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Abstract

The purpose of this study was to investigate the effect of transcranial direct stimulation (tDCS) in combination
with neuromuscular exercises (NME) on knee valgus angle, function and balance of elite martial artists. In this
double-blind clinical trial with pre-test and post-test design, 34 martial arts were randomly allocated into two
groups: tDCS in combination with NME (n=17) and tDCS (sham) in combination with NME (nh=17). In order
to determine the dynamic knee valgus, the video of the subjects' moment of landing was analyzed with Kinovea
software. Lower extremity function was evaluated by four hopping test and balance were evaluated by Y test.
Then, the interventions were implemented for four weeks. After the completion of the interventions, the results
of the study were re-examined immediately. Dependent t-test was used for within-group comparisons and
independent t-test and covariance analysis were used for between-groups comparisons. The findings showed
that NME and tDCS have significant effects on the valgus angle (P=0.0001), 6-meter hopping (P=0.0001), and
balance (P=0.004), while NME and tDCS have no significant effects on the single-hopping (P=0.12), triple-
hopping (P=0.13), and cross-hopping (P=0.19). Further, NME and tDCS (sham) have significant effects on
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knee valgus (P=0.0001), 6-meter-hopping (P=0.011), and balance (P=0.009); however, NME and tDCS (sham)
haven't significant effects on single-hopping (P=0.83), triple-hopping (P=0.96), crossed-hopping (P=0.53).
Additionally, there was no significant difference between groups for all outcome measures (P>0.05). Based on
statistical findings, there was no significant difference between groups in knee valgus, function and balance.
However, based on clinical findings (MCID and MDC) that tDCS had more effect than Sham on function, it is
recommended that more research should be done in this field.

Keywords: Transcranial Direct Stimulation, Knee Valgus, Balance, Martial Arts, Neuromuscular
Exercises.
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Extended Abstract

Background and Purpose

Dynamic knee valgus (DKV) is one of the essential risk factors in the occurrence of lower limb
injuries in professional athletes. Appropriate exercise strategies to correct this problem can prevent
many lower limb injuries. Neuromuscular exercises reduce the risk of DKV by increasing the activity
of the internal hamstring muscles and increasing the control of the trunk and pelvis through the
modification of the movement pattern and pre-planned strategies. In addition, the mentioned exercises
improve the biomechanical variables of the lower limbs and increase performance (improvement of
jumping distance and neuromuscular control) in athletes, which can reduce the risk of ACL damage.
These exercises include resistance exercises, plyometric, exercises to improve strength and
neuromuscular control, proprioception, movement control, modification of movement patterns, and
functional biomechanics to reduce the risk of ACL damage (1). On the other hand, the stimulation of
the M1 point in the transcranial direct current stimulation (tDCS) can improve muscle excitability by
activating the spinal motor neurons (2). Therefore, this study aimed to evaluate the effectiveness of
transcranial direct current stimulation (tDCS) in combination with neuromuscular exercises on
dynamic knee valgus, performance, and balance of elite martial artists.

Materials and Methods

This study was conducted on thirty-four martial artists suffering from DKV defect who were selected
by purposive sampling and randomly divided into two experimental (neuromuscular training + anodal
direct transcranial stimulation = 17) and control (neuromuscular training + transcranial direct
stimulation, Sham=17). Both groups received three sessions of neuromuscular training per week for
four weeks. The experimental group received real stimulation while the control group received sham
stimulation. The dynamic knee valgus angle was determined by frame-by-frame analysis of video
images taken from the anterior view at the frontal plane in the jJump-landing skill from a 30 cm box
in Kinovea software (version 9.0.5). The frame at the moment of landing, or the frame in which the
person was at the lowest height (knee flexion), was determined and in this frame, the dynamic knee
valgus angle was calculated (3). This angle was determined from the intersection of two lines drawn
between the anterior superior iliac spine to the center of the patella and the line drawn from the center
of the patella to the midpoint of the ankle (4). One-leg hop, triple hop, cross hop, and 6-meter hop
tests were used to check the function of the lower limbs. A 6-meter narrow tape measure (cm) was
placed on the floor for single, triple, and crossover trials, and the participant began the trials in a
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single-legged standing position on the dominant leg. The distance traveled from the starting line to
the subject's heel strike point was measured in the single-leg hopping test. The swing of the upper
limb and the stretching of the lower limb were used to move forward and jump forward as much as
possible until it landed on the same limb and maintained balance without losing balance or touching
the opposite leg (Fig 1) (5). Dynamic balance was measured by Y-test in which, the participant stood
with the upper leg in the middle of the Y device, and the movement was done in the anti-clockwise
direction (6). The interventions were implemented for four weeks, and study outcomes were
reassessed immediately after the completion of the interventions.

