):104.

Nara S, Kaur M, Shaw D, Bhatia D. (2016). Significance of Bilateral Coactivation Ratio for Analysis of Neuromuscular
Fatigue of Selected Knee Extensor Muscles during Isometric Contractions at 0° in Sportspersons. Biomedical
Science. 4(2):31-6.

Rothmuller C, Cafarelli E. (1995). Effect of vibration on antagonist muscle coactivation during progressive fatigue in
humans. The Journal of Physiology. 485(3):857-64.

Missenard O, Mottet D, Perrey S. (2008). The role of cocontraction in the impairment of movement accuracy with
fatigue. Experimental Brain Research. 185(1):151-6.

Kellis E, Zafeiridis A, Amiridis IG. (2011). Muscle coactivation before and after the impact phase of running following
isokinetic fatigue. Journal of Athletic Training. 46(1):11-9.

Gates DH, Dingwell JB. (2011). The effects of muscle fatigue and movement height on movement stability and
variability. Experimental Brain Research. 209(4):525-36.

Wikstrom EA, Powers ME, Tillman MD. (2004). Dynamic stabilization time after isokinetic and functional fatigue.
Journal of Athletic Training. 39(3):247.

Johanson E, Brumagne S, Janssens L, Pijnenburg M, Claeys K, Paasuke M. (2011). The effect of acute back muscle
fatigue on postural control strategy in people with and without recurrent low back pain. European Spine Journal.
20(12):21.

Ratel S, Kluka V, Vicencio SG, Jegu A-G, Cardenoux C, Morio C, et al. (2015). Insights into the mechanisms of
neuromuscular fatigue in boys and men. Medicine & Science in Sports & Exercise. 47(11):2319-28.

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

\43



VP Ol g 5le o) oplad esld 5 (B5ys b s eyl

21. Kilroy EA, Crabtree OM, Crosby B, Parker A, Barfield WR. (2016). The effect of single-leg stance on dancer and
control group static balance. International Journal of Exercise Science. 9(2):110.

22. Erilha U, Graven-Nielsen T, Duarte M. (2012). A simple test of muscle coactivation estimation using
electromyography. Brazilian Journal of Medical and Biological Research. 45(10):977-81.

23. Babault N, Desbrosses K, Fabre M-S, Michaut A, Pousson M. (2006). Neuromuscular fatigue development during
maximal concentric and isometric knee extensions. Journal of Applied Physiology. 100(3):780-5.

24. Taylor JL, Amann M, Duchateau J, Meeusen R, Rice CL. (2016). Neural contributions to muscle fatigue: from the
brain to the muscle and back again. Medicine and Science in Sports and Exercise. 48(11):2294.

25. Forestier N, Nougier V. (1998). The effects of muscular fatigue on the coordination of a multijoint movement in
human. Neuroscience letters. 252(3):187-90.

26. Gagnon D, Arsenault AB, Smyth G, Kemp F. (1992). Cocontraction changes in muscular fatigue at different levels of
isometric contraction. International Journal of Industrial Ergonomics. 9(4):343-8.

/;;...;51 U 1 RS 5 S Ol SEE00) (e AL L conl3 oy dogh 5 S e 5 ,3

VYAYOY/ISME.N 4000 (T 5l 55 N0-VOIONA 5,5L8 5 (55 b s Shasy . Shas SUEI ea

How to cite this article: Leila Ghazaleh., Fahimeh Bakhshizadeh., Rana Fayazmilani.
(2021). Effect of knee extension force reduction induced by fatigue on muscle co-
contraction. 19(1):65-75. (In Persian). DOI: 10.29252/jsmt.19.1.65.

- /

Vo



