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Abstract

Background & Aims: Anterior cruciate ligament rupture is very common in athletes (1).
Dysfunction of the musculoskeletal system leads to joint instability in various motor
maneuvers, resulting in the introduction of abnormal forces into the anterior cruciate
ligament (1). The cutting maneuver is one of the most common movements in various sports
(3). During the descent from a height, the contraction of the hamstring muscle causes the
tibia to pull back and reduce the amount of shear force applied to the anterior cruciate
ligament. In contrast, the quadriceps muscle causes the anterior tibia to move over the femur
and apply shear to the with anterior cruciate ligament (ACL) (4, 5). In some simulated
models, the posterior leg muscles have been introduced as knee stabilizers (5).

Usually, the average activity of quadriceps muscles in women is higher than in men (6) and
the ratio of hamstring to quadriceps muscle activity in the stop stage of lateral shear
maneuver is lower than the lateral movement stage (7). On the other hand, when walking, the
timing of hamstring activity before the foot hits the ground is different between men and
women (8). Due to the fact that hamstring muscle activity reduces the shear force in the knee
joint, the relative decrease in hamstring muscle activity in women is one of the reasons for
the higher risk of ACL injury in women than men (8). It is clinically important to evaluate
the activity and timing of muscles in various sports movements, including lateral incision
(9,10). Because in the cutting manuvre movement, the knee of the support foot is placed in
the position of the valgus and this movement is one of the mechanisms of anterior cruciate
ligament injury, there is very little information about the function of the knee muscles during
this maneuver in athletes (9, 10). One of the limitations of previous research is that
researchers often examine the intensity of muscle activity in this movement and no
information is available on the coordination and timing of knee muscle activity. The
interaction between knee ligament injury and poor muscle function has not yet been well
understood. The aim of this study was to evaluate the activity of lower limb muscle activity
in people with a history of anterior cruciate ligament reconstruction compared to healthy
individuals during cutting maneuvers.

Methods: 10 healthy male soccer players participated as a control group and 10 soccer
players with a history of anterior cruciate ligament reconstruction participated as an
experimental group in this study. The experimental group underwent anterior cruciate
ligament reconstruction using the technique of two Gracilis-semi- tendinous bundles.
Electromyographic activity of tibialis anterior, medial gastrocnemius, lateral gastrocnemius,
vastus medialis, vastus lateralis, semitendinosus, and biceps femoris with BTS Free EMG
300 device was recorded during cutting maneuvers. Before performing the main tests and
recording the data, the subjects were first instructed to run at a speed of 2.5 m / s and
perform a cutting maneuver. To perform a cutting maneuver, subjects ran a 5-meter path and
then cut the path at a 45-degree angle to the side (left or right). Electromyographic signals
with a frequency of 2500 Hz and a bandwidth of 1250 Hz were recorded in computer
memory. Later, with a bandwidth filter, signals above 500 Hz and below 10 Hz were
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removed. A 50 Hz notch filter was also used to remove electrical device signals. The device
GAIN was considered equal to 1250. The linear envelope technique was used in the EMG
Graphing software environment to obtain the time to start muscle activity. This means that in
the Linear envelop diagram, a point of 10% relative to the signal peak of each activity was
considered as the beginning of muscle activity. Simultaneously with the recording of
electromyographic signals, the kinematic variables of the lower extremities were recorded
using the Vicon motion analysis system with 4 T-series cameras and a sampling frequency of
200 Hz. Plug-in-gait marking model was used to track the lower limb and determine the
moment of heel contact with the ground (HC) and the moment of toe separation from the
ground (TO). Before using this device, the cameras were calibrated using a space of 3 meters
long /0 0.9 meters wide X 2 meters high. Camera system data recording and
electromyography were simultaneous. For data analysis, first, the Shapiro-Wilk test was used
to evaluate the normality of data distribution. All data had a normal distribution. Then,
multivariate analysis of variance was used to compare the research variables between groups.
Statistical analysis was performed using SPSS-23 software and p <0.05 was considered as
the significance level.

Results: The activity onset of tibialis anterior, medial and lateral gastrocnemius muscles was
earlier in the experimental group than the control group; (p<0.05). Also, the time to reach the
peak of tibialis anterior and medial gastrocnemius major muscle activity in the experimental
group was earlier than the healthy group (p>0.05).

