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Effect of voluntary-induced stepping response training on balance, risk to fall, and fear of
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Abstract

Introduction: Perturbation-basedbalance training reduced fall rate up to 50 percent. But the cost
effective for long-term maintenance of fall prevention effect of these training program is high
from expensive equipment or requiring physical therapist. Volitional-induced stepping response
training (volitional-induced stepping response training; VSR) is an important solution to this
problem.

Objective: To investigating effects of VSR training and therapist-applied perturbations (manual
perturbation) training on balance, risk to fall, and fear of falling among community-dwelling older
adults at-risk of fall

Methods: The design of this study was a randomized controlled trial. Sixty older adults at-risk of
fall were randomly allocated into either the VSR group and the manual perturbation group. The
VSR group received 30-minute volitional-induced stepping response training, 2 time a week for 8
weeks whereas the manual perturbation group received the same training but used physical
therapist-induced perturbation. Participants’ balance and fall risk, lower limb strength and fear of
falling were assessed at baseline and at the 4th week and the 8th week. Data gathered were
analyzed by descriptive statistics and repeated measures ANOVA.

Results: Both groups showed significant improvements of Mini-BESTest and FES-I scores, time to
complete TUG and FTSTS test from baseline to at the 4th week of training and continued to
increase at 8th week of training (time effect p< 0.001). When comparing between two groups, the
Mini-BESTest scores were significantly improved in the VSR group than the manual perturbation
group, from 4th week of training to 8th week of training (interaction effect p<0.001).

Discussion and conclusion: This study showed that VSR improved balance, leg muscle strength
and reduced risk of falling and fear of falling in community-dwelling older adults at-risk of fall as
same as therapist-applied perturbations training

Keywords: elderly, falls, reaction balance training
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Uszifmennan/ldnndy - 9ruu 39/21 20/10 19/11 0.27  0.791
MMSE(Azu1114/30) 27.05 (1.51) 26.57 (1.59) 27.53(1.28) 259 0.012
FRAT (AZluL/11) 5.85(2.11) 6.13 (2.21) 5.57 (5.17) -1.04  0.301
TUG (Guni) 15.24 (4.84) 17.78 (4.53) 15.70 (5.17) 0.73 0471
Mini-BESTest (AzW11/28) 14.60 (2.94) 14.90 (3.34) 14.30 (2.51) 079  0.434
FTSTS Gun#l) 19.28 (5.87) 19.30 (5.84) 19.26 (6.00) -0.03 0975
FES-I (Azlul/64) 35.36 (9.42) 34.67 (9.14) 36.07 (9.80) 0.57  0.569
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HAYBINISENLUY VSR farnuanunsalunismssiauazainudssvasnisda

91NANS197 2 AZWUY Mini-BESTest suaaﬁgmfju VSR uag Manual perturbation filfiuduogedl
Soddymeadniiolasunisiin 4§k wanfintuegsadeudieldsunsilnsaiiosuasu 8 duaw
(time effect p<0.0001) LLammm5memaqmmmmmlumimam We LN UANULANAIIUDIAZ UL
Mini-BEST mwmumaamaaqﬂau (group effect p=0.595) iawSeuifisuszninsoufindudiefinly 4
ot uagneulnduiileflnasy 8 #Uami winunsujduiusseninessesnaiuazaiiavenisiinde
AZWLUU Mini-BESTest (interaction effect p<0.0001) finuInnsifinveanguy Mini-BESTest ?Jadmjm
VSR Tug93nn 4 duaiviauis 8 da1vinnnniingu Manual perturbation gnsiltedfAyneada (p=
0.042 uanslumsedi 3)

szoznadildlunmsnageu TUG vesisaenduanasedrsiiffvddameadd deldsunsiindae
VSR way Manual perturbation 4 §Ua% waranasegsderdendaldsunisiinasu 8 dUav (time
effect p<0.0001 wanslum5199 2) uiin1sanasesszagnaildlunisnagay TUG maﬁaaama@lﬁ
unnsnsegneiteddunsaannauandlunisned 3 nududeiinauasu 8 Uai sternanadeildlunis
VAdeU TUG anaande 10.93+2.14 3undl way 11.14+2.72 Fundilungu VSR wag Manual perturbation
gy fvsdifidninafennfmondulifinnudsmesnmndudeussdiuie TUG

