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Abstract

Background and aims. Neuro-cognitive and motor tasks closely affect neuromuscular
coordination, athletic performance, and muscloskeletal injures. Neuro-cognitive skills with
muscular strength is an important factor in returning to sports activities, yet this factor israrely
considered. The aim of the present study was to evaluate the effect of neuromuscular
rehabilitation on Neuro-cognitive characteristics of male athletes with reconstructed anterior
cruciate ligament (ACL) injury.

Materials and Methods: A total of 10 male athletes with ACL reconstruction participated in the
current study. Choice auditory and visual reaction times, complex choice auditory and visual
reaction times, as well as anticipation skill at high and low speeds were evaluated using Speed
Anticipation Reaction Test (SART) software prior to and after 12 weeks of rehabilitation.
Accelerate model Brotzman rehabilitation protocol was implemented. To compare the means
before and after rehabilitation, paired t-test was run.

Results: After a period of rehabilitation, experimental group showed considerable improvement.
Sgnificant differences in choice (p=0/001) and complex visual (p=0/001) RT, and anticipation
skill in low speed (p=0/013) were observed, but no significant differences were found in choice
(p=0/156) and complex auditory (p=0/658) RT, and anticipation skill in high speed (p=0/071)
despite the improvement, compared with those in the athletes before the rehabilitation period (P
<0/05).

Conclusion: It seems that the reduction of neuro-cognitive skills, including visual reaction time
and anticipation skill is associated with loss of neuromuscular control. On the other hand, it
seems that traditional rehabilitation based on neuromuscular skills can improve neuro-cognitive
factors and improve visual reaction time and anticipation skill.

Keywords: Reaction Time, Anticipation Sill, Non Contact Injury, Anterior Crusiate Ligament

Cite this article as; Mohammadreza Ghomi, Azadeh Shadmehr, Nasrin Naseri, Zahra Khazeaipour. Effect of '
rehabilitation on neuro-cognitive characteristics of male athletes with reconstructed anterior cruciate ligament :
|

* Corresponding Author: Azadeh Shadmehr. Associated Professor, School of Rehabilitation, Tehran University of
Medical sciences, Tehran, Iran
E-mail address. shadmer @tums.ac.ir

J Rehab Med. 2016; 5(3): 48-57



.................. (Noc OB0gInA jy (AT WG (w)p

2 T 53l 3b b 5IK0 )59 18 0 S (was Ol gad § uduilgl il ()
oINS o By 59595 3

Yyg 153 1y T g puol oy ¥ 0ol 0313l N didine 08 Ly domo
ul).vl ‘ul).Qe ‘_;ib/p P}LG o Kishy M‘y 0dSishy L;vl).vy)d 0915 )L.w;‘) ‘u”‘)‘?’)‘g um L;I),Sa Y

Al el (S psls olEils Jlsbial o elain] (K55 aass Sy ¥

VWAL/AA : o L pdy VYAE/+0/)+ Tallis cidly 3

oS>

Slual g donio

2 GBS uas glo ©)loe dgite )b (Sl (Mds sl ol g (559 3,8bos ¢ (s as (Sinlen (IS 5 bl ((BLE (pas (> by
b (as e ©)lee p (b as LE5SIG U )y g) Uiy adlae Ban B (oo (B)yg sl il 4 CliSSL S0 Jelgel (SMae @08 IS
351 (#18 lo by (63,585 i sl (gLl b 188505 ooy

b gy 99190

o e 2lgid g i ol Jodll WS loj 0,8 <8 15 (ACL ReconStruction) « s oo bl (c5lojl I (w JK3559 350 03 il sadllas 5
Speed AntiCipation (¢ jewelsS 53l 5 sbo yseil 5 oalitel b cpmly 5 Vb oy b i Gl ke e oaloid 5 alin (6 odummy bl Joull uSe
& dwlio slp ailya) Brotzman Jss,, Accelerate Juo wlol 5 odowily Ad awyp laiin VY iswly s 0y90 jl a9 3 Reaction Test
2 odlizul (295 T gl 3l laysiz (nSibe

b a3l

= 1Y) Ok G b i Gl S)lee g (P10 )oglin e < (P=r/o0) )bt 2B Jodl GuSe lo puite du 3 (g loline Cglis « (glel s
G b St Gl e 359 (P=21500) i (s onzmn 9 (P=2110F ) alsid (5] Jadl (S oloj (sl poitio Ll e ol il 51 ams 5 1 (P
295 yloline (o ll s 51 Bl (5 0,93 5l U 4 G 3100 2929 b (P=+/2Y)) YL,

