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ABSTRACT

Introduction and aim: Fatigue of injury-prone athletes and their placement in situations
such as performing shear maneuvers increases the risk of anterior cruciate ligament injury.
Therefore, this research aims to answer the question, does functional fatigue change the
effect of neuromuscular training on kinetic variables during cutting in injury-prone male
athletes?

Methodology: The current research is semi-experimental and was carried out in two
control and experimental groups as a pre-test and post-test design with and without fatigue
before and after neuromuscular exercises. 32 males student-athletes aged 18 to 25 with
trunk control defects were purposefully selected and randomly placed in the control group
(16 people) and the experimental group (16 people). The force plane was used to measure
ground reaction forces. Analysis of variance test was used for statistical analysis at a level
smaller than P<0.05.

Results: The results of the present study showed a significant improvement in ground
reaction force variables in the post-test of the experimental group compared to the pre-test
(P<0.05). While none of these variables had significant changes in the control group
(P>0.05).

Conclusion: It seems that doing trunk and hip neuromuscular training in athletes with a
trunk control defect leads to a significant improvement in the stability of the trunk control,
so in the conditions with and without fatigue, they were able to show a significant
improvement in the selected parameters of the ground reaction forces. Therefore, this
training method can probably be recommended as a beneficial method for athletes and the
mentioned conditions
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Extended Abstract

Introduction and purpose:

One of the most common injuries during sports activities is non-collision injury of the
anterior cruciate ligament (1), which can occur during movements such as deceleration,
landing, change of direction of movement, or shearing movements (2). In this regard,
improper control in the central region and a defect in the ability to divide forces cause
abnormal trunk movements, especially in the frontal plane, along with an increase in
ground reaction force and valgus in the knee joint (11). In this regard, Mohammadi et al.
(2019) stated in a study that the prevalence of trunk control defects in the male athletes
studied was 26% and recommended the need to pay attention to prevention and
rehabilitation programs for this defect (12). On the other hand, various factors such as
fatigue can cause dysfunction in muscle function, coordination, timing, and activation,
which ultimately leads to defects in movement patterns (13).

Therefore, despite the necessity of paying attention to modifiable risk factors and
considering the main variable of trunk control deficit, along with the importance of using
neuromuscular training in preventing anterior cruciate ligament injury, so far in the studies
conducted (26, 25, 24), the issues expressed in fatigue conditions have been less
addressed (26, 25, 24). Therefore, the researchers in the present study are seeking to
answer the question of whether functional fatigue changes the effect of neuromuscular
training on kinetic variables during cutting in male athletes prone to injury?

Materials and methods:

The method of the upcoming study was determined as a quasi-experimental and applied
type with a pre-test-post-test design with a control group. Participants: All participants
were informed about the purpose of the study, methods, duration of participation, benefits,
risks or complications, voluntary nature of the study and confidentiality of data and signed
an informed consent form before starting the study. Also, the present study tried to comply
with the ethical principles mentioned in the 2008 Declaration of Helsinki Ethics and its
generalities were approved and registered by the National Ethics Committee in
Biomedical Studies under number IR.SSRC.REC.1401.032 on 31/2/1401. The statistical
population of the present study included all male student athletes (in handball, basketball,
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and soccer who had trunk control deficits) at Kharazmi University. 32 eligible male
athletes from the aforementioned statistical population were selected purposefully and
randomly into two control and experimental groups (16 people in each group) as a
statistical sample, using GPower software with a statistical power of 0.8, alpha of 0.05,
effect size of 0.28, and considering a 10% dropout rate, the mean and standard deviation
of the population and the statistical sample of the variables under study were selected
based on previous similar studies for a research design of analysis of variance with
repeated measures (30).

The inclusion criteria for the study included: male student athletes (handball, basketball,
and soccer) at Kharazmi University, with trunk control deficits (jump-tuck test), being
between 18 and 25 years of age, having continuous sports activity based on the Beck
questionnaire (score 13 to 15). Being in the second category according to McKinney
criteria and being competitive athletes (based on which athletes exercise more than six
hours per week, three sessions per week, each session lasting two hours or more, and
were prepared to participate in official competitions) (31). Having a body mass index
within the normal range (18.5-25). The exclusion criteria also included: participating in an
injury prevention training program in the past 6 months. Having a history of injury in the
trunk and lower extremities in the past year. Having lower extremity abnormalities
(crossed knee, bowed knee, retroverted knee, and flat feet) that could be detected by
visual assessment. The presence of pain at the time of the study or a history of surgery
in the trunk and lower extremities. The presence of a history of vestibular, inner ear, and
ligamentous injuries in the lower extremities in the past year (32), the subjects’
dissatisfaction and unwillingness to participate in the research process, the absence of
two consecutive sessions and three non-consecutive sessions in the exercises.
Incompatibility with the exercises and fatigue protocol. Accordingly, the call to participate
in the study and screening of the subjects was made between October and November
1401. The pre- and post-test of this study, along with the neuromuscular exercises and
the fatigue protocol, were also conducted between December (pre-test) and March (post-
test) 1401 in the Mofaqqian Laboratory of Sharif University of Technology (pre- and post-
test with and without fatigue) and the Pahlavan Hall of Kharazmi University (six weeks of
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neuromuscular exercises that were performed on the experimental group in the two
months of January and February). Finally, 1 and 2 subjects from the experimental and
control groups, respectively, were excluded from the study due to non-compliance with
the aforementioned criteria. In the final analysis, the experimental group participated in
the pre- and post-test with and without fatigue after six weeks of neuromuscular training.
During this period, the control group also engaged in their daily activities (in fact, subjects
from both groups first participated in the pre-test with and without fatigue. Then, the
training group performed neuromuscular training for six weeks. During this period, the
control group simply had their daily activities. After the completion of the six-week period,
both groups participated in the pre-test with and without fatigue again).

Exhaustion Protocol: This protocol was adapted from the Functional Agility Exhaustion
Protocol of Lucci et al. 2011, incorporating a combination of various agility and jumping
movements to mimic the multidirectional changes of direction and sprinting patterns that
an athlete performs during a competitive race. Each athlete was required to perform 4
sets of the protocol without rest between them (this protocol lasted approximately 5
minutes for each subject) until reaching the threshold of exhaustion using the Borg scale
and Polar heart rate sensor (subjects with a score below 15 would continue for a few
more sets until reaching the threshold of exhaustion of 15) (24).

Training protocol: The training program was derived from the research work of Mayer et
al. in 2008 and was used for 6 weeks (in 18 training sessions). These exercises were
performed with steppers, body weight, and medicine balls, Swiss balls, and Bosu balls.
Each training session lasted about 30 minutes, including a 10-minute initial warm-up and
final cool-down. These exercises were designed in 5 phases, such that at the beginning
of each phase, the exercises were performed in a simple manner and with a lower volume,
as well as with both legs, proper technique, and relative ease. Subsequently, based on
the ability and performance of the subjects, the techniques and movements gradually
progressed and became more difficult. When the trainer was confident in the athlete's
efficiency and skill in performing individual techniques, the subject advanced to the next

phase. The subject had to perform the exercises at the specified volume and intensity
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with proper technique, and whenever necessary, he had to perform the exercises with
feedback to perform the proper technique (35).

Results:

Analysis of variance analysis of within-group changes in ground reaction forces of the two
control and experimental groups in conditions with and without fatigue is presented.
According to this table, within-group changes in pre-tests with and without fatigue
compared to post-tests with and without fatigue in the stability variables in the anterior-
posterior, medial-lateral, vertical directions and time to reach total stability, maximum
anterior-posterior, medial-lateral and maximum vertical force, time to reach peak force
(milliseconds) and loading rate (Newton) are significant (P<0.05). This is while the
changes in the aforementioned variables in the control group are not significant (P>0.05)
The analysis of variance of the intergroup changes in ground reaction forces of the two
control and experimental groups in conditions with and without fatigue is presented.
According to this table, the intergroup changes in the pre-tests with and without fatigue in
the stability variables in the anterior-posterior, medial-lateral, vertical directions and time
to reach total stability, maximum anterior-posterior, medial-lateral and maximum vertical
force, time to reach peak force and loading rate are not significant between the two groups
(P>0.05). This is while the changes in the aforementioned variables in the post-test
between the control and experimental groups are significant (P<0.05).

Discussion:

The aim of the present study was to investigate the effect of functional fatigue on the
change in the effectiveness of neuromuscular training on ground reaction forces in male
athletes prone to injury during cutting. The findings of the present study indicate that
performing neuromuscular training of the trunk and thigh in male athletes with trunk
control deficits in conditions with and without functional fatigue is likely to cause significant
changes and improvements in kinetic variables including time to reach stability in the
anterior-posterior, medial-lateral, vertical directions and time to reach total stability,
maximum anterior-posterior, medial-lateral and maximum vertical force, time to reach
peak force and loading rate) in the pre- and post-test of the experimental group (P<0.05).
In contrast, none of the aforementioned variables in the pre- and post-test of the control
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group in different conditions with and without functional fatigue had any significant

changes or improvements (P>0.05).

