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Do patients with PD benefit from music assisted therapy plus
treadmill-based gait training? An exploratory study focused
on behavioral outcomes

Rosaria De Luca, Desiree Latella, Maria Grazia Maggio, Simona Leonardi, Chiara Sorbera,
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ABSTRACT
Purpose: Parkinson’s disease (PD) is the second most common age-related neurodegenerative
disorder, presenting not only with motor symptoms (resting tremor, bradykinesia, and muscular
rigidity), but also with cognitive and behavioral problems that need to be addressed in a
rehabilitation setting. Aim of the study was to evaluate the effects of a combined rehabilitative
approach, using gait training coupled to music-based therapy, on cognitive and behavioral func-
tion in a sample of patients with PD.
Materials and Methods: Forty patients, meeting the inclusion criteria, were enrolled in this
study and were randomly divided into two groups. The control group (CG) underwent trad-
itional over ground gait training, whilst the experimental group (EG) underwent gait training
with the Biodex Gait Trainer 3 (a treadmill integrated with music therapy). Each subject was
evaluated at baseline (T0) and after the training (T1), using specific neuropsychological and
motor function tests.
Results: The EG presented higher outcomes scores concerning mood and quality of life in all
subscales of Psychological General Well-Being Index (i.e. anxiety, depression, health, vitality and
positivity) and subscales of Brief-COPE, with regard to behavioral disengagement, positive
reframing, planning, acceptance and use of emotional support, as compared to the CG.
Moreover, a significant improvement in motor functioning, with regard to static and dynamic
balance, was found in the EG.
Conclusion: Music-based gait training rehabilitation may be considered an effective strategy to
improve behavioral performances, coping strategies and rehabilitation outcomes in patients with PD.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative condi-
tion that is associated with the depletion of dopa-
mine-containing neurons in specific brain regions. PD
is the second most common age-related neurodege-
nerative disorder (after Alzheimer’s disease), affecting
nearly 1% of the population over 60 years and 5% in
subjects up to 85 years [1], with a high health, social,
and economic impact [2]. PD has traditionally been
considered primarily as a motor disorder [3]; however,
the burden of the non-motor symptomatology has
often a high impact on both patients’ and caregivers’
burden and quality of life (QoL) [3, 4]. The motor symp-
toms of PD are attributed to the loss of striatal dopa-
minergic neurons, although non-motor symptoms are
related to both dopaminergic and non-dopaminergic
areas. The motor features of PD include resting

tremor, bradykinesia, and muscular rigidity [5].
Behavioural (impulse control disorders, depression,
anxiety, apathy, and psychosis) and cognitive symp-
toms (including dementia) in PD are more common
than expected, and their cumulative prevalence
increases with the disease progression [6], with a
consequent inability to participate in social and com-
munity life [7, 8]. The main behavioral symptoms (i.e.
depression and anxiety) often negatively affect
patients’ QoL, coping strategies [9] and caregiver
burden [3]. PD is increasingly recognized as a hetero-
geneous multisystem disorder involving other neuro-
transmitter systems, such as the serotonergic,
noradrenergic and cholinergic circuits [10]. Levodopa,
which is considered the gold standard therapy drug
for PD since 1960, reduces rigidity and bradykinesia of
striated muscles [11], whereas cholinesterase inhibitors,
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with regard to rivastigmine and donepezil, may posi-
tively affect cognitive functions, behavioural disturban-
ces, and activities of daily living. [12–15] However, the
rehabilitation of behavioural difficulties in individuals
with PD is important to improve patient management
[16]. Multidisciplinary care, engaging neurologists, psy-
chologists, psychiatrists, functional neurosurgeons,
nurse specialists, social workers, and occupational thera-
pists, as well as careful and comprehensive counselling
for patients and their caregivers, is needed [17]. Several
non-pharmacologic therapies, such as music therapy
(MT), have recently been developed in order to
improve the clinical manifestations of this disease. It
has been demonstrated that MT has beneficial effects
for the non-pharmacologic treatment of motor and
non-motor symptoms and QoL of people with PD,
especially when combined with conventional therapies
[18]. Auditory stimulation via rhythmic cues can be used
successfully in the rehabilitation also of the psychological
status in PD’s patients [19]. In particular, training based
on rhythmic auditory stimulation (RAS) can improve gait
parameters and kinematics in such patients [20–22].
Notably, long-term positive effects on walking in everyday
life (even in the absence of stimulation) are reported fol-
lowing RAS-based rehabilitation programs [23]. Murgia
et al. [24] investigated if a PD rehabilitation program inte-
grated with ecological RAS (i.e. footstep sounds) can be
more effective than the same program integrated with
artificial RAS (i.e. metronome sounds). The results indicate
that independently of the type of sound, the rehabilita-
tion programs integrated with RAS are effective. Bella
et al. argued that the benefits from the stimulation are
likely to depend on patients’ perceptual and sensorimotor
rhythmic abilities. These abilities are sustained by both
residual activity of impaired neuronal circuitries (basal
ganglia– thalamo–cortical networks) and by alternative
functional pathways (cerebello– thalamo–cortical net-
works). It has been demonstrated that relatively spared
abilities to track the beat favor a positive response to
rhythmic cueing. This was shown by patients’ spontan-
eous tendency to align their footsteps to the beat and by
their ability to detect whether a metronome was aligned
or not to the beat of music [19, 21, 22].

