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Background: Progression of freezing of gait (FOG), a common pathological
gait in Parkinson'’s disease (PD), has been shown to be an important risk factor
for falls, loss of independent living ability, and reduced quality of life. However,
previous evidence indicated poor efficacy of medicine and surgery in treating
FOG in patients with PD. Music-based movement therapy (MMT), which entails
listening to music while exercising, has been proposed as a treatment to
improve patients’ motor function, emotions, and physiological activity. In
recent years, MMT has been widely used to treat movement disorders in
neurological diseases with promising results. Results from our earlier pilot
study revealed that MMT could relieve FOG and improve the quality of life
for patients with PD.

Objective: To explore the effect of MMT on FOG in patients with PD.

Materials and methods: This was a prospective, evaluator-blinded,
randomized controlled study. A total of 81 participants were randomly
divided into music-based movement therapy group (MMT, n = 27), exercise
therapy group (ET, n = 27), and control group (n = 27). Participants in the
MMT group were treated with MMT five times (1 h at a time) every week
for 4 weeks. Subjects in the ET group were intervened in the same way as
the MMT group, but without music. Routine rehabilitation treatment was
performed on participants in all groups. The primary outcome was the
change of FOG in patients with PD. Secondary evaluation indicators included
FOG-Questionnaire (FOG-Q) and the comprehensive motor function.

Results: After 4 weeks of intervention, the double support time, the cadence,
the max flexion of knee in stance, the max hip extension, the flexion moment
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of knee in stance, the comprehensive motor function (UPDRS Part Il gait-
related items total score, arising from chair, freezing of gait, postural stability,
posture, MDS-UPDRS Part Il gait-related items total score, getting out of bed/a
car/deep chair, walking and balance, freezing), and the FOG-Q in the MMT
group were lower than that in the control group and ET group (p < 0.05).
The gait velocity, the max ankle dorsiflexion in stance, ankle range of motion
(ROM) during push-off, ankle ROM over gait cycle, the knee ROM over gait
cycle, and the max extensor moment in stance (ankle, knee) in the MMT
group were higher than that in the control group and ET group (p < 0.05).
However, no significant difference was reported between the control group
and ET group (p > 0.05). The stride length and hip ROM over gait cycle in the
MMT group were higher than that in the control group (p < 0.05), and the max
knee extension in stance in the MMT group was lower than that in the control
group (p < 0.05). Nevertheless, there was no significant difference between
the ET group and MMT group (p > 0.05) or control group (p > 0.05).

Conclusion: MMT improved gait disorders in PD patients with FOG, thereby
improving their comprehensive motor function.

Parkinson'’s disease, freezing of gait, music-based movement therapy, gait disorders,

randomized controlled trial

Background

Parkinson’s disease (PD), a neurodegenerative disorder
among the elderly population, was first described by James
Parkinson in 1817 (Parkinson, 2002). The prevalence of PD
is estimated as 0.3% in the general population and up to 1%
for those aged over 60 years around the world (Balestrino
and Schapira, 2020). Movement disorders (bradykinesia, resting
tremor, rigidity, and postural instability) and non-motor
symptoms (constipation, hyposmia, depression, and cognitive
impairment) are frequently observed in patients with PD
(Nemade et al,, 2021). The incidence of PD exhibits a gradually
increasing trend, making it urgent to find a treatment that could
prevent or delay the progression of the disease (Tysnes and
Storstein, 2017; Abbas et al., 2018).

Freezing of gait (FOG) is a serious gait disturbance that
affected mobility and increased the risk of falling in people with
PD in the middle and late stages (Gao et al,, 2020). Patients
with PD described FOG as feeling their feet were stuck to the
ground when initiating gait, turning, or negotiating obstacles
(Moore et al., 2020). Also, FOG contributes to the occurrence
of disability, falls, and diminished mobility in patients with PD
(Mazzetta et al,, 2019). Therefore, it is critical to control the
symptoms, reduce functional disability, and improve patient
quality of life while treating PD with FOG. Previous studies
have offered a number of hypotheses concerning pathological
mechanisms, which could be summarized as the following
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four models: the threshold model (Plotnik et al., 2012), the
interference model (Lewis and Barker, 2009), the cognitive
model (Vandenbossche et al, 2012), and the decoupling
model (Jacobs et al, 2009). Although these models and
hypotheses have explained the development of FOG from
different perspectives, they are incomplete and only partially
explain the pathophysiology and clinical phenotype of FOG.
Treatments used for the improvements of FOG warrant further
exploration due to its complex mechanism, which involves
many neural pathways and transmitter systems. In fact, the
responsiveness of FOG to pharmaceutical treatment was limited
and not always promising (Espay et al, 2012; Perez-Lloret
et al, 2014; Nonnekes et al, 2020). Despite of benefits of
symptom management, medication regimens do not necessarily
improve gait disorders, like shuffling, step irregularity, freezing,
and postural instability. The episodic, heterogeneous nature,
and limited responsiveness of FOG to treatment make disease
management difficult (Capecci et al, 2016). Thus, we hold a
putative concept that long-term drug therapy might only play
an adjunctive role in PD with FOG.

Music-based movement therapy (MMT) has become an
effective tool to compensate for the indispensability of
conventional treatment. Music therapy might be effective for
treating damaged brains (Altenmiiller et al, 2012; Moore
et al,, 2014). The goal of music therapy is to induce dramatic
changes in brain function to systematically modified behavior
(Wang and Agius, 2018). Rhythm, as well as melody, plays
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a crucial role during music training (Karpati et al, 2017).
Humans have the ability to synchronize their movements to
auditory beats or rhythms spontaneously (Wright and Elliott,
2014). Cumulative evidence has demonstrated that music-based
stimulation training could improve the gait of patients with PD
(Ghetti et al., 2017; Ghai et al., 2018; Park et al., 2020, 2021).
For a number of brain regions, neurons can respond to brief
stimuli by spiking for along period (Cui and Strowbridge, 2018).
Repeated stimulation would strengthen the connection between
the two neurons by causing biochemical and anatomical changes
(Szelenberger et al,, 2020). Hence, music could not only relax the
brain but also link brain regions (Yang et al., 2012).

For its positive stimulatory effects on a range of brain
regions, music therapy has been used to improve socialization
and cognitive, emotional, and motor functions (Gramaglia
et al, 2019). A systematic review showed that MMT is an
effective treatment approach for improving motor function,
balance, freezing of gait, walking velocity, and mental health
for patients with PD (Zhou et al,, 2021). Combining music
therapy and physical therapies, MMT inherits the strengths
of music therapy and physical therapies, indicating a more
effective complementary treatment compared to traditional
exercise and music therapy. With the advantages of simple
operation and cost-save, MMT harbors potential research
value and a wide range of application possibilities (de
Dreu et al, 2012). By far, varieties of diseases have been
found to be positively influenced by MMT. Patients could
benefit from MMT in terms of their daily activities and
motor function, as well as their quality of life. According
to previous work, the combination of dance and music
therapy improved walking function and the capacity of posture
transition for PD (Pereira et al,, 2019; Dos Santos Delabary
et al, 2020). However, there is considerable research still
recommending monotherapy (receiving music therapy or
physical therapy only) for PD patients with FOG. In our
prior trials, MMT improved limb function in patients with
neurological disorders (stroke, spinal cord injury, PD). To
sum up, MMT might have potential applications for PD
with FOG. A further RCT of high quality was required for
gaining further robust evidence for consideration. In the current
study, we performed a prospective, randomized controlled
trial to further evaluate the efficacy of MMT in PD patients
with FOG.

