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Abstract

Hamstrings (Hams) to Quadriceps (Quadr) strength ratio is known as a risk factor for Anterior Cruciate
Ligament (ACL) injury and affects by knee and hip flexion angles. Gluteus Maximus (Gmax) muscle acts as
a synergist for Hams in hip extension in a closed kinetic chain. The aim of this study was to investigate the
effect of Gmax strengthening exercises on the kinetic and kinematic risk factors of ACL injury when single-
leg landing from a jump. 25 volunteer women aged 18-30 years were assigned into control (n =13) and
experimental (n =12) groups. Maximum isometric strength of Gmax, hip and knee joint angles and ground
reaction force (GRF) was measured at landing, by dynamometer, 2D imaging and foot scan respectively,.
After 8 weeks of 3 sessions of Gmax resistance training, Following the significant within-subject difference
for GRF (F=5.245, P=0.032) by using Two-way mixed model ANOVA, Pre and post-test Differences were
significant with 16.63% decrease (P= 0.038, t=2.354). Differences between pre and post-test peak force,
time to peak, mean joint angles, impact and load rate were not significant (a = 0.05). According to a 4.55%
and 3.47% increase in Gmax strength and time to peak force, and considering the fact that at the beginning
of landing, the mechanical advantage of Hams is lower than that of Gmax, the risk of ACL injury could be
reduced by reducing GRF following an increase in the Gmax strength.
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2. cutting 4. Internal rotation

Y¢


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

VEer Okl 5 5l ) oplad csysld 5 (S5ns b s i

S35k e S Sl Js ol (O A il | pege 28 B Cunds 4 O oLl S5L gl as
13 Wbt 5 a5 2aS tast (6Lls 3 5 Cond 0l Lol a0 (et a3 10 sl s K e 5 5liS
s a5l S sl 6l Y G Ll el 5 2l LB CarBae op SelS 3 S s 318 (545
el Sl il Clasles 3 Sl ,;‘ujawivﬁt; L Sholer olal 3 b 5l so,s 04 el
et Al 32 g e i 03 G 3 45 O o el iames (V8) 5,10 ACL
05158 ACL ol g asly n sl last Olgoar il (st 4z s Yoo o 53 55 505
Lo Sl S pad 2 A5 (555 e Blie 55 Ol sl (o S 430 Ll a3 o
DLy ol ot 15l sdiant bl (slapnslSe 51 S oS odd Sy ol S sl S o oS
Oy ol 5l bt 5oliS (s 55k Jsb Sl s wri e sLlss oo ol Sl el il
e LS (0 bl e 45 s Gl | (Ken) o e Do s Sds il OAES (6l
35 el Ll (S S5 e s Spge 53 (05 VN E) AS o SOLIL L OT 5 e S5 s
“-"‘:*@MU°Mr"'f"5)3‘jl5wﬁdbMOTJJSJﬁMLSF@&bP&xQ)M@
e 2m s el T B om0 03 S5l 5 5 0T CBlate 5 45 038 5L w1 Ll
S Gk Sl s XS o mi ) s sl s as agb a3 oS e e 1) 33T opl 3 a S
2%l 3 eddelnil Sladllas axdl aas 2alS 1 ACL Conl Jlaml e llan ) sbay 3553 anilSa
S 0 Cins SV 55 L 015 e LT Al Al (6l 5 ol skl 3 g1 oS SIS (55,
et 25 Dy 6 e Dllllas L3 S S ACL (63,55 5 b ol Sl oS ) 2 b
Sn 5 Ol sl Slgs 4 i Ll e 01 e iS5l Sae s« Jlie Sles s B G
S o o By ol 3 (68 (gl s bt sl o 358 55 0T SLEl Dol ials

O sv0) el
e Gl pll Oae oty 5 1505 2 SloLal el ,ls plmil L3 0 Gl Sos b S
Llosls OLE3 e tassy 5d 0 s Joll oS S8 S5m0 ade (Rl o (St 5ok
V) 3l 5 ool 3w J2alS 55 glsbas 5 eadl oS (65,5 Ol 3G sl J2alS > oS
5oz Jolis ol (65, oS e ae (S50 b gl 5 Ol Jeolis 45 Llesls oLz lalllas
Sy fals o oddost il a3 Loy Sgosba (V4 3 VA) Ll L& 50 ol ole 2
wetol bl s g g esls L1l a8 Oley 513 5 a8 2hy 035 o3 (A s pd e (e el Ss
Sllae 3 o500l Ll o 2l e el WS (65,050 (Olejit g pimas p5) 4,0 0o 2l s

VJL“’ s s D8 WTQ:-.’UJ—Z’ flf...a 03 $l3 asly 5 el el ab S ygo s ol g S

1. synergy 2. Compressive force

Yo


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

BRETSY_ I ST S NP JUT

SN 5 8l S e ACL ii> conl abisd 5loddag Gl Se s bl (V1) ol odis salie
10) sl o3 5 5 5gie

