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The neuromuscular response of patients with acute ankle instability in balance recovery
Qorbani M*

Abstract

Purpose: Acute lateral ankle sprains are the most common injuries referred to emergency
departments. The purpose of this study was an overview of the balance recovery mechanism
to provide a perspicuous understanding of effects of this trauma on the joint for clinicians to
prevent further imposition among chronic ankle instability.

Methods: The treadmill protocol was used as a dynamic balance test with simulating fall
upon 4 posture stabilizer muscles; medialis gastrocnemius / tibialis anterior / vastus medialis
(VM) and erector spinae in L3 during sudden acceleration in base of support/ in two sides of
the body (involved/ uninvolved as left and right) in sudden acceleration in forward and
backward directions upon 20 adult women in two groups (10 LAS subjects with the mean of
age; 23.9 £ 2.03 yrs and 10 normal subjects with the mean of age; 26.4 + 3.2 yrs). The data of
(electromyography) were assessed by using one- way repeated measures 2x2x4 ANOVA and
multivariate test (P< 0.05).

Results: The results showed a significant interaction in muscle by direction. Significantly
higher TA activity was shown in LAS group compared to normal group in forward direction.
Significantly higher MG activity in right side of body was demonstrated in normal group than
LAS group in backward direction. These findings suggest that by comparison of two sides of
the body in two directions for 4 muscles electromyography activation/ significantly
symmetric in LAS group than normal group was observed.

Conclusion: Acute ankle instability with alternation in neuromusculoskeletal system may
affect the dynamic balance control in patient with lateral ankle sprains.

Keywords: sEMG, Balance, LAS
Ao gl AV N Siallie il

Jold 2b3b 5o b g ol (gl bl A i ol slew (GDAe (cmac Gl
JERSES

e 4ot axxlie slacaw! o nls 5l «lateral Ankle Sprains; LAS) b gz ol> sla 5o 95z :du
sbwl jshie 4l ge ol ()LLL @ s 331 Jolad (b3l paesloo (o) 2 taslllae ol 51 Bun 095 o Dgumie a5
ol @aar (2lse 5wl 0)lg 585 5l (6 Siy jo ,Sileys 5 S5 (6l cJao p ol ol DIAT g, Sy
Ll b o (o0 55lbL ales

ool alae ¥ 31,5 5mes 2SIl odlad Souds andllae b oolid) (g5luand b (0,515 (alejl asliyy ziqmy pisbs )
e «(Medialis Gastrocnemius; MG) le sslige «(Tibialis Anterior; TA) olad  Slo : ol ol
3 SSL Sl 90 pl5am (L3) (6065 pgm 4l yo a8 ygnw sanSewl, ¢ (Vastus Medialis; VM) il
S8V )09, 99 0 JuS )5 05 Vo 59, » e g slr g, Sz 90 @ G 2500 € 5 150 S 59 (55, 5SS
fs Sl bl 0,3 Ve g Jloo YA EY/0Y ¢ o 2S5k b (LAS) b e ()15 0,15 o> (50,95 e 40 o
5 Ao Wil g Julos 39, 4 (Electromyography; EMG) 1,50 x50l slaosls il (Jlo YS/E £ Y/Y
23518 Syl g Jelos 990 VoV (ole Jlos

£




http://WWW.mums.ac.ir : sgie Koy pole olXisls colu

Jbeyi 09,5 5l i ol LAS 05,5 1o )b sme j5b @ ol 4 Gl jo o g cnly TA 5YL cJles lbaddly

09,5 5l i plle 09,5 ;0 (5l sime Heb A cde @ g, Ol 4o G Cusly Cwow MG YL cled o eolsLis
ol oyylaie Lo o148l 09,5 10 o o 90 OMae EMG cldlad o ooloLis LAS

