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Objective: To critically review studies evaluating the effects of external rhythmical
cueing on gait in patients with Parkinson’s disease.

Methods: Articles published from 1966 to January 2005 were searched by two
physiotherapists in MEDLINE, PiCarta, PEDRo, Cochrane, DocOnline, CINAHL and
SUMSEARCH. To be included, articles had to investigate the effects of external
rhythmical cueing (i.e., auditory, visual or tactile cueing) on gait parameters in patients
with idiopathic Parkinson’s disease. Both controlled and noncontrolled studies were
included. Based on the type of design and methodological quality a meta-analysis or
best-evidence synthesis was applied.

Results: Twenty-four studies (total number of patients = 626) out of the 159
screened studies were evaluated in this systematic review. Two out of 24 were
randomized controlled trails (RCT), both of high methodological quality. One RCT did
not focus specifically on external rhythmical cueing of individual patients with
Parkinson's disease, but on group exercises in general, including walking with cues.
All other studies were pre-experimental studies. Best-evidence synthesis showed
strong evidence for improving walking speed with the help of auditory cues.
Insufficient evidence was found for the effectiveness of visual and somatosensory
cueing.

Conclusion: Only one high-quality study, specifically focused on the effects of
auditory rhythmical cueing, suggesting that the walking speed of patients with
Parkinson’s disease can be positively influenced. However, it is unclear whether
positive effects identified in the laboratory can be generalized to improved activities
of daily living (ADLs) and reduced frequency of falls in the community. In addition, the
sustainability of a cueing training programme remains uncertain.
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Introduction

Parkinson’s disease is a progressive neurological
disorder, with a prevalence increasing with advan-
cing age. In Europe, 1.8 per 100 inhabitants over
the age of 65 are diagnosed with Parkinson’s
disease, whereas in the age category of 65-69 years
2.4 per 100 inhabitants are affected. For the age
group of 85-89 years, the prevalence increases up
to 2.6 per 100 inhabitants.'

The idiopathic form of Parkinson’s disease
results from a degeneration of dopamine-produ-
cing cells in the substantia nigra which leads to
clinical symptoms such as hypokinesia, brddykme—
sia, postural instability, rigidity and tremor.”
These symptoms are accompanied by difficulties
in motor performance such as gait problems and
falls.*~

Despite optimal medication therapy, gait pro-
blems associated with Parkinson’s disease are often
characterized by a decreased stride length® and
walking speed an increased cadence and double
limb support 26 shuffling gait, gait festination and
freezing.”~!! Physiotherapy is reported to be a low-
cost'27 ! treatment cmd an useful addition to
standard medication.' De Goede er al.
demonstrated small but significant improvements
in activities of daily living (ADLs), walking speed
and stride length in a meta-analysis on the effects
of physiotherapy on Parkinson’s disease using a
fixed effects model. Deane et al. conducted a
Cochrane review'> on the effects of physiotherapy
on Parkinson’s disease. They were not able to draw
firm conclusions regarding the efficacy of phy-
siotherapy, because of methodological weaknesses
and due to the small number of trials at the time of
their review. Recently, Gage er al.'® reported
positive effects of physiotherapy on motor perfor-
mance, gait, ADLs and cardiovascular fitness in
their narrative review of the effects of multidisci-
plinary rehabilitation on Parkinson’s disease. All
reviews included studies in which intervention was
offered with the help of external rhythmic stimula-
tion or external rhythmic cueing. Facilitation of
gait of pdtlents with Parkinson’s disease with the
help of cueing has been reported since 1942.2° The
first detailed analysis of external cueing on gait
was performed by Martin in 1967.%! Two non-
systematic reviews by Rubinstein et «/.'” and

Darmon e al.?? evaluated the effects of external

cueing on gait in Parkinson’s disease. They con-
cluded that external cueing can significantly im-
prove gait and gait-related activities in patients
with Parkinson’s disease.

The precise definition of a cue is problematic
and intervention based on external rhythmical
cueing hdS not been clearly described. According
to Cools, > cues are ‘contextual or spatial stimuli
which are associated with behaviour to be exe-
cuted, through past experience’. Horstink et al >
distinguish between cues and stimuli, stating that
‘cues give information on how an action should be
carried out and are hence more specific than
srmple stimuli’. Based on the observations of
Cools*® and Horstink er al.** and given the fact
that parkinsonian symptoms particularly affect
complex and sequential movements, for the pur-
poses of this review external rhythmical cueing is
operationally defined as “applying temporal (rhyth-
mical) or spatial stimuli associated with the initia-
tion and ongoing facilitation of motor activity
(gait)’. >

The aim of the present systematic review is to
add to the literature a systematic review based on
(1) a qualitative synthesis method and (2) the
above-mentioned, prestated definition of cueing.

Methods and materials

Literature search

Articles were compiled for this study from a
number of sources. Two physiotherapists (SB/OD)
independently performed a search in the databases
of MEDLINE (1966-2004), PiCarta, PEDro,
Cochrane, DocOnline, CINAHL and SUM-
SEARCH using the following keywords and their
combinations: Parkinson, Parkinson’s disease, Par-
kinson disease, cue, cueing, physical therapy,
physiotherapy, exercise, locomotion, gait, optical
flow field, visual, auditory, sensory, tactile, beha-
vioural, external, rhythmic, stimulus, stimuli and
walking.

