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Abstract

Introduction: The difference in material surfaces may affect sports performance and muscle activity, and
factors such as softness, rebound, cushioning, and force absorption are effective on motor tasks. The purpose of
this study is to compare the co-contraction of effective muscles in anterior cruciate ligament injury during two
functional exercises on surfaces that were hard and soft.

Methods: 29 male university athletes with an average height of 171.3+3.54 cm, weight of 75.4+2.5 kg, and age of
24.47+2 .26 years were selected to participate in the study. Functional exercises, including squat jump and squat
jump, and two softs (Tatami) and hard (Ground) surfaces, were considered for training. The electromyographic
activity of the rectus femoris, Vastus Medialis, Vastus lateralis, semitendinosus, and semimembranous muscles
during the exercises was recorded in two stages, once on a soft surface and once on a hard surface. The Shapier-
Wilk test was used to determine the normality of the data distribution, and the two-way analysis of variance
with repeated measurements test was used to compare the electromyographic activity in two hard and soft
surfaces at a significance level of o = 0.05.

Results: The results showed that the main effect of surface on internal-external co-contraction (p=0.000) and
directional flexor-extensor co-contraction (p=0.000) and general co-contraction was not significant (p=0.955).
The main effect of training on internal-external co-contraction (p=0.008), flexor-extensor co-contraction
(p=0.013), and general co-contraction (p=0.031) was significant. The interaction effect was significant only in
general co-contraction (p=0.025).

Conclusions: The results showed that the hard surface and squat jump were more effective in training programs
to prevent anterior cruciate ligament injury than the squat jump and soft surface. According to the present
study's findings, compound jumping exercise leads to more flexion contraction and can be a risk factor for
anterior cruciate ligament damage.
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http://dx.doi.org/10.22034/IJRN.11.3.9
http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/IJRN.11.3.9]

g3 Al Syl gy gd (oiSelgi (iRg 3 A il
Vb)wc\\ b)gbc\i'i )LQ)'

10.22034/1JRN.11.3.9

39 P9 9 St Tdaw 99 39 (5O oS (59 g (S SWiSS (2 (SIS (O i A i
oIS ko By cun T a6 )10 150 3 59

okl 9500 ¢ 658U (pall lew ¢ il e s

ol glted cmgi g plyes e Ub598] dumogo o Sl pole 015l ¢ o359 pole 09,5 ¢ b)yg (el ol A8yl guoliid S -
Ol bl pys ol ) olSuiily o Sludl pole g cludl 0aSisly ¢ i55y9 pole o S w)J 09,5 ¢ Mol OS> 5 5y (owlidh ool Hbobiwl =Y
ool 6 <byase 5 bioel Aallas olSimg, < it IS8 01Suingly ookl ¥

P}..LG 9 uLu.)] ouSiily ‘Lr"z).” F}J& 9 N Sy bgf_f ‘J>Mw‘ ulf)_.> 9 Lr“t')'ﬁ Lr""l'“‘" pu_.w-‘ )LDL_.wl ‘d)_ﬁb ‘)_JJJI h_)LQ‘_»J :JM DMSJ
Ol ‘JLJ oy oyl ol8iily o Sl
Bagherishahab@yahoo.com : .|

VY NN talie oyl VN AUYY sallis il

oS>

ooy Aila o Lolge g sl 4ily il Ve caled g g 5, Shae 1r el ySno Sy s gL 2moike
2 S50 eMde ol o aglie ;b adllas ) Bam ail j g0 (S by 4 gy i g Sl eSSl
D5 py g O pola (59) 1 (60, Sas (0 99 > (o8 il by ]

VE/EVEVIYE o g 5 ol VOIFEYID (59 «yin sl WAFEY/OF 45 oy Sileo Uy al8itils )19 5,0 55 YA 1,55 o,
i 5 & S Jeld (99 Shes Gl yed 8 Ll diadan 5 yiwd ) Ojgo dny adlllae )3 0S5 (gl Sl
Cosly ©Mae (1S golog pSUl cudlad .t 485 1S 53 (4 e plosl (sl (o) 8w g (b)) a9 9 IS
T )b S g oy a3 ) S adeje 93 3 Sl i (b (LS v 9 659 o (2 O B e o
o 9 9 (S galeg U e Jleb alio gl 9 Syl igol S Lo 03 i 09 JLays (gl i e s
A oda il 0= /40 (gl s ime oo 53 (4S5 (65 0N L g 9 ol BT ygail 3l g s
~9SL g (Ll o g (D=1 e ) (2B B (Sl e o s (ol 510 i ol (Laaidly
=l o o g8 (ol 31 (P=1R00) 295 b ne (ceges (Ul b g I (ine (P41 1) (5pgaiitn]
(P=+1-¥) (egos (2Ll oyt g (P=+/IY) (gp5—ilinS] = )9Sl (SLl ot 5 (P=2/+ - A) (2 )5 = (3D
(P=+1+Y8) 39 1> (ine (sogos (Sl pp 3 Lo (alad 51 g )l (e

a8 sl 3 oy o g aox (B L gl ) Sl 35y 5 Cos s 3 (L @l 35 S At
Prie ge by (e yils adllas sla 4Bl a d g L ass g Bly 5 g0 (eh o CtelS ol ) 68ty
Al o8 o oS ol () ol 5516 S S g0 g 00 (65l ity L] o 4y
(oM oo LS (60 )Slas Sy pad gl oSl o 1l 8519005



http://dx.doi.org/10.22034/IJRN.11.3.9
http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/IJRN.11.3.9]

