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Abstract This study aimed to quantify whether there is asso-
ciation between music-based movement therapy and motor
dysfunction in patients with Parkinson’s disease, and, if so,
whether music-based movement therapy can be used as first-
line non-pharmacological treatment. To conduct a systematic
review and meta-analysis of clinical trials that examined the
effect of music-based movement therapy on patient-relevant
and disease-specific outcomes. Comprehensive literature was
searched of PubMed, EMbase, and the Cochrane Library from
inception to November 2016. Randomized controlled trial of
patients with Parkinson’s disease was searched to identify tri-
als comparing music-based movement therapy with no music
care. A total of 8 studies (11 analyses, 241 subjects) were
included; all of them had acceptable quality by PEDro scale
score. Studies based on any type of Parkinson’s disease pa-
tients were combined and subgroup analyzed. Compared with
the control group, the SMD of Berg Balance Scale score was
0.85(0.46 to 1.25), —0.60 (—0.98 to —0.22) in Parkinson
Disease Questionnaire-39 summary index, —0.90s (—1.56 to
—0.23) in Time Up and Go text, and —0.43 (—1.11 to 0.25) in
Unified Parkinson’s Disease Rating Scale Motor Subscale 3 as
instrument methods for motor function. Secondary outcomes
included cognitive function and quality of life. There was
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positive evidence to support the use of music-based move-
ment therapy on treatment of motor function; there was neu-
tral evidence to support the use of music for the treatment of
cognitive function quality of life.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative
movement disorder disease that causes motor disturbances
(postural and walking difficulties, rigidity, bradykinesia, and
tremor) and non-motor disturbances, such as neuropsychiatric
(e.g., depression, anxiety, cognitive impairments),
neurovegetative disorders (e.g., decreased control of urinary
bladder, sexual dysfunctions) [1], and Health-related quality
of life [2], which affects more than 1 million people in the
USA, causes falls and hip fractures costing approximately
US$192 million annually [3]. Moreover, PD is also a chronic
progressive neuropathy disorder accompanied by motor and
cognitive dysfunction and alterations in different regulatory
mechanisms [4].

Treatment of PD is settled by both pharmacological and
non-pharmacological treatments. Currently, pharmacological
therapy is essentially symptomatic and does not have a satis-
factory impact on symptoms related to neurodegenerative dis-
eases progression. A systematic review [5] of randomized
controlled trials had reached the conclusion that physiothera-
py has short-term benefits in PD. As a result, several health
institutions recommended the development of non-
pharmacological complementary interventions as a first-line
treatment [6]. However, intensive motor training can improve
important motor and cognitive function, in recent years, more
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attention has been given to the effectiveness of non-
pharmacological approaches in dysfunction therapy, including
a growing interest in music therapy and music-based stimula-
tion [7].

The power of music and its non-verbal nature make it an
effective medium of communication when language is dimin-
ished or abolished,’ though the curative effect of music is still
uncertain. Music easily elicits movement, stimulating interac-
tions between perception and action systems [8]. Therefore,
music therapy has been developed with the aim of improving
motor recovery in patients with PD. The definition of music-
based movement therapy is not only hearing the music but
also singing and playing rhythm and percussion instruments.
In studies, we used activity controls and individuals receiving
usual care as the comparators. The intriguing sensitivity to
music exhibited by persons with dementia has been shown
to have therapeutic purposes.

Due to the numerous classifications of music therapy and
the small sample sizes, the effects of music-based movement
therapy are still inconsistent. To further explore these issues,
we performed a meta-analysis of all available clinical trials of
motor dysfunction and cognitive dysfunction therapy in PD
patients. No previous reviews [9] have provided a comprehen-
sive overview with meta-analyses.

Methods

This review was performed using a prespecified protocol. It
was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) statement
[10]. The project was prospectively registered with the
PROSPERO database of systematic reviews, number CRD
42016045719 [11].

