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Abstract

Keywords

Background & Aims: Fatigue can change the biomechanical parameters of movement
by Inability to produce enough force to perform a certain motor task (1). Abnormalities Pronated foot,

in the lower extremities (such as the pronated foot) can adversely affect the .
biomechanics of human movements (such as walking) and cause unstable symptoms in Co-contraction,
the joints and lack of co-contraction in the lower extremities (2). In a dynamic position Walking,

such as walking, from a biomechanical point of view, the simultaneous function of the

agonist and antagonist muscles around the joint as well as the loads on the joint are Exhaustive Fatigue
important to maintain the position and stability of the joint (13). Due to structural
changes such as increased internal rotation of the tibia and abduction of the anterior leg
at the pronated foot and thus reduced impact absorption when running, fatigue may
cause more pressure to be applied to the active muscles and structures involved in
walking during the stance phase (10). Considering the role of co-contraction of the
muscles around the knee in the control and stability of the knee joint during walking,
and also due to the lack of sufficient studies on co-contraction while walking,
Therefore, a more detailed study of this issue is necessary after fatigue (16). Also,
recognizing the effect of fatigue on muscle co-contraction of the muscles around the
knee during walking can provide a new perspective for biomechanics and other
rehabilitation specialists to better implement the rehabilitation program (15). Therefore,
The main purpose of this study was the effect of exhaustive fatigue protocol on knee Received: 03/08/2021
muscle co-contraction in healthy and pronated foot individuals during walking.

Methods: Fourteen young men with pronated feet With average (age 24.66+3.29 years Published: 03/11/2021
and height 170.52+11.66 cm and weight 66.56+15.42 kg) and 14 healthy feet With

mean (age 25.2743.14 years and height 173.7+6.2 cm and weight 72.344.7 kg),

participated in the study. The fatigue protocol of this study was to run at the heart rate

deflection point (HRDP) level until fatigue. HRDP is defined as the point of deviation

of the heart rate from a straight line in examining the relationship between workload

and heart rate, which is used as a criterion for planning the intensity of aerobic exercise

(20). Two foot switches were used to record the time characteristics of the stance stage,

ie contact of the heel with the ground and separation of the toes from the ground, one of

them was installed in the outer part of the posterior part of the heel and the other was

installed on the first sole-toe joint. In the classification of different stages of walking

Protocol
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from the moment of heel contact with the ground to the moment of toe contact with the
ground as the heel contact stage, the time interval between toe contact with the ground
to the heel separation as the middle stage of establishment and the time interval between
heel separation from the ground and toe separation (23). Electromyography activities of
the Rectus femoris (RF), Vastus medialis or VM, Vastus lateralis (VL), Semitendinosus
(ST), Biceps femoris (BF), Gastrocnemius medialis (GM), and Tibialis anterior (TA)
muscles in two stages before and after fatigue protocol (pre-test and post-test) using
(Biometrics Ltd, UK) 8-channel wireless and bipolar surface electrodes Model of
surface electrode pairs Bipolar Ag / AgCl (25 mm center-to-center distance, 100 MPa
input impedance, Common-mode rejection ratio (CMRR) less than 110 dB at 50 to 60
Hz) were recorded (25).To evaluate the normality of the data, Shapirovilk test was used.
To compare the data between the pre-test and post-test stages of the two groups analysis
of variance with repeated measures(ANOVA) and Bonferroni post hoc test were used.
The statistical analysis was performed using the SPSS software version 25, the
significance level was considered(p<0.05).

Results: The results showed that after fatigue in both pronated and healthy foot groups,
during the pre-test and post-test stages of walking, general knee joint co-contraction in
the mid-stance phase (p=0.014) and the swing phase (p=0.032) Significantly decreased.
and the Flexor/extensor directed co-contraction of the knee joint during the heel contact
phase phase in the pronated foot compared to the healthy foot group, during the pre-test
and post-test stages, was significantly reduced (p=0.031). and the the internal/external
directed co-contraction of the knee joint during the mid-stance phase phase in the
pronated foot compared to the healthy foot group, during the pre-test and post-test
stages, was significantly reduced (p=0.048).Another part of the results of the present
study showed that after fatigue in both pronated and healthy foot groups, during the pre-
test and post-test stages of walking, the Vastus medialis / Vastus lateralis directed co-
contraction of the knee joint during the push off phase, Significantly increased
(p=0.012). The other components did not show any significant differences.

Conclusion: The general knee co-contraction of both pronated and healthy foot groups
Significantly decreased. it seems that fatigue that occurs as a result of changes in muscle
function, by changing the locomotor system can change the mechanics of movement
and joints while running. Therefore, perhaps this difference in muscle activity observed
after fatigue is one of the mechanisms for changes in joint mechanics and reduction of
general contraction.An increase in directional co-contraction in people with pronated
feet indicates an increase in pressure on the internal structures of the ankle. Long-term
running may expose the internal structures of the foot to the risk of overload and injury.
In general, one of the factors in the change in the degree of stability and loads of the
joint can be the contraction of the muscles around the joints (22). This means that if
there is a decrease in joint stability, the contraction of the muscles around the joint will
change to stabilize the joint. In other words, the change in contraction is a sign of
instability in the joint. Therefore, it is suggested that in investigating the effects of
fatigue on walking mechanics and the incidence of walking injuries in people with
pronated foot, muscle co-contraction in the joints should be considered to determine
whether these changes to compensate for traumatic mechanical changes after fatigue
created or related to muscle adaptation to long-term activity.

Conflicts of interest: None
Funding: None

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

Cite this article as:
Fasihi A, Siyahkohiyan M, Jafarnezhadgero AA, Fasihi L, Sheikhalizade H. The effect of exhaustive fatigue
protocol on knee muscle co-contraction in healthy and pronated foot individuals during walking. Razi J] Med

Sci. 2021;28(8):21-32.