oS 5 pllde Jeaww
gl S any Sl Sligyed ol (ol aS L ol
Ol e lF (e g9 Ao (ped b sl e
3955 13 3yl 05 g d ol a5 by iy ol ]
() 3,3 3939 SlasMe iy aalip S5 3 o) sl
cedld lie A0S e e )Kan 4 Ebben
Ol s M‘ gliio (63 Slas Sl yod )3 o l5S
939 Oy Ly ilises IS > 53 S e cJlid
5 Py 9 055 gl 2 rareiS g pwls cdld e
3 i 5 y5aS (53905 Gy 45 (S (it (s
(VF) cib dg g (g 0B glay ai s el O+
Gy il So (U as adl ) Kan o Struminger
P Cdled el S o (g Sl b amis 3 Sl
ol Sop J) Sy gl LSS 5 S o i
ol s oy 4 S 5 B3k (10) el ACL
DBy iy (o Sy 5 () ez SMae
2 soges bl ob ol a S o Lt Lol gl
g I 3,3 oy g el oglito i s (sl La_omo
Shultz gLs a5l (1) 1 eaalie glis Jlsb yui
i Jhos oy Ly S L (8 0 s e
D2l e e dn G (S o wmd o plo]
B 9y Ky a9 S oo iy

S92 (re0) S9) =t = obl oo Sl i Jugwg 59y =
lacSils o oala_wl 5y5— L oSS 51 S5 (YY)
ot 3l o0l oy ol (53509 (il 5o (e
Tohw 59y 3 ol (ySwe (40159 13 3958 9 0 Csl p
ML 93 |yl (Sitabiog 3 35,8 4b) Sldir 5 p
2 0L zolaw g9y WMde clad 4 S Cwl oad Ly
B regySI b il eel ok pola Ly aglie
02l lioed Lal (V) 555 o0 a5 g Lanplusl Miae
McBride .(V4,Y+) 5,15 34— sdol oty ol ;> —la
oy 1y (Slos sl M ae e Jld i als K e g
B an)s ol sl g Ly aalio )3 bl pola oo
= oMde  olal pa Cows 4S5l 25y Jlain] ool
o (lyS o0 A 3 9 A pe aliSee pobaw (59
S (U o (59) Sz po¥ 4 S 6 50—,
i 48 Lol 51 V1) 5] ot ACL sl §] (6 Sy
e (Hhas (oLl pb Comd (g (0, Sos Sl o3
oyl Al o cvonl 55l ACL ol jl (6 S
Sl s (b oMae  _sldl v i il 58> cleMbl

AR

4odio

o bl ol (B39 5 @ld Glace—ul ) S
9 &l 5l; (Anterior Cruciate Ligament; ACL) —li
g M (63)55 5 ;8 ACL (sl ol angy J6 551
(W) 2300 &) 93l Smolios gy Sy (5>
15 Joate LS s )3 (otn i (ol (il LU
Sl (Sinlon b g3y Slas dy pa )05 WS 0 LA
] (¥) 4557 o0 S8 (S g (il Jpgedpees Jolio
i3l (SYsb (sl 0)9 ay ;oo ETACL sl
Yok Bl ail el Ly a il )l ool el See
S F) 293 Sy sl SBrg &8 = 5l e
ACL (S0 o S8 o5 =l
395 alo ¢ —85)9 slygile Jo-bo 13 15 Lugy (09Nl
el sl Jlo 3.(0) sl Gy ) ey Ly S5
M3l 3k 3l Lsses ACL ol (gl (St
plosl ©)u8 5 Pl (s (was 8 Sl (e
oSSl g el Cgibge (il a5 51()) 05 e
ke (bl adex gl oz Slasead 40 5L (B0
5 Sedned (Sl (M puas o dae S
i3 fl pegmad 3 6 Ll e S L F) )b S >
(VA) 2500 5455 ACL (gl —iuilys (sla asly
ACL | gy Sl yos (Aol ()] 5l 0, Shos Ly o5
shl 390 oM Sl yed (=l (3) 395 slod
Ao L ) (8 i sl 3l ¢85
S o Sl |y 63, Slos 00 i3S 391 5ee (glare wilSo
Cilies gLl (dly 1y 5,8 45 Sie iy el (ysizmod
o bnl g ol s el g 1S o ool o) o,

I gl sl sl

L glgl aile (Sl yod 229 o0 hliss (2lgi 5
3y iy pos a3 (s plal Lo J
A5 il 0 o0l s iyl o 09dle (V+) S e Sy 3
(E=B5y9 53 @ Ligys Jlosl Ly (6, Shoe Ly o
oo e cLmosipS )3 5l sl oy
FON) st o 39—t |y (S0 9 (63)lg)9—348 b
Sox S e il Sl ped 95 ol (ol b B
OmtS13 5 9315 (oSl Cndyg EalS ciyses Joosll oS
Jas 39,8 a8 )3 () 9 905 Al (il g () Jate
el g ol 9305 1 3)ly (Slmg s (slisl 00 ST (s Sl
(Y) cnl wre shms ACL ol | (6 St d dliino
310559 63y Sl 4 y0d Ctlo 0,y oS leMbl


http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/IJRN.11.3.9]

pis g L ingof] el pas adlllas jl g, 3 slmlno
ol g (S ol g adllas JuoSS g acalsl an Ll Joles
Ladiges o 5l oy 39— 3ios plodl ) Jo-bo 53 30
ol i b B ass aculgs ol 8 5l o8 iulejl Joee jo
SIS pyS ) 293 (g 4 O e dy cwlie ()9
loxdg 4l jl oy (S S > plosl « g3 )
o b il (agal el e 3l Sy el JalS
DS el (o ped Spgo a5 0]y JUitSSB o pe
U ST

