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Abstract.
Background: Balance impairment in Parkinson’s disease (PD) improves only partially with dopaminergic medication.
Therefore, non-pharmacological interventions such as physiotherapy are important elements in clinical management. External
cues are often applied to improve gait, but their effects on balance control are unclear.
Objective/Methods: We performed a prospective, single-blind, randomized clinical trial to study the effectiveness of balance
training with and without rhythmical auditory cues. We screened 201 volunteers by telephone; 154 were assigned randomly
into three groups: (1) multimodal balance training supported by rhythmical auditory stimuli (n = 56) (RAS-supported multi-
modal balance training); (2) regular multimodal balance training without rhythmical auditory stimuli (n = 50); and (3) control
intervention involving a general education program (n = 48). Training was performed for 5 weeks, two times/week. Linear
mixed models were used for all outcomes. Primary outcome was the Mini-BESTest (MBEST) score immediately after the
training period. Assessments were performed by a single, blinded assessor at baseline, immediately post intervention, and
after one and 6-months follow-up.
Results: Immediately post intervention, RAS-supported multimodal balance training was more effective than regular multi-
modal balance training on MBEST (difference 3.5 (95% Confidence Interval (CI) 2.2; 4.8)), p < 0.001). Patients allocated to
both active interventions improved compared to controls (MBEST estimated mean difference versus controls 6.6 (CI 5.2; 8.0),
p < 0.001 for RAS-supported multimodal balance training; and 3.0 (CI 2.7; 5.3), p < 0.001 for regular multimodal balance
training). Improvements were retained at one-month follow-up for both active interventions, but only the RAS-supported
multimodal balance training group maintained its improvement at 6 months.
Conclusion: Both RAS-supported multimodal balance training and regular multimodal balance training improve balance,
but RAS-supported multimodal balance training– adding rhythmical auditory cues to regular multimodal balance training–
has greater and more sustained effects.
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INTRODUCTION

Balance and gait impairments in Parkinson’s
disease (PD) are both common and disabling [1–3],
resulting in falls and fall-related injuries [4].
Because these axial symptoms only improve
partially with dopaminergic medication [2, 5–8],
non-pharmacological interventions such as phys-
iotherapy are important to manage these problems
[9–12]. There is growing evidence that physiother-
apy interventions improve gait [13–19] and balance
performance in PD [20–28]. Physiotherapy typically
involves functional gait and balance exercises [9,
10, 24] that translate directly to daily life activities
[29–31]. Moreover, compensation strategies such as
rhythmic auditory cueing [32] have an immediate
effect on walking speed, stride length and cadence
[16, 17, 33]. However, their effects decline over time
[16, 33]. In addition to their positive effect, rhythmic
cues may also have a positive effect on balance per-
formance. In contrast to gait performance, balance
control is not rhythmic in nature. However, adding
rhythmic auditory cueing might enhance the balance
training effects by improving attention and task
prioritization [34]. In this prospective randomized
clinical trial, we aimed to: (1) investigate whether
the effect of physiotherapy on balance performance
in patients with PD would be maximized by adding
rhythmical auditory stimuli to the training (RAS-
supported multimodal balance training); and (2)
investigate whether these effects would be retained
in the long-term, after cessation of treatment. We
hypothesized that, compared to control intervention
(educational program) and regular multimodal
balance training, adding rhythmical auditory stimuli
would be more effective in improving balance per-
formance, but that these effects would decline over
time (as has been reported for gait performance).