Studies were accepted when: (1) they investi-
gated the effects of external rhythmical cueing on
gait in patients with idiopathic Parkinson’s disease;
(2) the intervention was applied to improve gait
performance; (3) they were published in a peer-
reviewed journal and (4) they were written in



English, German, French or Dutch. Single-case
studies were excluded.

Intervention types

For the present review, the external rhythmical
intervention was classified into four types of
cueing: (1) auditory cueing; (2) visual cueing; (3)
tactile cueing; and (4) a combination of above-
mentioned types of cueing.

Data analysis

If appropriate, quantative analysis of the results
was performed separately for each intervention
and restricted to RCTs. When these RCTs were
comparable in terms of intervention, patient char-
acteristics and outcome measures, statistical pool-
ing was considered. In case of heterogeneity, with
respect to intervention and measurements of out-
come, or lack of RCTs, a best-evidence synthesis
was applied. The method for applying a best-
evidence synthesis was based on the list proposed
by van Tulder er a/.*® and modified by Steultjens
et al.*’ (see Appendix 1). The design of the studies
and the methodological quality was taken into
account when rating the levels of evidence. The
methodological quality of all studies was evaluated
by two independent reviewers (IL, MD). Disagree-
ments were resolved by discussion. If no consensus
was met a third reviewer (GK) made the final
decision. A kappa statistic for inter-rater agree-
ment was calculated.

A list of methodologwal criteria recommended
by Van Tulder et al*® was used to rate the
methodologu,dl quality of RCTs. This list, contain-
ing all the cuternd proposed by Jadad et al.*® and
Verhagen et al.,* consists of 11 criteria for internal
validity, six f01 descriptive criteria and two for
statistical criteria (see Appendix 2). One modifica-
tion was made regarding the specification of the
eligibility criterion: this involved the addition of
the Hoehn and Yahr stage®” Studies were con-
sidered to be of high quality if at least six criteria
for internal validity, three descuptwe criteria, and
one statistical criterion were met.*®

To rate the methodological quality of the studies
with another design thdn controlled trials (i.e., pre-
expeumentdl studies®') the same methodologwal
scorings list was used with an adaptation made by
Steultjens et al.*’” This adapted scorings list
includes seven criteria for internal validity, five
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descriptive and two statistical criteria. A study
with a noncontrolled design was considered to be
of sufficient quality if at least four internal validity
criteria, two descriptive criteria and one statistical
criterion were rated positively (see Appendix 2).
RCTs and noncontrolled studies who did not meet
the above-stated criteria were considered to be of
low quality.

Results

Overview of literature and rating of the studies

Based on abstracts and titles, a total of 159
articles was identified and 40 of these candidate
studies investigated the effects of external rhythmi-
cal cueing. Twenty-four studies, with a total
number of 626 patients included, matched all
inclusion criteria and were selected for qualitative
analysis.**? 3

General characteristics of the different studies
concerning design of the study, type of cueing,
number of subjects, characteristics of the subjects,
type and dose of intervention, outcome measure-
ments and ratings of results are presented in
Table 1.

The methodological quality was assessed for two
RCTs and 22 pre-experimental studies. None of
these studies were controlled clinical trials (CCTs).
One publication® presented three independent
studies. These studies are separately rated on
methodological quality. In two publications*®?
more than one study was presented. As the effects
of cueing were investigated in only one study per
publication, only those studies were taken into
account for dndlysm

The two RCTs**** were of high methodological
quality, five pre-experimental studies were of
sufficient methodological quality,*®*'4>47:52 4nd
all other studies were of low methodological
quality (Appendix 2). A kappa statistic of 0.84
was calculated for inter-rater agreement on scoring
the list for methodological quality.?” Applying a
quantitative analysis was not possible due to the
lack of RCTs, therefore a best-evidence synthesis
has been applied on all intervention types.

Auditory cueing
Fourteen studies, two RCTs’
with a pre-experimental design

32.33
and 13 studies
37.39-42,45-48.50,51,53



698 I Lim et al.

Burjem sjiym sano
|ensiA oiweuAp

8y} ssaiddns

03 (]S +wiy)