& O 35 Ol 3 ool 3)90 (63 Shos Ly po
5390 ga gy €S plosl (el g Sl S
390 3 L &L Loy o3l 4 Ll adols a8 o 5
oy Giolagib as b sl o, S e jlel ecs >
S s Gy Co
Aoy ool g laa |y b wd juwgody S v 5 5>
L)l 1) Lagily g 48 o i Yo am gy (lojon

2 s0se3] ey adals oy 5V 5 5l e YL (o Sa
bl (o) o Ly sl Loy 48 €85 o0 )18 (s
2 L5250 B9 9 4TS (o0 (b 1y 39,8 oy
v Jol ol an |y Lagili (e L 3)95 5 9 99,8 plSin
Lok, alols a8 s > Sgefl Sl al iy el S
3905l WS o el |y e s el La ails o ye pn
S (o0 w3 8l as U1 953 6Ly e g ) 0l Jolie
3axe g dmd oo plosll) 095 gLyl by ST o
Y1) o0, Slas (e ym (ingofl (Vo V) a0 29,8
Sl (S g9 Sl Cdld ¥ (1 S0lie 9 2oy o0 plosl L
alSy s ol plosl codyp ad o ai8)S 15 pd il wbre
(K L) 39 (93l &jgio a3l 81 5 S sl
i g (3l il ]y (oaglie )51 &S > S 69y
2 A00,S o colpiwl A ddy ) La dges <S>y o plodl
@ dopd gl a8 (L) 8 s b el 5o
03l _uwl 3 )50 pda s B o S (55 oo 03l wl g S
o (Ul g Cow o ot e o S5 Gl

e85 )8 ooliiwl 3)90 oy e lgis
J—ol8" il 3l (81,8 gsleg iSUl e Mbol s (gly
5Ly Sl b SIS Sy (3,57 50 9 0315 sLge
deoyd 0+) (Sl ey Mae 64y 0 Ag-AgCl (o
vt Adae (50l SSLES 5 o lgh 0,0l L5 oy 4Ll

o oy Syim 595 Al o b)) ()5

Y€+ € )l{)‘ Y D)loa:}c\\ 5,92 cd)mf)bww‘g:"wgfdgw

VY

5 Sy sy glpacly (bl (93 Slos
o S Ay 50y Lals (65905 ACL ol (il
Wl 9l Slibl eMas s g g (ogos (L]
ezl s g Jelge g amd pii ]y Jade ool 0L
ol oy g Sy 0 9 45 2llis ) ACL S
O dlgs gl Gyl Al angi L hagd & Bly 4S50
sl sl 36 Ve calad g (s 5y Shae 1o el
= 9 i g Sl i e ailo (elgs
S g Jlo ol Lo (1Y) 2l 590 (8 > il
0509 Sl e 2 1y Johite zolass 39250 Cllllas ]

ol e o ] 56 g (Co) (e g (py—) oLL
dallas 100, SO duslie g w1y (Slios plsl eMae
» Sl plasl eMse  _slal p» dwslio ay , Sl
Tolaw 59y g Sl 5 o By Ol e Pl
ACLMT&LN&‘)‘.)ul)l&w))Q))uor_wsin)_’;o_Lm

i3y

25 gy
ot~ 0=l Dl L (78 A £ ) sl adlllas
g Olagrntils |yl 5dod (5 Lol dnoly 35y (505
YE/YVEYIYS o daly L o o (sl o8 sl
s a5 Y sl (Ll dmals e 50l Sy Jlw
(e 4 >l ¥) (g el bl JLs e
Ot (8lym 0 OLses] Aiadid 5 (o yiwd )D Cygio Ay
iy SlLadss lealaiwl L1y 51 poes jla e d g0l por>
3ol oo L =2/+0 Jado (BS54 15 15 g 035 i (e
G=Power )58l o, 5 sl odla ol Ly +/¥ 1Sl ojlasl g +/20
VAo Ve iy Jlein] b s Ly YA ase s
dSgy 5l ML) 5l e La —3dgejl (YY) ds awlxe
ST asbicdslge Ll L g asllbgly jobo 4 ¢ ing
2 lomal dg g pae jl Laabsl (g . ui dalllas o)y
o3l S yggm )l ygajl 5l L Sges] Sbisw pla]
2L Ol dbls pie adlllas 4 9)9 L jbie 0
g Joaie (63, Slos (S (3929 pie @l BXS LS,
= s 53->5 pa_c (Functional Ankle Instability) L,
{Mechanical Ankle Instability) L z—o Jato Sl
pie o o pll Lolee (sl U (Sl ailw pae
a0l il oyl gl > Scuio b (S el atlw

picren Doy il ol i Slis pll gl dsly


http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/IJRN.11.3.9]

OlySed o Glddda desaw

CMae 45 (S)po 3 )b St (Ul p Ao ol
V=) asleo 1 aiings CensisST Ln 00isS s Ly g oa)ls
L g (31 OMie (g0 CunigST Oy 4 g 3 oaliiul
IS € 5l oy 1 o2l asl =) asleo §) s 01530
A dwle WMae Cld 5o o 815 g0 iSUl ola
2 3)l9e833 5L 3 aLae ;o (SIS geg Il b
S 52 3)lgy9-388 JLE b e JUiSOL (g pod 2
= 4l (Lo VP ) ol (oo Yoo (Sloj o390 e
553 ()95 s 4l (e ¥e U (es L Ly 0)95
0,3 30 s RMS dlwgs (81,5 5000 Sl (glamodly a4 8,5
alosd ol Gy A G IgSs (ol 4l Lo VO sla
b S gde—e S 39,8 e peej Lo Ly 2093
(VEYTYE) s osliul gl 4o

