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Abstract

Background & Aims: Transcranial stimulation of the primary motor cortex is widely used in Keywords

the treatment of several neurological disorders such as patellofemoral pain. Patellofemoral Ground Reaction Force,
pain syndrome, is one of the most common orthopedic knee disorders among young and adult .
people (1). The prevalence of this complication in women is 2.23% higher compared to men. Patellofemoral Pain,

Most people with this syndrome are reported to be 18-35 years old with a prevalence of 13%
(5). Based on these findings, interventions aimed at reducing injuries and forces during various
activities and improving performance in the field of patellofemoral pain seem important. In Landing

this regard, researchers have used several methods (rest, weight intolerance, ice and heat

therapy, anti-inflammatory drugs and physiotherapy treatments such as transcutaneous

electrical nerve stimulation), interference currents, dynamic currents., water therapy, tipping)

have been used for treatment. Transcranial direct current stimulation (tDCS) is also a non-

invasive, painless and easy brain stimulation method that causes the excitability of brain

pathways, for example from the cortex to the muscles (excitability of the motor cortex) and

causes cortical flexibility. It can be (17). Studies have shown that transcranial stimulation of

the primary motor cortex of the brain can lead to the improvement of patellofemoral pain by

affecting the muscles of the knee joint (18, 19). Cranial direct current stimulation is a non-

invasive technique that is used to change the activity of the cerebral cortex and is widely used Received: 01/03/2025
in the treatment of several neurological disorders (20, 21). A weak electric current enters the .

brain through 2 electrodes that are glaced on the Skg.lll of p)eople (22). This form of flow is able Published: 27/04/2025
to create changes in the electrical activity inside and outside the neuron, which leads to a
change in the resting potential of the membrane and thus improves the efficiency of the nerve
synapse. These adjustments are not enough to generate an action potential, but they are enough
to change the response threshold of the stimulated neuron (23). Therefore, the aim of present
study was to investigate the effect of transcranial stimulation of primary motor cortex on the
ground reaction force during landing in people with patellofemoral pain.

Methods: The present research was a semi-experimental and laboratory type with a pre-test
and post-test design. The statistical population of the present study was men with
patellofemoral pain syndrome with an age range of 25-30 years in Ardabil city, and 24 subjects
were placed in two experimental and control groups. Before and after transcranial stimulation
of variable motor cortex, ground reaction forces were measured using a force plate device.
Among the inclusion criteria of the present study are things such as: 1) the presence of patellar
pain that occurs during at least two activities, from the set of activities of squatting, running,
lying, going up and down the stairs, and kneeling (28). 2) performing the single-leg squat test
on the leg up to an angle of 45 degrees for 10 seconds and reporting pain at least three or higher
by the person on the visual pain chart (29). Also, the conditions for the subjects to leave include

Transcranial Stimulation,
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a history of surgery, a history of mental illnesses, skin diseases, cardiovascular diseases,
diabetes, receiving a rehabilitation program within three months before entering the study, a
history of injury in lower limbs, deformities in the trunk, neurological, rheumatologically and
other musculoskeletal diseases in the lower limbs and pain in the back, pelvis and sacroiliac
region, history of vertigo, uncorrected vision problems and inner ear disorders, and
unwillingness to cooperate Cited. Two-way analysis of variance was used to compare the mean
between groups, and paired t-test was used to compare the mean within the group. SPSS
version 24 software was used for data analysis.

Results: The results showed that in the experimental group, the transcranial stimulation of the
primary motor cortex on the ground reaction force in the anterior-posterior direction during
the push-off phase during the post-test significantly decreased compared to the pre-test
(P=0.035). Also, in the experimental group, the transcranial stimulation of the primary motor
cortex on the ground reaction force in the vertical direction during the post-test significantly
increased compared to the pre-test (P=0.010). In addition, in the experimental group, the
transcranial stimulation of the primary motor cortex on the time to peak of the medial-lateral
(P=0.003) and anterior-posterior (P=0.001) components of the push -off phase significantly
increased in the post-test compared to the pre-test.

Conclusion: Based on the results, it seems that transcranial stimulation of the primary motor
cortex (M1) of the brain led to a reduction in ground reaction forces, loading rate, and
improvement in daily activities of the subjects. Based on previous studies, the occurrence of
disturbance in the peak of the ground reaction forces and the time to reach it in people with
patellofemoral pain reflects the loss of intermuscular coordination and the adoption of simple
movement strategies (37, 38). Probably, due to pain, sufferers of this syndrome use a simple
movement pattern to feel less pain. Based on previous studies, the results have shown that the
transcranial stimulation of the primary motor cortex has led to the reduction of patellofemoral
pain, so that the reduction of pain in these patients can lead to the improvement of their
performance in various activities (39). In the present research, the results showed that the
component of the ground reaction force in the anterior-posterior direction decreased during
landing, which indicates the improvement of the displacement of the center of pressure and
balance during landing. Based on the hypothesis of stiffness of the ankle muscles, direct
current stimulation of the brain's andales activates the descending corticospinal projections
and increases the stability of the ankle joint (40). On the other hand, in explaining the results
related to the peak of the ground reaction forces, it can be said that the longer the time to reach
the peak of the ground reaction forces increases, the more effective the forces are in any
physical activity such as walking, running, and descending from The step is reduced and as a
result the probability of injury will be less (51). In the current research, the time to reach the
peak of the ground reaction forces in the internal-external, anterior-posterior directions showed
a significant increase. Therefore, transcranial stimulation of the primary motor cortex can be
considered of clinical value for reducing pain and secondary injuries.

Conflicts of interest: None
Funding: None

Cite this article as:
Barghamadi M, Gholizadeh M, Alapour KH, Piri E, Fakourian A, Nosrati Heshi A. The Effect of Transcranial Stimulation of

Primary Motor Cortex (M1) on the Ground Reaction Force During Landing in People with Patellofemoral Pain. Razi J] Med
Sci. 2025(29 Apr);32.15.

