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Abstract

Background: Technologies for gait training in individuals with balance control problems have been
continuously developed, focusing on specific and repetitive training activities such as treadmill training, body
weight-supported treadmill training, and robotic-assisted gait training. Based on these principles, along with
the concept of adapting balance to external perturbations, the “Perturbation Treadmill” was developed.
This involves walking on a treadmill with controlled perturbations applied during walking. However, as this
is a novel technology, further studies are needed to assess its effectiveness. Objective: To evaluate the
effectiveness of perturbation treadmill training compared to traditional training methods in older adults
with balance problems. Methods: Data were retrieved from CENTRAL and MEDLINE databases (14/02/2022),
focusing on randomized controlled trials (RCTs). The search yielded 40 studies from CENTRAL and 15
studies from MEDLINE. After removing duplicates and irrelevant studies, 37 studies remained, 21 were
excluded after abstract screening, and 9 were excluded after full-text review, leaving 7 studies for analysis. All
seven included studies were assessed for quality. Bias risks were identified, for example, some studies lacked
detailed reporting on randomization methods. Results: The studies included three groups of participants.
These included 4 studies on individuals with Parkinson’s disease, 2 studies on older adults, and 1 study
on stroke survivors. The outcomes on gait and balance varied across studies. Due to the small sample
sizes and heterogeneous outcome measures, meta-analysis could not be conducted. Conclusions: This
systematic review indicates that perturbation treadmill training may improve gait and balance in older adults with
balance impairments. However, the differences compared to other training methods are unclear. This method
may have an advantage in enhancing dynamic balance during movement. Given the small sample sizes and
the variability in outcome measures, further RCTs are recommended to establish its clinical applicability.
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(perturbation treadmill) %amuqmmiumﬂwmuﬁu
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YDINTHALAUANE perturbation treadmill 1USBuLTiBy
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JapmneBanivmsssuuUszam viegifianuunnses
w3olisUUIARUNELATIEE19319NE ANNEITalung
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msrnwTRRItuMsUmMUeenatiusyUU (systematic
review) 9 nenansiidunuifosazldunisinewns
dugudeyasyuudidnnseiind laedinaeinisdnd
gosena1s Ae vWJunisdnuifedidu randomized
controlled trials (RCT) %38 quasi-randomized
controlled trials (quasi-RCT) AifinsilSeuifisunanis
'E’JﬂLﬁué’wm%q?]mmnmﬁwugjlﬁu (perturbation
treadmill) fumsinuuudafsviosuuuudu 1 Tuffgeeny
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NadWSWan (primary outcomes) gaansAnuil’ e
ANNEINTluMsiuLaznIaziiu Taun Aaus
AMUNUNULUNITAY LaZANNINTBINITHAULAZNNT
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1PBLUUINYIONITNAABUAN 9 19U Berg Balance Scale
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Force plate analysis 1Juy, 2) sedupnusiulalunis
VNNANTIUA 9 WU wuuUselliu Activities - specific
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971 MEDLINE wag CENTRAL (14 nuaiius 2565) lng
ATUNTNUNAENSNTEUAY (Search strategy) Bannu
PICO model Tnamuunlii | Ae “Perturbation treadmill”
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nsanw Teglduuuaindeya (data collection table)
wiilesanniannunainuansveanadns Jaldanunse
duaswndoyanig s meta-analysis b0 {3e3edunent
ToyalugUhuUNTIUUT ATURAENENANYDINITANWK
Usziliuanuidesenfivesnisdine (risk of bias
assessment) Inffide 2 Au $198aATeslonsUsHEIY
@mmWLaﬂmimwé’mﬂmeﬁmm Cochrane Handbook
for Systematic Reviews of Interventions version 4.2.6'
TneUsziliununmvesonarsnsinuinlu 3 szau leun
1) Asideasedius (low risk of bias) 2) AMMILABAGA
(high risk) waz 3) lﬁaﬁuﬂiﬂ‘ﬁzﬂﬁ (unclear risk of bias)
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40 of additional
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thraugh
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searching
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16 o full-text
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included in
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(meta-analysis)
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N1SLEBNTIBIUNA LAz 6) other bias aARDY

5]
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Handelzalts 2019
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klamroth 2016

Lurie 2013

Frotas 2004

Shimada 2004

Steib 2017
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Steib 2019
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Klamroth 2016"  ngulsAnisAudu (H&Y)* 1-3 39 518

