DOI: 10.22122/jrrs.v15i5.3477 Vesnu Publications

53133 3990 SH 209 9 AUIP 35595 b O oSl ko SLSST 51,21 50 SN O Shos g Suilogu

¥

C)@SM,’:“"‘J;'" JjJMgALA.LAM“ Olaladlalrla Slaas

Ao
1900 S

plil S Oda .l 03 S Iy o3k gloy oMae &p 5 Ols u;;..f,,la;nf Sk s mu0ls e 53 SISl Sl a3 3l eslizal o) el tdodo
Colal gy SISl Sl o5 338 Sl 5 63,0 S oleslgitn 5 e is, 4l 5 widE Slallls 55 5 ge glasgeS 5 Mt Bl Sl tagh
25 e 9 FEuOlS

5 ScienceDirect PubMed Sledbl slaeSil 53 ol Sl Sl 5 atoe) 53 4l HLisl edSSl SV (s el (sl 95 9 Slgw
Kinetics Kinematics Squaty gleejls dS™ 31 esp Y+Y b ¥ors gladle Sllas 4 5gdoms 45 oy ol 53 .45 5 sz GoOgle Scholar
5 & oslizel (MeSH L Medical Subject Headings) i o 5250 a0l s ol » bOT 51 S 5 5 Optimization Muscle function
W28 8 il s LI L i ¥Y 1 i 655 26 o0z

ol 48 8 15y 350 len 18 S @ e 5 S 50 5 K 5] cownT I 6Kk wile sl b SISl oS cladidl
3 550584 Jolie 53kiS ity o Jolin (S o ials oleT s & Slidiond 53 0l (s p SBae b (SaiS ( SlesS sla ol oy g
o 33 b5 ol o plowil OISl il (sl 25 53 S (68U (3l ¢ i 53 39 6K a5 Ol Sl DM (S U1 e
WEI 5 gy S 55 e SMae 5 Ses I SIS SleMbl sdaze Slalllas 5> SMze 5 Shee

3 515 sl 4153 5 sl 55 O OISl 5 b e Cmisn b il b e 51 5855 L (ssln b 50 b e 51 e b o Sl plowl 206 5 Ao
— 3 ladute 3l eslial 7 pl e Tl ES o ol (612 Sl olin oy 358 Laim bST Gla B 4T (b 4 oS Gas b Sl SCul ol
S o 038 565 5 oMb slas bl Bl Cgr 53 Ll o e ier Sae 5> Shes I AT 5 oS o o S giluaig oite 4 SHae
AL b w0l 5 s b Oalal (gl Sl Sl

A0l 5 SIS 5 65 Shas talas (e 5lg wuls”

3,500, b OlgSu] clise sLSWST glpal 43 OMas 3 Sl § Sillogn sy (1S dumed ozt jgyn (b (dlaas lailalpls gl
NRFYF (0) 10 YA (sl psle 1o ingls (il 950 S o 9 (SIS
VWAARND sl &

VYANMNANE = 5ol 2,6 YWANYIT :cdl o b

(ACL |, Anterior cruciate ligament) .ol sblite bl (gjlwil >l doNdo
Job 55 OlS &y it Camidg |yl &S > cpizman )13 5,38 (%)
(V) ol (93 Slae sl 2blg5 S (sl oten Sk 5 2550 1,55 59,
le (S > YNBSS 4 Mo 31,81 5 Sl 2SS e8> (ol (b s

7S 5 45 oml OMae Cogl (dlp B niiseges S S sl
wwlol gl )lhe ying gl 4 wwae @08 5 ol (ByxuS b S cl
2 0jgyel (V) WS o oS 0059y slaclled ploxil 5 ()9 slaslg) 5>

ogMe a3b o () s &l 9 (V) ihison (A) 3L (A) omiSb
D)9 Ay cad ¢S)> A Egemo )‘| C',SP OﬁJ5l bl,ﬁ.«a] ‘Oﬁ‘ »
Sl b as ol oMae @8 iovi lcws 2 g cuwl Sizad,el

Zloy odiawwl bl paoy oz Sy pl 5l odlizul Sloyd STy
Slule wle (Mo glop | ide plys 4 g col @Bl il
e 51 i 5 (8) b g0 (S F ) S5 Slogia s ) 2aS)

Olpl 05 03 oKl el drwgi ) Hlutdy sbralobs ole diws ( pawmss 8 -)

Al o3z g2 o8l andls dmusgf 55 lagity (sloailal sole s 5 ki 5 b o15utils KlSa unige 09,5 olyoli] -V
Ol ladol o Blyg5) laduol dlg ¢ oMl ST oKl o9 pole 5 (S Capryi 0aSuisly kil =Y
Al el (Kly9) leduol 3oy ¢ oMl 3131 o8l ¢ 5559 pole g (S a5 018 )bdbiusl £ 388 Ao 520 2 29 Jarno Biarns 95

Email: parastooshams@yahoo.com

WA (63 9,30 /0 o)l 1N Jlo [ sl pole )3 yimgly

Ya¥

http://jrrs.mui.ac.ir


http://dx.doi.org/10.22122/jrrs.v15i5.3477
http://orcid.org/0000-0002-9581-5645
http://orcid.org/0000-0002-4464-7194
http://orcid.org/0000-0004-1755-5416

oMas > Sles (Kinetics) s (Kinematics) sleiS™ (Squat)
ool p ol 5 S5 o (Optimization) (¢ ;lwaiss (Muscle Function)
40,5 odlawl (MeSH) Medical Subject Headings (sa.ls” -575l
Sl s wlod yuize SYlie Jolds dadlllae 4y YlEs 399 Hlize
5 oyed Slial & i)y gl 1y OleSl SlSegy 45 35 ySie SleMb
&S ol U us oW ol Giod (0 gy 030 HI)8 iy 3y90 (iiSu el
IS5 3 g 9058 sgpe sl oy bl 59y (63b5 48T iy slosingy
L 5 L;.)lg‘) <\.|a.;|) 9 Cawl 0l ) PVaLe 8950 Slalllao » & LgbLuo
o yimgy adS” bk «dun (N JS05) dgu Glin! cudly pols Guiod Bua
5 Olides plad ) odliiwl dy90 mbio g1 (lsy jope g (S lalllao s3> &

W03,5 )y Cross-reference g, b wispllas jg50 5 (S (slo jing}

bl
P Alis i ¥4y oo cadllas slaslel polol p goian a5
by oVlie 008y 5 plois 4 a2y L a5 00,5 il ol S5 claolSL
9 LSS @Vle (IS LS Sl dw @93 9 3909 slaylne (185 s
P b QBal oS (i puyp sl e 00 4 S35 adye pé
)] oa)f L)"I uulwl PRI d,..a}u VY b L.wl)w.b.' e VY EE)LJ sk.AﬂLP
Ol by Gy sl (b o3l 2ed e pastie daiagh
bl oMl JUs 4 b 5 pisugly cbanls b s il
ol el e S 3 Skos 5 5l sl Sy 4 Wlgie ol
Aol Cawd S o 1! Bl
L85 B sexe g woap e S s ey 0ad il lalllas
SleisS sloasls b 3 48 29y ligios Lol & loSenl SilSage
dy90 dla.? L)’»{I BEl dlio V- Eyoixe )y J.’:‘J)f N ul}g,wl M 9
b blo)l 52 2,00 15 5 SlatsS b alasly ) (o 3,90 ¥ 45 CE5 15 )
Oyl Cilies bS5 > EMae 3 Slas oy 392 SloSsl St
HElg g sy dSSgn 3 edlatl pslaie 4 &S 39 (653 dae
290 448 CE)F )8 (qw)p 3y90 da (nl 53 5 petne Alie W3S 595
il gped SleSal St g SlatsS ) 008 oy Vo b o
by dlie ¥ lsSul (5 oS ilosinge b aaly 3 o)y ogdle