https://jsmt.khu.ac.ir/
93


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

YEL &Y 5 5lowd ¢ Pgmglomns 893 ¢Sl g owijyg b > W93y

EPRVTS

Ysone 45 (1) ol | ol il DLISY (63555 b ol (05 Gl o il o imls 51 S
VUL by e a8 T L SIS o LSS g i Ol 353 Ol el il SIS plnil oS
ko QLSS 52,55 52 b el (555 S 53 Wl o 48 20l5m o 5101 3,80 IS5 W5 e 200 5
53 0bs el as ) S5 48 o a8 J RS e h s O RS 5o el b als b il ol B sl
o DL 5 50 JUl 4 Ol ot 4 e (sla 2 o 51L0F) s o 13 Sl pll (S ol ot
sy 5 g0 LUl oy 5l a5 4l Dlae — e 8 Cdde 53 (8) 58 5Ll Sl 5 SB g ol ke
£ooi ol 53 .(0) 5,8 o IS5 01y 5 A s OVae Culital 5 Dok das e (GNae = ae  Sales
(V) Lladls 30 ol koo QLIS ol 535 st 2alS )3 1) 45 Ol 5 emms J 28 48 8 & 5o Slalllas
DL o] Sy a5 Dae — me 55 45 K5 5ed Lao1S (TIV) 0K 578 50 O gman S K55
55 oz (V) s 21530 0l Olo caal Sy il g5 o a5 S 5 el plo w18 1 6l ol
Liteos ol ks SLES SO datns ccins 45 S L OG5 48 s esls oL (gl ane Kol Liass
S X g Ol Jtls i e 08 e sl s Ceslie 4 3B meS (mb a5 Sl L 0BuS oS sl pesdle (M)
(3l ka1 Q) 38 om a3 o b Sy o3 3 5 33 515 sSls oS Tt
Sl olg 55 8 daes e - ae J S Gla el sl oo Sl a5 a3 SDlae &y 5 Ol
JAs 1 L(V0) delil o (3555 slacdled sl 2l oo 3505 15 b 5 63,ml OLIKT 4 e3)ls sl
2 peras a il Jly b S 68 IS0 o ag g e 2UlS 55 a8 5 655 e 4l s bl
Ftems Lyl 52 001) 53 pe 515 Juae 5 s s s Jeddl om0 1P L ol pan (J s ai
o DL wles b ol U gthas — was glaai ot Olpe b s 53 (Y1) 0L
candllas 5550 5,0 QLIS 53 45 J 28 el faed 45 Lo S bl il o LLII o G555 O sedils ol
o2 S el Slag i oks (Sl el ol 545 J 28 i LS| Coatl g a5 L 5035 Ao ys Y1
O Lz gad o 5 1) i cnl G50 5 6K sl 4 8

LS sl EMlas 53 1y giledbe 5 gauole)  SKales o Shas 5 Il K15 o o St tile il Ll ge
Sy oS 031 ooy B 5 il loidy (St (V7 35500 (S bRl 3 i 551 o Sl 3 S
3 S e il sla, s s Il ol 5 T e s s slacdled pa 50 s o b tals
Sl el il bl (Sawss w315 53 (V8) 55 0 a5 SNlae  Stalen 2alS L 5 cins sl LSS

1 . Anterior Cruciat Ligament
2 . Shear Movements

3 . Hewett

4 . Mohammadi

https://jsmt.khu.ac.ir/
94


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

Clad Ol s Gk 51 Kl e OIS Il oS AL e O I ol S 581 ek 2 Ll e
ole 1) (S e latags 51 eslaas ((10) WL Jolie b g o SGilanS 5 (SnS Ol i b 5 JDlae
L iassn e &S ol Jb= 5 pl L0 Wles S me b s QLIS conl Jlas| o ol s
DL 5 558 lask coge cnl 45 03 S ealinul lablows (slacSiusT 5l (St pSa OICa5 55 45 s S 218
S v g 1y 5 cilie OIS > SGlaS cnl ol Ko amen (1Y) das o S |y 6 Lo
522 OA) a8 Kvp ol o LY ol ol a0 Jlg b amio 55 OF &S = i3l 5 gl 2SS
Glas s s dolanl HkiS ( as - eas Kabes a8 5 JSlae cies b ol o 5 Sous Cid>
S (A28 o by ) Jomde (oIl 4 Jolazels SIS o o8 3 03 52) S e ol Jolis GBI 5 15
E5s i e Gty daly ees 53 in S e ASl - Dlae — ae bkl 4 ol e
OA) Wlos 8 5,158 (3k ey I3 L L) Slibs DL L3 1) o il ol

200 58 Ll een pl sl Gla i 55 bz 55 s Olseas (g od e oUl5 & b i s
Solie Jhassly gz i 5 Sl Lol Jlaxl 4 00 5 SSls 5 SanS b SUSS Gl ) bl e
DL 3555 1 b ] (65 IS0 3 il Jlole ) g oS Lol jon SIS - Jl L (Y0 3 dal
Wl or et g i sl a5 4 ed Ol ST g i o (Y Y)W e el o
Sz i 55 ) e el WS las s ile  SKnS sla e Sladllas 5l (65 5doms 3las Jl= 0l L (YY)
(YY) 3 g oy 2 s OISE 555 (S8l
L,&.:@.uowqj;:6u;<¢;§:>j;@§ww@t;;rm\éuwijtL;ﬂi;;,?d\ﬁaot;s&tedj\
DL el 31 (6 iy o 7 hae Ll 4 5 L (V) 58 e 13 el 5550 5550 5 6 K S s
Sl el (I8 el b LBl Lelss a4 55 el 4 sl Slay 5 5 ol el 1 8 Lo
s QLIS (53,55 5 b ol 31 (6 Sy Sl o3 Vmme 33l 55 ey ol ) U 28 shie 403
0S5 ,8 0 Cgo el o QLIS ol ol Culg 5o s ks Julse L ol s L sl
o e 1518 Gl 4 513 2 250 oS ko OIS ol felss il g 05 SO0
ras Dl sad o onl 02 (TY) 55 oLl (Sas G JS5s 5 5 Dlas e (s 0 DL el 4 Ol
ol ) sl ol o 5 ol o DL ol 5l (6Kt Jskie 0 a8 3l o Slo a8 ahex 31 golas
(i S5 03,2 Wl Ga L oS 035wl S aslen el 5 gl eslhe Sl a3 Jals Sy a3
A Jelse J RS ke pued e (] (YE) 55, 0 SIS @ SMae — ae J 2S5 Dul8 (S - LS
ol L5 a3 ) 53 SDae = e Sy o3 oS Sl 5 (Sl sl 5 el b Ol 0SS5 s
Oolge s S Gl sl Ol ped ol i 55 (Y0) ey el s s 00 By U S aly oo g5l sla
S e Wl oLy clac Il 515U Jeaie 10850 Ol 2als OF Jis 5 s il il (S > la

https://jsmt.khu.ac.ir/
95


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

C3555 5 b el s OS5, L5 Al g5 e Vil JMse = ae Sly a3 ol by (Y1) il e oS >
(YY) 353 wlg s s 5 (53,005 s Olsims o St o]

w S el il (YY) Ol 5 sy ol ash @ 015 e awe) cpl 5 a8 S 00 gl iash dex
s 5 e QLS55 gl s ol 5l a5 13 558 SSlanS 5y Gae = peae DLy pad atia b )
Sl 4l 0l 355 Oseil Glat 5 ST 5 000 S o GMae — se Sl el 45 Ldged 315
L,:.a};%)s.(m).;;;\;ouuax;sa,.zﬂf\'@w@}sg},gbwi&ﬁ)umsﬁ};w&gﬁ,@
O S oy 44 158 S5 33 005 55 g i LSS 5 ol (S oo L (VYY) 0L 57 815 S0
IS O sy nl it ol b OLIST ol 51 (6 oSty 53 0T 3008 5 s oIl Sl g
s, U ables slajlid; 5l el ) Sa slacgar ois b ablie gl 1) dlizs slag 5l nal OLSG3L a5 s S
o (92,8 SilSagn sl Cenl Ll 5 a2 LSS 51 253 2550 4 ST 23S Sled 4 (Sl o5l
(YA) S o ool 1y (Ko L Ol LS

e oS s 5 e Jenll S lag b Jied B ke Jalse wams St o8 e s el
(B s DL ol 5 6 Kt 3 Ghae — s Sl e (6,80 el LS 3 45 J xS ek Lol
TV Gl ol 4zl eSS Saus Lol 1 55 0 Olo 35150 40 o(YE YO YN) atb S &y s gla jias s 53 O4SU
S USSs bs Mde = e Sy el B ) 4 calaly ol 53 e alasl slatagsy el (YE (Yo
2 ohas = eas Ol el gy G adlas 53 &S J 3 (YO YA) Wlantls [ She glaane p  Saes
5ol ) St bl 5 o 4 el b s Ol e 3 el o QLIS ol faas LG gla e
asein B dey o a4y (5,50 Olajod D) sty gl At 3131 53 ba ke ol s S 35050 4 a5 L
St OB 4 Llg e Sl mli s pKe &S (Ko e loss dal b 53 Sl el cpl LTSS 540
Sl a5 (53 e (Kot LTS dten gl 40 208 oy o 03 ol Sty s 0 Kags WU Siles

by
DS 058 Lol en Osa3l s = O3l i b b 63,08 5 o amiansd £ 5l 5 i andlle by raddlie g
Lol Llge oS 0 Oloyide da oy canlllas G3ds 3550 53 OB S ES L5 den spBaSCl b 0 e
Lasl |, Slal8T culs, o candllas g5 5l 3 5 s alas Laesls 03 g lle s 5 anlllan 03 0 ldbgls o551 50

Q%}obﬁ*"/\Md%‘ l:.'.t:.usom;'; g)&;—‘dw‘ C,\.il.f«)))wjﬁbb J&)}iwx.};

1. Read
2 . Zago

https://jsmt.khu.ac.ir/
96


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

Al Ky s Sl 53 GO e 45008 Lo 5 VE0 /YY) 556 55 IR SSRC.REC.1401.032 & Lot 4 0
5 Il bk glaaniy 53) HCa555 5, 0L peils aled Jald ol tass (bl anslr sl ods 3
bl el 3 Jaul s JISE 555 5,50 TY sl o 3 a3l oK (g a3 J 28 e (slls o JLs b
3Ll b s obel gl Ol GV 63 S ) s 5 8 65 S 93 55 bslas ISy 5 dedile & pmes S Se
5 oSSbe (ghoys Vv s 55 Sk s 5 /YA H esll /v 0 W /A LT 0l b sl o Ll e
Mlos idos = b sl 3wl Sladllas sbaal 4 aadllae 5 50 gla ine Golel & pai 5 amals 3 Ikl 3l il