AUAINTTOIUNTITLAULASNTIAIVAUSLAY LAWY

Steib 201718

ngunAass (n=19) 81gLads 64.8+10.3* T,
H&Y Laal'ﬂ 2.420.6, UPDRS-III** =16.7+5.5 Hnifu
N3IFLUU perturbation treadmill
NEUAIUAN (n=20) 01g1ady 64.2+8.5 T,
H&YLQ%E‘J 2.2+0.9, wag UPDRS-lIl 17.7+8.7 &n
AUNTIALUY treadmill without perturbation
(30 w¥)

naulsAnsAudy (H&Y) 1-3.5 38 518
nqunAass (n=18) e1gLady 67.6+8.2 T,
H&Y La?ia 2.6+0.5, Liag UPDRS-IIl = 17.7+6.1 9su

NSRNLAUNTIFILUUperturbation treadmill
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ngumnaesll walking speed isduntglungy
effect size = 0.34, p = .049 uazduANANAUDEN
Tyddgeatiasevinngy nningualuay
between-group effect size = 0.41, p = .014

N15AUANNITNTIAD Lawwmjumw;uﬁﬁ
postural sway area WUANLANANAUDE95TY
drdynsadnniglungs within-group effect size
= 0.49, p = .009 wAnUANULANA1AUDENSlLT

o

udhAyneatfseninangy

AUEINTO TUNITAURAZNIIRIVULAY

- TUG wuaukanaanuegeitdedAgneada
semienguil 8 dawi p = .48 Taunguvaaesd]
TUG anad -0.8 (1.6) sec mmsﬁﬂfjumuquﬁ TUG
Wil 0.3 (1.2) sec wazwdlinudl 12 #Unvi wae
nuANULANANAUeENTEd Ay nIsadflanIe

melunguil 8 &Unsi p = 0.009, within-group
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Steib 2019%

Protas 2005%

Shimada 2004

nguAduAY (n=20) B1gLadY 62.547.9 T,
H&Y Laéa 2.5+0.5, way UPDRS-III 20.4+8.2
TasunsilnAunsefwuy treadmill without
perturbation

(30 ¥, 2 Ada/dUnA)

naulsAnSAudy (H&Y) 1-3.5 38 519
ngunAaes (n=18)

mmaﬁla 67.6+8.2 U, H&Y 1288 2.6+0.5,
UPDRS-IIl =17.7+6.1 la5un15intAunsasy
WUV perturbation treadmill

nguAduAY (n=20) 01glady 62.5+7.9 T,
H&Y LaﬁdiIEJ 2.5+0.5, wag UPDRS-III =20.4+8.2
IasunsEnAunssfaluy treadmill without
perturbation (16 afs 30 it 2 Adyduav
8 dUnn)

naulsamsAudumearg (H&Y) 1-3 18 918
ngunaass (n=9) e1giady 71.3+7.4 T,
H&Y Lagﬂ 7.1 £5.1, UPDRS 28.3+13.6 195U
NMSENAUNTIRALUY perturbation treadmill
nguAduAN (n=9) 91gladY 73.7+4.4 T, H&Y
\n@y 8.1+4.4, UPDRS 30.4+8.0 luild¥unnsiin
(1 /5 3 ady/duni)

v

faeog@ifidyminisiadeulvinazidesduge
32 578

ngunAaBs (n=18) 918LadY 81.8+5.9 ¥ HnLfu
NIPLUU perturbation bilateral treadmill
nguAduUAYN (n=14) 9141ad8 83.1+6.4 U
panidiniedaeisaniy (1-3 afe/duav
(600 w1#))
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effect size NguNAGL= 0.28 NGUAIUAN = 0.23
-2-minute walk test (2MWT) WUALLANATNAU
pgelifidudAgnsatifveianls 2-MWT, TUG,
Mini-BES Test, postural sway and ABC ﬁgﬂmﬂu
NANLAZIENINNGY

NNIAIUANNITNTIA WUALUANGWeE1alIE
HedAgnvatfvewus Mini-BES Test, postural
sway and ABC Tmnelunguiassswinandy

AUENTOTUNITAULAZNIIRIVULAY

wa treadmill gait variabilityﬁ 8 dUAY nulany
stride time ﬁ%uma’tumjumaaq p = .02 Lagny
ANUUANFNTURgllled Ay MsatATEInangy
p = .05 effect size VAU 0.33 azia overground
gait parameter wuANKANANAUBENITEE ALY
NNAdATENINNGY RNEUS % swing time
variability p = .02 effect size = 0.82