Gl o 1Y Jgdo 13 35wy

03y 208" (g
Squat
Kinematics

Kinetics
Muscle function
Optimization
ojly LIS" oS5

PubMed

ScienceDirect

Google Scholar

I

oS b Soop cdls o lailinl GlgSnl e8> S oyl 5,8 ol
CS o ol e 0801 Wl 08 5 35500 ST 55 g o) Jolae JolS
4 S bl ) e 058 LB o) Slilee 4 oy lesnl b s
(00) 39,53k 395 ady] caeipn

N & sy 98 (il g (uyed Slaal b Sl eS8 o 2l
i) 5 69y 2 b Jles! oo (ool oiod ¢ uod plla) onds ad)S
WlgSl Bas dy (2,5) G plsl (6351, 0550 g b Gl (sloy «uly
(IV) sl 035" gite Sl ) &8 2 ool plol sl by, (arily gyl gl
2 0l dlogl yaliiS g e (550 (e Glgiee dpl g9 4ty (ol plo
ol 390 e Cogl b plejen g 3 el S pb ) Jolie
S OSel & sy o iy 4231 () iy Jili> & 1y ol o0 Jloto]
» ble bSusS I ooliiwl bl wisls asgr LB lus S ol ) ol
Sl)gliiS g gy Wl e S (slagl Joo loj )3 oy 4 o sl
S @AY () amd Gl 1)l Jas g 08 5)ly 35 o a0 1y Bkl
Foml ygaie & Sl €8> iludite 2 e 2B 5T & ol
ol g otee Gum 0 b (VF) conl 48,5 cijgo o (a5l Gl g 38

Car Py oml e Sy cals S byl
e 9 Sy gly slodig Comnl ccusl jop 3l 6xSolr 5 iSuply
Sl goiio sl ClgSul &8 > G2l la by, & ol 4 @295 Ly 3l
38das 5 Silfogn aiaj 53 d2g0 SleMbl 950 L T 23,5 (55 (V)
13 395 Lasde (Sl S o glp] Gilies sla by, 55 > oMas
sy s (Rehabilitative) _isuoly 3,505, b leSul
g Cwl by i cuedl I ol jedls ax (Training)
gk gl olel p Canl 48515 dag 3)90 yieS cere sla el
5 d500 plwlid ) ablS Cldllas )d dg590 sdgS (g5 o il
ol Foml s gl lpl 3 g eanl Clids coa alesleiiy
Bl el g duly Blaal gl oS >

by %5959 3lg0
S Sllegn aiej p odd Oy SVl (iagh (nl pbsl ln
A5 g ScienceDirect 5 PubMed  SleMbl oSOl p> wlgSul

g ol 50 43,8 edlaiwl Google Scholar (ssociuwe j5ige jl (opmionen
OleSl gloojly adS 5l gy YoV B Yerr gla o Oldllas & dga0r0 4

ab

Ao ¥eo o 8l

»

Yo il ogud ) JSib

Yao

WA (63 9,30 /0 0)lous N0 Jlo [ ol pole ) yimgly

http://jrrs.mui.ac.ir



SlgSunl Cilicn gl b 1y 55 A 8 yShos § Suiiu (SeiloiuS die 50 ouid oy Olalllao ) Jguor

3 0y Sy yad 4y o gl Sl e 2y o
S o onl g 955 0 3,5 ACL & (6165 (59,5 gl o
el ol Sl sl
ol odlae (adples ;o wbj g bawgte b (2 b SISl
el 53556 o 5 5
G331 e (el spiST 5188 gl B Sl
ABS (o
o |y OV ool oSt b anglin 10 ol5T 4554
S (o0 ol
L9 5l e Slesk adsl J=lhe jo Coasl ol 5l coliial
ROW ]

A5 ety Jolio (35 > asels 1155
gy 3 oo sl 51 e by Sl s gty Sl sl
ol 550
sl yyiSTol (65058 Wi e 423 Vo b cwd (21> (252
&S iy SlgSasl 28 40 1 o,

(S5 45 & Jyane SISl 5 255 - Tt 5 o2
gl a8yt Jole gln g 95 o SeS SDlae o iy
el Sie
88l aman 15 DleSul alites slajle ys gl SIS > ololis
Sk oyg0 3 0 Mas Jhomin sl plgie 4 SISl (5,35
2l oly SMas Cagll )0 s i b (Soeiad 5k s,
1) gt 5 o ke (gl 5o i sy oS U
il SIS
Jolye 50 Ailgs i Jolin o 35 > aisls SEMI Sl jo
bl sl (il b iy
29 odlial o1 59315 (3, 510y po ez b 230l sl
2)5lse La8 7S jaS a5 WS o 3l 5l 4 i b oS |z
sl oo 4y gil5 25 o Sl ke o iSust Blanl (s
RO PSS
oy 3 el Gty 51 7la by Sl o el Bl sl
ol K50
Sk s 50l sln SleSl 2l Ghg; Gr el )l

50090 5> Sadgazme b ol gl o5 sl (Bye b lsSl
el oesbio b a5 Gml Jsb Sl 5 @o (2SS
3Skae 5 gl 5 45 Sotloims 53l anily £lis| i
I (5 o8 - Sy g il jgmitnST DLAe

2B b e SleSl
b oo g lsSl

L calies sla s e b &lsSial

(elagar 2ty 5 Sl
g 0l5T 559 b lgSul
Camonsl oK
g 0l5T 559 b lgSul
Cpomnl oK
B Ok g SlsSl
sl e 5| flla L ol

$blss b OlgSsl avylin
Ged 7B Bz Gl
SleSl g (Jgore SISl

e )

7B b e SleSl
Bk pe S5 SlsSl
] 3l 5 (s lgSl

Semi 5 s el

Codgaze ey g b DleSul
95 Sl s g, S >
Codgaze ey g b DleSul
95 Sl s g, S >
Sl g e 51l b gl
o YL
lgSl il sl i) 55

b il sbo e b SlySul

b oleSCul jo aaly elas )| o
el e

0, Slee 5SS

5, Slas g SslasS
Sdlae

(¥) o,Kea o TOutoungi
(OY) o, Ken 4 Escamilla

) ol 5 Escamilla
(10) oI, 4 Caterisano

(\#) Behm 4 Anderson
(V) o5 4 Cotterman

OA) o, Kea s Hemmerich
(V) o), 5 Gullett

(V+) ol,5en 4 Pereira

(V) ol,5%n 4 McBride
(vv) Schoenfeld

(") o, 5 Lamontagne
(V) o, %o 4 Cotterman
(V%) oI, 5 Drinkwater
(Y0) ol,5en 4 LOrenzetti
(Y8 o, Ken g Fry