Materials and methods

Study design

As a prospective randomized controlled trial, it complied
with the Consolidated Standards
recommendations and was approved by the institutional
review board and the Ethical Committee (2018-01). We

of Reporting Trials
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registered the clinical trial on the Chinese clinical trial registry
(ChiCTR1900026063) prior to the first participant enrollment.

Participants

Participants were recruited from Shanghai’s second
rehabilitation hospital through the web platform, outpatient,
and poster advertisements at inpatient clinics.

Eligibility criteria
Inclusion criteria

Eligible participants should fulfill the following criteria
(Tang et al., 2019):

@ Classified as Parkinson’s disease (Daniel and Lees, 1993);

@ Absence of organic disease;

® Can stand at least 30 min without walking aids;

@ Aged 40-90 years and could walk independently for at
least 3 meters;

® Suffering FOG, with stage 2 or 3 Hoehn and Yahr;

® Had a good to excellent response to L-dopa or other
dopaminergic agents;

@ At a stable stage of disease and can communicate
normally;

Provided full informed consent.

Exclusion criteria

Those participants meeting the following were excluded
from the study:

® Secondary Parkinson’s disease;

@ No-response or intolerant to previous treatment;

® Participated in a clinical trial related to PD in the last
3 months;

@ Received additional treatments.

Randomization and masking

Sequence generation

Randomization was administered by a trained research
assistant via a random number generator function using
Microsoft Excel (version 2016).

Concealment mechanism

After the informed consent was signed, the eligible
participants were randomly assigned into three groups.
This operation was conducted randomly, ensuring optimum
allocation concealment. Random numbers used for participant
grouping were placed into sequentially numbered, sealed, and
opaque envelopes.

Blinding

Blinded outcome assessment and data analyses were
implemented. The collected data were coded and kept using a
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computer after removing unnecessary information. Unblinding
will not be permissible throughout the trial.

Study interventions

All interventions were carried out by 10 skilled therapists
with over a decade of clinical experience. The detailed
interventions were described as follows.

Music-based movement therapy group

Intervention arm was provided with the MMT besides usual
rehabilitation care. Regular exercise was modulated with respect
to the musical tempo. There were five training sessions per week,
with each session of 30 min.

Music selection

Before intervention, therapists selected the music with the
following consideration: music preferences and personality,
musical parameters such as rhythm, melody, harmony,
dynamics, and timbre. Also, music with lyrics was not suitable
because it may distract participants. Thereafter, therapists made
a customized music playlist, which was loaded into a music
player for each subject. In addition, participants had a choice
of earplugs or headphones to achieve maximum comfort. The
music was played repeatedly in order of the playlist, with a
2-min interval between music.

Exercise therapy

Participants underwent exercise training on a trail, which
was 5 meters long and 1 meter wide (60 min at a time). Exercises,
which were performed to the beat of the music, consisted
of flat start walking, turning, narrow space walking, and step
training. The participant took the first step with the toes as high
as possible, then stepped forward with the heel touching the
ground first and waited until the body was fully shifted to the
foot before taking the next step. At the same time, swing the
arms as far as possible. The participant first stepped with the
foot on the same side as the direction of the turn, and then
slowly shifted the body in place with small steps and angles as the
body turned. After the direction was reversed, participants were
instructed to take a step forward. Exercise intensity was judged
by whether participants achieved a self-perceived exertion rating
of 12-13 (easy) (Scharhag-Rosenberger et al,, 2015). All subjects
were asked to take a rest for about 10 min in case of fatigue
during exercise training.

Exercise therapy group

Participants in this group were subjected to exercise therapy
without music. Patients, wearing earphones but without music,
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were required to perform flat walking, turning, narrow space
walking, and step training five times (1 h each time) every
week for 4 weeks.

Control group

All participants were guaranteed conventional treatment
including usual medical care and rehabilitation, comprising the
following: @ basic drug treatment; @ physical factor treatment;
and @ daily life ability training. These treatments were
performed five times (1 h each time) every week for 4 weeks.

Outcome measures

Clinical outcomes were evaluated by observers blinded to
treatment allocation.

Primary outcome measurement

We adopted a three-dimensional gait analysis system to
obtain gait information, including gait cycle (double support),
kinematic parameters (stride length, gait velocity, cadence),
joint angle parameters (ankle: max dorsiflexion instance, range
of motion (ROM) during push-off, ROM over gait cycle; knee:
max flexion instance, max extension in stance, ROM over gait
cycle; hip: max hip extension, ROM over gait cycle), and kinetic
parameters (ankle: max extensor moment in stance, knee: max
extension moment in stance, max flexion moment in stance).

The 3D motion capture hardware equipment included
12 infrared light-sensitive cameras (Motion Analysis, Rohnert
Park, CA, USA), 4 Bertec 3D force measurement tables, 80
A/D channel digital-to-analog converters (National Measuring
Instruments, Austin, TX, USA), and 2 HD high-speed
cameras. Software programs consisted of Cortex 1.1.0 data
acquisition software and Orthotrack 6.6.1 gait data analysis
software (Motion Analysis Corp., Rohnert Park, CA, USA).
After applying the infrared light-sensitive marker ball to
the corresponding body surface position, the participant was
instructed to walk about 15 meters in the test area in a
usual posture and speed, so that they could complete the
adaptation training to the field-testing environment and the
state of wearing the fluorescent ball. For static data collection,
participants were instructed to stand naturally in the designated
position with bilateral upper limbs held laterally for about
5 s. For dynamic data collection, participants were instructed
to walk naturally on a dynamometer-lined walkway after the
removal of the fluorescent balls from the bilateral medial
ankles and medial femoral skeleton. Participants’ gait data
for a 5-meter walking distance needed to be collected in
at least three sets. For each set, at least three whole gait
cycles of the unilateral lower extremity were performed, and
real-time kinematic and kinetic data for each joint of the
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FIGURE 1

Flowchart of the screening, enrollment, and randomization.

lower extremity were collected. The 3D modeling analysis of
the data was performed using the data acquisition software
(Cortex 1.1.0) and the gait cycle was defined, processed, and
analyzed using the gait analysis software (Motion Analysis
Corp., Rohnert Park, CA, USA) to calculate the spatio-temporal
parameters, kinematic and kinetic parameters of each joint
of the lower limb.

Secondary outcome measures

The secondary evaluation indices included the evaluation
of the comprehensive motor function and FOG-Questionnaire
(FOG-Q) (Tambasco et al, 2015). We employed the Unified
Parkinson’s Disease Rating Scale Part IT and IIT (UPDRS I, III)
gait-related items scores to assess the motor function, while the
FOG-Q was used to assess FOG.