Study selection criteria

Eligible clinical trials were in any language and included pa-
tients with Parkinson’s disease undergoing motor dysfunction.
We evaluated all studies that compared any form and inter-
vention method of music-based movement therapy with no
music care while excluded studies which did not provide com-
parative or missing outcomes. The patients diagnosed with
any type of Parkinson’s disease by each individual study were
accepted. We systematically reviewed three electronic data-
bases: PubMed, EMbase, and the Cochrane library, from in-
ception to November 2016. The search strategy included key-
words and MeSH terms relating to music-based movement
therapy and motor function and cognitive function or other
outcomes and diseases. We also reviewed the reference list
of relevant publications for additional studies.
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Data collection, extraction, and quality assessment

Two investigators (Shuai Zhang and Dong Liu) examined the
eligibility of the studies. Both of them independently extracted
and compiled data from the studies using a standardized data
extraction form, and disagreements were resolved through
consensus or referral to a third reviewer (Kai Liu).
Discrepancies and unobtainable data were resolved by group
discussion between at least three investigators. Randomized
controlled trials (RCTs) were eligible for the meta-analysis.

We extracted baseline information from the individual
studies, including publication, year, country, study design,
participants (n, age, male%), disease type, disease duration,
delivery, etc. Moreover, outcome measure scale scores were
also extracted at baseline. The design of each individual study
was also included in the baseline information, such as the
intervention method, frequency and duration, and the outcome
assessment time.

We assessed the quality of the included studies with
Physiotherapy Evidence Database (PEDro) scale score [12].
The PEDro is an 11-item scale that assesses the quality of
RCTs; if the answer to the first item is “NO,” the study is
excluded from the meta-analysis. When the PEDro score is
greater than 4 (the max score was 10), the study is considered
high quality.

Outcome measures

The predefined primary outcome was motor function; the sec-
ondary outcomes included cognitive function and quality of
life. The outcomes measured before and after the therapy pe-
riod were extracted by the investigators. We also explored
evidence for the presence of method-related effects on
outcomes.

Motor function was evaluated by the Unified Parkinson’s
Disease Rating Scale Motor Subscale 3(UPDRS) [13], Berg
Balance Scale(BBS) [14], and the Timed Up and Go test
(TUG) [15]. Quality of life was evaluated by the Parkinson
Disease Questionnaire-39 summary index (PDQ-39) [16] and
the 12-item short-form health survey (SF-12) [17]. In addition,
PDQ-39 sub-scale was considered as measures for other indi-
cators, then combined analysis with other non-sub-scales.

Statistical analysis

We tabulated the characteristics and results of all included
studies, performed a meta-analysis of the baseline demo-
graphics, comparing music-based movement therapy with a
control group for all studies, and presented them as the stan-
dardized mean difference (SMD). Statistical heterogeneity
was also tested by 12, with an P < 25% indicating low
heterogeneity.
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We used random-effects models to assess heterogeneity
between studies, based on P value (P < 0.05) and P statistic
(P > 50%). All outcomes were continuous variables, and thus
we analyzed the SMD in change from baseline and the 95%
confidence interval (CI) in the analysis. We defined studies
reporting multiple interventions and comparators as sub-
studies to avoid double counting and mistreating data. We
used Comprehensive Meta-Analysis statistical software
(CMA, version 2) for meta-analysis.

Results
Baseline characteristics

We identified 8 trials [18—25] (11 analyses) for systematic
review and meta-analysis, including 241 subjects allocat-
ed to music-based movement therapy or control (Fig. 1).
The studies were conducted in wide range of counties and
continents, the publication data range from 2000 to 2013,
and the size of the included studies was between 16 and
61 subjects. Overall, all included studies were designed as
RCT. Table 1 summarizes the differences in fundamental
characteristics between the music-based movement

Studies identified through database searching (n=153)
PubMed (n=89)
EMbase(n=62)
Cochrane library(n=2)

| Overlapping(n=110)

A 4

Titles and abstracts assessed(n=43)

| Excluded studies (n=25)

A 4

Full-text articles assessed(n=18)

Excluded studies (n=10)
Background records(n=2)
N Inappropriate population(n=4)
Inappropriate controls(n=1)
No result data(n=2)
Unobtainable(n=1)

A 4

Studies included for systematic review and meta-analysis(8
RCTs, 11 Analyses)

Fig. 1 Flow of studies through review process for systematic review and
meta-analysis

therapy group and control group. The table showed that
two groups had similar results in age, gender, disease
period, UPDRS score, and Hoehn and Yahr. In conclu-
sion, baseline characteristics were balanced between
music-based movement therapy group and control group.
Duration of music training varied between 6 weeks to
2 years. The assessments of study quality were presented
in Supplementary Appendix, and result of PEDro scale
score showed all of our included studies had acceptable
quality.