Moreover, music elicits emotional responses, as
moving to music activates endorphin-related brain’s
pleasure circuits, and the rhythm of dancing to music
may promote that satisfactory patterning which in
turn may distract from sensations, such as fatigue [25].

This study sought to evaluate the effect of a
combined rehabilitative approach, using music-based
therapy and a gait training technology, on non-motor
symptoms in patients with PD.

Materials and methods

Study population

Forty patients with PD (mean± SD age: 63.2 ± 8.4 years;
50.0% male), who attended our Robotic and
Behavioural Neurorehabilitation Unit from March to
November 2018, were enrolled in this study and gave
an informed consent. In order of recruiting, the
patients were randomly divided into two groups: 20
patients constituted the control group (CG), and 20
patients the experimental group (EG). A more detailed
description of the sample is in Table 1.

Inclusion criteria were as follows: i) diagnosis of PD
according to the Movement Disorder Society Clinical
Diagnostic Criteria for Parkinson’s disease [26]; ii)
Hoehn & Yahr Scale [27] between II and III; iii) presence
of mild cognitive impairment (Mini-Mental State
Examination [28] [MMSE > 23]) with normal executive
function; iv) absence of disabling sensory alterations
(i.e. auditory and visual loss); and v) no changes in anti-
parkinsonian drug treatment in the previous 6months.

Exclusion criteria were as follows: i) age >80 years;
ii) presence of severe medical and psychiatric illness
potentially interfering with the MT; iii) personal history
of neoplasms and other neurological conditions; and
v) neurologic music therapy in the last 3months.

Outcomes measures

Each participant was evaluated by a neuropsycholo-
gist, neurologist and physiotherapist before (T0) and
immediately after the end of the training (T1).
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Table 1. Demographics characteristics at baseline for both groups.
Experimental Control All p-value

Participants 20 20 40
Age 63.2 ± 8.4 66.5 ± 6.2 64.9 ± 7.5 0.16
Education 2.3 ± 0.6 2.2 ± 0.7 2.2 ± 0.7 0.51
Gender 0.35
Male 10 (50.0%) 7 (35%) 17 (42.5%)
Female 10 (50.0%) 13 (65%) 23 (57.5%)
Hoehn & Yahr Scale 1.5 ± 0.53 1.7 ± 0.59 1.62 ± 0.57 0.17

Quantitative variables were expressed as means ± standard deviations, categorical variables as frequencies and percentages.
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The neuropsychological battery included: the
Psychological General Well-Being Index (PGWBI) to
assess the QoL related to health (HRQoL) [29]; and the
Brief- Coping Orientation to Problems Experiences
(Brief- COPE) [30] to assess a broad range of coping
strategies [30].

Motor evaluation consisted in: the Functional
Independence Measure Motor (FIM), which is used to
assess a patient’s physical, psychological level of disabil-
ity and social function [31, 32]; the Time Up and Go
Test (TUG) that assess patient’s mobility [33]; and the
10 m Walking Test (10mWT), used to register walking
speed in meters/second (m/s) over a short distance.

Procedures

We decided to use two different rehabilitative
approaches in the 2 groups: the CG underwent trad-
itional over ground gait training whilst the EG was
submitted to gait training by means of the Biodex
Gait Trainer 3. Gait training in both the groups was
performed 3 times a week for 8weeks, for a total of
24 sessions, each lasting about 30min. Both the
groups were also submitted to traditional physiother-
apy by means of exercises aimed at improving pos-
tural stability, lower limb joint mobilization, muscle
stretching and motor coordination.