Copyright: ©2024 The Author(s); Published by Iran University of Medical Sciences. This is an open-access article distributed under the terms
of the CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en).

*This work is published under CC BY-NC-SA 4.0 licence.

v

VE P s )l V0 gy o led Y o505 15l) 1pSisjs ogle alan http:/rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

S 8 Glaezmer 15 S5 25 oS o0
5 el OMde 508 5 )l 5L L
Sl g e s glacaglled b Ly ol a5
sl s (e el oS slig s 1 (silises
0,90 S aS adsly lis ) Ses 5 gaese .(VF)
Slagys p adl (S5 > i3 Glozmex 13 Sy 20
Sy (SS90 p Wl oo g Sl Bge ol S
($ly (SSiS 5,0 p a8l o (VF) wlil s
G 5 omly (Soles imly (58 o) co
b9 5 65 )b El 50 o) HoiinST alaxd
el o181 L sl jo o) St (o mex 5 o2l
PFPS ol,81 328, oly (665l ;o yuxs ((VF) 5,10 042
ialS (gl 00l uls 50 551l b Cal ySae
ol 3,5 5 Jysabsbly | ie Jarll oS 55,2
69,0 Olgie 4 PEPS 15085l o0 o 00w 0 il
A 09l (oo oloml SSiS Blbl o g oy (o
ol ] il SSLES Jamie o L 5l b
5 PEPS (o (538, ol slo S5 )0 Dolds pyoe
L dnlin o latons .cal oo ools lis Wl ol )3
S5 5 s ME el I S o
3008 N0 wis S oy PEPS ol 3l yo gily i
o lBl Lad 5l o8, ol g Vb Koo Sk
— ] i (55, SIS el Jrate 5,L08
Sy Sl ol o 9,5 A5 5 @3e 290 SDlie
Fetar S L oGl S-S abe  aST
Wy oo a8 wlioo Gl Bl 098 (o> Sl J—ade
O 53 i (pl 4r Ol e cuiiS Ay
Orzpe D3l gil) (Foges Loolyen slocled
Sl g ermb s S5 > 8! Jds 4 il
pladl calys o a5 sl glswpladl  SolesS
AY) wS k;h\iow\ Ao | G;L:_z';
Sials Gae L oMl las deazily ol il 5
5 il clocalles b o3l clog e o ol
A e Sl (SS90 e 50 0 Sas 5
oo sl by, Gliine Liul) (e )3 0 o0
(Glops LS g & by (9 Jood pac el i)
2B @lind slapley 5 pledla—s slag)lo
Transcutaneous ) cwgy & ,b 3 (S xS S o0
(> sl L > «(Electrical Nerve Stimulation

doddo

Patellofemoral pain) J!,503500L 5,0 pg 00—
ol il (S ol SSiS 5,0 b «(syndrome
AU 5 oy 331 ol o sl say,) SO
5 2rysS )0 a5 (g9 4 (Y <)) 05 o gana
AYlw goladl L Y VA o jo oS L3
leo,o adgl slaccdl e gl p (0bg e VIF
b e () sl oals 138 Sac- US|
posdims 4Vl 50t Glie YoNF JLuo po (2158
Slime (F) win,S° SIS IYYIV L, 6l - SSasS o0
TYIVY SLBIL avslio jo olel o asle ol gous
23 pgydimw (pl s e ol 31 o i ol i
Sl oy o5 VY et b JLw VA-YO (s
&y aS il (Masl Jlsedslily 5,0 pg 0 ()
@ 3lLbl glacél b ¢l Jade SKasl 5l 56 sy
9 YU ol,8l 6 ey, slacdled 51 S 09l 00 I8
plasl Jlrliaras ol o wloal, 5 asl ol
3,0 3929 3l il as)le 1l 4y Mice ol 3l Lol 00,5 oo
At 2olhb og> gily Al jo

M L a0 tDCS &l 31 50 cladlas 5l golass
9 i &)ud (Gl plad 6y Su S 2,
Jlow 5o ilodls H138 (s 1 390 (Sn—dy S
ag 8y Ve as sl o o lSn g (g0 YooV
sle (Sasly i Soyms @-tDCS) Jlail tDCS
8 el d_ac a1 el a8 o
ols lois 1lg8 o ol yogdle (F) w0 il8
asbe o Slizw plasl adgl oS > sla cel )by tDCS a5
sk 4 (A V) s2s e Gl L iS5l (g9,
A bgpe Jounzm lo)ls &> (xs =S
oS b () ol Jolas aiile glisw slapla]
LM 4zl 0 tDCS 50 cod el (S (V)
olas ol Sldlas L3t gl cadly 1o 05,5 13
S5k oo S S ol )l SIEDCS a5 w2 o
Syl g aaS o Calex ol Jolss s Sgue 4o

223 oo Sl o T sasoca] Cun Sliss alul
& BT, o, tDCS Wgs ey lallas ol (1))
L oS oS oo o)Ll oy S slapailSe
Gulbg y0 ohga VM L axlial voo oo l—id )l
4O cal 1550 gogee yolius] 5 (VY) -


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

395 (b (e Jodll WS (5958 3 gl (S B (ldooman b S o5 ]