(YY) Swinton 4 Aspe
0% o, Kea s Comfort
(YA) o, Ken  Demers

(Y4) o,5en 5 LeE

ACL: Anterior cruciate ligament

L ldlas cpl i ) Gl &8)5 13 oy 390 slodyis S

3y slogys Sials wile Jglate slaas | SlsSul glpl lize b,
V) Jolio p Jlos! 5kiS zals (¥ OY) acaalSd 5 (V) plul ol

WA (63 9,30 /0 o)l 1N Jlo [ sl pole )3 yimgly

Sy

3 oS (Y OF YO-YY) Jlgssl aile Lalise Glaal b oSl ¢S >
a4 (00 &+ V) oM 5 Slas 390 9 (V) S8 o)) (YF) canmol o0

Y4y

http://jrrs.mui.ac.ir



(W) 20 e Sl

Shs 4 (SeiS sl a3l duglio & (sl Sl (gl 2 opdle
Slaslsy clSul e clpl Gl gy, g oskiS Ay
2 545 gols OMae yiuds B 50 e YU I CleSl 3 (VN AY)
Clld iy (eld 5 )3 45 ol g 4 cuty OMae iy I gl
plsl @l ool ©Mae (isuply Caa wyoe sl 4 plpls S (o
el OleSwl (YY) Mibge o oYU SlSul 5l Pl cas I wleSul
o9le cnl )3 9 2398 $l) rguitnST glitS g (5)LiS g9y aljEl el
Cled aizyn )l OMae Cleb g 55 by o 2 Sl L Cundse
sl 5l loSl (s (prod 4wl sl yiiig (el e ©ae
Sromlie Sy «@hid g g gl Jolie 4 jiaS 59y Jlosl cde &
Cogl slp (% adlas )3 (1) g0 Cguine Sk lioyed sl
s jo g0l @i b wlgSul plol a8” d yaseiie S ol ©ls wlas
S0 Oils 4 Dy Caewl oKd b eSS ol pbal I guse ©ld o
gl plsl sizjn (1) Sgd o e b Ol Lalpd ) e
el g 3yls ol Lads 4y 65568 5L I3l 559 b dunlie 53 ool olSis b
28 gl Ll V) 25 e mnl 0 ol D131 Sl o 1y sy
S Gl e (V) Bgdb o Cugis dlae (¢ ynin Sl oljl 45 5l ool
3 eeiSugly adgl sl 3 ol yiag ( Slizs il ol gyl 531 5 o8
M Cusdl S ol 3 5 2 ool Cuew! oiwd b gl leSul
D9y )5 a0l 4559 cbae (¢ yni

B ) by il g 5 Sl 1 S50 oo | S
5L oo by ) el Soton 4 cand oSl G 53 oy slapl
dsio Oldllas o CleSwl s bapliil (65,53 Cusdge g (oS> alely
Lty ol () AY A0 AV AATY FEYY) el w35 o0
Gl oy o 1) Jolis 3 oud sl ks ()], Ken 4 Escamilla
Juaio jgliiS Jaie a8 gy Slalisee dgdme I lapyl .ol JIE ypr 3)90 b
pbol &S Bawy doei pl 4 g L0)S dusbre Juolie plw p ogde |y o
9> 5 1) oy OMas Lisuplg )3 ol g bawgie b (2 b SlgSl
2l el Lose b o)Kan 5 Demers (W) ol 538,50 o jouSls
xSk SadSen s o ISy Jolie (o Al
Codgazme b o8l (gl o b By b ClgSul (gl a8 adl s g 15,8
g Lee (VA) cuwl powlio obj 4 oul Jsb 1> 5 ge (0S8 ()93 5
iy 5 OISl e 1y sl el e b 0B Giagk 2 olyKen
eMae 5Slee g ol 5 a5 SsloisS |y ol 86 pae g 138
(YR) 355,8 osalie (5508 — idy g l} jguiinS]

ol oS oy Aloll) tw CleSwl g 4w Swinton 4 Aspe
e 5 b (535 ) oo 5 (0l 25 oy alol) (Sl
dnlie 2)90 cilisee (slayly 3 (SSlSage (slagasli Jaie Sl 1) (il
g Aged )35 Galisee slacdls )3 1) HaliiS peySlo Hlade o Lol )8
Cogl 3 Gpkda 2D (Siidygh gy 5 S Gl (bl ol
Ot 9 e s (Sl 3 (e (hey o5 b ) oy eMae
5SS slaasls (o)Ken 5 McBride (YY) wib o phls e
wyp Baa b ase g9y OleSuwl 5 @leSiul clls 9> (5 1y cMae 5 Slos

5 0l dunlie (VF) Jlai de Mae glaog)S Cuol g (YY) 3,65, (iuljdl
sl 03,5 (Byme () (i

R R O e e R
ol SISk g g > sl e lado 3l 5 el et
Conl 485518 oS g (cyp 3)90 g33ke (Sillogn sladix 5l oS >
4 &5 Wb ar ol ) (S (S5 ol (SoilesS s (Y AF-TR)
2 2ile gl &S sanples 5 JI5 g 5 Jolie S
Ceoyo slugly bl oy (SHleS Jlos Sy el slate (Bl
JB Sye (s QL g copo ool 5 Jolie lagly CLis g slaygl;
b oLy ol olos 53l 4 cladlias 1o 5 lyie & ool laply
559 wlgSul <8 3 (S gk 4 08 )5Sy a1 et
Jolie & Wl Bas 4 a5 18 oo ET |y 295 S o o3kium] Cumisy
(7o) 25 ail adsl cumdy @ (s g amdoe SIS e g 5l )
Pl 2 )8l (yiodias Cund S5 lgie @ Slg oo DSl SleisS )z
28 ol 3)90 (iSulsi g (uyed )53 Sy b (Al Jlan 5 S Slos
slopadls e > Jlacl jb g €8 Copn 8 4 05 b 0y
SeiS 4 il dog g Sl Gl Glagty, (S 5 (SslensS
Glanl gy Ty pasls ol pols b 4 LS8 liiee wlySsl < o
ol & s g (VA TY XA TR 03l 15 loss 3,90 (o500l 5 iyl
Blazly ol oSy awb g e Glbrio > bplsl § Jolio 4l
Iy ol5 5 oy Jhate 38y aiehy (1 Ske o Kan 5 Hemmerich (VA 1)
Iy ge oS awoygd 9 axd VOY £ W) 5 A0 VY (i oy uiSS
sl gty SlsSsl €8 o plol & 358 ol g U5 40 YOIF £ 00
Cunl oy S awoyed > YA- £ 0/0 PBls wiojls sl oas
ey & Sl ey 3 gl ST g Sl e ommes (V)
DOA) 300 25 0y Olggel > B3 5 ()6 i3 2