Within-group comparison was performed with dependent t-test and between-group comparison was
done with independent t-test and one-way analysis of variance (ANCOVA). Minimum clinically
important difference and minimum detectable change analysis based on 95% confidence level in the
present study, and the minimum clinically important difference (MCID) were evaluated using a
distribution-based approach and reliable change index (RCI) while Minimum detectable change
(MDC) was evaluated using standard error of measurement. The method of calculating the standard
error measurement (SEM) and the equations are given below:

SEM = SDpre V1-rtest

MDC%95 = 1.96 xN2 SEM

MCIDRCI = 1.96 x SDpre {V (1-res)}
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Accesses for eligibility

Enroliment (n=60)
Excluded (n=26)
Not meeting inclusion criteria
(n=20)
Allocation
Allocated to intervention (n=17) Allocated to Sham control (n=17)
Received allocated intervention Received allocated intervention
Post-tests
Missed follow-up (n=0) Missed follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
Analysis
Analysed (n=17) Analysed (n=17)
missed post-tests (n=0) missed post-tests (n=0)
Feedforward EMG. Valaus dvnamic Feedforward EMG. Valaus dvnamic

Fig 1. Study flowchart.

The research process was approved by the Ethics Committee in Biological Research of Razi
University IR.RAZI.REC.1401.003 and Iran Clinical Trial Center IRCT20220614055164N1.

Results

First, Shapiro Wilk and Levene's tests were used to check the normality and homogeneity of
variances. The statistical findings showed that both assumptions were approved (P<0.05). The
demographic characteristics of the subjects of the two studied groups were investigated using the
independent t-test and no significant difference was observed between the groups (P<0.05). Within
group comparisons indicated that neuromuscular training and tDCS had a significant effect on
dynamic knee valgus angle (P = 0.0001), 6-meter hopping (P = 0.0001), and dynamic balance (P =
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0.004). However, there was no significant effect on single-leg hopping (P =0.12), triple hopping (P =
0.13), and cross hopping (P = 0.19). Neuromuscular exercises and sham tDCS had a significant effect
on a dynamic knee valgus angle (P = 0.0001), 6 - meter hopping (P = 0.011), and balance (P = 0.009);
however, Neuromuscular exercises and sham tDCS had no significant effect on the factors of single
leg jump (P =0.83), triple hopping (P = 0.96) and cross hopping (P = 0.053). Between-groups
statistical comparisons also showed no significant difference between the two groups regarding
outcomes (P < 0.05).

Conclusion

No significant difference was found in the statistical results regarding the effect of tDCS stimulation
on knee valgus, balance, and performance of athletes between the two groups. Based on the clinical
results (minimal clinically important difference & Minimal detectable change), regarding the effect
of tDCS stimulation on performance, it is recommended to conduct more detailed studies to
investigate the effectiveness of this non-invasive intervention. The present study was conducted with
the aim of investigating the effect of transcranial direct stimulation in combination with
neuromuscular exercises on dynamic knee valgus angle, performance and balance of elite martial
artists, which can be a new window in interdisciplinary studies. Therefore, the findings of this study
and similar studies can be the basis on which more clinical tests can be performed with the aim of
improving therapeutic samples.

Keywords: Transcranial Direct Current Stimulation, Dynamic Knee Valgus, Balance, Martial Arts,
Neuromuscular Exercises.

Article Message

This study is one of the first studies, which has applied tDCS intervention to the field of sports
science, especially sports injuries prevention major. The results can bring an interdisciplinary and
innovative opportunity in the science of sports injuries prevention for researchers, sports therapists,
and athletes.