Mz 4 S Syao 0 bl v adolee V=) Aolee
Al CnieST L a1 iS5

Tl alae =l - T
_.|_'-:.+?- _c_&|=2£|,,,_.t = N -1
. o VIS | P-JEN -+

[

e 4 S Sheo o oldl pom ddolee Y- ddolee

il ST Ln a5 s

=TT e o laE R

EES J_&.gl# =1-

sl alre =t R

N5l oy Ly oad 55l per oMbl Jlow g 4y jors
Lo L site g jg (39— Jlnh ()2 Y 4505 SPSS
5 gl dnlio (sl A plonl Syl b ()]
sl bl Ly s 93 uilyly Sl pgail ) iy
9 780 yo—ojl > (sl ixe pdaw A odli il (g S5
A asd)S a3 of+0 golime Ly i8S clall 3o

b 4l

ORI PEINL SR

W

b o Vo) (B g adias (ol (2 JuS
(55 Joate (Al (L g (SBgd 0 )0ls )L (o 4Ll
9 N g 4ol ao 3 00 ) () jugd alae
B) 559 s ale (5 by ()b JonS (g
2B oS (Sl (g (S p g el o
b e SENIAM. byl S 3olles (5 sy
298U g e (il ¥ Lo ySUl 55 50 LS 35 0 4Ll
Cdled (V0) b il (5 s el 69y = o0
ME 6000 4JUS A 31,5 golag S olSi s s b j] 5Mae
HZz2000 (65,0 abges uslS,8 Ly (M8 jo S i lw)
ool §1 Jd s s dB3 Hz /500-8 1l (sligy L
sle JiS la o3 (il Jloy (gl g (ol g0l
L MVIC (gl asib 8 ln (bl o8, glog uS)l pls
a S alae a oy aiis ) oy aloli Ly g, S5 Y
Lo ol Jlos g 325 (6l JuSimwr (Sl 4l Y 5 0
oalawl s L o0y | —olod yuww 8,5 )1y 8 odla il 3)50
e i 2 15, e A LS (e 18 S
o,y Ly o , dd sLa ooy (RootMeanSquare;RMS)
o> & jla B Y s a8)S gla b e Ver loj
ol sls ool g oai (gjlwhis (—oue @IS o 5YL)
Gl oaal s an el )b i be ity U L0 gl ysewl
53 ol Cwd 4 die wyd g MVIC jlache 4 aliae y
o E9 93 .(V0) sl cwd da aliac ;e Jleb sy Voo
5 e il e ol 48 s cgs sl
elas) ()b dm (BB e (S e OIae)
oa S jl M (bl v 5 (2B ot Sy w9
o (2B O 9 BB g oSl il Mae) o
0=l 3 (S yw93 9 )59 s o) 915 008 o5 Miae
S (ol oo a boypo lasly) 3 s (bl adllas
= Olje bl )5 S35 jho g adole dac an
5 SP) g ol sie dn e g i (oLl
J—olb Sl aald 5 o S (Sl pn e 393
(sl 35 i Mt L 3l Sl 7S gl g

VYY) 2 ool wl oges (oLl p d il


http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/IJRN.11.3.9]

Y€+ € )l{,} Y D)Lo.«zc\\ b)sbzd)mf)bw‘fw&gfdgw

o 350l (53,2 (sl Sg Jlme Blioxl 5 Siko ) Jgo

SD 3t Gl M il
vIvs VE/EY
Y/o¥ VWA
f/o- vo/s-
AY- /¥

e
(Jbo) o
(y2e) 23
(P25 5k5) 0is

(s 2 p)ShS) (b 0395 a3l

9 C.‘a_w LrLoLu )_:‘ u] — 09)4_: 25— (ES=°/YFF) UT )_:l
5 ine s i oo — 5 (3L o s (s ped
(P=+1Y+V) 295

o (ol )39 oo oaaliiie Vg 3 4 asSilan
ol g (P=+/++) Joine (2 8- (ol (2Ll o 1
o 2 208 ol 151 ien g (ES=2/5Y) o
olaily (P=+/+ +A) 39 )b (ine (o2l — (3D (oLl

W < @om)

©
<))

A4

o
~
—

o
()

A

o

o
=N

<l g 9 uSa
=)
N

-0.6

wala
l: .