Conclusion: The results of the present study showed that in cutting maneuver motion, the
moment of onset of tibialis anterior muscle activity in patients with ACL injury was earlier
than in healthy individuals. This muscle plays an important role in dorsiflexion and
supination of the foot (13, 14). The tibialis anterior plays an important role in dorsiflexion
and supination of the foot. Researchers believe that the tibialis anterior muscle is one of the
stabilizers of the ankle joint at the moment of the heel's initial contact with the ground when
walking and running. Researchers have also shown that the tibialis anterior plays a role in
stabilizing the ankle joint in the stance phase of cutting maneuvers (13, 14). This muscle
helps maintain the stability of the knee by maintaining tibial stability. (13). Some researchers
believe that this muscle stabilizes the ankle joint in the phase of the initial contact of the foot
with the ground (19, 20). Changes in the timing and magnitude of muscle activity are
considered as a compensatory mechanism in people with ACL rupture (20,21). Early-onset
of gastrocnemius muscle activity in people with ACL rupture compared to healthy
individuals can be a protective mechanism to maintain knee stability (22). The earlier
activity of the gastrocnemius muscles in people with anterior cruciate ligament injury
compared to healthy people can be explained by the fact that it is a protective mechanism to
maintain the stability and strength of the knee. Muscular responses and the mechanism of
joint mechanical behavior are closely related to the time to reach maximum muscle activity
(22). These muscular responses may be related to muscle function in maintaining knee joint
stability before, during, and after movement. In fact, due to the rupture of the ACL, the joint
position and the sense of movement are disturbed and the movement pattern may change.
Anterior cruciate ligament reconstruction is associated with changes in lower limb muscle
function in terms of onset time. It seems that after the surgery, a new kind of muscular
adaptation develops. Further investigation is needed to determine the association between
this compatibility and the risk of osteoarthritis or re-rupture. Injury to a joint in the body
causes a change in the activity of the muscles around the joint; ACL injury also affects the
function of the quadriceps, hamstrings, and twin muscles of the knee joint (18). Evidence
suggests that ACL injury affects twin muscle function and strategies (12. This research also
has certain limitations. These limitations are that the research results are based on male
subjects and due to individual differences between men and women in anatomical and
biomechanical characteristics, the generalization of these results to the whole male and
female community will be difficult. It seems that differences in size and body size and Q
angle of women may show different results.

Conflicts of interest: None
Funding: None

[ DOR: 20.1001.1.22287043.1401.29.4.4.1 ]

Cite this article as:
Moslehi Z, Hoseini Y, Frahpour N. Comparison the Timming of Lower Limb Muscle Activity during Cutting
Manuvre between Athletes and Individuals with Anterior Cruciate Ligament Reconstruction History. Razi J
Med Sci. 2022;29(4):10-19.

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

'Y

http://tjms.iums.ac.ir VP o Foyles Yoy gjl) ySiijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22287043.1401.29.4.4.1 ]

Doy S > 0 aSulasazg L (V e 9) siin
S > nl 9 355 00,18 eesly 5o 1) by Sl
gl OMac o, Sloe b alayl) o oS Loy Sl
)08 S99 (=559 55 sl =l Sl Pl
u_’| u’_L._B Sladss Lng;';%agm alos )| .\ ’5°k)
ENae clad Sod g s WK e 4 ol
5 Splod o) j0 g aSlaSlyy oS > ol o
50 Sledbl oily O ae e Jlad g9, 0 (gosle;
e 45 alse S, g 5,08 dgn 4 Syt pae
2 UL gdac cdbd o, 5 b el
Collad Wilgs o ol alae 1 (55510 (5,0 Jlos!
Sl ol 5l cdadlre 5 Jhate oy gl |, alae ]
alex 5l OMac cdlad sun o) o o o3l
= =l el (Vo) 2ol LB g0 sl psie
Ol 4 6999l lgi oo cmlin L jed aslp b aS
—mas Jalse aSil 05 2s L sy osllae (go
5 (Vo) sin hows LB Sgy0 slo e 5l Dlac
J=d el a8 F g0 pgas ol o o8 Olalllas
LUy (S able b o8 sl izl sy 1)
Ol olwlis JLos 4 b ool ¢ olad aboliis
o=l olam! Jlas 4 ¢l 4l oMlae el Jlois|
o=l pol Giod (ol Jlgw Cuz ool g as)le
ablite b, g5l ailow L ol 8l s LT as” ol
o p &S, ] pls gily Oilac o Sles ¢ olad
ol )8l L e dld £4,-0 o) 9 codlad s bl
plasl OMlae o Jled gl 4 o, 9 £9,-0 b
bl ablo b 183555 5 ol 09,5 50 o (Sl
B solad abliie bl