References

1. Dadfar M, Sheikhhoseini R, Eslami R, Farivar NJMR. The Effects of Corrective Exercise With and
Without Visual Feedback on Lower Extremity Biomechanics and Dynamic Balance in Adolescent Female
Athletes With Dynamic Knee Valgus: A Pilot Study. 2022;16(1).

2. Dutta A, Krishnan C, Kantak SS, Ranganathan R, Nitsche MAJRn, neuroscience. Recurrence
quantification analysis of surface electromyogram supports alterations in motor unit recruitment strategies
by anodal transcranial direct current stimulation. 2015;33(5):663-9.

3. Koorosh-fard N, Rajabi R, Shirzad EJAoR. Effect of feedback corrective exercise on knee valgus and
electromyographic activity of lower limb muscles in single leg squat.2015;16(2):138-47.

4. Munro A, Herrington L, Carolan MJJosr. Reliability of 2-dimensional video assessment of frontal-plane
dynamic knee valgus during common athletic screening tasks. 2012;21(1):7-11.

5. Fadaei Dehcheshmeh P, Gandomi FISMJ. The Effect of Lumbopelvic Control Disorders on Balance and
Lower Extremity Function in Professional Athletes with Frequent Landings: A Single-Blind Cross-
Sectional Study. 2021;9(2):145-60.

6. Gribble PA, Tucker WS, White PAJJoat. Time-of-day influences on static and dynamic postural control.
2007;42(1):35.

Sport Medicine Studies, Volume 15, No 37, 2023



339 b el asliad
YO-1+Y sbvaxio YV ol O 0,90 NF-Y 3ol

o999 Lgly 9 SHaE— was Sl 03 b S 3 43 (14001 15 padtiwno K 45 090 Sy I

4% Ol 65035 JOlad g 0 yShos <9l Sbgy

¥ So3lo ¥ o8 7 g ol bt ¢ ) o a3 8 ¢ mizieo SIlOLw 08 50

U‘)"‘ GOLAAA)LA; ng)l) oKisls “5..:))5 ln9lr. IRLSHEY 4‘5>>‘L£‘ uLu),o.\ 9 ‘5.»))5 dﬁﬁ’lﬂa)w" 05; A
Olnleelisle S sl olfails (23559 pole 0aSails (23555 (S35l5 328 095

O e (550 eSS (1559 9 B9 (S S

Y
LI egi s wgi Il olRls o ol g Sy oaStils o dliae Sl o¥BLs o5 5 ¥
¥
0

OLandSSl L yg8linl S olBisls (S gy 0aSiily o S ) (swidige 9 (5 5lwg,lo cusiails

Moshashaei, M. S; Gandomi, F; Amiri, E; & Maffulli, N. (2023).
The Effect of TransCranial Direct Stimulation Combined
with  Neuromuscular Exercises on Dynamic Knee Valgus
Angle, Performance and Balance of Elite Martial Artists. Sport
Medicine Studies, 15(37), 75-102. In Persian.
DOI: 10.22089/SMJ.2023.14229.1650

VBN /o) il L yo
VO oS08 allin b ys iy

oS>

e

Lo woNg p (as— cmas Sl poi b S 55 50 (IDCS) (glanmen!yd puiliume Sy x5 ity 1 (oawy 1 G 3 (] S
9 (DCS) 05,5 95 4y (Holai jebas 4k 415 005, YF )95 a1 5mg0 (2lo3T I (il 10 091 anstd () g5, JOl 9 &, Khos 3l
39 B goge3l whd Julow b .aiidly papass (N=1Y) (dlae— guac Oy o5 g (w2) IDCS 5 (N=1Y) (Dl ouae by poi
09031 b ligy Jol g od b5l ol ol 31 o0biusl b 0 Sl 59031 g 30 s oy 2 9315 oS3 49l 09,8 alix!
A g 2 S candllno gLoaley (ko plodT 31 g ALolBNly g s [yol i jlor Coukods S Iko yummas b (g yuS'0 il Y
SLaidl b plowl il 55 FIUT 9 Jisamo T slocygnil b (29,5 crmt soammlio 9 ainly T (19051 b (oB9,5 (1399 Lo lin
Jolsi g (P=efeve)) gypmpids oy «(P=e/ee0)) gy wgly » DCS 5 Mae— cmae by i a5 ols lis (»g,5 950
il g yloline T (P=+/1) goliio by 9 (P=+/\¥) bams by (P=o /1) LSS J iy o Lol sl 5 yfolins 51 (P=+/++F)