(P s ol Ko glaeslbl b bl
Gl il oKl (DL g 5 Il Jlkn (slaani)) SISCa5 55 3 0 (6 petils s ol axdllan 49 3959 Syl
el et 355 dlas shls (L YO LA o aisls L3 6,813 (SU iy 0ses]) a5 JpS ek
s s S B e aib 57T A8 S Sl el sl (A8 S 1510 B Sl TG wbii
Slp and aais 3wl an sl 0 ) G aia s OS5 elad pl ) L B, 0L
035 als glhyls (7)) (il 1) ey Sliles 53 ¢S 5 ‘_;:LJ) sy Sns a4 i s Cele 90 Ol
3N Dl el b 53 &S5 3ol 3 adllae 31 293 ke ((VA/0-Y0) il ab o3 gl 45 S
Slassleal g s Sl pllil 5 454U s ddS Jlo G L3 (Shscea] dile s s axddS ole 1 s o
3575 S 2Ll paets BB (Olo s 5 4 Cde 6515 (5l @5 codie 51 sl el
5 s 58 GVsats (Siscml ailu sy Gl ol 5 a8 aU s ol dila b s Godows Olej 3 35
55 b Ges Ly 4 WOT Lles pde 5 b gz pe3l ol pde (YY) 428 Jle S U3 Gl ol s LIS
Olgtl b el cpl . S 155, 5 Sl el b 6,850 pe Sl a3 55 Jlgte b adr an 5 g
Ges ) 03031t 5 i 23,8 s 1E0) sl OLTG e Glaso3L s ba 535030 (6 S 2 5 andllan 55 oS 3
(03031 m) ole Al B (0ga51 2) 31 los ool 3 33 (Kot IS5 5 Dlae mae Sl ol ol on w
OUlskey o 5 (S 03 5 b 0503 g 5 i) e i ol K205 & by yn Ol g o203 53 V80
pll (A Ll o 25 058 (655 o 5 63 aless 53 S Dlae me Sl el atin [R2) el oK
Lk o anlllan 515 S0 glaslms ooy pde o w0 IS 5 g2 o5 8518 Y 5) o m alg s S
S 05 5L Oge5l 5 Gl 03 (Dlae e el atis i el S| e 5 058 2l e 2 s
53 U;yﬁdu@gwiéb,g dasls o g il Sl w50 JES e S (ke pl g3 s S S LS

r@“)dﬁw Mbkﬂw&lbmmwﬂajﬁwJ.:J;dﬂ;’;wojvbjbujﬂjiﬂ

1. Tuck jump test
2 . Baecke questionnaire
3 . McKinney

https://jsmt.khu.ac.ir/
97


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

VEER 0)lowd ¢ pamvglommss 093 ¢ y9ld 9 (4319 b )3 Hidg3

3 s 05,8 53 ja slanin (i eps pladl 5l day cdinsls 3 g &gy Slled By 58 05,8 el s 0l
(3,8 &8 8 Sawst 03 5 b 003l i

L s iosesl 51 0 o8 55 Sps ool 0 a8 JBS e e gl ST B Oe5T sl 356 Gl g1
OBl &S olr U1y a5 Glasils 55,5 0 (hn & gurd $os08 Dopon 5 odlil 6l (550 o5l 5L slaly
S SB oy il S5 8 ol 5,8 515 e b s5le WOl (b e o 5V 3 B s 5T e VL s
A eslinal (6503 o s3> 53 3 L3 O35 g gl A Ll Vs (sl OsesT cal 3 S e pa L
plonil 3l gy AS o 0a 335051 4 Sl et 5 (5,5 Dlomis Sjlge w5 LS peil B a5 L by
S35 S s Jome o3 A3 3B S 53 A asliad s S I3l 0 31 B sla il s 8l 0p0S]
Ol 55 pll iy Ll Ve Jsb 5s ola b 5,80 S8 s S350 GOl o sl el s bl
3 OCa5s Ols e 53 48 el 35 3550 03 Olaebl Jpam S s w8 S L 55 a8 JmS el 4 Mae 3 b
O el oo 4 SE o 05031 skl b ialesT = b ¢ rassy el )

LfoJﬂQf)Té‘ﬁ‘Qﬁ\Jgj

0oy (§,S o3Il g T oSS, S Sle A b e g 50S L S S (ol Sl b g i ) il v 399
j(.l.p; C|J.>r.’:...~| S 41.7-]» dwﬁowbﬂ‘ )L@ 4.:.3)\ Loy 0 )‘ ;u:.;u U'l‘ Lgl.hobh) iLSJU.lL_LA_!Q.,\?w)
0 )‘ ‘LI:"” u'i‘ L;LA 0313) oJ)U )LJ. d‘jg-"_jjﬁ C}‘ (3 g ‘u"-’JbL —&5—\3 ‘LA} —@‘J.;C«@J.-)b }J.T'; JJSU}-
i sbadie ol (s S eslul anels L eslanal (Ws S lev:wa\ ol e e Oles cm uilial 5B SLL s s
A e ek VLS S e gl STus g e Yo (o gee gadl g gl s b0 3 saddse gl p b

1 . Kinova software
1. Kistler-9260AA6
2. Cortex
4 . Time to Stability
5. Stance

https://jsmt.khu.ac.ir/
98


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

A Sl eliad b s s 5 5o Ve ()l el S b g o (S5 (6 S5l e o

() ol 2als el 500 5 S 5L s E am s LIS ol dews
03 a0 O 33 4y plBl Lo e ST Lo et ol Sl a3 se3T S 5 sle 6l 2l () 24250 PO Sl
ol 3l eslizad b Iawl) w55 80 KlS 503 S Ty oled Sy oy g8 (S35 0 aside Jous L L oS (glaan U
Tt 58 Jaxt Ly a3 A0 sl e i3S s ok g G 4 sn A wsly ot S b 5 SO
o Ll L (Ao ol a3 80 4515 03 S Gaseln Gln il 5 5 03 500 e (Ssles 53 £0 4515 53 4
0 5 e o S d gl ok e alal 5 Sy esh e Oy b 25051 45 sl 4 3 g
CS o b e b g pe3T 51 a3 sa on 0l e 5 )8 b S o a3 80wl 4 s g
S 6l T Gl Sle 55500 S1LSS I L L 1l 5 a5, 50 ol 03y sTcmsa sl | i s, 50

() W oledlo 5 e s gasl O35 elal a5 4 S 15 eslinad 550

%w)}é})@\f)j\ﬂ‘ﬂﬂ‘aﬁ.vﬁ

53 5 ekd (a3 YO OLISen 5T gl (60 Shas (Sl (St IS5 ool s [SSs0 0n) S S 2
o 5l (6 5 g i Gl s i 1B skt @ Ciline 5 5 (Sl SIS Sl S 0,8
o3zl b L 53 se5l (635m8 2 S (65 o301 a g e e el b ablae S o 5o )G, S 88
W Sl 5 skl oo 13 S50 S2505) G i3 S ST UG o sl s 555 0 oS mode slalls
o YV Co i Ll Y Sle o e 2l 5 LSO s 0 el V0 s SO L O ol s
o110 dolb L oS s s il ke Sl esliia L) L 3 1,55 S s i T alolidly e 3l o ol s
IS 4 abads 4w 53 e 80 41._;\.’9gbj;uMAS.\\:GArl:,&c))yw,\{(mdeuﬁ-uLJﬁ:ﬁaMmﬁ;:

A.IQJ.?.M))'\J:._s_}.kij)@rjaL}ﬁwyuﬁb)bw‘dﬂdﬂk))ﬁu%Lﬁ@)}ﬁjT}&Mﬁbb)‘ﬁL

1 . Butter worthy
2 . Lucci

https://jsmt.khu.ac.ir/
99


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

p33 by e G S Ll 5 aniS 5 dol by s G g S b 5 00l s i e 93 by S
St Sy b gl 51 000 s i o o 4 s 20,8 e 13 e b e sl S 3 5 g0 e
S o sn by e o 0 S b s 00l s 1o (g by e 0 O Sl s oD L 55 o0 p s by 5
0 la gosasl sSde o a3 plal Gdme 4 3l3 o SoiS y Jsl byt o 5 0315 e S el g
L b pasia IS5 0 5 S80S Olasoses (B SMe doss A sl b Jlsie (3508 B e
s 25 S e 13 (Sl 0o 5 iy 5 osn (Sl 0L 5 o 4 (2508 g 3 i Aol 313 oo plonl
JIs slad b 55 pa a8 ad e telan el o G S35031 pa b g 5 Gl Slp IS eSS
53 2 eS A prelae s S e S i 3l Ob eesler 5 e Sl SO0 eSS oK 5 S e el | 0L
plosil i3> 53 4, VYo s bpgiy e Shaslinad L1y (SOl Obs 5 ba g gl S o 15 0L 5 Jos (glad
wasp a0l Solee Lol 5 S e b (ST sl e 5o 1) Gl s S L S gk 4ol
okt S5l IS s Jlly 5 JUls Jhdis (IS g O gmen 3555 ke iy (o3 Shes slajls 5l Al
ool LT oy ol il 355 05 1y ST 0 S £ el n JISCE S5 58 45 A 4 S a0 55 o S Olpns
S 5 S ol Sl sl b (Kot 5 e a0 b (12 Usb aids 0 L Gagnil ja slp IS5 o) s

(VE) (L p V0 S 50 0 B sls ol aslsl s e i 10 31 268 0,00 bl 3l s 00 B 0L,

ammmn L vt Tt L L L
."\_ a A
AR, A 1
o
3 z
A i
P

éaﬂ.ﬁj;“.s‘}i:,ﬁ@ﬂlgﬁ.\“}ix

adm VA o) azin N gl aS s Yoo A dle s 0L 5 e i LIS 5l a S 5 o el asl s 3o g0l JSIg 99
ador 2.8 S bl b s 5 I et sl Cpgide 5 O 0535 il b Sl jad opl il 4 SIS (i a0
Sl el opl Ao Jald on 1y SLL 038 5 s 5 adsl 055 p 8 aids V0 a8 ES b aiBs T 5sd 55 e
53 AL iomen 5 aS o s esle S8 4 Dl a5 Gl e BT s aS Spse cpl s el b 510
5 LSESS s gsgasl 5 Shae 5 oUlg bl o aslsl 55 oo 8 plowil o s 5 ilie ST
S5 624 LSESS Gl o Solee 5 oS S 4 o e &S Sley A e Folsds s S bl O >