005 9 AU zobaw (59 3 uale b 9 OISl by el 3 (2B (I3 ol on (i LY Hlog00

ul—‘”" d)l)_iﬁ’ sla o)’IJ_Sl L 49w 9D uu_Blg.)b )_JLT 09_;:)’1
6y = 5 aiSle ] oy a4 51 3
(ES=+/000) (6,8 1 iyl s D=1+ ++) 39 o ins
.)H )1.) (o d)w‘—d)w HLA-&)‘ >0

(p=-/20-)

VY

b eMae clad g i sdimd Ll Gt Dl
Mae e Jled g e ol i aie dlicly
oy S5 oliel lie (rizen Bl (oo (2B
Sl gt olacel g b g (oldil oo iolieleaiay s
b Lials oad s sliel ceodle d d s gl el ybo

U P LI P W3]
S ygiiaST= 5 )9Sl )l Cger (BB o (50 V' Jloged
& O 9 Sl Sy (a3 )3 (6359808 4l pe
a2l md oo Lt ) (yej 9 (—oUU Zolaw 59y )


http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/IJRN.11.3.9]

e 9 llds Jesw

B U0 @O0

o
%)

S pusld
o
(o)}

©
»

©
N

o

$ s

o
N

o
B

Gl Saa

-0.6

w05 9 5B olaw (695 » god 0y 9 ISl by Cyed 53 (63199808 Al yo )3 (yguiinST(6yguSE (Lol lise T Hlog0d

O= 9 c.‘a_m u_LoLu )_s‘ L)T - 05)4_0 P (ESZ'/\/\;')
o9 (P=1oV0) 35 )l (xe (oges (Ll on
Ad o)l38 (ES=+/Y+Y) s 3551 ol

250 ~
200 4
150 H
100 A

50 -

0

SIS glp olasl Ly dygs 93 (ol ol 50l @il
I (e sogos (Sl o o e (ol 1o s
2l o o o3 (ol 3l yimen (P=+1100) 395
PSS =l e a7 (P=2/+TY) sl )b (ime (g

B eEE o)

-50 4

g9 ySne 1 (2908

-100 A

-150 -

-200 A

-250 -

05 9 (UL zobaw (695 1 o b 9 OISl B (el 13 (63))9)5808 Al yo )3 agas (oLl wn Y 3900

D ine (soges (SLl o g (5ygniinS] (5y5nSUS
g (=Sl o 1y L8y (1508 5 o (el

Do > ixe
Mercer s gols b ysls 5ios | odal cowty ol
2 50 dlie )3 55 S0 ddllla )3 39 5o S0

VO

&

-
ol o o a1l LS Bl hemghy gl
= el (e (gilinST — (g p9ass ¢ 2 B 3D
Omed 35 iomen 255 3 (v (ages (Ll o
b ey (ol e (2B (I3 (ol o


http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/IJRN.11.3.9]

oMae ol VAL© OGS > 0 008 oMl oy vioman
Jor= 3 S (sl g 2Bl (e b 1y b (g 28
o Cmbin] yor Lo (gla aidl L LysT (cla adl as S
4 i |y () s OMoae i e Jlb La o
23,8 5oy38 iSOl oy pod 9 50 K yiunnods WM
eMae el ioliel | s s vy Bl sodss > aS
D9 (8 ygmiiinS| oLl v iolEl el o Las
2 il s e 69y ae B e B
d)—r; o)’l.x_il J_,ob.c )Jl_wa\_>c.~_w; 5)9_@34.“5] u_aol..}.»]
lh < 'AK:.] e !T )3 )l:&j HU )9-5[3 LS_{ D..\_»J

(€

Cnag ST sty (6508 (Sl o sl 95 olid
9 Kyt SMie Cayghi 903, S Joe ACL ol
ol ol 31 638y (sl (6p9as Ll oo 213
Cal o131 (ST i gl (1) 4l (o e oSS
> 53 (6 it =6 )gusI > Cger (5L o 45
5 el gt Gilika ol g5y pr iSOl Ciliseo
2Bl o o i Sel oy waw 69y g U
By (e (ol e ol ol 0ad (g S
il cge g umd Bl L (elid (lble e
S 53053558 (1Y) 395 ACL caiolfd ol S
oo 53 U] ilan _ols s 45 15,8 pOLel (Y- +Y)
(S i g g g8 OMde Gl Gl g 0
9395« oo (S 2 ) ol Jate (hee e
8 es e )3 pail 9 03,8 el jlas (b S
5wl JSal ey joSie cMas (03)l5)9-808 il
o5 (o S ol ol e | 3,05 Ll
Gei9 gl a4l g cMlhae ol ang L (YY) 05l (o
2w pdaw (59, 4o SISl el db lis 48, sl

gl S cmlio jlu (1 03 S (63)lg)9-80,8 Al> 1o

ol Jl coles cape alae ol (o5ludled oS 390
Ol b Lt 5ind gl il olid ol cl&
JUiSOB Sl yod (e (93)l9y9-503 ad> po (ogos (L]
3929 ()P e ol B S g oy sl 59y ) 9
P OM e don Clad goamme 4 Sl d any L cily
S 9 395 (o o3l (oges (Ll pn ]Sl
293 cdlsd ials L il (Mas (e gls
Ooren 9 39— (o (ST phi] (gl jgliiS i eely