*This work is published under CC BY-NC-SA 3.0 licence.

vy

Vo OLT A osled YA 0,95 5jl) S js ogle alan http:/rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

dalns 38150 4y Al Mg (SIS nrleg Sl
ol bes oldlve Lol Boa .(VY) 05 o0
iz S plp o Cwglie (95 walp Jade
Tobw 4 03)ly sla,lisd puila, Jols 4 g Jade
Sl oo Lng 1S Slalllas jo (V) abl o Lo
Cedled uilS 8 g aaly o ;s aS oulds oualine
OMae  —olailpa jo Pl alis wlgs oo oDLac
Sl i oliiles 4 az g conlpln (VF) wily
SleMb| aslys o gl 050 4 5 lizs plasl Lolas
ol plsie Jolio ol 5l (6,05t g 1) (e
Sdlad fhe G 4 az s b )15 LS e (08
5 1S 9L (Sl ju ko 9 S fumen S)LAS
o=l 10) g5l Jmate 65l jooslad (25 ko
D8 S8 ol Sy pole lagly jo cLas
Sl Sz plwil Glgs adgs o (gw) 2 9,50 SMae
Ol Sl (e B e o JUL g (59 28
(Yob slagmgs Sl e (GMae 08 cpl (S
lis, 5 S Slacallid b g 5 iske (slacle
slopite ;500 9 (e oLl po p Col (Ses
S 3 ey 0 (VF) ALl S5e (58 )
Sl e oll v 5 8 Sslo 5,250l collad
il gl ol 3 Jolas o JMs] ylitize Slios
S Elw Blo by a3 s pgas 4l &S
5 oobes J2le yongee (obdil pa (il 5 (V)
T Sl gz Loldl oo Gli8l g (59 iy
e (VA) w815 (S Sl oy
e Oy oz SMae (s oS oad 3158
>y Job yo (5 oty (A pS s alS
Olydd ds azgi L(VF) 09l 0 (38, of ) sl
sl Bl i Rl ol Sl
ReLS Azl )0 9 Sgn b o b gl paSTa
i ] (5 San (V) g0 plSe 40 Ol
d oeiliwl 58 Jobo o gty jLid gl el
Sy o8y ol 4o =550 slaylisl 5 Jlad wae
oy Bl bl odlac Lol v jidi 4 azxgi b ogl
a2y Lo o) o) (e Sl Jate LS g J S 50
ol plin  —olisl w2 0550 40 (B Dldlas 5. 4
S 3l ey E9m90 ] S EES (s 2 OH)
SN Jl CSLD Grtamen ey o0 Sl 4 (5590

vy

OKed 5 (Sroad dos]

dodlo

SLaiS > 5 0,js) slacadled Job o (S
Sl (V) wes oo ) Seels Cuale b (223559
= Sl e (S sl aiile) (Slims pladil o
e 5B (523, ol asile) sl @S 1o SilKage
2 pas g Jolde jo JlLU edle 5o csls g 0,18
ol Sl (Y) s s sl o Sdlae Ll
5550 54 @lepidlSe plse ay (Sows
s (2D 9 3, Soe 2lS L 09 oo e Laome
o Sdos bbb g jad alS ( (Dlbe peac
5 B8lge IHae ylojer (giludled o Pl g &dlac
g oo Sld (0,5 w2l 3 (Y) albl oo ol jorr llrs
Alby alex 5l i o 0)lg lagpd @y 5 23
an Jlosl (ol e lal a5 ail oo ol sasis
(S (13 Jsbo (9 Aoz I (2 ST sla g
5 Lol S8 b LS5l baas e 4y (F) o0
(39 JUESl ad> o o Lol (A8 4 4z g b (izmen
5 iz = Sl gl )0 (Seillegn St (n a5
g Sl 2 B) )8 o ghte 3T lag s i
o 69U plozeiul 00,5 5is b e Slgrnl b,
=2 ao b s Jlgzaul LSle wal SGop s
Slde c s b &S o (wgd RalS L g 03,95
9 @i Rall 4 ymie g ol s gws b S
) 00,5 o by A5 (oo g3 )0 9, Ja
(el 099 5 Blow 050 Sy Sl IS 2)lse
e 5 Gl pilez 9 Sy Dlae (SopiS
a9 0 Shes 53 (SeilSags slaabis o
o lid o NSl el el e g sl (V)
plocl Glacawl sloul At o g L wiS ool
5L g Jolio G pd S 20 ) s (A) Sl
5350 (V1) ol J58S )0 PUST g podd (uioen
OY) 00,8 Odlae cudled o Sl ass o

Dae Gloj po Sollsd plie Cou Lol oo
32 0Y) 05 oo i Jate S Bybl ouisS s
o 1ol 05y e (L o g5 58 JS
Sdled poxr ol sl aS cogoe oLl
dsloms i B, bl o)l plas 81,5 5yLeg 2SI
oo Jolo & o ALl ea 6500 5 09h o
S | J—aie O3 0

BIEES



https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

bl ol lyo Sl b ocls (Lo oSt
Ol dlasi 9 5L 5L e BLS T (o) 2 50 il
&l e Glae a4 09 b oo cayyal LB
&Sly ooliiwl 9,50 (55l9a Sl pod Dol (5,40l
9o sl ol o (NS jeban (V) 998 0e
Olrd S8l ks (nd Jol JSS g5 090 SS9
o S 1p9> gy 5 09051 2 sl L8
B Gl yo clSl ddads maw (o oy g0 sl saileye
S35 = FSan 99 2 g (K jpe 4 ey U
28,5 plol oy 5