DRl LTS sy s ol s 4l s 03 ACL ol alediry Conle 4 a5 L
5 5 Jolie Lls3) (Sl Jalse s U Loy s adamd 53 Wil e 01 iS5l bl alae o8
50 5 o gl O Ol s S 355 alasd 3 ey Jadll oS (55,8) (SnS 5 (S
(A 5Y0A) &5 (6 K ACL ool Sl amzips 5 a2l o 5l (SLEI L Sl 5l 0 S0 (4,0

by

GrS i ges gy L Sl & gad a0l gieas ;8 ¥ (Y0TE) Sme alie glaiassy ple lal 5
ACL WT & 4 Sl oddesls QLS (gadaze sla a3 55 5 Luadds GlUb ol &) soa Lmd}:j,aﬂ
YA Qb sls 5 us S eslaxul u'"’}”’j Olgeas 0Ll 51 pl by (0=Y) sl Ols o 31 iy 0L s
S S3l 0303l g 23 el Sk oS 355 ol Olabl B s S eslisal sl ol
Goolse s I3l (s T gt s S o 3l s Jle VA 5 e 53 W ga g3l A I AL
b oands e b Sl b las = 515,55 < Sllbsls (V) aals Jle Yo Sl 5V e 53 OF 51 36
b Sl ses U il B sl 513 0 g5l (slaaisad 53 1 Lid gy atin 3 Ko 35 Sly e 2
LS 1y 3 Taete 03 L b 03,85 el 331 3 Sl el 3 2t Oy esdle (YY) 5505 i
Sl Il S yssdoen b 553 Gl 5 Sl il il el Tl o8 UL ls a4 (YY) das s
S 5 IS Gslas 0,8 53 5 alal ot ek gad LI 03l g% 4 ged 4 3555 S saee L3
i oty dndl g5 IS 65,8 sla gosasT Sl Y 5 pm 05 S sla Sl 5 BT A S 1S
AT 5 es S 50T Tlg i Gl ek pei 5l S S (6,es a5 5 Dl e el s
Oidg P b s s ge 3T DgesT 53 IS b g asbiialiss b JooSS Sl ey Liile S J S 05 S S
S sl pll e S ad eslel 0ga5T ol gl am sl 5 o s U L ple el
85 05 ol S 5T slae3ll 5l (s3ldes s plomil 25555 oSk lesl e 28 lama 55 Sl
Oso3l aloler o p &S il G303l 3l e S2503l 50 b et S LS (65 o3I s e
e e latasn F o bl alsler gl T 558 ol 4 sb 4w B s LK L s el 5
S5 5 Sl O KT 535 0T s B3 el US1AS o (70) 2545l s e sl
4ids 0 5 Ol iSO > 5 eses O3S (’«5 WiBs V=0 Sde 4 53 g0l g0 elxsil 5l s
AY) 3l e plonil 1y Al 5 il 15 sle Sl plti) ol 05 S 6 S

A5 (Sl S sl S sens 0305l 5 Lt 093 33 53 Sog e dhae S8 ey Il
a3 Jolie argls 03 S ol gl A el ) osled gl Gl (Y0) 3 lilewl g5 4 Las S 3100

1. Load rate

AN


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

VEer Okl 5 5l ) oplad csysld 5 (S5ns b s i

g s Bk 5l s, se el Glenl 4 S G 31 S il LB 8 oSome slady 10 gesl el
LS el s i slasasl 4 jni dsoslael Gl ol cpl ol ealined Ui o die sl
s aselils 4 o Colg booled 0048 W e aral gt Snge3l 51T 335 e ged e gelus
DB eiS el a5 5 ll glgsl >« JTECH Medical MNO84_A Commander Ju Jlusws
a3 Yo e & Ol Al i 05,8 S5 plasil b paB (S o3l L an (o some S 55 5Las il
Olseas sdalimsa sde aw (ke ol plol Lol S5 o slast ¥ ol 2l 5 sl 0 Sloli)
2 33 033 p odalimza 3o (V) 38 S sy abde eyl Sl e S

"\f.JJfg)’;)‘JfQJ-’d)}M)J W}MQ)J;&;U)M\" J&)QF}@MM“ “"g‘):}'—‘.’

3 o e S g5 D)6 ity (58 o5l 0 i N S

gl gl Sl o35 aimd 53 Joolie asly Qs asiie gl ) pime wlie bty Gib
b S 3 "0 Jlpnal gls 6l gl 'Helen Hayes s ikl ods s dze olal 5 s
A gr plomil Jlirla amios (555 p 35,3 i 53 (15 pedid 45 g OT3 (YA 5 YA) s sl 5
LS 2D 5l Jemte s b ol S55) Ll sl Jlirle wmio 53 pasie gle SOLES L
(33031 355 oo €l ey 53 Oses ST ekl 5 (O Sz 855 0y Jeaie s (0, ol

sy pateiae Wb 53 (6 ke mabs b Gsa3T B ad el 513 el Tl amis S
5SS bl Sl N5 r 58 Sk moss Sl eslizal 4 Lilesls OLES La ey &Sl
S b 5 dmsn (olo ek sl 5 Ol Jeolie SLlss s 2 g (1) WSl Sime Jliar e amis
SL S S sp Shw sl 4 a5 LoDl LS eslazul EOS RP Jus Cannon Sl2 kb erss0
Jse3) (V JS2) O & bgr e e b s IS0 & am 5 Lol andls it bl asmios (S35 1 (53505
a5l 0 Jge s 53 (M) s 2ol a3l Sl & Gunss 53 il Jeade Sl eddedalin i ()
Jir b amis 3 oS ol a0 5 Bl amio o5 2 b i asls By b abasd 3 Jeade a3l
o el sh glaesls Gy b Sl Bl amio 53 |y 1wl 05t el (0l el s sled)

ol e

1. Modified Helen Hayes marker set 2. Bony landmarks 3. Body posture screen

YV


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

BRETSY_ I ST S NP JUT

ol 1S el 2 3 e e Sla s sile (g1 a8 A S 0 s 0 BVEY (55 )l el s
w5 o al3) sl fLES1 5 (e Y ssd) abold 3 o pasee 4ller S0 2 moss (TE) o
303l sl adsl e adasd o 8 s 15 5 0l by SMde s S el (55 5 il Slnis L

