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Abstract
Background and Aim: Ankle sprain is the most common musculoskeletal

injury in athletes. A balance deficit is a significant risk factor for ankle injuries,
often leading to ankle joint instability. This study aimed to investigate the
effectiveness of neuromuscular training with and without cognitive intervention
on dynamic balance and proprioception in female athletes prone to ankle sprain
injuries.

Methods: This randomized control trial, double-blind study employed a pre-
and post-test design. The study population consisted of female athletes from
Hamedan city clubs, with 36 participants selected based on inclusion criteria.
Participants were randomly assigned to either neuromuscular training with
cognitive intervention (n=18) or neuromuscular training without cognitive
intervention (n=18). Dynamic balance and proprioception were assessed using
the Y-balance test and joint angle reconstruction in both groups before and after
the intervention. Data were analyzed using repeated measures analysis of
variance (P<0.05).

Results: The results indicated a significant time * group interaction for balance
in the directions of anterior, posterior-lateral, and proprioception (P<0.05).
Although pairwise comparisons showed improvements in dynamic balance and
proprioceptive variables in both groups (P<0.05), the percentage of changes and
improvements was higher in the group that performed neuromuscular exercises
with cognitive intervention across all variables.

Conclusion: The findings indicate that integrating neuromuscular training with
cognitive intervention results in superior progress. Therefore, it is
recommended that athletes with balance deficits and those prone to ankle
sprains engage in simultaneous neuromuscular and cognitive training.
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Extended Abstract

Introduction

Ankle injuries are the most common in sports,
making up 30.34% of all injuries. They occur
nearly twice as often in women, especially in
indoor and field sports. These injuries sideline
athletes more than any other, highlighting the
importance of primary prevention over treatment
(1). Risk factors for ankle sprains include internal
factors such as foot alignment, size, loose
ligaments, neuromuscular control, instability,
muscle weakness, and limited mobility. External
factors include shoe type, sports activity, and
warm-up routines. Poor postural control,
especially in dynamic balance, significantly
increases the risk. Players with poor balance are
seven times more likely to suffer ankle sprains
(2). Balance issues are common in those with
ankle instability (3), often due to a lack of muscle
coordination and proprioception (4). Research
indicates  that ankle immobilizers and
neuromuscular  exercises are essential for
preventing ankle injuries (5). Neuromuscular
exercises enhance proprioception and function,
improving athlete performance and reducing
injury risk (6-8). Combining these exercises with
neurocognitive approaches can further decrease
neuromuscular defects, as athletes often manage
multiple  cognitive and  physical  tasks
simultaneously (9). This study aims to investigate
the impact of neuromuscular exercises combined
with cognitive interventions on the dynamic
balance and proprioception of female athletes
prone to ankle sprains.

Method

This randomized control trial study used a pre-
test and post-test design and was double-blind,
meaning neither the outcome assessors nor the
participants knew the group allocations.
Participants were unaware of the specific
differences in exercise protocols. The study
involved female athletes from Hamedan city clubs
(volleyball, basketball, handball). Using G*Power
software, the sample size was set at 18 per group,
accounting for potential dropouts. A total of 36
female athletes with balance defects were selected

based on inclusion and exclusion criteria and
randomly assigned to two groups: neuromuscular
exercises with cognitive intervention (18) and
without cognitive intervention (18). Inclusion
criteria: female athletes aged 15-30 with at least
three years of regular sports experience, normal
BMI (20-25), and specific balance test scores (10,
11). Exclusion criteria: recent ankle sprain, lower
limb injuries or surgeries, lower limb
abnormalities. Participants completed consent
forms and pre-tests at the laboratory. The Y-
balance test was used to measure dynamic balance
(ICC=0.89) (12). The angle error reconstruction
test measured proprioception at a 10-degree
dorsiflexion angle using a goniometer (ICC=0.85
to 0.96) (13).

Subjects did an eight-week neuromuscular
training program, three sessions per week (14,
15). Each session began with a ten-minute warm-
up, followed by resistance, balance, and
plyometric exercises to strengthen ankle muscles
and improve balance, power, and speed.
Participants in the cognitive group; Following
Shirvai et al. (2017) (16), performed
neuromuscular exercises while mentally counting
down by sevens from a random number between
200 and 300. After the exercise, they reported the
number reached to avoid movement disturbances.
Data were analyzed using SPSS-26. Normality
was confirmed with the Shapiro-Wilk test.
Descriptive  statistics (mean and standard
deviation) and inferential statistics (repeated
measures ANOVA with Bonferroni correction)
were used at a significance level of P<0.05. The
percentage of changes formula was used to
compare pre-test and post-test results for each
variable in the training groups.

Results

Demographic information was similar across
the groups, with no significant differences
(P>0.05). The table below presents the results of
the repeated measures variance analysis,
illustrating the interaction effect of time (pre- and
post-intervention) on the groups (neuromuscular
exercises with and without cognitive intervention)
(P<0.05).
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Discussion

This research aimed to investigate the effect of
an eight-week neuromuscular exercise program
with cognitive dual tasks on dynamic balance and
proprioception in female athletes with balance
disorders. The results showed significant
improvements in proprioception and balance in all
directions for both groups, with greater
improvements in the group with cognitive
intervention. Specifically, balance improved by
approximately 5%, 8.5%, and 4% in the anterior,
posterior, and external directions, respectively,
and joint reposition error and balance in the
medial posterior direction decreased by about
17% and 1%.

Evidence suggests that attention changes due
to external events can increase the risk of ankle
and joint injuries. Therefore, incorporating dual
tasks and cognitive loading in training can help
prevent injuries. The study showed that dual-task
neuromuscular training significantly improves
balance performance in female athletes with ankle
sprain injuries. These exercises enhance balance
by improving sensory-motor connections and
reducing postural instability (17). Dual-task
training also improves motor awareness, divided
attention, and interaction between voluntary and
reflexive movements. Improved neural functions
reduce response time delays and increase postural
muscle efficiency (18). Balance improvement is

linked to better cognitive awareness and
proprioception, achieved through balance
exercises and muscle strengthening.