Efficacy of music-based movement therapy on primary
outcome

The included studies were suitable for meta-analysis of motor
function (Fig. 2); these studies contributed to four separate
sub-analyses, each with different types of evaluated measures.
Three studies [21-23] (4 analyses) reported BBS score, and
there was no heterogeneity between the trials (P = 0.486,
P= 0%). In fixed-effects meta-analysis, the SMD was 0.85
(95%CI 0.46~1.25) suggesting that music-based movement
therapy might be beneficial to improve motor function. Two
studies evaluated the effect of music-based movement therapy
by PDQ39 sub-scale [20, 21]. The result showed significant
positive effect of music-based movement therapy
(SMD = —0.60, 95%CI —0.98~—0.22) but also little heteroge-
neity (P = 0.155, P =42.772%) among included studies. The
overall effect of executive function evaluated by TUG(s) score
was —0.90(SMD, 95%CI 0.94~2.56) from 4 trials (5 analyses)
[18, 21-23] and revealed significant differences between the
two groups which means music-based movement therapy
could improve motor function but with heterogeneity among
studies (P = 0.021, * = 65.435%). Motor function can also be
reported by UPDRS from five therapy-ending data [19,
22-24, 26], and the merged results favor for music-based
movement therapy group (SMD = —0.43, 95%CI: -
1.11 ~ 0.25) and huge heterogeneity among studies
(P = 0.001, I = 74.874%). These results revealed music-
based movement therapy has better curative effect than the
control group, while publication bias was not detected.

Efficacy of music-based movement therapy for secondary
outcomes

Three of them (eight analyses) reported cognitive function
[18-20] and no significant difference between two groups
(SMD =-0.33, 95%CI —0.97~0.31) with large heterogeneity
(P =0.001, * = 72.5%). Quality of life was also reported in
Parkinson’s disease group (6 analyses [19-21, 26]). The sum-
marized results might favor the control group (SMD = 0.54,
95%CI —0.66 ~ 1.73; P = 0.000, I* = 90.8%), and no signif-
icant difference was found (Fig. 3).
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Discussion

Our meta-analysis suggests that music-based movement ther-
apy has a positive effect on motor function as evaluated by the
following instruments: BBS, PDQ39#, TUG(s), and UPDRS
and a positive trend on cognitive function and quality of life.
This finding was based on a comprehensive systematic review
including 8 studies (11 analyses) and over 200 subjects. Most
trials suggested that music-based movement therapy was as-
sociated with improvements in motor function. However, one
group of these associations did not reach statistical signifi-
cance and heterogeneity existed in the other two groups

(Fig. 2). For secondary outcomes, most trials suggested that
music-based movement therapy was associated with improve-
ment in outcomes of cognitive function and quality of life.
However, these associations did not reach statistical signifi-
cance and heterogeneity existed in most of the outcomes.
Based on that the factors might affect the results, we conduct-
ed meta-regression and subgroup analyses (Fig. 3).

For the primary outcome of motor function (our studies
included mainly four methods of evaluation, because of the
small number of studies), we did not conduct meta-regression
and subgroup analyses for the instrument methods in the pri-
mary outcome (Fig. 2). Though we only used 11 instruments