Aol et Kinovea [l sile 5 daws 5 Sl 53 L
G 3508 4o 6 S o3Il gl WSS s sla a5l (ol 53 e3linals ) go gy 4 ax 5 L
L RS scan 0.5M 2D foot scan plate Ju. Sl g oSaws 5l 55,5 aasd 53 ey Jendl oSo
Sl g amio il eslina) 797w footscan 7 USB2 gait Jipsle 5 L 5,8 Ve G55

A e sl S8 5 5 6 S (S s

(M) Stman (Ui &S5 o Lls5 sl Y IS

o= cos (cos 0/cosP) (1 Jse 5)

S350l bl 5 055 sk nl 4 e oS 5 Jled Sl b il 5358 OsesT bl (sl
G2 ppked (033 e 25 o8 s 58 Gl b amids (555 5 LSS Sosa5l 5 el ol&ans BELISERIE
b amio Loy S35 aloler Gao 3l S e wa sl b oS A e Sl s S gesl S e s
S ol B Y dolil b v ol 0 g03T s 5 akplondl cislasT 5558 G ) s (S0l
plil o 53 (S5 IS 5 A w0303 S35l 4 s S £ S 005 plonil pKa 3 (W) A e
Stee 35 oyt Uast Uy 35,5 o8 555005 (V) 358 (6580 o0 355500 1516 43 8 a2kl 0505
Oga30 O 5,8 oo mad Cos L 1y oy b s o LS oL sl o s S 55 sl Iyl
s b Vo Sl el e S 358 Sl 4 A L Ao 1SS Tadome 5 edBid
3508 Ao Olgsn ST anw SKle 5 aml=s excel le s 53 elas Jsl abasd 51 05 o
T3l Odens Olo3 5 ey Joddl oS (95,8 S rizman () S 1S ey el oS (058
Jbe 5 Sl dslome 5l 5 sl s i 2 Oy 3505 om0 e b3 S 25 50 5
et 3 e O 55 g8 = 2 835 72 38 0325030 035 ool ny Sl oS8 (555 laesls 03 8

53 g s Olesde cpl 3) 4l Wor U3 e s 2158 O O35 Aeus Slee s Ve Ly

1. Impulse

YA


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

VEer Okl 5 5l ) oplad csysld 5 (S5ns b s i

0 A dloms 453 Sl il T epled Jge b Lo g (Gl sy o DL 250 p K0
bl aesls (35158 6l el 4B e SG AL 5 436 Lo N 0L s el oSo (65,0 Fdse b o)
A Ve aesls 45t

(N.ms)=[>% Fdt=33%(Fy + Fry1)/2 % At <36 4a Yoo 55 (Y Jgo )

S S b s hlae o8 Sl el 3,8 ST Osa3l i 5l e 500 Y B lle o eSSl
sb 5 (7 Caslin) T (Y Caglio) 55 () Cunslie) (Canslio o 20S) oo Ky b 534S o el
5035 0SS SO 4 Jom bl o 00 Sla 25 3 o0 planil 350 (8 Caoslio) (Conslin o i)
Sl a5 LY 518) Cl odeny SUH a0 Sohae cslizal 5 ooyl (2531 6l ol (gues g
e (1) Al Sl sl iy (81 40 5 0 o8 aeln T iS5 6in 5 03 5 ool Lo 32 505
st gn Sl pal aiBs Y 5l e Sngesl 45 5o gwnn A 4 S b s s ol zal aids X
Geb Sl s (FF) il o il 3l e ol ol 4235 0 B 355 o a3 plonil alsl 4y 3 5 5

A 6JJ)MLJ;4£MML;E\ OJLQ.,:.A dj.)p- wb‘j}b@lﬁa‘ y|

4in )3 o el Olodr 34 1SS 315 (nglin ¢ o3 (slaasin g 25 03 8 Dby pad plwil i) Uik

Slde sldas 31ds3) po o 3laas) p33 o 3laxs) Jg) S LS aan
ain s OIS OIS G
Y Y)Y Cowslis (Y)Y Caslia (Y Cwslie Y-\
Y (YO) ¥ wslaa (YO) Y Cwslae (Y0) V Cueslin g
Y (Vo) ¢ cwslia Y)Y cwslie (Y)Y Coslio -0
Y (Y0) ¢ cooslia (YO) ¥ coslia (Yo) Y Cwslio A=Y

S Dl s el 5 LSS5 e 53 bl 53 S e Dlle DLSLET Coale &Sl s
5 s G S Sl eslinad b al ol pon (glds b LS5 0 oot S o e dade old Wy
S Soletnd dbas ol 6l 15 1805 0 Ol e o 05 S a2 51 S50 0l 058 5 Vb
s34 (oS IS e (38 0 513 e S35 s Sl Cands 53 G sa3l skl @
sl S ol o 513 s G 515 Gk [S0s e Sl 5l o G bCSOSI L 54 eel s 4l
S s 53 s Sl G S e Clad Ol Blis 4 5 So5 e Sl 2 sE oped 03,5
oS ol (F0) i o plal O " A3l i 0358 5L ES e (FE) 3 8 o 13 e 4z A
Sl Y B o gte oo o b 2 b 5185 Y0210 daes (e s o sa3T 5 VU &S o 1SS 5laas