B sl cou 1) 08 Jobss JyS el ( e Sl coac olfiws 55U L L e ol SLS o 18 S Az

.Mésa

LAS) L 7o ()5 0,lS o> (58,55 o (Jolss (SEMG) xbans 31,5 g3log 155Ul i guadS wlods”

mehrgorbanil@gmail.com . b 3 5.5 e ) glomno 6kionns 99
Ol eoloen axly oMl of5T olSiils ¢ S S s cyloots : yw 0]

U‘)”‘ ‘.)).?3).3 ‘U‘? uli...?u 9 u‘)m?).' oliwla cé).?jﬁ »‘5 “SA)LM‘ \)‘)T oli...u‘.) ‘LS“))B s.iulia&u J.u.v)‘ uoL..m)lS -\

Troy i g Shee b &5 025 JSSopn S0
50 (g0l 0 oS eSS ph o8l cnloas oslo
@S sl g So,b o SO (59, b 90 (59, ool
0 0, ad oo jpuSI Jliily oae se3l (T o
e 51l 5 10, babe sl S5
)5 el (3051 990 Slaggdse sl ooliul 550
ol g QB e o st Sl
9y b ek 4 b 9oy &5 S o el
o5 35 ol b 1) ool 3 5390 55555 5 e
Ly slocadlad 5 (Saij (Bly Ll b bl L]
4 i ol o a4 0gd oo ol cplplo ol
Loy ok @ Jobss oy cudld 5 ol 2
A BT 398 (6 puFojladl
L blsyl jo Ly Jolw ae) ;0 oals ploil Olalllas
2ol g Sslosg 05 jlew b e S (5005 mn
Cwlad Do Slinds asile (pl epe g9
Aoy ;0 (005 Hlewn Oladsd eaSL (Y F YY)

n

SO " g 50 ol b3l el b))
EMG 5, 5 )ln Slalllas .coslosds plosl b ze
Caslosls las el 05,8 Jsb jo Slisg plasl &dlae
95 o5eSB myed Ol 4 (ld (Sl alae waS
4 510 eails S gy alae WS o Joo b e 5500
Solss alae 5 S oo Joo 55l 5 sl ks lsie
oS odx g byeslilialy oo Seee 5 o S
Gan b 5aisd ol ol (TYYF) ol 4,0 S
Sl il ) b o s el
Jolie o b o Jolie 5 oaisS Joe 5lac EMG

5 BdSS jpeST g oy ily Jed L Y

doddo
5! ‘(\LAS) L oz B oS sl So,5an
S5 0ye5e; slacadled 5 (h550 )0 gld sl
3 e 4 i b e ol sl S 9 () - F) o
P 3zee Sl Gleoni S (ool (28, G
Olysis Cgo a5 (B) 39 o0 0038 o] sl LIS
Gl s weles Jlow plal o SMas eac
b e Phae e Sy b (CAD L go oo
P) 2555 Seoms YL Jolan (riizran el ol jon 550
(A OS 0 5550 1) o Blie G Jolao 505 4 (Ve
Sl by e 5 Ll sl dopllS) a5z
don gl b 4 () WS e eals |, ke
s §) B Plae - Sl - s slags sl
el 00) ool Jols5 5 s o (5 el 5
St 4 SIS sl wg)lnl @8 L ol
BN 5,5 4 gl el 01 i oS
ADYNE) L o Soys5 g 4 slaiul 5 OY)
ey aallle a1 55 e Slyn 51 (55 35 0 Sy
S S el ol ez Suas] obml jo Sdlae
Sy Sl ol (U ez o 3 Syl
wel st ol gemes cwd ol lesel
OISl e o s ols Jlis @ 5 |y sl liagls,
Sl e g Sboys ol 0 o5l 4 a5 cul
b a8 cwl Jolw ppols cass 1 asas el
Iy ol 3l sl Jolw 5 S5 L Oldlae (el 0gd ool
Jis ey OF 00 A8 VA) wilesls 1,3 bl o se

! Lateral Ankle Sprain
2 Chronic Ankle Instability



http://jpsr.mums.ac.ir : alws ol

OYAY Lo 9 5mb) ¥ oo,lads Y 090 —dgin oiSeiled 9 (Sl pole dlore

I sl gl wmld syd 5l S ko mie
Llye odle 4y go3l Jolye 5 0976 5l 5 0 0ols mpdss
lass ol ol wind allae el Sl g ol