§i 8 -12 §Ua9 wa treadmill ait variability wu
lRNIE % stance time variability ag %swing
time variability /g uanglunguaauny p = .01
W 2 fauds waZNULANANOE NI TEEAEYNNEDH
5eMI9NGN p = .02 uar .03 lnedl effect size =
0.85 uag 0.82 AuddU uaxd 12 Uaminuny
wansinafiuegalifiduddgyeadflunnuadns

anuaansalunsiiuuasnseinvnzify 7 8
FUn9 WUAULANANAUR TR NEDA
w1 walking speed SEVINNGN NHUVIARD
walking speed Wiyduan 1.28 (0.33) m/s 1u
1.45 (0.37) m/s vauzTinauauAxsl walking speed
Wasuann 1.26 (0.19) m/s Wy 1.27 (0.25) m/s
uaz n1sdu anwdlunsdlungunaasianas
ningumuesuslailissnudeyarmnuifidaeu

N13AUANNITNTIAD

- Functional Reach Test (FRT) (cm) wumA31u
unnseiuegeiidedAyneaifsenitengy
p = .015 lpengunaaesil FRT fiflfiudu mean
(95%Cl) 910 17.0 (13.9, 20.0) cm Ju 24.1
(20.7-27.5) cm psfinguarunusl FRT ugas
Tneana39Tn 14.5 (9.0, 19.9) cm W 13.2 (7.5,
18.9) cm
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Lurie 2013%

Handelzalts
20197

Havengieny 65 VIuly dnnisidusduas 59 518
NGUNARBY (n=26) 8 8ady 81.1+6.53 U Rniiu
NIPLUU perturbation treadmill
NEUAIUAN (n=33) B1giady 79.2+7.65 U
lasunisnigamundndieisaudy (szegian
Lilaivusduivanumangauyesidisuniy
< 24
AULAUYDIHHN)

nqulsrvaendenanosszozAudeundy 34 s1e
nguNAABs (n=18) 91eiade 62.5 + 8.4 T $1udu
Fundevidadustroke 40.3+18.1 Yu Tnidunssi
WUV perturbation treadmill

NguAUAN(N=14) 81g1ad 60.4+10.1 T §1udu
Juidendauu stroke 43.7+19.7 Fu fnde
Yhaminuay treadmill without perturbation
(12 %1 advaz 30 Wl Tnesau 2.5 §Unsh)

- Reaction time (RT) vgugtau (msecs) WU
upnsneuegalitedAyniadnseninngy
p = 035 laundunaaesd RT wnsidiuiisaty
mean (95%Cl) 91 404 (282, 526) msecs Lu
276 (244, 308) msecs VLTingUAIUALLTL
Ju 431 (372, 489) msecs 1Tu 440 (354, 527)
msecs

- One-leg standing time: OLS (sec) WumAIY
unnsinnglunguanizngunaaes lned OLS
fififiamumean (95%CD) 210 2.5 (1.4, 3.5) sec
Wu 4.0 (2.1, 5.9) sec vugiinguauauil OLS
ugaslpeanasan 3.1(0.3,5.9) sec {1 1.9(0.2,
3.7) sec

n1sdu 7 6 WWeu nduvaansil number of falls 8

p%s vuziinguenuanil 11 ada uay nquveaesdl

fall rate 33.3 % %msﬁﬂfcjumuquﬁ 54.5 % WHNWU

ANuuanAAueglilidud Agnisedia

@

wuAULAnAAueg1s il dedAynsadalu
NNFAYT
AMuAINNTAlUNISIULAZNSIAYAZIAY TUG
nuANULANANAUsgsltud Ay nsananigly
ngal (p = .001)

miﬂ'mqumims‘iﬁ'a - Dynamic gait index (DGI)
score WUAMULANANDENAULITEFIAYNINATH
nelungu (p = .001) lwag BBS (p = .024)
seauaaiulalunisiiianssu ABC scale wu
ANUUANNAuegitydAgyvvainnelungu
(p = .001)

Asau ﬂdﬂ%ﬂaaﬂﬁ number of falls 19.2% e
fingunrunAnl 33.3 % ngunaaesdl injury of falls
7.2 % ynuzdinguaduauil 18.2 %

RAINISHN A2IUEINI5ATUNISLAULAZNTIAD

Yaukhu 10-meter walk test (10MWT) m/s haz

6-minute walk test (6MWT) (M) WUAULANF

AuegntlifidpdAgyneaifssninangy

- ANIAIVANNITNTIG LakA BBS score nuaAy
wanengiuegnslaiifedAmvadifseninengy
wag multiple-step threshold (MST) wuau
wanssiuegeildedAgynisainsenitengy
U89 MST in response to forward (p = .013)
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WIT1SOUNISANU