Jodll nSe $950 2 adgl (o 23 Slaermex] B
B9 Sy SS9, gyl ol Bl )5 95,8 b e

SLETY

L olltalosl 5 (o 7ans £33l il 3ok
Geid (5 )Ll analr 05 (503l 5 093l 25k
b Sl SS—as s asjle b e (oles 51>
Sy 09 Joo )l lice ot JLwo YO-Y o aials
G*Power3.1 ,l38ls 5 5l abgal e JSlo> o
o jools Hlois jlidle 5 cpl A ol solai ]
Pl sslel Gl g IA S ejlasl /00 gl sne
09,5 @ ;0 Y ply adgel slass J3las ¢/A
@ ol 9,8,V ull e (V) 03l o
S SSLS v asle b el Y g ool Bolal Ojgue
GRBIR 53 e )3 diged g wiedin job 4 I,
39 55 ol b L ogesl is S 28 0 ol
O oSl a3 35S g (02 098
08 e Sle (JL WYY TY Lo Sogss]
Aol +ENIAE 539 opeSilis o il VOIS - £8/+ Y
YEIVORYIA . Sx 0oy asl i pnSle g p,55LS
Olye 4 Senly S ired g @i ie 2 p S ekS
3 BL(YD) W )S ez i by Jogesl soles 5 sL
559 s 4 im0,
90 BleolSle o 4y (A asxlye Jl- SSuS
Sl S5 4 pY 09 Joo)l pd (sogaz S1ie g
Sl S5 93 09,5 ;3 9 4 93 pllw 09,5 y3 &S
(oge;) anlol SUlg pae) Galizes Vo 4y ;a3 ¥
ol lain 8 Bde (o g g e sloools
O i 5l 69)lge 4 i oo =Sl Badoni 299
(odlad g0 plxl by J8las a5 SSLS 0,0 5429
Sk (g (08 amiler slocIled dcgen |
N SIS URESBIRCIRST TR EERES
L L g9, p single-leg squat :jao;l ploxil (Y (VF)
Blaz 0,0 (5,158 g asliV e Gos drazr 0 FO aul;
350 M Hloged (59, 9,8 355 g YU 4y 4w
(YY)

o Ol Lagosesl zays bl 5l (eizeen

VE P s )l V0 gy o led Y o505 15l) 1pSisjs ogle alan

o]

Gl |y (St o slays o Sealiys slooly >
e Sl S5 (VF) ades 5 ol
re Sl aF Sl ol et ST S dene
30355 job a5 95 oo ooliitnl jie y28 codlad
AA) 09— oo oolaiul cmae PLS pai> by
245 55 5SIY bl chands (S S ol (18
S se 3)ly je 4y 0355 o0 518 0Ll demex (59,
2y Sl cul old L IS s (Y e)
45 A5 sl gy ) 5 S (S
s 50 g sl (Jolial Joansly )3 oS @ e
b has (plogboe gmas Gl 2L Soe
e gl Ll et 3 ae ol oll ol
(V) s SIS o0 S5 ,o5 (9,95 gl ailiw]
S ek 5 e 1 8y S0 3 e
Ose—ali s 4 i Gl S 2 ol (S
Resting Membrane ) o>l ol gloze J—ily
Sl sy (6955 4y 395 inli3l 4 (Potential-RMP
SIS Sy a5 o 5 g o e Sl
oolS g RMP (ol M ynls 4 s
OhlSen 5 9, Kikge 39— oo (s 23Sy ,20
a8y Ve b IDCS Lole agalge as aisls lis
G e el s YUY slaplyyz 5l ealin
So slp sl (omas 620,20 53 (Sl
45 _lg b tDCS ax 51 09 o yiien b eeles
R g 2S5 Losilns 45 S 0 S5 1 S
25 Lepiie a5 (Ablis ol oo (rizren iyl
S5 608 sleaSit Gk 5l i ooy xSl
sloslaiwl oS aios oo i L3 Slallas .0uS
cels Wil oo Glaszmor il e (L > S 20
Ol Ui Syl 4y az i b g 05l o Shoe 238l
ol Baa b izl sba gl il a5 wisls
392 b SLies el ooy s35ee Loy
$ly 00 (5155 3 Shos g 5il; 9,0 grhans Sl (S
DSy Sgue (il (SIS 5,0 4 M ol Bl o )
Ji 0 b g b5e Comal 4 amgi L (YT YY)
I ol il g9dg0 (nl (o) 4 (293
Se S B ey il el S

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

tDCS Jlos! cg> a5 (g950 an o(Y+) o—b Jlos!
ol sloogesl plos sz i (5 8 sl
(YY) as ools J1EMI axb oYL Al 0 10-20
llbe G (5 ot 5 4l 5V g0 9250
(YY) wads coll a8 Wl Loy g ol ools I3
398 Pl (o) JodllpSe sy S sl
59iS CBl g amio Gl eolannl b a5l ol
Loy (e oo Feoxfe) sl Ly LS
- old (F2) 050 sloiyz ;o o) Joddl S
aly 3l 09,8 sl (FX) >, Sl 5 (Fy) 2>
5ol gl b ol Yo gl L o]
S feeed e Vel 6)lon adged LS 2
(YY)
amiio 595y S0905] Gl (65,18 weas (sl
—ilosl jobo 4 99,3 &5 > a0 ¥ sy (b g
Gt Y Ol e 285 el (Gosesl o lawgs
el ooy ol S slog s oo sl Joed LS
(9903] Jolws yols s 3l asile (63,140 4o 08,5
PRl B B L g amio sad Ll 3,05
Wb o0 LSS geil 9 amio (555 2 (F09e))]
ASin 09,8 b S glmosls Ll ¢ ay0
o Vol iy gy axbio s L oS 5595
Sohe 4 (FF) cd 5 8 laioe (GRF-Fz >20N)
oor b &yl il sleslawl b SaS sleosls
Slp &S loyull od Jlpen 5,0 Ve uilS 2
Sl ol 28 15 il 3,50 Lol 5 40525
zol 4 o, ley 9 o 4w GRF ol
6019—‘5@“\.9 4.9.]5«0 ‘(FX) L':'>)L>_LA>|° ‘_ngd_a.Jyo
o2 ez b Lag s 0g (F2) (ogee adlge o (Fy)
OIS O ez 3l g ys Glyie 4 g wiah (b
RV
0503 g Laodls 090 Jloy isslol g,
‘_;‘).s g,é)f )|)5 .\.»..)L: S)90 (P>~/°&) &145—5)...’[_..:
s 5T g3l 5l (2T L e Silee Al
09231 51 (2955 0950 (el dmlio 5 g
sl eosls Jdod g 4520 (6l ol solaiul >g5 S