Gait Trainer is a platform that integrates gait train-
ing via a treadmill and RAS. The device is indeed
equipped with an instrumented deck that issues
acoustic cues to determine the exact tempo and
rhythm during gait training and visual real-time bio-
feedback to prompt patients to follow their gait pat-
tern. In fact, the device provides online feedback,
including step length, speed, and symmetry, to
encourage patient progress and monitor patient per-
formance. Patient footfalls were compared in real-time
to the desired footfalls step by step and documented
in a histogram. Patients were required to walk along
with the music “angel elsewhere”, which reaches a tar-
get music tempo of �120 bpm. The song was pre-
sented with the lyrics, and the beat of the song was
emphasized with a superimposed salient high-pitch
bell sound. The patients were first trained to synchron-
ize their footsteps to the beat of the music, which was
adapted to their baseline gait performance; that is, the
beat frequency of the RAS (namely, the beat rate of
the music) was individually adjusted for each patient
starting from the patient’s best cadence (gait fre-
quency and stride length). Then, the beat frequency
was progressively increased up to the target beat fre-
quency (120 bpm) through the first three to five

sessions. This frequency was then implemented for
the remaining part of the RAS training. We adopted
this intermediate target frequency and RAS setup as it
has been shown that using a beat frequency not
based on the patient’s baseline cadence can worsen
step length and gait cadence, especially when the fre-
quency is set too low (60 ̶ 90 bpm) or too high (>150
bpm) [34].

Statistical analysis

Data were analyzed using the SPSS 16.0 version, con-
sidering a p< 0.05 as statistically significant. The
descriptive statistics were analyzed and presented as a
mediaþ standard deviation (SD) for continuous varia-
bles and as frequencies (%) for categorical variables
for the two groups (Table 1). Finally, to examine the
association between rehabilitative therapy and clinical
outcomes, we performed the analysis of variance
(ANOVA) in order to assess the type of treatment
affected by the clinical outcome. The model had the
performance obtained in tests that evaluate different
cognitive and motor functions as dependent variable,
the categorical variable ‘Group’ (1¼ experimental;
2¼ control), the variable “Time” (factor within subject
with two levels: T0 e T1) and the scales/test for evalu-
ate neuropsychological and motor functions and
mood as independent variable. Student t-tests, using
the Bonferroni correction, were used for post-hoc test-
ing of group differences in time and performance,
scores are in median (first-third quartile) (Table 3).

Results

All patients completed the training, and both the
groups underwent the same training amount. No sig-
nificant differences were found in age (p¼ 0.16), edu-
cation level (p¼ 0.51) as well as in gender (p¼ 0.35)
between the EG and CG. At baseline, no significant
differences emerged between the scores of the two
groups. Post-hoc analysis results (Table 3) showed that
all of the patients in both the groups achieved signifi-
cant changes in many test scores from baseline to end
of the training. However, we observed more significant
improvements in the EG, concerning mood and quality
of life in all subscales (PGWI- anxiety, depression,
health, vitality and positivity), except for self-control
(PGWBI – self-control), besides some subscales of
Brief-COPE, i.e. behavioral disengagement (SD), vent-
ing (V), positive reframing (PR), planning (P), accept-
ance (A), religion (R), self-blame (SB) and use of
emotional support (UES). Moreover, there was a
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significant improvement in motor functioning, in par-
ticular in static and dynamic balance (as per Time up
and go) and in general motor function (10MT- FIM), in
the EG. Except for the Time up and go test, these
motor improvements were present also in the CG. The
ANOVA analysis showed the triple interaction between
Group�Time�Tests/Scales (F(9,162) ¼ 21,741, p< 0.001).
In particular, the ANOVA decomposition (Table 2)

underlined that the scores of all tests/scales were
influenced by the type of treatment, demonstrating
how the effect of the two treatments was significantly
different. In fact, only in the EG, we observed a signifi-
cant improvement in most of the scales administered,
as compared to the CG (Table 3).

Discussion

PD is traditionally related to motor symptoms like bra-
dykinesia, resting tremors, rigidity, and postural
instability although the clinical range of PD encom-
passes various non-motor features such as visuospatial
function, cognitive deficits, anxiety, depression and
other neurobehavioral manifestation [35]. Studies on
people suffering from PD rarely include neurological,
psychological and behaviour features that, together
with the chronicity and neurodegenerative nature of
the illness, might exacerbate the patient’s burden and
have consequences in physical and mental health, psy-
chological well-being and quality of life (QoL).