50,5 Laal |, Q}A)’] 30 &Sl dsbesls,

Al g olse
oy el samsnld OMlace mulb bl sly

MA- atls V¢ EMG oK S5l bgy Jolws Q}c)']
sldldaiis JSo a4 gleog xSUL D.T.U Jow 300
Das 59, 2 Ag/AgCI b8 90 g (5o de VY
oS Cuwly g Slo gt (PBlo (Sle oy
QB S E5 15 (5705 pom 0ytn el o DI (i
IS0y xSl Jgol cale, Loy o Sk g0 (s,

O Jgoz) o eolaiwl

OQ‘}T 6‘)‘3 .>|)é| 6}1.»40&LJ
5SS 5 g S (5,515 e (530 el
S9y Bog xS o bl S ws anad] ass b (oo
FB slocuz L g sud,5 18 ool SLosle oo
Lubricant J; ;| .was oS g osibows giacd
(YD) ad eolarl b JLSiw colua el olisl ol
ufdbbdwwlpewdﬁoﬁ)lw
g Cwld cnly Cdl 4y o Tl SISO s axans (g9,
LL i S gysb a4 aal oo )8 58 lacass
Slp o2 Slilee 4y g 0,8 aills pe ojlal 4 glalold
@9 LS 5 Cux G ol 4 abatuleS
2995 )B O ly axmio 4 cuty Koo b sl
b g 0als oailiigy 00, b 10,5 g asans (VY
b S s & 5 s Ul s ol s A1
Voo 4 adl p oy il YO Cepu b cae U gl
Codled ol Tl LY ileS o 0,5 o &S 4l
Ol b o ol 3l il sasmsals oMae S S
yhie A e D Ol g g pSeslail Sasl
u,..«.;‘)_‘a‘ 9 EMG 6&00‘& L_.;)‘LMJLA)J 9 (_g)‘l.w .)JAJL’;....;‘
Ao 6‘)—.’ EMG (_ngw.:.E.:.'i tdus 8o )L;cl
Average Value jlais g o4 col o Bouses o

\A

ol S ol b 108l 5 yme 5o 3,8 385 ,3

&I 049
Slp ol > 025 ded gy 5l G
dac ¥ EMG cllé clns 5 bog,S ;)
6slBgs (TA) alid lo t ol | oeuly oaumocls
O 038 usly 5 VM) Gl 0ge (GM) iLs
O3 9 b ol3l 10 (L3) (6505 poms 0500 4l y0 a8
9 Conly Coons 93 )0 a8,k Sy b e ol (S5 En
@ Ol S5 S5y olr 5 e S > Cuz 93 0 9 o
cdld ul el atily sl xie adosy LS
90 30 2540 jub g 58 Ceomw 90 0 alae ¥ EMG
Hloweg Dle Jits glajiie 5 IS o>
33l g b e s> (505 4 M ol 3l) 0,5 )
(ol
(o2 5 Sosly o &y 12550 528 9 525 )0) (0 Ceons Y
ol,8l s Cows (gl g cae 4) 8 CS > cg X
Sl Gk ol (o el Ol s alie oo L
(YD YF) ol ad ydy alice oo

aml> 1 (YY) JLS 50 o) Ve pfasses s
99 50 (loen 0l g g olsT slaolKisls b gmeiils
B o)LS ol (Soystan 4 e 98 V1) 09 S
(08 o Jlo TYA Y)Y ¢ 5uSils b (LAS) | o
05 shS FVIE £ VYIS s0s oy e il VEVIY £ 7
(08 o Jlo YFIE £ ¥IY ¢t nSiloo b ol 5,8 1+
PUE £ UF ton pyr omebe VEEID £ O
i eailgslE sl cnl yo ESE glp (o SsLS
SR ) QST eS8 s Seids (Dl Gl
o disls 42338 Lo oSy b o5 wind bl el
a0 )l 5 ol peS 5 (Sl plal ) el aisS
S o isgs 5l b 5 5o (s el s
b Sy 43S ole a b iie aw b 45 20 0g)S
Al ol oS w093 sb Se 5, 2 1, LAS
SWe S sk @ wid S 8wy slaple,s 99
ol Jolae 5o (00055 Elsil 5 o5 )0 Jols a4l