1y61| aidoosoqoas
pue siaxiew

1001} UHM

1461} jewlou

0 0 8ouspe)) puB (W) sioxiew
- + Yibusy epuiS  100J Yyum Buiyepn |elusw
- + paads Buyiep SA GF /69 g9L=2y RIEC
[S+wy wiy §3N2 1noyum Buyiep €9 S0FeT r+8'89 9L=3 SHA 8ld  gAenzy
apjue
0/0/0 —/=/— /ey /dly sa|buy
0 - UoI1e(]19S0 8seyd SENIEY (z8- £G)
0 0 ybua eping 100(} yum Bunyem €0L jeruaw
0 0 paads Bunjlepr  “SA aseyd-44o pue -uo ui 8/ S L=2Y -ladxs
aseyd-yjo aseyd-uo 'seno Jnoyum Buniieny (0L -1) 69 £ 0FET §'89 gl=3 SHYA Bld  Aenzy
UONUBAJBIUI OU = 7D
ano Aloupne ue
noyum dnoiB-3 ay se
swiwelboid swes = |9
SY99M € 10} Aep Asons
'ZH ¢ | 0 pappaqwa
+ aduspe) WYlALL e ylm 7+58 9¢ 8F 1L LL=22
+ Wibus) sping ‘oIsnw yum Buiutes £FvS S¢ EFvL LL=10
+ paads Bunjjep lem uiw og = 3 v¥eL vz 8F69 Gl=3 v 104 zeneuL
uil G| 104 Buieno £e =
Aloupne yum sasioiexs Ju S0Fve 8'8F¢€9 UOIUdAIBIUI
Buisjem pue sasioiaxs e
uonexejal pue -aouejeq ge =
-yorens -yibuais UOIIUBALBIUI (uBisep
(Adeiayy Jo Bunsisuod 'y G| Ape3 18A0
Ou 'sA Adelayl)  3eem B 90IM] ‘SyeaM :01Ul POPIAID -$50J9)
+ psads Bujjep g 0y suoisses Adeay | W G0FGZ '8+ ¥9 '89=3 v 104 eeSH3
(abuey)
gsFuesw (sbues) gs (sbues) gs
(8100s) Fuesw Fuesw
$8UW02IN0 uoneinp (9102s) (SieaA)
s1nsay 1uBWaINSea|N |0001014 aseasi A-H aby (N) s18lgng
adAy  ubisep
sinsay UONUSAIBI| s109[gns Jo sonsueloeIRY) 8Ny Apnig  edouslajey

MBINBAQ | Blqe]



s disease 699

mson

ts with Park

ing in patien

Cue

0 0
0 0
0 0
e ysel jenuew

iseyq YUAA

o

o to

(swuouoBW yum)
1$811s0d "SA 1S818.d

o

0
0

1eb pausald
15811500 'SA 18818.d

0

N
'SA ON 1891844

L+ + 4+

+

Allfigeriea

dais o1 daig
souspe)
yibus| da1s
psads Buryiepn

aposida

Buizesly e jo
uoleinp abeisAy
ssposids Buizealy
JO Jaquinn

swli} 9zsal4

awi Buntjepn
3oeil 818|dwoo
01 papaau awil]

yibua) derg
awil uoddns
9lqnog

awin

uoddns ajbulg
B} aping
aouspe)
yiBua| spis
(annejay)
peads Buiepn

ano Aioipne ue yum (G}
pue swylAys Asoipne
1aJsap o) Buusisy
131)e (p) 'Poads 158

1B (£) "Jsel jenuew e
Ylm paeds paulsjeid ie
(Z) 'send 1noyum paads
pausjaid 1€ (1) payiem
s108lgng :1seleiy

UMOP 1BS pue suiny

¥ opew ‘sAemioop

Z ybnouyl payem
‘lleyd e Wiy 8sose
108lgns 8y} yoym

ul "oell 14-09 e sem
soel sy "ueBe yoen
8yl pavjjem sjosigns
Y9oMm e 10j swoy

1e Buisnoeid Jayy ‘jeu
8yl 4O Lels ayl ie (ou)
8WOUOJIBW 1NOYHM
pue (jAl) auwouoiiaw

e UM 3oel} xajduiod
e payjem s108igng

sieyiew
100]) Yum Bupjiem ‘sa
S8No 1NoyIM Bupyiepn

€LFYTL

u

¥50+F¢

72
¢ UBIpBN

U

8CyFLe9
ZTFL9

ZLLF869

(88 69
8LL

|eluBLY
SL=2y -1edxa
GL=3 v -9id

|elusw
-11odxa
4 A -ald

[[2ET
-iedxs
0L SHA -8.d

»sQWIO
[Ele]

w12 e
ogn)

geheibeg



700 I Lim et al.

SOA
15011504

w

(1seusod)
SOA 'SA palsisseun
uiebe paisal a1om Aayl
ey Jsyje U jo yjoud
WwNWixew pauieiqo
Aayy 1eyl yay Aayy
JIlUN SOA YHM auIoy
1e pasnoeid s1o8lgng
(W) siexiew Jooj}
(SOA) 3ons-and
[BNSIA B YliMm
(Sms)
3011S Buyjem
wbiens e yum
‘SA saNd
INOYLM pue paisisseun
soposide Buizealy PU8d JBY10 8yl uo
JO J8quINN  ABMIOOP B PUE PUS QU0
3oel} 919/dwod  UO Jleyd e yum ‘Aemjey
01 papasu awl| 1} G| j0 Bunsisuoo
“foes} 14-09 e paxem
s108lgns :1s91-01d