METHOD

Study design and participants

We performed a prospective, single-blind, paral-
lel group randomized clinical trial. The University
of São Paulo Faculty Medicine Clinics Hospital
received ethical approval for the study (Comissão
de Ética para Análise de Projetos de Pesquisa –
CAPPesq). The protocol was registered at clinical-
trials.gov (NCT02488265). Participants signed an
informed consent form before participation and a
photo and videos release as part of the informed

consent procedure. Patients were recruited from the
Movement Disorders Center of the University of São
Paulo Faculty Medicine Clinics Hospital. Inclusion
criteria were: (1) diagnosis of PD according to the
UK Brain Bank criteria [35]; (2) Hoehn and Yahr
(H&Y) stage 1–3 [36]; (3) history of falls in the past
year; (4) able to walk 10 minutes continuously; (5)
Mini-Mental Status Examination (MMSE) ≥24; [37]
(6) able to walk independently indoors without walk-
ing aid; (7) stable medication over the past 3 months;
(8) no hearing or visual problems interfering with the
tests or training; and (9) stable deep brain stimulator
settings during the past year. After the inclusion, no
other physiotherapy interventions or complementary
exercises were allowed during the study. We cate-
gorized patients as freezer or non-freezer based, if
freezing was present subjectively (NFOGQ; [38]) or
objectively (Rapid Turns Test [39]) assessment of
freezing. If either one of these tests showed freezing,
patients were classified as freezers.

Study procedure

After screening for eligibility, subjects were ran-
domly assigned (1:1:1) into either one of the two
experimental groups, or one control intervention
group (RAS-supported multimodal balance train-
ing, regular multimodal balance training and the
educational program). A computerized block ran-
domization procedure (block size 6) was performed
by an independent study collaborator before the
baseline assessment, with stratification for disease
severity (H&Y stage). Group allocation was per-
formed by the same study collaborator, who was
not involved in interventions or assessments. This
collaborator delivered a sealed envelope to the phys-
iotherapist to ensure concealment. The trial was
conducted between July 2015 and May 2017. Mea-
surements were performed by five blinded assessors
at four time points: baseline, i.e., 14 days prior to
training; one day after the last 5th week training;
at one-month follow-up; and 6-months follow-up.
Both assessors and patients were instructed not to
talk about the allocation. We did not formally test for
the success of blinding. All participants were tested
while they were on their usual Parkinson medication
(ON-medication state), which was defined as max-
imally 1 hour after ingestion of their regular dose
of dopaminergic medication (as self-reported by the
patients) and when patients experienced a subjec-
tively good On state. We chose exercises that are
common in routine clinical treatment of gait and bal-
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ance problems. These exercises involve 5 elements
of posture, gait and balance:(a) sensory integration
(e.g., walking tasks on varying surfaces); (b) antic-
ipatory postural adjustments (e.g., voluntary arm,
leg and trunk movements, postural transitions, and
multidirectional stepping); (c) compensatory postural
adjustments and motor agility (e.g., interlimb coordi-
nation under varying gait conditions and quick shifts
of movement during predictable and unpredictable
conditions); (d) performance at stability limits (e.g.,
controlled leaning tasks performed while standing
with varying bases of support, stimulating weight
shifts in multiple directions and turning); and (5) use
of attentional strategies (maintenance of attention to
the gait and balance task). No modification of the
intervention protocol occurred.

Intervention

Interventions were delivered in at the University
of São Paulo Clinics Hospital, Movement Disor-
ders Clinic, Department of Neurology. The three
interventions occurred on the same day and at the
same location, but during different timeslots during
the afternoon. This minimizes the risk of contam-
ination. In addition, the physiotherapists were well
trained to follow the different training protocols
for the different training groups. Both experimen-
tal groups received multimodal balance training;
one intervention group received all exercises com-
bined with rhythmical auditory stimuli, provided by
a metronome (RAS-supported multimodal balance
training; Supplementary Video), whereas the other
intervention group received balance training without
rhythmical auditory stimuli (regular multimodal bal-
ance training). Both intervention groups also received
gait training with visual cues (as this is part of
routine physiotherapy care), but rhythmical audi-
tory stimuli to maximize the balance exercises were
only added in the RAS-supported multimodal balance
training group on top of the training (Supplementary
Video). The physiotherapists gave instructions to the
patients to perform the movements on the beat of the
metronome. The training program was performed in
group’s intervention of 10 participants supervised by
2 physiotherapists.