S A

503 il sl LS 3 (GMde gmae la 58 (el b ple Jedll uSe g (i i Oilae Sl ool (GBS (as lo O)lee SRS ) (o0 a5 @
P9 (o 2l Jodll S g G Gl ©)lee )l Esl g Cunl Sgo (BUS cas sl 96 250 > SHae (ras b ©)le g (e LSl 5 0)9
Sl W3

8 o Ll 63,08 1 b ol (i i )l (Jodll uSe o

S 31 pols BIELISID _ouiSeuiled BASWINS 1157 g0 3ad 09,5 LniId ¢ 2T 99 jud oS (618D . ypedlii 83131 58D 3] gl O 99
olxlolxé
shadmer@tums.ac.ir: oS g ywSI! Cuw

1990 j330 « e o)ladd . @ady 0)9s * (AYIGT b (legly — (ole aslilind

¥


mailto:shadmer@tums.ac.ir

= -
Sl g dondio

oo pzsly S pasy Mlodgy (ol amo iz el eglly uato 0aid Sl o piane lyis 4 o8 (ko By sl (Lol unilSe
s o ol 53 ole o tare (28 o g i g Sy GRS P 3 L el 398 o> Jijls (5 dmio IS > talS ] sl
Ilazl o ACL 3,55

by clWlaal 2 g o Ll 1) Ligys clagls JS lamys Yo a5 ail Lo )y 3] Mie o 5l ACL o]
s s Sinken pas o V0l 00als 3935 4 5,55 S5 4 5 2o y> VY =20 a5 1, ACL (23,55 106 clb capus] (3 b))
o celie GMae 2LEI g ploj 5 (L] )8 ol e da plul S ol Jols S pas Jold & ail 03,8 apl ) calie
Sl ol 5 (3509 2 8as (IMae (o (Sinlan (59, IS 556 5 S35 blo)l BLE (as alby oS> Bbjl Hasl,
a5l 2V lise diejls «Seolid (o o Ol Jlmwl S a5 ams e ol ] cladss M) Sl SMae
Slrio Sl s g Jijle ¢ axio )3 S o Gl (slne 4 o el 398 bt ey S8 cplple Nasl o T35 5
5 S3he pid bangs b plul g 45 Jlzaly JyuS b ool oo bl ol LY p5 (ol 51 (S0 lgis s bl o oye g S
b sl Jolee g e (6 daly o 4 S8 GWlae oS casl b ol TGl s Bl e Jedl e
Jlo Ll Ken g SWANIK 45 (gjgbo 4 conl dgamme diej opl jd Slalllas . Wl adlyy (23l wae slo gaiaily b (63,95
adllas 0l J1B oy D90 |y il old il bl (63,05 5 e ol g (BUd ae piSSB o bl ) addllae (> YooY
ST 31 Gt Gl b (sl 3 315 41,8 b)) 5590 ACL ol b1y (35 (i85 g (g30 3,80os oy byl 5l gl sl pol>
I om g 485 (BLS (ras gofl idgy 03,8 €855 (2B Slislus )3 & il gl iy (3555 (olod ) (53509 Jead
E959 039 B i gy a5 31 &S ()85 Ae Wl 09,5 o LTy 50b ACL (00,58 2 e ] Jlod & )IS550 A Juad ol b
S0 Spge cnl 4 gy Gy G gl 313 )15 auglio 3)s0 T guels’ BLS as ol Sl eslitl L aizaly sl Wyl b 355
s 09,5 L dulio 13 1) (35 (5 alabls g ol 5 hend 3 ShaweiaS il oo puo 5 (Vg Jadll uSe o 0 gl 095 &S
2 M s Sinlan 5 5L pas caialy > NS YsSulogysr JymS Lials g oS anl ol cadllas sl olts
Mgy gily ol5 gl bl ool b o),18555

o byl oS opsboay DTl Sl M lals b bLo)) 5 ol (Sas (5 oy 3,Klas 55 JM3] a5 cal oyl olisl
5 4y ggazme > DT Mewsl ol (515 (oo 3,9,68 (i 9 (o8 lo b ol Ggman (Slals g Jodl (S ploj il
s o ) o3l (8 0 Shes (03905 U lgn (3850 (S S i) aeby I (S e 4 Jedll (nSe ploj oy ) (0
e olyisar als ol o)l 5 Casl 0025 () p (BL e Jalge 1) (il U g adllae (19ST oSl o >l S
ol 0l cdae (559 4 ClSHL gl IS 5L 956