The study also highlighted the importance of
an active control group and the need for sports-
specific cognitive tasks to avoid fatigue and
ensure effective cognitive training. Future
research should explore long-term effects and
compare different exercise approaches for
comprehensive results.
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Table. Results of the analysis of variance test with repeated measures of the study variables

Neuromuscular group with cognitive
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i a
VEEE Pre-test Post-test P o
Joint
repositions  4.66+128  150:008 000t 67i81
error (degree)
Anterior 77'18;11'5 89.00+9.76 90! 15+34
E =
S | Posterio | 24 n1i679 | 8B67+6.06 | 0001 | 2481
@ rlaterz_;ll i
£ Posterio son.0q 7624110 0001 2480
= r medial 4 1
Total 75.48+854 91.77+7.93 001 2158

Neuromuscular group without cognitive

o
intervention (STHONTE TS
Mean + SD a b
Pre-test Post-test cv F P Eta
4.97+0.82 2 114152 0.001 5058 4.85 0.034 0.12
ke l 4 kS 5
75.03£8.76  82.75+7.02 0'201 10+28 4';11 0'243 0';'1
792924512  84.35+6.49 0.201 15+67 7.55 0.209 0.218
75.95+12.6 95.53+14.1 0.001 25.78 0.00 0.968 0.00
8 3 ke 1 2 ’ 1
74.63:7.45 87544692 0001 1229 20 007 O

CV = Change Relative to Baselines § (%); P? = The P value related to intra-group comparisons; P® = The P value related to the interaction

effect of time in the group



3y9 Sl )3 g gl
y VEAY Lo Y 0,ladd VY 0,9
TV-££

WWW.RSR.BASU.AC.IR

o= 9L g Jolxi g SSUS dslow Og g b SMlas— vas Dby o s 51
lal SWIL 2ol 1Lz oy ! wTM;K&})g Qb o Hes
ol J s

fa@‘;uﬁ‘}}n‘s) . la*o

.Qlﬂ\ aQ‘M‘LL:,w &ﬁb&é‘}‘é})} r}lﬁ oSzl ‘Lf'i'j)j L;‘:""*’l‘}: c};cv\.ﬁv\ quijlfdﬁdd\:—\

Ol 0o i o s o815 ¢ 5555 p she oaSCasls ¢ 5555 (Adul 5 05,8 Lisls -

) €3 MSYYRVIMIERWRVRVIC| 28 GG CSWETON: PR

o=l B3l
oS

ol ol (2als sl oad (Bymo b o sloce] oz alse 0 iee 3 (S Ol &
Sl ey p pole Ghegh el Gl Bue 0sdi e b e Jate S o e el
Mbiys Ob; shee o g by Jols p oSl dlbloe o 5 b (Gas- peas b el

R O S YR YUW] RUSVOW] UCL SN

25 0393l 09310t Tl b )5S smsd (028 des adlllae yol> haghy towy @ 09) & o o
ool a8 VP L“’Q" Om 3l A Wog s 0l sloolKil Fid LG5 (gt drele
—omae Sl yed 0 Holal O jgo 4y b Soge;l as Sl Sogesl lgie 45 09,9 sl ,Lxe 58359 U5

G VA o3l alslae e (Mas cvas Sl el 5 G VA) o5lis alsloe b Sdlae
shaie 5l 55loil 5 Y slaggasl jlosliinl b s 5 4 (dhes > g by Jolss s 515
Jelos gesl 5l oolasnl b aools auz8 )8 (18 b5l o 90 adlae 3l am g |8 09,5 90 ;0 0
P<e . 0) 4 Jados 61,85 slooslal b il s

B (oS gz s ol slaserie sl 09,5 Glay Jalss Sl i gl @l gl
30 05t oLl (g dunlie gl dax 51 .(P<-.0) ol Joline o o 5 )5
S35 3 Sleesd 20,0 Ll P 0 0) Cenl 095 93 58 3 (os > 5 gy JolbS sl penie
el i Wi olad yo Lt il b _dlae- ae Sl ad 05,5 0

@ e gl alae b SMac— eac Sl ol plesl a5 wies oo lis laally 1(g pS axs
Sws g Wt JolsS (alls Jlard o SIS )9 098 o0 arogs inlnly Sshoe 65 9
5310y (LS g (e pras Hlojer Sy ped 4 il b o SOy

CAVAADFVAY :ls . Jgtns ooy gi leMbol

f_saki@basu.ac.ir ;S5 25 ey P4

CeeC L YIPRYVAIVEY oSS


mailto:f_saki@basu.ac.ir

Yo VPer 5l Y¥ o5lesds Y 0,90 i) yg (cindimilyd 3o b3y

bge S bolBl )0 Odliw on et 5l (S Jobs
S8 Soles pae (ol o b e Lol 3l 5o (V) el
Bl Wy o b e Jate SLbl e > g (SDlae
s Comle 4 (das > (F) 358 Jol s
Jolio daplgziinl 5l oS Sledbl 4y Cond (35 50 (sras
cdlye lag] Cuxdse g odas (55 390 y0 Blac g
Hhas— cae 0l SO cpl (YO) 8)ls o lal S o
S 5 e oy Cemdg (S (2T L a5 sl oaey
ol 5 6ty g Jolhe Ol o page R g o)l
T Jabe Sundy > oS Z35 (V10 0) jeshy o)l
9 ol LS by e (So)95Em S ol L5 0 1 G
el wlgioe Hes o OB i &5 0ged ol
395 )l S 4 JLad 55 0 1S 9 b cenlial Cndg
Jol (7)) 205 b e (F3,65@n 4 e nlplo
ool gl o1 g es e Sljed a5 ol
o> o b kB glacaadse o ol bads S
sres > Oluyed Bas (YY) cwl Gt OS>
olPl LS 5o pa Cardy e g ES > e e
(YA sl 35 39sts 5 holin 25, asals
Sly ol oy, 90 a5 wleols Ll Olalllas
Sleolatal 5l asile bae locaw! 5l 6 Kin
B Mo (orae Slopes 5 b @ slaypdboel
S5 el o aes ol b ge b5 ey
sl 56 wloads >Lb b ge 5l colas 5 oyils
s e gmas Sl ped (THAS 5 9l> fuin
Sl (s gras o Slee 5 dos o Cugl Jold
() wlisr Seday windan (5e3 slahy, bl a8
5 M o S8 OS50 3,8 es S5t 4 Sl oS
Lo igsy (A) WS oo S slr (S 5l plojen
o9y o (Sac- wac Sl yes del p a5 Wleols ylis
5 ol n 2l ((Solr (0,08 g (sl i) )
sbauie peple (Jo ol L (7 V) cwl Co s
Sleladl pazu il Gl Samgs 5l (oS Sl S das e
SYN) il S gy 2 b e sl el sl ) Wil Sty
ol 00 plmil 00ud ol 0l 81 g9, Slalllas 25T 4 (VY
oo g, 5l oolaiwl a5 wilosls lis i sla jiwgh
—so e —(ras Sloyed boolen SSLD - (pras
(FF ) wes ials 1) i - eas slaiais Wl