http://rjms.iums.ac.ir

-

Sl lon «(Sls; slags Lo atilw o > atilw
S8l o «alys o g pem ot lo)lon (s
Ar 39,9 3 Liom ole dAw Ddw 0 —iSuled dsliy
5 bl Sl plail jo ol ail s aalllas
9 Slgileg, «Sajgly)s slos)len il Sl
30,0 g Sbow glaplal o Koo dlae IS
@S s Al (SLLls S 5 (K jeS 4>l
(1 eSS g euits Pl ol S
IS o e 0,5 o )Ll (6, 4 Jiled pac g
3l ot cale) (—tagh B (regn Sl
9B 33 gl 50 > el culs, o goge]
o lois 4y BN oS glyls arlllas ! yuien (YA)
¢ IRRUMA.REC.1401.044
oy b oge;] (gl anlllas g, 9 Ban lal
S i lp ol cddlge oMl 5l o g 9B o0ls
3y cailolET aslical s, p0 JuoSS 5l oy g dalllae
Al b 0903l (gaen jlogdle 4y aiu dalllas
i Ao, 0,8 gl 3 8,5 51 36
5 s9—ax 3l Jud celw YA g uiis 0 1) ga3l 5o
S sb a sl 55,0 ol codled el
338, 5 Ay 5595 5 ol (e oS S
5 42 B3V0 Do da (0,5 p )5 asliy oy JElos
ol (glp AdBo B D 4y (0,5 0, asliy
polie , ol asdllas ;o0 (V) i Jlee!l o Soges]
Laly 51 el als plSie e JodllpSe slog o
SOt (52)56 09,5 e D Sl 0lgSds e i
R P adgl (S i8 Slaemexlp S 20
30,5 S5 1y gesltey adope G 855
ol o gt e Sl oozl b 5o 1S ol
mMols of NaCl water 140) -yl sl b o
YO 09, Sl g0 ,» 45 (dissolved in Milli-Q
oy 58l old Jloel 285 oo 2 )3 1) e So Sl
e ot ey Syt olSi s S 42 (2o 5 )
Eldith DC-, ) )_._AIGL._A Vo d e 00 gy
Jaie (Stimulator, NeuroConn Ilmenau, German
Slaozmaxld Sy o0 JlaS ol SS 4 pY 0

T e

VEF g5, 00 ai s o)les Y 0,55 15jl) g Basju ogle alan


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

395 (b (e Jodll WS (5958 3 gl (S B (ldooman b S o5 ]

Al 5o 55 275 05,5 35 oo a3l 4Bl (s
Solosre il Bl gesl i b amlie 1o (yge3l m
Sglis gn Lo pitte Ll (P=+/+ 1) cils
O30l U ogesl s sadz 0 5l ) (6)lo ee
P>+ 0) olas oyl

sholes Sl g 09,5 Jale Slols lis ¥ Jgu b
S95 sloadlye 4y () Glaj 2 09 T Lej
O3 oz g )95 al>po 9 50 (e Jaall S
BB S5 5 o 0g)T 53 0 Ly e sl
Slis mls eimen (P>+/0) Cil (5 ,ls s
Sy @sl @ G, Oley o oley ele il ol
Soyt Gy o 2 30 o) Joall S
o 5L Al o bz 56 (b (e Jedll nSe
s (P< /- 0) ol axils (g)lo dxe il (o)
Olej 575 05,5 y2 a8 ols (Lt el (505
g P=+/++Y) >, L5 adlge zol 4 o,
L asl s s 5B b (P=+/+ V) als- o8
bl (o gme il Bl a3l 4O e e |
el o 5l ologine Dol o Lo piie L
P>+ 0) ol ol (yge3l g B o903l i

o8 oolitl Y¥ asens SPSS 58l o

Wassly
b ogej] (arogi sloazli ) Jgazr ulul
O3l S Y Jgoz mls uizmed .l oo 45l
= 09;-25:-L‘)Lo)' ‘sl.nl-’d )J‘ 9 03; JALC )"‘ aS Sl
2 ey JedllnSe slag s sls prie 51 S
99 O Ls_?-)l:}—wl_&‘o ‘Lsil:&—‘sobé (SOges b |)
O el 5l bl o laz g axdly 0,95 al> e
Cild (5l Fre WS J 7S 5 0,55 09,5 90 40
ooy Jele Jlols i mmls fuzmen (P>+/40)
3 )l sl 5o ey JedllnSe (59
o 59 3 ey s s ATl s el e
P<efe o)) s gyl g OB S 5 0,0
S o i ey aej] gl ogdle 4
> o o (A alad bl 55 ey ol S
3 (75 09,5 50 (o) g 5L ASl ad
Gl ge3ltn b amlie ;0 (905l al> 5
Goyut aizeod (P=2/-Y0) ool g)ld ias
lar al> o 5 goges Siwl) ;5 (e Sl oSe

S g (275 09,5 99 3 SN 0398 padld 5 g B Loy slapadls =) Jgun

JS 09 27 0955 o yie
WEIAESITY WE/F0/5A 3

VAIE AT AV 2a/¥¥ 559
YOINVEY/AY YS/A-HY/VY St 055 sl

(0 09 31 Ghop s ) SS9 (255 09)5 93 33 (e Sl e (slog s (2955 9 g 9 iyl 3IUT (ygefl =Y Jga

Fzpo Fypo Fxpo Fzhe

Fyhc

Fxhc [PYVE

AV AFEYYF/AY  VA/EARYFN A YVEVEVAIYA AN a7AT = ARYATA
AOF/FFEVYY/FO VOS2V —-¥y/yaty. /vy VOY/NOEYD/YA

AP NEOF/SY B JAEVAS el i 09,5
SWWY/VARYONY  FE/FEYY Oseilom S

wefo)e #e/Y0 IAY AN AR A 285 & o))
WEIASEYSN e AYSIASEYS\ e \YSIASEYS[Ne VASLVEVD/-A SV-OAAEYAL. SVEEYED eefl i 09,5
VYMVEVW/ED  ASVAOEFYAA YVAVENE/YY VEVYFEYAAG AYYIYARVEYY O VVARNESY el JS