1 P=+/+0q) Joli g (P=+/+VY) g o sicis (oy3 c(P=o/o00Y) woilg asgl p.:n tDCS 4 Hbac— cmac Ol i paiirod
Cailad g lolao I (P=+/+8Y) ablie iy g (P=+/5) gldw oy (P=+/AY) LT J oy s yeiSB p Lol cccivls (g lobize

Copyright: © 2023 by the authors. Submitted for possible open access publication under
the terms and conditions of the Creative Commons Attribution (CC BY) license

(https://creativecommons.org/licenses/by/4.0/).


0000-0002-8607-3803

A Oy o3 b S 5 53 (ldodmon] )3 palline 9 50 8,93 Sy 5]

saidy KRGS RY 3829 (5lobo Lglay caxllan sdonoly s ;i 09,5 9 O &S 810 4 LiS o sbg)fo.u ‘5)Loi s o
3lad yLid 1y (g lobae glai (09,5 90 (s <)l )1 ) 59 0 Slos 9 Jolai (gily (weSdg tDCS Sy (5105 51 pguas o ‘_g)l.ni
Ol 344 o0 dmogi o ySlos w IDCS x5 (5,135 1 g3 e (MCID, MDC) Jouls sloaisl bl y ooyl 9929 L

Dg planil (o led jud Al (0] (65105 S (o Bud b (5 5 3280

(s omae Sl pod I (o0 (SO (93l (waRlg c(laoman b pudiiane Sy x5 5ol G g

* Corresponding Author: Farzaneh Gandomi, Tel: 09188865350,
E-mail: gandomi777@gmail.com, https://orcid.org/ 0000-0002-8607-3803

donio

JS 5l a0 £F aS g ebas () dited ailas g (el > 50 ey Slrcaw] pils Slos elal slaceu!
Sl bl nl 590 e 5 als 93 Jade ol 0l 515 95500 Jalis Lo el slocesl 1) (53555 (sl
Ol pss S 4 Ygane a5 cenl (ACL) ) olsd ool bby ol eoily slacan] o nts 5 o igls 51 (o ()
F Ao YO LY. (olad odo bl SL (V) a8l oo sl Jase SL5 o 5 Dhas Gnd (&S > Sz j0 SWSL
kol Buan a5 004 gl o Sl bl wla8 odo bl (F) 0sd s Joli ) il5 ol 4y b o Dlosis ples
o0l G155 byl 55 05y sloaidy 5 sl al (0) ol (Fiinys (g (5557 g Lt (eld Jlal S o
w3l (S (F) wload (ol oolo By (Sanocem] s 098 pllin 15 a5 o, @y o 5l 45 sk s
S 7 (V) Sl 00l (31359938 (57 (53559 sl sile e DKV 5il5 sligy (o585 ACL sl £585 (slapunilSe
Jate Sll 5 Gy plygl (2l 5z wily paSIT) Jate (3l (152 2ST8T plojen IS >
S5t 65 o8 amsgn S (s3aeie Dligkons b5 (A 8) 955 o eveals 55 by o35 b rinn b olyen b oo
Bl ol @Ml Jlas (2yme 0 i | Lol gse (nl a5 Wl 09,8 pllin 5ilj sl (0585 @ syt hlos
slocadlsd Jsb yo (Silosn sla Sy » ol Gbg ooy LS puizmen (V0 V)) w30 )13 (sl (olo
3 iy San b sl S5 55 50 il Sligy wsSs EOlal 5 (5 Sy (sl 5o V) 3155 o Sl (G55
plxil g ol g 38 Ol o Jolss Ol jod o Slac— cvac Ol yod (aomad (s0ane OIS (gily slacw! £43s
oo Uil5S gy LI585 gl USiie ol 2ol pgas p bl adly 555l ol 0 Y21 ) sl 00
]

Sl yad el oo (5,155 1 sl ciBucols, mlis g oo soliiuwl ¢ily Gbg wssy ol o &S SHw 5l S
S S ios oo 5 e s Sy o 4 Wlools (LS iy sloazily ol (NMT) T dlie— ae
Sy o e odled 2ol38l b SMlae- cwae Slo o3 (V) Wlosg jglcals ACL slacw! 5 15 slacow