Pharmacotherapy and physiotherapy usually focus
on motor outcomes, as the disorder presents itself as
a disease characterized by motor difficulties, but there
is poor literature that explores behavioural outcomes.

Our study supports music-guided gait training
using Gait Trainer 3 (Biodex) as an effective neuroreha-
bilitation strategy to improve both motor and behav-
ioural performances, and consequently quality of life.
In the last decades, authors underlined the beneficial
effect of MT on motor function (bradykinesia, gait,
freezing of gait) and emotional and psychological
functioning, coping strategies, quality of life and life
satisfaction in PD patients [36–39]. In line with previ-
ous findings [39–40], our study revealed higher psy-
chological and emotional well-being after the musical
treadmill training, confirming that active involvement
in movements and the ability to walk “normally” may
lead to physical, psychological and emotional benefits,
as shown by the EG improvement in all subscales of
the PGWBI.

In this regard, the use of MT techniques (especially
RAS) has recently been recommended as part of the
multidimensional approach to improve gait and gait-
related activities for patients with PD and other neuro-
logical disorders. [32, 41] Pacchetti et al. [36] used MT
to improve motor and emotional functioning in a
group of PD patients, with positive results. In line with
these authors, our exploratory study highlighted not
only the benefits on the motor outcomes, but also on
emotional, and behavioural functioning. Moreover,
coping strategies in the EG improved concerning
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Table 2. ANOVA decomposition in Group�Time for all
tests/scales.
Clinical Assessment Df Mean Square F P-value

PGWBI A 1, 38 1394.4 22.2 <0.001
PGWBI DM 1, 38 952.2 15.5 <0.001
PGWBI H 1, 38 667.0 10.3 0.002
PGWBI V 1, 38 627.2 15.7 <0.001
PGWBI P 1, 38 911.2 18.3 <0.001
PGWBI SC 1, 38 44.0 1.3 0.260
BRIEF COPE SD 1, 38 48.0 73.7 <0.001
BRIEF COPE AC 1, 38 32.5 23.5 <0.001
BRIEF COPE D 1, 38 6.0 5.2 0.02
BRIEF COPE SU 1, 38 18.0 33.0 <0.001
BRIEF COPE UES 1, 38 36.4 49.2 <0.001
BRIEF COPE BD 1, 38 43.5 66.2 <0.001
BRIEF COPE UIS 1, 38 1.5 0.6 0.41
BRIEF COPE V 1, 38 1.0 0.6 0.43
BRIEF COPE PR 1, 38 12.8 14.2 0.43
BRIEF COPE P 1, 38 6.6 6.0 <0.002
BRIEF COPE H 1, 38 .8 0.4 <0.05
BRIEF COPE A 1, 38 10.5 5.3 0.53
BRIEF COPE R 1, 38 .0 .0 <0.05
BRIEF COPE SB 1, 38 .1 .0 0.78
FIM Total 1, 38 672.8 259.8 <0.001
FIM C 1, 38 .2 .0 0.87
FIM M 1, 38 15.3 2.1 0.14
TUG R 1, 38 6.8 13.6 <0.002
TUG L 1, 38 7.5 12.4 <0.002
10MT Time 1 1, 38 5.8 14.8 <0.001
10MT Time 2 1, 37 3.4 4.3 <0.05
10MT Time 3 1, 38 2.2 3.3 0.07
10MT Median 1, 38 4.4 7.6 <0.05
Significant p-value are in bold.�Psychological General Well Being Index Anxiety (PGWBI A); Psychological
General Well Being Index Depressed Mood (PGWBI DM); Psychological
General Well Being Index General Health (PGWBI H); Psychological
General Well Being Index Vitality (PGWBI V); Psychological General Well
Being Index Positivity Well-being (PGWBI P); Psychological General Well
Being Index Self-Control (PGWBI SC); Brief Coping Orientation to
Problems Experienced Self Distraction(BRIEF COPE SD); Brief Coping
Orientation to Problems Experienced Active Coping (BRIEF COPE AC);
Brief Coping Orientation to Problems Experienced Denial (BRIEF COPE D);
Brief Coping Orientation to Problems Experienced Substance Use (BRIEF
COPE SU); Brief Coping Orientation to Problems Experienced Use of
Emotional Support (BRIEF COPE UES); Brief Coping Orientation to
Problems Experienced Behavioral Disengagement (BRIEF COPE BD); Brief
Coping Orientation to Problems Experienced Use of Instrumental Support
(BRIEF COPE UIS); Brief Coping Orientation to Problems Experienced
Venting (BRIEF COPE V); Brief Coping Orientation to Problems Experienced
Positive Reframing (BRIEF COPE PR); Brief Coping Orientation to Problems
Experienced Planning (BRIEF COPE P); Brief Coping Orientation to
Problems Experienced Humor (BRIEF COPE H); Brief Coping Orientation to
Problems Experienced Acceptance (BRIEF COPE A); Brief Coping
Orientation to Problems Experienced Religion (BRIEF COPE R); Brief
Coping Orientation to Problems Experienced Self-Blame (BRIEF COPE SB);
Functional Independence Measure Total (FIM Total); Functional
Independence Measure Cognitive (FIM C); Functional Independence
Measure Motor (FIM M); Time Up and Go Right (TUG R); Time Up and Go
Left (TUG L); 10 m Walking Test Time 1 (10MT Time 1); 10 m Walking
Test Time 2 (10MT Time 2); 10 m Walking Test Time 3 (10MT Time 3);
10 m Walking Test Median (10MT Median).
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active coping, use of emotional support, positive
reframing and planning abilities, and decreased in
behavioural disengagement.