ANSANU - Iy
nsinlazs:g:zDaInn

WanIsAnU

between - group effect size = 1.07 Wag MST
in response to backward (p = .011) between
group effect size = 1.10

- 138 fall threshold anasvia 2 nau uinuaa
wansnsfiuegnslifitedAgnvadifseninengy

- szauarusiulalunisdiifianssa ABC scale
NUANLANAINAUBE Ty Ay n19ada
5¥MINNGY (p = .049) Y83 ABC scale effect
size = 0.74

fnau 4-6 dUaHA Lannz MST in response to

backward WuAMULANANAUDENTTEE AN

anRsEnineangy (p = .004) between - group

effect size AU 1.48

RN "Hoehn & Yahr stage (H&Y), “Unified Parkinson’s Disease Rating Scale (UPDRS)-II, “(Mean+SD)

NANTNA 1 FIBUNIANBITIUNIU 7 A15ANEN
Alasunsilngie perturbation treadmill lUSsULiBUAU
NMSRNFURULAY 9 TgaziBearansinwAuansaly
NSLAULAZNINTIFIA

PNNANITANYINUIT NITIANAENSUAN FUAIM
aunsalunmsiulazn sy lALA Naresnus
Tunsiiu (walking speed) faupnansiululunsaznng
Anw Tungulsavaenidenanaandaainlasunisin
A8 perturbation treadmill Wiguiunguaiual N
nsfnwldnuanuudsunvasresnnusalunisiiu
(10MWT) uanansiusensiidudAgymeadia® nsdnwilu
nauKatene Walasun1sEinee perturbation treadmill
AuaniTalunisiulaznssflszidulay TUG

= aX W1 Y] Yo = v
Wasuwlasidu waldarsdunislasunistinaaenig
nmannUdameIsaaan nsAinwilungulsemisiudu
nanlasun1inAIe Perturbation treadmill Nawes

& a . a = ]
Anuslun1sAY (walking speed) fin1s@nwnyiny

' = af | Ao o W aa & o =
A UASULUAIAT U Y NUUEFIAY N INEADAVNRAIEHN
i oA ~ = o = .
UazIZINNaNIBLUIIUNEUAUNITHALUY treadmill
without perturbation!” fin1s@nw9iln 8 danvisie
= a a o o O i !
Woe NUANUWAIULUAIRTUNSINITRNNG 2 NEY wAny

Aruunensueenaliiibdfymeatimeerhange’® uadn

Wisuiisufunshdldsunisiinagnuainuydsunyas
Fuuandsfuegeiided fgynisadfseninangu®
wagfinsdnwiilinuanuudsuulamesnnnuidaly
AU (walking speed) WinousasndEinuarsEwing
naudletIeuiiisuiunisilnuuy treadmill without
perturbation ludiuauaNTaluN TR ULaT NI
Useidiulay TUG, gait variation Way cait parameters
‘W‘UL‘Ua‘lEJ‘L!LLUENa“ﬁuLLG]ﬂﬁﬁﬁﬁu@&hﬂﬁﬁﬂﬁ’]ﬁ@%’mﬂaa

WeoFeuiiuseninangu

n1sAnwlungueas
918 ANUAINTIIUNTNTIFINYUsELliulag DGl wag
BBS wWaguwlasavuuslisisiunislasunisiindoe

222 | afinnsuseiliuaie Functional Reach Test

aaa
T850uU 9
= A aX v | A w o W
MnuanudsukUasnvuwanssiuegelidedidgmnia
adfseninangy” lunqulsaviaeniionausiniuaung
TunsnsaiIBBSNUANNLANAAUR s liifiTed Ay
atATEnINNgy nuLieepziuL ABC scale Waguuas
TunnsinsiuegnalitedAgynivadfseninengu”™ s1ea1u
nsaulunsAnwmangulsanisiudusasnsdnwingy
Haie1gnuaunlun1san 31UIUN1TAN INTIN1TAN
lunduneassanaandnluNquAIUALLANUAIINLANFIG
U 1 1 1 v o W aa o ! ! 20_22 1 1 I
fuegeldifidyddynvadiiseninengy ungulse
naeaLdananad fall threshold anasvis 2 ngu
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WANUAINLANASA U LT Tad 1Ay nisaia
5ENI9NaN” nusenuvglifisdseasd w1
M3fnw? wugdihsmmsdnuilunguildsunsiinge
perturbation treadmill §uwin (foot pain) sEwinsiin
1 auwililianunsadnsaunisiinauaulusunsule