1. Anterior Cruciate Ligament (ACL)
2. Dynamic Knee Valgus (DKV)
3. Neuromuscular Training

TV 0ylos 18 0,95 IFY jurly o o) ys b lallno aobiliad


https://orcid.org/%200000-0002-2136-0465

s alS carge oads i )aelin i 5l glaspaly 5 (5> Sl el Bk 5l S g 4l S gl (el
SS8bee alidl s (Sl plail (Sillege slo pite Sgge Sl j55 0 Dl o3 plonl odleay 595 oo 5 SLigy 2955
ol e 2alS 1 ACL ol s Wil oo o8 95500 GLlS3550 50 (Dlas—sras J555 5 Sop S8l S5:4)
(hos > Sgnte (e gmas JuS g ©)u8 d9n sl (Flured (S teedl (Feglie Dl ped ol Sl pel
Olis (10) Sl ACL ool jlas 2alS Bun b o0 Shas Silogey 5 (55, slasSIl ol (5 > 555 09et
L ACL sl Jlazl el oy gl b Vgans 45 SoilSags Laslis 9gat b Sliy yod 31 aws gl 45" Consl o0y o0l
S andllas ol 58 5 s ety Slalllas Gyl glaazily 5 ouis,S3 Cllas Lolly ol €00) aps oo LialS

259,5 oolaiwl gMac— cuac Dl ol
S el 4335 13 gl Hlaasiie 5 (8555 el 5l )l Jlaioe a3l a5 (Dlolae 51 K08 (K
TleglS 2 5y So o a3l g b 032,20 o T Jlogil S0 2 2l (IDCS)' (glaazeaz] B s by
S S92 oy AlSlae (ul L(17) D980 Bua (g Slagg)s G rd S Sl g b o )Ml o
U OV) 95doe Jlosl e 158 (s o Gralidhon Y6 +10) S8 (S 28Ul s o 50 4 el sozlgd
99 S (o0 (S | e S0 & (ma e Gl (K8 &5 Sl (pla e 0 Sretes 5 (S e )0 00 S 25
Sl Gl 58 s (MD) Tadsl 25, 128 (olyi wiles S Gl 955wy ) az g (i o el 4l
S 8dee g Cuul (2B (5 > Loy sileled 9 (S5 > aely dnwgs ML 4l (285 (5 j9boas 2wl (DLPFC)
as ol e G Jdo G ML axl .(VA) 05 o0 b po (o)1 aladl> g axgi ¢ 25 > (65,40l w4 ;i DLPFC a >l
ol oads aseion a3 (V) 3,18 25559 3,5bee b 1) bLs 1 o it canl (3355 om0 Ml & e lojd ol
Sl (Y1) col Jhe S oo JyaS 1) Slisw plail aS 28 > 08 5 gee 4l cols j18 Ban o alslaw (pl oS
wlhsle =5 > obs, aibe loass by o Slae Jlogl IDCS ( Sbw plasl o a5 wins o lid iy Sladod
5903529 515 Jsbo ;o ML abaii (gl JINTIDCS aido 10 005 (izrad i oo S9ue |y (2850, 5 (Dlae )08
Al o3las colled 5 IDCS Sy o il e, K0 axdllas 45 (VA) wides o Sgot |y b e (Bl S2iSTy olo oy e
0 oyl odlae collad phaws 3 IDCS Ky 565 ()38 51 1 oive ol § A oy yp Banndlisd Joles 5 Sl
memas Sluped 4 My asl )3 she (I p05 peditee Sy o0 (50 S ALSL 4S5 M0 392y Jleiol nl Gal b $(V0)
DM S5 0 1) (2930 @l Wlg g wil S5 gl Sesluls (weSly o8 Plal 5 (adenld )3 (Dlae
Ol OIS sl gl Slig sy sllo D559 50 ey bl wled alad jo (SN grae S g Sl el
e 45 |, e cellad grbans o e e Sl pos 4 tDCS Jlogil S ,25 53,5 aL3! a5 3,15 3925 jui Jlos|
b Gl Jate Selils Ol cams dgug il ol Saligls wslg bl &y e Sle1)8 50 s Jo &y ol