Statistical analyses
This was a randomized controlled trial, aimed at assessing
the efficacy of three methods in the management of PD with

FOG. The key observation index was gait parameters. As
no studies performed the three-dimensional gait analyses to
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appraise the effect of MMT on FOG, we adopted results of
the unified Parkinson’s disease assessment scale (UPDRS III)
from our exploratory trial for calculations. According to the
pilot study, the mean value of UPDRS (III) score contraction in
three groups after treatment was anticipated to be 20.7 £ 16.6,
7.9 £ 6.3, and 2.6 £ 2.2, respectively. We fulfilled a two-sided
test, with a and assurance (test efficiency) of 0.05 and 90%,
respectively. The sample size was calculated to be 66 cases using
PASS software (version 15). Further, we calculated an overall
sample size of no less than 84 cases enrolled assuming a dropout
rate of 20%. However, only 81 patients completed the whole trial
finally due to the influence of COVID-19.

Demographic characteristics of patients were described
using descriptive statistics. When continuous variables
conformed to normal distribution and chi-square, one-way
ANOVA was used for comparison among the three groups,
and multiple comparisons were performed using Bonferroni’s
adjustment method. For categorical variables, the chi-square
test or Fisher’s exact test was used. The rank sum test was used if
data did not conform to normal distribution. P-values less than
0.05 represented a statistical significance. Notably, to avoid type
I errors when making multiple comparisons, adjusted p-values

were calculated as the p-value of 0.05 divided by the number of
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comparisons. When the p-value was less than the corrected p-,
statistical significance was present.

Results

Study participants

Of these 126 potential participants, 26 did not meet the
inclusion criteria, nine were not interested in the study, and
10 could not participate in the study for other reasons (failure
to sign the informed consent form, lack of musical rhythm to
participate in MMT). So, a total of 81 subjects were enrolled in
this study. Figure 1 shows a flow chart of participants’ screening,
enrollment, and randomization. Baseline characteristics of
the randomized subjects were comparable across the three
treatment groups (Table 1). There was no significant difference
in baseline characteristics among the three groups.

Primary outcome

Gait cycle

After 4 weeks of intervention, the double support time in the
MMT group was lower than that in the control and ET groups
(F = 6.647, p = 0.002). However, no significant difference was
reported between the control group and ET group (p = 0.638)
(Table 2; Figure 2A).

Kinematic parameters

The cadence in the MMT group was lower than that in the
control and ET groups (F = 5.877, p = 0.005). The gait velocity
in the MMT group was higher than that in the control and ET
groups (F = 4.516, p = 0.015). However, no significant difference
was reported between the control and ET group (p > 0.05). The
stride length in the MMT group was higher than that in the
control group (p = 0.030). Nevertheless, there was no significant
difference between the ET and MMT groups (p = 0.248) or the
control group (p = 0.587) (Table 2; Figures 2B-D).

Joint angle parameters

For the ankle, the max dorsiflexion in stance (F = 30.990,
p < 0.001), ROM during push-off (F = 33.530, p < 0.001), and
ROM over gait cycle (F = 28.340, p < 0.001) in the MMT group
were higher than that in the control and ET groups. However,
no significant difference was reported between the control group
and ET group (p > 0.05).

As for the knee, the max flexion in stance (F = 4.999,
p = 0.010) in the MMT group was lower than that in the
control and ET groups, and the ROM over gait cycle (F = 8.145,
p=0.001) in the MMT group was higher than that in the control
and ET groups. However, no significant difference was reported
between control group and ET group (p > 0.05). The max
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extension in stance in the MMT group was lower than that in the
control group (p = 0.001). Nevertheless, there was no significant
difference between the ET group and MMT group (p = 0.054) or
the control group (p = 0.309).

Regarding the hip, the max hip extension (F = 15.400,
p < 0.001) in the MMT group was lower than that in the control
and ET groups. However, no significant difference was reported
between the control group and ET group (p = 0.479). The ROM
over the gait cycle in the MMT group was higher than that in the
control group (p = 0.031). Nevertheless, there was no significant
difference between the ET group and MMT group (p = 0.159) or
the control group (p = 0.747) (Table 2; Figures 2E-L).

Kinetic parameters

After 4 weeks of intervention, the max extensor moment in
stance (ankle: F = 4.834, p = 0.011; knee: F = 4.435, p = 0.016)
in the MMT group was higher than that in the control and ET
groups, and the flexion moment of knee in stance (F = 5.094,
p =0.009) in the MMT group was lower than that in the control
and ET groups. However, no significant difference was reported
between the control group and ET group (p > 0.05) (Table 2;
Figures 2M-0).

Secondary outcomes

Motor function

The comprehensive motor function of patients was
evaluated by UPDRS Part II and III gait-related items. After
4 weeks of intervention, the comprehensive motor function
in the MMT group was lower than that in the control and
ET groups (total score of UPDRS Part III gait-related items:
F = 6.740, p = 0.002; arising from chair: F = 5.644, p = 0.005;
freezing of gait: F = 7.665, p = 0.001; postural stability: F = 6.435,
p = 0.003; posture: F = 5.852, p = 0.005; total score of MDS-
UPDRS Part II gait-related items: F = 6.492, p = 0.003; getting
out of bed, a car, or deep chair: F = 6.785, p = 0.002; walking and
balance: F = 7.542, p = 0.001; freezing: F = 6.410, p = 0.003).
However, no significant difference was reported between the
control group and ET group (p > 0.05) (Table 3; Figures 3A-1I).

FOG-Questionnaire
The FOG-Q (F = 5.474, p = 0.006) in the MMT group was
lower than that in the control and ET groups. Nevertheless, no

significant difference was reported between the control group
and ET group (p = 0.782) (Table 3; Figure 3]J).

Discussion

This study evaluated the efficacy of MMT in improving gait
disorders, including FOG, which severely reduced the QOL of
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TABLE 1 Baseline characteristics.

10.3389/fnagi.2022.924784

Characteristics MMT group (n =23) ET group (n=23) Control group (n =24) P value
Age, mean (SD), years 64.090 (11.000) 65.650 (8.716) 61.580 (10.730) 0.391
Duration of illness, mean (SD), month 43.480 (11.390) 44.830 (9.316) 41.080 (10.260) 0.458
Women, No (%) 11 (47.826) 12 (52.174) 13 (54.167) 0.906
Height, mean (SD), meter 1.660 (0.067) 1.653 (0.067) 1.650 (0.085) 0.907
Hoehn & Yahr stage, No (%)

2 5(21.739) 3(13.043) 5(21.739)

2.5 9 (39.130) 11 (47.826) 10 (43.478) 0.95
3 9 (39.130) 9(39.130) 9 (39.130)

MMT, music-based movement therapy; ET, exercise therapy; CON, control. The baseline characteristics of the three groups were comparable.

TABLE 2 Gait parameters.