Ol 30 S8 L 1 Gygo cpl e 0 (lblal 0ezg 0l 8

ol @3B Sl s 0y Sty zaly 5l jshiie s ol o



http://WWW.mums.ac.ir : sgie Koy pgle olXisls cols L e Lo (i cmas by - S 54

OBALS S 1 ol s S srng 2SIl (o AF 59 25Ul glasal, ) Jga

alae 39 2SIl (5 15 )1 B Yoo 09 SSIl (PO

ES(L3) do Gl S5 Jma 5 el 4 Spa o (Faaly (sl 52 5 o (sl 295 o0 cipogs bis Lz
5,5 1,8 L3 b 5o Sl a3 5l e sl Y=Y o lad [0 (lo ol (slo e

VM Jeaio slas g glopols —(slo o (ool SlBgs Coond (a3 YL TAS 53 Wb 09 2SI ool SBg Caond (s a3 &y 390 Ly i
S5 13 s QLIS (sl ad lis o ad lie 55 Jade sLaS 5 (glopols —(slo e

Sl LS sl

TA 598 Sz 1 9 Sl S50 lgmin jur Sz g opo b YL WY 0wk 0y xSl S5 gl o (S p o b3 sl o
3,5 1,8 Als s S8 Kz g sl

GM 355 )18 alae (Soely n ez 5o il 0925 L stel 5o

ES(L3); Erector Spinae, VM; Vastus Medialis, TA; Tibialis Anterior, GM; Gastrocnemius Medialis.
a ?? b
Hlas slei 510 sley sles 5171808 sl L 5 ISl (55, 28 &gl 585 51,8 5,k ) IS

i

— b —

09,5 o oualive gy 1 (185198 (59, e 5 ol lacea 4 SLSU Sld @ aly jo ol (58,518 5,k Y S
(SUSL olbis 4 S 09,5 oo odmlive jewl D . SLSL olis 4 LAS

\Al



http://jpsr.mums.ac.ir : alws ol

OYAY Lo 9 5mb) ¥ oo,lads Y 090 —dgin oiSeiled 9 (Sl pole dlore

P=eSe ¥ 098 90 yo (Gas cullad oS (2,5
EMG culé was o1, &)l gme woles «(F=F1Y
09y delie o Ll oloplas cw)p 0y90 alac o
9 ) Hlogai 4y azgi b jlews o3 jo (0 Ceas g0 (295
FE g S 0 Ceoww Shac Ful jo gld goe Sglis ¥
MOMLmAusMWI)SWWLS))L-CdJsjf)Q
GM alae Sdae mul Wl o3l o5 o a3

W‘UBMG)lon)ﬁbmu?5w‘)w

G Ao g Sy
Sologre Solay S ol lis gaasd ol @l
S Sz 90 0 (e oae guly o (P</40)
O e 4 gy OIS lg S8y g gl ay gy (1,5l

w‘b 09}5 09; 9..)
OMas S8 el sla Sl
OISl Jolas a3l y0 09,5 50 50 yzmusly eaimscl
3O Sl dezg dou Jolw oLk slagmlnl e
4 () aboe 5op b e liml SzS gla Siasl
Caxdg )b Glosi b g Jate Jo> o a5 piae oyl
odls sl maw 0 (gdd g ol L 0,8 B
Sl geeil o g Sy sla Suadl o gh e
o‘),o.:o Yb Ly l.: Ly ‘_g).fg‘o 6&‘533\11;.»1 u.)LQfL:
o Jade 51l 09,00 )8 4 636 3l
T o W B S CRP L S vowe Rt L S
oo Golubl s M o8l 4o g o ls sl Jolw