We may argue that MT applied to the Biodex tread-
mill may be related to the creation of an external time-
keeper that supports the weakened role of the basal
ganglia [42], perhaps through the involvement of com-
pensatory networks involving the cerebellum [43].
Regarding the motor outcomes of our exploratory study,
we found better improvement in the EG (as per FIM
scores and 10mWT). Rochester [44] demonstrated that a
3-week-training with RAS implied a learning effect that
improved gait, freezing and movements fluidity. This
was probably due to the “boosting” of brain plasticity
within the internal time-keeping and rhythm formation
process, known as entrainment mechanism. The latter
can be enhanced by both a selected music [43] and

the use of technologies that utilize interactive computer-
generated systems for improving brain-body interaction
and sensory-motor integration.

In addition, the influence of emotional feelings on
gait performance of the sit-to-walk task has been only
recently investigated in healthy adults [45]. In PD
patients, gait abnormalities and the continuous or epi-
sodic disturbance of movements changes [46] seems
to be in relation to the dopaminergic system impair-
ment and cholinergic dysfunction of locomotor struc-
tures, which are also involved in emotion, executive
functioning and behaviour [47]. On such basis, we
could hypothesize that the improvement in TUG only
in the EG might be linked to the involvement of music
in treadmill training, which evidences that responses
to triggered musical-emotional stimuli can also affect
attention and motor behaviour. Moreover, cognition
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Table 3. Post-hoc analysis of clinical scores between baseline (T0) and follow-up (T1), for both Experimental Group (EG) and
Control Group (CG).