Gait parameters CON ET MMT F Pvalue P value (post hoc)

CON vs. ET CON vs. MMT ET vs. MMT
Kinematic parameters
Stride length (m) 0.915 £ 0.181 0.967 4 0.174 1.050 £ 0.178  3.481  0.037* 0.587 0.030* 0.248
Gait velocity (m/s) 0.860 £ 0.177 0.900 & 0.159 0.997 £0.174 4516  0.015* 0.942 0.021* 0.048*
Cadence (steps/min) 136.000 £ 14.63 132.700 £ 14.040 122.700 4= 13.240 5.877  0.005* 0.703 0.005* 0.042*
Gait cycle
Double support (%GC) 28.120 £3.388  27.330 & 2.561 25120 £2.778  6.647 0.002* 0.638 0.002* 0.031*
Joint angle parameters
Max ankle dorsiflexion in stance 28.960 £ 3.037  30.390 £ 2.231 34.750 £2.575 30.990 <0.001* 0.162 <0.001* <0.001*
ROM of ankle during push-off 18.960 & 2.804  20.390 +2.330  24.790 +£2.502 33.530 <0.001* 0.145 <0.001* <0.001*
ROM of ankle over gait cycle 25.130 £3.494 27.130 +£3.195  32.290 £ 3.420 28.340 <0.001* 0.117 <0.001* <0.001*
Max knee flexion in stance 26.170 £3.128  25.700 = 3.350  23.500 £2.813  4.999  0.010* 0.860 0.012* 0.047*
Max knee extension in stance 21.130 £3.334  19.700 £3.295  17.420 £3.269 7.592  0.001* 0.309 0.001* 0.054
ROM of knee over gait cycle 55.130 £3.829  56.650 +3.563  59.420 £3.694 8.145  0.001* 0.349 0.001* 0.033*
Max hip extension 9.522 4+ 3.175 8.522 4 2.842 5.042+2.710 15400 <0.001* 0.479 <0.001* <0.001*
ROM of hip over gait cycle 33.220£3.275  33.910 & 3.103 35670 £3.319 3.594 0.033* 0.747 0.031* 0.159
Kinetic parameters
Max ankle extensor moment in stance  1.165 £ 0.192 1.183 +0.152 1.303 £ 0.153 4834  0.011* 0.923 0.016* 0.042*
Max knee extension moment in stance  0.568 £ 0.109 0.577 4 0.099 0.654 +0.117  4.435  0.016* 0.960 0.023* 0.048*
Max knee flexion moment in stance 0.255 £ 0.122 0.247 4 0.095 0.172 £ 0.075  5.094  0.009* 0.957 0.014* 0.030*

Gait parameters were expressed in mean = standard deviation. One-way ANOVA was used to compare the difference between CON, MMT and ET. Significance level was set at 0.05.
*Showed significant difference. ROM, range of motion; MMT, music-based movement therapy; ET, exercise therapy; CON, control.

patients with PD. Results demonstrated the improvements in
gait disorders as measured by gait analysis, UPDRS Part II,
and Part IIT and FOG-Q. The key gait parameters findings in
this study showed that MMT could significantly reduce the
double support time and improve the joint angle, kinematic, and
kinetic parameters.

For patients with PD, double support time reflects dynamic
postural stability (Fasano et al., 2016). Increased double support
time, a significant injury risk, may be an indicator of instability
that had a significant impact on the gait pattern in PD
patients with FOG (Zanardi et al, 2021). The preservation
of dynamic stability in PD with FOG was accomplished by
postural synergies (He et al., 2018). The extension of double
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support time during the gait cycle offers a longer time to
achieve gait stability, thereby diminishing the requirements for
the postural control system (LaPointe et al, 2010; Williams
and Martin, 2019). Furthermore, participants surmount the
dread of falling by boosting double support time to restore
gait stability (Michalitsis et al., 2019). Thus, we concluded that
MMT might increase gait stability in PD with FOG. Aside
from the double support time, the kinematic parameters were
an index of gait instability and fall risk (Thompson et al,
2017; Peppe et al, 2019). The kinematic features of gait in
PD with FOG were characterized by slower velocity, shorter
stride length, and higher cadence. PD with FOG undergoing
MMT showed a notably slower cadence, longer stride length,
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TABLE 3 Change in FOG-Q and the comprehensive motor function.

Secondary indicators CON ET MMT F  Pvalue P value (post hoc)

CON vs. ET CON vs. MMT ET vs. MMT

UPDRS Part III gait-related items total score  7.261 £2.220  6.522 £2.466 4.750 £2.541 6.740  0.002* 0.556 0.002* 0.038*
3.9 Arising from chair 1.739+£0.541 1.609 £ 0.656 1.167 £ 0.637 5.644  0.005* 0.752 0.006* 0.042*
3.11 Freezing of gait 2217 £0.518  2.000 £0.674 1.500+0.722 7.665 0.001* 0.492 0.001* 0.027*
3.12 Postural stability 1.696 + 0.635  1.565 £ 0.662 1.042£0.690 6.435 0.003* 0.784 0.003* 0.023*
3.13 Posture 1.609 +0.783  1.435+0.788 0.875+£0.741 5.852  0.005* 0.725 0.005* 0.040*
UPDRS Part II gait-related items total score ~ 6.261 +1.982  5.609 4= 2.426 4.000 & 2.226 6.492  0.003* 0.582 0.002* 0.041*
2.11 Getting out of bed, a car, or deep chair ~ 2.087 £ 0.668 1.87040.815 1.2924+0.807 6.785  0.002* 0.604 0.002* 0.032*
2.12 Walking and balance 2.130 £0.548 1.870 £0.757 1.3754+0.711 7.542  0.001* 0.398 0.001* 0.039*
2.13 Freezing 2.043 £0.878 1.826 £1.029 1.1254+0.850 6.410 0.003* 0.704 0.003* 0.030*
FOG-Q total score 13.170 £ 2.534 12.700 £ 2.458 10.960 +2.274 5.474  0.006* 0.782 0.007* 0.043*

Secondary indicators were expressed in mean = standard deviation. One-way ANOVA was used to compare the difference between CON, MMT and ET. Significance level was set at
0.05. *Showed significant difference. MMT, music-based movement therapy; ET, exercise therapy; CON, control. UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating
Scale; FOG-Q, Freezing of Gait Questionnaire.
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FIGURE 2

Gait parameters. Gait parameters were expressed in mean + standard deviation. One-way ANOVA was used to compare the difference between
CON, MMT, and ET. Significance level was set at 0.05. *p < 0.05, compared with the MMT group. ROM, range of motion; MMT, music-based
movement therapy; ET, exercise therapy; CON, control. (A) Gait cycle, (B—D) kinematic parameters, (E-L) joint angle parameters and (M—-0O)
kinetic parameters.
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FIGURE 3

Change in FOG-Q and the comprehensive motor function. Secondary indicators were expressed in mean =+ standard deviation. One-way
ANOVA was used to compare the difference between CON, MMT, and ET. Significance level was set at 0.05. *p < 0.05, compared with the MMT
group. MMT, music-based movement therapy; ET, exercise therapy; CON, control. UPDRS, Movement Disorder Society-Unified Parkinson’s
Disease Rating Scale; FOG-Q, freezing of gait questionnaire. (A—I) Motor function; (J) FOG-Q.