Stz iedld b pd Cenld dbdi and STy
Vo ogas Lo Sogeyl B Lo Sl aladi s
30 990 g kS OS> >l L asda Ve
0931 s 9 09,5 5 B by Sl T
50,5 1,2l (GXT) ooy 5 59 1y (55555 0anlyd
ey Ly Jgte @lasl Yo Jolhe lls (5051 !
PR amgs o a8l 9 VO ot 5 2l
J=le o=l (YY) 090 YK/h gues a s> o 4y Jlazl
0,03 Sy wlidio jo S0ge;l aASLI B 0,8 la aslol
el s Sl (VY 0,8 Wl 1Y 51 5V
by S S5y @zl Job 5o Lagogasl cdlad
St abaii A o aliod 4 alisd Yoy oS
ookl b 5 (wSocsd by, 4 b dogesl ol (s
b dolxa (PSLS) (s5lge pofitane a3 221, Joo

e Sl s g, 90 il oiloly (Kiws ST g
S J S5y by gogesl b (o Sl alay
Vo Saean | og 2 lalain S a1 sl suile o
FSS9n deodns 5 69, ;2 o 5 0353 05 Al
Obrd SenSh alali mwhaw 4 (s, B (22559 0ol
aslol el job v ol jo g &0,S 1>l 1, (8
5L YL 0,05 Syg wlidie jo Soge;] 4l B wisls
5,8 el 1,1V

o ol Al e Gl sladasiin cud (ol
3Oy 3 QB G oz g ey b ardly (eled
Al o layl 5l (SOl colaiwl ol oS g0
sl 59y 68 g Al S (n 5 Al ()
Gipadinb )5 ceal Xl - ol &S Jade
Oy b axdly ules alasd 5l (28, ol ) ilidee Sl 5
oobed alo e lyieds ey b LAST) (oles e b

VEer OLT A oyl (YA o) 53 15jl) 15Salsja ogle alan

OKed 5 (Sroad dos]

o35 oy (b oly Sl bl edae obdil v
Oloaasie )3l )0 gaaz (5, S5 a il e
e az e sl plasuly ple s Selegs
aslllas 5l Boo (pl pliy aes )13 _isuiley aeli
2 = sl easleys (Sis JSSgp L 5l
Lo L g ol ol 81 o oy Gl edlae oLl

D92 B oy (b Zig

PLIE-TY

5 093! O b b (05285 4 g9 5l (Badow

S ol g s)lel amela ol 903l
Loyl oo 5l aS 5 )l Boore olRils b gzisls
gy Sl VY/OYENVY/FP 08 5 Lo YT/PPEY/YA
L ol sl VY g (p,5 S #RIOFENDITY (59
VYYIVERIY o8 5 Jlow YOIYVEYN T o) Sl
Oy (p S oS VYIVERIY ()59 5 70 (s
;5.59 Cigy 6[; 03; O RECR WY ul.’?b.s‘ M e y
S0 sime Dglad g (5 8 (slo pxie jo Wl L
db 05; o L:b‘_g.oyej (S oo 6‘)‘.’ LS sdeliwe
3 gLl 5 ob plozeinl (Sl (b 5l cadsn
)L..’.A (V) ol solawl 53] dla L Jay).o 0y JLA).)
Dy Cooni> )‘ AJO}! u)L& axdlas &)"‘ )é 01)5‘ 99,9
S50 6 lew 4565 o b el sl ( o>
ol dile 3929 Jold 9,3 e 5 g0 O)les
pladl g ay a ol jo 4 nds Jlw So o (Saoo
pladla>b o ool adlw g 00 0525 Sl
b ) Sl pladl gla s )lmal sg2g « Sl
3= s a3l s ade b 09z (Cadg
S0 y0 a8 ah Sl Lo Sogejl 5l Aegyy el
ld0lsy 9 (P pele 0uSails (i jul g Cdl
4_3.153 .).;.SL.,.:) —t > ‘_fl,,.go)‘ d_w B isls
5 0903 G oS JSSo 5 Jed 5l Ghedy Jo e
ool sy Loyl gl Jleim! Sl jlas g g0l e
0905 sbael g JooST 1) S del Cold ) L 0
3 O s ol jle enibeys  Sws STy p
Heart Rate) 18 L, b coS 4ol prla
aladi og w4 o, b (Deflection Point

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

o3 bl M Lol oy o oileys (Sinss [y 53

e B n (5 e <5 (s <)
(S ) )3 9 (5,55 o oL ) (A3l
Ote dae 93 (LB pa pizmen 5 (2 O
sloosls ples .23 )18 (o) 9)50 ()5 5 (S
9 i 331 o5 5 oslis Ly 3155l 250
o= by o n S 285 )13 s g 458
31 S i ,b sla el 5l ool wl LSl o aosls
3l oolazwl b ool .oy )5 oolaiwl Slgg bl yge;l
ssbiie 4 5 S (slags yuSo5lail b uilyly Judoo 9031
55 0903 ot 5 09051 O JZ e o Laosls anglie
(SPSS) 581 0,5 ) (g ks (rhad (3051 5 09,5
g o35 )18 Jod g an e 950 VO ass
Al a8 3 i o P <[ B o sme

NS Jgol &S i’ IS Jaol cole,
sy Giegin (nl g 00,8 ole) aslllas (pl 5o
Joo)l (S pele olRals Blidos Ciglae ok
55— IRARUMS>REC.1397.301 531 a5 Ly
RO PUEI A JE IR

Laisl

09,5 99 ;0 o Soge;l oy Sledbl V Jgax o
Ot 3 093] et e b gl Sl ages
ol il g Sudgp (sl 09,5 99 50 (23 o) 905
Olwss g P=+/-VF) L wlasle 5L3 o gl coges
s as ssmlin (gl e WS (p=+/- YY)
—olil oo a S 05 ] 51 Sl —shad 9]
5 @)/ YA p=-/-VE) i wlailo 5l b iogac
s 03,5 35,8 o (d=+JAAR =2/ YY) s
2 053l e b @b el el 5 Cuds
ol eyl i b aslane

abal, 0 ¥ Jgaz 40 ool Cawss Sledbl 4 a5 b
Jate (6 gmiinS T/ 5 y5uSld oy GaL..o_o‘ P
d=olss Seggsl s 093l G Jolie B 55
BB e L e e (LBl pa 0 098 5 (K
A oanlin (g lo smime WSl il Lol
S 54 o 5l S cind 905] s (p=+/+T)

http://rjms.iums.ac.ir

Y1

b U oy b et led G il alold canly
Sloy abold g il ails al> o lgiea; aLily ol
BRI CERA o BN WA AN T LS S I E W] PR W R Cow
ad)S L s adly (o e al> e Glaieds (o
YY) o