doddio

g 0,00 by glail )0 1) sl 5 o yidn b o
el g co Jold |y acaul S 5l s s YEIY
20yd Vg ol bl (nl g5 ni@ls b e (Sl
Loyt U5 50 caml ol L0 w0 oSz 1 bl 5l
2ol b g amse &y gl I mie ply o
ol 0l (V) el s ey 5 e J30 slahs g
o509 p0 S b 3l IS5 16,508 ] o 5l i
290 gl S il aSoliz (V) oS e 90
(YY) Sl oads (5,155 cal ol cde a0 oy, 5 o9
Lo Sy s 60,9 &5 ln nl p o958
399> (s S F3)55En 4 5y Wl (wilh wed o
a4 dazg bl pls (YY) cnl oo A BV
OS5 sl 25lg oS YL Gleys 5 Sloj (I
5 Oloyd A s adgl (6, Kin Coenl Wyl ol an A
5 sb> Jelse cHll 5 05bpe Ghled i ciSlg
Ban s bime ;0 K550 50 el 6 pSan
Dgbge a18)S LS )0 ege

Sl e 45 W)l 352 soanie sba,lSg5le 5 Jeloe
9o & Jolse cnlawas Gl b e (50,55 an s>
Ngdse el (P 9 (F90 Gl Jelse anws
ol ol b sty el Sy sl Jelss
i s (Gl g Dlas a5 bl
slibs Jalge attwn | me Jake dgue S5
9 s Sellid Dad g ge (S g5 Jold S (S e
5SS &5 wesee ol @l Webee 0S5 p)F
b ze S055En coml b3 (Ll b whas Ll
Ll Jolss @ (lgiee |y (Samdg J 55 . (TT) 3500 Ll
L) ohen 5 (nsS S 08 gunabb Ly g
L o sy ool a3l Gosb 5l Joles (o5l o) 2
G Cewd s Jold b oLSGL a5 wo s ole
el 4 i b cde o Jols b LSS5k
Ol waled izen (V) Wsdioe Wi by o (59,95
Gk 5l a5 Lgy Jolw o dias o Sles a5 wino
—am el shs bl boosde Sb3)l Y el
Jobs s oUley (VY V) o)l0 bLs)I L me (50,65
Ul 5l e wlis (LG5 50 ok 4 by
4o Pl (V) cwl b)) Jolw 4 cad (90 ,Sas



...... 7 oAUl ddlae o g U (ae— cuas Ol pod sy 4l

Sl g Gypain \id

&Ll amaly axiilas oMbl o 03 slacsgles § gu8s
Olmed = laollil j55s o859 1) Ghegimy
Wged x> sl JSas (Jhame ¢ JlaSew (JLls)
Jolss yeiie sl s VY (35,0 GFPOWEr l38la 5 Lo
Sd Gemend (V2 TY) e 5 L goeme aslllas o Ly
5 YA 0ol g JAD y05 L «uld ol 2 (F4)
V0 Jilao hagsy lmeg, S 5 S um gl o/ 0 (sl
(Jloiml iy Sluiol b oS al a8 5 L )0 Sogesl
B0, el 09, 2 30 S8 (gly (G050 VA olaas
2 550 K5 VP ol Giaghy slagogesl culed )
loln a5 wivs L e sl s Slas (S e
s g Sl aredan Sjgo eyt 5 9959 sla)ls
Random Number Generator ,l58ls 5 5l colazwl b  Solas
—ESh by 4 paraS be Ol bl 9 VF (5
Sl o3 09,5 99 4 0ad (5 0T 0,leds g poeg e sl
iy ped 5 Gt VA) (bt alshas | Do oae
ol (=25 VA) (ld alBloe (g (GDlae- orac
Ol ot (3aiod 4y 995 sl jlene () jloged) B
o Plasas ogy JLo Ve UVD Jww oo,y ,0 K05,
Jidly gloan i) 5l 5o 5o plais (35,5 ailw Jlo
ol b 18555 cnl haazdls Jhase 5 JLaSiw
ails oy, Cedled el ol 5 S Do 4 alan o
5 s g al (Yo-Y0) Jloy BMI (gl ls casl
Seely gy 4 Y 3031 50 9oy AF 5l S ol
s Cgz v ae A S Jlege,si g (VY)
() 093 550 b 50 biyss bg) 4 o9e)l cnl (2
el abile ol Baiod 5l g )5 (sl lne ol anals
o] (( SinSCs Al 23S ol b 50 b e e
S plal glag bl pils gl plail >l b
S Dpgmo 50 9 a2l L ool ools e is)
3929 3 S 2lad pies OVLS abls (o5 (b))
(FV) wog cobo oo oolos los

Sl Gegim plasl J=lye (gl €95 5l -3
il il b Jogesl 5l s 0l 00ls 7,8 b Soge)]
Slebow 55 adgl by o plxl sl Rl ©j90 50 b
aisS o 5l 8 S arlie olfaslejl 4 0ads et
CS s oS anlicol; o8 il o Soga3l s S0l
ez Lol pased Sledlbl 5 s S eSS 1) (y9e5] 50

B, e o (LSS5 55 a5 Canl Lol 4 el )
ool (35lsy @xgh i alox 5l (soaxie iyl
) bt Blas b (a5,ks) 9 (2l axs (Slojm alad
(Y0) wxmace plonil (2559 9, 8es b Glojon &j50 4

ot JBre (o) slatusdae 5 Lulpd
P ebe (S gles paly Wl (L8555 5w
Slee 4 oS Sl Lass o et e Ol s 4 Al
Wlgi o Gy 5l 098 plan iy Cuadye 4 az gl Jle
IS (09 ams Ll ) SbliS sl hs
e Solld s Az gl e () p g addllae Sl
—st TV Sl Sy @SS 6581 (65,4 0le
S5 el o0l Lt ailgs CadSS 65 s Logyye sl
G S S Ay cul ooy BLS GISS gl
i 50 (YA) Gl 0l az g8 ieS ailfg ST lgie
039 (S (nyed b (GFLD (nped daagh
el oads oolazwl S alfgs S oSl 5l gl
313 bl Gl el @lSas adss L pls ol pes
A e B3Ry Cudgime p 3D opz sl
(FR) 090 635