1. Transcranial Direct Current Stimulation (TDCS)
2. Anodal

3. Cathodal

4. Primary Motor Cortex

5. Dorsolateral Prefrontal Cortex

TV 0yl 10 0593 IFY jusly o) ys b lallla aobibiad



AY Oy o3 b S 5 53 (ldodmon] )3 palline 9 50 8,93 Sy 5]

E989 din) ,o Wl iy 2L asdllas ol jo it a5 )0 09l (5,5 sl oily Jaie jo mei > E959 il
9 s Oy b desmex o G50 Gldudzo53l90 0,98 S (5,135 51 andllas a5 b aiaelp saus 8 gl slaccnl

D310y (glad > S ey (51500555 Sl Joles g 0,Sdes gily gy agly p ( SDlae— puae Sl el

GR9H N9)

033l 0ol Tk 5 S5lse slees,S L jsTugms eadiisiludolal (Gl sl S ol i b
GAFN0N0 Gl o3l o 5l oRidls oRiils Mol Sloyes 5 o)y9 iupls olRigle;l jo aS oy
Gy oBails sy gk 0 B Al hwg Gadios bkl ol al el VENAVND
agodlel illas Gaio oyl .o 4l IRCT20220614055164N1 o1l by lojT,lS 55,0 o IR.RAZI.REC.1401.003
Sla goge;l ples .ol gabios 10 0ot e e sla Soge3l sl s ks o] Jleel g 050 HeElSINKI oy 5o M
005,58y anlllan ys JolS ol b g 05,8 Lol 1, o8 asbicgls, anllas ;5 saiiSes i

A Dges daslllas 4y (iog gac gliwl o jo a5 Ll ass L ey ol 5l addlas (pl jo BasSes o
Sl wiog Oile ol Bt 4 b Sogejl 99,5 sla)lime 052 53l gy (wsly (Al L @il 0 VY ol (g Lol diges
YO L0 (g atels () wind ololids S (o (ge3] bawgs o5 silj Sligy oSy oa L el IS o0, ples
o phite g peitae jpax able Jlo aw Blas wslllas oy 5o JI505555 (e Suodl i Jloy (S 0355 (aLe (Lo
GRS @BE Sl Sy 50 ol Sl Rty (shped laasliy po 0,008 0 (s Wl SgilsSE) (o) iy el
iy B sla bl 550 isdS ole it b oz aiejl a5 5 ko plail o] il b ACL o] ailes
2 Pz 9 8l sl s LIRSS s (Jlgall VN 4z, VY I ey 55l GusRly ausly 9 a5 (Sl el o
il plojen (sl DMl 28l ( (as-ceas Gl lon @ly (Seogill sl lrial @S oo 2
el el 53 53 la gl ()0 SIS 15 (s o 4 e 0 <555 5l a ogeil il 2ol il (ege slas
el ladigos slums (S5 o ket JS5) wd aallas 31 Lo iogo)] zgy% coms Do 3o Jlgioped dunle ds g Jlgie
Ol g 0 g oline s o [F7 5T o5lail L o(Y+10) () San 5 yuls Lyobol s GPOWET 3.1 (oLl 1330 5 b anllias
(V) 0l pnd LAY By, oy Ve gt TAY (g ]

sanlive O ygo 10 0lfinlejl s 0503l o dnzlye 5l s s plosl VA-055 (5u5aed (5 ko (b aslllas oyl aSxil )
3o aias oo Bdo adllas jlas )0 AY 5l paS WSeee LYY 5l i o Ol a0 wibe b e (W
Ll gogesl b ools (guFcens olre & g2y Gty (soges Gloasl iy 5 (o5 acbiculs) slop b JeaSS
lojss e (Kol Sopm ay (ormb e (RSTy 3505 gy plitedy 5 wiad LT e (S SISy (SisSr
Yoz 59y 3l 098 o 1 5 usSy sl e sl ) 2Bl (ctalejl O jgoas | So 5l alsS
Py boailans o8 Culeiye 5 ob )0 pekd (Sogel 99,8 (o W) 3l 59, sled 51 AT (YY) ws solia] (g o il
Al b,l 0.0 asiKinoveia 53l