1. Hyper extension

Y4


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

BRETSY_ I ST SRR O

oLl alb Y s oy sons el 035 Seis Slp s (u e S Caeslie ol 5o 01y a3l i
L ul;:‘.'.:”‘ e)wﬂjﬁé&b((g&sj} ij; W}M“JL) Q\J QJJSV:-C,SJ}-) \ﬁjﬂ
e sl 035 o g 5 S LYo 4 (35 e Do 1A sk 655 0505] 4 S

u;r@‘hjbﬁd‘fd‘)uh Q)}&Q&jﬁ'&@.ﬂcw‘;:)sﬁ)ﬁ

(_y_ﬁ:g@}wgol,og;jp;Sféq;stjsp‘|,\;elz¢wt,4i%;,\)&,?aA}J?‘Su@;yﬂw,.:(taguﬁrk}ﬁ;

J}S)Lff{: 0‘5;)5‘)3 QJ.AJTU;..:";[.;L;LE.»I.E.:E; Q}A)Tuﬂ.l cwﬁSwLﬁFT}‘ww&U

A 1SS
S besls io s gl 23S 13 (bl o s e sy 50 YT asied SPSS igkle 3 Ly Laesls
S (YY) Jaless Lalis bl o 51 bt 0 ga3T (gl eplbilind Gl sl 5 Sl gla el
D3 e (U8 05 8 5 25 65,5) 03,8 53 s lipd LSS ule Ol ey (03031 5 i) Ole 0T 5o

LS a;l.&:,,JwT d‘}AJI‘)|L$~:.&.?djﬁ)TL§‘J-’)¢~9J§

basl

G oo os,S Gla Soesl 05y Sle 3 L YYEY/Y (Sle b VoA o ba s gasl i aiels
0503l e 5 i 3 o S SkS OL/EHO/A 5 O8/YEVY xS 05 8 5p S AS OVVEO/r 500/ V) 5 3
2l sl Gl 5 (ke ¥ Ui 5 et VVOEV/A J 28 5 VUERA/E i oy § 6 Sl
Kt gzl Oy Oloy o OVl el bl o Ose3l plmil s e o 0L 1 Laesls
2 oS 3 U RS 058 53 Opeslm 5 e 03 0L F s A Sl 5 O Jeolie Ll ke s
355 lsle Q=700 ko

€ 0305T 5 i 33 0kd (5,5 03Il (SSLS 5 SnS slay 586 5 6555 o dade s (51l Colmil) ke Y gl
S 3 RS laey 8 55 oSS
(AN o 03 5
(5 1Lkl O i) o Kils

GBI I8 oy 8
(5 10l O i) - Kils

O3l

O3l o

033l

O35l e

YUY (VY)

Y/0 (6/Y)

Yo/v (/0)

Y&/ (VYY)

(0L 03571 S sy dhie &, l8

YYTUVY (Fr/AY)

YYY/AA (FY/Y0)

YVE/VY (YY)

YYY/AY (YA

(O 035 71) ool Jodl oS8 95

ov/8V (V/AY)

08/80 (Ye/LV)

o0o/xV (V¢/A)

oy/e\ (\1/+4)

(ko) 5500 sl & 0wy Ol



https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

v Okl 5 le ) esled gyskd 5 LBias b s ey

YoY/YV (40/+Y)

Yivae (av/ey)

YYVer (AQ/AT)

Y£4/¢64 (VYe/an)

(BN O35 7) 5,0 Aoy

AAFAARYAD)

£4/+ (0°/4)

YA/E (F4/4)

YY/e (Yo/Y)

(b 5 38) b 5

YWA/LY (Y/AY)

YVo/AV (EA/VQ)

V84V (YA/EY)

VWANA (£Y/4¢)

(4B 5 5) 4 15

\0/8 (0/A)

VAWV (E/A)

\0/4 (6/0)

VAV (£/4)

VA (Vo)

VIAY (8/A)

VIV (6/Y)

VAV/A (Y/0)

(ax52) Ol 4513

(ax3) 5l 4505

350 lsbae Osa3l 5 e 03 o Jedl Ko G0 G0 ses ailie fn Ol Sl w5 L
T d‘}AJT )\ (o=v/v0) J}.:.'s )‘JLLM Lﬁo‘jjf B, o)/,f BL QLAJ dl.»bd j‘"( Lol (Pz'/'VY 9 F=0/Yi0)

Y deg-).x,io:l.é:.\ﬂ\&}.xjoyﬂ Ol gods atcan

(a='/'b)63j>.u'a};):Q)ﬁjTﬁ)JLﬂ)zgf:ﬂlew&d)Jgé:ﬂm'z!}ewd)’\:ﬁ-l&)\:mw)ﬁwToijJ‘J}.lq—