Lga...L.Z Lﬁi}d N v.>.=>).> b C)L:J,oﬁ .X.LL' u_sJ}o)T .b\JdA C.;.éfi..:ﬁ S )Le @ u_saj.a)T ‘stgfa U.::' QL:AM

1 . Myer

https://jsmt.khu.ac.ir/
100


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

&JJ:.%L@‘JM 4wl...o;§.:.~§5<=\>u‘)jk.w4.sb CJL‘.J‘J‘«S J..:L' "L;LSA VJYASQLAJJAJ.QJ& (slpr_s‘ wl...n&.yg}'

ity
.w‘bv\ailbbjji\ e)‘.dd).,\zjéosﬁ@v\{e:};u.m'-u«':}C))'}gﬂgy&uéugbij&é‘;yééLA;}J

b 3o 50T S8 pns sla S35 ) Jgor

YA YV YY/A £ Y/0 (L) oy
AWV Y \WA/N £ A/Y resnle) 28
V$/0 £ Y/V Vo/¥ £ ¥/Y (¢ S58) 053
YY/8 £/ YV/4 £ Y/ S ex g jasls

2 S 3RS 05 S 53 s Jenll oS Sl A58 0505 Dl Selsls Sl GIUTY el Jodr s
Os 5 b sl Giay 25,5 0555 Sless Jadr ol Gelal ol ok o351 (Kot Oady 5 b Ll 2
(b — s s =l Sl s L laane 3 S Da 5 b o ssT e & s S
Oley «so 508 o Sl 5 2ol = A5l (ol = el (65 0 Sl (IS (oIl 4 Odewy Oley 5 (2500
Slyds &S Gl J= 3 ol ((P<e/00) wil o Slabae(p50) (510850 Fr s (Wb o) s sl 4 Odem)

(P>/00) tited Jlabime pliSomn J 28 05 5 53 5 5Sde (gla uiie

é.m&O}J{}\g@_\ﬁ)}@ﬁjd,‘&fﬂ}f}}&j&d‘ w&&dhjﬁ@jfo}):cﬂmﬁJ.Jli)bd.:laﬁ}:SUT.Y J)ub-

https://jsmt.khu.ac.ir/
101


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Y€+ €59 b)l.oa.:’ 3 99‘”9% 2,93 c‘s)sué 9 ‘_5...:3)‘)9 g,dp 5 Ms’,

ANY CVARY SRR VAY-EVA ARER VAVIE V/-L) VAT L/ SR VA'A LV A G R VA'Z-= LV S W KRS R T J s

v/eYY (VAR SERVATE TV o SEERVARE TV LVAKS2 CVASS SEREVAYE VA AN IR VAR LV} 3 A o

+/0£4 CAKA SR VARE TVEA SRR VAY-EV/ )} LVASK SN | VAVEEY VYR /08 | - s g5l J s

ey AN | ANEYA | VA YA | a/en) | a0v | N eekere | VA0 /84 o o

GVOY | a/NY L UASEGATN | ANEYNY | Ve a8 VXY | VYRS PvRran J =S

sgeb glmly | o
Ve OVEY | JE0ENYA | AVEOYY | eeny | AOK | wgekexs | gvekang | ST ST

v/0 (/N AAR IR VAR VA NN VARE LYY v/EY (VA8 SRR VAYE VAL SR VAR £ VAR Js ot J=s

LVARIA (VRS ERVAY-= VA LS IR VAR £ 1VA o LVARA] f/ENA | e /AAE /Y | V/AREY/YY C

+/\Q CVAR AN VA 7/ VA RN VA 0= VA 3 ARG LR E AN IRYA - VAL W VA CF JVA R S SSIa> J =S

VN UMY | N | YA Y | e | e | ey | oYY | AE el e

+/07\x CVARE S VS 7S JVA RN VA A'E LVA Y +/044 C/YY | /XVEY/NO | o /YAE /S S SSIa> Jzs

¥ ERY | RYEONR | aEARGNY | /e | aMRE | aYoEYe | ey | o o e

+/0VA CVARV.SRERVAY-=1VA RS EEVAY = LVA N AN CVER R SRRRYZS = VAR NN VZN-E TVAS 3 S SSIa> Jzs

Vaeed | a70N& | YN | a/QTE/YY | o/eed | a/EY0 | /80%e/YE | c/AVER/ Y 3508 el
CEER | /oY | a/8aEe /YN | /80 /Y | VAN o/eYR | SFAE/NO | s /FAEY/YT 355 2 J S
CaY L EN0 | /A | 88 AN | /e | Y0 | /YEEYYY | /¥ /N ] S

VOVV | /YA | JOVENNA | /OVE 0 | WY | el AN | AR M a5 S

Vvt | VYE | EYEYY | aJOAE VY | /NN | aJoVY | v/FoE /08 | +/884/0] (F ) s

BE) Lﬁﬁu")d‘,’&s»j‘)f).: BrS) L}""’J‘U& LSLM;y Lfb};dfa‘fﬁ"; JML..)‘}L}?L?J‘}:JL'TY‘ oyl Jod= 3
O P VPN P VNG VS -V U VIS JUUF 5 P Py o0 OO RVRRCIUN I - ST S PY B-CIP PR VPR P S

https://jsmt.khu.ac.ir/
102


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

Sy S (IS oMl 4 0w s Ol 5 (5508 (sl — Ao s — bllS Dl s ol gla st o
Slsbirs o3 8 53 e OMSLL 5 5 58 sl 4 Oy Olas g0 308 S0 SSM= 5 b = s (il — ol
Ssbas o5 5 I RS 255 Ol e 03 L Sde Gla e Ol S el Sl 3 cpl (P>e/e0) e

(P<+/+0) A5l s

QJJuJLL‘ﬂJ:sﬁjJrSoJ;)AW)M‘ w&dh}f@j;wu|ﬁwt)b‘)‘l~fib‘ Y’J).\’

JAY SRRV SRR VAY-E2VA o/enN | VEe/Y SNY a8 VYo VESAY il
" \» \/¥ o/ \/A o/ \/0 ] J
\/\ /Y LEAR) LEXVAVN VEEE | sl o
o/ A \A - =

il

JAVY  a/ea¥ VR /Y JOEY /) AEY/EY D 2] /ALY QEr/0Y CAR L 2/000 AEr/0¢ BIET Y13

\e \Y IV °/ \/0 ./ \/Y 3 J
\VARETVAL! =i LEVATN AEvEd | sl pu
\/e \/e \/e - =

il

Z3N VAR KRR/ S = LVA R S EVAT- )] OV VEYYY AT Ve AR AY VY e AYY VRN Il 1S

v q o/ */ A ./ A SENY] J
NI §0 /Y0 A /¥ VENL  glel,  pu
v/ (A% v/0 S350 -

https://jsmt.khu.ac.ir/
103


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

/8A

/Y\Y

N

/674

/4¥Y

/E¥N

/00A

Sy, 5 Shas eas Slo el il i gy 60,5k Saet Gl e p ol iagh

v/0\Y

VA

VAR

v/ 80

o/0\)

/A

AVALELVAN

AVAL-EZVAL)

VYA /N

ARESVAL

VJEAE /N

VAR ELVARY

v/a0£4/Y

/YR

v/88E0/Y

JARELVANYS

v/OVEY/NA

2/ /XYY

/888

/N4

ARAS

AR

/YAA

/NY

N

AAA%

LVARY:]

v/ved

VARV

vy

oA

o/ YN

Qt+/q

te/YE

/0

Y£e/\0
*/A
Ye/Y)

43

§£4/\0
VA
Yo /08

/0

Y/AYE

Y\

v/Yoe

+/EVA

LAY

+/NAA

vEe/e g
Y/»
vEe /ey

Y/

\ELVAR
A%
Yo/o¥

*/A

/N1
°/¢
Qe /YY

A

= DAL
/0
Lk /\A

43

ox+/10
A%
ok /vY

*/A

'Yo

AT

+/AYY

v/ENY

+/N0A

v/088

+/AVY

REZVAR!
\/Y
AL /XY

\/4

AELVAR!
o/
Y4/

/Y

Y/¥
*/A
Y£+/14

A

= ZVANY

IEZVARY

‘A

BIET

Ko

JiS1as
SIr

e
S95

- Als

SS1a
9

(S2 90

ol

98

zr
PRSI

(%)

R TS ‘U TS S R T R R TS R T S

@ % o< .