S ol o (St oo 8 Sy (SilSog oy 0 S0 e
LA ey dile (21 plual Byl 5l o5 olaygliiS 5 lagys sy &
P& B SlaygliiS g gy cmiren 9 3900 Dy JKS559 4 Jeed
My < plp p caglie b e85 obul gy eMas by 5 Jolis
(SS o Sy ploxl 4o ¢ ugSan Snlnd Nigy 3 il o0 D900
o) OSly slegys L plojer < > eS8 (SleisS oM ()
gy cwl 5 ol Kdegh sdw 5 Mib e (GRF L Ground reaction forces)
o3litl ool 5 opli] olis 5 005 3)lg (slig s 5 39S dumloxs sl
S o SatnS elbasl il Cilial b (gobj liime (10-YY) Sled S
loimgls Syt (T N AV XFYE) Wlools S5 oyt 3,90 1y Sl
o Jelie g Lol oad o)y (o)lid g oDy (oAiS Slagy
Y OY OF FOYY) whod S wyy gl g owlidoun] Bun b clgSul
O e ol Sl e (sla i) anlie b )San 5 Toutoungi
S e isulp sl SlsSul S plodl oo ot 5 5y
3 ey liz o 5l Simal g lio |y ACL capml & Mo 231 13 ¢ oo
0o 9 OloSl awglie b ) Sen o Escamilla (¢, 500 addllas 3 (V) il
b g 85l gy cullad gily GBlibl cMae wlgSwl 8 s 3 aS 158 e b

Sl yes 3 &8 ol jl plgice (oSl 3 ACL y 3)ly oS (59068 & d258

yav

WA (63 9,30 /0 0)lous N0 Jlo [ ol pole ) yimgly

http://jrrs.mui.ac.ir



O, K 5 OUnilal o ilaze

B 3y ol 5 cstor] a5 51 S5 o i B 5 o] (sl sl
hol 5,59, (Y OF YO-YA) 5,5 1,8 oslitwl 3yg0 (saidu e @l pad )
OlgSwl 8 > (235l Lioli8l 3 )5 )y ©Mae 5 Sles o Slalllas
9 iSuly Sl gy e 5)50 s gl lp &S iloding
LV AY DY) 0 gl

Pl > &S o 0kipgl Sy 4y g L ol o dlae oMo 3 Slas
Coenl | (b9 chlisee gl el sy 3 o G (o 9 A3k
Yool G «leSl eS8 o plonl e &S cas ol 5l cal Yy ol
9 Sl Slp e nyed Olgis & CS e cpl g S o dlae
3fkes & Slads > Lol 3505y (1) 290 awslid @8 alél
S il Gl () A5 DRTY XY XYYA) w35 yp oMiae
Slial caa Jai 3)00 cMas Cosll ylp S Sileding 5 Sl
3o (pyp poliia & laghg) crymly Sl (S g SPik g iSegly
O hpogi Cua & Al (B gleg il ¢ o85)5 Slale ) Hae
38%es Gl ol @ (ool Rdagh 08 (o0 g dlde clld a4
9 o Hge Sl dilize laghy) slipl g |y o il e
Gl 045 Q)Y Jgda )0 55800 Sladss jl glaods plesly )l )3 duylis

il SMas (18 YY) XY YYD XY XA) sShe cllas
09,5 93 Llodgy ylaime dag 3j90 (VY YV X¥F) a5l jidy Jlws Slioo
o) slaoains ¢S > ol plgis 4 S pen 5 e dlsS e
[F DAYV XY YYD XY YA) WIS L8 ey Syee side
s el 5 (VF ARYY Y IV-XD XV XA) bt gt
Mas ol was ol Olidss i 55 56 () AV Y XY XY SY)
e (V) XV XF) C8,5 5 1t sty oyl ,555,) OMde w5
ChS Cypo gieigieS das 55y Spkin on @ Jate »
125 e ol 9y S 5l casio LALEI L Alds gl (V5 XY ¥A)
S gilj O3 Gl 4 093 (S ptegpl GALEI L 5 S (o0 (55 5l 590
Segly sl (il b as” 5,8 olo o) Ken 5 Toutoungi (YY) sl oo
) 3> ity callh gy i g gl S5 EIE
2 Jol8 gl plosl il dlae cpl cosll 4 jls & (Shee 5 nlnle
o cpl & o) Ken 5 DiONISIo o)l cuze ) Semi cleSwl b duslis
Orsieig s g (ol el ©Mae (sl ¢S > pll )3 & W)
& SWi oy uln ) SlgSul cluyes pbxl 5 1)l Slojen oL
(7) Aisly dudo

OMas Wb Cogl Sl CS &5 ae (niee
gy s Pl A Gl Wb gl Jate (55 oS Jos
(F-) 255 o 418 SISl o |y 3 5 e 2L ol 5 i
() el 0nd ()15 ogiS) dlae plp 93 290 gl (295 59 5
)ly i g Cunl dute AS oubo bl Sloiil @l yes o wMae cpl co gl
oS Joe cdlae (55 (IV) e e yialS Gl lS s 3 1) bl 5 okl
355 Ll e OMae cpl Al oo S e 095 i5ily Jado 59
Semi @Sl pbl b oeplpl (W) L) gl uiss aspp Vo B Y- )
ko bl (iluil 4 S s EHlac 098 (Sl g b ol
S Gl 5 Jade s (IS gk 4 5,5 S8 i o8

9 233)S dunlie CleSl il cpwld B > cMae algS — Sauis &y
89y OleSl I it SleSul jd wMas > Sles &S Ly ao (pl &
BB —(SiS 2 Lol & Jsame SlsSal plsl 5 9 Jaio
o Drinkwater .(YV) ail pgase aisoples clwl gly Wlg o cunl
Jaie j) Gl byl 5 |, (Partial) oje o ol clgSl oo)lSen
Sl plsl Cuonl 3929 b o8 2035 (o 5 auslie (SiiS slopadls
poxl o Jolie Sl ey (Jlyijl Slaal (gl bawgie 5L b (2>
WS 00yl 1) (teglie 5 (guyed S SSgn Ban Sl el (jr SISl
«leSal alely yioljal &8 asdlyd of)Ken o Caterisano ¢ yuzen (YY)
b &S )lie el g amd o Gl oger Sle ugtigls dlde (65
Sbgl b as sl lis o)) San o Pereira guiss gbs (V) 294 o0 dlae oyl
Pl oly ssShl eMas 6080 Glee oly 2 ()B pid e 4 ¥
eMas 1 05,8 ol Casi sy plul Cuxige b ol Liylj3l clySal &8 o
o 1y Jolie (sblsj 5 55kisS <) Kan o Lorenzetti (Y+) o (gjluodige
dglio Lo ] €8> Cudgis b Sl ¢ ol Slj] S o b lsSl
915 5ol ogily S e o b lgSil p3 45 Ny Ao cpl A g A28
Py et Al )3 gl 0SB gl 9 2b oo LI ) HoliiS g Sl
5 odlitl ool o Jla dlie i)y gl ool Casl (S5 ls )
s 5eS L g 0)ly i sytti Jb oS Iz )b o IO (g5l b,
lraly 5b wlie JSgn b iagh < 3 (V) 295 (oo S35 S &
ol b 9 1) oliiS (lise 3 s b ISl > ol Jade (o8
ol 3925 b gl ole 4 5y <5l opSele 4 b (i ls 5 8
GBI S5 g cun Jolie 4 Jlacl j5lisS gllj Jade 3y joluiS
ieply Slual Gy cubie g el Sl Ko plxl a5 and
(V) ol p3Y sl Coous &y 15 &S > Sl e

oz o S5 clallas e ganzen maplyte & (Sige
Cusdge g asl poye Ji Gl lgSul lpl gy cnpcambe (8L
@ Olgie el sl (LiSuply g (Sl g )l sl daly 551,
b gl 9,8 anslye (VF) o) Ken o COMPOrt giss jl odel cowd 4 gl
2900 9 Sl 3,509, b ladllas 3 0p hmgh S5 0 5Nk
ol 5955 2 1y plal 655,15 Cuasbyn g SlsSel 3o il o Slisios
Sobe sl (20 b oSl idgy 0357 (g A 3 Sl g Jolie
Gl g gl 5y €8 el 5 b b s b LS (o0 5 5S)5 L
Lis joS (slagwgd & (byb & Jal Gos b Clysl pbsl y glj sl
(V) 03,5 (Byme <8 > ol plomil alsae sy 1) w595