Sl B8 B 5o kg ed e Al 4 4z b
S Jolw als b ool o, p slaslllae ge 9SU
I, sols oMloe b oolen SMac- ocac Sl el
2 skt & Gdod Gl el oads plodl WSS (o)
ol gy 5l Bas ) cpl sl ab el WS Gl 98
L e b (Hae- cuae Sl yod 136 (o)
el e JI805559 () (hes > g by JobsS
Sl ped & Sl cnl g ol 4lp e b oo
Sguge Nilg g0 alil Sl b ol jen SMac- ouac
OLB5,s (rl hes o 5 Ly SO )0 s B
&S slul

G (09
5 o)l ook b (2,28 des g9 5l pol> hagh
sl (b )9S smed O jgots ek cnl e a0l
oamazs jl BaS ES 5 g deln Ll a5 6 ebas g
J\:Jb L) uLfoWSVS)M .JJO% &)Ua‘(_s" ‘5.».4.&9)) Lng 05;
9 s LSS ;0 380 Gbglss asis poe
slacl az 310009 0ol (55l )55 (JSTgp o Sloal



v VPer 5l Y¥ o5lesds Y 0,90 i) yg (cindimilyd 3o b3y

235 (555

[ Oltan g5 Jhaa 5 IS ey (slaelSol 4 anat o ]

[ 3 53 8558 VY ]

N
el adsl g S =
3 Sk Jols R el

J/ [ Gl 4 355y ) 5 Al L85 FA

ey =AY
22 oydm Pl el =48 4

05T s il g 25T

-

M58 LEYP L 03T A Sl s Shalllae any £

L:g‘;r:}r’"f-:""":*“

B LY L= ar

s At b e ae Sl jaT e S
33T W=

-

Pl o

05051 A

r

bl B3y Sae— ae Sl a3 ey S
S WA= ol

s Al b hae— ae Sl jaS ey £
351 VA=

$laseSa Jao sl ol ax 0 e gL ol o, L
—ojlasl lym oo ey 4 0,8 slaly a5 0gy il pulais
A SIS pwyes 4z 0 Vs sl o Bes e 65
selisS 5l esliully hes e ol (FY) o 4t S
(ICC=+ 1355+ IAD) Jlwwy5ess yolbiisS ilsy s aloxi
= Sl jo jialisS ol (693L (VYY) sl onls 3,155
Si98 SLot Ceond (59) FelisS 3 e« SS5U ]
—iS gl eonty slasal ;o0 S 2ite 93k g (21>
Las od aiwles g0l 5l e ol ools 13 L
) S o0y (sl angly 5l ans (Jled 090l @ 5k plaiir
(S S eslal e 0 ol ddlae B> (Gl a8 IS5
355 o g 00k |y 095l o Wb atulss (Sogel |
S 055 Baa dgly (o L g o,le a5 ol g Blo |
DS LS Ay aw |y aSlE g0 a0 Ve als
Glhs Glyme an a5 5L pda Condy G S
35 S SIS (p 90 IS 50 sl 5kl Blae
4ol Lo ool g3l iy ad yo eSS 5l oy

v

[ Al lde Oy Ghae— me Dl T ey S J

S WA= s

o3e3l 3l bisy Jolas 655 o3lil (sl gy Jolas (3903
0l u*’)‘)f (ICC=+/A%) cus c)"‘ (5;.‘5) ol eolaal Y
93] b welaid 5l g olilicn Y ga5] oS 55 0
S 3 o 50 (Whbss b JolS (al e 5 5 p L)
(D) 33l Stz a0 0,5 o I K0 L L
P N B P W G 1 = g o g £
dw 5SSl g 0lo o ploul i s aw Joge;l Cu
Fhad oo a3 S 5 o ol jlitel plaie 4 GideS
sl sl <ol e by 5l gesl el plSn po Goges]
L o go ol 5550 5l il 6L b 0,5 s ool (S5
Lo g o3l 5l gladais ;o 0 1) 053 Jolbes Condlys o
b Jlay b Jsb b g3l cnl 5l eaal
o> Sl 6l gy sllas (g5l (g0
ol 5o o ool aygly slas g5lesl aejl 5l hes

a5 aggly a5 Canise SIS Jors 59, 9,8 y90)]



...... » u:&la.w Adlae o 9 U (Sas— amas Ol poi WSy )51

Sl g 8 y9aie YA

—CS b a o gl Iyl s ol Slac- ceas Sl e
ovgSro g ledds 993 23 ;o b ol ooy Hgtws oS
dde SOl weSe il (plaies plil 1 Vo sae L
o plaasl 5l ey alold ol 3.8s Sl o bl
aS |, goae b o atwlgs o Soge;l 5l o Hlas - cuac
4 pd s @SS ol oS ol wileasw, ol &
NN NP S PP NE
Jl_.o&‘ wébsn)lf (SLQ)LS r:l.?d‘&p)o w‘u_ia.o

2y ol plal Xiagyy i coo aan o and>
Sl 50,5 0,5 4ol aiBs 00 o Soge;! lol ad>
F i Lot o S5 ln (oS Sy ped g 0y g0
Syl 5 Sl o gtagl o Sl jas Jols Blse
9 Olo «Jolss (a9l 5 95550l jgmSdE LML ()9S
Jouz) (VO N F) W 5 sl Slow plasl oMae ce
6‘)—>‘ L o|).o.cb ‘Jgjﬁﬁ.‘ U"‘ o .(VF) ol ool (Y+1Y)

sl A lae b (Dlae- eas ol o5 ) Jyoo

SO oDy (g9 pod

o (2 pod

X hops (right/left)
Cew ¥ ><)|JSS A

Forward hops,

Forward zigzag hops
o ¥ 1,55 A

Skater hops
Lateral shuffle
e ¥ 1,55 A

Step up jump on box
Step up to reverse lunge
right/left)