Training in both intervention groups involved 40
balance and gait exercises, provided during 10 ses-
sions of 45 minutes (2 sessions/week over a 5-week
period). The exercises, training progression and inten-
sity are described in Supplementary Tables 1 and 2.
The rhythmical auditory stimuli were delivered in

an open-loop by a metronome (MA-1 KORG, which
was amplified using a JBL GO Portable Wireless
Speaker). Progression over time was facilitated by
dividing the training period into two 5-week sessions.
Each exercise component was introduced separately
to the participants in week 1, with emphasis on the
quality of performance rather than on difficulty level.
In week 2, the level of difficulty for each exercise
component was increased, whereas movement com-
plexity was further increased in week 3, 4 and 5 by
combining the exercise components and increasing
the demands. To further promote training progression,
the aim was to increase or decrease the speed through-
out the parts of the training. The control intervention
groupreceivednofunctionalbalanceandgait training,
but received a general education program about PD,
falls prevention and self-care, which also involved 10
sessions of 45 minutes (2 sessions/week over a 5-week
period) (Supplementary Tables 1 and 2).

Outcome measures

Although the UPDRS was initially selected as the
primary endpoint, the research team later changed
the primary outcome to Mini-BESTest (MBEST) [40]
because this better suits the aim of the intervention
(namely to improve balance), as was also published in
the study protocol [41]. Importantly, this adjustment
was made before the end of patient recruitment, and
hence also well before any analyses were performed.
We acknowledge that this procedure is imperfect, but
we certify that the decision to change the primary
outcome was driven solely by scientific arguments
and taken before any data analyses had been per-
formed. The MBEST test has a maximum score of 28
points based on 14 items that are each scored from
0–2. “0” indicates the lowest level of functioning
and “2” the highest level of functioning [42]. Sec-
ondary outcomes included measures of balance and
gait: Berg Balance Scale (BBS) [43], retropulsion test
of the UPDRS [44], push-and-release test [45], Timed
Up and Go Test (TUG) [46]. Before the actual start
of the trial, the following secondary outcomes were
added to the original protocol: TUG-dual task test (14
domain in MBEST) [40] and Rapid Turns Test [39].
Also, the FOG-Questionnaire was replaced with the
New Freezing of Gait Questionnaire (N-FOGQ) [38].
Activities of daily living and motor performance were
assessed using the UPDRS [44]. Fear of falling were
evaluated using the Falls Efficacy Scale-International
(FES-I) [47]. We monitored adverse events only dur-
ing the training, and did not address serious events
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because this was a low risk study. In addition, falls
and serious adverse events were assessed through
standardized weekly interviews.

Statistical analysis

Statistical analysis was performed according an
intention-to-treat (ITT) which was better regarded as
a complete trial strategy for our design. The intention-
to-treat population was defined as all patients who
received the intervention, provided baseline efficacy
data, and from whom at least one measurement after
baseline was obtained. All participants were analyzed
as they were randomized, as there were no incon-
sistencies between the randomization and the actual
treatment. Following discussions with an indepen-
dent statistician (J.IH., PhD) who was not involved
in the study design or data collection, the statisti-
cal plan was optimized, specifically, by replacing the
originally planned repeated measures ANOVA with
a mixed effects model to analyze the repeated mea-
surements, which can handle data that are missing at
random and is more flexible than a repeated measures
ANOVA [48, 49]. The sample size calculation was
based on the MBEST as outcome. Based on the results
of a pilot study (unpublished data) with exactly the
same methodology and intervention, we performed a
power calculation. The pilot study included 10 partic-
ipants in each group. We found a 3-point difference
between standard training and multimodal training.
Assuming a 3-point difference and an SD of 4 (∼
an effect size of 0.75), 37 patients per group would
be enough for 90% power, using a two-sided sig-
nificance level � of 0.05. Assuming a dropout rate
of 25%, this resulted in 50 patients per group. We
included 154 patients instead of 150 because we rea-
soned that several extra participants would correct for
a potential higher drop-out rate. Linear mixed mod-
els were used for all outcomes. The primary endpoint
was the MBEST immediately post-intervention. We
used treatment (RAS-supported multimodal balance
training vs regular multimodal balance training vs
controls), visit (immediately post-intervention, one-
month follow-up, and 6 months follow-up) and the
interaction between visit and treatment group as fixed
factors. The model was adjusted for baseline MBEST,
UPDRS part 2 and 3 and levodopa equivalent daily
dose (LEDD), and, if not yet included, for the baseline
value of the dependent variable. We adjusted for these
variables, despite the randomized design of the study,
to correct for possible imbalances due to a some-
what higher dropout rate in the control group than