SHleiS lagadld & CiS g e ool cole gabgen
Olyis & 0l (gwyp slghsy o Sl Bhe) rewlie LI Gl ieS
Ll Jlre als 5 (VA Y YA XA) 0 4B L 5 ike b
g plsly Jolia p 3)ly (5905 9 )9leaS Jolio ale (SiiS” (slagadli
Ol jiin (500 Ghle 4 (VO-TY) dg i 3 Slas 5 cullad lie
lp Ghg) rcmlie B a0b i ) (SSliS) <8 sl g, 5 oI
e ke 1) 0y (e lapadls Jold jiy & plidas gios
whasls o Sl Suash e Bua & cush 1) blawl ol olg e
oy S LS qwyp 3y90 1) Jolae g plul py 3ly joliS g gy e

WA (63 9,30 /0 o)l 1N Jlo [ sl pole )3 yimgly

YaA

http://jrrs.mui.ac.ir



OlgSwl &8y (gl ol calizio Gy o9y 2 o0l ploxil calizio g i gy jo ouls )y DLAe Y Jou

Sl S Sy (S oS Sl 2 e (BB G
Ster s S S Sy e 99 5 e

She (S oS (o oy e 93 () Sy (2B G
YL 35Sl o Sh Sl 0l 55 1Sy e 93 ¢ B e
o5 35Sl oS
SRR T

o5 555l oS VL eS| (2l 90 e SE Sl

S5 i oSy e 93 Gl Sl (2B o (B o
S5 oS S0055 e Jlae (o Sy (R
(o3 (Blo gl g0 Sy 95 (2 D (B
PERC LBT= SIS )

S 59w oS o 930S Sy (2B e (S e
75 LSl (2 ) Gt (S e
WoouiS 4535 09,5 ¢ sled
S s e 93 Sy Sl (2B e (S o
oS Sl oS (VL e (2B 090 e ooSB Sy
(S 930Gl Sl (Gl g (2B St IS o

RM 0o )0 Y8 5 #0 ;0 b calises (5,0 dus dunnlio

0,0 A 5000508 (9 5 908 L 2l anglie
RM
O% 0y 22 WO L jho 0 ilizee (sb (250 dus aslie
ool o83 Ly o1 il Ly lgSial i

ghe Ve o old o g Dlil Scelus SlsSul anslas
RM ssj0 9
s LRM asjo Ae g jio 50 SlgSul aslis
A5 S eyl
Ve g ¥ o jlan ol cilids (e an anlie
RM as o
ol ol b e 51 il b loSisl an e

e g gl> 5l e b oleSul aslie
G 7 GRSz i sbls; b lgSul anslie

o YL 5 Sl b e 5 2l b clsSl aylie

Siglite sblgs b SleSasl s gil5 SilSagas

(*v) Melrose s McCaw
() o, Ken 4 Zink

('f) o), 4 Caterisano
(\#) Behm 4 Anderson

(0) ol,5en 4 McBride
(%) o, Ken g Hamlyn

Y) o), 5en o Paoli

(YA) o, Ken o Schwanbeck
09) o, Ken 5 Gullett

(V) ol,5%n 4 McBride
(¥+) o, Ken 4 Pereira

(YY) Swinton 4 Aspe

M) o, s Kubo

LodiiS 5055 ¢ 2lid v (5 59 ol

il & s (F7) S slag)lmal 5 (Y0) (85 sloc)les 5
Sy 5 Siloges slaollislof] 3 (i = Al slaue 51 05385,
5o olass 3, 8kes sioe dne ol 31 oolitel b sl 003 syl
S 3gaome 9355 gy lSl iz glgil 3 plajon g0 4] aliae
(FV) )5 3929 00 gy a9 (dhoe b g (o i

Sl iledde il e b oSl ¢S ia 68 ojlodig
OIS Ly 53 oS 5 s Sty Bl g > ol
Wile At 0,505 WS > 53 Hludl gyl Sldllae jd g o odlatl
Salod gy 5l Jolie 2 3)ly sbaysliiS g lagyss g oad Jao clgSiul
dox 1 L(VF FO-YY) sl sl cows 4 (INVerse dynamic) s
Sl gwiie cae 5 ol 5l edlil (ugSae Sualud K9, slad S
Fal g wdbe aBlil gy 5 S Jolo 9 oS iy (udy ool
«gjwaig (FA) W55 auwlxe (Optimization) (¢jlwanss ol &b
oS ol ML ) olizal b adsl onl Ky 5 s slol (gl B
FB Clor o yae 38l (sjlwdingy 5 Bun (FY) ool ool Cowd 4 5t
(FY) ol e glajls g rudgios 4 dogi b Jgud

pLl ClgSial GacSuiSS oy dualiio 3,509, L & (598 lisis juiy
e 45 (V0-VY) OS5 o silting adlbs Sy s |y ek
g lew oSy 4 a2y b ]y CloSul lal (og) b oS cp e sl
9 il Slaped g bl sl ond e Glmgh 3 & (S
28 29 pasia Sy dls pl Comal 0,8 @ Lisops

S bl 3 amiSle usSslS wun Jade cMac (|l
ISy qen st g hSSgn (LI L 5 29800 b SlsSial
29 (1Y) 2l i 35 9l3 5 N Ol 3 il Jlegeh! SoS 4y 9 5 (0
Ol 38les 29yt SISl Bee & i yn (S e 09)5 S
s e 63650 5 Cagl Sl omzmen (1Y) Mo Gl 5o dhae
sl » ol eitugly Slajed > gmSle weSals 5 el
woled a8 laxsS (YY) o Liliel 1) bl oy dlol lgSl oS >
39d il dlde (63550 Mt )y ol S i 045 awyp Slelllo
158 ol 53 & Y Al (1)) gy leSnl S > > Jlub dlise Yoo
5 B Obal wish ¢yt )18 ,50 48 SMas etk ol e
Cygo (BlSaleg xSl dusy 4 e culd el &S pl s @
2 O Sl Sy alas (ool s Glejer () Sl (85 e
9 €85 8 (swp 9o o (e A 3 Sles L 95 de liios
odlaiul el pas g (EMS] llan Mo &y angi by fos OMae 3 Slos ol
)5 Bl sl 590 13 (2l sy, il
38as oy slp (6500 gy s sMas — (Sl sl s Sl sl
Sestoga il sl pasls bl s cul (FY) 39500 slod 4 <Hae
380es g aplil £8p> W)y aw g Wgd o dible alae (slajld) 5 o
Ol g (FF) aajm Jlai 5l g abpo &y gy S (gl |) ©Mae
15l wMae ol oS Alas ) SlSogn Saate (glo sl dpwlo
Jolge ol G185 (g 4y SaS g (FF) plusl py 000l 0y (sl g Jolio