) Goblas | 4z t oSl
(awls sl Oy SO
XV
JOYA 1 Y/¥oL \RYAR (03031 i) w3 Sl oS8 (S5, (S350 aile ) i
(03851 m)

oS 05 S 3 Q}A)'Tm 3 o 0% e Sl pSe s e SNl (golslae sdiasOLiS Laesls
Be O=0/00 Cla.w)b J S oS s Ol olsbias pde s (t=Y/voi P=+/+YA)

o
L5 st a3 V0 53 S e (6 geieS) 53liS S5k i i Ll 3 S &S S S0k
VY G o en S 00 o L L sl elad i s i3 5 01y et Ol (V) 5 1Y) o
a3 WY 5V G 5 0 S 05 8 03 5 Osmdlim 53 453 VWA 5 VO 5 0ge3T i 53 a3\ Y/)
s mbey e s 4 a5 b Uy cpl il o3 Ogeslm 52 a3 WYY 5 V80 5 0l i 5o
3 5 pad S man S5 b3 ol 53 (V8 5 000)) Wlosim s ACL ool (15 Ll o 3l o
S asl3 cpl 53 K tmes 4 S Sl Bl Sl 5 S Soler S Golrag, oS -
sl 53 B3 5 Ol e Gllss o 058 53 Y ot laesls a5 LMD ol iy
£ S 05 S 53 5 Osndl phey Coes 4 SRS (oys +/14) aomys /Y 5 (Aoys +/N)) a3 WA 55
Ll 3l et a5 ol acils et 2l (Ao s +/700) 4z 35V /) 5 (Ao s /) 4y +/0 5 3
ol Sl st 2 o8 Dy a3 3 e sy Yoo A Dl 3 6 a3 i lsbias (b
(St fen Ol e e SBLae 5508 Dl el S 3l DL mls A plal 2y oSin s e
5o ol sk @l (V) il sy b Sy 6t o il b ke Sle 5 Sop e
s Ol Ol 55,3 alamd 53 55 5 0l et Shlss o djon 5 4 5 ol S0 iass b seen

Llos S i)l 5 i O s5 S S 80k bl Llan S 15 S5 o s Sy s b

AR


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

BRETSY_ I ST S NP JUT

Jlo 03 e 5 Do g 55 (FA) Sl ol Ol iess JialS o 553 rti;a 33 Pl et jhals
S b 1S s 1) ol slim as ACL ol 551 Sy Ol ey 45 oot sl bl T\ Y
sl e Joll oS (65 53 oS Jlaal J2alS s wsp 8 o s 01 5 S5 el S0
Son e B398 o s L) col st S5 ACL (ol 51 (6,800 ) S
3ol olid 5 el 2als S ade 53 skiS G53L B T 555 S ges S o a3 5 Lol Cipns
dede ol Cosii b aS iy e sl b SEalS 03 S o oS > bt 01, 058 5Ll p S e e
a3l 48 ol sdonls OIS latas 53 3ymsnll T 555 Sedees slaoly 5 5 L Ly 3
Sl SS5L sl sliiS sl ol (See S eslem 5 Sop e S meS s Sles
GB35 Aty 5 35 Al 3 gl et RalS o Lz o 555 15 5 S0 s 5SS
A2l (53,55 Sl Sogons OF GALED 5 S5 o dade Copl anits Ll o & 555 553500
oealS ol s 530Sy e e SoudB Gdo 3 £/00 il a5 Lo dey e Sl a (8) 5 E0)
Sl 05k Al e Dy e bl amen el 035y Sg e 0 R ammns et 4l
Ml (63,55 L Lolil 53 a8 AEb ol dliae j3 JMas— pae iy Sales o &u05 lalas
oo sblag s s Al asdl als Wi e 5 S oler SLE Sl sl 5o il g
b 31N das e |y S esler 4 Sl Sl eslnl S e Sl S am s T 5l xS
I o Lol lsbine o (golel B3l dior o« o 05,8 3 55 sl 4 Oy Loy Sl a5 L s
3 e Oeslm 53 et il 53 O s 5 et hlss oS sl Jll 015 e el sl
Jsdo sbesls pwlal sl n el oSo (g 8 J2alS Sl @ 555 opl & AL 0350 O 5051 i
53 ples s O 3031 p 53 ey Jenll Ko (555 5 Llalins 288 Ao 3 YUY Lals i 05 5 55 (Y
U S 5l 650k 3 s 4 Al e o8 55 e edalin jlalime s JalS Ao 0708 55 28 0 S
LIS Gl B3 5 Ol Jeolie Llss s 358 a5 655w L) Sl e g b il Osa5]
S 5 (SlenS ol g a8 sazms 45 Ao w3y Oy Og03lm 5 S 53 Lo (sla i3 g0
Ao Cie Js S ke Seni b IS e (58 ol 4 Odeny 0L Lo yat) 55 5 0l Jolis
SR 5 e Jadll 1Ko (550 slabian 5 Rk RIS 4 e (el B 8 D50 S e o
35 Jeolis gblss hais ol= fass o 4ol poesdle (EY) Lsd 5y alsd 55 ACL ol Jlazs|
SHl 03 Slimns o pB sy Dl el el Gl (K &S s 0 e Jlir b o
5035 i | SKusG il e olge opl oled Al old 55 I asspn 5 JWs 3 Slmio 55 5555

Ail el Slalas S sos e Jedl WS (g5 0 S o
i T s el Sl F S s et (e Jeddl S e sl 4 O Ol 550 50