in the training groups. Patient was included as a ran-
dom factor. Berg Balance Scale, Retropulsion Test,
Push and Release Test, Falls Efficacy Scale- Interna-
tional, Timed Up and Go, Timed up and Go Dual
Task, New Freezing of Gait Questionnaire, Rapid
Turns test were also analyzed with a linear mixed
model, similar to the MBEST. A Bonferroni adjust-
ment for multiple testing (three pairwise comparisons
at 5 weeks follow-up) was applied, resulting in a sig-
nificance threshold of 0.017 that was used for all
tests. No interim analyses were performed before the
recruitment target was reached.

RESULTS

We screened 201 potential participants of whom
154 were randomized (Fig. 1). The groups were sim-
ilar on baseline characteristics (Table 1). A total of
21 patients dropped out of the study (14%, Fig. 1).
The training compliance was determined by the num-
ber of sessions that the patients attended. Training
compliance was 85% in the RAS-supported multi-
modal balance training group, 86% in the regular
multimodal balance training group and 82% in the
control intervention group. Reasons for not being
compliant were lack of time, problems with transport,
injuries, illness and fatigue not related to the interven-
tion session. No adverse events occurred during the
training.

Primary outcome

Figure 2A shows the results of our primary out-
come, the MBEST. Immediately post treatment, both
the RAS-supported multimodal training group and
regular multimodal training group had improved sig-
nificantly on the MBEST score compared to controls
(RAS-supported multimodal balance training 6.6
(95% Confidence Interval (CI) 5.2; 8.0)), p < 0.001;
regular multimodal balance training 3.0 (CI 2.7;5.3),
p < 0.001). Moreover, the RAS-supported multi-
modal balance training group improved significantly
more than the regular training group (RAS-supported
multimodal balance training difference 3.5 (95%
CI 2.2; 4.8)), p < 0.001. These improvements were
retained at one-month follow-up for both groups, but
only the RAS-supported multimodal balance train-
ing group maintained its improvement at 6-month
follow-up (Table 2A).



T.T.C. Capato et al. / Multimodal Balance Training in PD 337

Fig. 1. Flow diagram of participants through the trial, number of participants.
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Table 1
Participants’characteristics at the baseline visit

RAS-supported Regular Control
N = 56 N = 50 N = 48

Age, years (mean (SD)) 74 (8) 67 (13) 73 (10)
Gender, men(N (%)) 27 (48%) 32 (64%) 29 (60%)
H&Y (N(%)), I 11 (20%) 11 (22%) 7 (14%)

II 17 (30%) 16 (32%) 18 (38%)
III 28 (50%) 23 (46%) 23 (48%)