Rectus) i, cly, oM ae S5 oSl e Jled
o—te «(Vastus medialis) I>ls g (femoris
& ——9 pa—— «(lateralis Vastus) >, >
3o «(Biceps femoris) g, 9o «(Semitendinosu)
S g «(Gastrocnemiusmedialis) >l 5413
5 090;) Uiwe al> 50 g0 4o (Tibialis anterior) _olad
S5 3 Log xSl oo 5l osla ol b o3l sy
5 o ot AU A (LS g0 5 I S ymege)
loog Sl ke (kB 93 Joo (rhaw (slag Sl
| o odoo YO alold) bod g0 Ag/AgCl o
$99y9 omlagal S50 B 55 e
oo P B0 55 Jy oo Ve 3l j2aS b sl
WSV g 55, 00 T Hul sl s s S s
B ro Bi> 1) @l ALS (izen g 50 ) ¢
o5 slnosls Kty LS Cgr 5pm B (5
g s (V) s 488 i s 3 Soylag S
Bgm iy Ve (lae SO aSUl aldls o ghlo
slagdge,d Wl gy Snglie alS gz
e 9 9= 03935 Cewgy (S0, Sl ge (53559 S
LaasS 8, (Y ) S 51 oolitiasl by Cansgy el
(YD) o plol ENIAM aoli apogs ek o)l USI!
wHlae (S Sl audled als (o,9] cass a4 Ca
D05 eolaiwl Olas po (il diy ;) dles g,
Oom Sy = Loy 58Ul g o SSLss a5l sy
Sy acy 455 5e E5iae o Jleb 7ol Lo isgs;|
Olamedn ah el ol )l SO syl oldl oy i
e lad ol S el Al 2 s g
o=l a2 Gt (LIS i ) S el s
o (95 2§97 4 (Foga3] &S Wb oS &g
OSEE oy 50 ol ) 9 ) Jolie &S i o0
Sigo3l Ggm 3l Caglio Jlas! 5l o cils S84+
plsl sl |y 055 0 iSTam ogesT 3l 55, 2
99) oo uSs Lol po dlo oo plodl ¢l sl
Ceoly) guiinST 5 (IS 5518 55 59 s oy

O)MGM‘&\.’

Voo JLTJ\ o)\».i: JA 09> |5j|] bSI.i.ljJ?.ﬂg.l:ﬂl:.l.ﬂ


https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

OKed 5 (Sroad dos]

Joro Bl g (1 S0lo s 2 o 3905l og0s sl Sy 5)lel oy ) Jga>

(N=3¥)pllo (sl (N=VF) iy sk Slasule
YOIV £ ¥/VE Y¥/55 £ Y/YA (JLs) oo
WYY £ 5/Y /0 1V /55 (o slo) a3
TR 55105 £ \0/FY (p,55k5) 0o
YO/¥ £ \o/FF YSIY £ Yo/0¥ (myerie 5 oS skS) Lo o393 sl
ot AIY WA £ V/Y (5o o) osb sl LSkl o5

o osilays (Siud JS5g (b Wl g Cuign sk 0g)S 93 )3 93 (eges (ool gil i 9 01905l L Sl pe 1Sk =Y Jgoa

Pl Ol b g 055 Ol Cign b 09,5 okl pn
Jols gl el g i oso3l o ose3l ohes S el e gl e
s g ol
095 9 SN
N /Y03 DA AR + AY/aY +\sa/A —0A + fY/av EVAY/0- Jop) pges _plod
VFa/a¥ Yo/ aa/av \avio¥ (MVIC asly
-[os¥ ARV IERIRAN S 2 VAN £ AY/-A + \fvios -SYIVA - £ ¥V/oF +)00/8Y dop) soges 4wl
We/¥o \WY/0F A¥/¥a ANTANG (MVIC | il
<[¥¥Y AT Y A SR 4 /AN +3o/AY + \va/0A -W-Na Eoave- +yvo/. . dop) (pges Al
WWY/0A VAY/00 AB/AA VaFY (MVIC asly
N4l A0 WY i /N = VV/YY AN -VAFF £ ¥V +)4¥/v0 dop) soges g
WAy YA/O¥ INTRYS \ENIEY (MVIC

(P<e/-0) g y> (gl ine glis aiLis™

FSop b b wllw g csgn Ly 0g)5 93 )3 9l (i ] (5y5uSIbyls can (BB w 30il s 9 903l L Je 6Sbe Y U9

o okiloyy Sind
Pl Ol pllo s 09,5 Ol Cudon Sbog)S okl oo je

Jobs g1 ele g ele 51 el e seil e S ol om0l e

GRd S (S

095 9

IR ATRRYA 4 Y 2 & WY /) E YAV + - /AY — /¥y S + . IvF PSRN ausly wles
<IA AN —o¥ -Iva (o) (6 pgutinns

NSO ¥YD ¥AY N £ M £ ./a¥ — /A +. Jaf £ IvF JAPSWEEAN izl il
S AL —-IVA —/y- (Corad) (6 ygmisanS]

RISV -[0VS Ry Al £ V/AA +./aa —-/v¥ £ \/¥Y EAVAYS UASTIRNERN O s
—Iv¥ —Joa — /o) — ¥V (S (5 ygui] wsly

JAYY NFA oAV oY E YAV /5 ) +V/¥o £ /2y 1 5y9uSdbyl> Oleg
_.Ja¥ —/as —+ ¥\ AV (Sommd) (&g

ool s 5 g Sl 09,5 59 55 use 93l
2 50 09,5 9 (S Jolsd Sl ulal (nl oo
ale 5L 50 5l (2L [ Jlocgr oLl
ot oanliis (g5 sixe OS] (p =/« FA) iz
2l 4 09 o1 (Sl b 050l @l
5o 50 Ll aibes 5B o gl >l JS s Jocgs
oS pllw b L anlie )0 Sy sy 095

VEer OLT A oyl (YA o) 53 15jl) 15Salsja ogle alan

Yv

(P<-/+0) aaw ) (gyld xe caglis ailis™®

Jaie §)5iinST (6 )3eSL3 jloiur (oLl oo

® Sy n by 095 po bl eles 5B 31 (b il

3 05l e b oIV ojlail 4 ol 6L L avs e

Sl (sl LS el ey Ly alie
(d=/A%0 p=+/+T1)