Clinical assessment

EG

p-value

CG

p-valueT0 T1 T0 T1

PGWBI A 51.0 (42.0 – 74.2) 75.0 (52.7 – 85.2) <0.001 36.0 (32.0 - 64.0) 37.5 (31.7 - 52.7) 0.26
PGWBI DM 60.0 (38.2 – 86.0) 72.0 (59.5 – 91.2) <0.001 36.5 (26.0 - 48.2) 33.0 (25.7 - 42.0) 0.07
PGWBI H 55.0 (38.2 - 66.0) 66.0 (50.2– 82.7) <0.001 35.0 (32.0 - 47.0) 35.5 (29.5- 48.5) 0.45
PGWBI V 54.5 (30.5 – 65.0) 64.0 (44.5 – 78.7) <0.001 40.0 (34.2- 50.0) 38.0 (30.0 -52.7) 0.43
PGWBI P 45.0 (28.7 – 60.0) 60.0 (47.7 –71.0) <0.001 45.0 (39.0 - 53.5) 46.5 (38.2 - 55.0) 0.64
PGWBI SC 63.0 (51.5 – 80.2) 66.0 (58.2 – 80.0) 0.17 50.0 (37.0 - 66.0) 50.0 (37.0 - 66.2) 0.66
BRIEF COPE SD 2.0 (2.0 – 2.2) 6.0 (5.0 – 7.0) <0.001 2.0 (2.0 – 3.0) 3.0 (3.0 - 3.0) <0.001
BRIEF COPE AC 3.0 (3.0 - 5.0) 7.5 (5.0 – 8.0) <0.001 3.5 (3.0 - 5.0) 3.5 (3.0 - 5.0) 0.21
BRIEF COPE D 2.5 (2.0 - 3.2) 4.5 (2.7 - 5.0) <0.001 3.0 (2.0 – 3.0) 5.0 (4.5 - 6.0) <0.001
BRIEF COPE SU 2.0 (2.0 – 2.0) 4.0 (3.0 – 5.0) <0.001 2.0 (2.0 – 3.0) 2.0 (2.0 – 2.0) 0.72
BRIEF COPE UES 3.5 (2.0 – 4.0) 6.0 (5.7 – 8.0) <0.001 3.5 (2.0 – 4.0) 4.0 (2.0 - 5.0) 0.25
BRIEF COPE BD 3.0 (2.0 - 5.0) 6.0 (5.0 - 7.0) <0.001 5.0 (3.0 - 5.0) 4.0 (3.0 - 5.0) 0.05
BRIEF COPE UIS 4.0 (4.0 - 5.2) 6.0 (3.0 - 7.0) 0.12 3.0 (2.0 - 4.0) 4.0 (3.0 -6.0) 0.01
BRIEF COPE V 4.5 (2.0 - 6.0) 7.0 (5.0 - 7.2) <0.001 4.0 (2.7 - 4.0) 4.5 (2.7 - 7.0) 0.01
BRIEF COPE PR 5.5 (3.0 - 6.0) 7.0 (6.0 - 7.2) <0.001 5.0 (5.0 - 6.0) 5.0 (5.0 - 6.2) 0.26
BRIEF COPE P 5.0 (4.0 -6.0) 7.0 (5.0 - 7.0) 0.02 5.0 (3.7 -5.2 ) 5.0 (3.0 - 5.2) 0.72
BRIEF COPE H 4.0 (2.7 - 6.0) 4.5 (4.0 - 6.0) 0.08 4.0 (3.0 - 5.2) 5.0 (4.0 - 6.0) 0.04
BRIEF COPE A 3.0 (3.0 - 4.0) 8.0 (7.7 -8.0) <0.001 4.0 (2.7 - 4.2) 7.0 (5.0 - 8.0) <0.001
BRIEF COPE R 4.0 (3.0 - 4.0) 6.0 (4.7 - 7.2) <0.001 3.5 (3.0 - 4.0) 7.0 (4.0 - 7.2) <0.001
BRIEF COPE SB 4.0 (2.0 - 5.0) 5.0 (4.0 - 6.0) <0.001 4.0 (3.0 -4.2) 5.0 (4.0 -6.2) <0.001
FIM Total 80.0 (76.7 - 84.5) 92.0 (88.0 - 99.0) <0.001 80.5 (78.0 - 85.2) 82.0 (79.0 - 85.2) <0.001
FIM C 28.5 (22.7 - 30.0) 31.0 (26.7 - 33.0) <0.001 31.0 (30.0 - 32.0) 34.5 (31.5 - 36.0) <0.001
FIM M 50.0 (50.0 - 56.0) 58.0 (52.0- 58.2) <0.001 55.0 (50.0 - 60.0) 60.0 (59.0 - 62.0) 0.02
TUG R 10.2 (8.0 - 12.3) 8.8 (7.3 - 11.1) <0.001 7.0 (6.2 - 8.1) 6.2 (6.1 - 7.6) 0.14
TUG L 11.3 (8.3 - 13.1) 9.2 (7.4 - 11.8) <0.001 6.0 (5.3 - 7.2) 5.4 (5.3 - 7.3) 0.19
10MT Time 1 5.6 (4.7 - 6.0) 4.9 (4.2 - 5.3) <0.001 10.6 (8.3 - 12.1) 9.3 (7.2 - 10.6) <0.001
10MT Time 2 4.9 (4.4 - 6.1) 4.3 (4.1 - 5.2) 0.01 10.4 (8.1 - 11.4) 9.3 (7.1 -10.2) <0.001
10MT Time 3 5.1 (4.6 - 6.3) 4.1 (4.0 - 5.4) <0.001 10.1 (7.9 - 11.0) 9.5 (7.1 - 10.0) <0.001
10MT Median 5.6 (4.6 - 6.1) 4.4 (4.1 - 5.3) 0.01 10.4 (8.0 - 11.6) 9.4 (7.1 - 10.2) <0.001
Scores are in median (first-third quartile); significant differences are in bold.�Psychological General Well Being Index Anxiety (PGWBI A); Psychological General Well Being Index Depressed Mood (PGWBI DM); Psychological General
Well Being Index General Health (PGWBI H); Psychological General Well Being Index Vitality (PGWBI V); Psychological General Well Being Index Positivity
Well-being (PGWBI P); Psychological General Well Being Index Self-Control (PGWBI SC); Brief Coping Orientation to Problems Experienced Self
Distraction(BRIEF COPE SD); Brief Coping Orientation to Problems Experienced Active Coping (BRIEF COPE AC); Brief Coping Orientation to Problems
Experienced Denial (BRIEF COPE D); Brief Coping Orientation to Problems Experienced Substance Use (BRIEF COPE SU); Brief Coping Orientation to
Problems Experienced Use of Emotional Support (BRIEF COPE UES); Brief Coping Orientation to Problems Experienced Behavioural Disengagement (BRIEF
COPE BD); Brief Coping Orientation to Problems Experienced Use of Instrumental Support (BRIEF COPE UIS); Brief Coping Orientation to Problems
Experienced Venting (BRIEF COPE V); Brief Coping Orientation to Problems Experienced Positive Reframing (BRIEF COPE PR); Brief Coping Orientation to
Problems Experienced Planning (BRIEF COPE P); Brief Coping Orientation to Problems Experienced Humour (BRIEF COPE H); Brief Coping Orientation to
Problems Experienced Acceptance (BRIEF COPE A); Brief Coping Orientation to Problems Experienced Religion (BRIEF COPE R); Brief Coping Orientation to
Problems Experienced Self-Blame (BRIEF COPE SB); Functional Independence Measure Total (FIM Total); Functional Independence Measure Cognitive (FIM
C); Functional Independence Measure Motor (FIM M); Time Up and Go Right (TUG R); Time Up and Go Left (TUG L); 10 m Walking Test Time 1 (10MT
Time 1); 10 m Walking Test Time 2 (10MT Time 2); 10 m Walking Test Time 3 (10MT Time 3); 10 m Walking Test Median (10MT Median).
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(in particular of the executive functions), cholinergic/
dopaminergic activation and emotional control seems
to play a pivotal role on motor behavior in PD
patients [48, 49].