and faster velocity. Increased stride length and slower cadence
were instrumental in PD with FOG for that they perhaps were
conducive to avert the emergence of sequence effect, thereupon
then contributing to ameliorating FOG. Significantly, lower
ROM values of knee and ankle were found in patients compared
to controls. In comparison, MMT prominently expanded joint
angle offset. Research also indicated that gait disorder in
PD with FOG derived from a discrepancy between cortically
selected motion amplitude and the authentic proportion of
leg movements implemented during walking (Morris et al,
2005; Miranda-Dominguez et al, 2020). MMT might enable
participants to focus on walking tasks and mobilize sensitized
motion control strategies which circumvented the damaged
basal ganglia, therefore, giving rise to the legs’ flexion-extension
flexibility. The enhancement of lower limbs joints movement
perhaps be the premise of the stride length lengthening (Struzik
et al, 2016). Factors, for instance, the betterment of ROM
at the ankle joint in the time of push-off, maximal hip, and
knee extension in stance phase, presumably were conducive
to lengthening the stride length. With the improvement
of dynamics, the parameters of gait kinematics were also
improved. Significant kinetic amelioration in the joints of lower
extremities was also found in the MMT group. In addition, the
tarsoptosis gait in PD with FOG perhaps was bound up with a
lessened heel rocker, deficient knee extension, or insufficient hip
flexion.

In spite of the promising effects of medical and surgical
management, sequela of the movement disorders are not
prevented and disabilities owing to mobility incommodiousness
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2020). Many gait defects in
patients with PD, such as FOG, are relatively insensitive
2016).
Rehabilitation programs were important adjuncts to medical

remain (Schootemeijer et al,
to drugs and surgical remedies (Ferrazzoli et al,

interventions that address residual motor deficits through
task-oriented exercises. Exercise training was a significant
therapeutic means in the rehabilitation setup. A prevalent
and potential strategy to ameliorate gait performance and
mobility is to apply external cue technology, especially rhythmic
music (Harrison et al, 2018). Music probably touches off
physiological enjoyment associated with reward and emotions,
which probably draw attention from sensations for instance
fatigue in turn and enhance therapy compliance over a
long period of time (Jomori et al, 2013; Farbood et al,
2015). These active roles of music perhaps indicate the
potentiality of incorporating music into exercise therapy in
the management of PD. MMT, an integral part of cognitive
assignment training, entails practitioners to remembering the
name of each action as well as imitating the action. Ultimately,
participants are required to complete a range of actions
integrated with music, which ameliorate the cognitive functions
of PD, such as visuospatial ability and executive ability. Thus,
4-week MMT was able to improve the gait performance of
PD.

Various mechanisms have been proposed to explain the
therapeutic effect of MMT on FOG in PD. One potential
mechanism involves the alteration of neural pathways. Impaired
basal ganglia function in patients with PD could impact their
perception of rhythm, subsequently leading to gait freezing
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(Jones and Jahanshahi, 2014). This could be compensated by the
complement of the cerebellar network, which is usually spared
in PD. In addition, the activation of the cerebellar network is
dependent on external (e.g., auditory or visual) stimuli (Ashoori
et al,, 2015). Another potential mechanism involves rhythmic
entrainment, which synchronized the auditory system with the
motor system to facilitate movement (Thaut et al, 2014). In
addition, the auditory environment and motivational effects
of music might accelerate motor learning (Schaefer, 2014).
Music might modulate the activity of specific brain regions by
promoting the production of brain-derived neurotrophic factors
(Clements-Cortes and Bartel, 2018).

In summary, PD with FOG was inclined to present with
gait disturbance, including extended biphasic support time,
shortened stride length, slower velocity, and shrunken ROM in
lower extremities joints. These gait deficiencies gradually worsen
along with the progression of disease, greatly reducing the
quality of life. The present research revealed that abnormal gait
characteristics in the MMT group were significantly improved.
Thus, MMT can be used as a physical therapy method, which
was conducive to the improvement of FOG in PD. Nevertheless,
electromyography (EMG) activity in lower extremities was
not investigated in the presented study. Future research is
suggested to explore the effect of MMT on EMG of related
muscle groups and its impacts on muscle power generation.
Furthermore, the results did not provide clear evidence that
whether the benefits of MMT will fade over time. Additionally,
it is imperative to expand the sample size and carry out longer-
term interventions and follow-up.

Conclusion
Music-based movement therapy improved gait disorders

with  FOG, their
comprehensive motor function.

in PD patients thereby improving
Data availability statement
The datasets used and/or analyzed during the current study

are available from the corresponding author on reasonable
request.

Ethics statement

The studies involving human participants were reviewed
and approved by Ethics Committee of Shanghai Second

Frontiers in Aging Neuroscience

10

10.3389/fnagi.2022.924784

Rehabilitation Hospital. The patients/participants provided
their written informed consent to participate in this study.

Author contributions

K-PL, Z-QZ, and J-GX equally contributed to the design or
implementation of the research. B-HS and X-HW were in charge
of data collection. J-QS was responsible for data analysis and
interpretation. Z-QZ, K-PL, and Z-LZ assisted in drafting the
manuscript, which was critically revised by J-GX. All authors
approved the final manuscript.

Funding

This work was supported by the National Key R&D Program
of China (Grant Nos. 2018YFC2001600 and 2018 YFC2001604),
National Natural Science Foundation of China (Grant Nos.
82172554, 81802249, 81871836, and 81902301), Shanghai
Rising Star Program (Grant No. 19QA1409000), Shanghai
Municipal Commission of Health and Family Planning (Grant
Nos. 2018YQO02 and 20184Y0179), and Shanghai Youth Top
Talent Development Plan and Shanghai “Rising Stars of
Medical Talent” Youth Development Program (Grant No.
RY411.19.01.10).

Acknowledgments

We thank all the Parkinson’s participants in this study for
their contributions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fnagi.2022.924784
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

Li et al.

References

Abbas, M. M., Xu, Z., and Tan, L. C. S. (2018). Epidemiology of Parkinson’s
Disease-East Versus West. Mov. Disord. Clin. Pract. 5, 14-28. doi: 10.1002/mdc3.
12568

Altenmiiller, E., Demorest, S. M., Fujioka, T., Halpern, A. R,, Hannon, E. E.,
Loui, P., et al. (2012). Introduction to The neurosciences and music IV: learning
and memory. Ann. N Y Acad. Sci. 1252, 1-16. doi: 10.1111/j.1749-6632.2012.
06474.x

Ashoori, A., Eagleman, D. M., and Jankovic, J. (2015). Effects of auditory rhythm
and music on gait disturbances in Parkinson’s Disease. Front. Neurol. 6:234. doi:
10.3389/fneur.2015.00234

Balestrino, R., and Schapira, A. H. V. (2020). Parkinson disease. Eur. J. Neurol.
27,27-42. doi: 10.1111/ene.14108

Capecci, M., Pepa, L., Verdini, F., and Ceravolo, M. G. (2016). A smartphone-
based architecture to detect and quantify freezing of gait in Parkinson’s disease.
Gait Posture. 50, 28-33. doi: 10.1016/j.gaitpost.2016.08.018