0 0

SOA SMS
EEIEI
159181d 8yl

se |000104d sues ayl

Buimoyjoy uiebe paisal

alem (Qd yum s108lgns

ay) swwelboid

uoneyiqeyas syi Jeoyy

Buiend yum sesioioxa
Bujjem o pa1sisuoo
owwelsboid siy] 1oy
BUO JO SUOISSaS YlIM
'S3e8M ¥ 1O} oM

e sawil G 'sjuaned
Qd 9y} O} paIsyo
sem suwesboid
uonel|Igeyal v

(€8 99)
¢8F50L 8  SHA

8L ¥ -2
¥'§FZ8 9L0FGE

|elusw
-iadxa
-a1d ge23010

$8WI001N0

synsay lusWwelinsea|p 0001014

synsay UOIUBAIBIY|

(8buey)
QSFuesw (abues) QS (eBuel) s
(81008) Fuesw Fueaw
uoieinp (81008) (sieah)

asesasi(g A-H aby  (v) sweigng

adAL
s100/gns Jo sonsuloRIBYD)  8N)

ubissp
ApNIS  8ouslsjay

(panunuo)) L eqer



701
+ o

Cueing in patients with Parkinson’s disease

od
oLl

+ o

uoddns jo aseg
(yibue| Baj/yibus)
dais) ones
-Auwaenxe de1g
yibus| daig
uoddns s|gnoq
awill 8joAD
s0uspe)

paads Bunjiepn

apISING

apisul

3oes) 8191dwod
0l papasu sdelg
apisino

apisul

yoel} 819|dwod
01 papsau awij

Alljigerea
dels 01 daig
yibusl apiig

(od) 1se11s0d
Se 8Nd B INOUIM (g
(oL
Aduanbaiy suljaseq
9AOGR %0L (¢
()
Aouanbaly suljsseq
18 18s swouonaw
e yum Bupjem (|
'SA (ud) 1s8184d e SE (OU)
$8N0 1NoyLM Bursyepn

8pISING pue apisul
‘SBAIND € UHM 'sialow
0l x ¥ jo Bunsixa yoen
e U0 payem s109igng
sde1 Jap|noys
Ag peijdde
(1) Buteno aj11oe1
(W) wdq g6 1e
185 awouoeW e
(dIN) As1jON0Ig
WioJf yolew 21snw
(JUN)
yolew sabieqpeiyy
-UBUBYOH :dIsNW
sedAlend Jusisp ‘SA
$8N0 1NoYIM Bujepn

Adusnba.y

aullaseq JO %08

18 18 ‘awouoiiaw

e yum Bupjiem 'sa
$8Nd INoYLIM Buryiepn

|eluaw
-uadxse
-ald

|IUBW
-uadxa
-9ld

|jelusw
-l1adxe
-a1d



702 I Lim et al.

plus wy

0 0
0 0

sql S

+ o+
o
o o o
+ o +

Sil g'/0L  §G¢6 g8

synsey

Qouape)
uibusj apiis
paads Buiyepn

seposide Buizeaiy

yoen

219)dwo0 O} dwWl|

aouspe)
yibua| apu1s
paads Buldepn

S8WO00IN0
uswaINSes |

synsey

Alsnonuiluod

100} 8y} UO Sweaq
lase| z Bunosloid
(pjws) s21A8p 1YY
paunow 109fans
e yim Bunjem

(W) siexsew (08~ £9)
100}} Yum Bupiem S9¥G50L jeluaw
SA (¥8-89) v =0y -liadxa
SONJ Inoyum Buiyiepn LSFL6 80F8z 9LFE L vL=3 SHA -3ld vy SIS
pua 18ylo ay 1e
ABAAIOOP B pUB pUd Buo
18 JIBYO e yum Aemjiey
1} 0¢ e 4o Bunsisuoo
3OBJL B pavem s108[gng
(sqy)
3OS Wesq 18Se|
e yum bunjiem
(stu) >ons Bursjjem
PalIaAUl PalypoOW
e yum Bupjem |eyusw
"SA $8NO INOYLIM -lladxa epiHod
pue palsisseun Bubjiepp  §LFOEL W v§L+8L9 8¢=3 SHA -9id -Woy
(§GL1) ‘bayy auy
-9seq 8A0QR %G|
(§'201L) "basy auy
-9seq 9A0Qe %G/
(5¢z6)
‘bayy suleseq
Jepun %G°L -
(G8) Aousnbaly aui|
-9Seq 18pun %G|
1€ 18S swouoew
e ylim Bunjem
'sA Aousnbaly suljaseq |elusw
1e 18S SWOoUoIIBW (L9~ 0%) -l1adxs
e yum Bunyiepn 4 ¢ L g LL=3 v -8ld 2yOMOH
(ebued)
gsSFuesw (sbuely s (ebuel) gs
(21008) Fueaw Fuesw
uoneinp (81008) (sieah)
10001014 aseasig AH oby (N) s109igns
adAl  ubisep
uonuanIaiu| s108[gns jo sonsueloeIRY)  OND  ApniS  edoualsjey

(penunuo)) L 9jqeL



703

sease

. o di

nson

ts with Park

ing I patien

Cue

[N elolelNeNe]

1881
1s0d sA and

3o uo
GLL -Gl

HO-N

A+ttt

Ou SA and

S~

+

uo
W

10 yi1bua| aplis
uo yibus| sping
}J0 aouspe))

uo 8ouape)