Y€+ € )l{)‘ Y D)loa:}c\\ 5,92 cd)mf)bww‘g:"wgfdgw

\Ve

5 (Forward Step-up) g a4 ol il (0505 93 (5l
Uil 5l sk as (Lateral Step-up) ¢-los 4m o ol
O 9 S5 v Jold oy B o Mae el
St S el (TV) (V) dinS pdel |y 39 s
18 3 (ol s (59) = ae Py ape A
S (=obil o clad e cpyidi (61 3)lg)9848
o=l aS 0,8 gl o e WBloe (2B I3
el el J3h s an ol gy 45 sldl on
St (VA) Sl L (595 32 s908 S > )5 350 ]S
ol bads o late ay 3)lg)0-808 4l po 3 (Ll o (]
S 0L S ity 6ol el L
EolSd sl (sld peilSle Sl (g S ol sl cles
s ol o) eade laise e b o olE  _ulo
SIS > 53 ol S ey S s
=Yb (Hate Ol ol 39,8 9 (b Al (63, Slee
Lad o Sy S d et 1) Junte g o3y S a8
Sl o3 (o 53 03 Jole (63159848 cudlad 39000 (V)
S8 ate Sl Gl g (5w pdal 4y JUasil
OinlS 1) (o8 oo Cel& ol oy a5 03, S
b P g 59y = @e> B med Ol e
i3l 60 layaied s yo by Mde sl L
p3Y (Sas (5w Y gSwgen)s S 3 )b | amd e
S o 3Ll |y e Saalils @ 5 alise oyl sl
g 5yguSls (LBl a0y (Lt (30 gl
0205 &9 2 2 9 (b 9 o) o (59) ) o2
2 Ol 3)lgy5 81,8 5L3 55 .l glaie o b oolaiwl
O3 (835988 k> po (gt (6 )9 SN (Sl
b 9 S g I i o) e (59) o> U0
gl )3 e Uy ) it =5 9IS 5L
s 3 ] Gy J i 6> e S5 4 b
L b 585§ ] oty gl Sy S5 gy
(oS g Peng ¢ oIS o Struminger 300 gl
2 V0NAY) il e lwlyen o,Ien 5 Anderson
b g9y K —on g Struminger 45 __d.a>s
Sl (050 53 (i il L S 250
Hlee eMae el e 50 aS 450,S Hl wosl plasl
oy Cl Oglite Gilisee Gl yod 3 S i § o
Sl o e Jlen b asdiio 3 ale gy S L S
s pSaii g s 095 93 )b Sl gy Cled


http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/1JRN.11.3.9]

OlySed o Glddda desaw

dolie 03y 4o Ly SO Ol pod aged g cl 485 )1, 5
Tl Agie 48 Sl s adlllas 15 1d 5 150 by
3o el asged jlealaiuwl oy pomed ABl Al Telate
o5 4Ll dn a g L e dslllas sla coydgie 4 S0
OB 0N g 5 S et Ly (65 (5350 b
395 Ol 3 gy & 95N} (b 8 Bl g L
9y plEn 13 05 (S—)9 oimen 9 45 JoleS
A 09,5 any S |) p jlpy alae el il
L aslllas plodl i oo 4y 25 (S pmon) -3 itk
b asil aSlgs o by L o dcolie § o sln dges

Bl Al o sl

S Sl
T s ) i)l el L 5l it sl 4l

9 55L ol ol 185 (leialy 4 (Ll (e e

ly Loy oyl 534S (o038l aJS g 5w (clay Sdgejl
Do oo (13,08 dlaseus L0505 (g5l

VST Slas Yo

gles oSl iy > BB aieS 3 )5l imghy
125 3)5- IRNAHGU.REC. 1399.014) 1.5 L 4 7, Las

Y SN

&lo o5l

Sdgei pMel sl i agh

References

1. MaB,ZhangTT,JiaYD, Wang H, Zhu XY, Zhang
W1, et al. Characteristics of vertical drop jump to
screen the anterior cruciate ligament injury. Eur
Rev Med Pharmacol Sci. 2022;26(20):7395-403.

2. Jebreen M, Maffulli N, Migliorini F, Arumugam
A. Known-group validity of passive knee
joint position sense: a comparison between
individuals with unilateral anterior cruciate
ligament reconstruction and healthy controls.
J Orthop Surg Res [Internet]. 2023;18(1):1-12.
Available from: https://doi.org/10.1186/s13018-

023-03996-y
3. Fleming JD, Ritzmann R, Centner C. Effect of

VY

= =l e g9 ol > S 292y pie b o
hLe ©glis 3929 pods 53929 Cle (b 4 (o
Cadlad ) gl 929 L jd pl (3400 530,815
9P ghw 59y 2 oldte o (o ped (b 3 (SHae
b anang b coges (olil g > (Soli coew
2 alie Gladass 8y 5l el sais slogl ea i , S5
auglio Lo o ol d an g Ly 5wt codl aiej o
S (bl b Conl i (ol i 25 Lol Y
a5 ojlcee (iitg) |y (ages (2Ll gt d i
Sl il g cMde e lad 4y (655 glie S

Do a by i (S

S5 Al
A G Sl iy g Cow e w b i m s
NS ayed sl asbyy 3 pyd oo g o> (B0
Ay B eig ang d)pe (olib il ClS o]
b ez Ui Ol e ol 3ios sl odh 3k
o S8 ol 1 65y (e sl 4l
O =S 3Rl |y (e Sl yed g Bl (S
e Elab ) aoliol gLt e gl pan B
S (Bl oy e 48 Wil o (s pla]
215 sl )18 Sy S I o g 00 (5SS
s S ol )8 il i oo cialS ol
b o 1y L o0l Sl o8], Soplog S0l el
adlas ol sls cmdgioe Sl ggdge (2l g 1l 0l )],
NS g kb mgdy ol )3 o s egde il o
dalio g oy 39— Ly 93 gy JUtSSl Sl ol

an Anterior Cruciate Ligament Rupture on Knee
Proprioception Within 2 Years After Conservative
and Operative Treatment: A Systematic Review
with Meta-Analysis. Sport Med [Internet].
2022;52(5):1091-102. Available from: https:/
doi.org/10.1007/s40279-021-01600-z

4. Arumugam A, Higer CK. Thigh muscle co-

contraction patterns in individuals with anterior
cruciate ligament reconstruction, athletes and
controls during a novel double-hop test. Sci Rep
[Internet]. 2022;12(1):1-12. Available from:
https://doi.org/10.1038/s41598-022-12436-6
5. Llurda-Almuzara L, Perez-Bellmunt A, Labata-
Lezaun N, Lépez-de-Celis C, Canet-Vintré6 M,



https://doi.org/10.1186/s13018-023-03996-y
https://doi.org/10.1186/s13018-023-03996-y
https://doi.org/10.1007/s40279-021-01600-z
https://doi.org/10.1007/s40279-021-01600-z
https://doi.org/10.1038/s41598-022-12436-6
http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/1JRN.11.3.9]

10.