J.Als M)J-\/V/\jj};.; BE) L)LAS M)J\'/YAJQL&J' BE) u;ibﬁ\ MJJY‘/iV 8\})3}@&& /A

Y


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

VEer Okl 5 5l ) oplad csysld 5 (S5ns b s i

5 a0 05 SalS Lo s 0/Y0 5 Oley g rals s VAT L asl Je t/AA 5 o e ,S 5s L Er
S am S les g dald Oyl iy o @ Oge3l oy 53 U RS 65,8 53 b g5 s alS A s T/
Odemny Oloj 5l i Jiul53l ((SadS Blon 31 Lol el 0355 Jlsbins (glel Bl 3l G| Ol il
OV ol Coaal 51513 ACL ol Szl (2alS 5l b 330 & 5 5 0 i SR8l 5 50 2ol &
ol Ol 5 e 55 alisd 53 il T 5 O et U8 e S5 i e s Ll s
Sl el FS Y Jl o U 5 s ok @B L e mld ol asl 1
Ols o 53 $3308 Jip 5335 Szl oo 3 Jirle i 3 SSleaS 2 PTP @ g se 0l Sty
(op s amin Nl e oS sl Olis ol e 28 s ol pen L3151 3 ) 3550 1y Ll
OB 535558 5o 5l Glasly plmlr 5 LSS 058 55 Sl s 25l B adsl ulas alad 51a5 3 Ol
(8Y) 355 lsbas (g lal Bl 3l ol il ol i (63 508 o 0 Soulgs 3 5 e Sl oS Bloos .2l
Jolse cnl 35 b dal o dy o i (RS 5 o 058 o O] (g sk pe s & Jlaa
ol b Sl s el 4 5L Sl S Olpsa

o & 0303l 53 225 05,8 53 SEA doys WA dals Y s @ a5 b 4,0 555
Olpen ol 4 Sl 0350 I3 doss /¥ IS 05 8 (sl Olee ol S M0 e 0sa3l
GBI a3 Cdlate o2 05,8 55 a5 g 5 B 2alS Js (el 0350 Slslis (golel Bl 3l Caoles
S5 058 53 ke S 3 355 S5 Awl ks Sl Wl e 5 e Sl Bl ol esll
(sl odkdiaenlne 353 51 oy 4l Yoo 3l 5o 40 a0yl @ a5 Ll Sl el el am o
53 Al a5 B Dl ad 55 aalie 4,5 D L 58 a5 8 (61l i Ol el
e Jgb s Jeolie sblss Bldslsg b g5l Sl i KLl Ll e 225 058 55 45 Ol
3 At a5 A3l e LB il 0Ll Il 5 b alasy b olSa 5o 4, oSl s 4 il 50
Bl als Ol gba (e Josdl nSe (5 0 Sl 53 05,0 e Dleyde Ll L (cd Ol 5o
aalsl 53 L el 4l 2alS 558 dlamd 5o 515 5 O Jeolie sblss Sop o st b oax STl
Jodll e (55 iy SIS o Ll o5 il O 5 515 et Rl dald et =gl 53 5 oS
S g 4 blae Sl riamen 5 (e

S5 A
Sl sSE Ses 0503l 5 U S Son G SR8 Sl el sl Sl G Sl s L
;»AQ\MWJJ eJ}.:.:)‘JLlM cu,:.c) M\uﬂgﬁ szﬁﬁﬂu ¢ACL WTM}&M
b STACL el 51 (g, Kis 53 Sl pad cpl Sl il 5l Cg oS 558 o slgiin sl 03 50 St a0
JEMQMQ}LLMMJWU‘}““’“J‘:’WJﬁf&ﬂ‘gﬁ)}’aiw‘x‘;;:ébw&‘

éLAJ}ULS;)LSMJZ’S‘J}‘quSH&;.A:.A)_).)Lf)jm)ﬁc\ﬁﬁf)_g)ﬁjldqjﬁbﬁdw)JS)‘J:O


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

BRETSY_ I ST SRR O |

JUEl ol (5555 (et S Ll on Sl oddnnS 558 Dby el ba 55 65 (ool)l sty S
o il Al & e L (88) dal easanils K5, bus ST eyl bsa A8 Iy
8 Dl s 5 (V) sl s ACL ol (gl el ) 5SU S Ol sy (e Jodll oS
PR sl (l sl 58 alasd 3 OF Olge lsbias 5 o Sadr 2alS 4 e Son e
Ol yo 3,8 513 eslizlsy g0 ACL ol 5l (6, Ky sladite b g 15l 51 (S Ol ey L5 oo
Dl 1y ACL ol 353 o VL 0T OLCE 5,5 45 Jldly 5 b oJL b Il 5505 slaazsy

Jeas 51 3 OIS 55 €Sty Sl ol (s onel g G55 s S 5 Sl g e il

.«b‘}.& J..Laoj.@.j QUL:LW.‘:

SIS0 g i
plmil S 3 oS Slem al Olgiosl oK1 S o o la3T Jgin 5 s g3l Sl ahow sy

J{'T&L}Aﬂcﬁj S..«.r“c.)\.'».)\...: }.q:m" U’;'Q)J'l 4\.:.....11[...2

&b

1. Karanian, F., Daneshmandi, H., Hemmatinejad, M., Rahnema, N. (2013). Study of financial costs of injury in different
organs of Iranian Premier League footballers. Sports Medicine. 10: (69-87). (Persian)

2. Paterno, M. V., Schmitt, L. C., Ford, K. R., Rauh, M. J., Myer, G. D., Huang, B., Hewett, T. E. (2010). Biomechanical
measures during landing and postural stability predict second anterior cruciate ligament injury after anterior cruciate
ligament reconstruction and return to sport. The American Journal of Sports Medicine. 38(10), 1968-1978.