2l o o laibeul Bl 2l g 2 Slee ¥ gur s

5 093] G J2le (b sl (o)1 /IS e

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

o3 bl M Lol oy o oileys (Sinss [y 53

Sl oileys (Siud JSgn (b (o wlls 5 g sl 09,5 93 )3 55 (2 [BI cer (Sl o sl e 9 0ol i J>le Sl — € Jgan

P e Ol b (s 09)S Oljee Sy b 095 ol o2 j6
Jols 31 5 Jole Sl B ol e ol ot S o 9ol Llas
09 g Smd Jole Saus 9ol
09,5
-lavs VA oY ¥y £ /50 £./4 N E¥Y E.f5s SN
e Y ey WA (Cam) wsly oles
" EA SN AN o £ /M £ /2 JE o Eeoh EAS Sy NN
R —- /o0 e —¥ (Can) Jyital s
-JAAY JAFE ¥y SRS £/ Y ks ELAY PSRN
ne —.Ih¥ "3 —les (Cand) PRV
ausl
Y JEYe A eIV EeAe FEGAY F A EM o ] sl o
SR YA —y (Cams)

(P<+/+0) ghaws ) (I3 sine coglis ailiss™

Sl ooy (Saud S5 (b (b ol g gy b g5 99 )3 gl (28 e I3 e bar (2l or el g 5 9ol Lt Sl xS0k —0 g

P e Ol olls b oS Ol Caign b 09,5 okl o Y
Jolss il B TS TST S-S R
095 g Sawd ol (S Sl
09,5

-15Y4 AR SRRV AN -Iya + /M E VAN A 55 EANE el B e asl el
o[-0 - -1y Iy (o) 25

-IVAY SYVY O GAYA A + /M SNEE oy F Y/ S0 Y N S NP v W IFEI
—/o¥ ¥ A (cad)

<IAA S SEEEYAN VY + /oA Y/ -IAS A VY el Bb e oM i
-Ivy —IA- ¥ S (Ca) s wsl

-IAd- SVNE VY -Iv5 + -/AA £3/va -Iyy £ 275 SR Y1 SR A N ooy
-y =+ I¥A -1 —l¥ (s g2 )5

G A 9 Sy
2 et (S, ol et 4 0B (s
Soxdy e 53 S g o Jabe Dl oL
Iy Jeate Saus com! S,y Liuldl a5 conl fuate
ol izl Gae (YF) by walgs ol en 4y
2l g o 5l ouileys (Kind SS9 53U
b g b g il sl s s Bl bl
5 s 45 ol Lt dalllas ol b 0gr o33, o,
=2 el 6Ly 5 Cudgn Sbeg,S g0 2y (s
Olwg 5 adly oles 5B 50 il Jate soges oL
O gz (oLl oo g S (5,10 (g jeb 4
oimlpdla ol ol e 5B o o) e [ A
aS ol sl adlhas ol s yuores ol aidl
b b anglie ;5 Sadgn b 09,5 5o (K 5l oy

http://rjms.iums.ac.ir

YA

(P<e/0) g 53 (5l ine coglis iliss™

dwslio ;0 ea3l L (b /TN ojlal 4 5,ls e
(d=+INVY p=+/-FA) cusls oyg05] o b

oLl 52 8l Gl g aSilio B oz 4o

F=lre b ol (2 e (I e o

by 0955 93 58 (omgd g3l e 5 005! i
J_ALC )_,‘ ‘u,uLu‘ u_>‘ = u_ml o..LoT YVJL"" 9 “"“"5)"
ot [ AP e Jlocge oolil po 0 s
Sologme OS] aily o las 51 o 6l >
Sl S cmdins (yg03] b (p=+/+1Y) 0l samlice
oot o 58 s il Jlocs ooliipn oS 3g )]
ol 38l ol 9 Cdg sl 09,5 90 0 y0 4 dly
dwslio ;0 yga3l L b VAR ojlasl s (5 ,ls sne

A=V P p=e /o VY) cils o3l i b

Ve OLTA oyles (YA oyss 15jl) 1S js glealan


https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

aeliy 4S50 090 (Sl e ez ae (mige
B (Swileys 4 o, U g0 adllas pl S
s e ool o odel Cuvsas s wlul

0925 )3 (5lydS j9m Bl & (oS oo
PESWOURII SIUES 3 EFIPR YW JPIC E 0 R DTSN [ Y-
O Jeolie 9 S e Sl )3 il e (55 >
Sl ol bl opl by auS olonl Slpss auge
Wl oanlin Sl e a5 Sae e dlad o
5 bolie SGlG ;o Sl slml slap sl 51 (S
) 5 5 A8l agae S o ol
[ A Jlocge —oldil oo a5 olo ylid §uims
b 09,5 5o sl il ailee 58 5L8 5o ol (25
elS (S lam plle b b anslio o Sy n
asllas ool jo ol dols OMlac culs g lo sme
ot 5 2L Ddlas 5 65y o 5 L e
o9 lg HglitS Bl oo (Sl s 5 ()5
5o ly (ol wilae dwg 4 5l (6,95
o9)l9 H9iiS g () wsd 5 (LS ey DDlas
aile ol (A DALas Ay 4 5l (6,955 D)
(V) Bgd (oo S5 655 mes 5 (IS oy DDl
=y L (Y- +9) (Heiden et al) )l LSen g joun
35 53 S 5 L slooniS o5 o ol
2 g8l as 0,8 ol mhaw o (23, ol el
S o 5y o o I 515 sy il
% 9008 gily hade pos)ly (A3l 5 ()l Holeas
o b 0ol L oS (ol wily wile A
Sba pled oS (55) 2 (Shate slajl 35 o5 (ralS
S HSHsb 4 (OF) el (oo gl Jade (ol
= sate sl s sl Glie )0 s Jolse
o=l anall Jolas Glbl oMae olssl pa wilgs
2 Jmaie s)lanly 3 alS Do 0 S (ne
D35 Jomly g e Gl L Sl L
bl o ;0 i Sile 4l e jdS Jade
@S () (V0) cl Jato 10 S350 0929 Al
OMas Jlocgs Loliil po oS ol lis dsllas oyl
53 % Al les 5B 0 5l (6 guiinST g )5Sl
3o ol by Ly aaslin yo cdgy sy 05,5
ol a0 ccily ghls e oS Sius
515 SogiinST ] (5,9Sd8 EDLae 5o o casily