(W7

RV

= s ot = el Sl 3 5ol 4 Oy Olo3 Jals SanS (sla it lalins 35 5 kS o e Yoz

https://jsmt.khu.ac.ir/

104


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

(S50 Sa SM= 5 ot = s s - el (65 0 S (S (oIl 4 O 0L 5 (3508 sl
Sl plS e e 55 (P</00) 55 o g2 05,8 Osa3l e 5 Shm 03 GOSLL 0 5 50 sl 4 O OLeS
Solsbas 3 5 b 5end (63 Shas (Kot Ok 5 b osline Loyl 53 U8 05 8 O g3l g 5 i 03 555 e sl ae

(P>v/v0) wlasla |,
S Sl (YY) O 5 815 (Y YY) LK ) S| e diile S SKta st 4l b sl aalllas slaasil
oy pes 53 (VO TR ) el bl on (SenS slapantls o (TV) OLas 5 osn (101 O, Kes
laeane 5 Ll (St 1 e a SSedy] 5,005 b suse slasllas s (VYY) 0LGa 5 siS1 e
5355 b ol sl SaS LUl ) S K55 Olge 355 andllas o ol Ry ool atls SO0
St ol el ol et LB s 4 il S Jele 5 esn pge Jlal sl L 5
Solled 530 U155 s S el s S el Sl B S L S 4 e St el (S5 s
Called Cslize (slaeysn Jalds Wa i35 5l ol 1) s oo lalamd SOlas Sle)l @ e Splias 0555
St ctiils g 53 ol cpll s S o a1 (55K OISl oS a8 ol tal (slaes 0 | o it
i 5l O 5 ST ke andllas (P 358 5 Shas 53 Il 4 e Ll e 5 LU laaelsl Ll e Olisees
250wl o 0L Rasn cnl 1) 2ls Slpmes pole addlles LSS gl it (St S I )
JAS 058 Sagiosesl o sy G adllas 534S 03,8 B me (63, Skas I slom] 3 ogr Sl Olgms | Sae
3 SemS il la paze 53 (63 e Cind (Kot O sl i 4 S (St b Oga31 i 03 025
o3l 53 4l Olosla JDlde = ae Olu el 53 S8 L o es S S0s Gl 3 omen isls 0L s
3 b s ey BB e 4 dnadl s Yo | windls 1) 355 Jpeme Sllad o5 J 58 65 5 4 S b
Sle)s3 3525 p e 555 de OISl sy 4tiS L il o 55 s cpl oS s ids |y a5 J RS el 5 (Ko
ety 1 lalad oLyl en S anl b 1) 6, Ol &S il sla S0y e ol 5 e sl
a4 Sl 55 063 L3 S et LSS ) S0 (S s L (VYY) UL 5 ST s s oo
rl Sl G asts el b DL ol Sl (Kt 3 0T 5,508 5 Sl oIl SGe s 2 O 1 oo
B ko QLIS o false LS )3 g 5 S0 Dl ot plal e SiS (St J 0l Lol s
S (Wl o = sl iy LTy = Yo i) 05 0S5k Gy Jold abaite —slodaline (2a sy ol i3 505 Ol
U ok LS5 i so WAy Slacgr ot Lol o8 Lials il 1) (e 0) Lo at gy 28 0 5 S5 (535
B cpl 5l aS esls (5 OUSG3L Ao 3 AO s SKiS Ol uis 45 Lsged S8 O Kdass opl g Saest Ol

S e LSS Sl b g sasl 03 5w gl 0Kan 5 315 andlas 3 .(YA) Al o bl en il andllas

1 . Aquino

https://jsmt.khu.ac.ir/
105


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

YEL &Y 5 5lowd ¢ Pgmglomns 893 ¢Sl g owijyg b > W93y

S Oan 5 oy St IS sl eslinad U1y Kot oS 5, i asdlas Ul opl 5148 Sl o eslizud
Lo e 53 ol 3 0 Sl ai e 303 Jlgtad 63 e ok Lalen DS 5 23 glags I (Sl
(o, 8as [ Sat 5l 20) ol anllas SzS gl pine 5o 4 S IS0 Sl uis L ol s Pl 5 SnsS
o Ll e oslize OLKen 5 5815 anlllas b aglin 53 ol anlllas OLIKE S5 Copmir Lir A 155 Ol ycas
e 03k 53 5 65l eslinul g iS5 SIS Solge A3l S5 slaand L3 Jd OIS Sl addlae o
Al oo el o ool oy 2l e s mlid gy a5l s andllas 3 a1 L1 I3 glie

Ols o 53 4 55 (ol 55 o5 Sleslinal L1y G — prae Dby o3 5 (YY) O 5 58l alail) (oo 53
sl e 53 S K55 350 Sl 5 S I3 D13 s 3yse sl o OLISY (3lusl LSS
o303 pll 1y oz o Sl das g e (250015 5 Sy tees = el o LIS (3Ll 6 b S & o
S Jold g o ped S 13 QBT L als IS 5 GENY) (25 058 53 03 (olal &) oy L35
s o b ST Sl s 3 (5 65 sdme el 5 (e e oSG sy Dy el Sl ]
Jodl oo slag 55 om0 8 OLIKE S5 A 2Ll on ed atis A e 5 3 Dles sdd 2518 s Sas 5 515
Rl LS5 s |y (golslas Slas J S s 5 S e |y el ey STy (93508 (S35 kst (e
Ol 53 15 353 Solagm a5 sl 58 500 b Y Salog, 5 Sl jad a5 s S 5515 Calg oo 0L Ky
Slan ol adllls b 5o 0L SKkass ol S i pds s o0 35 (15 koo DL (5L 51 1y
by a3 3l andllan 53 ,a a8 Luils bl b OLKen 5,8 Calad b Lol asdles Sl gseen a5 Ladasl, s (1Y) 5,15
5505 b sl 0Ll 5 IS ) anllae i e s oslial 535 (sla gl 5530 sl Dae — e
Llazs S o 03 ) Ol 5las S5, 5 5 LSL"“L;"U")'T)" adllas 95 & iman sl od g 3 o a8
53 (amin N ol allae cazin A O 5 1S o) anlllan) ol b 4y o35 anlllan 53 s Sl e 055
05,5 4 S () Joddl o Se (65,0 Sl pane sdd 2158 Ol ks 53 ) g2 058 3 s andlae 53 8 Culg
s gl IS RS

O a5 cpl 35105 Jlssean (Y019) 0K o) aenSTl in g5 (slaanil U 5 i ss slaanl Ole ol 5o
o QLSS ol B = eas o lelse (535 0 S Dl 3 Sl 8 phs np 355 adlllas o
S s = eas RS Cins oS Lsgel bl s adlas sy Llasls K cudlish 0y el
Sla iz 3,5 S8 Al ko QLIS ol s 55 5 5550 s w0 1) Sl el Cipnd ol L5 o
o 5l b K o ol 2SI DS s 6l S asl s Jell oS s ile SIS
55 1 el (gla e gdman 5IUT Oliises (pl b oid (655 0 L3 Ol el b Ll 5 o a5 sl (g lat Julge
035 5 4 andllas gla s ga3l 5ldas 3 S oy b K58 i (655 0 Sl Sl e 5l a5 oy ¢ B Ole 4w

1. Alexis

https://jsmt.khu.ac.ir/
106


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

55 ks aw s amia A Sode gl e 05 S s S 13 L oa e S 5 Sus L8 0 (J S es S s gl it &S
2l A eslinal s S 53 a3 ad el gl e SO Slacd Sl man sl il 5 by o3 arin
dstlie 05,8 3y 500035 90 Doy sods S 5 S Ol ge o W OLES sl Olo sla e 53 (5ol e sl candlas
3l Sl Cl (Kae S 58w sl ST L 35 LS Dlided aline i (Sl o i gLl
Slsmaal b Jlast LY 500V) dl anils 58S 5 dsed o3l b ol e 4l 45 LELS zte &l
& Sl ama i Ode 4 Ol el ol asdlas s aS) el Jlesl DL LaS g5 5 e Lile (g35l90 4 Ol 55 o0
Sla ssgasl ol 655 0 S5l ps sy 0L 5 Sl andllas o 03 oS I3 03 Dlse — ae
I3 o p e St 3l day 5 J Ll s s a8 J a8 el b IS5 s e sl aallle )3) anlas 5 4
35 Ll (Gl L5 4 OLaslaas 5 3,15 8 o3 Al Condli 33 OU3 (55 eI anlllae oS I3 b S

23 iy Ol Olea g il axils 5L Ly (oMl & Odeny S0 1) i Oloj ax o alises ol 31 e o
IS cind 5l 5y Sha andlas s Lol b o sasl eyl & 55 L L(OFA) 6,5 e 13 Jlozm| ol 5 50
5o s S gl s 5 SBy el dlasl 5 (331 JUas 53 a5 Sl 5 J oS 28 Sl 0 5 5 L5 5 o i) 45
San  hde = ae J S (Sla el | sl 0L 3y ) S (sla ane 53 (6lsbae 3 Ose3T i
o Tl oS il es S al 3 Sl a5 a8 4l el Blae oo 5 015 cladled conlial 658
(YA) Lpb oo o505 lacdles oK Jolis 5 ol koo DL w035l slasl Sl w

S5 hes e Slaedi S Cllad 5 IS el lade slaedi ;S 51t Dlas il (S b S|
B sl o Mae — e SAL ) Yozl das a (2alS 1y 35S (55 plbl 5 Shae slaS s
DS 05,8 (St 05 5 b 0ol iy Alan O g3l 53 45 2l b QLIS 5 Sl plil 5 a5 dlae J 28
s O illisen gla o 53 ey el oSe slag o Jlesl JEalS L Jlslie 5 sgr dald s e 4 423138
o 4y Yzl 3505 5 55 St O3 5 b O g3l e anslie 3 ol Jlasl slag 5 lsbiae i 5 sl cprioman
orl o esdle b 4 J B8 a2 5 o e S 02 O 5 a8 e - eae Dl el (51
b 3 e 5 (St 05 0 g3l dliie 03 8 Dl e plnil 05 | 5 J S Sl S eJ 58 65 S
2 Wl Jelge pl 355 o ol 350 plea) (St b O go5] ey amlie 53 (03 Shas (Sat L my osline
ol dlesl Bl 55 .(V8) a3l Jslas sl Slaaie IS Cgllaal 3 Sl = Slas — o 46 see
Lol Jll Cor o 5 axdldS S folis 0aiS Joe SLae 5 0 s sla i (3 Sas SHlae Sos
LBl Sl Al e el DLl L 5 5 S e el (6 0 el (s 4 e SlAedi S
o o) s e mal Gt 5 SLIK (dlae Cilie slacil 5168 sl g Ylanml) sl anst ohLas