440 paads Bupyiepp
uo paads Buyiepp

Qouspe)
yibus| eping
poads Bujepn

8ouspe)

apIs 3|
‘ybus| eplis
apis b
"y1Bus) apuis
apis Ya|
‘paads Buijepn
apis ybu
‘paads Bunjiepp

aseyd -}j0
pue -uo uj
'109}}8 i8A0-ALied
21RIPBWIWI 3080
01 Buiend 1noym (g
aulgseq
anoge %SL
auol WP e YyIm  (Z
Aouanbauy
sulsseq (|
‘18 18$ ‘peppaqwe
8U01 1[0 B Yyim
a1snW yum Buryjem
‘SA (ou)
Burena noyum Bunjiepp

(01 1) Aouenbeuy
auljsseq
8A00R %01
() Aduanbauy
suljaseq
1e 18S SWOoUo.1aW
e yum Bunjiem ‘sa
S8N2 INoyUM Buryieap

(340) @seyd-yjo ui
pue (uoj aseyd-uo
Ul (%GLL)
‘bayy suljeseq
9A0qe %Gl
() Aduanbauy
auljaseq

J8 18$ swouoiiaw

e yum Bunjiem

‘SA

S8nd INoyUM Buisiepn

8L

S/

S

€2
§0+9¢ SFeL
(A yFeL
L0+8C vFLL

(r-2
L+ze LL
€1 08*zeL

oL=2y
OL=403
lg=uo3
9=3
L=3

|elusw
-adxe
-ald

[JSNE]
-iadxa
-ald

|eluaW
-uadxs
-aid

4SO
-UPN

4y 4SOl
“UPN

OO



Wy SA 18l

20Uy J-ou

0 + Hoddns sjgnog
0 + 8ouspe)
0 + yibus| epiig
0 + paads Bunjiepn

8UII9Se] SA Wy

aouape)

yibus; eping
paads Buiy|epn
2-0u

a0uspe)

yibus| apu1s
paads Bujepn
o-uy FIN o-

(191) 108449 uielal
8y} aunseaw
01 $8N2 INoYIM (7
(W) siaxiews
1001} yum Bupiiem (L
‘SA
$8N2 INOYIM Buisean

Jalleq Jo 9jgeledwod
aie Aayl §i aAlsod
pajes pue s108lgns

payolew Ayljeay
yim pasedwoo ale
sieloweled sOWO0INQ
(}) poads isey -
(0) paads Bujem
5|0eLIOJUI0D
1€ (W) siediew 10oj
yum Bunjiem “sa (ou)
S8NJ INoYHM Buiyjepp

1se}
3|EAM O Pa1onJIsul
pue siaxlew
100}} ynm Bursjjem
paads Bui
-jlem 8|qeLoju0d
18 (W) Siexiew
10O} Yyum Buiyjiem
(4) 1se4
3[BM O} PajaNJisul
pue awouonaw
e yum Buiyiem
(0) poads Bujem
9|qBHLOJWO0D
1B () swouonaw
e yum Bunjjem

‘SA

$8ND INOYIM BuiyeAn

(89~ €9)
Ll
(18-£9)

Ju U Zy¥8s9

9r'9FS L
[A R A4

u L0+LC

U
(8 §9)
§/L¥6L

W §0+9¢

[elUsW
-iedxa
-ald

L Apms
I

|eluaw
-liadxa
-8.d

GL=2Y

§L=3 SYA aySHION

2N
-adxa
-aid

c Apmis
gySHION

¢L=04  SYA
=3 v

(ebuel)

(ebuel) gs
Fuesw

gsFueaw (abues) gs
(81008) Fuesw
S8UW02IN0 uoneinp (21008) (sieaA)
sinsay JUBWAINSEN {000301d asessig AH aby (N) s108lgng
- adAy

ubisap

synsey UOIUBAIBIU| s100lgns Jo sonsusloRIRY) BN APNIS  80UsISseY

704 I Lim et al.

(penunuo)) L sjqeL



705

Cueing in patients with Parkinson's disease

0-18l 0-1al

u
w1 -
eL<)-
tL<)-

1+ Wy sAwy

:
44+

ouwl o

£

W SA auljeseq

uoddns ajgnoQ
8ouspe)
uibus| spiig
paads Bunyiepn

uoddns sjgnoq
90uspe)

wiBuay apig
poads Bujepn

sjely usdo

8U} JO B1EP YuM (0-13J

‘0-Wy}) sieu} palsnod

8y} Jo elep 'syo8lgns

|0J1U0D O el1EP

Ulm pasedwod ale

(0-1a1 'O-wy) sjeul uado

8yl 40 s108y8 8yl "(9)