VEer OLT A oyl (YA o) 53 15jl) 15Salsja ogle alan

AR

OKed 5 (Sroad dos]

[ 9S8 )ls ez (2Ll o poldo oIl
il o 5 4 tly a6 5 5l (5 gt
as awl aile 3B 0 6l >l A Jocys
s ailie plo 23l a8 (g Jo sinn ,5b
ol las 1y gyl sxe OS]
oobed 518 53 58 ol Jate (segee (oLl o2
by b anolie 1 Sadgn b 09,5 5o olugs 5 aily
=2 bl (gl e ralS K o Wl
o Sl g ol Jobss 4 sl (oges SLA]
LS 555050 (TY) sdbios s o gl 40 S
bl oo (Rl (Jolie )3 S 590 9 )k
Ol 0 et o WilgS oo Juolie Bl bl A
Gl Gl L gl Jlads o)l 5 5)lk
odls oole Hlas adod ;0 .(VO) aws Il Jase
- ] i Dl l sl 5 e A ol
) Sed cslie Qi 0 093 2Ulg oy (SNae
o> 31 25U g Ml Hlas g coly cows
OSe 5 s e (YA) 00l o il33l ()5 5
Pl oleie b g5 asllas o (Y+10) (Anbarian et al)
Dlde (oLl pa Dl p (S g (095 S,
oalS aslE s Gl 5h))s Gugs b gl SLb
9 Sorion Ao ya 5 )0 (segee (LOLEl o o (Sne
S o b Ggan g nlex ol S
(Kellis et al) ,|,LSan 5 dS (YA) W50,5 5,158
ol o LSl S Jleel LYo )Y)
adly wlod ad>po jlom 5 L3 1) (g olac
J5 50 eogs (oLl oo lalS 5 oS )
SISy (F) a5, oy8 |, cules g alo o
L(T10) oLSen 5 ol et il ol adlias
Pl aallas o Lol s gmnan jol> rgiy
oLl oo S ez DM nbge (S
ol g 90 S (i 1) 58, o) 5o ol ODLae
5 obed slaal> o 50 5l (o ges (LOLE oo polis
39 Ol )3 &S Wby sy g WSS )1y 59,0
B as g cewl A S sl s ds> e
(LBl 6 S sl sl o 635 70 3l sy 0
OA) w25 oo Gl ) gl Juade (sogee Lol oo
Sad b g a0 0 gl cde a4 OS] ol il
S Lyl Ko aslip g5 ol (Kiws asl

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

o3 bl M Lol oy o oileys (Sinss [y 53

e 95 Cdled Connd o8 12 5 (VY ol pe slions
00,5 Jolaial oily Joate ;o &S > s 45530
Gromin )5 L 5 5l By SSAS s
ool,8  SSCuS slas o olonl gl a9 95 o0
3 3= Y+V0 JLo o (Chang) Sl> (YA) 00 5 o
1y el o (Sl S gaeg Sl (o) 0 S
alae 9o Salen Jos faide 53 4 M o Lo
90 8 S S Mae b b 5 (2B o
5,5 oamlice § g0i dulie diny 9 5L (5 > 0 e
o ol 3131 glin 55 ey 5 o
() cwlong V5l xS g0 Shee slagyge;l plxl
o Ly (e gail e bl S Jol 4o
i sog—os slaools flaic Cmi a4 5 )ls B9y
aS Lixe (i .0l o (FinalCommon Input)
S0 5 69l ez Jpimme o Dlode glaSgo
3 48 035 e slaylysl 5l 3L 0 Sledlb
635y Plael pices 4 | 4l o ply ol
ol Joio (Soad adl> pl (F4) asS oo Jl)]
AR P U N TP
e Sanlan JLis 0y atl o (2SI
1 5 sl 5 ol oS, sl
bl ( Selin s caies Ol llae SMac g5 YU
JESV I VY GO el g asg L.(F)) 00 S
Slallas slaasl sl oslaiwl b g yisu opl 0 Lol
g 40 SSLLS lesinl Bl paas o Ko
ot 9 L e alae 9o Sullad ad ol
Soolen g lejen codled pac waly 5 (YA) 1o
Sdgn b 0g)F 45 S plgs oo (FY) alae g0 ()l
Joital o Kind ol (58 o) plws 55 o
T o SSLLS Glgmin] Caxsg i Jolakls
a5 5,8 o5y 5 @l ik ay o] Bl g b
53l Jmao 30 030 5 ol 59, sl Ao Wl oo
ol asdlas ol 5l ol C—’L‘-’ Egoe 4 205
e Mac Lolal po s 5l aw a5 aeo oo
o e iy n Sby 095 )9 gl Jade poasS
5ise Jeaia ol 55 Jolazal slag 5 5 Jlae
Sless cely (Sd adlas Gl mls @ 4z b