O 95
5 i g5 | ol Gragiy o ose ]
a0, ol cacdligd Ve slass cel Bl
S5l A U Celligh Vo 5 aals 0,5 e
S8 1 o 03,5 ol oS cbolize LL,
ol s 5 G-Power 1330 a5 5l oolisul b .ais S

'Y

Ohen g (das |n;

doddo

o 3l OIS0 5 (elad abolie bl o]

aan 10 sgu (V) el loyes YL L
(V) Sl olad abolize bl 4 bgs e 5l slacn!
anterior cruciate ) ACL g;-wib 5l o Yo osse
§ 9= (s—uPuiilei 0,90 olo A U # og0> (ligament
ablite LU, 5,0 s)le 517V Lo i (F) el
S5 39,8 slagile plin 5 (59,95 5 ed sob a (el
&) Game o) (Bl s 59ile b g o 5l o b
31 5 (Cutting Moneuver) il> b5 (F) aos 0
o SLah))s 3l ol yo a5 el SLS >
Pl o) Lzl iy o s 1 (2008 jslateay
3ls ablite (Ll 4y ool Jlad oS >l (ol
L o9 Loy oo Jodo a0 S pnens alae 355 o0
4 ol sl abas g ACL cassST flgie 4 ACL
pLin (Y) asleads 4l ACL CansgSLST lgie
335 AL il 4 Sty e alie 35,5
S5t e Sl 5 iS o e 4 ) Lo Sl
30 0S8 e oS (old abliie CuLlSd 4y 00 ly 2ed
Lot oo bl ely i, o e alse i

S9-bso ACL 4 (2 (595 Jlosl 9 5908 595 2
OMac 55 0ads (gilw and sla Jow 51 S0 0 Q)
—oay (B yme gilj oS ol plsre 4 by sl Al
(D) Wil

O3 00 e )lezr e bhvgte o dlad Voo
Mae cdled cand 9 (F) cwl o0 5l i
Sl o adg al>ye )0 ol ulez 4 S e
S il 8 o oo &y G e B 5
Gaapley idy ol plSn o )b Sl (V) ol
5 063 59 ey bl oyem 5l 8 S e 2 lad
alac codled aSl 4 ax g b (M) cnl Sglaie ()10 40
5l e ;o (LB Gop SR wrge K e
b 50 Sy ed Olae codled ol oS Cul
o5 @ ACL ] Sy 090y bYo alas
(A) Bgy00 slads ay o0 dy S

Sl > y0 Olae gui (loj 9 Codled o9t oy
L Senl Sl (ol o Ao 5l (o859 Al
1) o e culled SKigSa )yt ol l3,55
Soasly Geizred 5 cmwlie (glsioy gloasl


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22287043.1401.29.4.4.1 ]