Clements-Cortes, A., and Bartel, L. (2018). Are we doing more than we know?
Possible mechanisms of response to music therapy. Front. Med. 5:255. doi: 10.
3389/fmed.2018.00255

Cui, E. D,, and Strowbridge, B. W. (2018). Modulation of Ether-a-Go-Go
Related Gene (ERG) current governs intrinsic persistent activity in rodent
neocortical pyramidal cells. . Neurosci. 38, 423-440. doi: 10.1523/J]NEUROSCI.
1774-17.2017

Daniel, S. E., and Lees, A. J. (1993). Parkinson’s Disease society brain bank,
london: overview and research. J. Neural Transm. Suppl. 39, 165-172.

de Dreu, M. J,, van der Wilk, A. S., Poppe, E., Kwakkel, G., and van Wegen, E. E.
(2012). Rehabilitation, exercise therapy and music in patients with Parkinson’s
disease: a meta-analysis of the effects of music-based movement therapy on
walking ability, balance and quality of life. Parkinsonism Relat. Disord. 18(Suppl
1), S114-S119. doi: 10.1016/51353-8020(11)70036-0

Dos Santos Delabary, M., Monteiro, E. P., Donida, R. G., Wolffenbuttel, M.,
Peyré-Tartaruga, L. A., and Haas, A. N. (2020). Can Samba and Forré Brazilian
rhythmic dance be more effective than walking in improving functional mobility
and spatiotemporal gait parameters in patients with Parkinson’s disease? BMC
Neurol. 20:305. doi: 10.1186/s12883-020-01878-y

Espay, A. J., Fasano, A., van Nuenen, B. F,, Payne, M. M., Snijders, A. H,,
and Bloem, B. R. (2012). "On" state freezing of gait in Parkinson disease: a
paradoxical levodopa-induced complication. Neurology 78, 454-457. doi: 10.1212/
WNL.0b013e3182477ec0

Farbood, M. M., Heeger, D. J., Marcus, G., Hasson, U,, and Lerner, Y. (2015).
The neural processing of hierarchical structure in music and speech at different
timescales. Front. Neurosci. 9:157. doi: 10.3389/fnins.2015.00157

Fasano, A., Schlenstedt, C., Herzog, J., Plotnik, M., Rose, F. E. M., Volkmann,
J., et al. (2016). Split-belt locomotion in Parkinson’s disease links asymmetry,
dyscoordination and sequence effect. Gait Posture. 48, 6-12. doi: 10.1016/j.
gaitpost.2016.04.020

Ferrazzoli, D., Ortelli, P., Maestri, R., Bera, R., Giladi, N., Ghilardi, M. F., et al.
(2016). Does Cognitive impairment affect rehabilitation outcome in Parkinson’s
Disease? Front. Aging Neurosci. 8:192. doi: 10.3389/fnagi.2016.00192

Gao, C,, Liu, J,, Tan, Y., and Chen, S. (2020). Freezing of gait in Parkinson’s

disease: pathophysiology, risk factors and treatments. Transl. Neurodegener. 9:12.
doi: 10.1186/540035-020-00191-5

Ghai, S., Ghai, I, Schmitz, G., and Effenberg, A. O. (2018). Effect of rhythmic
auditory cueing on parkinsonian gait: A systematic review and meta-analysis. Sci.
Rep. 8:506. doi: 10.1038/541598-017-16232-5

Ghetti, C., Chen, X. ]., Fachner, J., and Gold, C. (2017). Music therapy for people
with substance use disorders. Cochrane Database Syst. Rev. 2017:CD012576. doi:
10.1002/14651858.CD012576

Gramaglia, C., Gambaro, E., Vecchi, C., Licandro, D., Raina, G., Pisani, C., et al.
(2019). Outcomes of music therapy interventions in cancer patients-A review of
the literature. Crit. Rev. Oncol. Hematol. 138, 241-254. doi: 10.1016/j.critrevonc.
2019.04.004

Harrison, E. C., Horin, A. P., and Earhart, G. M. (2018). Internal cueing
improves gait more than external cueing in healthy adults and people with
Parkinson disease. Sci. Rep. 8:15525. doi: 10.1038/s41598-018-33942-6

He, C.,, Xu, R,, Zhao, M., Guo, Y., Jiang, S., He, F,, et al. (2018). Dynamic stability
and spatiotemporal parameters during turning in healthy young adults. Biomed.
Eng. Online. 17:127. doi: 10.1186/s12938-018-0558-5

Jacobs, J. V., Nutt, J. G., Carlson-Kuhta, P., Stephens, M., and Horak, F. B.
(2009). Knee trembling during freezing of gait represents multiple anticipatory

Frontiers in Aging Neuroscience

11

10.3389/fnagi.2022.924784

postural adjustments. Exp Neurol. 215, 334-341. doi: 10.1016/j.expneurol.2008.
10.019

Jomori, 1., Hoshiyama, M., Uemura, J., Nakagawa, Y., Hoshino, A., and
Iwamoto, Y. (2013). Effects of emotional music on visual processes in inferior
temporal area. Cogn. Neurosci. 4, 21-30. doi: 10.1080/17588928.2012.751366

Jones, C. R, and Jahanshahi, M. (2014). Motor and perceptual timing in
Parkinson’s disease. Adv. Exp. Med. Biol. 829, 265-290. doi: 10.1007/978-1-4939-
1782-2_14

Karpati, F. J., Giacosa, C., Foster, N. E. V., Penhune, V. B., and Hyde, K. L.
(2017). Dance and music share gray matter structural correlates. Brain Res. 1657,
62-73. doi: 10.1016/j.brainres.2016.11.029

LaPointe, L. L., Stierwalt, J. A., and Maitland, C. G. (2010). Talking
while walking: Cognitive loading and injurious falls in Parkinson’s disease.
Int. ]. Speech-lang. Pathol. 12, 455-459.  doi: 10.3109/17549507.2010.48
6446

Lewis, S. J., and Barker, R. A. (2009). A pathophysiological model of freezing of
gait in Parkinson’s disease. Parkinsonism Relat disord. 15, 333-338. doi: 10.1016/j.
parkreldis.2008.08.006

Mazzetta, L., Zampogna, A., Suppa, A., Gumiero, A., Pessione, M., and Irrera,
F. (2019). Wearable sensors system for an improved analysis of freezing of gait
in Parkinson’s Disease using electromyography and inertial signals. Sensors (Basel,
Switzerland) 19:948. doi: 10.3390/s19040948

Michalitsis, J., Murphy, A. T., Rawicki, B., Haines, T. P., and Williams, C. (2019).
Full length foot orthoses have an immediate treatment effect and modify gait of
children with idiopathic toe walking. Gait Posture. 68, 227-231. doi: 10.1016/j.
gaitpost.2018.11.022

Miranda-Dominguez, 0, Ragothaman, A., Hermosillo, R., Feczko, E.,
Morris, R., Carlson-Kuhta, P., et al. (2020). Lateralized connectivity between
globus pallidus and motor cortex is associated with freezing of gait in
Parkinson’s Disease. Neuroscience 443, 44-58. doi: 10.1016/j.neuroscience.2020.0
6.036