Db 18 ofy b gily il oLl pe (e 5o
ooled 5L 5o ol Jate EMlas cogee (LSl pa

http://rjms.iums.ac.ir

A

S s Jate Sl g S8 0 S i SLAIL 5o
5 ) S e9Bys Dae 5 15 (390 D90 4 O,
SS > ) A lm LS y8 Do 4 65y o
g (Walsh et al) izl (YY) os,lo  —olil vn 45
ade glils ol 8l as o, lae (YY) o,
3 G S e 4y o Codled o S oz
Anterior) slad oolo bl 0,5 ol o aijls go>
3 adil S e leasl g (Cruciate Ligament
Codlad o palS o wb ol 3l 5l QLK ol
2 dle 25 e Olore 4 S e 4 oz
ausl axils 35 63 ¢ily yo allae adgl isld oS
O)e ¢ )15 cidlla) yunl pol> aslllae B, (YY)
5 ke Olac el slaca s o oalacgl
St 5 ez 3L o Gl K e
ad> o Sl sl 8,0 () wo )5 5,55 1, 4il;
il ecel g ool 1,8 5 coss |y ol s ol
G35 5 (VF) 05 55 55 o] Sy 5 09,55
3,8l 085 p s a S Jalee 5l SG a5 ou
el Slojes cunl A8 31 28 ol ) o SKlasly
et ps (Sl Glap il Sl aS s o0 L
Olae e dlbs cos gl S ( ae U (635 50
o 4l eles a3 5l (6 ygniinST (6 9SS
o a8 ol plas pol Baiod @l 5l 6% i
S ot 3 LIS (e abae 95 ez AL
b 09,5 99 2 > (Sl e adly pad oz o
s GRli8l )l (e ok & plle sl g Codgn
G =S Sz oS asloade o) 1 ulize )5
30 Soolen Jas (JLg,8 mhaw ;o SSLS g
5 B o) Sl ez SMas o9l alae
gy Jmate iS¢ inSls s ((d=ls yen

Voo JLTJ\ o)\».i: JA 09> |5j|] bSI.i.ljJ?.ﬂg.l:ﬂl:.l.ﬂ


https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

influences the electromyographic activity of selected
lower limb muscles during gait. J Foot Ankle Res.
2009;2(1):35.

7. Menz HB, Morris ME, Lord SR. Foot and ankle
characteristics associated with impaired balance and
functional ability in older people. J Gerontol A Biol
Sci Med Sci. 2005;60(12):1546-52.

8. Kirmizi M, Sengul YS, Angin S, Kirmizi M. The
effects of gait speed on plantar pressure variables in
individuals with normal foot posture and flatfoot.
Acta Bioeng Biomech. 2020;22(3):161-168.

9. Cote KP, Brunet ME, II BMG, Shultz SJ. Effects
of pronated and supinated foot postures on static and
dynamic  postural stability. J Athl Train.
2005;40(1):41-46.

10. Day J, Kim J, Conti MS, Williams N, Deland
JT, Ellis SJ. Outcomes of Idiopathic Flexible Flatfoot
Deformity Reconstruction in the Young Patient.
AOFAS. 2020;5(3):1-9.

11. Dodelin D, Tourny C, L’Hermette M. The
biomechanical effects of pronated foot function on
gait. An experimental study. Scand J Med Sci Sports.
2020;30(11):2167-2177.

12. Heiden TL, Lloyd DG, Ackland TR. Knee joint
kinematics, kinetics and muscle co-contraction in
knee osteoarthritis patient gait. Clin Biomech
(Bristol, Avon). 2009;24(10):833-41.

13. Satas A, Jurgelaitiene G, Brazaitis M, Eimantas
N, Skurvydas A. Effect of knee extensors muscles
fatigue on bilateral force accuracy, variability, and
coordination. Hum Mov Sci. 2020;72:102659.

14. Rabiei M, Jafarnejhad-Gre T, Binabaji H,
Hosseininejad SE, Anbarian M. Assessment of
postural response after sudden perturbation in
subjects with genu valgum. Journal of Shahrekord
Uuniversity of Medical Sciences. 2012;14. [Persian]

15. Hubley-Kozey C, Deluzio K, Dunbar M.
Muscle co-activation patterns during walking in those
with severe knee osteoarthritis. Clin Biomech
(Bristol, Avon). 2008;23(1):71-80.

16. Hatfield G. The effects of quadriceps
impairment on lower limb kinematics, kinetics and
muscle activation during gait in young adults [MSc.
thesis]. Halifax: Dalhousie University. 2009.

17. Ghasemi G, Arghavani H, Hajirezayi P,
Esfahan 1. Effect of Functional Fatigue Protocol on
Postural Control and Balance in People with
Different Foot Arches. 2009;24(1):844-45. [Persian]

18. Anbarian M, Hajiloo B, Sepehrian M, Sadeghi
S, Esmaeili H. The effect of quadriceps fatigue onco-
activation of knee muscles during walking. JSMJ.
2015;14(3):309-21. [Persian]

19. Murley GS, Menz HB, Landorf KB. A protocol
for classifying normal-and flat-arched foot posture
for research studies using clinical and radiographic
measurements. J Foot Ankle Res. 2009;2(1):22.

20. Costa RR, Reichert T, Barroso BM, Rocha
VdMBd, Preissler AAB, Santiago E, et al. Heart rate

VEer OLT A oyl (YA o) 53 15jl) 15Salsja ogle alan

AR

OKed 5 (Sroad dos]

[ Slocgr oolil pa 5 il allee 5 arsly
OMas Jlocge g hawlasls 5B 0 6l o)
S8 e andly (aled 5B )0 il (6 ygmiinS /(5 5SS
S 3| g el ST L alie )5 Codgn b
Sy oo Haiay dslllas ol ol camline bl yals

501y ol @l Jlas wdlae cudlad s booyls

45 05 oo Slpidy nlply ans ralS Juake o)l
Lo lylo ol 81 o o ge Sl ed 5l eoliu] plSin
JSSo 5 =l Grizren 0505 Joe bLixIL Cadg
St $9) 2 9 byl 5o le oalely (Sos

30 6590 olpiinn adas 0lg o Sloreg 9o
b Lo Ll aS 098 pas B ol ST Slisss

Sl oegh (pl 8 (owyp 9 90 Sae Loldl po »
Loyl

PGS g ol
=led 5 G (nl )3 QBaS e8 p0 (oles
isged 6,y pole Limghy plavl o |, L a5 ol 3l

el Sloyad g S JlS

References

1. Walsh M, Peper A, Bierbaum S, Karamanidis K,
Arampatzis A. Effects of submaximal fatiguing
contractions on the components of dynamic stability
control after forward falls. J Electromyogr Kinesiol.
2011;21(2):270-5.