S

G5lal (YOY8) caloas oays (CAD | ze
O FSE L Gl Gl 6 S ey sl tRbls pelS
o el L Sasl sgrg b g CBOS) slS5! peda
.o)b@ﬁ Ialf ua.?u.q AS u;».su U”‘ 4.1 »)B)GA )lS

o ¥ Sigl 4 sid S5 Syl s S )5 il
2 (9 98 el (o S 65 5 5l L g)
dslie b (YY) 05 cad 0bml (6ss 03 £SOl o

Z Stepping strategy

® Suspensory Strategy

* Chronic Ankle Instability

> Base Of Support

Jolin 5 5,5 o )3 dsilon Cll> 4 08 Ty &5 Lasg
RYRIPIPESY: I ) GRLNED-TIEE Y

4

Yy

3 gl 4l (oo Vev sk 5 33 'RMS @) L e
» (MV) &yl s b5l &5 > 9,0
2,5 15 aalas 0,90 UK RMS ais ,l,
slacals (ig,y b dslas 5,50 slrosls g5l Jley sl

s oolaiwl (YA) 53 Jgo,8 5l L

Xnorm:Xcure - Xmin/ Xmax - Xmin x 100

5 bosls ( ciwbesl aslp plxl 51 o g kel Judos
gl a8 518 Jdod 5590 17 a5 SPSS I3 5
@l ab 283 5,0 (P 0) Ggesl sl
&5 slaoslasl b bl Judos B o sawlcaws
Jedos g (ODlae slass x s Caows x Cgz>) YxTxF

LD 43\)\ wf“‘d)“"““\"w“b)‘ﬁ

Wasily
03,5 93 3 «SSL SLd 90 S (89,5 (5,0 Dol
‘p:’/’ ‘) £3g9 )‘Ou_l.u: Jobu Lo 6‘;» )LM 9 ‘-‘,JLMJ
ol g cudld ol Sl jo ioren (F=v¥/.¢
A_35L°J 05; 99 Oy 0 &L: SHlae ‘_,;:)La.c as
g o (F=FIVOP=1/F) oy salie 5,0 gixe
30 O% Craw 90 OMae S Sl el 5 6,5 S >
P=2/0Y) s o o goe Doldl 5 0,5 90
—omas Feal 685 50 g (SO Sl elas o (F=F1A0
(il D929 (5 o gime Dold jS S gy (Dlas
1050 ol 50 (V=Y slo logal) ‘(FZ\‘\/\/\‘p:~/~ ©)
dlac ;5 098 93 G Gl Dold (eimes
TAL  aae o «(F=VIYYP=-/-10)MGR
59 TA dlac 10 5 e S 0 F=#1fVep=-/-Y1)
Sz 53 09,8 99 (m OMas ple d Cod G Ceoms
g o odalive gl 4 g,
a4 ol o8l 09,8 5o L3 alac YV loges 4 azgs b
S Clled 5 8ls (s Collad (s Josine 5
s> LAS 4w o138l 0 VM 3 GM TA odlac
Clled ¥ jloged 4y azgi bl Wl 09,8 5l i
5 i ol 09,5 50 GMR 4 L3 alae S xSl
03; 5o VM 9 GML sTA 9 Sl ol LAS 05;
ez 5 5255 09,0 shole 2k yo sl i LAS
6)‘95:“’“‘ s jo (_g)lf C,SP S g alac
090 kle z,b 5o (F=ya)y P=eye e )i conlie

! Root Mean Square



http://WWW.mums.ac.ir : sgie Koy pgle olXisls cols L e Lo (i cmas by - S 54

90
80
70

60 *
50 T
40
30
20
10
0

TAR VML VMR GML GMR

raly edim il d S Wae

edlad SJ&L"‘
EMG (mV) X 100

.L__c.:h- JS’:J-J;'-E,:_ s W 3 ey S e 3l S

GMR; Gastrocnemius Medialis Right, GML; Gastrocnemius Medialis Left, VMR; Vastus Medialis Right, VML; Vastus
Medialis Left, TAR; Tibialis Anterior Right, TAL; Tibialis Anterior Left, L3R; L3 Right, L3L; L3 Left.