Bl sdp &8 pliin Slios plil CMas el gunlej anlis

25 9l 09,5 93 13 b 39l Kl 505 cla Sy —) Jgi>

P 75 095 a5 o095

Ve YYARA/VE YVAA/S0 (JWe) oy

AR \WYEI¥EE/\D \Yo/vEf/a. (o sl A8

At VY /¥ SYINEYIVY (p,55LS) 09

YA YY/YEY/OY YA/ALN/50 KG/M?) s 0355 adlis
~~~~~~ Y¥/oty/ss - (obe) Ay 3 amy (ylojne

o S e s es (S (5lEss
L plojpa -aiad Jate s 55pe5 5 Sy 99 (20
Sl o « Bl 5 gl og xSl Lo UK oS
Jdos il oolai ol b Slow plal  SoleS
aged S B LT 6y (mpee T LGNy (5~
Sbes plail oboy glp o el e Y gloy
(Heel Contact) ‘e b L aiil wled alasd s g
31 (Toe Off) (puoj 31 L eSSl adlas alasd 5.5
A oolaiwl Plug-in-gait bg, 4 (5,035 ,5 )l Jow
SOl eolaiwl b oy g0 colws (pl 00,8 51 L8
el )l e Vi oye e o/ xodo yi ¥ (glad
5 Loy )90 i slools ol asal 0, JLS
Aoy Hlejen Bl S gr0g,uSdl oiws
lal Laools el g Lol slogiolosl sl 51 LS
Lol ad ools (3590l ba gogesl ar (oilr gy o5 >
L Pl —dn S g Wam 4l p e VIO ey
Lo gogejl o cilx by y5le sly>! (g1, ams plo]
a0 FO @oly b e g omugd ) (6550 O pn SO
() JSs) o eolatl besal,y s 5l ogd LSS

@

45°

by ES o b gy e =) JSWO

http://rjms.iums.ac.ir

G)LAT u‘ﬁ‘ 9 BZ'/Y co =[O 6‘)% ‘(}._9 LgLs'M.)‘.b
o, 8l 09 SIS 09,5 ;0,0 Soge;l ,a5 Ve Sl VA
—a bl 25 asl SuST leolatll b g yoe 09,5
8 olad ablie bl g5l Jos oo (5 g
aw JBlacs piils Lgsoge] 09,9 by .aiogr ax8,5
Bl o JLsgh aid) jo alRAL (h))9 adle Jlo
daly Job WS alox 5l Mae — SISl (5 lxal
Lng Lg)L?L&U () 9 asl (;QLN ‘u‘).a_é O g 67'5
L3 39)9 Lul 2 (2,25 09,5 ;5 090 (SHae (orae
3l e=idu 0 0,0 bl il iils O jee jo o 63&9.0)'1
Sl Cdlad 9 V7 (YL S o0y Lazli (o
La dogo;l sla S5y sl 7,5 adlhe 5l il
Sl 5l 8 el oo 08,91 ) ol Jgam o
2 S i 6l S abculs, 6,8 la Soge;l ol
OIS aeS o agh 7 b doges Laal | juagh
L olen Sop pode oisls (Sigy Slallas o
285 18 Al 0,90 SNVEIYOANNVAR o Ll

S5 olasl sl addllae cnl yo 2/ 09, 5 515/
s—dss slaag xSUI L LIS joiS 5w 300
E9= 3l g 0,5 jeiS Clw Laog wSl .ol colanul
shlo g Ag/AGCl iz 318 ymao, LSS otius
Y LooguSUl 55,00 L 55 e al ol aiog sola 3
b s )s l s ie Sl

lol (Bl S gulng iSIl slo JUSmw el jshaieay
Swgy g &b 0dn Bl A5 0590 Jore 10 Cowgy slage
20,8 el 10 Jpsponl S e azélay b
@bma)l 59 bl Loy Sl

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22287043.1401.29.4.4.1 ]

Ohen g (das |n;

3 G Vo Salty e Vo
g X B #

O oz Swe Mo | Cw K 0 MonlEdt P

}4»:;}&5

]

f

“L«Jw«wm—ﬂwm—

rWMM“V\,,,WmﬁM

EMG J3p5 » EMG i J oles ¥ JS05

Solsl g,y 3 Gios sLodpstio 8550 )0 (29,5
Sl g s po 0l eolaiwl o prieni il g Judm
g 0= plsul SPSS-23 1581 0 5 5l eoliiwl b (g, L]

Ao u)f).la;)op<~/’(b ngléLa_r.ACJa.w

Lassl

OMac ol (Lis o pxte iz il g Judow s
69—15 50 ‘(F=\Y/\°()‘p=*/~ \a) GA‘Q'_Q LS’M)Q
kf?)b 69_1.9 99 9 (F=f/‘\\~sp=’/’\~) =_l.> lo
v/’"‘lV w).’4_> VY 05; )é (F:\O/V(b‘p:'/’ ’Y)
A Egyd sy 09,5 5l j o adl /o FY g0/ F
(Y Jgaz) o S codles

ac olo Glid o psie 0z Wil g S
S8 o (F=V < /FYp=2/-VV) colod o ipo
o A dall 09,5 1o (F=Y/YOp=-/-FYV) L5
Oles & (075 09,5 5| o gl < /- AFF g +[-AFY
Ay g5 Ceodled

@ Oy 5 90 Oloj duglie ol gl Sue
oy CS > B Slow slasl OMlac el
g 00 g3kl olad abolaie b, L ol 8l 05,5 g0 o
S b
oSS >y aS ol lis ol gadon ol
30 olad Sech,e alac codlad g4,0 alaxd il