¥aq

WA (63 9,30 /0 0)lous N0 Jlo [ ol pole ) yimgly

http://jrrs.mui.ac.ir



ol copmizman bl cund 4 35 dee clae 3 Shee J SleMbl g b9

S 5 o
b oSl plsl dal bgy Jlai | &8 S Gl ooyl adlllas guuzes
b b Curbge b aild (0 5l 585 b gglue sb poye L sl o
@ ol Goe b lsSul ploxl g gl; sl AbI]T g gl 4 9y S Sl
ool 8 >l il Sl sl (Bgy g Lais oS Sla g oS (b ys
Giliseo SYM] 5 M b 3l a8 iy dog Wb dlus o) 4 il
Gl Iy Sl ) ditin glofy Clasuin b cleSul gl wjls
St plul 3 ,Slas Sla Sl e o5 3l 3 e8> s sluine 5
Slyyed g 3b hjgel oo JSKb @ |y SleSl eS8y g e itun
sl sl y el g (il 3 e 0,5 (21l (loged 4 |y Sl

bl LB i g (w03 Cuogad i by

‘53'&)»&5 9 ,Sb‘"
ool 5 (OBRulysd) ledol oMl Sl oKl ) asy s
Oigh ey pbsl 4 laileses (o) Ken oS 05 oSl SuilKegy

.,\_{luﬁ Jes 4y (a8 5 Sis sl aily ol

OB Wz g5
plxl iy Jb @lie @l adlas gibponl 5 Ak Gblaiblel (dane
b)) idgca ol quls ped 5 oo daodly (gjslaes addlas
4 Jlo) o 2l 4bgcans aub o ale palis 55 Sl dLigilund paass
bl b5l 51 adlae plodl Wl (SoylSy s Culghus come
wdlas gilbponl 5 (Al ggyn oo deze (g Sl 4 (sSSly
a3 (b)) s pad 5 Jod wdlle (ole g a2l 5 Slady closs
A & Jlol Cop 2l g apb ale paalio L5 ] A
55ty il b 5T S adllas plosl ald (Sl bis Cughuns e
Sloxs wdllae (ilboponl 5 (Ahb (rFAumed gy heb b @
AibgCuwd @lal @S el 5 Jbd dlas (ole g olpl g Slutsy
S (2 bt dob ( ole puplie 15 S A paasS b))
BT ) adllas plonl il (So )l b Cogpus dome 55 4 o)

sl edge a1y sl bl &y o6l Lol

S @be
3e5 )Ll g gy ol 005 (i a0 oF paSed Aa L g
sbabd olimghy Jo cules b (iSuglys psle 3 (hngl dbe 3 Sl
sl ol piles ey ol (gibre slad Lo S50 (bxe
(Bhb > oBimgh (pl 085 ©yge Slopd Gl 2%, b s Fsels
bl i adlllas cpl (5155 g peS

el cle 4y 38 Cunl o o yed g iSule b STy il (osken
o ol b g i capl 20m0 9 098 )b L] Hld wcalicl (S > (5ol
(F8) 2Bl 1S 50 (g9 sl Sl ol

5 Cwd S (g ilwainge Sl el S 5e5 ) b
simao 5 Gl adsly o s IS Gl s Coonl bl (B0 BY) 2 aYL
I o b 45,5 el plain)lS b oS LegisS)) 5 sl asle
Silodig [y 09> 9 8) ol A (35 o3 il asle S liEee
GilwJse 5l eolazol b O] P &S ladlas gy cpl b (OV-00) aS
5 b elslae 8 oy g 5 11y lsSial e (550 (Sunles
& Aoyl g (e Blial gy ¢ olis 5 aplul yy CMoles g gl
GuNdogdu .0 saalie yaS (FA BF) (£39a%0 3150 )3 e 4 aliygl Causd
oS Jole s 4 joliiS esls Cbl b oogs Liagh 0 o )Kes
)l oSl €8 il asSI sl IS0t Jolis cul oy > Mg
S ) Ken g llralalzls (AY) J)9Tua Ol 408 gl 1y (g yig
AT i )3 03,8 (loinny Sglize )l Jlosl Cumdge s 53 1y clsSel
@l oSen gliS (pyiad o 305 bl (S glagll | o5 A
ol g ey aolisl wlgul plst gl 1y o3l ol 5 1S el oy Juate
S ) udy S OL Jlesl b lsSul <8 plol o Sisws ax
6% adlae > Ses 5 llaiblzls (OY) cosl b bg) plo 4 Cons
Slanje s @b Sl G55 e (ras plae 3)Slos ) solaie &
3 o 4 bl el 53,8 sl SlsSil €8 > g5 (il sl
)513.;:5 ).i'fl.b ‘CSP uS\:JS\o dj).il ‘J..ol.é.o )515..:;'5 .\.;._:"I).g ‘d}u%
Sl & Sy o cpl 4 g wl Gl (Pl a3ls g gl Jate
Sy ol o a sl sansn Jials yogdle dige (5 555!
SailS 3 (gilwaing Julyd 10,8 slgiiig «Judd ek 4 a2 0 i8] 55
b cwlie pBaiSassle b 03)5 1al (60p)5 Gyaw & iyl 3150 5
Sen g Matsui .(0F) anles cdbyy cuslio Gloyy gy 295 e
@l Lhpas 55l dal Sygo s oS wals 4l ClySl €S 5 LS
ol ons shb cdse &8 bl sbel ulp wiley e Jols
&Nl Dl Kl wins Scale aolaidl Cygo 4 38 2 b S,
(BA) 23,5 w213 3,8 12 (sl (ol ai

CYGXETRE )
i)l Pl b oad, S s ol iagh )3 ey 390 Sl ok
bSuSs lRilejl 5 b oS Gl 590 Glidss a8
Dy dalgd oy BB 538 O)ge 4 Olwl iz

by olgiy
&9 b ppes ol sl e (slagSl o] (slaimgs 3 33,5 oo i
g Dl Sl g (G5 Sl pliS i ssle Cilise jlee
Oy Il g iseoly (Sl e o gl ol b xsd (siluat
codie cols b opmen g odlitel eyl Jlails 5 oMas
oWy Syt OMas (lgSul pbul e b jlednd SMas — Sl

WA (63 9,30 /0 o)l 1N Jlo [ sl pole )3 yimgly

http://jrrs.mui.ac.ir



e

ool 33 oD CoMlus drwg o luidy glaalls Lole atun gac b Gkl e 53 adbes @l ()l (b By

Biy e 9 (PN Sy odSl bolil G5 (S dued s #$3 ole atn gae WA o s By SelSesn saass 5S>
A8l on (OS] Gladiol aly (oMl a3l olSisls @ oo 385 L o 23 oKD o drwgr ) luidy slaailobs

References

1. Kubo K, lkebukuro T, Yata H. Effects of squat training with different depths on lower limb muscle volumes. Eur J Appl

Physiol 2019; 119(9): 1933-42.