90 ol (635l I p 5 g (BT ameg Il (Be) 93 Sl LlF o e Dl Oolee 9 Jedll S ploj 65 o5l
2h Ol 23 (655 el g CEUS 50 (pyp 1T 09 (o0 drslne (ol (g dlde S lp Bro Jodll oSe (loj (1S 09 )]
D8 i)y 2,8 (IS Jodll uSs o s 9 o8 oo 41 085 (o0 S 5elS” 29 b g 3l (oo

s ol (5Ll L8550 ol je (BLb as slb &)lae (e aas (Bl 80 st 9y Ol sadllee Bam ol Ly
D92 (#M5 (alo bl (63,95 0

! Anterior Cruciate Ligament: ACL
2 central attention/cognition
3 Speed Anticipation Reaction Test: SART

gy aaeid ¢ Sib)y eole ol (iixAyilgl eole axakily



.................. (Noc OB0gInA jy (AT WG (w)p

g o
B gy 9919

(Bl e Dygo &y (655 Wiged WA dalllas 3y (o8 oo bl (gilojl (2l b candligh 2y0 Ve (o) dldlae ol el

91 0F £ O/Y o ¥A/5 2 0IY a5 D - IS 5 Cappellino ¢ die cla o3l Hlxo GBlyoul 5 pSiko 51 odlitul b diges o> g 390 03Lo

el Cusay digas pze Jse 8 5

o OPhyg el VS Cuws b o g )b dw ol aidn e g x50 Jlgd sl 48y )59 il gadllas )3 BAS C8pb (eles
o Ml 05 beike 5 sySols e & @l it (ol dasly LS ar shielly b O Mass o5 bl 1 S
DT 85391 wlod 8l cMuass (gl)ls BaS o8 i olod ¢ 23l

b g By pataSunio coml 95,0 | pel) Sl SMae (slo coml (1315 ()39 Casd Canl) e Jls FO B IA s adlllas & 399 Ll
S s 355 b nae g (Sdalio o Bgyem ol SYMS) (¢ aiils (5155 pas 5 (55 ol jor ACL sl b &8 5ilj (slo LIS Lo
b azzdls (g3l (5l 51 G S35 slo aldgi g JSIT 0983 ABle S pore (sl bl Bpan b (Gdg0j] &S yge 50 2g A
R

059 9 35 4l (5 g wdges JolS |y paseds cleMbl dolidusy puw g 03903 Lial |y ailalST (o aslinlis, p)3 1ol b Gdgejl I S5y
W) Gl (Sbiy pole ol SIS wtreS a0l 4 5y Sy a0 Jolpe sl b (65 031l 55

3ot g a3l om e VA BT (6 alols 4y Lo ogesl o plol 05 (S5, pole oSl sl 0aSiils )3 o (90l ol
e )3 izt 291 el LB o 6li5)) & o Sy 9y W (3503l igel pBm )3 08,5 8 pseil 250 il Sl 9,5
5 Josdl uSe e 65 ol .l B YU pods b (FA-- Y000 A Siguuols) geial Y LCD ysisle Ky oyt ¥ aliols |y gl
Mgy oas Shb o) Kan g pedls bawgs YT Jlo j3 )8l o5 opl .cd)S plosl SART 38l o5 bawgs s (i &)lee

Slgme < LCD & laly (sledygy by b d Jladl & a5 b 0,8 s Sigasl Qb g9y 2 550 ¥ (s aloldys aibolis 1380 p
(\ rgai ) 25 0anlio LB LCD amio s o0 5 QU GJ amiio 2 o 1380 p 5

Pigo3ly 0aigas 39051 (585 31)3 (5 0979 9 SART s Jib Lo 1) ygea

* Contact
5 Degenerative

1990 j330 « e o)ladd . @ady 0)9s * (AYIGT b (legly — (ole aslilind

A



oY

- 1 =
bsgs il ausl Bl ol 4 (age3l 3,8 4l (g (igeil sl S e s J 1S Sigeil g o (igeil 9,5 5 90l g5 ]
4 Y g o by by ol S48 dbul GGl 58 a5 el (uSe loj oisesl 1310008 Dbl Balad b 4 5 Sigal]
P Voo g¥erecdeedene (gla S5 b g8 o Sy blie aloid S0 5o Sialed )3 (ol g s @5 o8 sl )