oIl o, 81 51 elad abolite bbby col Ml ol 3
OLhLSe g (o Gaiod ol b asl (pl 09 Bog;
Lo Cgz 90 o il S > as (V0 9)
OB 5 (55 5 Wb oo plonil o laiin 8 (6l o 4

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan

Lo 00l (s s 503 &5 Wl 0 4B dy (J )90
axiio (59; 9,8 sy g a5 S > 5l 090 Sy
S92 Culy Sb b b Sogajl addS . (3) wulo 093 9
adols bl |y (il oy &S5 (00yd ol SL)

L 81552 S sm JUS s 20310 353
bl ;s 35,8 VY0+ il (sligg 5 55,8 Y0+ - S5
AT 1l So L g 00 8 S FgalS
Bis 55,0 Vel S g 5 00 YL LI
BA> sl 5 55,0 00 gl 2 Sl prizmen i
olSiss GAIN s sslil 3y slog clelUiS o
OS] Sy (gl o ad ) § L 0 \YO. b plp
Linear SCoSS 5l odlae codlad an 4,0 (Lo,
ooliwl EMG Graphing 1381 s 5 laxs o envelop
Linear envelop ,logi j0 45 e (o 00,8
Wl o JiSws gl 4 Cand gao )0 V¢ (salall
pY OT) ot a5l jo alae cullad £9,0 (o)
L oS (eej an L aidly (99,55 abaod ol S5
Toce Olgieds O oo s By 90 polad l eolaul
5355 Slins &) ite Cudle L gy o chine 5| L3
simo sl slam ST (Cnej b ardly 9,55 » alad |
4 s 3B b el gline ) Cute cadle L oy
@lasses ¥ St o 0l ()15 (adly 595 5 alad
S o5 Jyb o (STl S0 S
odls il ol Linear envelop loges g ol o
Cwloads

9= Jloy (st pybaieds sl g lof i
aen o oolaiwl Shig g bl o3l 5l Waosls ay5e8

= 4—mJLQ-O 6‘)" O RSSAR) JLo).’ (’:’)9’ ools

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22287043.1401.29.4.4.1 ]

Bl sdp &8 pliin Slios plil CMas el gunlej anlis

(Mean £SD) (5 5 10l 09,5 93 55 (45b) cMae colled 9,8 = Jgaa

Dy 3 kil (slas g sals SMae
<[\ <[-¥0 A\ r=2AR —/sYAL-[-¥Q oldB Seusy
ooy <[-\A o[SYE. /¥ SAYYE/oY ESERPNCIN
ofeey [ A WRGE R SAYE[YY S PN
RARN [oYY RSN SRV ANAESIRIN B e
/YY) <[3A AR E ¥ SAYYEL [0y B o
+[av) A —e]oY0k.[-5Y —e/ov5E-]-00 9 e
R AT R = A VL AD Sy

(Mean £SD) ;25 5 aali 055 53 )3 (&) ©Mhae clleb gl oloj =T 9o

P o) 3kl (sllas S Jals oMiae
aa o[-v5 SNE /vy V¥R s e
o[ ¥ <[+YA YAV A J¥VEEL/ay RPN
-/vay <[oxY AR YR A% VAN RSP
AN [+ <IYOAES[oVY <IYYYEL/\Y SR
NARS\ <[-YA SIYSYES VY IYNSEN-D B o
<J¥YY o[y DAYN & RYRIN' <IYYEN ¥ S Fde

< [ofY [eyy <[YAdt. /- oY AR SYRINN Sy

T soss g A3 soligs Iilas cllid g4,
b (ol B abline LUy, (FL adlie ol 31 s
o U ass cplcsl (b ol 3151 5045 (5 lolias
OhLSen g pg yiwaid ((1930) (LSe 5y
9 s 9 (Voo V) )L So g caJgol, (Y ) +)
cdad (VV-10) Cl L]y o (V1) o) San
Feaie sle cowl 156 Cov fake o 40 cDlac
VY Jbw o pilLSen 5 (S 10,5 (e )8
3, Sdas jo solad ablite bl, ol as wisls las
Sae 51 a5 5lBg0 5 Sp ot oS oz DA
ol anly s (VA) cal 38 56 wiies ol Lade
50, Shos o ohid abline bl ol 45 ans e
Gl L(VT) 3,38 oo 5T slBgs alae slasil il
Gmyb 5l aslg oo dac ol a5 Wakies laae
S8 S (ol S & 515 ke i 13
e Sy 1 8)ly by sl )lid i g wles
(Ve V) ol (359 Jooo
e Sl Dad (S5 g sanple 50 s
Sl Al 331 58 Sl ele S lgreay
YV Y +) ol onisass L5 o solad ablize L,
L awolie o a8 asles, 5 5,155 o Ken 5 calgol,

http://rjms.iums.ac.ir

olod S ey alac (VF)Y) ol 38150 (1999)
a5 b5 5 s 5 ogmi 4 455
e g (Fue Glgginl gl g Sy
o oyl Ly S gzl gl eacld  JNs e
DS e Wl b g 9 SIS (cy90 )0 sages
alax oL g Jate o casms Ol 5l (SO elud
=9 9 (5B oy plLe ey b aslly adsl 0,55
allac a5 ol ools ylis e fizxe yized .o