3. Griffin, L. Y., Albohm, M. J., Arendt, E. A., Bahr, R., Beynnon, B. D., DeMaio, M., Hewett, T. E. (2006). Understanding
and preventing noncontact anterior cruciate ligament injuries: a review of the Hunt Valley |l meeting, January 2005.
The American Journal of Sports Medicine. 34(9), 1512-1532.

4. Renstrom, P., Ljungqvist, A., Arendt, E., Beynnon, B., Fukubayashi, T., Garrett, W., & Mandelbaum, B. (2008). Non-
contact ACL injuries in female athletes: an International Olympic Committee current concepts statement. British
Journal of Sports Medicine. 42(6), 394-412.

5. Bahr, R., Engebretsen, L. (Eds.). (2009). Sports injury prevention. Wiley-Blackwell.

6. Santello, M. (2005). Review of motor control mechanisms underlying impact absorption from falls. Gait & Posture.
21(1), 85-94.

7. Waldén, M., Atroshi, I., Magnusson, H., Wagner, P., Hagglund, M. (2012). Prevention of acute knee injuries in
adolescent female football players: cluster randomized controlled trial. British Medical Journal. 344, e3042.

8. Shultz, S. J., Schmitz, R. J., Benjaminse, A., Collins, M., Ford, K., Kulas, A. S. (2015). ACL research retreat VII: An
update on anterior cruciate ligament injury risk factor identification, screening, and prevention: March 19-21, 2015;
Greensboro, NC. Journal of Athletic Training. 50(10), 1076-1093.

9. Hewett, T. E., Torg, J. S., Boden, B. P. (2009). Video analysis of trunk and knee motion during non-contact anterior
cruciate ligament injury in female athletes: lateral trunk and knee abduction motion are combined components of the
injury mechanism. British Journal of Sports Medicine. 43(6), 417-422.

10. Shultz, S. J., Nguyen, A. D., Schmitz, R. J. (2008). Differences in lower extremity anatomical and postural
characteristics in males and females between maturation groups. Journal of Orthopaedic & Sports Physical Therapy.
38(3), 137-149.

11. Boden, B. P., Dean, G. S., Feagin, J. A., Garrett, W. E. (2000). Mechanisms of anterior cruciate ligament injury.
Orthopedics. 23(6), 573-578.

12. Markolf, K. L., Burchfield, D. M., Shapiro, M. M., Shepard, M. F., Finerman, G. A., Slauterbeck, J. L. (1995).
Combined knee loading states that generate high anterior cruciate ligament forces. Journal of Orthopaedic Research.
13(6), 930-935.

13. Oatis, C. A. (2009). Kinesiology: the mechanics and pathomechanics of human movement. Lippincott Williams &
Wilkins.

14. Olsen, O. E., Myklebust, G., Engebretsen, L., Bahr, R. (2004). Injury mechanisms for anterior cruciate ligament
injuries in team handball: a systematic video analysis. The American Journal of Sports Medicine. 32(4), 1002-1012.

15. Ireland, M. L. (1999). Anterior cruciate ligament injury in female athletes: epidemiology. Journal of Athletic Training.
34(2), 150.

16. Babhr, R., Engebretsen, L. (Eds.). (2011). Handbook of sports medicine and science, sports injury prevention; Vol.
17. John Wiley & Sons.

17. Jeansonne, J. J., Montz, J., Rodriguez, J. (2007). Examining the effect of an in season plyometric training program
on peak impact jumping forces in females. Journal of Biomechanics. 40(2), S739.

18. Yeow, C. H,, Lee, P. V. S., Goh, J. C. H. (2011). An investigation of lower extremity energy dissipation strategies
during single-leg and double-leg landing based on sagittal and frontal plane biomechanics. Human Movement
Science. 30(3), 624-635.

\§


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

VEer Okl 5 5l ) oplad csysld 5 (S5ns b s i

[ DOI: 10.29252/jsmt.19.1.23 ]

Downloaded from jsmt.khu.ac.ir at 8:30 +0330 on Monday November 15th 2021

19. McNair, P. J., Prapavessis, H., Callender, K. (2000). Decreasing landing forces: effect of instruction. British Journal
of Sports Medicine. 34(4), 293-296.

20. Daneshjoo A, Mokhtar AH, Rahnama N, Yusof A. The effects of injury preventive warm-up programs on knee strength
ratio in young male professional soccer players. PloS One. 2012-3; 7(12):e50979.

21. Malina, R. M., Bouchard, C., Bar-Or, O. (2004). Growth, maturation, and physical activity. Human Kinetics.

22. Thomas JR, Silverman S, Nelson J. (2015).Research methods in physical activity; 7th. Human Kinetics.

23. Ratamess, N. A. (2011). ACSM's Foundations of Strength Training and Conditioning. Wolters Kluwer
Health/Lippincott Williams & Wilkins.

24. Pappas, E., Hagins, M., Sheikhzadeh, A., Nordin, M., Rose, D. (2007). Biomechanical differences between unilateral
and bilateral landings from a jump: gender differences. Clinical Journal of Sport Medicine. 17(4), 263-268.

25. Kendall FP, McCreary EK, Provance PG. (2005). Muscles: testing and function with posture and pain. Lippincott
Williams & Wilkins.