2. Toutoungi DE, Lu TW, Leardini A, Catani F, O'Connor JJ. Cruciate ligament forces in the human knee during rehabilitation
exercises. Clin Biomech (Bristol, Avon) 2000; 15(3): 176-87.

3. Rutland M, O'Connell D, Brismee JM, Sizer P, Apte G, O'Connell J. Evidence-supported rehabilitation of patellar
tendinopathy. N Am J Sports Phys Ther 2010; 5(3): 166-78.

4. Frohm A, Saartok T, Halvorsen K, Renstrom P. Eccentric treatment for patellar tendinopathy: A prospective randomised
short-term pilot study of two rehabilitation protocols. Br J Sports Med 2007; 41(7): e7.

5. Behm D, Colado JC. The effectiveness of resistance training using unstable surfaces and devices for rehabilitation. Int
J Sports Phys Ther 2012; 7(2): 226-41.

6. Glaviano NR, Baellow A, Saliba S. Elevated fear avoidance affects lower extremity strength and squatting kinematics in
women with patellofemoral pain. Athl Train Sports Health Car 2019; 11(4): 192-200.

7. dos Santos AN, Pavao SL, Rocha NA. Sit-to-stand movement in children with cerebral palsy: A critical review. Res Dev
Disabil 2011; 32(6): 2243-52.

8. Mak MK, Hui-Chan CW. The speed of sit-to-stand can be modulated in Parkinson's disease. Clin Neurophysiol 2005; 116(4):
780-9.

9. Bahrami F, Riener R, Jabedar-Maralani P, Schmidt G. Biomechanical analysis of sit-to-stand transfer in healthy and
paraplegic subjects. Clin Biomech (Bristol, Avon) 2000; 15(2): 123-33.

10. Galli M, Cimolin V, Crivellini M, Campanini |. Quantitative analysis of sit to stand movement: experimental set-up definition
and application to healthy and hemiplegic adults. Gait Posture 2008; 28(1): 80-5.

11. Escamilla RF, Fleisig GS, Lowry TM, Barrentine SW, Andrews JR. A three-dimensional biomechanical analysis of the squat
during varying stance widths. Med Sci Sports Exerc 2001; 33(6): 984-98.

12. Escamilla RF, Fleisig GS, Zheng N, Lander JE, Barrentine SW, Andrews JR, et al. Effects of technique variations on knee
biomechanics during the squat and leg press. Med Sci Sports Exerc 2001; 33(9): 1552-66.

13. Yeadon MR, King MA, Wilson C. Modelling the maximum voluntary joint torque/angular velocity relationship in human
movement. J Biomech 2006; 39(3): 476-82.

14. Comfort P, McMahon J, Suchomel T. Optimizing squat technique-revisited. Strength Cond J 2020 40(6):68-74.

15. Caterisano A, Moss R, Pellinger T, Woodruff K, Lewis V, Booth W, et al. The effect of back squat depth on the EMG
Activity of 4 Superficial Hip and thigh muscles. J Strength Cond Res 2002; 16(3): 428-32.

16. Anderson K, Behm DG. Trunk muscle activity increases with unstable squat movements. Can J Appl Physiol 2005; 30(1):
33-45.

17. Cotterman ML, Darby LA, Skelly WA. Comparison of muscle force production using the Smith machine and free weights for
bench press and squat exercises. J Strength Cond Res 2005; 19(1): 169-76.

18. Hemmerich A, Brown H, Smith S, Marthandam SS, Wyss UP. Hip, knee, and ankle kinematics of high range of motion
activities of daily living. J Orthop Res 2006; 24(4): 770-81.

19. Gullett JC, Tillman MD, Gutierrez GM, Chow JW. A biomechanical comparison of back and front squats in healthy trained
individuals. J Strength Cond Res 2009; 23(1): 284-92.

20. Pereira GR, Leporace G, Chagas D, Furtado LF, Praxedes J, Batista LA. Influence of hip external rotation on hip adductor and
rectus femoris myoelectric activity during a dynamic parallel squat. J Strength Cond Res 2010; 24(10): 2749-54.

21. McBride JM, Skinner JW, Schafer PC, Haines TL, Kirby TJ. Comparison of kinetic variables and muscle activity during a
squat vs. a box squat. J Strength Cond Res 2010; 24(12): 3195-9.

22. Schoenfeld BJ. Squatting kinematics and kinetics and their application to exercise performance. J Strength Cond Res 2010;
24(12): 3497-506.

23. Lamontagne M, Brisson N, Kennedy MJ, Beaule PE. Preoperative and postoperative lower-extremity joint and pelvic
kinematics during maximal squatting of patients with cam femoro-acetabular impingement. J Bone Joint Surg Am 2011,
93(Suppl 2): 40-5.

24. Drinkwater EJ, Moore NR, Bird SP. Effects of changing from full range of motion to partial range of motion on squat
kinetics. J Strength Cond Res 2012; 26(4): 890-6.

25. Lorenzetti S, Gulay T, Stoop M, List R, Gerber H, Schellenberg F, et al. Comparison of the angles and corresponding
moments in the knee and hip during restricted and unrestricted squats. J Strength Cond Res 2012; 26(10): 2829-36.

26. Fry AC, Smith JC, Schilling BK. Effect of knee position on hip and knee torques during the barbell squat. J Strength Cond

oy WA (63 9,30 /0 0)leus 110 Jlo [ siieslys pole ) jimgly

http://jrrs.mui.ac.ir



s

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
47.
48.
49.
50.
51.
52.

53.

54.
55.

Res 2003; 17(4): 629-33.

Aspe RR, Swinton PA. Electromyographic and kinetic comparison of the back squat and overhead squat. J Strength Cond Res
2014; 28(10): 2827-36.

Demers E, Pendenza J, Radevich V, Preuss R. The effect of stance width and anthropometrics on joint range of motion in the
lower extremities during a back squat. Int J Exerc Sci 2018; 11(1): 764-75.

Lee SP, Gillis CB, Ibarra JJ, Oldroyd DF, Zane RS. Heel-raised foot posture does not affect trunk and lower extremity
biomechanics during a barbell back squat in recreational weight lifters. J Strength Cond Res 2019; 33(3): 606-14.

Nisell R, Ekholm J. Joint load during the parallel squat in powerlifting and force analysis of in vivo bilateral quadriceps
tendon rupture. Scand J Med Sci Sports 1986; 8(2): 63-70.

Solomonow M, Baratta R, Zhou BH, Shoji H, Bose W, Beck C, et al. The synergistic action of the anterior cruciate ligament
and thigh muscles in maintaining joint stability. Am J Sports Med 1987; 15(3): 207-13.

McCaw ST, Melrose DR. Stance width and bar load effects on leg muscle activity during the parallel squat. Med Sci Sports
Exerc 1999; 31(3): 428-36.

Zink AJ, Whiting WC, Vincent WJ, McLaine AJ. The effects of a weight belt on trunk and leg muscle activity and joint
kinematics during the squat exercise. J Strength Cond Res 2001; 15(2): 235-40.