J91sad

nwansanwidululainnisiindie perturbation
treadmill delpnunususiulunisiiuanas daasy
Tauansalunismsadamiy Lﬁaamﬂgmwumsﬂﬂ
Wunssunumsiiunuuiuiiiule nszdunalnnis
muqumimﬁauvl,m (motor control mechanisms)
Tnganizegeds Manssdvaeadoulm (dynamic
postural control) wag LAANITUSUAITBINITAY (gait

o '

<

adaptations) 8nvaduguiuuime (increased task
challenge) 9MNN13QNTUNIUIUIAY viTldaLaSUNTS
Boudnismuauiadeuln (motor learning) v 9
Pt 182 usigUszifiusesuuuunsyseiiudlalls
Famziinsmsevasadoulm (dynamic postural
control) #38 N13USUFMVBINITLAL (gait adaptations)
agldnuanudsunlasfidaauieseuiisuiu
gﬂLLUUﬂﬁiﬂﬂﬁ’JEﬁ% treadmill without perturbation
TudunansdedinsindlonasuluAdslinuany
WasuwUasidaau drmvaenisianadnssos nudei
nsAnwlungulsanisiuduny Mini-BESTest wag ABC
wuaAuuanaeiuegsliliddediAgynsaianinieglu
nauuazIzRInengu’®

msthlUldlunenain Gadhelifedindassu
msfnwiitey wiegrslsfinuinisnuiiatuayui
N1SNNAeY perturbation treadmill WrwdLaTuAILY
anunsalunisiiuuaznismssinluggaongiddaym
NN lﬁlﬁmqﬁumiﬂﬂgmwugu 9 uazildeolaieu
Tunsvasdaasuanuansalun1smssdnuuadoud
Jeamsnthluuszgndldlunsilnggeengfifitymnlu
nsnsalgidosdu uwiegdlsfinudfosiansandnw

'
¥ a

ToyariuAuileniisuazidunludiuresnnnuutu

203lUshATH LLazmmmmsﬂumuﬁmaqQﬁﬁ{]mm
msmaéhmﬂwm%amwﬁﬁmmqwmmemﬁ’u
nsAnwfitanununuiaudssresaily
AuveIN1TUNUagUsziiu fivannsAnunlaiseauinlsl
aunsaunUaguszidiula LLazﬂﬁﬁﬂmﬁUﬂ%éﬂszLﬁu

[V V|

Lawigaunsdiuldanunsavinlafugidnsiuideynau

Feoradsmadnsnenanisinule SavidluuSunvesnis
NUMILUNALASH] Jatiufrsusmmdnguieaty
NNIAIUANNIINTIFIVALAU NIAIUANVISIF UAZNITAN
Fainmsnunanuesnidulumuenusududieliule
Jrunanuiisiliaenndostudianuiseiisvuals
drentiurenafinanenisssurantsinwiiosain
NM5TINUNANNRYN Il ARaanS ALY

asu

nsnumuethadussuuluaded wun1sseny
wendosiuluursnsAnenin msilndae perturbation
treadmill Frvduasuauauisalunisifiukaznis
nssldatuludaeoefifiiymnimssiausldaiy
nsiinguuuL q eglsAmuiidelmuieulunistie
duadurmaninsalumsvsssvazindeulwluggeeny
fifleymnsmse widesandisiuunsinuaeudig
oy nquiegnslunsaznisAnuiivwiaén Saumann
naelun1vinnaans Sﬂ‘v“?q;ﬁ%é’aaam%’udwmsﬁuﬁm%ﬁﬁ
wnn 13 Feenafimsineniseweunsinniy TeREIGIG
wuglmihnisnuniuedraduszuulueuimanieviinis
Anwludnunizyeansidennassuuuguifinguaiuny
solu Tnsamslunguigeenyiiitiymnanssi e lwls
psAANLiTansaneumamnuidouaziunyszend
Tilumsrdtinlasiold

naanssuus:nA
ﬂmzéﬁﬁaﬁuamauamamﬁ’uﬁ%uﬁuﬁami‘ﬁluvj

AUTTNAINNINSUINEWenR Taduayulviduiy

Tassnsifeluadsdl WidSeadadlused
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