90 B g CA.AAJ‘) Ceouns 9o VM 9 GM 4TA gL3 ‘).z.wl.: 0DY uL..a OMac Gi‘f"i” uJLtB Q)LX.:L..M:‘ 6L]a> 9 wi:Luo :\)‘Q}QJ

Sl re Heb 4 (0 oo 90 TA alae EMG culls (<-/40) )b cime o # .l a0 g, 5,5 (auisS &8 1> 13 05,5
ool (29,5 3950 9 O Ammliie o SMLae Lo 5l Gy

100 *

80 * T
70
60

50
4
3 i i
20 i
1
X l

TAR VML VMR GML GMR

Pr- o PN CECICR I gL, T

WL e 5505 g 095 pdls ol 3l 09,5

edlad SJ&L"‘
EMG (mV) X 100
(=

o

o

GMR; Gastrocnemius Medialis Right, GML; Gastrocnemius Medialis Left, VMR; Vastus Medialis Right, VML; Vastus
Medialis Left, TAR; Tibialis Anterior Right, TAL; Tibialis Anterior Left, L3R; L3 Right, L3L; L3 Left.

5 Cely Coms 93 VM g GM TA L3 ¢ L3 51zl snims old cdlae (S xSl el o lailiwl slas g Sl oY logas
Syl sire y5b 4 GMR alac EMG ol (p<:/:0) s,ls e c.la.w e A g, L;)b’ .».....SJP 30 09,5 30 2 >

\A



http://jpsr.mums.ac.ir : alws ol

OYAY Lo 9 5mb) ¥ oo,lads Y 090 —dgin oiSeiled 9 (Sl pole dlore

o ot ollad ol | g (sl 355 on Atlin b
s57e Jom &5 Sl digly chon S5 SSgl S e
by guSs Ly ly acilSs (l )0 05 2 oo b e
Colled yias aS aas oo lid adly cpl oren (!
Fr5e g Jobs obml jo b me p oaisS Joe O)lac
oxanls wMas SO uSUl codled Sl 56Xl !
Sl LAS 4))1...».4 o|)3| 05; —= 9 Ca.....:l) Cound JDLMJL'
Cwlodgs oy )laie (55lo g jobb 4y Sz g0
5 hae (gras Eul 5l (g, Sy @S o
oo &9 Jlie yo ad)le cnl yo Jols 2Lk (S
Oy &5yl lie =51 50 cslosged pol s Lo gl ]
Whpd b g o SO Em & e B o
bk yo PDlae mac mul cpl (A ) Caslonds
e 4 Job olu e Sl o boay (Jols
Ol yei Al aiS 0 SIS boguSld jLuly cugs
o 5 i o g Jeate Cugdl coge ‘g_;bw
Gl 5l e S b (Ghhy by Slasl g jhe
S, 55 5 Jobs il 5 08 lde eme
SeS hlew gl 4 Jolie 60,5les 5 (Sl
Slaglrial 5 cuml 0)lgs 59 5l g 95 wialys
Jdo 4 b mli S e opfin o] bl
ol Caws & bl @ az g bawl Jos 4 oY o
Mmdow@oWoMTQMm&mdl
§ CamigS | OMae S fiie cmae SO0 5 ool o