-I¥YY <I¥YY -1oY- NN -1AdA <1bey SRS
AR Yy sefoo) -IVAY <IYAY -Ivvs ooy Jale 1
Nial -IA N -I¥ 4N -[PAY -IY+ 05,5 Jole il
<1823 1AV RN -I¥AY AR AYa 09,5%loj lalss 1
(P<el-0) gaslm 9 0se3l e Ot osine oglis s
v

VE P s )l V0 gy o led Y o505 15l) 1pSisjs ogle alan

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

Oh&ed g (ghef y puxo

oS 5 225 09,5 93 )0 (2955 9 Mg 93 by 2T yg0il =T Uy

TTPFzpo TTPFypo TTPFxpo TTPFzhc TTPFyhc TTPFxhc s pusio
OWWESEYY/-  OAS/SEEOVYD  SYYI\WROF/VS  WWSSEYY/OY  FEINSEVONNY  WEIASEYSNN.  geilie ogS
OVANYEYF/SY  PER/S.EAF/NA VOYAYEOY/SY  AYEIFRYYS AVISSEYFAS  ARYAMSEWAY  eilim o

/Yy geofee) sefooY < [YAS - [AY¥ AT 95 S 9ol
OYA/+ + 2FF/YA (I =2d VN SOO0/YSEEYIVY \WWAIAS Y O/55 A+ [-5ENY/YY VEF/Y « ¥/ AN Q}o)‘lﬁ °9)§
OFA/FYEFS/AY SYY/- - 2OY/Y- (B ZARS7NVR Y VEV/A\YEYA/VS JSVARS: S AvALY VAY/YSEYA/S - CJ?”)'TU“«’.» J)..S

AN AN AR -fovy SANN iz 295 & 0905

RN #e[ ¥ #eoVY NAars <[-50 INYY obej Jele 5l
-Ivas <IADY <IAYVE <I¥AY WYY vy 05,5 als
<IYA¥ i -Iyas -[A¥) <IYYY N/ 09,5 le ebus il
(P <e/-0) geslm 5 9ol s o fosine Soglis s
O3 Jedl Ko sla s sl 4 O s O o3 Jedll S slas
Yoo Yau
x
R [/ Tp——
T ii'l | Fxhc | Fyhc | Fzhc | Fxpo | Fypo | Fzpo

TTPFxhc TTPFyhc TTPFzhc TTPFxpo TTPFypo TTPFzpo

W0ST o s W OsaST g 025

05037 She IS WO pafT ey J 58

Gig >

W 0sT S o WO 55T ey 029

03T (e IS Mo ey J S

RS 5 (225 09)5 93 33 (e gaw L b M g alil pole 1 b bag i 2ol 4 sy (loj 9 e Jeall puSe (slig i dunlio =Y yl5g0d

(P<+/+ )
zol 2> P2 590 et Slalllas ul—ul »
2 Ol ey Oloj 5 ey JollpSe slog
3l easS S il - (SSiS 0,0 4 e ol 3
sl g slasmals o (Salos ools
Yzt (V8 ,Y0) ol ool 5 1 slas 3l il
S5l e0ys sen o s pg i ol 4 Lk
BLOX SRR EEIWES RLVE S BEWINEA SESIPIN S|
ol b L8 oldllas bl 5 oS o ool
adgl &85 o i Glaemex s SOy a5 Cul ools
$975 4 el ol Gl SSuS 0y palS 4 s
Sone 4 e Wi oo hlem (nl 5o 9,0 ShalS A
2. 0F) 098 alise glacdles (o Ol_ﬂ o, Slas
S50 adlgo 45 8l i @l 5, 2le i
35,8 Pl (il o8 L) o (e Sl uSe

S

http://rjms.iums.ac.ir

A

& : Y
Slaozmez! 3 G o 30 bl agh 3l Gas
b oy Sl nSe 59 oadgl (S 8
D91 Gl (SEiS 5,0 pg i gyl ol,81 5 54,3
Sliwly o o Josdl Ko (59,55 0l ylid s
e V| | P PR KEPY EXO i EART:
Oseiloie b aaslie ;0 (ge)l s al>pe )3 (s
Sy i (P<o/+0) by (g )l goe oS
haz al> 5o )5 (gog0e Gl )3 (e Josdl Se
2 O33lim Al e 0 ey s L Al o
cals gyl gme i3l Qg.c)'—lui‘.ﬁ.& Lawlas
A Ol Gloj ols lid uls ogdle 4y (P<+/+ 0)

bz 5l (b il olad g (2l (51 adlge ]

2 O5e)lom A e 30 ey e 5IL all o
il (sl Gl 93Tt b Al

VEF g5, 00 ai s o)les Y 0,55 15jl) g Basju ogle alan


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

395 (b (e Jodll WS (5958 3 gl (S B (ldooman b S o5 ]