Time since first symptoms (median (IQR)) 7 (4–13) 8 (4–14) 11 (4–20)
Disease duration (median (IQR)) 5 (2–9) 6 (2–10) 8 (2–15)
Deep Brain Stimulation (N (%)) 6 (10%) 7 (14%) 4 (8%)
Freezers of gait (N, %) 17 (30%) 15 (30%) 16 (13%)
Recurrent Fallers (N, %) 25 (45%) 21 (38%) 20 (36%)
Injuries before protocol (N, %) 26 (46%) 23 (46%) 20 (42%)
LEDD, mg/day (mean (SD)) 615 (424) 701 (466) 698 (389)
MMSE,score (mean (SD)) 27 (2) 26 (2) 25 (2)
MoCA, score (mean (SD)) 26 (3) 25 (3) 24 (3)
UPDRS 2, ADL score (mean (SD)) (ON) 11 (7) 14 (7) 16 (8)
UPDRS 3, motor score (mean (SD)) (ON) 15 (7) 17 (9) 19 (7)
Years of education (N, %) 2–8 (primary school) 10 (18%) 11 (22%) 8 (17%)

9–14 (secondary School) 16 (29%) 21 (42%) 17 (35%)
>14 30 (53%) 18 (36%) 23 (48%)

Group: Multimodal balance training supported by rhythmical auditory stimuli (RAS-supported), Multi-
modal balance training without rhythmical auditory stimuli (Regular), Control Intervention group (Control).
N, number of participants; SD, Standard Deviation; IQR, Interquartile range are presented; ON (ON-
medication); LEDD, levodopa equivalent daily dose; MMSE, Mini Mental State Examination; MoCA,
Montreal Cognitive Assessment; H&Y, Hoehn & Yahr stage; UPDRS 2, ADL, Activities of daily living
score; UPDRS 3, motor score.

Secondary outcomes

Balance
Similar effects were found for the secondary

outcomes (Table 2A). When compared to con-
trols, both the RAS-supported group and regular
group improved immediately post-intervention on
the BBS (RAS-supported vs control p < 0.001;
regular vs control p = 0.002), retropulsion test (RAS-
supported vs control p < 0.001; regular vs control
p < 0.001), push-and-release test (multimodal vs
control p < 0.001; standard vs control p < 0.001).
Only RAS-supported group improved immediately
post-intervention on FES-I when compared with
the controls (RAS-supported vs control p < 0.001;
regular vs control p = 0.062). The RAS-supported
group improved significantly more than the regu-
lar group these secondary outcomes (BBS p < 0.001;
push and release test p = 0.002; FES-I p = 0.001)
except on retropulsion test (RAS-supported vs reg-
ular p = 0.164) (Table 2A). Improvements were
retained at one-month follow-up (Table 2A), but
only the RAS-supported multimodal training group
maintained their improvement at 6-month follow-
up. Fewer severe injuries outside the training were
reported after the intervention by all groups.

Gait
Immediately post-intervention, both the RAS-

supported multimodal balance training and regular
multimodal balance training group showed a larger
improvement on the TUG (Fig. 2B), TUG Dual
Task, N-FOGQ, and rapid turns test than controls
(Table 2B). No differences were found between both
active interventions. The results were maintained at
one month and 6 months follow-up in both groups.
Except for the rapid turn test, for which the RAS-
supported multimodal balance training showed better
results than the regular multimodal training group
and control intervention only in post-intervention
(Table 2B). For the TUG Dual Task the RAS-
supported multimodal balance training showed better
results than the regular multimodal training group at
one-month and 6-month follow-up (Table 2B).
UPDRS

Both the RAS-supported multimodal balance
training group and regular multimodal training
group improved on the UPDRS part 2 and part 3
immediately post-intervention (Table 2B). The RAS-
supported multimodal balance training group showed
a significantly larger improvement than the regular
multimodal training group on both outcomes. The
results on the UPDRS part 2 were retained at one
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and 6-month follow-up in both groups. The results
on the UPDRS part 3 were retained at one and 6-
month follow-up for the RAS-supported multimodal
balance training group (Table 2B).