S ¥ x 1SS A
Sl o el a8l )l

Squat jump
Cas ¥ x LS5 A

Sl o el a3l

Split squat jumps
Ankle hops
Cas ¥ x LS5 A

W @ Lo S (e (59, b ST ol

Cew ¥ x4l Y-

S G weSae yleds) s gLl oy o3 &3l
(cas LY LY a8y Voo BYee oy Bolas

b Sy ) I e gy 5 ]
(oo oz 4Y

Sl o el a5l e

Wz Ojge & S ) LU ahe 69, b S st
(0l pox 4y
Ly Lot
Cow Vox asl Y
Sl o el &5l
oYL (P55 595 b 99 (o3t
Cew Vx asl Y.
W 5555 (535 S5 kil
S Vx adl Ve
Ll el a5l e
[958 Qb bolyen GVl (2555 (59, b 9 (ke
woF 85
S Vx50
[o9,8 Gl bolyen iVl (2555 (59, b ST ol
e ¥ x5 10 g 35,5
S (o3 a8l e
(S o) Jbgo
b 9o ool

RS K,

o ¥ 1S5 V33581 5 035595

RS K,
G T SISV 350 5 0380
s B S5 Y oSl s 5 b

oS K
Caw O 1S5V <5380 9 0380
wAX)I)SJ Y- ‘wilﬁ L_,?.:)j‘)})lli)‘.g:

s’" oS S

S Fx LSS (558l 5 03595

s Fx LSE Y (aSl s ye0 5 5L
s ¥ x S5 Yo warly 0,5 Al

Lﬁ]:k)is 5,

e B x LSE Y (558l 9 055590
s B x ST Y (Sl s ye0 9 5L
Vool ey 0,8 il /sl 9,5 wily
G ¥ x 1S5

o O xS 0038l 5 552
LMAX)])SJT’ ‘h).wilﬁ @:)505)u)li

Js

£

3~

r”)lﬁ?..



yva VPer o F¥ o louds VY 0590 i) yg (ciutinilys 43 by

(ol oYLl SO L b iy (58,8 ady f asil 0,8 il

o ¥ x IS5 Ve s B x S5 Y
LD s Al L el b ¥ S5 Ve il
(py Soos) Jigos:

LY ol ol 15 S5,
ide hop over box E
nxie hops ) ] ‘ oL ot g | 2
e ¥ x5 A S ¥ x ISS Y boasy oS aaly fasl 0,8 wils
ey 2> ooliwgl b g0 2 b S O x LSS Y.
o ¥ x LS5V Sl e b e ¥ xS T S
Sl el a8l
(p 5 Coos) Jlguwse
£ by Ry
e I
Depth drop jump Y LB ARSI IEIS ST
— ) M
Standing long jump with o O x LS Y (SIS s ys0 5 LD
: s g gy iy el il o YL S5 L " pite
boxjump 77 SN0 e ons T B A sy 55,5 il 45l o8 il
e ¥ x S5 A S VoSS Cas D x ST
otz skl b 53 o b Lt o3 b o ¥ 1,55 Yol
s e el X (R
¥ Sy S O A
753 g drnle dlflasx Shgo 4 o ped o 0g)S I S Sile 5l ol axdllas gloaisl, Jdow g 4 jes gl p
el L Leools ajei 09 Jbo .o eolaiwl Y& ases SPSS

osls 5 el s ool Slgspols fyaesl 5l ool
anlllao gl osls Julov (sl 299l (Hge5l 5o

Loy S (50 (o) @l 5 b ogejl lasis

ols lis s .ol oals ools (L ¥ Jaao )0 gl

Oglds g 009 Hlawad rog,5 ;o Sl Faes wledb| a5

LS (39 0B (e (el 50 Wog 5 i (5 l0line

)l 092 Loy o 5 (Smaly Jols 0 pai g (S 0098
(P>+/0)

5 (3, lailinl Bl il g (1 Slw) chogs o] slaasls )
b 6,55 booslail b el ls 56T (ypmyl) sbliiul L]
oalaiwl (P<+/+0) 5, lolime mas 10 ((S9,89 pomnas
@l 5380 amlio g (o) p Sl (imen W3S
OeSlee ) ¢ ) Dl pedS w23 Jge )8 5l e ped (slaog S
= (Osa3lom GeSibe = 93Tt GeSlee) | gl i
S 90 lo i Ol s ol oolaiwl (Ol s aus o

% i ;2 Gl el m B ge3] i 5l aslliae

rSileo £ i Byl

P T Ao § Dl gt 23,5 e oy i et 03,5 s
YO VAT V2I¥AE Y\Y YANYE F/FY (L) oo
0N —+ /7P \PYIPNE DIYY ANEEFIARS (/;;&S:JLM,)._@
CIYFY VYA BFINYE $IVY BANYE V/FF (0 55%5) 03
o[+1) VIVEY YV/OYE /7. YY/OYE V/AY BMI (kg/m\‘)
NG 5V VVIV- % OIPF YSIYaE VIVE (30y3) Smsly Jols 0y

IENE “IAYA YA/ £ O1VA YY/AYE FYE (0,3 gy Jolss o 53




...... » u}‘.&lﬁw Adlae o 9 U (Sas— amas Ol poi WSy )51

Sl g 8 y9aie \E

L o3l e 5l Lo yuiie alad j0 a8 ols (Lid ()
odd ol (539t (o pod 09,5 50 2 55 (903l
3l asdlas 8,90 sl o Ol poss oy (Jl> ol b o]
allae b (dlae- cuas 09,5 0 G903l b oyge3linn
Ol S G o5t 5 et eaimaLad (2B

Y Jgoz) Casl 09,5

Ol_""‘) 6)‘)5-’ 6[@0).\4‘ L u»u-’l-’)‘j fedoes u?")] G’L"'
09,5yt (adzlon 5l sy 5 1d) L (olas i1 aS ol
= (s alloe o g b SMac— cuac Ol yod)
TS A g el Cgz o Jolsi 5 (Hee e
J=lie Slaes aS Jlo )0 (P</0) 59— ol
tri:.l:} Y JQL’J VLo R LS)L‘”‘ )'la’ }‘ LS)“)L;"“’
dmlio (P>/-0) wti eanline Ly S Jolws 5 (Sl

aalllas (slo e (551,55 sloojlail b (il Julos (905 b, ¥ Jgor

09,5 # oboj

Gob.w PYES RV O9N @M—M 05;