Jley Jaylo ayl aiemeun

pue (o) sjeui eyt

JO }|ey elep Buipiodal Jo

aleme asem s108lang
‘(184) s108448
uonuslal aINseaw
0] UOILPUOD pand
oy} Ja}e send

noyum Bungem (g
(wy) siexjiew
100j} yum Bupiem (L
SA
Sand INOYIM Buyiepn

Ja11aq 4o ajgeledwod
a1 Asy) §l aAlis
od palel pue syelgns
payolew Aylesy
UM pasedwod aie
sisloweled sawooinQ
(Mnoiip) 6L O3
(Ases) || woi} papeld
919M S3SE) BAIIUBOD
)
3sel aAlluboo pue
wy yum Bunjiem
(W}) siaxiew
10O} UHM Buijiem
‘SA
SaNd oYM Buiyjeps

qu

Ju

U

(£L 69)
Lo

(G2 ¥9)
Lv+0'LL

(18 -€9)
ClEL
(28 v9)
95F L'vL

9L=24
9lL=3

|eluaw
-uadxe
SHA -aid € Apmig

jeuaw
-lladxa
SHA -aid g Apmis



706 I Lim et al.

(0s) L=24
polosfoid st Aem 8 = paleoipaw
-lley e yoiym uo uou
:U9910s e "SA uonosfoid 3
+ + + 0 80Uspe)  INOYLM JUOJ) Ul UB3IDS Z0L¥Z6S 9L IHA |ewusw
0 + + 0 yibus| spi1S B Ylim pue and INOYHM £ZFeT 90+2Z 66FL95 =poleopsw + -uedxe  , usBepp
OS+HA LA wy o8 liupeas) e uo Bunijepn GEF6Y S0FET 86FE€T9 3 SHA -dld UeA
(Wy +IA)
Buteno Aloupne pue
|ENSIA JO UOIIRUIGUIOD
2 10 (W}) sisxiew
100} yum sadins
uo Bunjjem ‘Aousnbauly
0 0 + 8ouspe) auilaseq aAoge (|A) SHA
0 + 0 yibus| spuls %Gz 1B 18S auouoiaw +Vy  |euew \gueu
+ 0 + paads Bupjiepy B yim Bupjiem sa (ou) SYA  -lladxse -uellem
W+ A wy N Sano Inoylm Builepy 9y vF 69 GL'C v0L+6'89 ve=3 v -8ld  -eiedIng
Aouanbauy
ul 1amo| dais
8UO SeM 1Byl UOILPUOD
+ + + + + $19z99.4uou 8yl yum pasedwod
‘aouspe)) ale SuoIpuod Buien)
+ + + + 0 $J8z881) 'a0uspe)  (08) Aousnbauy sull
0 0 - + i slozealjuou  -8Seq MOI3q %0Z
‘ybus| aplIS  (06) Aouanbaly auil
0 - - + ¢ siezeal)  -9Seq MO[3q %0L
"pbual apg (0L 1) suleseq
+ + + + ¢ SEYEEINIeN] 9A0QR %01
‘paads Buniiepn (0Z1) suijeseq
+ 0 + + ¢ S19z081} 8A0Qe %07 0l
‘paads Bupjlepn  (IN) Aousnbaiy suljeseq (L9 8Y) (L9-8Y) = siezosljuou
oLt 18 18$ swouoiiaw 909 909 3 {elusw
SA Al SA 06 08 oU'SA e yum Bunjiem 'sa (ou) (08 G'8S) (08 §'8G) 0l = si9ze8l} -1adxa om_mon
0ozl OLL SAIN SAQB W S8NJ 1noyLIm Buiiep 7’89 v gl ¥'89 3 v -3ld -MN3IN
(obuey)
gS¥ueaw (ebues) gs (ebuel) gs
(21008} Fuesw Fueaw
S8WO02IN0 uoneinp (9100s) (sie0A)
slnsay JuswaINsealn |000104d eseasig A-H oby (N) s109lgnsg
adA}  uBissp
synsay UONUBAIBIU| S108[gns JoO sonsueloRIRY)  BN)  ApPNIS  9ouslsjey

(panuiuo)) | eiqer



707

Cueing in patients with Parkinson’s disease

(S0'0<d)
JUBWSSasSe BUI9sE]q J0 dnoJB [0J3U0D UBY) 8SI0M JO JaNaq Juedliubis Jou Ajjgonsiels ale synsel (00 > d) 1uswWSS8eSSE BUIESE] JO dNOIB |011U0D UBY]
9SJOM JURDIIUDIS AjledIISIIRIS 918 SYNS8. ' — 'JUSWISSESSE BUljeseq J0 dnosb [011U0D UeY) J8}1aq (GO0 > d) ueoliuBis Ajleonsiels aue synse. ‘+ :SyNsal 8y} Jo4

"uoinoaJip Buitjem eyl o3 sejnoipuadiad ool syl uo seduls peinojod 1B aie siaxiew J100|4 "JepJo wopues ut paijdde aiem Aayl ‘palequunu Jou ale Asyl
usym 18pJo siyy Ul paijdde aie Asyl pesequInu aJe SUOILIPUOD USUAA "9SIMIBLI0 PSUOIIUBL SSBJUN aseyd-uo oy ul pejjdde aie SUOITUBAISIUI |y (UOIIUBAISIUI JO
‘payiodal Jou U eno ajnoey ‘| (1Bl Buiysely e “B8) ano jeiodwisl dlyIAYl [BNSIA “TYA :(siexlewooly “B8) 8no jeneds diWyYIAUL [BNSIA ‘SYA BN