Moore, E., Schaefer, R. S., Bastin, M. E., Roberts, N., and Overy, K. (2014).
Can musical training influence brain connectivity? Evidence from diffusion tensor
MRI. Brain Sci. 4, 405-427. doi: 10.3390/brainsci4020405

Moore, H., Shpiner, D. S., and Luca, C. C. (2020). Management of motor features
in advanced Parkinson Disease. Clin. Geriatr. Med. 36, 43-52. doi: 10.1016/j.cger.
2019.09.010

Morris, M., Iansek, R., McGinley, J., Matyas, T., and Huxham, F. (2005). Three-
dimensional gait biomechanics in Parkinson’s disease: evidence for a centrally
mediated amplitude regulation disorder. Mov. Disord. 20, 40-50. doi: 10.1002/
mds.20278

Nemade, D., Subramanian, T., and Shivkumar, V. (2021). An update on medical
and surgical treatments of Parkinson’s Disease. Aging Dis. 12, 1021-1035. doi:
10.14336/AD.2020.1225

Nonnekes, J., Bereau, M., and Bloem, B. R. (2020). Freezing of gait and its
levodopa paradox. JAMA Neurol. 77, 287-288. doi: 10.1001/jamaneurol.2019.4006

Park, K. S., Hass, C. J., and Janelle, C. M. (2021). Familiarity with music
influences stride amplitude and variability during rhythmically-cued walking in
individuals with Parkinson’s disease. Gait Posture. 87, 101-109. doi: 10.1016/j.
gaitpost.2021.04.028

Park, K. S., Hass, C. J., Patel, B., and Janelle, C. M. (2020). Musical pleasure
beneficially alters stride and arm swing amplitude during rhythmically-cued
walking in people with Parkinson’s disease. Hum. Mov. Sci. 74:102718. doi: 10.
1016/j.humov.2020.102718

Parkinson, J. (2002). An essay on the shaking palsy. 1817. J. Neuropsychiatry
Clin. Neurosci. 14, 223-36;discussion222. doi: 10.1176/jnp.14.2.223

Peppe, A., Paravati, S., Baldassarre, M. G., Bakdounes, L., Spolaor, F., Guiotto,
A, et al. (2019). Proprioceptive focal stimulation (Equistasi§) May improve the
quality of gait in middle-moderate Parkinson’s Disease Patients. double-blind,
double-dummy, randomized, crossover, italian multicentric study. Front. Neurol.
10:998. doi: 10.3389/fneur.2019.00998

Pereira, A. P. S., Marinho, V., Gupta, D., Magalhaes, F., Ayres, C., and Teixeira,
S.(2019). Music therapy and dance as gait rehabilitation in patients with parkinson
disease: A review of evidence. J. Geriatr. Psychiatry Neurol. 32, 49-56. doi: 10.1177/
0891988718819858

Perez-Lloret, S., Negre-Pages, L., Damier, P., Delval, A., Derkinderen, P., Destée,
A., et al. (2014). Prevalence, determinants, and effect on quality of life of freezing
of gait in Parkinson disease. JAMA Neurol. 71, 884-890. doi: 10.1001/jamaneurol.
2014.753

frontiersin.org


https://doi.org/10.3389/fnagi.2022.924784
https://doi.org/10.1002/mdc3.12568
https://doi.org/10.1002/mdc3.12568
https://doi.org/10.1111/j.1749-6632.2012.06474.x
https://doi.org/10.1111/j.1749-6632.2012.06474.x
https://doi.org/10.3389/fneur.2015.00234
https://doi.org/10.3389/fneur.2015.00234
https://doi.org/10.1111/ene.14108
https://doi.org/10.1016/j.gaitpost.2016.08.018
https://doi.org/10.3389/fmed.2018.00255
https://doi.org/10.3389/fmed.2018.00255
https://doi.org/10.1523/JNEUROSCI.1774-17.2017
https://doi.org/10.1523/JNEUROSCI.1774-17.2017
https://doi.org/10.1016/S1353-8020(11)70036-0
https://doi.org/10.1186/s12883-020-01878-y
https://doi.org/10.1212/WNL.0b013e3182477ec0
https://doi.org/10.1212/WNL.0b013e3182477ec0
https://doi.org/10.3389/fnins.2015.00157
https://doi.org/10.1016/j.gaitpost.2016.04.020
https://doi.org/10.1016/j.gaitpost.2016.04.020
https://doi.org/10.3389/fnagi.2016.00192
https://doi.org/10.1186/s40035-020-00191-5
https://doi.org/10.1038/s41598-017-16232-5
https://doi.org/10.1002/14651858.CD012576
https://doi.org/10.1002/14651858.CD012576
https://doi.org/10.1016/j.critrevonc.2019.04.004
https://doi.org/10.1016/j.critrevonc.2019.04.004
https://doi.org/10.1038/s41598-018-33942-6
https://doi.org/10.1186/s12938-018-0558-5
https://doi.org/10.1016/j.expneurol.2008.10.019
https://doi.org/10.1016/j.expneurol.2008.10.019
https://doi.org/10.1080/17588928.2012.751366
https://doi.org/10.1007/978-1-4939-1782-2_14
https://doi.org/10.1007/978-1-4939-1782-2_14
https://doi.org/10.1016/j.brainres.2016.11.029
https://doi.org/10.3109/17549507.2010.486446
https://doi.org/10.3109/17549507.2010.486446
https://doi.org/10.1016/j.parkreldis.2008.08.006
https://doi.org/10.1016/j.parkreldis.2008.08.006
https://doi.org/10.3390/s19040948
https://doi.org/10.1016/j.gaitpost.2018.11.022
https://doi.org/10.1016/j.gaitpost.2018.11.022
https://doi.org/10.1016/j.neuroscience.2020.06.036
https://doi.org/10.1016/j.neuroscience.2020.06.036
https://doi.org/10.3390/brainsci4020405
https://doi.org/10.1016/j.cger.2019.09.010
https://doi.org/10.1016/j.cger.2019.09.010
https://doi.org/10.1002/mds.20278
https://doi.org/10.1002/mds.20278
https://doi.org/10.14336/AD.2020.1225
https://doi.org/10.14336/AD.2020.1225
https://doi.org/10.1001/jamaneurol.2019.4006
https://doi.org/10.1016/j.gaitpost.2021.04.028
https://doi.org/10.1016/j.gaitpost.2021.04.028
https://doi.org/10.1016/j.humov.2020.102718
https://doi.org/10.1016/j.humov.2020.102718
https://doi.org/10.1176/jnp.14.2.223
https://doi.org/10.3389/fneur.2019.00998
https://doi.org/10.1177/0891988718819858
https://doi.org/10.1177/0891988718819858
https://doi.org/10.1001/jamaneurol.2014.753
https://doi.org/10.1001/jamaneurol.2014.753
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

Lietal.