11.

12

13

Cadellans-Arroniz A, et al. Relationship between
lower limb EMG activity and knee frontal
plane projection angle during a single-legged
drop jump. Phys Ther Sport. 2021;52:13-20.
https://doi.org/10.1016/j.ptsp.2021.07.007

Sell TC, Zerega R, King V, Reiter CR, Wrona
H, Bullock GS,
Ligament Return to Sport after Injury Scale
(ACL-RSI) Scores over Time After Anterior
Cruciate Ligament Reconstruction: A Systematic

et al. Anterior Cruciate

Review with Meta-analysis. Sport Med - Open
[Internet]. 2024;10(1). Available from: https://
doi.org/10.1186/s40798-024-00712-w

Wu J, Kator JL, Zarro M, Leong NL.

Rehabilitation ~ Principles to Consider
for Anterior Cruciate Ligament Repair.
Sports Health. 2022;14(3):424-32.

https://doi.org/10.1177/19417381211032949
Arumugam A, Bjorklund M, Mikko S, Hager
CK. Effects of neuromuscular training on knee

proprioceptioninindividualswithanteriorcruciate
ligament injury: A systematic review and GRADE
evidence synthesis. BMJ Open. 2021;11(5).
https://doi.org/10.1136/bmjopen-2021-049226
Myklebust G, Engebretsen L, Brakken
IH, Skjolberg A, Olsen OE, Bahr R.
Prevention

of anterior cruciate ligament
injuries in female team handball players: A
prospective intervention study over three
seasons. Clin J Sport Med. 2003;13(2):71-8.
https://doi.org/10.1097/00042752-200303000-
00002

Chimera NJ, Swanik KA, Swanik CB, Straub

SJ. Effects of Plyometric Training on Muscle-

Activation Strategies and Performance in Female
Athletes. J Athl Train. 2004;39(1):24-31.

Hewett TE, Zazulak BT, Myer GD, Ford KR.
A review of electromyographic activation
levels, timing differences, and increased anterior
cruciate ligament injury incidence in female
athletes. Br J Sports Med. 2005;39(6):347-50.
https://doi.org/10.1136/bjsm.2005.018572

Ahmadabadi S, Rjabi H, Gharakhanlou R,
Talebian S, Basereh A. Effects of a 4-week
plyometric training on activity patterns during

different phases of one-leg drop jump with focus
on jump height. Sci Rep [Internet]. 2023;13(1):1-
9. Available from: https://doi.org/10.1038/
s41598-023-36461-1

Kubo K, Morimoto M, Komuro T, Yata H,

Y€+ € )l{)‘ Y D)loa:}c\\ 5,92 cd)mf)bww‘gﬁ'wg))dgw

A

15.

17.

18.

19.

20.

21.

22

Tsunoda N, Kanehisa H, et al. Effects of
plyometric and weight training on muscle-
tendon complex and jump performance. Med
Sci  Sports  Exerc. 2007;39(10):1801-10.
https://doi.org/10.1249/mss.0b013e31813e630a

. Ebben WP, Simenz C, Jensen RL. Evaluation of

plyometric intensity using electromyography.
J Strength Cond Res. 2008;22(3):861-8.
https://doi.org/10.1519/JSC.0b013e31816a834b

Struminger AH, Lewek MD, Goto S, Hibberd E,
BlackburnJT.Comparisonofglutealandhamstring

activation during five commonly used plyometric
exercises. Clin Biomech. 2013;28(7):783-9.
https://doi.org/10.1016/j.clinbiomech.2013.06.010

. Sadeghi H, Alirezace F, Ebrahimi Takamjani

E, Kordi R. Changes
Hamstring Co-Contraction Following Landing

in  Quadriceps and

in  Microgravity  Condition: ~ Comparing
Females with Different Activity Levels. Phys
Treat Specif Phys Ther. 2015;5(3):177-83.
https://doi.org/10.15412/J.PTJ.07050308

Shultz SJ, Shimokochi Y, Nguyen AD, Schmitz

RJ, Beynnon BD, Perrin DH. Measurement of

varus-valgus and internal-external rotational
knee laxities in vivo - Part I: Assessment
of measurement reliability and bilateral
asymmetry. J Orthop Res. 2007;25(8):981-8.
https://doi.org/10.1002/jor.20398
https://doi.org/10.1002/j01.20397

Anderson K, Behm DG. Trunk muscle activity
increases with unstable squat movements.
Can J Appl Physiol. 2005;30(1):33-45.
https://doi.org/10.1139/h05-103

Bressel E, Willardson JM, Thompson B, Fontana
FE. Effect of instruction, surface stability,

and load intensity on trunk muscle activity. J
Electromyogr  Kinesiol. 2009;19(6):e500-4.
https://doi.org/10.1016/j.jelekin.2008.10.006
Saeterbakken AH, Fimland MS. Muscle
force output and electromyographic activity

in squats with various unstable surfaces.
J  Strength Cond Res. 2013;27(1):130-6.
https://doi.org/10.1519/JSC.0b013e3182541d43
McBride JM, Larkin TR, Dayne AM,
Haines TL, Kirby TJ. Effect of absolute
and relative

loading on muscle activity
during stable and unstable squatting. Int J
Sports Physiol Perform. 2010;5(2):177-83.
https://doi.org/10.1123/ijspp.5.2.177