26. Thorborg K, Bandholm T, H6Imich P. (2013). Hip-and knee-strength assessments using a hand-held dynamometer
with external belt-fixation are inter-tester reliable. Knee Surgery, Sports Traumatology, Arthroscopy. 21(3):550-5.

27. Khayambashi K, Ghoddosi N, Straub RK, Powers CM. (2016). Hip muscle strength predicts noncontact anterior
cruciate ligament injury in male and female athletes: a prospective study. The American Journal of Sports Medicine.
44(2):355-61.

28. Queen, R. M., Renner, K., & Peebles, A. (2019). Landing Mechanics Differences between the Drop Vertical Jump
and Stop Jump: 2237: Board# 2 May 31 9: 30 AM-11: 30 AM. Medicine & Science in Sports & Exercise. 51(6), 610-
611.

29. McDonnell, J., Zwetsloot, K. A., Houmard, J., DeVita, P. (2019). Skipping has lower knee joint contact forces and
higher metabolic cost compared to running. Gait & Posture. 70, 414-419.

30. White, J. D., Carson, N., Baum, B. S., Reinking, M. F., McPoil, T. G. (2019). Use of 2-dimensional sagittal kinematic
variables to estimate ground reaction force during running. International Journal of Sports Physical Therapy. 14(2),
174.

31. Zatsiorsky, V. (1998). Kinematic geometry of human motion: Body posture. Kinematics of Human Motion. 90.

32. Rhea, M. R., Alvar, B. A., Burkett, L. N., Ball, S. D. (2003). A meta-analysis to determine the dose response for
strength development. Medicine & Science in Sports & Exercise. 456-464.

33. Willardson, J. M., Burkett, L. N. (2005). A comparison of 3 different rest intervals on the exercise volume completed
during a workout. The Journal of Strength & Conditioning Research. 19(1), 23-26.

34. Kwon, Y. J., Lee, H. O. (2013). How different knee flexion angles influence the hip extensor in the prone position.
Journal of Physical Therapy Science. 25(10), 1295-1297.

35. Kraemer, W.J., Ratamess, N. A. (2004). Fundamentals of resistance training: progression and exercise prescription.
Medicine & Science in Sports & Exercise. 36(4), 674-688.

36. Neumann, D. A. (2002). Kinesiology of the musculoskeletal system: foundations for physical rehabilitation. Mosby.

37. Herman, D. C., Weinhold, P. S., Guskiewicz, K. M., Garrett, W. E., Yu, B., Padua, D. A. (2008). The effects of strength
training on the lower extremity biomechanics of female recreational athletes during a stop-jump task. The American
Journal of Sports Medicine. 36(4), 733-740.

38. Chappell, J. D., Creighton, R. A., Giuliani, C., Yu, B., Garrett, W. E. (2007). Kinematics and electromyography of
landing preparation in vertical stop-jump: risks for noncontact anterior cruciate ligament injury. The American Journal
of Sports Medicine. 35(2), 235-241.

39. Hewett, T. E., Myer, G. D., Ford, K. R., Paterno, M. V., Quatman, C. E. (2012). The 2012 ABJS Nicolas Andry Award:
The sequence of prevention: a systematic approach to prevent anterior cruciate ligament injury. Clinical Orthopaedics
& Related Research®. 470(10), 2930-2940.

40. Walsh, M., Boling, M. C., McGrath, M., Blackburn, J. T., Padua, D. A. (2012). Lower extremity muscle activation and
knee flexion during a jump-landing task. Journal of Athletic Training. 47(4), 406-413.

41. Malinzak, R. A., Colby, S. M., Kirkendall, D. T., Yu, B., Garrett, W. E. (2001). A comparison of knee joint motion
patterns between men and women in selected athletic tasks. Clinical Biomechanics. 16(5), 438-445.

42. Santello, M. (2005). Review of motor control mechanisms underlying impact absorption from falls. Gait & Posture.
21(1), 85-94.

43. Leporace, G., Praxedes, J., Pereira, G. R., Pinto, S. M., Chagas, D., Metsavaht, L., Batista, L. A. (2013). Influence
of a preventive training program on lower limb kinematics and vertical jump height of male volleyball athletes.
Physical Therapy in Sport. 14(1), 35-43.

44. Bompa, T., & Buzzichelli, C. (2015). Periodization training for sports; 3rd. Human Kinetics.

@p L;:__,“’,fg_',' Q‘-’-lr-? ﬁj% .(\£~~) ch)lf‘Ll r«‘\s gb\ié‘}; bl?.b.J f‘ﬂ.& ‘t—“:bftﬁ’. J:l" ‘Jf:‘,): B}‘ji e GJ: A"B

5505 b 55 Fasn 5 I ko Bl 63,55 b el (S 5 (SSLS la, g6 Ky S e
Vo YAYOY/jsmE A A YY T ol g YF-YO:(\)VA L 5,05

How to cite this article: Azadeh Doroodgar, Khalil Khayambashi, Shahram
Lenjannejadian, Ghasem Yadegarfar. (2021). The effect of Gluteus maximus muscle
strengthening on kinematic and kinetic risk factors of non-contact ACL injury. 19(1):23-35.

Qn Persian). DOI: 10.29252/jsmt.19.1.23. /

Yo


https://jsmt.khu.ac.ir/article-1-382-fa.html
http://dx.doi.org/10.29252/jsmt.19.1.23