Plotnik, M., Giladi, N., and Hausdorff, J. M. (2012). Is freezing of gait
in Parkinson’s disease a result of multiple gait impairments? Implications for
treatment. Parkinson’s Dis. 2012:459321. doi: 10.1155/2012/459321

Schaefer, R. S. (2014). Auditory rhythmic cueing in movement rehabilitation:
findings and possible mechanisms. Philos Trans. R. Soc. London Ser B Biol. Sci.
369:20130402. doi: 10.1098/rstb.2013.0402

Scharhag-Rosenberger, F., Kuehl, R., Klassen, O., Schommer, K., Schmidt, M. E.,
Ulrich, C. M, et al. (2015). Exercise training intensity prescription in breast cancer
survivors: validity of current practice and specific recommendations. J. Cancer
surviv. 9, 612-619. doi: 10.1007/s11764-015-0437-z

Schootemeijer, S., van der Kolk, N. M., Ellis, T., Mirelman, A., Nieuwboer,
A., Nieuwhof, F,, et al. (2020). Barriers and motivators to engage in exercise for
persons with Parkinson’s Disease. J. Parkinson’s Dis. 10, 1293-1299. doi: 10.3233/
JPD-202247

Struzik, A., Konieczny, G., Stawarz, M., Grzesik, K., Winiarski, S., and Rokita,
A. (2016). Relationship between lower limb angular kinematic variables and the
effectiveness of sprinting during the acceleration phase. Appl. Bionics Biomech.
2016:7480709. doi: 10.1155/2016/7480709

Szelenberger, R., Kostka, J., Saluk-Bijak, J., and Miller, E. (2020).
Pharmacological interventions and rehabilitation approach for enhancing
brain self-repair and stroke recovery. Curr. Neuropharmacol. 18, 51-64.
doi: 10.2174/1570159X17666190726104139

Tambasco, N., Simoni, S., Eusebi, P., Ripandelli, F., Brahimi, E., Sacchini,
E., et al. (2015). The validation of an Italian version of the freezing of gait
questionnaire. Neurol. Sci. 36, 759-764. doi: 10.1007/s10072-014-2037-5

Tang, L., Xu, W, Li, Z., Chen, Y., Chen, H,, Yu, R,, et al. (2019). Quantitative
gait analysis for laser cue in Parkinson’s disease patients with freezing of gait. Ann
Transl. Med. 7:324. doi: 10.21037/atm.2019.05.87

Thaut, M. H., McIntosh, G. C., and Hoemberg, V. (2014). Neurobiological
foundations of neurologic music therapy: rhythmic entrainment and the motor
system. Front. Psychol. 5:1185. doi: 10.3389/fpsyg.2014.01185

Frontiers in Aging Neuroscience

12

10.3389/fnagi.2022.924784

Thompson, E., Agada, P., Wright, W. G., Reimann, H., and Jeka, J. (2017).
Spatiotemporal gait changes with use of an arm swing cueing device in people
with Parkinson’s disease. Gait Posture. 58, 46-51. doi: 10.1016/j.gaitpost.2017.0
7.001

Tysnes, O. B., and Storstein, A. (2017). Epidemiology of Parkinson’s disease.
Journal of neural transmission (Vienna, Austria : 1996). 124, 901-905. doi: 10.1007/
s00702-017-1686-y

Vandenbossche, J., Deroost, N., Soetens, E., Coomans, D., Spildooren, J.,
Vercruysse, S., et al. (2012). Freezing of gait in Parkinson’s disease: disturbances in
automaticity and control. Front Hum. Neurosci. 6:356. doi: 10.3389/fnhum.2012.
00356

Wang, S., and Agius, M. (2018). The neuroscience of music; a review and
summary. Psychiatr. Danub. 30(Suppl 7), 588-594.

Williams, D. S., and Martin, A. E. (2019). Gait modification when decreasing
double support percentage. J. Biomech. 92, 76-83. doi: 10.1016/j.jbiomech.2019.
05.028

Wright, R. L., and Elliott, M. T. (2014). Stepping to phase-perturbed metronome
cues: multisensory advantage in movement synchrony but not correction. Front
Hum. Neurosci. 8:724. doi: 10.3389/fnhum.2014.00724

Yang, C. Y., Chen, C. H., Chu, H., Chen, W. C,, Lee, T. Y., Chen, S. G,, et al.
(2012). The effect of music therapy on hospitalized psychiatric patients’ anxiety,
finger temperature, and electroencephalography: a randomized clinical trial. Biol.
Res. Nurs. 14, 197-206. doi: 10.1177/1099800411406258

Zanardi, A. P. ., da Silva, E. S., Costa, R. R., Passos-Monteiro, E., Dos Santos,
1. O., Kruel, L. F. M, et al. (2021). Gait parameters of Parkinson’s disease compared
with healthy controls: a systematic review and meta-analysis. Sci. Rep. 11:752.
doi: 10.1038/s41598-020-80768-2

Zhou, Z., Zhou, R., Wei, W, Luan, R, and Li, K. (2021). Effects of music-based
movement therapy on motor function, balance, gait, mental health, and quality of
life for patients with Parkinson’s disease: A systematic review and meta-analysis.
Clin. Rehabil. 35, 937-951. doi: 10.1177/0269215521990526

frontiersin.org


https://doi.org/10.3389/fnagi.2022.924784
https://doi.org/10.1155/2012/459321
https://doi.org/10.1098/rstb.2013.0402
https://doi.org/10.1007/s11764-015-0437-z
https://doi.org/10.3233/JPD-202247
https://doi.org/10.3233/JPD-202247
https://doi.org/10.1155/2016/7480709
https://doi.org/10.2174/1570159X17666190726104139
https://doi.org/10.1007/s10072-014-2037-5
https://doi.org/10.21037/atm.2019.05.87
https://doi.org/10.3389/fpsyg.2014.01185
https://doi.org/10.1016/j.gaitpost.2017.07.001
https://doi.org/10.1016/j.gaitpost.2017.07.001
https://doi.org/10.1007/s00702-017-1686-y
https://doi.org/10.1007/s00702-017-1686-y
https://doi.org/10.3389/fnhum.2012.00356
https://doi.org/10.3389/fnhum.2012.00356
https://doi.org/10.1016/j.jbiomech.2019.05.028
https://doi.org/10.1016/j.jbiomech.2019.05.028
https://doi.org/10.3389/fnhum.2014.00724
https://doi.org/10.1177/1099800411406258
https://doi.org/10.1038/s41598-020-80768-2
https://doi.org/10.1177/0269215521990526
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	Effect of music-based movement therapy on the freezing of gait in patients with Parkinson's disease: A randomized controlled trial
	Background
	Materials and methods
	Study design
	Participants
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria


	Randomization and masking
	Sequence generation
	Concealment mechanism
	Blinding

	Study interventions
	Music-based movement therapy group
	Music selection
	Exercise therapy

	Exercise therapy group
	Control group
	Outcome measures
	Primary outcome measurement
	Secondary outcome measures

	Statistical analyses

	Results
	Study participants
	Primary outcome
	Gait cycle
	Kinematic parameters
	Joint angle parameters
	Kinetic parameters

	Secondary outcomes
	Motor function

	FOG-Questionnaire

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