https://jsmt.khu.ac.ir/
107


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

YEL &Y 5 5lowd ¢ Pgmglomns 893 ¢Sl g owijyg b > W93y

035 4 e Oty 5 0Ll Sla e 53 s JUEEH s o [0S o (s slaes S (53 Shes St
5O RS s a8 S Coeal 4 ) 3 J S (el s DS D3 3 Jele (pl 45 5 e ) 50 DLAe
Sl oo J RS Al s (J S 05 5 3 eSS 8 OS5 (WS 5 0L 2 ea)ls las o Jlas!
D = as Sl a3 $hlye 503 e e b Vil g 63, blie 53 (YY) ol 0l Ko 15 0 203,05
Sl lsban 35 5 5 ,Shes 05,8 53 St Ok O3l aealie 53 5 e3ls (i |y a5 RS Gl Ol 5 45
S S Blie 3 Al andls 03 el Sl jed el b ol (S 25 05 S e sy OLES 3 g
Sy 3 i SeiS Sl ine 53 0 S 93 (Saet b a3l aelie 53 5 e3ls DL 3 I (6 rt Cuesli
SIS led a1 (olsbae

oS Gub SN BlS e ee e U5 (G e Dl ped b ) e slaslle o8 51 s
5 Slad LlS Ol glads, s 3l LS e Slae e b il 38 6 55 el 5 Sdlas S
il el a3 a8 a1 1 LelS ladly sl cdles Sl s opl a5 ol e 5 S e 2l s Saliyls
AU ddaly s 53 0A) 353 4 ks slas o Jlasl 5 3ladlas s sl Sl ¢ folie Sy oo i
s ae Olo ad dewg a8 IS el gl OLKE 5 Lo b ol 5 Jlaew sy Slblug o 5515
o o oy 5 Wi 151 S5 LS 3 O Cands SRS Ul oS et 3 Shee 40 b Ve
CS sl OF Cdlate 5 Jolas Lo ey J 28 0t (3L a5 LB (il o SDlae — STl (s
Sl S = N s LIS Gromen 5 LaE 53 Ok Landse (aeld Sl e Slresls 510 o3l |
(ate (S aals Jold O J S ol s e (SOldem A Jalse w8 nl G Ll 5 Jles
() ol ilies glacannd SO0 LU 5 dhae Dls pa

O Jsl  gmae JUSm a4 OF hs 5 o S o0 L3 )3 ot (slap 3l (S o o s S 3
Sl 5 (S5 o (o e 5> s S| Al Gl gy (S5 o 2 s 41 Olisl Sl e 3 b
(YY) 5,8 oo 2 02 1) Kb haie DU 5 (63 Shas Glaclad plnil gl Dlae Cld 4 e &5 S >
b Lies abas e ek S &S Jtlas S s 5 dmas S > 58 Gl ege sl s gl Oyl
— aie bLII G o Lpd g o ulie heaie a0l 5T 5o b 5148 06,8 e 15 Sl sbess sl Ol e
((Y8) 33 8 o Ol L3 oo fomde (sl J 28 Sl o8 0157 slapls 0 Ol ls Gl G oty (SOl G5l
oS 3 b s 4 s Dlae - ae Sl 3 51 B0 0L, 5> (SnS sl iie g cnl b
A ot Vs Koo 51 il Sl s ol 51 (20 alas e Glaei 1S Gmen 5 01l = OLsT Sla s

. Afferent and efferent pathways

https://jsmt.khu.ac.ir/
108


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

30 Slo ed I8 A1 K Sl 4. (08) Wls 55 1, 0L Cands 5 OS> Gus » 10 abls S el o
el 5 a5 Dilae (iludlad 53 G 0 s g 3 Ses S5 4 50 OSSR s el
Sl Gl 0 (Sl Llgie 555 g adse ool ols S Jolie S sl e OF s 4 5 Sl
G55 SL el b 55 sotas Al e (en S Slensls Slas s 503 n VL ) e Jondl oS las
S e I Sl Sl ST 5 el @3l 3 (Y9 S (68 sl ] IS sl ) 5 5
Sl plll Solas Soas 5 gaolso s Sl el 5 (Sales A s (e Jodl oS 65 ,8) Cogr
S ol odd 2S AT e s 4 358 e Sl el SBlae s e JDlas i sl 4 ke S
Ol ode (slaassl (1) )l (SlS,) B3k oalo Btae ccpmni L 3505 5 51 oy il 0ae (S lad
35 s e 03 b Gl bl ey Btos oS o0ae (6350555008 Sl M S S s
o= Bl 3 s e Jes 2l Jlaol Dbl 4 sl 5o 5 WS, ) s Baas S Clled 055 e Jos
Oly el 53 eslatal 55 50 SIS > (YY) 54l i Olae  SSud (5ludlas 5y a5 ol QJJCZJ;;SN.E;J&WJ
St S5 e Mg pn |l a8 ooy 53 mi aSOT s 4 1 sl G 53 el 03 S
o o Slaedi 1S LolS (ladled Car g 5 S 00 1y (S o e (s pslils 5b 4 5 0l e glaei S
23 58 a8 e U358 0 Sl 0550 ) 255 8 s Dt Sl DS il Jeake
Sl el S8 daly rer 52 (V) S L)l 1) 558 (S g (Jolis (S > bl 4 mul,
S Sldlas U ol i s plate SIS dex 5l Kot Ll ol el datns 3131 55 Sae as
s Lol ot ol s OIS 55 53 Dl el l (OIS i s 5 S rekas (6 S e Sl S 03
(83, e (Kot podle iys el 5o Syl wa 5L 5 pten ST slaanllae dia3ls 5555 slaul,
35005 b Gldlas plomil ) Ol5 e sy iy andllae tapn slaslgiy dex 31 das o g 55 b Sas
B S13 OB5 5 ey anlllas asliie lardllas ol iman 13 S oL el Antens OS5 s o et
Cmiir 3 (St Tl 8 o 0 Oy Dty 5 (SIS 1 s ot 4y W5 o ool sy b alis 5 w5 J 58
& ool dares O350 SISk 3 s e aeo s 305 Ol 5 0Ll 4 aslsl 53 S SLS osline
ol Ooos a SISl el S S, Ol e e Ol Ol 5 a5 Dlhas eas el el
o 5 S8l S ) 5 S ule a2 53 03 5el OS5 (65013 el 03 sa 0L S
5> gagesl o380 Olse 5 Sl s el s (55 U8 pde ol 5 ol asdllas glacys sdome Aulel o35
S a3l DLy (Kot 335 2l 3 Ul pde o (St 5 o0 sline sl ST 5 e ol

By Hhae ae gl el S 5 S s SUlS ede 5 (SSY donl mlans 1 sl Jle

https://jsmt.khu.ac.ir/
109


https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

VEL £ 0,l0ud ¢ pgmiglonns 8593 559l 9 (#9519 b 33 Lidg

S 5 o
L3555 Oy 3 45 (e = ae Sy o3 Vil 4555 (S ama Ol o ol has sy slaasily s 5L
sbkle s by b s |y Sk 0L, 5o a8 SU o 3l 50 Cins anudl g a3 J 28 el b
5 e Aals Oga3l s 53 B3, YU U8 055 4 o |y ba S 503T Caglie il Ylaas| 35 S 05
B bl 5o 5 S 5 L @ Ot OL3) (e Jedll nSe (55 0 e la el il 5 Jlaliae 35
Sae Vs op 5 S5e e Sl andl o2 05 S (GMSLL Olsae 5 5,8 sl g0 (ol = Jls (il -
5 S Sk il ies e Sl s s s Ol e Ylaaml ) beasly ol a5 g
(6 Sy 3 ok (6 S o1l (gla oL (5 sl 3 gy el stz 5L I (23 8 L0 s S¥lae (Guts 55 Sl 5
Yzl o Kast 05ty 5 b Tl 53 ol s b a5 J 28 Lals shls 0SS5 S 5, Shes hw g8
Sl Sl 5l 6K 55 Sis il 5 dadiil ) Olgeay gl dates DL 55 3 Sl ja3 el

A3

@'0)433;.&3
..Ljd» L}A—“ a S48 JS.;.J ol axdlas s eSS LS Lgu@;j.aﬂ oS sl s

References

1. Kubo T, Hoshikawa Y, Muramatsu M, lida T, Komori S, Shibukawa K, Kanehisa H. Contribution of trunk
muscularity on sprint run. International journal of sports medicine. 2010 Dec 16:223-8. DOI:10.1055/s-
0030-1268502.

2. Kizilgéz V, Sivrioglu AK, Ulusoy GR, Aydin H, Karayol SS, Menderes U. Analysis of the risk factors for
anterior cruciate ligament injury: an investigation of structural tendencies. Clinical imaging. 2018 Jul
1;50:20-30. DOI: 10.1016/j.clinimag.2017.12.004.

3. Xia R, Zhang X, Wang X, Sun X, Fu W. Effects of two fatigue protocols on impact forces and lower
extremity kinematics during drop landings: implications for noncontact anterior cruciate ligament injury.
Journal of healthcare engineering. 2017; doi: 10.1155/2017/5690519

4. Jeong J, Choi DH, Shin CS. Core strength training can alter neuromuscular and biomechanical risk
factors for anterior cruciate ligament injury. The American journal of sports medicine. 2021
Jan;49(1):183-92. DOI: 10.1177/0363546520972990

5. Arundale AJ, Bizzini M, Giordano A, Hewett TE, Logerstedt DS, Mandelbaum B, Scalzitti DA, Silvers-
Granelli H, Snyder-Mackler L, Altman RD, Beattie P. Exercise-based knee and anterior cruciate ligament
injury prevention: clinical practice guidelines linked to the international classification of functioning,
disability and health from the academy of orthopaedic physical therapy and the American Academy of
sports physical therapy. Journal of Orthopaedic & Sports Physical Therapy. 2018 Sep;48(9):A1-42.
doi/10.2519/jospt.2018.0303.