(V' ygas ) 392 0 oal,3

il (§ dxiuo 4D (Hlgind § (o2l Jordl s (55030 1Yy guad

lgl 5l o 905l i 5Ll g0l w9 o Ll wlobus b7 s ped 295 59y 40 (BUgS e D (Sdgejl 3,3 Ll s ygejl oyl )
g 3 Sy 4 bgpye 4055 b G 59y 2 Kool i gl 55 3 Mao 25 Sl |y g b iy Jadl (1S o 905
ot Jb b (590i] 3,8 50,8 oo il elssds 4 ) Cilisee il Jlag 5 Sopp 4y bgipe 408 gt (903l 55 3 9 () oY
oS oloj il el ¢ igail Jl Ceand el 3l oo 5Lib (sl ) 1y o Ble (5 e8> sl Sigeil g Spme Julse 51 S, s
oS Gl 465> £95 pl 3 29 w2 G g9 4 foome Jedll S Gloj I3l 5 ) (o0 @l ) 2lgtd 5 ale (alSST el
5 wald 5 ) s g ol odemy B! Jedll (S ploj (b)) (el cnlpls @38 Jos dbgpe Syoe b jblie it ¢ ol
plse ) €8 b Syme bele 4 sy (el ploj da opgel 1 o pm )3 .88 plsl (b B0) (U Ve aed & 0 B9 sl gef]
903l ool Pl (sl e Gt Ol oS 903l GBI 00,8 b 0,8 (g S0l g s 3 5 (656 05l s bawgs 456
2 b Jlb e Gl il (e38 pgesl ol I3 5 )3 Sigeil L 9pd a8y (98 b 88 8 (LB Cumiy plan
03y S G o 3 el > S ol Gy b e o 4 pgiile ) o S (B oo 4 05 o gl ol (s xiio
3l g halojl 28 cny 4y alasd oyl 1ol )54 s ytogisS alasd cl 15 S ol sy 03 ol & 08 oS By 0l s
4 og a8 sy (oo G 4 & im0 e ol S (1055 9 095 0 BB o 4 g b ] 030 Sl 4 08 e Ol
09o3l bl L g b (5dgy yeile oo G 4l (aito 1S 55 oY S dlad (] 53 amd b |y L5 300 (5 4aS> s 03y (Sl
20 oloj 1 oS iy ol 4 a8 s SART s 35 bawgi (i e 09o3l 0o 093l nl )3 03,5 lgie b yiogiysS
s 33 515 dbol ol gl (B) owigd (talejl 38 Zusly wcudls 2925 s 53 (A) (26 (oBly (loj S 0153 41 sy b o5 3