#hL g Jate Sawoold i Llad JSo,e
Jol L O FY) o)ls i oS o Laul 5Ls
3=y Glgmean alac ol 4 cal oals slpiny
ate ;o Cl ol Slow plail  SoleiS o s
RPCHIK VL g KW PR HCA K GURNRS KU SO N
iy gl s el b 5l ol ke 4o
Wdllas ol o a Sl ey azg LLOVY) Wl o0l
b, 5,0 adliwe ooy o dac ol o Jled
s 098se 31 el S 3151 g5 olad ablie
3 ealy Jmare Ol o8l gl W olgieay | o]
3,8 Gl o ol glggasl Sl g b

ol aS oy (Ll fizen ol> uiod gl

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22287043.1401.29.4.4.1 ]

753 emas SYlail 5 adsl slo st ;55 Sl gk
Oledbl elad abline bl wgd cad 0ails 55k
ol 2 ol) Jade OlLs Lo o ) (sote (o
anaS fdod aS playazgi L (YVVP) o6l 0
—Cebys g I ssligs (Hlae clled (o8l ()
vy wblb aBby bes o p o SHL a3 o
O OloSee Lal s S0 28L gy (ol (o
@ olhelely o cusl sgz gy CYMST aS 5,5 bl
Ot i b selad ablite bl ol Jlis
Syl S ol s il e 9l (Late
e > Ol Gl sl (SHas ¢85l
o> &8l 5o anil sad OMac (! Sdlac Sgo
aoxi)d Jmabe S o DDae SLA (> es
Sl Sgne (SMas Sgo segen sl Collad A8
3 grl>'L> G890 O ae e dlxd 69—§” (YasYA)
30 ol iz (o sadodaliv Llad HC,e
ol S (ola8 gl bl 5 4 e o
e Coled 3 e o JAS e o
FE Y FEp- I SR U S - | N
o &Sl 5l o le b cosgame ol .l [lo 5
aazgi b g alge 0 p0 slaogel (e B
Sloasie 193, 5 0) G 602 slo Dol
asalr JS @ @l Gl el (SeilSogn 5 (Sl
Sy L 40l asles azlee JBSTL 0 ye 5 0
Cowl oo 365 Q aygly g S olal g ojlasl jo glas
J{JS S VICU CIPR Y YN S PR - O ) B
5 =9y bulyd Sy pae o (nl lacasgaos

B9 013l Sl

pLSR3g) Cudled £9,0 (ilr (b o5 > pln

5 5 9 (o 659 oalad (Sl yo SiLae
oy Mlae o Culled gl 4 plSmg) o,
odpd LIS (25 095 3 (Ao (55890 g (el
o asm omas 6,55 S 65 S
S podae join Sl (oolad ablite bl (o>
Dilde s a4y (RiSly Sy Wiie 4 5,55k ul oS
SS9 J S slp a1 L g cunl gl gtz
43S JSh (sl 0y90 53 95l 50 359 9

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan

Ohen g (das |n;

8 blize L, 5 abbise i 55 sals o3,
555 Ly g 3L ey ok b slaclla s
Yol flasse ol aiuS co £g,0 1) 055 Coled
SalS s a canl e Dl s ol 4 Wiles S
bo S oS adl (335 Jood 5B o gl sl
9 5095 allad g 05l oo e g 4 93l5 1,
Silw o= S92 |y B seL8gs alac 5 SVYeb
ol L ol,8] o gl8go alac iog; cudled (Y- 4)0)
Ol oo 1y el 0131 L aslis jo alad ablize LL,
Sl Bl il Sy pl 45 35 g5 433!
has sbagwly wil oo oly pllocinl § LS Laa>
b (S005 slem LU Jade (Sl )13, 5l
o=l ol (Glae e b 2Slas a4 e Gloj b
5 Olac o, Slee L el (Ko SMac slaguly
=l 5l o g oo (3 ol Jate O Lad>
Oy Oloy sy @l (VY) widl Lo e oS >
5o adllas 550 IDlac o SDlac cdled Slas 4
5 A3l (gsdBas IDac a S olo il iagh ol
ebline bl ol a4 M ol 3l jo alad Seus o
Ao an Wl o8l 51 5agy (s loline Heloas slad
g adgoly Cladod b bl ol dlodgw ) 095 codled
o2 (Ve 0) olBed g (Scwglooz o (Vo0 0) oS
@ Mo ol Bl 45" Wyo S o)L.i',l:)L;é AV VgV +) oy sl
e Sl g5, las bl bL, S
Sl oW el Sae a5 wisls Hlias 58 1y (6 5995
Sl g (hee > Galidl g Jols J S a0 SeS
st usls Tk ogmg Lol 00y  Jas
oz (=2 5l (5 GlagSl i gl
pac 45 09l o 4 pioman (V) Wilbs o Sb
ikl = 5l e ol 0 Shee oS 09000
s, loln ad ami, Ll odo oLl
ol Jlssan &y 0 (VF) el (5> 5 (oo
S oo g Jmabe Cundy oold abline Ll
BIER A SENT-T | RV RN GUIS IV AP M LS R EY
sloagly 9 2l J55 ouizmen (T0) 93,5 i