2. Jafarnezhadgero A, Sorkhe E, Meamarbashi A.
Efficacy of motion control shoes for reducing the
frequency response of ground reaction forces in
fatigued runners. JAST. 2019;2(1):8-21. [Persian]

3. Ghodsi A, Naserkhaki S, Tanbakoosaz A. The
Effect of Fatigue on the Postural Balance of Young
Women Using FElectromyography of Lower
Extremity Muscles. J Sport Biomech. 2019;5(3):146-
55.

4. Shojaedin S, Khaleghi Tazji M, Sadeghi H,
Abasi A. Dynamic stability of the abnormality in the
foot rotated in and out in motion of the jump—
landing. J Motor Sciences and Sport. 2008;6(11):28-
13. [Persian]

5. Schoenecker P, Rich M. The Ilower
extremity,(Ed. 6), Lovell and Winter’s pediatric
orthopaedics. Philadelphia: Lippincott, Williams and
Wilkins. 2005;39(1):43-6.

6. Murley GS, Menz HB, Landorf KB. Foot posture

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6585-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

deflection point as an alternative to determining the
anaerobic threshold in dyslipidaemic patients.
Motriz: Revista de Educagao Fisica. 2019;25(1).

21. Leddy JJ, Baker JG, Kozlowski K, Bisson L,
Willer B. Reliability of a graded exercise test for
assessing recovery from concussion. Clin J Sport
Med. 2011;21(2):89-94.

22. Koblbauer IF, van Schooten KS, Verhagen EA,
van Dieén JH. Kinematic changes during running-
induced fatigue and relations with core endurance in
novice runners. J Sci Med Sport. 2014;17(4):419-24.

23. Murley GS, Menz HB, Landorf KB. Foot
posture influences the electromyographic activity of
selected lower limb muscles during gait. J Foot Ankle
Res. 2009;2(1):1-9.

24. Farahpour N, Jafarnezhadgero A, Allard P,
Majlesi M. Muscle activity and kinetics of lower
limbs during walking in pronated feet individuals
with and without low back pain. J Electromyogr
Kinesiol. 2018;39:35-41. [Persian]

25. Hermens HJ, Freriks B, Disselhorst-Klug C,
Rau G. Development of recommendations for SEMG
sensors and sensor placement procedures. J
Electromyogr Kinesiol. 2000;10(5):361-74.

26. Parijat P, Lockhart TE. Effects of quadriceps
fatigue on the biomechanics of gait and slip
propensity. Gait Posture. 2008;28(4):568-73.

27. Palmieri-Smith RM, McLean SG, Ashton-
Miller JA, Wojtys EM. Association of quadriceps and
hamstrings cocontraction patterns with knee joint
loading. J Athl Train. 2009;44(3):256-63.

28. Mizrahi J, Verbitsky O, Isakov E, Daily D.
Effect of fatigue on leg kinematics and impact
acceleration in long distance running. Human
movement science. 2000;19(2):139-51.

29. 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.
[Persian]

30. Kellis E, Zafeiridis A, Amiridis IG. Muscle
coactivation before and after the impact phase of
running following isokinetic fatigue. J Athl Train.
2011;46(1):11-9.

31. Abe D, Muraki S, Yanagawa K, Fukuoka Y,
Niihata S. Changes in EMG characteristics and
metabolic energy cost during 90-min prolonged
running. Gait Posture. 2007;26(4):607-10.

32. Kyroldinen H, Avela J, Komi PV. Changes in
muscle activity with increasing running speed. J
Sports Sci. 2005;23(10):1101-9.

33. Walsh M, Boling MC, McGrath M, Blackburn
JT, Padua DA. Lower extremity muscle activation
and knee flexion during a jump-landing task. J Athl
Train. 2012;47(4):406-13.

34. Letafatkar A, Rajabi R, Tekamejani E,
Minoonejad H. Effects of perturbation training on
quadriceps and hamstring electromyographic ratios.

vy

OKed 5 (Sroad dos]

Koomesh. 2014;15(4). [Persian]

35. da Silva JCL, Ekblomm MM, Tarassova O,
Andersson E, Ronquist G, Grundstrom H, et al.
Effect of increasing workload on knee extensor and
flexor muscular activity during cycling as measured
with intramuscular electromyography. PLoS One.
2018;13(8):¢0201014.

36. Wong TL, Huang CF, Chen PC. Effects of
Lower Extremity Muscle Fatigue on Knee Loading
During a Forward Drop Jump to a Vertical Jump in
Female Athletes. J Hum Kinet. 2020;72(1):5-13.

37. Warnecke D, Meflemer M, de Roy L, Stein S,
Gentilini C, Walker R, et al. Articular cartilage and
meniscus reveal higher friction in swing phase than
in stance phase under dynamic gait conditions. Sci
Rep. 2019;9(1):1-9.

38. Pal S, Besier TF, Draper CE, Fredericson M,
Gold GE, Beaupre GS, et al. Patellar tilt correlates
with vastus lateralis: vastus medialis activation ratio
in maltracking patellofemoral pain patients. J Orthop
Res. 2012;30(6):927-33.

39. Chang W-D, Huang W-S, Lai P-T. Muscle
activation of vastus medialis oblique and vastus
lateralis in sling-based exercises in patients with
patellofemoral pain syndrome: A cross-over study.
Evid Based Complement  Alternat  Med.
2015;2015:740315.

40. Boehm I, Alhindi A, Leite AS, Logie C, Gibbs
A, Murray O, et al. Comparative anatomy of the
mammalian neuromuscular junction. J Anat. 2020
Nov;237(5):827-836.

41. Girard O, Brocherie F, Morin J-B, Millet GP,
Hansen C. Running mechanics and leg muscle
activity patterns during early and late acceleration
phases of repeated treadmill sprints in male
recreational athletes. Eur J Appl Physiol.
2020;120(12):2785-2796.

42. Faul F, Erdfelder E, Lang A-G, Buchner A. G*
Power 3: A flexible statistical power analysis
program for the social, behavioral, and biomedical
sciences. Behav Res Methods. 2007;39(2):175-91.


https://rjms.iums.ac.ir/article-1-6585-en.html
http://www.tcpdf.org