Levodopa equivalent daily dose (LEDD)
The LEDD was not significantly different between

groups for either of the follow-up moments post-
intervention (Table 2B).
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DISCUSSION

Here, we present the results of an RCT investi-
gating the long-term effects of two balance training
interventions in a large group of early to mid-stage
PD patients. Both training groups improved balance
performance, as measured using the MBEST. Com-
pliance in both training groups was good. Adding
auditory rhythmical cues (RAS-supported multi-
modal balance training) to the balance training was
more effective than balance training without these
cues (regular multimodal balance training). Only the
RAS-supported multimodal balance training group
retained the effect at long-term follow-up (6 month).

Our study reports two important new findings.
First, we show that multimodal balance training
using simultaneously applied rhythmical cues is
more effective than multimodal balance training
without cueing. We suspect that RAS-supported mul-
timodal balance training is more effective than regular
multimodal balance training because this stimu-
lates residual motor-cognitive abilities in PD more
effectively than regular multimodal balance train-
ing [14]. Specifically, RAS-supported multimodal
balance training may improve attention and task
prioritization (executive control) [34], thereby facili-
tating the selection of efficient balance compensatory
strategies and enhancing the training effects.

A second important finding is that the train-
ing effects (particularly those of RAS-supported
multimodal balance training) are maintained up to
6-months follow-up.

‘The improvements on the MBEST-scores were
not only significant, but also exceeded the previously
found standard error for a test-retest measurement
(3 points) [50]. Moreover, two studies have exam-
ined the responsiveness of the Mini-BESTest. Tsang
et al. [51] concluded that the minimal detectable
change score is 3.0 for individuals with stroke. In
a mixed population of people with balance impair-
ments involving 25 PD patients, Godi et al. [52]
concluded that the minimally important change score
is 4.0 points, and we therefore expect our results to
be clinically relevant. Although both studies were
performed in non-PD populations, the effect size
observed by us was in the range of what was con-
sidered minimally important there, and we therefore
expect our results to also be clinically relevant for PD
patients. However, comparable trials using the Mini-
BESTest are sparse and data on the minimal clinically
important difference (MCID) in PD is lacking. The
only study that can be compared with ours was that

by Conradson et al., 2015 [53], who found a clinical
change of 3 points on the MBEST.

This MBEST improvement following RAS-
supported multimodal balance training is consistent
with similar improvements that we observed for all
secondary balance outcomes. Earlier studies also
found that physiotherapy improves balance in PD
patients [18, 25, 54, 55]. Our results showed larger
effect sizes on MBEST than other high challeng-
ing physiotherapy interventions [25, 53]. Possibly,
this large effect might be ascribed to the addition of
rhythmical auditory cues to the functional balance
and gait exercises. Indeed, such large effects were
not observed in the regular multimodal balance train-
ing group, where rhythmical auditory cues were not
used. One possible explanation for this might be that
we included patients who had never received special-
ized physicaltherapy before. It is likely that the earlier
studies [25, 53]—which had been performed in the
western world—included patients who had received
physiotherapy before. We suspect that previously
untreated patients might show greater improvements,
perhaps because expectations and placebo effects
contributed, but also because of the younger age of
these patients, and perhaps also their milder disease
stage (we included some patients with HY stage 1)
in whom the physiologic reserve is greater and learn-
ing processes are better preserved, rendering patients
more amenable to interventions.

The observed results cannot be explained by a dif-
ferential increase in dopaminergic medication across
the intervention groups. In fact, the control inter-
vention group reported a significantly higher dose
of dopaminergic medication during follow-up, yet
their performance on functional tests was statistically
worse that the groups receiving an active intervention.
These findings suggest that the beneficial effects fol-
lowing the interventions resulted from the training
itself.