098l Loyl o Sl g g0 SLalS Jolus
Cl 5San (g asla ((VA) 058 0 yaS l}wi

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22287043.1401.29.4.4.1 ]

Bl sdp &8 pliin Slios plil CMas el gunlej anlis

return to sport in athletes. Arthrosc Sports Med
Rehabil. 2022, 4(1): 65-69.

11. Hermens H, Freriks B, Disselhorst-Klug C, &
Rau G. Development of recommendations for SEMG
sensors and sensor placement procedures. J
Electromyogr Kinesiol . 2000, 10(5): 361-374.

12. Kristian M, Thomas B, Joseph H. Examination
of extrinsic foot muscles during running using
mfMRI and EMG. J Electromyogr Kinesiol . 2006;
16(4): 522-530.

13. Beaulieu M, Lamontagne M, Xu L. Lower limb
muscle activity and kinematics of an unanticipated
cutting manoeuvre: a gender comparison. Knee Surg
Sports Traumatol Arthrosc . 2009; 17(8): 968-97.

14. Neptune R, Wright C, & Van Den Bogert, A.
Muscle coordination and function during cutting
movements. Med Sci Sports Exerc . 1999; 31(2),
294-302.

15. Rudolph S, Michael J, Thomas S, John P,
Snyder Ly. Dynamic stability in the anterior cruciate
ligament deficient knee. Knee Surg Sports Traumatol
Arthrosc . 2001; 9(2): 62-71.

16. Lindstrom M, Fellinder L, Wredmark T,
Henriksson M. Adaptations of gait and muscle
activation in chronic ACL deficiency. Knee Surg
Sports Traumatol Arthrosc . 2010; Arthroscopy
18(1): 106-114.

17. Theisen D, Rada I, Brau A, Gette P, Seil R.
Muscle Activity Onset Prior to Landing in Patients
after Anterior Cruciate Ligament Injury: A
Systematic Review and Meta-Analysis. PloS one.
2016; 11(5): 155-167.

18. Klyne D, Keays S, Bullock J, Newcombe P.
The effect of anterior cruciate ligament rupture on the
timing and amplitude of gastrocnemius muscle
activation: a study of alterations in EMG measures
and their relationship to knee joint stability. J
Electromyogr Kinesiol. 2012; 122(3): 446-455.

19. Kvist J, Gillquist J. Anterior positioning of tibia
during motion after anterior cruciate ligament injury.
Med Sci Sports Exerc. 2001; 33(7): 1063-1072.

20. Chmielewski T, Hurd W, Rudolph K, Axe M &
Snyder M. Perturbation training improves knee
kinematics and reduces muscle co-contraction after
complete unilateral anterior cruciate ligament
rupture. Phys Ther . 2005; 85(8), 740-749 .

21.Rudolph K, Axe M, Snyder-Mackler L.
Dynamic stability after ACL injury: who can hop?
Knee Surg Sports Traumatol Arthrosc. 2000; 8(5):
262-2609.

22. Coats S, Daniel L, Gary J, & Braden C. Effects
of ACL reconstruction surgery on muscle activity of
the lower limb during a jump-cut maneuver in males
and females. J Orthop Res. 2013; 31(12): 1890-189.

23. Rezaiee K, Mazloum V, & Mamashli A. A
Comparison of Timing of Core Muscles between
ACL Reconstructed and Healthy Athletes While
Landing. J Sci Med Sport . 2016; 8(1), 49-65. doi:

http://rjms.iums.ac.ir

sl )0 0l o Egdge ol o (py, el
ABb 0S5l e sl

i P 9 ﬁ‘d.as
o=l o a8 s bl ba Soge;l ads ) alwgna
pmlodcs Slo,08 ¢ ,Sis axlllas

References

1. Hébert-Losier K, Pini A, Vantini S, Strandberg J,
Abramowicz K, Schelin L, & Higer C K. One-leg
hop kinematics 20 years following nterior cruciate