Peng H Te, Chang HK, Chen HW, Huang TI,



https://doi.org/10.1016/j.ptsp.2021.07.007
https://doi.org/10.1186/s40798-024-00712-w
https://doi.org/10.1186/s40798-024-00712-w
https://doi.org/10.1177/19417381211032949
https://doi.org/10.1136/bmjopen-2021-049226
https://doi.org/10.1097/00042752-200303000-00002
https://doi.org/10.1097/00042752-200303000-00002
https://doi.org/10.1136/bjsm.2005.018572
https://doi.org/10.1038/s41598-023-36461-1
https://doi.org/10.1038/s41598-023-36461-1
https://doi.org/10.1249/mss.0b013e31813e630a
https://doi.org/10.1519/JSC.0b013e31816a834b
https://doi.org/10.1016/j.clinbiomech.2013.06.010
https://doi.org/10.15412/J.PTJ.07050308
https://doi.org/10.1002/jor.20398
https://doi.org/10.1002/jor.20397
https://doi.org/10.1139/h05-103
https://doi.org/10.1016/j.jelekin.2008.10.006
https://doi.org/10.1519/JSC.0b013e3182541d43
https://doi.org/10.1123/ijspp.5.2.177
http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html

[ Downloaded from ijrn.ir on 2026-02-16 ]

[ DOI: 10.22034/1JRN.11.3.9]

23.

24,

25.

26.

27.

OlySed o Glddda desaw

Chen H. Neuromuscular Changes in Drop Jumps
on Different Common Material Surfaces with
Incremental Drop Heights. Appl Sci. 2023;13(8).
https://doi.org/10.3390/app13085123

Hajiloo B, Anbarian M, Jalalvand A, Mirzapour

M. The effect of fatigue on Electromyography
activity pattern and Co-contraction of lower
limb muscle during running. RAZI J Med
Sci (JOURNAL IRAN Univ Med Sci.
2018;25(16600491):83-91.

Hewett TE, Myer GD, Ford KR, Heidt Jr RS,
Colosimo AJ, McLean SG, et al. Biomechanical
measures of neuromuscular control and valgus
loading of the knee predict anterior cruciate
ligamentinjuryriskinfemaleathletes:aprospective
study. Am J Sports Med. 2005;33(4):492-501.
https://doi.org/10.1177/0363546504269591
Hermens HJ, Freriks B, Merletti R, Stegeman D,
Blok J, Rau G, et al. European Recommendations

for Surface ElectroMyoGraphy. Roessingh Res
Dev. 1999;8(2):8-11.

Kellis E, Arabatzi
Muscle co-activation around the knee in drop

F, Papadopoulos C.

jumping using the co-contraction index. J
Electromyogr  Kinesiol.  2003;13(3):229-38.
https://doi.org/10.1016/S1050-6411(03)00020-8
Mercer VS, Gross MT, Sharma S, Weeks
E. Comparison of gluteus medius muscle

electromyographic activity during forward

and lateral step-up exercises in older

AR

28.

29.

30.

31.

32.

adults. Phys Ther. 2009;89(11):1205-14.
https://doi.org/10.2522/pt].20080229

Kordi Ashkezari MH, Sahebozamani M,
Daneshjoo A, Abbasi Bafghi H. Comparison
of the Effect of 6 Weeks of Balancing and
Hopping Strengthening Training on the
Kinematics of the Lower Extremities of
Athletes with Functional Ankle Instability while
Running: A Randomized Controlled Trial. J
Shahid Sadoughi Univ Med Sci. 2020;28(7).
https://doi.org/10.18502/ssu.v28i7.4269
Riemann BL, Lephart SM. The sensorimotor

system, part II: the role of proprioception in
motor control and functional joint stability. J
Athl Train. 2002;37(1):80.

Peng H Te, Kernozek TW, Song CY.
Quadricep and hamstring activation during
drop jumps with changes in drop height.
Phys Ther Sport. 2011;12(3):127-32.
https://doi.org/10.1016/j.ptsp.2010.10.001
Renstrom P, Arms SW, Stanwyck TS, Johnson
RJ, Pope MH. Strain within the anterior cruciate

ligament during hamstring and quadriceps
activity. Am J Sports Med. 1986;14(1):83-7.
https://doi.org/10.1177/036354658601400114

Krogsgaard MR, Dyhre-Poulsen P, Fischer-
Rasmussen T. Cruciate ligament reflexes. J
Electromyogr  Kinesiol.  2002;12(3):177-82.
https://doi.org/10.1016/S1050-6411(02)00018-4



https://doi.org/10.3390/app13085123
https://doi.org/10.1177/0363546504269591
https://doi.org/10.1016/S1050-6411\(03\)00020-8
https://doi.org/10.2522/ptj.20080229
https://doi.org/10.18502/ssu.v28i7.4269
https://doi.org/10.1016/j.ptsp.2010.10.001
https://doi.org/10.1177/036354658601400114
https://doi.org/10.1016/S1050-6411\(02\)00018-4
http://dx.doi.org/10.22034/IJRN.11.3.9
https://ijrn.ir/article-1-772-fa.html
http://www.tcpdf.org