Study name Outcome Statistics for each study Std diff in means and 95% Cl
Std diff  Standard Lower  Upper
in means error Variance  limit limit ZValue p-Value
Hackney VE-2(a) 2009 BBS 0.697 0.353 0125 0.004 1.389 1.973 0.049 .
Hackney VE-2(b) 2009 BBS 0.674 0.371 0.138 -0.053 1401 1.818 0.069 .
Hackney MVE 2008 BBS 1.468 0.442 0195 0601 2334 3.321 0.001 b—
Hackney VE-1 2007 BBS 0.719 0.474 0225 0210 1.648 1.516 0.129 .
0.853 0.201 0.040 0460 1.246 4.252 0.000 ’
-2.00 -1.00 0.00 1.00 2.00
Favors Control Favors Music
Study name Outcome Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower  Upper
in means error Variance limit limit ZValue p-Value
Mbdugno N 2010 PDQB9# -1.62 0.52 0.27 -2.63 -0.61 -3.14 0.00 —
Hackney VE-1(a) 2009 PDQB9# -0.50 0.35 0.12 -1.18 0.18 -1.44 0.15 .
Hackney VE-1(b) 2009 PDQ3S# -0.60 0.37 0.14 -1.33 0.12 -1.63 0.10 .
Hackney ME-1(c) 2009 PDQBY# 20.19 0.37 014 091 054 051 061 —B——
060 0.19 004 098 02 310 000 e
-2.00 -1.00 0.00 1.00 2.00
Favors Music Favors Control
Study name QOutcome Statistics for each study Std diff in means and 95% ClI
Std diff  Standard Lower  Upper
in means error Variance limit limit ZValue p-Value
Pohl P 2013 TUGs) 272 0.75 056 419 124 362 0.00 <——
Hackney VE-2(a) 2009 TUG(s) -0.10 0.34 0.12 0.77 0.57 -0.28 0.78
Hackney VE-2(b) 2009 TUG(s) -0.58 0.37 0.14 -1.30 0.14 -1.58 0.11 .
Hackney VE 2008 TUGS) .15 042 018 198 032 272 0.01 i
Hackney VE-1 2007 TUGs) -0.81 0.48 0.23 -1.75 0.13 -1.70 0.09 .
0.90 0.34 011 156 023 265 0.01 e
-2.00 -1.00 0.00 1.00 2.00
Favors Music Favors Control
Study name QOutcome Statistics for each study Std diff in means and 95% ClI
Std diff  Standard Lower  Upper
in means error Variance limit limit Z-Value p-Value
Pohl P 2013 UPDRS 1.94 0.67 045 0.62 325 2.88 0.00
Hackney VE-2(a) 2009 UPDRS -0.66 0.35 0.12 -1.35 0.03 -1.88 0.06 i
Hackney VE-2(b) 2009 UPDRS -0.69 0.37 0.14 -1.42 0.04 -1.86 0.06 .
Hackney VE 2008 UPDRS -0.95 0.41 0.17 -1.76 -0.14 229 0.02 —-—
Hackney VE-1 2007 UPDRS -0.10 0.46 0.21 -1.01 0.80 -0.23 0.82
Pacchetti C 2000 UPDRS -1.35 0.39 0.15 212  -0.58 -3.45 0.00 —
043 0.35 0.12 -1.11 0.25 -1.23 0.22 -
-2.00 -1.00 0.00 1.00 2.00

Favors Control

Fig. 2 Overall efficacy of music-based training on motor function. #evaluated by follow-up data. BBS Berg Balance Scale, PDQ39 Parkinson Disease
Questionnaire-39 summary index, 7UG Timed Up and Go test, UPDRS Unified Parkinson’s Disease Rating Scale Motor Subscale 3

Favors Music
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A Cognitive Function

Studyname Statistics for each study
Std diff  Standard Lower Upper
in means error Variance  limit limit

Pohl P(a) 2013 083 060 0.36 -0.33 200

Pohl P(b) 2013 -1.08 0.61 0.37 =227 0.11

Pohl P(c) 2013 -1.59 064 041 -28 033

Pohl P(d) 2013 -052 058 034 -1.67 062

Modugno N 2010 -1.76 053 0.28 -279  -073

Hackney ME-1(a) 2009 0.31 035 0.12 -0.37 098

Hackney ME-1(b) 2009 -0.02 0.36 0.13 -0.73 069

Hackney ME-1(c) 2009 063 0.38 0.14 -0.11 137

-0.33 033 0.11 -097 0.31
B Quality of Life

Study name Statistics for each study
Std diff Standard Lower Upper

in means error Variance limit limit

Pohl P 2013 1.100 0.609 0.371 -0.094 2.294

Modugno N 2010 -1.630 0.516 0.266 -2.642 -0.618

Hackney ME-1(a) 2009 -0.033 0.343 0.118 -0.705 0.639

Hackney ME-1(b) 2009 -0.275 0.363 0.131 -0.985 0.436

Hackney ME-1(c) 2009 0.240 0.370 0.137 -0.485 0.965

Pacchetti C 2000 4.169 0.630 0.397 2.935 5.404

0.540 0.609 0.371 -0.655 1.734

Fig. 3 Efficacy of music-based movement therapy for secondary outcomes

for assessment, more indicators in our included fundamental
research are reported, such as PLM movement time [18], Exit
Questionnaire [22], etc. Although these indicators have not
been included in our meta-analysis because of few analyses
(less than three), they showed a favorable effect of music-
based movement therapy. Although lacking data, the included
trials were compliant with a good standard of quality, and we
believe that this meta-analysis is the most comprehensive sys-
tematic review so far to investigate the use of music-based
movement therapy in patients with PD. No adverse effects
were reported in our included fundamental studies.