6. Gheidi N, Sadeghi H, Talebian Moghadam S, Tabatabaei Ghoshe F, Walter Kernozek T. Kinematics and
kinetics predictor of proximal tibia anterior shear force during single leg drop landing. Physical
Treatments-Specific Physical Therapy Journal. 2014 Jul 10;4(2):102-8. http://ptj.uswr.ac.ir/article-1-
148-en.html

7. Hewett TE, Ford KR, Xu YY, Khoury J, Myer GD. Effectiveness of neuromuscular training based on the
neuromuscular risk profile. The American journal of sports medicine. 2017 Jul;45(9):2142-
7. DOI: 10.1177/0363546517700128

https://jsmt.khu.ac.ir/
110


https://pubmed.ncbi.nlm.nih.gov/21165810/
https://pubmed.ncbi.nlm.nih.gov/21165810/
http://dx.doi.org/10.1055/s-0030-1268502
http://dx.doi.org/10.1055/s-0030-1268502
https://pubmed.ncbi.nlm.nih.gov/29253746/
https://pubmed.ncbi.nlm.nih.gov/29253746/
https://pubmed.ncbi.nlm.nih.gov/29253746/
https://doi.org/10.1155%2F2017%2F5690519
https://doi.org/10.1177/0363546520972990
https://www.orthopt.org/uploads/content_files/files/jospt.2023.0301.pdf
https://www.orthopt.org/uploads/content_files/files/jospt.2023.0301.pdf
https://www.orthopt.org/uploads/content_files/files/jospt.2023.0301.pdf
https://www.orthopt.org/uploads/content_files/files/jospt.2023.0301.pdf
https://www.orthopt.org/uploads/content_files/files/jospt.2023.0301.pdf
https://www.jospt.org/doi/10.2519/jospt.2018.0303
http://ptj.uswr.ac.ir/article-1-148-en.html
http://ptj.uswr.ac.ir/article-1-148-en.html
http://ptj.uswr.ac.ir/article-1-148-en.html
http://ptj.uswr.ac.ir/article-1-148-en.html
http://ptj.uswr.ac.ir/article-1-148-en.html
https://pubmed.ncbi.nlm.nih.gov/28441059/
https://pubmed.ncbi.nlm.nih.gov/28441059/
https://pubmed.ncbi.nlm.nih.gov/28441059/
https://doi.org/10.1177/0363546517700128
https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

8. Steib S, Rahlf AL, Pfeifer K, Zech A. Dose-response relationship of neuromuscular training for injury
prevention in youth athletes: a meta-analysis. Frontiers in physiology. 2017 Nov 14;8:304579.
doi: 10.3389/fphys.2017.00920

9. Akerlund |, Waldén M, Sonesson S, Hagglund M. Forty-five per cent lower acute injury incidence but no
effect on overuse injury prevalence in youth floorball players (aged 12—-17 years) who used an injury
prevention exercise programme: two-armed parallel-group cluster randomised controlled trial. British
journal of sports medicine. 2020 Sep 1;54(17):1028-35. DOI: 10.1136/bjsports-2019-101295

10. Ozkal O, Demircioglu A, Topuz S. Clarifying the relationships between trunk muscle endurance,
respiratory muscle strength and static/dynamic postural control in Latin dancers. Sports Biomechanics.
2024 Jan 10:1-4. doi.org/10.1080/14763141.2024.2301984

11. Forrest MR, Hebert JJ, Scott BR, Brini S, Dempsey AR. Risk factors for non-contact injury in adolescent
cricket pace bowlers: a systematic review. Sports medicine. 2017 Dec;47:2603-19.
DOI:10.1007/s40279-017-0778-z

12. Mohammadi H, Ghaeeni S. Prevalence of Neuromuscular Deficiencies Associated With Non-Contact
Anterior Cruciate Ligament Injury in Healthy Collegiate Student-Athletes. Physical Treatments. 2019;
9(4):193-202. http://dx.doi. org/10.32598/ptj.9.4.193.

13. Ghaderi M, Letafatkar A, Thomas AC, Keyhani S. Effects of a neuromuscular training program using
external focus attention cues in male athletes with anterior cruciate ligament reconstruction: A
randomized clinical trial. BMC Sports Science, Medicine and Rehabilitation. 2021 Dec;13(1):1-
DOI: 10.1186/s13102-021-00275-3.

14. Zhang L, Liu G, Han B, Wang Z, Yan Y, Ma J, Wei P. Knee joint biomechanics in physiological conditions
and how pathologies can affect it: a systematic review. Applied bionics and biomechanics. 2020 Apr
4;2020. doi: 10.1155/2020/7451683

15. Fatahi M, Fatahi F. The relationship between activity level of some lower extremity muscle and anterior
shear force during single-leg jump landing. Journal of Research in Rehabilitation Sciences. 2013 Oct
1;9(4). doi:10.22122/JRRS.V914.1133

16. Ghazaleh L, Salar F, sharifi F. Comparing The Effect Of Fatigue Induced By Endurance Running And
Sprinting On The Knee Muscles Co-Contraction In Active Young Women: With The Approach Of
Identifying The Origin Of Fatigue. RSMT 2024; 22 (28) :173-189 URL: http://jsmt.khu.ac.ir/article-1-
635-fa.html

17. Takahashi S, Nagano Y, Ito W, Kido Y, Okuwaki T. A retrospective study of mechanisms of anterior
cruciate ligament injuries in high school basketball, handball, judo, soccer, and volleyball. Medicine.
2019 Jun;98(26). DOI: 10.1097/MD.0000000000016030

18. Mansourizadeh R, Letafatkar A, Khaleghi-Tazji M. Does athletic groin pain affect the muscular co-
contraction during a change of direction. Gait & Posture. 2019 Sep 1;73:173-9.
DOI: 10.1016/j.gaitpost.2019.07.249

19. Akerlund I, Waldén M, Sonesson S, Hagglund M. Forty-five per cent lower acute injury incidence but
no effect on overuse injury prevalence in youth floorball players (aged 12—-17 years) who used an injury
prevention exercise programme: two-armed parallel-group cluster randomised controlled trial. British
journal of sports medicine. 2020 Sep 1;54(17):1028-35. DOI: 10.1136/bjsports-2019-101295

20. Letafatkar A, Rabiei P, Afshari M. Effect of neuromuscular training augmented with knee valgus control
instructions on lower limb biomechanics of male runners. Physical Therapy in Sport. 2020 May 1;43:89-
99. DOI: 10.1016/j.ptsp.2020.02.009

21. Kalantariyan M, Samadi S, Beyranvand R. Investigating The Changes Of Some Internal Risk Factors Of
Lower Limb Injuries In Teenage Taekwondo Athletes Before And After Applying The Fatigue Protocol.
RSMT 2024; 22 (28) :152-172 URL: http://jsmt.khu.ac.ir/article-1-633-fa.html.

22. Kulas AS, Hortobagyi T, DeVita P. The interaction of trunk-load and trunk-position adaptations on knee
anterior shear and hamstrings muscle forces during landing. Journal of athletic training. 2010 Jan
1;45(1):5-15. doi: 10.4085/1062-6050-45.1.5

23. Hammami M, Negra Y, Billaut F, Hermassi S, Shephard RJ, Chelly MS. Effects of lower-limb strength
training on agility, repeated sprinting with changes of direction, leg peak power, and neuromuscular
adaptations of soccer players. The Journal of Strength & Conditioning Research. 2018 Jan 1;32(1):37-
47.DOI: 10.1519/JSC.0000000000001813

https://jsmt.khu.ac.ir/
111


https://www.frontiersin.org/articles/10.3389/fphys.2017.00920/full
https://www.frontiersin.org/articles/10.3389/fphys.2017.00920/full
https://doi.org/10.3389%2Ffphys.2017.00920
https://bjsm.bmj.com/content/54/17/1028
https://bjsm.bmj.com/content/54/17/1028
https://bjsm.bmj.com/content/54/17/1028
https://bjsm.bmj.com/content/54/17/1028
https://doi.org/10.1136/bjsports-2019-101295
https://doi.org/10.1080/14763141.2024.2301984
https://pubmed.ncbi.nlm.nih.gov/28879571/
https://pubmed.ncbi.nlm.nih.gov/28879571/
https://link.springer.com/article/10.1007/s40279-017-0778-z
file:///C:/Users/Dell_USA/Downloads/Mohammadi%20H,%20Ghaeeni%20S.%20Prevalence%20of%20Neuromuscular%20Deficiencies%20Associated%20With%20Non-Contact%20Anterior%20Cruciate%20Ligament%20Injury%20in%20Healthy%20Collegiate%20Student-Athletes.%20Physical%20Treatments.%202019;%209\(4\):193-202.%20http:/dx.doi.%20org/10.32598/ptj.9.4.193.
file:///C:/Users/Dell_USA/Downloads/Mohammadi%20H,%20Ghaeeni%20S.%20Prevalence%20of%20Neuromuscular%20Deficiencies%20Associated%20With%20Non-Contact%20Anterior%20Cruciate%20Ligament%20Injury%20in%20Healthy%20Collegiate%20Student-Athletes.%20Physical%20Treatments.%202019;%209\(4\):193-202.%20http:/dx.doi.%20org/10.32598/ptj.9.4.193.
file:///C:/Users/Dell_USA/Downloads/Mohammadi%20H,%20Ghaeeni%20S.%20Prevalence%20of%20Neuromuscular%20Deficiencies%20Associated%20With%20Non-Contact%20Anterior%20Cruciate%20Ligament%20Injury%20in%20Healthy%20Collegiate%20Student-Athletes.%20Physical%20Treatments.%202019;%209\(4\):193-202.%20http:/dx.doi.%20org/10.32598/ptj.9.4.193.
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-021-00275-3
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-021-00275-3
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-021-00275-3
https://doi.org/10.1186/s13102-021-00275-3
https://fadavispt.mhmedical.com/content.aspx?bookid=1862&sectionid=135804880
https://fadavispt.mhmedical.com/content.aspx?bookid=1862&sectionid=135804880
https://fadavispt.mhmedical.com/content.aspx?bookid=1862&sectionid=135804880
https://doi.org/10.1155%2F2020%2F7451683
https://jrrs.mui.ac.ir/article_16738_1bf50d2b0a50abef076c163ff53c8640.pdf
https://jrrs.mui.ac.ir/article_16738_1bf50d2b0a50abef076c163ff53c8640.pdf
https://jrrs.mui.ac.ir/article_16738_1bf50d2b0a50abef076c163ff53c8640.pdf
http://jsmt.khu.ac.ir/article-1-635-fa.html
http://jsmt.khu.ac.ir/article-1-635-fa.html
https://pubmed.ncbi.nlm.nih.gov/31261507/
https://pubmed.ncbi.nlm.nih.gov/31261507/
https://pubmed.ncbi.nlm.nih.gov/31261507/
https://doi.org/10.1097/md.0000000000016030
https://pubmed.ncbi.nlm.nih.gov/31344606/
https://pubmed.ncbi.nlm.nih.gov/31344606/
https://doi.org/10.1016/j.gaitpost.2019.07.249
https://bjsm.bmj.com/content/54/17/1028
https://bjsm.bmj.com/content/54/17/1028
https://bjsm.bmj.com/content/54/17/1028
https://bjsm.bmj.com/content/54/17/1028
https://doi.org/10.1136/bjsports-2019-101295
https://pubmed.ncbi.nlm.nih.gov/32135451/
https://pubmed.ncbi.nlm.nih.gov/32135451/
https://pubmed.ncbi.nlm.nih.gov/32135451/
https://doi.org/10.1016/j.ptsp.2020.02.009
http://jsmt.khu.ac.ir/article-1-633-fa.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2808754/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2808754/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2808754/
https://doi.org/10.4085%2F1062-6050-45.1.5
https://pubmed.ncbi.nlm.nih.gov/28678768/
https://pubmed.ncbi.nlm.nih.gov/28678768/
https://pubmed.ncbi.nlm.nih.gov/28678768/
https://pubmed.ncbi.nlm.nih.gov/28678768/
https://doi.org/10.1519/jsc.0000000000001813
https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-09-12 ]