¥ pga) dol (oo s 4y ko 93l 3285 L33 e iy ©)laee (30 Calid 0 08 (0

¢ Self-Training

Mgy 3agib (3} Eole slERSIS (iANleT eolc asSibils



Publed (5 aoxhuo )3 (Gl &)l 9031 F g
w3 S 2 092 (65500 i 93 Ly (o & 0l g o8 slite S 93 b (S e )l g0l pll IRl 5 ) A al 5
» g dwle 48 o)l s bl bawgi 338 i (i ©)lee (635 Lawgie Sl e Caled > 285 plosl (L ) () e
S ol O)lee 9 Jodll S o sl goil IS 00 asb gyl ) 55 Gtalesl ul )3 egiyeS s L n S gl (g Ul oy
(e85 ol gy, 5l easde ploj Ko 3 9 el GBI 4 > S 4y 09,5 93y (4l
0903l A g (dgeil (> Gl sl loj Sl o Cile a0k dslxe slajiall Jedll (WS loj 03l (29550
M| g (3390]] s G Slidlej JS Sl (i ol )l g3l 298 DBIF 0 el S Cppo s ] 0 S ol
25 G (903l e e sleile) 0xSilie 3l (oBly slpile; (i Silee
bl i5ulg s [ dwds ¥ ol atin] ain VY Gde 4 iStle (6 0ygd 3y ygei] v 09,5 w0rd S5 ela byl 5l L
Gl 4y el 4 (ACCelerate) g pw cuiSih wlol p g ors >hb Brotzman Lug g, ol -3 1,2l Brotzman s,
G g CuSil g (s as Sloyad mpe NI 0js Gy Gl hel ST o e e JSSgn Blie 3 ()35
2 e & 1y 3g5 liyyad (55 WS Jsb cole K s & Liswls o duds o b Mewl oSl e el
(il (o daly mllas b pldl g Mae uac S lioily damg 5 SMae a8 (L1586 a5l
Oliz yo3 g 048 3 yate b JL3gls g g 3158 6 plogial Sliayed 9 Bl sb b5k s 00 Sluped p Sl s aiin 95 ) (3554
i (o amin g b alol SloSl il a0y Sl yed pylen (o atin Ll bl anyd Ae SIS wliwl Uy S o aals
Plsgy iy o5 (ool 352 53, SLos iy dus &y i (s 4in 5 3005 ol ) 5 (5 gl 0,5 JolS iy pod IS5
rb—cl J5\:9).> be"))b') & Lan L wl.wo L}.’I)a:) PISSALY D.))f AL.B)M Brotzman J&Ja).s u»l.w‘ 2 LY Ls’l)l“"ff Ls"“"""‘?" S 0390 ul.:l) 2
(s Lglb 09‘)] £9d )lg d‘;.g sl ‘) L_s‘i"’g Jﬂwg 09 L)ﬁ) olyW‘ 9 04215\15 J@‘S u.l.\a.a.o 4)9‘) ‘9)]) u‘.@t«Jl 9 9y JBL\>)|
Dl s 1S5l 1) sl
b)) B yreuwl= 89,3 90)gS yg0;l 5l edlatwl b laul o 3ly s ool VA (¢ ascus SPSS 58l o5 5l s odls Julow g 4350 6lp
A oslisl (295 T ygajl 51 o puite (pSoloe (6 Aumlia (sl it (oS 392 Jloy 4 2 b g A3

7 Wieght Bearing

1990 j330 « e o)ladd . @ady 0)9s * (AYIGT b (legly — (ole aslilind oY




- -
b 4l

3939 5l Sb s 0gb e sdalie j5 ¥ Jada 1 a8 osel cawddy GleMbl glaoe .ol sdal V Jgan ;5 313 Kbl S g0 luoguas
Ll 292 ol o b (i G Ol 09051 9 2l 03 ¢ i B Jodll e loj (ygajl it dw )3 line ()lel coglis
25 olias ool Ja5 IVl oo b (i Gl O)lees 36 5 (215 8 o 5 olsnd (A5 Joall (S lej (sl e

(N=Y+) oS €8 3 51,81 SB1 45 900 Clwoguad 1Y Jouo
o8 ombo Bl (55wl o 55559

(e i ot eSiles) S
YA/-VE ¥/ (Jlw) e
WY/ £ o/ (0 s85lw) 3
YEIY-E Y-V (0 55545)crs9
NAERTE ( JWw)eMass
YE/NE £ VIF) (&30 5o 52 5 gh5) P (5 0395 bl

(N=Y+) (bbeslys 51 oms 9 JS ACL o 5 b )05 59 (o Lud mas s (901 (5 8505 jlire BTyl g (ile 2 Jga

s bl 5wl ol 5559 bl il o559 _
& oise Slgi ?‘-\*-z w'-"; ho (MSly f“ Je w‘-‘f st o9;l &9
(sl Sl Sl) (lame B ool (k)
ofee YWY £ YE/E VAV E YAN (4l o,152) 2Un SBE! Jord! (uSs
ofe VY £ ¥y ovyYy £ vols (4l 0,152) (2Un iuzmn (ST Jod! uSs
-I\os VASIY £V VEY/vE ap/s (b 0,132) g (Bl Jord] guse
-[50A AYYIAE QY AYVIA YYD (4l 0,152) (2ol (g oz (S Jodd! (s
o[+ YIAY £ 51/0 YAV [+ V) (a0l o )52) YU Cac g 53 oy 5l00
o[- YAYY £ YA/A FOY/A £ AN /Y (40l 0 152) ol s g 13 o Lyl 95l00