+ 5, uilecs] il

GOL».& asloo b Ga)bac—g».o.: 05;
1o lile] Sl

Aoy _ oo _ B ]
Eta? P F 7 p s P rSleo
u/J.u.v g o u/):u.:u T o
ol om0l ol o ogesl o
+1/0Y +./AY +./9A +£1/YA &3l olas
SAYD  wel-YF FADE  [O/OA  sele ) LEVIAY  sefe o
Y/ /7Y Vo /55 (4> 39) 49l;
+Y/.Y *AIVF +9/y5 +£11/0Y
SO e [o¥Y FFND TVYIYA sefee) TAOINE e el
AYIVO Yol Y AQ/-Y YY/VA 3
k2]
+5/£9 +0/\Y +5/35 +5/Vq s 2
SAY  seloed YIOOA  TVOSY  sele ) TYEAY  sefe o) 2,
ASI¥D yY/ay AAISY 1475 SRS
. &
£VENY +\Y/5A +\1/-F +9/3Y e
[«eN  <[A8A +fee¥  IYOIVA el IYEAe sefe o) i
10/6¥ Yo/a0 Qv/sY YAIYY VAT
+5/9Y +V/F0 +Y/9Y £A/0F =2
SVR AV YANY TAVYR sefe ) TYVOA e~ s
AVIOE VE/sY Ay /vY YO/IEA

(09,58 5ke; Jolsd) 6,1,55 (sl 03l b il g Jdos PP o (9,5 (19,0 deslie) (o9 dnulio PR

B lae gay Dlac— cvae Olu el 05,5 4 o
.39...4 GQ""C o~ 9 Jol.gj t_gl.:e).._v_’;a 3O 6y (69904
slo g bz | Sz as Wlesls las aalgd
b )5 slaslyg) 5l G0 ax g Ol b Jolas
Cel wlfgs LIS plxl 09 axg 05,9 Dl el
obey ol g o 8des 595 2 (orae SELS L A1
ol bl (FY) 05l e (5559 Job 5o 05500555
a5l ol 8l aS aias o 7, Sles Yl lacawl gl
—t S8 Al 9 lge 4 il dlis 8D 5 cemr
plal ilosls caws 511y 093 35005 > b g aiiS

lahe St 0)90 Sy Sl (o) Giagh cnl 5l Sow

Jols  cmlis ailfge adss b SMae- vac Ol ol
Sg Jols i lyls mmo IG5 s sfes > 9 Ligs
L ‘Sa)l..a.c—u’_,..a.c &_’L.)).o.: as ol uL“‘-’ g u.,\ @L..;
Sl yite 555 » 6 bline 23 LD Alslae e
L;)bysw‘wuw)dJoLuswy
09,5 99 ;a5 ol Hlis g Awnlie (Jl> ol L assls
3 ol g (hee > Slo e )0 (42 BB iy
Olpdd o) @ dxgi b ailes S s | Glps den
ey Sl alslae b gMac- pvas Ol ed 05,5
ey a4 LSy o B elad Sl o Jols
09,5 A o (G ydon Hlidl a0 F g AL O Lo ,as
5 ol g agly gilusl slas (puzen Slaiils pgo
L i prme Sl 05, o SN S ez



A VPt o V¥ o5loud Y 050 ()9 (ointiilyi 4o gy

09,5 a5 Sloj ccpl o oogdle clils &g ,0 s plxl
Sy olel 09,8 b dglio Bl G yed gy S5
S bV 5l (S aiS ge 655 lzo |y lalesl 09,8
Syze $Wog,S (i 4SS pus dbml el wlsi o
Sl s Lol tagh o a5 cal ol gl dasllas
Qilg oo Egoge (pl a5 Cewl ool ooliiwl (SLS oy el
5 958 ayed Jsb yo lagogesl (Srus ol s
Al g eSS b ogesl el el e
Dediee SFLD L 18, e 5l g SBLL el
Jobd pol> gy jo (SSL Sl ped SS9 (rioren
oy SFLd glailly b ke 4 g slael acules
S Lo gl slacadgaze 5l (So tul a5 55
Ll ISl el slaighy 09d ce Sleidey
9 w5 ookl (g iy DU > 4 ax ) (o855 ohs
Sl L) sl as oo s, ple (i
ol i @IS L s I8 anlie 950 alSgs
B S B T
ool Gl pol g S0 slacusguze alex 5l g
Syge Jobss pali b o) oL, e Ghegly ool )0 &S
& e JB @S nlply s0uid )3 8 G ped g o)
Gt eizmer S Job il b oye gla Sogaj]
g L)l Jloel o Ghagly (nl o esliinl 390
bl slecas 5l eon] Slalllas ;o dgd oo dlgidan oS
b b g eslimul bl @y sls 5 alSss
waled jo 00 FaRie 5 e SELS Slo e
Dl gy 4 oan] (slaiagsy oS 29 oo oleiiny
o b bgl awglie 5 olijel gg ol Sdeadd
Sl @l @ gl U wsl,e (ohpes sles S,

L8l Cawd

& S5 Al
—mas Oloyed a5 ol glas tagh ol o
e b ol sz 5 (LD allae L 4z ( las
ol (2 yme 3 88559 (U5 Shes > g bgy Job
3,5 59 o s (g Jolss o chnd SIo) b o (e
o> 5 ol la e o g bline g aslllas 550
Ol yed LiSu il samsplis a5 ool lis ghee
b ooloyes a5 (295 o J (nl bl (GMae- gae