VEL £ 0,l0ud ¢ pgmiglonns 8593 559l 9 (#9519 b 33 Lidg

24. Myer GD, Ford KR, Khoury J, Succop P, Hewett TE. Development and validation of a clinic-based
prediction tool to identify female athletes at high risk for anterior cruciate ligament injury. The American
journal of sports medicine. 2010 Oct;38(10):2025-33. doi: 10.1177/0363546510370933

25. Verschueren J, Tassignon B, De Pauw K, Proost M, Teugels A, Van Cutsem J, Roelands B, Verhagen
E, Meeusen R. Does acute fatigue negatively affect intrinsic risk factors of the lower extremity injury risk
profile? A systematic and critical review. Sports medicine. 2020 Apr;50:767-84. DOI: 10.1007/s40279-
019-01235-1.

26. Soltandoost Nari SM, Ebrahimi Atri A, Khoshraftar Yazdi N. Effect of FIFA 11+ Injury prevention program
on anterior knee shear force in teenage male soccer players. The Scientific Journal of Rehabilitation
Medicine. 2017 Mar 21;6(1):1-9. DOI:10.5742/MEWFM.2018.93475

27. Jamison ST, Pan X, Chaudhari AM. Knee moments during run-to-cut maneuvers are associated with
lateral  trunk  positioning.  Journal of  biomechanics. 2012  Jul  26;45(11):1881-5.
DOI: 10.1016/j.jbiomech.2012.05.031.

28. Read PJ, Oliver JL, Dobbs IJ, Wong MA, Kumar NT, Lloyd RS. The effects of a four-week
neuromuscular training program on landing kinematics in pre-and post-peak height velocity male
athletes. Journal of Science in Sport and Exercise. 2021 Feb;3:37-46.
DOI: 10.1519/JSC.0000000000003210

29. Zago M, David S, Bertozzi F, Brunetti C, Gatti A, Salaorni F, Tarabini M, Galvani C, Sforza C, Galli M.
Fatigue induced by repeated changes of direction in élite female football (soccer) players: impact on
lower limb biomechanics and implications for ACL injury prevention. Frontiers in bioengineering and
biotechnology. 2021 Jul 5;9:666841. doi.org/10.3389/fbioe.2021.66684 1

30. Naserpour H, Khaleghi Tazji M, Letafatkar A. Immediate effect of cryotherapy on the kinetic factors
associated with injury during the side-cutting maneuver in healthy male athletes: Pilot study. The
Scientific Journal of Rehabilitation Medicine. 2020 Jun 21;9(2):1-8.
DOI:10.22037/jrm.2020.113786.2436

31. McKinney J, Velghe J, Fee J, Isserow S, Drezner JA. Defining athletes and exercisers. The American
journal of cardiology. 2019 Feb 1;123(3):532-5. DOI: 10.1016/j.amjcard.2018.11.001

32. de Aimeida Paz |, Frigotto MF, Cardoso CA, Rabello R, Rodrigues R. Hip abduction machine is better
than free weights to target the gluteus medius while minimizing tensor fascia latae activation. Journal of
Bodywork and Movement Therapies. 2022 Apr 1;30:160-7. DOI: 10.1016/j.jomt.2022.01.001

33. Eimani zadeh S, Sahebzamani M, Amiri khorasani M T. Effect of Soccer Specific Functional Fatigue
On hip and knee Joints Kinematics In professional players during Landing. RSMT 2015; 13 (10) :35-46.
10.18869/acadpub.jsmt.13.10.35.

34. Lucci S, Cortes N, Van Lunen B, Ringleb S, Onate J. Knee and hip sagittal and transverse plane
changes after two fatigue protocols. Journal of science and medicine in sport. 2011 Sep 1;14(5):453-9.
DOI: 10.1016/j.jsams.2011.05.001

35. Myer GD, Ford KR, Hewett TE. Tuck jump assessment for reducing anterior cruciate ligament injury
risk. International Journal of Athletic Therapy and Training. 2008 Sep 1;13(5):39-44.
doi: 10.1123/att.13.5.39

36. Aquino M, Petrizzo J, Otto RM, Wygand J. The impact of fatigue on performance and biomechanical
variables—A narrative review with prospective methodology. Biomechanics. 2022 Oct 1;2(4):513-24.
https://doi.org/10.3390/biomechanics2040040.

37. Olivares-Jabalera J, Filter-Ruger A, Dos’ Santos T, Afonso J, Della Villa F, Morente-Sanchez J, Soto-
Hermoso VM, Requena B. Exercise-based training strategies to reduce the incidence or mitigate the
risk factors of anterior cruciate ligament injury in adult football (Soccer) players: A systematic review.
International journal of environmental research and public health. 2021 Dec 18;18(24):13351.
doi: 10.3390/ijerph182413351

38. Ma J, Zhang T, He Y, Li X, Chen H, Zhao Q. Effect of aquatic physical therapy on chronic low back
pain: a systematic review and meta-analysis. BMC Musculoskeletal Disorders. 2022 Dec 2;23(1):1050.
DOI: 10.1186/s12891-022-05981-8

https://jsmt.khu.ac.ir/
112


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3407804/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3407804/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3407804/
https://doi.org/10.1177%2F0363546510370933
https://pubmed.ncbi.nlm.nih.gov/31782066/
https://pubmed.ncbi.nlm.nih.gov/31782066/
https://pubmed.ncbi.nlm.nih.gov/31782066/
https://doi.org/10.1007/s40279-019-01235-1
https://doi.org/10.1007/s40279-019-01235-1
https://www.magiran.com/paper/1696256/effect-of-fifa-11-injury-prevention-program-on-anterior-knee-shear-force-in-teenage-male-soccer-players?lang=en
https://www.magiran.com/paper/1696256/effect-of-fifa-11-injury-prevention-program-on-anterior-knee-shear-force-in-teenage-male-soccer-players?lang=en
https://www.magiran.com/paper/1696256/effect-of-fifa-11-injury-prevention-program-on-anterior-knee-shear-force-in-teenage-male-soccer-players?lang=en
http://dx.doi.org/10.5742/MEWFM.2018.93475
https://pubmed.ncbi.nlm.nih.gov/22704608/
https://pubmed.ncbi.nlm.nih.gov/22704608/
https://doi.org/10.1016/j.jbiomech.2012.05.031
https://pubmed.ncbi.nlm.nih.gov/31343558/
https://pubmed.ncbi.nlm.nih.gov/31343558/
https://pubmed.ncbi.nlm.nih.gov/31343558/
https://doi.org/10.1519/jsc.0000000000003210
https://www.frontiersin.org/articles/10.3389/fbioe.2021.666841/full
https://www.frontiersin.org/articles/10.3389/fbioe.2021.666841/full
https://www.frontiersin.org/articles/10.3389/fbioe.2021.666841/full
https://www.frontiersin.org/articles/10.3389/fbioe.2021.666841/full
https://doi.org/10.3389/fbioe.2021.666841
http://dx.doi.org/10.22037/jrm.2020.113786.2436
https://pubmed.ncbi.nlm.nih.gov/30503799/
https://pubmed.ncbi.nlm.nih.gov/30503799/
https://doi.org/10.1016/j.amjcard.2018.11.001
https://pubmed.ncbi.nlm.nih.gov/35500965/
https://pubmed.ncbi.nlm.nih.gov/35500965/
https://pubmed.ncbi.nlm.nih.gov/35500965/
https://doi.org/10.1016/j.jbmt.2022.01.001
http://dx.doi.org/10.18869/acadpub.jsmt.13.10.35
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3591478/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3591478/
https://doi.org/10.1016/j.jsams.2011.05.001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2779043/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2779043/
https://doi.org/10.1123%2Fatt.13.5.39
https://www.mdpi.com/2673-7078/2/4/40
https://www.mdpi.com/2673-7078/2/4/40
https://doi.org/10.3390/biomechanics2040040
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8704173/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8704173/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8704173/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8704173/
https://doi.org/10.3390%2Fijerph182413351
https://pubmed.ncbi.nlm.nih.gov/36460993/
https://pubmed.ncbi.nlm.nih.gov/36460993/
https://doi.org/10.1186/s12891-022-05981-8
https://ndea10.khu.ac.ir/jsmt/article-1-632-en.html
http://www.tcpdf.org