M15197 2 ARAY (@udeduunnsgiu) vesazkuY Mini-BESTest Uag FES- wavsvaznanldlunis
VndaU TUG wa FTSTS va3ngu VSR uag Manual perturbation fineulasunisiin Wieiln 4 dUan
wazlilarinAsy 8 dUaii

Test F (p-value)
fiauUs baseline 4 weeks 8 weeks Interaction
Group Time

effect
Mini-BESTest
VSR 14.90 (3.33) 2257 (2.43) 26.57(1.43) 0.29 968.62 14.92
Manual perturbation  14.30 (2.51) 24.27 (2.51) 26.50 (1.72) (0.595)  (0.000) (0.000)
TUG
VSR 15.19 (4.78) 12.77 (2.80) 10.93 (2.14) 0.04 124.59 0.42
Manual perturbation  15.70 (5.17)  12.65(3.54) 11.14(2.72) (0.836)  0.000) (0.659)
FTSTS
VSR 19.30 (5.84) 16.44(5.15) 14.59 (3.98) 0.176 209.05 3.27
Manual perturbation  19.26 (6.00) 16.94 (4.72)  14.59 (4.26) (0.678)  (0.000) (0.075)
FES-I
VSR 34.67 (9.14) 27.63(7.43) 22.27 (5.60) 0.04 192.81 2.51
Manual perturbation  36.07 (9.80) 26.20 (6.70)  21.40 (4.46) (0.852)  (0.000) (0.090)
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NAYDINSHNLUU VSR Aaauudeussvasunluanginnanssy

915797 2 id920ATedlASunsTingae VSR 130 Manual perturbation Hszeziianiildly
nsnAgeU FTSTS anaseshelifeddmeadndioldsunisin 4 §Unw wavanaanniwdeldsunisin
AU 8 dUA (time effect p<0.0001) uailinuanuuandseeied Aynnsadfvesianfianade
Wisuileussninnguiissasnaivenisiin 4 daw uazanasnniudeldiunisiinasy 8 da
sveznmTanaanstnsitturese s itduiusfunsns e

HAYaINISENLUY VSR fan1azndnisuna

Az FES- vasidainguanasesteiifeddnmeadn deldsunisiinde VSR uaz Manual
perturbation vJwaan 4 §Ua9i wazanasedesew eudloldsunisiinasu 8 dUaii (time effect
p<0.0001) UANITANRIVBIATLUY FES- maqﬁgaaaqmjuhiLmﬂ@masmﬁﬁfaﬁ’]ﬁzwwaﬁﬁ NTANAIVDS
AT FES-| WARITINTTanadveen1IEndIn1svnay

A15199 3 ANLRALYBIASLUUNIOITETAINUABULUAY (@ulsuuuuInsgIn) 983n15Useiun e
Mini-BESTest, FES-ITUG, FTSTS 483nqa VSR wag Manual perturbation fineulasunisidn wiieiln 4