Ly old QS 0 pSpmal b (Jols Ol s
S S il s pSin sleasly o Wlgise
) it i bl Wlgi oo (G Sl i izeen
Slml e ;5 S, 5 Sl Slss 5 0 8 &
st | i olbls )| c5ls Sl e o5 Jl> s S
(FF) 08 o obow! cwgedo (6,8, &l s g 00,5
L Dhac— gvac Ol o sllas ol ol Golul »
Jobs o Slee ;0 dgupn (5 Saizr job 4 alfge ST
Swl Lo el coml om0 8555 L;
Gl (S5 o g LLII L ol ped Gl aiS
Jols 5 wisn oo dgnte el Olog 5 Joles (Il
L oly el a5 aeo g lias Slool SIS e Cod )
(S Dlee 5 BT sg 4 e alfye LSS
Sy g ol S el 5z e
e 5095 adly plnil (EaS S W0 6l 09l oo
28 Wbzl SS9 BLD g vee
ol S5uge S (o e g g e |y JOS S5 Sl
gty Judo 4 sl Ko allge ST 1 ped 5l e
oley 23U alS 4 e o5 Wil ae slao SIS
OA) o5 Szl DDA iy 5o 5 &b
Gualby a les Jobs 5 el J5S SU (riares
olse 51 ol Olee 49 Consd Sgaoe 5093 (55 >
Sl s ras Sl ohg 4 (ras plapw SVl
L bl (2B )0 e (inlply sl anly (ol 2!
Ol s oy ol 4 (FO VYY) cl ol o Jolas 090
(ol aldloe b gMac- cuac Ol pod a5 0l meses
Sfles a4y g oopiSn S | SOl i if ok 4
o JobS Sante Bk ) wiS o0 ST (Dl oras
—ras Slayed Sl e Ghes e dge Sl Wl
o 2Ule maldl Lo 4y Jolss ogupy ol gl DA
aS Col Bl g e Ol s 4 Aol 5 adeis o
Jol> Jlzmuly OMae Cuds § (Jolw Ol ped &,k )
—09y° Slpad pol> hegh j0 G50 Bkl ogh e
5 ol slayiie (o aslllas 5550 09,5 95 0 (29
03,5 (o9 Jaiie 35 ol o og bl hee >
(Gl Dlae gy (Dlae-ouas Dl i) 505
Jidyed g Jriie J3uS 09,5 b iegh flie 0 o
DS g S g8 &S chaghy bl cnlply (o



...... » u}‘.&lﬁw Adlae o 9 U (Sas— amas Ol poi WSy )51

Sl g 8 y9aie fy

Sb ol
el sz solital Jbo Coles 5l guios ol 5o

olf 3 . "?; & e e

I, dlas 5,55 5 kosls d)ﬁT oz yol> Guiod o
Jelosi g 528 (gl potde g3l ol 5 (5 sate Lis
ol ol plowl Sl aily 81 dlde cyol daosls

‘5_;‘&)‘-\3 9 s & v
Fol Lipgh bl o a5 Jlnse seled I alwgpa
ralod o ;S8 allogas wisgad 5k 1) Lo

XL olas
5 Bl olay S e Wjlase el JBanins

3,15 0929 p2l> hagh

References

Bielska IA, Wang X, Lee R, Johnson AP. The
health economics of ankle and foot sprains and
fractures: A systematic review of English-
language published papers. Part 2: The direct
and indirect costs of injury. The Foot.
2019;39:115-21.

McGuine TA, Greene JJ, Best T, Leverson G.
Balance as a predictor of ankle injuries in high
school basketball players. Clinical Journal of
Sport Medicine. 2000;10(4):239-44.

Jacobs CA, Uhl TL, Mattacola CG, Shapiro R,
Rayens WS. Hip abductor function and lower
extremity landing kinematics: sex differences.
Journal of athletic training. 2007;42(1):76.
Riemann BL, Schmitz RJ, Gale M, McCaw ST.
Effect of ankle taping and bracing on vertical
ground reaction forces during drop landings
before and after treadmill jogging. Journal of
Orthopaedic & Sports Physical Therapy.
2002;32(12):628-35.

Kaminski TW, Needle AR, Delahunt E.
Prevention of lateral ankle sprains. Journal of
athletic training. 2019;54(6):650-61.

Schiftan GS, Ross LA, Hahne AJ. The
effectiveness of proprioceptive training in
preventing ankle sprains in  sporting
populations: a systematic review and meta-
analysis. Journal of science and medicine in
sport. 2015;18(3):238-44.

10.

11.

12.

Jobss o (g yiien dgup sl sll 1, gLl alslas
S 3 Cocod| laazsl Q.g“ ools uLW Shos > g Ly
Sgnt 5 1) dhac— cac Olu i b Sl Ol yed
Lz (o)) Socum] 5l (6 pSin g ol o Sles
Jolse 0guge ;o Ol yed ol 5l oolatul o, cpl 5l .08 o
éﬂél Ol
Sl Gragy o B! S i ) e o
aslolow 399 Sl o..\.:...o) wﬁ..a.: 4 u‘u\.o.(b La.u.u le'cﬁ"
< (IRCT:0230619058535N1) b @LA)’T)[S

RO PR W

Trajkovi¢c N, Bogataj S. Effects of
neuromuscular training on motor competence
and physical performance in young female
volleyball players. International journal of
environmental research and public health.
2020;17(5):1755.

Borghuis AJ, Lemmink K, Hof AL, Visscher C.
The effect of a soccer-specific neuromuscular
training program on stability, agility and injury
in elite youth soccer. Core Stab Soccer it's a
Matter Control. 2013:83-100.

Monfort SM, Comstock RD, Collins CL, Onate
JA, Best TM, Chaudhari AM. Association
between ball-handling versus defending actions
and acute noncontact lower extremity injuries
in high school basketball and soccer. The
American  journal of sports medicine.
2015;43(4):802-7.

de Noronha M, Franca LC, Haupenthal A,
Nunes G. Intrinsic predictive factors for ankle
sprain in active university students: a
prospective study. Scandinavian journal of
medicine & science in sports. 2013;23(5):541-
7.

Plisky PJ, Rauh MJ, Kaminski TW,
Underwood FB. Star Excursion Balance Test as
a predictor of lower extremity injury in high
school basketball players. Journal of
orthopaedic & sports physical therapy.
2006;36(12):911-9.

Hall EA, Docherty CL, Simon J, Kingma JJ,
Klossner JC. Strength-training protocols to
improve deficits in participants with chronic



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Y V¥l FF oylosds VY 090 (o) )9 (iudiilyd 3o Sdg

ankle instability: a randomized controlled trial.
Journal of athletic training. 2015;50(1):36-44.

Konor MM, Morton S, Eckerson JM,
Grindstaff TL. Reliability of three measures of
ankle  dorsiflexion range of  motion.

International journal of sports physical therapy.
2012;7(3):279.

Wang H, Yu H, Kim YH, Kan W. Comparison
of the effect of resistance and balance training
on isokinetic eversion strength, dynamic
balance, hop test, and ankle score in ankle
sprain. Life. 2021;11(4):307.

Lee HM, Oh S, Kwon JW. Effect of plyometric
versus ankle stability exercises on lower limb
biomechanics in taekwondo demonstration
athletes with functional ankle instability.
International  Journal of  Environmental
Research and Public Health. 2020;17(10):3665.
Shiravi Z, Moghadam ST, Hadian MR, Olyaei
G. Effect of cognitive task on postural control
of the patients with chronic ankle instability
during single and double leg standing. Journal
of bodywork and movement therapies.
2017;21(1):58-62.