TV 0ylos 18 0,95 IFY jurly o o) ys b lallno aobiliad



—emas Olo i b cuS 5 0 Glaasmenl 3 S o 09,5 g0 4 Solal Ojgods ik 0 &S b Lald lls ol 3
lo Soge;! 0Bl arass (N=1V) fw Slaazmex)d o0 b oS 5 0 gDas— cmas Sl i 09,5 9 (N=1Y) Dlac
0dbo0ls yawmass 05,5 5 & o 4 b e dlael w250l Bolai Randome number allocation |38l 5 5l eolaiw! b
5 (SNOSE? 5g)) i ools J13 i 10 55,008 60,8 bawgs S, 0 oSL o 5 ol alisi a5y Sy o

al> o )0 0 eadesldmnasi 09,8 axgie bl g (Gogeil 5 ad 5l (g5 4 bgipe SSL S e ol b L)
O @bt I G LSS oy slogse)l b laboges] Sl plail o Slee (0 80,8 aiido Vel a5l ey
wian ez Soeds anlllas 095 90 1o e b b5yl Y S Ly Jol g olej yo eid J G g ebline J
iy o progdle oy 09,5 (VY Y)Y w08 bl o |, Shiae e liy pad cdids Fo ads o 5 duly dus glazin
Sy o5 L S 05,5 il 10,5 Sl o 3 |, IDCS Sy o0 (glaibo i dulz dus cdZin o ( Sl e

A daze byl Alolddl asllas slaawly « o yed 0,90 5 OIS pladl 31 s 2057 28l 0 Sham & 504, tDCS

1. Sequentially Numbered, Opaque, Sealed Envelope
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Figure 1- Study flow chart
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Figure 2- How to calculate the dynamic valgus of the knee
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Figure 3- The process of performance tests (a. six meter jump in time, b. cross jump, c. three step jump,
d. single leg jump) (27)
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Figure 4- a. Anterior index, b. posterior-external index and c. posterior-internal index

axfllao WSl

Shac— mac by pod

Oya8 gy DS oSG egdly o eglie (el alex 5l (b ped Gl 5l g b 5l Mlae- crae Sl el o
Goe 4 dud> 12 g atin la> ok a4 atis )0 L dw 0,5 98,8 sla G093 (YT YY) ol oas soliul (555
5 Jolw (( Kalen ( rhwdizr OS> Joli gladdo Ve sbg 50,5 0,5 ol aeliy (pl \200,5 opjed aids £
S8 ( Dlas 508 5 55505 b 1) adsl Sl pai b ogesl gy 09,5 055 5l mt 08 o slod Gralidl Baa b g0
oy, Dlac- cvac oLl axwgi o pod dd> 10 Bus .aisls ploil oy (655 0 4 5 asYL s ol OMlac
25,85l Lol 5l 6,5 sl sl 0 steglie 5 SO g Sidlen Dl yod 31 oS 5 5l eolanl b sasie Sac
Slrio g (Saglie slajly Jued e oo 0358 py Sl gshaie (b sl EL Gl gy Dy ped e aida
oy oSy ogled Jgaz 50 (YY) wisls plowl S VOV e Jlez B aw o |y ol el ngég-oji Al ookl Jlocyie

! 00 00)51 uL.)fo.: )‘ LS“U}“’" T o)l..o.,.‘f.‘ J.im »9 uLg).o.:

YY) alslow ‘_gl.bas)f 3o edos il ,5'3{..4.: as Olo pod a0l —) Jgoo
Table 1- The program of neuromuscular exercises used in the intervention groups (23)
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Figure 5- a. Squat, b. chest press, c. hip thrust, d. dumbbell split squat, r. saw (dumbbell) and g. press
up
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2. EEG Cap
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Figure 6 - Connection point of anode and cathode electrodes to stimulate point M1
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1. SPSS

2. Minimal Clinically Important Difference
3. Reliable Change Index

4. Minimal Detectable Change

5. Standard Error Measurement
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Table 2- Demographic characteristics of the study subjects (n=34)
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Table 3- Intragroup comparison of averages in balance and lower limb function factors in the two
experimental and control groups
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Table 4- Intergroup comparison of knee valgus, balance and performance variables between study
groups
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Table 5- MCID and MDC values of study variables (n=34)
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MCID, minimal clinically important difference.
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