Our conclusion by meta-analysis should be verified. A
study made by Craig [26] arrived at a general direction that
music relaxation therapy could get a similar efficacy with
neuromuscular therapy on motor and non-motor symptoms.
Besides, another study [27] gave evidence that specific music
can improve the precision of arm and finger movements.
Moreover, training accompanied by “walking songs” were
evaluated using objective measures of gait score; one study
demonstrated that music listening can be safely implemented
among PD patients during home exercise [7]. According to the
source of the subjects, dividing subjects into those from hos-
pitals and nursing homes—a controlled clinical trial [28] stud-
ied on relatively healthy elderly—the results suggested that
impoverished environment of long-term-care institutions
might contribute to lower cognitive scores.

@ Springer

Std diff in means and 95% CI

Z-Value p-Value

140 0.16 i
-1.78 0.08
247 001
090 037 ]
3% 0.00 —
0.89 037 B
-005 0% !
167 010 L
102 031 -—‘———
-1.00 -0.50 0.00 0.50 1.00
Std diff in means and 95% CI
Z-Value p-Value
1.806  0.071 -
-3.158  0.002 ——
-0.096 0.923
-0.758  0.448
0649 0516
6.620 0.000 —_—
0.886 0.376
-4.00 -2.00 0.00 2.00 4.00

This review followed guideline for rigorous systematic re-
views and meta-analysis [10]. In order to identify as many
relevant reports as possible and reduce the risk of bias, a com-
prehensive search strategy was made. With all these reasons,
we observed no evidence of publication bias by statistical
assessment. The present meta-analysis has several limitations.
We undertook this systematic review with a comprehensive
search strategy, and although there were no data and language
restrictions, it was impossible to include all published and
unpublished literature, especially the unpublished literature.
Furthermore, positive results are easy to publish, but negative
results are not likely to leave the laboratory. Another limitation
was that many of the included studies had very small sample
sizes (the average sample size was less than 40), which means
that many of our included studies may have lacked tests to
detect differences between the intervention group and control
group. An additional limitation of many outcomes was their
extensive heterogeneity, which indicated substantial variabil-
ity in the outcomes of included studies, although this was
often because of the presence of heterogeneity of baseline
outcomes and anticipated differences in trial design, popula-
tions, and country. Subgroup analyses generally did not sub-
stantially explain and reduce the heterogeneity; we used ran-
dom effect mode to take heterogeneity into account, and the
results showed were explained as reflecting the average result
across the group of studies.
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The beneficial effects of music-based movement ther-
apy on participants meet expectations and the perception
of music. Several possible and potential mechanisms
could help to explain effects of music training on neu-
rodegenerative symptoms. Several potential mechanisms
could help to explain effects of music-based movement
therapy; it may involve rhythmic entrainment mecha-
nisms [29]. However, the mechanisms underlying suc-
cessful musical neurodegenerative dysfunctions are not
well understood. The mechanism through which ca-
dence-matched, salient music improves gait performance
and motor symptoms in PD patients is equivocal [7].
The discovery of the clinical effectiveness of rhythmic
motor entertainment also brought into focus for the first
time that the structural elements of music have enor-
mous potential in clinical applications to retrain the in-
jured brain [30]. The previous meta-analyses based on
patients with PD had similar trend of the results we
obtained [9], but their analyses were not comprehensive
and detailed with less number into study. We believed
that this meta-analysis is the most comprehensive sys-
tematic review so far for use of music in motor dys-
function therapy. No adverse effects were reported in
our included fundamental studies. Further clinical trials
of music-based movement therapy should be large size,
robust, and random to confirm the effect of music-based
movement therapy, particularly on patient-relevant or
disease-specific outcomes. Further studies should ensure
that the appropriate methods are used for randomization,
blinding, and intent-to-treat. Further trials should assess
outcomes using standardized or prescribed measures at
similar period points. Analyses of individual data would
be valuable in exploring further. More normative studies
will be used for further meta-analysis.

In summary, there was evidence of a positive effect of
music-based movement therapy, supporting its use for the
treatment of motor dysfunction. There was neutral effect evi-
dence to support the use of music-based movement therapy
for the treatment of cognitive function and quality of life. On a
local scale, patients with PD suffering from motor dysfunction
could be encouraged to undertake music-based movement
therapy.
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