Ol il S sl )0 05290 slagysg
Gy 7 30 s el il Ko o8 a5 50
o9 6995 4 995 Sl S &5 &S 950 0 ;25
L oasdy seo oo s Lie (SG Sl ity ess L
Jdo a6 i SG e Ol gl ol
> e 29z ge slaaidl 4 az g5 b el sl
oy Jlaml) S5 AL e yo rals aS o)
Slaggyg o (liom Sl 3gue Sl (LS (e
50 «(FY) oib ouls s (6,08 5 (5,8 5o
S i3 (59, hd Ollllas azdl ol coles
S ol aslas_ils Lebsl La jige ;o adsl
a8l (il Bl (623 (59,0 Sl siboole) b (el
S s &5 Sl Sy BB 3, 51 (FF) cl
Slo,Sod 9,0 laasi—i aile Koo S > S
S Cdeln ;8 g loacld slaai i sla o
39 Gl (S S5 ST slo sl 0 500
S 08 es v g (2l 688 sy o
(F0) ol aslas 32 tDCS 5l oy
$O9ee S900 Tyl (275 095 Pl aars L
O3 ey pa L ail ad las pls (o
o) Sen g (2 Ll en jo.cils (5)ls Jxe
Sortt $O9ae gl il 4 anals Lebl
Sl ol sloazli 5l (o aS sy Joddl uSe
5 ol g slow pladl slaca—wl )0 59,
3,0 pyydd—w da LM jo 4 c il )15,
sk 4 el (oSl 3Ll o &y gl - SSiS
a5 b (FF) s oo &) 0,0 el jals
SMde Cilr 5l (Gld e gelas 5L sl o
1 s g—iienS| Dde 5 b go oSl L
63908zl o YU Ylai> (FY) 055 o Jlos!
;3 pyydi—w a4 GbMie )3 (e Joall S (5955
So s bl Jds g WUlg e ol SSiS
OMac 8,Slee b joo adgl 5 1> i3 glaasex] 3

VE P s )l V0 gy o led Y o505 15l) 1pSisjs ogle alan

q

P elrads seps caunslis as cély jalS
4 b bl 0Bl oo 39,8 plin Jolss o jLss
Oloz b e JIdl Sy e oMde (i
Jub 1y Joy ol 628 slo -iSzr gy cprinane
Sobise b o Jrate 6 lgal (a8l sl 5 05 oo
Al e ol Bl Jolss gue p Wilgs oo a5 (YY)
L ggoge cnl 9)ls Jloiml aS 398 (a6 ndy S
sl s e il e 4o (68 ,Shae YLl &l i
33 S5 09> Ol S9dios cum Egd90 (| (TA)
Ol b ol 50 5355 @95 0BG 25 4>l
3 omlSgen g 0 oy 0l > S 0o

Al o8l oo i cagar o] o bl as glasl
A S i 0,5 los g0 LlgS o0 Q] < o (YY)
JWs @ 508 Jolw cplpls g oad > ) S e
2 lgi oo dzme axli o She el e (S S
Jolsd s yo 9 JLIS sloJolow sloié by
oo ol o ly A8 5l e slooaias i
2 S sob araS el iz o 4
et Sla sl s Jab e o
(f') 05...4“;9 o lie
adgl (55 > i Glasmexld S e
Ohlems ;o (dac ©508 Seps 4 youe Wilg oo e
(Y‘V) 05_....» ‘5»1)—¢SS_...5 a)o Pﬁ)‘x‘_""’ d.‘.)/l.._..a
s i ol b e Jlil Sopos ol
el oSk (5,28 s (6 S 25 2 3l g
Syl onl g oa b el A b (6 3 S o
ol ooy a4y (&5 > —iSudley o glos S
Lid Joaily bawgy cmae Joko ;o alSS Jlisl ol
Slo oty 45 o 15 555 o0 S5 e Jolo
driliy 5 4l (e (R A e S
D oo (ad) S e rals 4 i 5 shie
Sad 4y An 2l jsb 4 1) ol 8 -l IDCS
Do ol S i85 S e Do b >
ol b sie Jlal S5m0 a8 651 (F)) S s

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

S iz Mo

e SIS (sl gib a8 S 5 ol allie
IR.UMA REC.1401.0445)51 o5 L 5 (g0l
O PUE NP

ol g/ e lio
GOl 3 (o g aJlans u»)Li, S Ni‘“‘ﬁ‘
u—***-”’-“j*—*—*—“b°4-€:°)-’|)“-”-“-‘°g§)l-*—“ ‘).;9

0,8 pis 1y g Judos ansos | Loools osl; 13
2 b S e e )l,558 e adle LLis
LSS A ()3l Fly g gLl g

References

1. Tahmasbi T, Farazmand F, Hosseini P. The
Efficacy of Insole on Pain, Function and
Biomechanics in Individuals with Patellofemoral
Pain Syndrome; A Review Article. J Res Rehabil Sci.
2016;12(1):54-60.

2. Callaghan MJ, Oldham JA. The role of
quadriceps  exercises in the treatment of
patellofemoral pain syndrome. Sports Med.
1996;21(5):384-91.

3. Yalfani A, Ahmadi M, Gandomi F, Bigdeli N. An
Investigation of the Lower Extremity Kinematics
During stair ambulation in people with &
patellofemoral pain syndrome: A Systematic Review.
J Paramed Sci Rehabil. 2021;9(4):115-25.

4. Dey P, Callaghan M, Cook N, Sephton R, Sutton
C, Hough E, et al. A questionnaire to identify
patellofemoral pain in the community: an exploration
of measurement properties. BMC Musculoskelet
Disord. 2016;17(1):1-11.

5. Roush JR, Bay RC. Prevalence of anterior knee
pain in 18-35 year-old females. Int J Sports Physic
Ther. 2012;7(4):396-403.

6. Jeffery DT, Norton JA, Roy FD, Gorassini MA.
Effects of transcranial direct current stimulation on
the excitability of the leg motor cortex. Experim
Brain Res. 2007;18(2):281-7.

7. Kaminski E, Steele CJ, Hoff M, Gundlach C,
Rjosk V, Sehm B, et al. Transcranial direct current
stimulation (tDCS) over primary motor cortex leg
area promotes dynamic balance task performance.
Clin Neurophysiol. 2016;127(6):2455-62.