Caterisano A, Moss RF, Pellinger TK, Woodruff K, Lewis VC, Booth W, et al. The effect of back squat depth on the EMG
activity of 4 superficial hip and thigh muscles. J Strength Cond Res 2002; 16(3): 428-32.

McBride JM, Cormie P, Deane R. Isometric squat force output and muscle activity in stable and unstable conditions.
J Strength Cond Res 2006; 20(4): 915-8.

Hamlyn N, Behm DG, Young WB. Trunk muscle activation during dynamic weight-training exercises and isometric
instability activities. J Strength Cond Res 2007; 21(4): 1108-12.

Paoli A, Marcolin G, Petrone N. The effect of stance width on the electromyographical activity of eight superficial thigh
muscles during back squat with different bar loads. J Strength Cond Res 2009; 23(1): 246-50.

Schwanbeck S, Chilibeck PD, Binsted G. A comparison of free weight squat to Smith machine squat using electromyography.
J Strength Cond Res 2009; 23(9): 2588-91.

Dionisio VC, Almeida GL, Duarte M, Hirata RP. Kinematic, kinetic and EMG patterns during downward squatting.
J Electromyogr Kinesiol 2008; 18(1): 134-43.

Markolf KL, Gorek JF, Kabo JM, Shapiro MS. Direct measurement of resultant forces in the anterior cruciate ligament. An in
vitro study performed with a new experimental technique. J Bone Joint Surg Am 1990; 72(4): 557-67.

Lamontagne M, Brisson N, Kennedy MJ, Beaule PE. Preoperative and postoperative lower-extremity joint and pelvic
kinematics during maximal squatting of patients with cam femoro-acetabular impingement. J Bone Joint Surg Am 2011;
93(Suppl 2): 40-5.

Hoang HX, Diamond LE, Lloyd DG, Pizzolato C. A calibrated EMG-informed neuromusculoskeletal model can appropriately
account for muscle co-contraction in the estimation of hip joint contact forces in people with hip osteoarthritis. J Biomech
2019; 83: 134-42.

Nigg BM, Herzog W. Biomechanics of the Musculo-Skeletal System. Chichester, UK: Wiley; 1999. p. 416-20.

Delp SL, Anderson FC, Arnold AS, Loan P, Habib A, John CT, et al. OpenSim: Open-source software to create and analyze
dynamic simulations of movement. IEEE Trans Biomed Eng 2007; 54(11): 1940-50.

Gallo CA, Thompson WK, Lewandowski B, Humphreys BT, Funk JH, Funk NH, et al. Computational Modeling Using
Opensim to Simulatea Squat Exercise Motion. National Aeronautics and Space Administratio (NASA) [Online]. [Cited 2015];
Available from: URL: https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20150002700.pdf

Goehler CM, Helm K, Prato L, Levenda A. Presenting a performance assessment protocol and full body opensim model for
use in identifying risk of injury. Adv Ortho and Sprts Med 2019: AOASM-115.

Christophy M, Faruk Senan NA, Lotz JC, O'Reilly OM. A musculoskeletal model for the lumbar spine. Biomech Model
Mechanobiol 2012; 11(1-2): 19-34.

Xiang Y, Arora JS, Abdel-Malek K. Physics-based modeling and simulation of human walking: A review of optimization-
based and other approaches. Struct Multidiscipl Optim 2010; 42(1): 1-23.

Hajlotfalian M. Optimization of torque and stability to investigate the effect of exercise in arising control. Proceedings of the
2" National Congress on Application of Sport Sciences in Health; 2017 Feb 28-29; Shiraz, Iran. [In Persian].

Nishii J, Taniai Y. Evaluation of trajectory planning models for arm-reaching movements based on energy cost. Neural
Comput 2009; 21(9): 2634-47.

Friedman J, Flash T. Trajectory of the index finger during grasping. Exp Brain Res 2009; 196(4): 497-509.

Biess A, Liebermann DG, Flash T. A computational model for redundant human three-dimensional pointing
movements: Integration of independent spatial and temporal motor plans simplifies movement dynamics. J Neurosci 2007;
27(48): 13045-64.

Gundogdu O, Anderson KS, Parnianpour M. Simulation of manual materials handling: Biomechanial assessment under
different lifting conditions. Technol Health Care 2005; 13(1): 57-66.

Anderson FC, Pandy MG. Dynamic optimization of human walking. J Biomech Eng 2001; 123(5): 381-90.

Parnianpour M, Wang JL, Shirazi-Adl A, Khayatian B, Lafferriere G. A computational method for simulation of trunk

WA (63 9,30 /0 o)l 1N Jlo [ sl pole )3 yimgly oy

WWW.Mmui.ac.ir



motion: towards a theoretical based quantitative assessment of trunk performance. ACM 1999; 11.

56. Hajlotfalian M, Redaei A, Sadeghi H. Biomechanical modeling of selected methods of load carriage to improve military
capabilities of troops. J Sport Biomech 2016; 2(3):15-23. [In Persian].

57. Mostafa HL, Heidar S. Optimal trajectory of squat to stand movement by using different cost function. J Res Sport Rehabil
2018; 5(10): 49-57. [In Persian].

58. Matsui T, Motegi M, Tani N. Mathematical model for simulating human squat movements based on sequential optimization.
Mech Eng J 2016; 3(2): 15-00377.

o WA (63 9,31 /0 o)leus 11O Jlo /sl pole ) simng

http://jrrs.mui.ac.ir






DOI: 10.22122/jrrs.v15i5.3477 Vesnu Publications

The Biomechanics and Muscle Function in Various Squat Techniques with a
Rehabilitative and Training Approach: A Narrative Review

Mostafa HajLotfalian'®, Mohammad Hadi-Honarvar®®, Parastoo Shamsekohan *

Review Article

Introduction: Nowadays, squat exercises are commonly used in rehabilitation centers to expand muscle power and
strength. In this study, biomechanics and muscle function have been reviewed during squats. The aim of this study is
to recognize the gaps and deficiencies of previous studies and provide suggestions to improve the application and
safety of squats for rehabilitation and training purposes.

Materials and Methods: PubMed and ScienceDirect databases were searched for studies published in English
between 2000 and 2020. The Google Scholar search engine was also used for this purpose. Adopting from Medical
Subject Headings (MeSH) terms, the search was conducted with keywords Squat, Biomechanics, Muscle function,
and Optimization as well as the combination of these terms. The final analysis was performed on more than
32 articles with a direct relationship to the review subject.

Results: The squat exercise was widely investigated for several purposes such as improving techniques, preventing
injuries, and promoting muscle function. The most common parameters in kinematics, Kinetics, and muscle function
context were joint range of motion (ROM), joint maximum torque, especially maximum torque of the knee joint, and
quadriceps and hamstring muscles function, respectively. Despite numerous studies examining muscle function,
there was not enough information about profound muscles involved in the squat exercise. Furthermore, none of the
squat methods were optimized in terms of motion pattern.

Conclusion: Performing wide-stance back squat (> shoulder width) with natural foot positioning, unrestricted
movement of the knees, and full depth while the lordotic curve is maintained is an optimal technique to perform this
exercise. But it should be noted that the use of musculoskeletal models to optimize motion pattern and make
knowledge on the deep muscle function are beneficial to find gold standards and more use of the squat for clinical
and rehabilitation purposes.
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