-
as sl el i 5l (pgeil €0t 09,5 g 00l (2l (s as el (e o () i 03]l5> SIS (5 0090 3l
Bl Jodl oS oy 905l puite aw p3 ybolime (glol Cogls dgng 5 (S gl Lo Colite iskslyy b 4 s (Bl
S i Ol S)lee o > GRS eyl ¢ adllhe @l g ol S b i Ul Silke 09o]) 5 e o < b
Boo & oy slp (BLd ae Jod (S maw jalS s el SO lgieds By o« Mons oad j atsiS ldlas 4o
S )3 ohig 4 i B 4 Joddl e K> agw 1 S 8 la) oliB o bl (slo ol 3 (S o cuslio 2l
2 ] 51 )3 s ool Jlatol (I3 dyg0 Sl o & 35y glite (il | dm g S5 (5)blne g0 4 oDy (5 ol
9. 829)9 wld (0 &5 yobilen Bl (BLS (s sl (639)9 (25 (ol (S pSedla (R U 4 cuwslie (S > s el s
Ol Jodl (S s 3 10l oS sl (S (6555 e Jolie 5 ol 31 (S 28509 o Lo 5 iy bl Jodll S
ol Cdlae ol oo 35 ogas oyl 5D odel Cawd 4 Slllas guls gd (o caslie (S b (Sinleal > g ialS cel ab 4

_[\‘\ ]

gy aaeid ¢ Sib)y eole ol (iixAyilgl eole axakily



.................. (Noc OB0gInA jy (AT WG (w)p
- E=E-

Bl Al (o Sl Sl a5 B alsid ¢ odimng (gt LBl Jedll (1S 3 Ol pas il gadlas s 5 S0 (S
2581l daue o &S Bl SMde uac ) iSulg gla Aol o oleid sl (63959 5l yiaST (o eolatul Cgles pae pl o
enTe ) osgy ool 3l cans

ae ac by glis b Salen (03905 b a8 iseslys | am g 8 (3 ks cuns slo (905l guls )3 olds 3939 sy oo Hlai &
A8l (GBS cuas g GMas as Mg m b g2y 9o Sl (0 ML (o0

Ly sl dlasd (o3ls o)les (g3me sl (6399 b5 dlawd 9 (Siuomo 1) kil o 0 )bl 4y el ¢ sy Sl > )3 fuate A Siolind il
e gl 03l 3 s YeSulogy J S Ml (o bl Julyd oz 50 el 55 ACL ol (B)b j1ats o il <,
€ b Sy 5 e 2B 5 0ad G Gl Omeld rimed 9 Vet e (2l S e (ate os e 1 el
S5y S Eayd e aisy o el el |y 9 (S 5 asbiy VS e Gt sl (g5 8 Tl e el
0db o ey Dlse 1) CSp palE e lo 3)55 5L (slay (S (glo pla <S> pll Jobo 0 e ST o
S5 I iy g s ras (Sialen cuslie 1S pasl (56 1) 02)85 gt o sl o0l SVlae S 0 B L,
U8 45 amd oo b i) ligios Mol o 3l caas Hlsle Gylig oy ol S e 3yse [V ALl el
g oo 33l g5, 4 (5 alie (5 adlbae Mlewl (50 drg ) 2Vl Olie doils Koy (6 odzmy S > Szl
35 39y sesits bloyl Jlomaly S 5 5lid s Ciglly oy 45 s b kb ploolY+ oY Jlo 5 il Kan 5 Anderson
olgsds ol cuslio 558 cpl il M bl Jge Jolos Lais g sl J358 5 Sl (o (Si5Sily Jelgs sl g oyl ol 2 0gdle
& Ao (0] 4 eSSl (93,8 (Bl caae gl Jodll Se g (she 28 b (b8 b L) ol LY (5 Lol (S
5l sl aslyy )> b a5 ABL (o0 j5 (BUS cuas ey sl o dr g diajls SHae (as il (b el ) oMe
25 )3 425 3)50

IS 3959 8l g (ol wSe yloj jd Lials) wleMbl o3l 50 M) oy bls,) dalllas S > 5], g LOtU VAR Lo 5o
338 8l 3 gl &) s AL cund Jodll (8o ploj (il Jlais] (g adllas cpl Bua 63,5 oy 1) (e 33 o5
shsly Sluda 5l ey 9 0392 Q8 o w5 iy Sy 095 ) Iy ool e o adlllae ol ot el 2 92 e
o 4 45 39 365 95 3l 3)90 gl Baiod ol S g GBI i 4 s U s Jodll S (o 5 slon 09,55
5 038 islaio 9y Lt 6 Adllao (gl Cand b adllas oyl gl caly s e SV L Sl SMas oMSe oy b))
Sl (e uiaily (ials )3 pole (5 aallas (omen |y (SBUS (cuas Gly ) (ol g2y (300 @S sl SIS g0 gl
DS 5 Lot Lt Sl Ll el Wl o ISl M ol & 0l L5 adllas ) et 9 Ly s adllas gl 3,8 44l
Ol 53 owpp slp 28l (Sl (SHas OMSEe Jglae 393 (Sl (SMas W]l (e cpl 2 09Me 398 (ol Jool!
Gl 5 mels Oldllas 4 L dlie