&3 Sl
55 il s RN fSes den ) ol L

Ol a5l Ol lowm Co o

Yo

Lawslas ol i codled Gl oS | e ODlae
So St cdled oSl sl lis VM 4 L3 alae
& Syl jo (SO Sl el oL ol 81 dlac
Sl iy g wiS e Jee Jols oLk
O (V) sl GBgd alasl & gl plail 51 olae
Oleyed yob 4 S8y ol 4 gy OBy Jle Glsie
Sl pazd ol Wgd oo Lariie 1a)guSlE (w90
Clld b K Sl 4 e gl ol sl
@ gl Blol ,gleiS a5 conl p3¥ CansSLoT alae S
Ol 4S5 (gl g oud oloul Lol a4 g S s 4y SLS
Soye N 4 WSl mhaw 098 Rt So e S
be sFliel 2o kg Jom o pleg Bob 51T
S b S b sl 4 5, B i 4
5 i So S codld Gl Lo cde 4y g, OB o
Sl gl gy Cwx 0 09 90 o g S,
03,5 1 S,lo gxe yob 4 VM § TA alac sl
oo 09,5 0 alie cdlac 5l o o> LAS 4 M
ssb o MGR alae S asUl cdlad oSl g o0y
Closg ;oo Slac i J6S 05,5 [0 (5l Fxe
L3 alae Sopsdl cdlad oo Gyb 51 (P<-/+0)
o3 31 it wlla 39,8 55 Sl ol 4 45 o

el o> LAS & Yo
Colled Al @ dxg L b caslosy ol LAS
Solosre job a4 b gy 0aisS Jos OMac (S Sl
e Bl b gl (pjg0 alde o Slee ey
Jos S alae 95 5l G il job 4 by Sy
05; 4o Ll f“")""'\"LSA |) U"‘“’“))" ralf 6/p|;....u| ..\....S‘SA
Sy edled gl 4 g, Cge yo ol LAS & Mw
09,5 ;0 OMae plo 5l i S 90,0 TA OMlac
a5 (P<+/+0) cewl Wl 09,5 b avglie ,0 5 39>
039 oo &5 (gme (nl 4 wiiS (oo Jee ()i 5k &
0395 yidor S)lo e sob 4 (6N0 4 s (4



10.

11.

http://WWW.mums.ac.ir : sgie Koy pole olXisls colu

Garn SN, Newton RA. Kinesthetic awareness in
subjects with multiple ankle sprains. Physical
Therapy 1988; 11:1667-1671.

Pintsaar A, Brynhildsen J, Tropp H. Postural
corrections after standardized perturbations of
single limb stance: effect of training and orthotic
devices in patients with ankle instability. British
Journal of Sports Medicine 1996: 30:151-155.

Guskiewicz KM, Perrin DH. Effect of orthotics on
postural sway following inversion ankle sprains.
Journal of Orthopaedic and Sports Physical
Therapy 1996; 23(5): 326-331.

Orteza LC, Vogelbach WD, Denegar CR. The
effect of molded and unmolded orthotics on
balance and pain while jogging following inversion
ankle sprain. Journal of Athletic Training 1992;
27(1): 80-84.

Freeman MA, Dean MR, Hanham IW. The
etiology of functional instability of the foot. J Bone
Joint Surg Br 1965; 47: 678-685.

Gribble PA, Hertel J, Denegar CR, Buckley WE.
The effects of fatigue and chronic ankle instability
on dynamic postural control. J Athl Train 2004;
39:321-329.

Caulfield BM, Garrett M. Functional instability of
the ankle: differences in patterns of ankle and knee
movement prior to and post landing in a single leg
jump. Int J Sports Med 2002; 23: 64-68.

Hertel J, Olmsted-Kramer LC. Deficits in time-to-
boundary measures of postural control with chronic
ankle instability. Gait Posture 2007; 25: 33-39.

Hertel J. Functional Anatomy, Pathomechanics,
and Pathophysiology of Lateral Ankle Instability. J
Athl Train 2002; 37(4): 364-375.

Winter DA. Human balance and posture control
during standing and walking. J Gait &Posture:
1995; 3: 193-214.

Hertel J, Buckley WE, Denegar CR. Serial testing
of postural control after acute lateral ankle sprain.
Journal of Athletic Training 2001; 36(4): 363-368.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

\id

Vogelbach WD. The Lower Kinetic Chain:
Foundation for Normal and Abnormal Function.
Morgantown, WV: Biomechanics Inc; 1988.