#Ua9t waziilefinAsu 8 dUmni

VSR Manual perturbation Wiguiguseninnay
. Mean different P Mean different | P value | Mean different | P value
s (standard value | (standard error) (standard error)
error)
Mini-BESTest (AgkuY /28)
ApuNSENAU 4 dUam 7.67(0.34) 0.000 9.97 (0.35) 0.000 0.60 (0.76) 0.429
4 §Umviniu 8 duan 4.00 (4.35) | 0.000 2.23(0.27) 0.000 -1.70 (0.71) 0.042
nauMsEnAy 8 dUnni 12.20 (0.37) | 0.000 | 11.67 (0.44) 0.000 0.07 (0.48) 0.890
TUG (und)
ADUNSEINAY 4 dUA % -2.41(0.49) | 0.000 -3.05 (3.08) 0.000 -0.51 (1.38) 0.715
4 §Uauiniu 8 duan -1.84 (0.67) | 0.000 | -1.51(0.23) 0.000 1.28 (0.88) 0.885
nauNSHNAY 8 dUan -4.26 (0.67) | 0.000 -4.56 (0.52) 0.000 -0.21 (0.70) 0.757
FTSTS (3unl)
ADUNSEINAY 4 dUA -7.03(0.65 0.000 -9.87 (1.16) 0.000 0.48 (1.58) 0.976
4 dUpuinu 8 duan -5.37(0.57) | 0.000 | -4.80(0.72) 0.000 1.28 (1.32) 0.343
nauNsHNAY 8 dUan -12.40 (1.05) | 0.000 | -14.67 (1.37) 0.000 0.327 (1.10) 0.769
FES- (AgWuY /64)
ADUNSEINAY 4 dUA -7.03(0.65) | 0.000 -9.87 (1.16) 0.000 -1.40 (2.32) 0.551
4 dUpuinu 8 duan -5.37(0.57) | 0.000 | -4.80(0.72) 0.000 1.43 (1.67) 0.396
nauNsHNAY 8 dUan -12.4(1.05) | 0.000 | -14.67 (1.37) 0.000 -0.87 (1.12) 0.446
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anusena (Discussion)
msfnuniidunsfnsusniuanddiifuinmstindrifiesnwaugaainnisnssdulidsauna
Femuios (VSR) seprmannsalunimssi muudusmondunioniiduiusfunimasanudes
Tunisundu waznnzndamanndaludgengfiendeluyue Inedauyfgiuiinisilauuy VSR duase
Armaansalunnssi muudusesnduieniiduiusfunismashan wdedunsndu uae
amezndmanndy liuandsanmsiindnuifiednunaunasetinnisamiite (Manual perturbation)
pansAnyBufuauyfgudinstinuuy VSR uadeniafiuaruannsalunsmseia divenundouss
voandundeniidiiusiumnssianemudssensvnduuaznnendanimvindy Taliuand1sainnis
Hnwuu Manual perturbation
Wuierfunis@nwnountdrdinuiAnlasddnnenmiidaildidsaunaanunsoLdi
amnuannsalunismssdniinaailiufisetlunisnevauss andasnsvndulaluggee 1y fUaelse
naonidonaueauazsUaeniAudu@?” nrsfnwduanslifiudrdnuuy manual perturbation Tu
Jasengiiinnundesienisunduiiios 4 §Unii WfiuauausalunseIuANNITMIIF anaInNLEes
yosMavndn feziiuldianaziuuade Mini-BESTest Adfimann 14.30 (U 24.27 Azuuuiazszoza
Y9sMInAgey TUG anadann 15.70 3undl 1y 12.65 3unfl uazdslimsidsundasedsdeilondelssy
MsAinsioauATU 8 UM eAaRvesATIUL Mini-BESTest (26.50 AZLUL) WaTTEE21IANYBINTIN
TUG (11.14 3unih) TndiAssfugfgeengunidildfiannandeswesmsmndu fidadsvesaziuy Mini-
BESTest Wagsrewlia1uaIn1syin TUG winfiu (24.7 +£2.2 avuu) uae 9.4 Uil aua1nu®Onasin
nsfidinsmuunIsssiafias wilididsanideianendanimnduanas Tnearmanmselunis
PuANNIMSITaTRIY diusfumundusmemnifiudufnaduldannsseznaiteanmaaoy
&8 FTSTS anas waziddnsanuniuanddidiuinnisilnuuy VSR denuesiithulinaldunnsnaiu
n15AnFae manual perturbation Tugsengfifiauidssvesnsvndunasndammndy fidrsddelu
nay VSR anunsavimsiiniedldnaenszesiia 8 dUailagliiinmnnisellifiaussasdtu uagnudnd