In addition to balance, gait also improved with
both trainings immediately after the intervention.
This effect was retained at follow-up. However, the
clinically relevant findings reported for the TUG
only apply to the change between baseline and post-
intervention, not for the follow-up periods. We found
no differences between RAS-supported multimodal
balance training and regular multimodal balance
training. This can likely be explained by the fact
that visual cueing was applied during gait training
in both groups. We chose to apply visual cues dur-
ing gait training in both groups, as this is usual care
for gait training [9]. Our results indicate that addi-
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tion of rhythmical auditory cueing does not have an
additional effect over and above that afforded by the
visual cues. The effects are clinically relevant, as
the observed improvements for, e.g., the TUG-test
exceeded the minimally clinically important differ-
ence of 3.5 seconds [56]. The long-term effects are
promising, in contrast to the earlier, in contrast to
the earlier Rehabilitation in Parkinson’s Disease:
Strategies for Cueing (RESCUE) trial, where rhyth-
mical auditory stimuli provided no long-term benefits
on gait and gait-related activity [15]. We are not
sure why our results are so different of RESCUE
trial. Perhaps dosing (dose-response) contributed to
these discrepant findings, as the treatment ‘dose’ was
considerably higher in the present study (450 min-
utes) compared to the RESCUE trial (270 minutes).
Recent work emphasized that dose can certainly
affect the treatment response in Parkinson patients,
at least when it comes to aerobic exercise [57].
Another strength of our trial was the structured train-
ing as delivered by skilled trained physiotherapists
delivered in a clinical setting, whereas the RECUE
intervention was performed at home. While training
at home is convenient and reduces travel burden, dos-
ing can be less well monitored during a home-based
training [58]. The long-term effect of physiotherapy
training with auditory cueing on the TUG has been
reported before in a small group of 8 patients with a
shorter follow-up (8-weeks) [59]; our study extends
these findings. The auditory stimulus may even have
guided attention away from, instead of towards, the
movement (forcing implicit motor learning). How-
ever, it is plausible that the internal and external
cueing strategies used in this study, likely had enabled
patients to switch from automatic motor control to
goal-directed motor control [60]. We hypothesize that
the distinctions between fully automatic motor con-
trol and more goal-directed motor control are not
strict [61], but that there is in fact a continuum of rela-
tively more automatic motor control on the one hand
(e.g., when the patient is performing gait or main-
taining posture), and relatively more goal-directed
motor control on the other hand (e.g., when sub-
jects must perform the exercises focusing attention on
the auditory cues). This might explain the long-term
retention effects on RAS-supported group. Origi-
nally, we planned see only patients in H&Y stage
2 and 3. However, patients with H&Y1 stage were
also included (it is not well-known which disease
stages respond best to treatment), and the interven-
tion appeared to be effective even for this now overall
relatively mildly affected patient group. Future work

could consider examining the effects of cued bal-
anced training for separate subgroups.

Our study has several limitations. First, we stud-
ied patients with mild to moderate PD and without
cognitive impairments. It therefore remains unclear
whether the results are generalizable to those with
later stage disease or those with cognitive impair-
ment [62]. Second, there were more drop-outs among
controls, and this could be a source of bias (attri-
tion bias), especially because participants knew their
group assignment. Third, activity monitors were not
employed to determine the overall level of activity
both during and after the intervention, which could
have contributed to the differences between groups.
Finally, we cannot make any statements about pos-
sible effects when patients are OFF medication. We
purposely tested all patients while ON-medication,
as this would best reflect the effect of the interven-
tion over and above standard medical management
in daily clinical practice. Also, dopaminergic med-
ication usually does little to improve balance, [63]
so we expect that testing patients in an OFF phase
would not make a big difference. However, future
studies should examine the effects of RAS-supported
multimodal balance training on balance in patients
tested while OFF-medication.

Taken together, our findings further support the
importance of non-pharmacological intervention in
the clinical management of balance and gait problems
in patients with PD. Current physiotherapy guidelines
[9, 64] provide no recommendations on how to apply
balance training. The present results, indicating that
RAS-supported multimodal balance training is more
effective and longer lasting than routine training, help
to fill this gap and contribute to an increasing evi-
dence base for specialized physiotherapy, eventually
leading to optimized care for patients with PD.
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