Donatelli RA. The Biomechanics of the Foot and
Ankle, ™ ed. Philadelphia, PA: F.A. Davis
Company; 1996.

Tropp H, Ekstrand J, Gillquist J. Stabiliometry in
functional instability of the ankle and its value in
predicting injury. Medicine and Science in Sports
and Exercise 1984; 16: 64-66.

Elveru RA, Rothstein JM, Lamb RL, Riddle DL.
Methods for taking subtalar joint measurements: a
clinical report. Physical Therapy 1988: 68(5): 678-
682.

Nichols DS, Glenn TM, Hutchingson KJ. Change
in the mean center of balance during balance
testing in young adults. Physical Therapy 1995;
75(8): 699-706.

Tropp H, Ekstrand J, Gillquist J. Factors affecting
stabiliometry recordings of single limb stance. The
American Journal of Sports Medicine 1984; 12(3):
185-188.

Tropp H, Odenrick P, Gillquist J. Stabilometry
recordings in functional and mechanical instability
of the ankle joint. International Journal of Sports
Medicine 1985; 6: 180-182.

Horak FB, Nashner LM. Central programming of
postural movements: adaptation to altered support
surface configurations. J Neurophysiol 1986; 55:
1369-81.

Cachupe WJC, Shifflett B, Kahanov L, Wughalter
EH. Reliability of Biodex Balance System
measures. Measurement in Physical Education and
Exercise Science 2001; 5(2): 97-108.

Arnold BL, Schmitz RJ. Examination of balance
measures produced by the Biodex Stability System.
Journal of Athletic Training 1998; 33(4): 323-327.

Schmitz R, Arnold B. Intertester and intratester
reliability of a dynamic balance protocol using the



23.

24,

25.

26.

27.

28.

29.

30.

31.

http://jpsr.mums.ac.ir : alws ol

OYAY Lo 9 5mb) ¥ oo,lads Y 090 —dgin oiSeiled 9 (Sl pole dlore

Biodex Stability System. Journal

Rehabilitation 1998; 7: 95-101.

of Sport

Fu SN, Hui-Chan CWY. Modulation of prelanding
lower-limb muscle responses in athletes with
multiple ankle sprains. Medicine and Science in
Sports and Exercise 2007; 39: 1774-1783.

Fu SN, Wan C, Ying HC. Are there any
relationships among ankle proprioception acuity,
prelanding ankle muscle responses, and landing
impact in man? Neuroscience Letters 2007; 417:
123-127.

Mansfield A, Peters AL, Liu BA, Maki BE. A
perturbation-based balance training program for
older adults: study protocol for a randomized
controlled trial. BMC Geriatr 2007; 7: 12.

Mansfield A, Peters AL, Liu BA, Maki BE. Effect
of a Perturbation-Based Balance Training Program
on Compensatory Stepping and Grasping Reactions
in Older Adults: A Randomized Controlled Trial.
PHYS THER 2010; 90: 476-491.

Krejcie, R.V. & Morgan, D.W. Determining
sample size for research activities. Educational &
Psychological Measurement, 1970; 30: 607-610.

Sousa A.P, Surface electromyographic amplitude
normalization methods. Repositério Aberto da
Universidade do Porto, 2012.

WwWw.seniam.org

Hwang S. The Balance Recovery Mechanisms
against Unexpected Forward Perturbation. Annals
of Biomedical Engineering 2009; 37(8): 1629-
1637.

Nashner L.M, G Mcollum. The Organazation of
human postural movements: A formal basis and

32.

\A4

Experimental Synthesis. The behavioral and brain
sciences 1985; 8: 135-172.

Macaluso A, Nimmo M, Foster J, Cockburn M,
McMillan N, Vito G.Contractile. Muscle Volume
and Agonist/Antagonist Coactivation Account for
Differences in Torque between Young and Older
Women. Muscle Nerve 2002; 25: 858-863.


http://repositorio-aberto.up.pt/
http://repositorio-aberto.up.pt/
http://www.seniam.org/