Sl ped b 09,5 93 3 sle i e 4 |y ACL mae 5 b 31,81 43 plosl il e 5 CAPEIINO Lawgs YIY Jlo j3 a5 (4l adlllas
5 D0y & s CulSil (S adlbs mls K0S isilg (Gge)l Cov 0g)8) BLS nae 5 (J5S 09)) (5,08 lise
s e Sliyyai [l Byo Sl L gy hy ¢ adlles > Mg (Blb e Sliyya 098 50 it (Sl GMae cakaily
pros BB pols gaalllae puls dw) (oo Ha &b JWsa |y B ld wes b il mls (0 (g)blixe Gglds L gy o oolaiul
a3 edl ol el 4l 3yls dgvg Sl SMde cshialg b LBld e (shinlly o e bli) & Cal a5 ol 4
Ol i e 9 €S (B e 5 (55 30 (e e polis Sy (1B AT o 53] Slidos ) ol sl it Sllllas

8 Dynamic Stability
? kinesthesia
10 Feed forward

1990 j330 « e o)ladd . @ady 0)9s * (AYIGT b (legly — (ole aslilind



OLO)' 9 uf’)’b)i &y )'l w.cl G&L.w Cuac C:)l.e(o C.]a.w 5O uM.QK 9 JM.@I WEP W90 Oldllas oS uLo Cowl (_‘j )‘I 6)59'\> 9 W»]
M-lb))Bdug@liw‘@MdlmgujJn]}c)‘ww‘Mbu.ou.‘lg.w‘u;%a_cdewib@‘)&»})s)JJ‘uJ‘w&S—
ol el o csguss 5 DV I sl ey o jmie Clidos a4 L g o3 dag 3y90 yiaS gl ol ko bl (63,55 i

g2 QSIS 8 1 oS 2l g ol 3 B ) olSel pae adllas
S5 AR

;Pdlm)bugwwa.cdbaw)bbwﬁ.bly@d)&asuuasdwlyawfwwly‘)..abddsjl]ao@bd,b
039 Lsolm) cuas gla C:)Le(a u“.mlf ‘59509,;/ > b L;>9.\>b’ ACL leo.:.g dl)é @I) s f\y" ) 250 Yoo d)’f)o s e L;olm)
Syt Slallas 4 55 ool pl ST (gl Jg 887 oo Lo 1) ol Joddl (uSle g (o Gy )loe (2L3b oSl oaits pf 50 g

Ll

o WAY Jlo > (559 2ligimd ad)l (wlid )5 (gl 08 Loy dome (6 4ol L 5l (piSu gy L dllie (b ja8 g S
o ] 1y 395 ()il e cypilga ol i Lpl s sloyd ibliy loss 5 LSy pole olSutils Jle coles b o8 AL

10.

11.

12.

13.

14.

15.