Delbroek T, Vermeylen W, Spildooren J. The
effect of cognitive-motor dual task training
with the biorescue force platform on cognition,
balance and dual task performance in
institutionalized older adults: a randomized
controlled trial. Journal of physical therapy
science. 2017;29(7):1137-43.

Pichierri G, Wolf P, Murer K, de Bruin ED.
Cognitive and cognitive-motor interventions
affecting physical functioning: a systematic
review. BMC geriatrics. 2011;11:1-19.

Fong DT-P, Hong Y, Chan L-K, Yung PS-H,
Chan K-M. A systematic review on ankle
injury and ankle sprain in sports. Sports
medicine. 2007;37:73-94.

Comfort P, Abrahamson E.  Sports
rehabilitation and injury prevention: Wiley
Online Library; 2010.

Akbari M, Karimi H, Farahini H, Faghihzadeh
S. Balance problems after unilateral lateral
ankle sprains. Journal of rehabilitation research
and development. 2006;43(7):819.

Knight AC, Weimar WH. Effects of inversion
perturbation after step-down on the latency of
the peroneus longus and peroneus brevis.
Journal of applied biomechanics.
2011;27(4):283-90.

McKeon PO, Hertel J. Systematic review of
postural control and lateral ankle instability,
part I: can deficits be detected with

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

instrumented testing? Journal of athletic
training. 2008;43(3):293-304.

Hoffman MA, Koceja DM. Dynamic balance
testing with electrically evoked perturbation: a
test of reliability. Archives of physical
medicine and rehabilitation. 1997;78(3):290-3.
Kandel ER. Cellular mechanisms of learning
and the biological basis of individuality.
Principles of neural science. 1991;3:1009-31.
Willems TM, Witvrouw E, Delbaere K,
Philippaerts R, De Bourdeaudhuij I, De Clercq
D. Intrinsic risk factors for inversion ankle
sprains in females—a prospective study.
Scandinavian journal of medicine & science in
sports. 2005;15(5):336-45.

Postle K, Pak D, Smith T. Effectiveness of
proprioceptive exercises for ankle ligament
injury in adults: a systematic literature and
meta-analysis. Manual therapy.
2012;17(4):285-91.

Aman JE, Elangovan N, Yeh I-L, Konczak J.
The effectiveness of proprioceptive training for
improving motor function: a systematic review.
Frontiers in human neuroscience. 2015;8:1075.
Trojian TH, McKeag DB. Single leg balance
test to identify risk of ankle sprains. British
journal of sports medicine. 2006;40(7):610-3.
Batrakoulis A, Jamurtas AZ, Georgakouli K,
Draganidis D, Deli CK, Papanikolaou K, et al.
High intensity, circuit-type integrated
neuromuscular training alters energy balance
and reduces body mass and fat in obese
women: A 10-month training-detraining
randomized controlled trial. PloS one.
2018;13(8):e0202390.

Bahr R. Can we prevent ankle sprains?
Evidence-based Sports Medicine. 2007:519-37.
Caldemeyer LE, Brown SM, Mulcahey MK.
Neuromuscular training for the prevention of
ankle sprains in female athletes: a systematic
review. The Physician and sportsmedicine.
2020;48(4):363-9.

Vriend I, Gouttebarge V, Van Mechelen W,
Verhagen E. Neuromuscular training is
effective to prevent ankle sprains in a sporting
population: a  meta-analysis translating
evidence into optimal prevention strategies.
Journal of ISAKQOS. 2016;1(4):202-13.

Wang L, Yu G, Chen Y. Effects of dual-task
training on chronic ankle instability: a
systematic review and meta-analysis. BMC
musculoskeletal disorders. 2023;24(1):814.
Grooms DR, Onate JA. Neuroscience
application to noncontact anterior cruciate



36.

37.

38.

39.

40.

S 30 Syl 5 (oS e Ol yoi U

Sl g g y9aie fr

ligament injury prevention. Sports Health.
2016;8(2):149-52.

Mache MA, Hoffman MA, Hannigan K,
Golden GM, Pavol MJ. Effects of decision
making on landing mechanics as a function of
task and sex. Clinical Biomechanics.
2013;28(1):104-9.

Sanders AE, Holtzer R, Lipton RB, Hall C,
Verghese J. Egocentric and exocentric
navigation skills in older adults. The Journals
of Gerontology Series A: Biological Sciences
and Medical Sciences. 2008;63(12):1356-63.
Jehu D, Paquet N, Lajoie Y. Balance and
mobility training with or without concurrent
cognitive training does not improve posture,
but improves reaction time in healthy older
adults. Gait & posture. 2017;52:227-32.
Tavakoli S, Forghany S, Nester C. The effect of
dual tasking on foot kinematics in people with
functional ankle instability. Gait & Posture.
2016;49:364-70.

Mohammadi Nia Samakosh H, Brito JP,
Shojaedin SS, Hadadnezhad M, Oliveira R,
editors. What Does Provide Better Effects on
Balance, Strength, and Lower Extremity
Muscle Function in Professional Male Soccer
Players with Chronic Ankle Instability?

41.

42.

43.

44,

45.

Hopping or a Balance Plus Strength
Intervention? A Randomized Control Study.
Healthcare; 2022: MDPI.

Ramezani F, Saki F, Tahayori B.
Neuromuscular training improves muscle co-
activation and knee kinematics in female
athletes with high risk of anterior cruciate
ligament injury. European Journal of Sport
Science. 2024;24(1):56-65.

Hertel J. Functional anatomy, pathomechanics,
and pathophysiology of lateral ankle instability.
Journal of athletic training. 2002;37(4):364.
Polskaia N, Lajoie Y. Reducing postural sway
by concurrently performing challenging
cognitive tasks. Human movement science.
2016;46:177-83.

McNevin NH, Shea CH, Wulf G. Increasing the
distance of an external focus of attention
enhances learning. Psychological research.
2003;67:22-9.

Dorfman M, Herman T, Brozgol M, Shema S,
Weiss A, Hausdorff JM, et al. Dual-task
training on a treadmill to improve gait and
cognitive function in elderly idiopathic fallers.
Journal of Neurologic Physical Therapy.
2014;38(4):246-53.