ligament rupture: Data revisited functional data
analysis. Clin Biomech. 2015; 30(3): 1153-1161.

2. Fong D, Lam M, Lai P, Yung P, Fung K, & Chan
K. Effect of anticipation on knee kinematics during a
stop-jump task. Gait & Posture. 2014; 39(3): 75-79.

3. Kellis E, Sahinis C, & Baltzopoulos V. Is
hamstrings-to-quadriceps torque ratio useful for
predicting anterior cruciate ligament and hamstring
injuries? A systematic and critical review. J Sport
Health Sci. 2022; 21(2): 50-67

4. Nyman Jr, & Armstrong C. Real-time feedback
during drop landing training improves subsequent
frontal and sagittal plane knee kinematics. Clin
Biomech. 2015; 30(4): 988-994.

5. Sharifi M, & Shirazi-Adl A. Changes in
gastrocnemii  activation at mid-to-late stance
markedly affects the intact and anterior cruciate
ligament deficient knee biomechanics and stability in
gait. The Knee. 2021; 29 (2): 530-540.

6. Weinhandl J, Earl-Boehm J, Ebersole K,
Huddleston W, Armstrong S, & O'Connor K.
Anticipatory effects on anterior cruciate ligament
loading during sidestep cutting. Clin Biomech. 2013;
28(6): 655-663.

7. Landry S, McKean K, Hubley-Kozey C, Stanish
W, Deluzio K. Gender differences exist in
neuromuscular control patterns during the pre-contact
and early stance phase of an unanticipated side-cut
and cross-cut maneuver in 15-18 years old
adolescent soccer players. J Electromyogr Kinesiol.
2009; 19(5): 370-9.

8. Bencke J, Zebis K. The influence of gender on
neuromuscular  pre-activity during side-cutting.
Journal of Electromyography and Kinesiology. 2011;
21(2): 371-5.

9. Havens K, Sigward S. Whole body mechanics
differ among running and cutting maneuvers in
skilled athletes. Gait & Posture. 2014; 42(3): 240-
245.

10. Cunha J, & Solomon D. ACL rehabilitation
improves postoperative strength and motion and

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22287043.1401.29.4.4.1 ]

10.22059/jsmed.2016.58871

24. Noyes F, Matthews D, Mooar P, Grood E. The
symptomatic anterior cruciate-deficient knee. Part 1I:
the results of rehabilitation, activity modification, and
counseling on functional disability. JBJS. 1983;65(2):
174-163.

25. Courtney C, Rine s, Kroll P. Central
somatosensory changes and altered muscle synergies
in subjects with anterior cruciate ligament deficiency.
Gait & posture. 2005; 22(1): 69-74.

26. Lee H, Cheng K, Liau J. Correlation between
proprioception, muscle strength, knee laxity and
dynamic standing balance in patients with chronic
anterior cruciate ligament deficiency. The Knee.
2009; 16(5), 387-391.

27. Johnson R. The Anterior Cruciate Ligament
Problem. Clin Orthop Relat Res . 1983; 172, 14-18.

28. Fitzpatrick R, McCloskey D. Proprioceptive,
visual and vestibular thresholds for the perception of
sway during standing in humans. J Physiol . 1994;
478(1), 173-186.

29. Gandevia S, McCloskey D, Burke D.
Kinaesthetic signals and muscle contraction. Trends
Neurosci . 1992; 15(2), 62-65.

14

Ohen g (das |n;


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html
http://www.tcpdf.org