Asonpne "y ‘joa1u0d Ayijesy ‘DY ‘dnoJb jeruswinedxy ‘g ‘oclUBA PUB UYSOH 'A-H 'UOIBIASD piepuels ‘(S 'S108lgns 10 sequinu ‘N ‘[Bl} P3J|0J1UOD pazIWOopUE) ‘| DY

(y) staxiew
100]} yum Bupjjiem
00L 03 Buisesioul

"(IN) Aouenbauy
pa108]9s §|9s e

0 0 yibus| eping 1B 189S dWOUOIBW

0 L douspe) e yum Bunjiem 09 &g §=pIo QY [BIuBW

0 0 poads Bunyiepn “SA 0€-G¢ G=0unoAdy Syp -usdxs | Apnis
wif N aN2 Inoyum Bunyiepn u v-gL VL vy oL=3 v Bld  gelslliz

(0S+ 1) 108lgns
8yl Jo sajoe1oads
8yl uc palunow
37 Buiysey

e pue peyoaloid si
Aem |jey e yoym uo
(LA)8lgns auy

JO s@joe108ds sy}
uo pajunow Q37
Buiyseyy e yum Ing
‘uonoafoud noyum
(wy)

pelosloid siiooy
8y} uo sadils yim
AeM jj_Y B YdIym uo



708 I Lim et al.

investigated the effects of auditory cueing (music,
metronome) on gait (Table 1). Both RCTs were of
high methodological quality and three studies with
a pre-experimental design were of sufficient meth-
odological quality,*'#>47 all other studies were of
low methodological quality,?”-39-40:43.:46.48.50.51.53

Measurement outcomes

Wdlkmg speed was measured in two RCTs
and in 10 studies with a pre-experimental
design,3*41:4245747.3051.53 - Both - RCTs  found
significant improvement on walking speed as
an outcome measurement and therefore strong
evidence was shown in a best-evidence synthesis.
Stride length and cadence were measured
in one RCT¥ and 11 pre- experlmentdl
studies,*? 414245 48.50.51.53 A ¢ significant improve-
ments were found for stride length and cadence as
outcome measurements in one RCT, limited evi-
dence was available for these parameters. Step
length, step—-extremity ratio, double support, cycle
time and base of support™ were assessed in one
pre-experimental study of sufficient quality. Step to
step variability was assessed in one pre- experimen-
tal study of sufficient quality and m one pre-
experimental study of low quality.*’>* Time'74°
and number of steps® needed to complete a
complex track with freezing-inducing elements
(e.g., turns and doorways) were assessed in studies
of low quality. Therefore, insufficient evidence was
found for these gait parameters after applying a
best-cvidence synthesis.

32,33

Visual cueing

Fourteen studies mea-
sured the effect of visual cueing on gait in
Parkinson’s disease (Table 1), however no
RCTs were found investigating the effects of visual
cucing on gait. Two studies showed sufficient
methodolotglcdl quali Sy%‘52 whereas 12 stu-

3:34.33,38.43.494899. 5153 were of low methodo-

3.34-36,38,43,44,48,49,51 -53

IOgICdl quality.

Measurement outcomes

Ten studies™ 354448495153 inyestigated  the
effect of floor markers on walking, by using stripes
on the floor, perpendlculcu to the walking direc-
tion. All but one®® of these studies were of low
methodological quality. Therefore, insufficient evi-
dence was found, when applying a best-evidence

Stride length was measured in two

synthesis.
36,52

studies of sufficient methodological quality
and 10 studies of low quality.34.35.44.48,49,51.53
One of the 2 studies with sufficient quality’?
reported positive effects of floor markers on
stride length. In the other studies,*® no changes
were found and therefore insufficient evidence
was shown. Insufficient evidence was found
for the effect of floor markers on ca-
dence 3334448495153 ten length, stude time,
single support*® and double support,*3**¥ due to
the low quality of the studies measuring these
parameters.

Several studies investigated the effect of other
visual cues than floor markers (e.g., (modified)
walking sticks,*®* a rhythmic fldshmg llght
mounted on the spectacles of the subjects®® or a
subject-mounted light device.** Insufficient evi-
dence was found for all of these visual cues,
applying best-evidence synthesis.

Tactile cueing

One pre-experimental study of low quality
studied the effects of tactile cueing (shoulder
taps) (Table 1). Best-evidence synthesis showed
insufficient evidence for rhythmical shoulder taps
on the time and number of steps needed to
complete a complex track.

40

Combination of auditory and visual cueing

One pre-experimental study of low quality”’
investigated the effects of a combination of audi-
tory cueing and floor markers (Table 1). Insuffi-
cient evidence was found for this on walking speed,
stride length and cadence, applying a best-evidence
synthesis.