As gait speed is a significant predictor of perform-
ance of daily living activities, the effect of a music-
based therapy may have important implications not
only in gait-related activities but also in global func-
tioning and independence in PD [50]. Furthermore, in
line with Terrie Vann-Ward et al. [51], our results
showed that being involved in activities that require
motor engagement, such as psychophysical rehabilita-
tion with an on-going acoustic feedback, requires
planning abilities, coordination, and activated feelings,
which are all together solicited during training.

Social identity, emotional bell-being and behavioural
integrity cover an important role in PD patients [40],
and are strongly linked to gait abilities in a proportional
way. As MT may involve the multidimensional aspects
of PD patients, a consequent improvement of QoL after
the training is expected. [52]

Limitations and strengths

This pilot study has some limitations. First, the sample
size is relatively small and does not let us to general-
ize the findings to the PD population. Second, we did
not perform an assessment at 3 and/or 6months fol-
low-up. Further larger sample multicenter studies with
short and long-term follow-up are needed to confirm
our promising findings. Furthermore, future studies
could include patients with greater disease severity,
also using more specific outcome measures. Finally,
the use of instrumental tests, including surface EMG,
EEG and fMRI should be advisible, to better under-
stand the neurophysiological basis underpinning both
motor (as in our previous study) [53] and cognitive
recovery after MT.

However, this study is the first to analyze the neu-
robehavioural aspects of patients with PD subjected to
gait rehabilitation using Biodex Gait Trainer 3. Indeed,
its major strength is that it focused not only on motor
symptoms, but also on the psychological, cognitive
and behavioral aspects of patients with PD, also
assessing coping strategies.

Conclusions

Music assisted gait training may be a complementary
and valuable tool in improving not only motor symp-
toms in PD patients, but also behavioral and psycho-
logical status, with a consequent betterment of QoL.

Further larger sample studies with long-term follow
up are need to confirm these promising findings.
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