Maifisduresnmssiuasauidusmondiuion uarinisanamosnnudssweinisunduuas
AMEnIandan1amndy daud 4 dUansiusnveanisfinuasiininudsuntasesissaidesaulndiAssty
Hasorgihludlefinasu 8 dUnsiiduiiisatunisilngne Manual perturbation aintinmeniwiin Mdu
uiiilosnnmstinufienisufumemssialuguuuuinundunisinfisunefunu (task spedificity)
AinmsilnidsaunaiiensedulifAnujisoinsuunsmssialuguuuuinn Aedefuujiseinis
Usumansaiideddasadlainnisiu avgavdernmaelurasiu Sensiingng shldssneians
oud a¥auasimuiyadds (motor program) sutfinnisaevaussiiiiuszansamuaziuliluaues
Sodanisasga vieduluiumenzansoiueamdsresnisied eulmiuldldiuilaglidesaig
Tulmal vilfaunsansvauesldsaniuasduszansam @ Sanueinveanisinlusedudisad
(challenge) IsfiAanaioug fn1susuaueinlnenisifiusssenisnisiounind uausedy lmit of
stability st wiinnsfln manual perturbation nMaviliAsaunaanduriafiladarmin (external
perturbation) analnvesmsnouauasiintuazauauky feedback mechanism luvmzdinistingae
VSR msvilnidsaunaaziude intemal perturbation fifnanansameianldinaziinnisgadenis
ynsadiola uinalnlunisnuaunismssiaaedfauuy anticipatory mechanism fil#lurasusniigin
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mmmm@LwrjwzLﬁﬂmiLﬁaamaLﬁﬂmLLazmuaumu feedback mechanism Lﬁaﬁmmil,?mamaﬁm
Fosrnuuitesnwiauna uinsilauuy VSR uaasliiiuinannsafiunsauaunsmssdalugisdUanmi
4-8 I¢innndnmsilnuuy manual perturbation enaLilessnainggeenglungy VSR lesunisaouritves
nsflnuazdsedivauudlaidtasannsarildgndedlusfusniiidutiadeiiadydmiunaioung
indeulmlutag cognitive stage uazgUnUUMSEnFonuLoInszulvigasengiedld intermal feedback
YU LATIUINTEINTEN Feinisiauilutng assodiative stage TasnsIBuiMIadoulE)
19171580 manual perturbation Alugausnagld feedback a1niinnenmidafiiy augmented
feedback Femnlugae associative stage AlinsinlianuTuna augmented feedback advgyinliiiin
msdrtansdeuslde?msfanuuassiumnslnsdwionfingas 1 ads ilhAamsfiniideidosuay
anmnsalviduusilumafiuanueinvesnsfinlimnefussduanuannsafidintu uenandmsin
919 luAswandeuiili%inszs13u (relevance environment) fansgduliAnnisseudnisadeulily
Suos transfer of learning lasnnnan®?

Mnmsiinstinisaesuuulaiunnsneiu n1siln VSR FaduBnmadenveanisiinidiedestuns
vnduiidsdu iesnnilndoauesithuldviliflnldegedeiies Uszndarldaneilesanluidedd
gunsaleglsiay ldauduandunainduinneniniitn mnuganisiniavesnisdesiunisundy
melu® uglagslsfinunmsfinundidosidaililivssdurenisiinlussezenlunmstetunioan
Frumvesnsnduiiietu TunsAnwideluSsasiamudannimndusasmsuiaduiiiinainns
GGH

d3Una (Conclusion) uazdaiauanue (Recommendation)

nsEinuuy VSR Sinasdeniuannsalunimssia araudussesndunieniiduiusiunis
59 prndedunsvndy wasnnzndinavndu Tuggeengiiiamnudssesnsmndy uwin1sdinsiin
VSR ludsegndldinnneantndnasusuidumnumienvesigiengiifosamsaviAainsuss arfu
fuguldmenuesuazannsaiuldienuesetsion 3 weslasliuielilindenodu Tasluass
wsnveansindeslasunsasularUseiiuauwiladndasogaunsainisinldegsgniesuaz Uaensie
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