8. Kantak SS, Mummidisetty CK, Stinear JW.
Primary motor and premotor cortex in implicit
sequence learning—evidence for competition between

http://rjms.iums.ac.ir

')

Ol)l&@s (S p (o

il el 5log 8 (>
slogys gyl 4o by pe @l G 0 Gk
Oley iz 2 45 CS lgiee (e Jedll S
b Rl ey JedllnSe (slog 5 @l 0 e
097 (S Clled o 50 Lag s (6,105 51 e
50 9 a8l Ghals aly Sl el ly 5 oags (38 el
Loy gyl 4o g Oy ol gk
—‘59‘..\5 ‘t5>)l'>_(51>|$ 6[.._...4‘) )Q u-uO) J.o.’.”d&
Lsly ued jo 0l lis 1) (gl g Siuli8l cals
oS bLS)l s (oaagh (b hlSes 5 o)l
&5 9 ooy JodlleSe lag s sl 4 ) Oles
aisle i aS (g95u dacadlos S 0 Ll (5,105,
Oy JoallmSe (slog o ol 4 ey Gloj (1alS
5 9= les el 5 ISk g5 a2

(F3) LuSally
poe 4 Olgier ol Jhagh locasgas |l
SlaiS Sledbl el pac g () Cowiz ) 2
L ‘rmbs).a OH‘SQ QL@{‘—“"‘-' U"‘)”L"' 0; o)L..u|
a Saeaih Sloj sojls (b iz 50 8
ol SlansS 5 SeinS oledbl e ol pon
Se2S 45 sy oo B gl el oS
Ay oo (M) o0 adgl (5> 23 (gldarmax] 3
Bl 5 S, g5 GhalS 5 Jolas Sgue e
53 pgydi 4 e 50wl g 0,0 rals

Dg gl SKiS

S8 A8 a0 Yl ol Wl
A e (M) jae ayl &S s Slaozoz )3
5 SRSLL 25 ooy dedllnSe Loy el
S olgiee dd o b o Soge;l 0,055, Cadlad Sgupn
ool Al (S a8 laermex 15 S 20
A5 4gl Glacu—ul g 0,0 a8 gl (Sels
O

VEF g5, 00 ai s o)les Y 0,55 15jl) g Basju ogle alan


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

implicit and explicit human motor memory systems.
Eur J Neurosci. 2012;36(5):2710-5.

9. Dutta A, Chugh S, Banerjee A, Dutta A. Point-
of-care-testing of standing posture with Wii balance
board and Microsoft Kinect during transcranial direct
current  stimulation: a  feasibility  study.
NeuroRehabilitation. 2014;34(4):789-98.

10. Kaski D, Quadir S, Patel M, Yousif N, Bronstein
AM. Enhanced locomotor adaptation aftereffect in
the “broken escalator” phenomenon using anodal
tDCS. J Neurophysiol. 2012;107(9):2493-505.

11. Sohn MK, Jee SJ, Kim YW. Effect of
transcranial direct current stimulation on postural
stability and lower extremity strength in hemiplegic
stroke patients. Ann Rehabil Med. 2013;37(6):759-
65.

12. Beck S, Taube W, Gruber M, Amtage F,
Gollhofer A, Schubert M. Task-specific changes in
motor evoked potentials of lower limb muscles after
different training interventions. Brain Res.
2007;11(7):51-60.

13. Tokuno C, Taube W, Cresswell A. An enhanced
level of motor cortical excitability during the control
of human standing. Acta Physiol. 2009;195(3):385-
95.

14. Mohmadi H, Barghmadi M, Mohamadi R.
Comparison of The Effect of Transcranial
Stimulation of Primary Motor Cortex (M1) And
Relaxation Tone and Mindfulness-Based Breathing
(Mbmr) On Ground Reaction Force of Lower Limb
During Walking in Subjects with Patellofemoral Pain.
Stud Med Sci. 2022;33(7):541-52.

15. de Oliveira Silva D, Barton CJ, Pazzinatto MF,
Briani RV, de Azevedo FM. Proximal mechanics
during stair ascent are more discriminate of females
with patellofemoral pain than distal mechanics. Clin
Biomechanics. 2016; 3(5):56-61.

16. Paoloni M, Mangone M, Fratocchi G, Murgia
M, Saraceni VM, Santilli V. Kinematic and kinetic
features of normal level walking in patellofemoral
pain syndrome: more than a sagittal plane alteration.
J Biomechanics. 2010;43(9):1794-8.

17. Almeida GPL, Franga FJR, Magalhdes MO,
Burke TN, Marques AP. Relationship between frontal
plane projection angle of the knee and hip and trunk
strength in women with and without patellofemoral
pain. J Back Musculoskelet Rehabil. 2016;29(2):259-
66.

18. Nitsche MA, Cohen LG, Wassermann EM,
Priori A, Lang N, Antal A, et al. Transcranial direct
current stimulation: state of the art 2008. Brain
Stimul. 2008;1(3):206-23.

19. Sellaro R, Nitsche MA, Colzato LS.
Transcranial direct current stimulation. Theory-
driven approaches to cognitive enhancement:
Springer; 2017. p. 99-112.

20. Montenegro R, Okano A, Gurgel J, Porto F,
Cunha F, Massaferri R, et al. Motor cortex tDCS does

R

not improve strength performance in healthy subjects.
Motriz: Revista de Educacdo Fisica. 2015; 21(1):85-
93.

21. Fertonani A, Miniussi C. Transcranial electrical
stimulation: what we know and do not know about
mechanisms. The Neuroscientist. 2017;23(2):109-23.

22. Esculier JF, Bouyer LJ, Roy JS. The effects of a
multimodal rehabilitation program on symptoms and
ground-reaction forces in runners with patellofemoral
pain syndrome. J Sport Rehabil. 2016;25(1):23-30.

23. Yu B, Herman D, Preston J, Lu W, Kirkendall
DT, Garrett WE. Immediate effects of a knee brace
with a constraint to knee extension on knee
kinematics and ground reaction forces in a stop-jump
task. Am J Sports Med. 2004;32(5):1136-43.

24. Yip CHT, Chiu TTW, Poon ATK. The
relationship between head posture and severity and
disability of patients with neck pain. Man Ther.
2008;13(2):148-54.

25. Jafarnezhadgero AA, Majlesi M, Azadian E.
Gait ground reaction force characteristics in deaf and
hearing children. Gait Posture. 2017; 53:236-40.