Discussion

This is the first systematic review of the literature
using an explicit analysis method that explored the
cffects of external cueing on the gait of patients
with Parkinson’s disease. Two RCTs and 24 studies
with a noncontrolled design were identified inves-
tigating four different types of cueing and 13
different measurements of outcome. Unfortu-
nately, only one study investigated the effects
of tactile cueing on parkinsonian gait. Strong



Clinical messages

e There is strong evidence that rhythmical
auditory cueing enhances walking speed in
patients with Parkinson’s disease.

e However, generalization of reported effects
measured in a gait laboratory to gait-related
ADLs and patients’ own home situations
remains unclear.

evidence was found for effects with the use of
auditory cueing on walking speed in Parkinson’s
disease. Limited evidence was available for improv-
ing stride length and cadence with the use of
auditory cueing, applying best-evidence synthesis.
Insufficient evidence was found for improving gait
of patients with Parkinson’s disease with the help
of visual cueing (i.e., floor markers, walking sticks,
subject-mounted laser beams or a flashing light
mounted on the spectacles of the subject), tactile
cueing (shoulder taps) or a combination of audi-
tory and visual cueing (an auditory rhythm and
floor markers). Although external rhythmical cue-
ing is often used in rehabilitation of patients with
Parkinson’s disease, only two RCTs investigated
the effects of auditory cueing on gait. However, in
the RCT of Ellis et a/.,* auditory cueing was only
a third part of an exercise programme given to
patients with Parkinson’s disecase (Table 1). It is
therefore not clear whether the improved walking
speed was a result of external rhythmical cueing or
due to other elements in this group exercise
programme. Leaving this study out, the evidence
for improving gait in Parkinson’s disease with the
help of auditory cueing was reduced to limited
evidence for walking speed, stride length and
cadence.

Although many studies have found significant
improvements of gait, evidence for this can not be
established, due to the low methodological quality
of these studies, therefore pooling of the studies for
quantitative meta-analysis was not possible. Steult-
. 27 . .
jens et al.”’ compared effect-sizes with the levels of
evidence found for the different interventions in
their study and concluded that the levels of
evidence confirmed the findings found with a
meta-analysis, underpinning the reliability of the
method used in the current study.

Cueing in patients with Parkinson's disease 709

Although strong evidence was found in favour of
auditory cueing, the interpretation of reported
effects on walking speed needs further considera-
tion. First most studies were executed in a labora-
tory setting and focused on instantaneous effects
only, whereas four intervention studies were re-
ported in which patients were taught to take
advantage of auditory rhythms by systematic
training.*>***7** In three studies an exercise
programme was applied®*** and in two studies
the subjects were able to practise using the cues in
their own home situation.’**” Although these
studies showed positive results for auditory cue-
ing,*>* the impact of reported effects measured in
a laboratory setting is difficult to generalize to the
home. It is known that patients with Parkinson’s
disease have severe problems apply the learned
skills in a clinical setting to their home situation.”®
For this reason it is preferable for intervention and
assessments to be carried out in the patient’s own
home environment.

Secondly, the impact of walking speed on ADLs
and extended ADLs remains unclear. In particular
the carry-over effects of external cues on symptoms
such as freezing and falling needs further investi-
gation.

Thirdly, it is not clear how the external cues need
to be presented to the patient with Parkinson’s
disease to obtain maximum effect. Both instanta-
neous effects and training effects were found in the
current review. Future studies should focus on the
best way to use the cues in the clinical setting.

A possible explanation for the uncertainty about
the best way to present cues and to assess the
effects on gait is the lack of an uniform definition
for external cueing. For this review, a definition
was formulated based on the descriptions of cues
by Cools* and Horstink.** In addition the me-
chanism behind external cueing remains unclear.

The present study has some limitations. The
review based itself on a restricted number of
languages within a limited number of electronic
databases. Some relevant studies may therefore
have been missed. In addition, the precise way of
cueing as well as appended instruction to the cued
patient was not always clear in found studies. This
might have resulted in misclassification of the
intervention type. Further studies should evaluate
the effects of different types of cueing on gait-
related activities in the patient’s own home situa-
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tion and community, in a well-conducted RCT,
including measurements related to ADLs, falling,
freezing and perceived quality of life in general.
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Appendix 1 — Best-evidence synthesis

Strong evidence

Moderate evidence

Limited evidence

or

Indicative findings

or

No or insufficient
evidence

Provided by consistent, statistically significant findings in outcome measures in at
least two high-quality RCTs"

Provided by consistent, statistically significant findings in outcome measures in at
least one high-quality RCT and at least one low-quality RCT or high-quality CCT"

Provided by consistent, statistically significant findings in ourcome measures in at
least one high-quality RCT

Provided by consistent, statistically significant findings in outcome measures in at
least two high-quality RCTs (in absence of high-quality RCTs)

Provided by consistent, statistically significant findings in outcome and/or process
measures in at least one high-quality CCT or low-quality RCT"(in the absence of
high-quality RCTs)

Provided by consistent, statistically significant findings in outcome and/or process
measures in at least two noncontrolled studies with sufficient quality (in absence of
RCTs and CCTs)

In the case that results of eligible studies do not meet the criteria for the above
stated levels of evidence

In the case of conflicting results (statistically significant positive and statistically
significant negative) results among RCTs and CCTs

In the case of no eligible studies

RCT, randomized controlled trial; CCT, controlled clinical trial.

“If the number of studies that show evidence is < 50% of the total number of studies found within the
same category of methodological quality and study design (RCTs, CCTs or noncontrolled studies), no
evidence will be stated.
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