555l

&bo
Shimokochi Y, Shultz S. Mechanisms of Noncontact Anterior Cruciate Ligament Injury. Journal of Athletic
Training 2008;43(4): 396-408.
Barry P, Boden B. Non-contact ACL Injuries: Mechanisms and Risk Factors. Am Acad Orthop
Surg2010;18(9):52-70.
Alentorn-Geli E, Myer GD, Silvers HJ, Samitier G, Romero D, La’zaro-Haro C, et al. Prevention of non-
contact anterior cruciate ligament injuries in soccer players. Part 1: Mechanisms of injury and underlying risk
factors. Knee Surg Sports Traumatol Arthrosc2009;75:17-29.
Shelbourne k, klotz ¢. What | have learned about ACL utilizing progressive rehabilitation scheme to achieve
total knee symmetry after ACL reconstruction. Journal of Orthopedic Sciences2006;11:318-25.
Borowski LA, yard EE, Field SK ,Comstock RD. The epidemiology of US school basket ball injury2005-2007.
AMerican Journal of Sports Medicine2008;35:2328-36.
Boden BP, Dean GS, Feagin JA, Garrett WE. Mechanisms of anterior cruciate ligament injury.
Orthopedics2000;23:573-8.
Myklebust G, Maehlum S, Holm I, Bahr R. A prospective cohort study of anterior cruciate ligament injuries in
elite Norwegian team handball. Scand J Med Sci Sports1998;8:149-53.
Dault M, Frank J, Allard F. Influence of a visuo-spatial, verbal, and central executive working memory task on
postural control. Gait Posture2001;14:110-6.
Iverson G, Lovell M, Collins M. Immediate Post-Concussion Assessment and Cognitive Testing (ImMPACT).
Pittsburgh: University of Pittsburgh; 2003.
Woollacott M, Shumway-Cook A .Attention and the control of posture and gait: a review of an emerging area
of research. Gait Posture 2002;16:1-14.
Swanik C, Covassin T, Stearne D, Schatz P. The Relationship Between Neurocognitive Function and
Noncontact Anterior Cruciate Ligament Injuries The American Journal of Sports Medicine2007;35(6):943-8.
Taimela S, Kujala U. Reaction times with reference to musculoskeletal complaints in adolescence. Percept Mot
Skills1992;75:1075-82.
Luoto S, Taimela S, Hurri H, Alaranta H. Mechanisms explaining the association between low back trouble
and deficits in information processing. A controlled study with follow-up. Spine1992;24(3):255-61.
Konradsen L, Ravn J. Ankle instability caused by prolonged peroneal reaction time. Acta Orthop
Scand1990;61(5):388-90.
Cappellio f, paolucci t, zangrando f, iosa m, adriani e, mancini p, et al. Neurocognitive rahabilitation approach
effectivness after anterior curiciate ligament reconstruction with patellar tendon. EUR J PHYS REHABIL
MED?2012;48:17-30.

gy aaeid ¢ Sib)y eole ol (iixAyilgl eole axakily



........... (Noc OB0gInA jy (AT WG (w)p

17.
18.
19.
20.
21.
22.
23.

24.
25.

26.

217.

28.

McMorris T, Tomporowski P, Audiffern M. Exercise and Cognitive Function. 1th ed. Oxford . Wiley-
blackwell.2009.

Shadmehr A, Amiri s. Design and Construction of a Computerized Based system For Reaction Time Test and
anticipation Skill estimation. International Journal of Bioscience,Biochemistry and
Bioinformatics2012;2(6):430-3.

Brotzman B, Wilk K. Clinical Orthopedic Rehabilitation. 2th ed. Philadelphia: The Curtis center, 2003.

Luoto S, Taimela S, Hurri H, Alaranta H. Mechanisms Explaining the Association Between Low Back Trouble
and Deficits in Information Processing: A Controlled Study With Follow-Up.Spine1999;24(3): 255-61.
Savelsbergh GJ, Williams AM, der Kamp JV, Ward P, Visual search, anticipation and expertise in soccer
goalkeepers.J. Sports Sci. 2002; 20(3): 279-287.

Baker J, Cote J, Abernethy B. Sport-specific practice and the development of expert decision-making in team
ball sports. J Appl Sport Psychol.2003; 15:12-25.

Manske R. Postsurgical orthopedic sports rehabilitation: Knee and shoulder. Missouri: Elsevier; 2006.

Ghez C, Krakauer J. Principles of Neural Science. 4th ed. New York: Elsevier 1991.

Kandell E ,Schwartz J, Jessel T. Principles of Neural Science. ¥th ed. New York: Elsevier; 2000.

Blyn N, Sinnott P. Variations in balance and body sway in middleaged adults. Spine1991; 16:325-30.

Taimela S. Relation between speed of reaction and psychometric tests of mental ability in musculoskeletal
injury-prone subjects. Percept Mot Skills1990; 70:155-61.

Woo E, Burns Y, Johnston L. The effect of task uncertainty on muscle activation patterns in 8-10 year old
children. Physiother Res Int2003; 8:143-54.

Andersson G, Hagman J, Talianzadeh R, Svedberg A, Larsen H. Effect of cognitive load on postural control
Brain Research Bulletin2002;58(1):135-9.

1990 j330 « e o)ladd . @ady 0)9s * (AYIGT b (legly — (ole aslilind