26. Benninger DH, Berman B, Houdayer E, Pal N,
Luckenbaugh D, Schneider L, et al. Intermittent theta-
burst transcranial magnetic stimulation for treatment
of Parkinson disease. Neurology. 2011;76(7):601-9.

27. Aminaka N, Gribble PA. Patellar taping,
patellofemoral pain syndrome, lower extremity
kinematics, and dynamic postural control. J Athl
Train. 2008;43(1):21-8.

28. Picciano AM, Rowlands MS, Worrell T.
Reliability of open and closed kinetic chain subtalar
joint neutral positions and navicular drop test. J
Orthop Sports Physic Ther. 1993;18(4):553-8.

29. McWalter EJ, Cibere J, MacIntyre NJ, Nicolaou
S, Schulzer M, Wilson DR. Relationship between
varus-valgus alignment and patellar kinematics in
individuals with knee osteoarthritis. JBJS.
2007;89(12):2723-31.

30. Nitsche MA, Nitsche MS, Klein CC, Tergau F,
Rothwell JC, Paulus W. Level of action of cathodal
DC polarisation induced inhibition of the human
motor cortex. Clin Neurophysiol. 2003;114(4):600-4.

31. Miyaguchi S, Onishi H, Kojima S, Sugawara K,
Tsubaki A, Kirimoto H, et al. Corticomotor
excitability induced by anodal transcranial direct
current stimulation with and without non-exhaustive
movement. Brain Res. 2013; 15(9):83-91.

32. Lang N, Siebner HR, Ward NS, Lee L, Nitsche
MA, Paulus W, et al. How does transcranial DC
stimulation of the primary motor cortex alter regional
neuronal activity in the human brain? Eur J Neurosci.
2005;22(2):495-504.

33. Jafarnezhadgero AA, Shahverdi M, Madadi
Shad M. The effectiveness of a novel Kinesio Taping
technique on the ground reaction force components
during bilateral drop landing in athletes with
concurrent pronated foot and patella-femoral pain


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-08-07 ]

[ DOI: 10.47176/rjms.32.15 ]

syndrome. J Adv Sport Technol. 2017;1(1):22-9.

34. Schneider E, Chao E. Fourier analysis of ground
reaction forces in normals and patients with knee joint
disease. J Biomechanics. 1983;16(8):591-601.

35. Hodges PW, Tucker K. Moving differently in
pain: a new theory to explain the adaptation to pain.
Pain. 2011;152(3): 90-8.

36. Passingham RE, Stephan KE, Koétter R. The
anatomical basis of functional localization in the
cortex. Nat Rev Neurosci. 2002;3(8):606-16.

37. Khanmohammadi R, Sheikh M, Bagherzadeh F,
Hoomanian D, Khajavi D. The Effect of Transcranial
Direct Stimulation on Balance in Men with
Schizophrenic and Depressive Disorder. The
Neuroscience  Journal of Shefaye Khatam.
2020;9(1):56-67.

38. Vargas VZ, Baptista AF, Pereira GO, Pochini
AC, Ejnisman B, Santos MB, et al. Modulation of
isometric quadriceps strength in soccer players with
transcranial direct current stimulation: a crossover
study. J Strength Cond Res. 2018;32(5):1336-41.

39. Kan B, Dundas JE, Nosaka K. Effect of
transcranial direct current stimulation on elbow flexor
maximal voluntary isometric strength and endurance.
Appl Physiol Nutr Metab. 2013;38(7):734-9.

40. Reato D, Bikson M, Parra LC. Lasting
modulation of in vitro oscillatory activity with weak
direct current stimulation. J Neurophysiol.
2015;113(5):1334-41.

41. Nitsche MA, Paulus W. Excitability changes
induced in the human motor cortex by weak
transcranial direct current stimulation. J Physiol.
2000;527(Pt 3):633.

42. Madhavan S, Shah B. Enhancing motor skill
learning with transcranial direct current stimulation—
a concise review with applications to stroke. Front
Psychiatry. 2012; 3(1):66-75.

43. Nitsche MA, Fricke K, Henschke U, Schlitterlau
A, Liebetanz D, Lang N, et al. Pharmacological
modulation of cortical excitability shifts induced by
transcranial direct current stimulation in humans. J
Physiol. 2003;553(1):293-301.

44. Hess G, Aizenman CD, Donoghue JP.
Conditions for the induction of long-term potentiation
in layer II/III horizontal connections of the rat motor
cortex. J Neurophysiol. 1996;75(5):1765-78.

45. Lindenberg R, Nachtigall L, Meinzer M, Sieg
MM, Fl6éel A. Differential effects of dual and
unihemispheric motor cortex stimulation in older
adults. J Neurosci. 2013;33(21):9176-83.

46. Nochren B, Hamill J, Davis I. Prospective
evidence for a hip etiology in patellofemoral pain.
Med sci sports exerc. 2013;45(6):1120-4.

47. Kepple TM, Siegel KL, Stanhope SJ. Relative
contributions of the lower extremity joint moments to

http://rjms.iums.ac.ir

'Y

Ol)l&@s (S p (o

forward progression and support during gait. Gait
Posture. 1997;6(1):1-8.

48. Alavi Mehr SM, Jafarnezhadgero A, Majlesi M.
The Immediate Effect of Medical Insole on Loading
Rate, Impulse, and Free Moment in Male Children
with Flat Foot: A clinical trial. Journal of Rafsanjan
University of Medical Sciences. 2018;17(1):27-38.

49. Anvari SM, Jaafarnejad AA, Eskandri S. Effects
of Shoe Lifespan on Gait Kinetics in Women with
Knee Genu Varum and Healthy Peers. Sci J Rehabil
Med. 2022;11(1):28-39.

VEF g5, 00 ai s o)les Y 0,55 15jl) g Basju ogle alan


http://dx.doi.org/10.47176/rjms.32.15
https://rjms.iums.ac.ir/article-1-8048-fa.html
http://www.tcpdf.org

