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Abstract

Background: Parkinson’s Disease (PD) is a chronic progressive
neurodegenerative disorder with motor and non-motor symp-
toms. Rehabilitation represents an adjuvant intervention to phar-
macological and surgical therapy. Our study aim was to investigate
the effectiveness of the Vibroacoustic Therapy (VAT) according to
the Metodo Magic Music combined with conventional Training (Tr)
versus Tr alone in improving motor symptoms and postural control
in PD patients.

Methods: Twenty-four patients with idiopathic PD were en-
rolled. They were randomly assigned to the Tr-VAT or the Tr group.
Total intervention time was 40 min (Tr) and 60 min (Tr-VAT) 3 times
a week for 3 months. Both groups carried out at baseline and
follow-up clininetric scales and tests to assess clinical outcome.
Speed of postural transitions and gait parameters (endurance and
comfortable and fast speed) have been measured.

Results: Follow-up evaluation showed in PD patients from the
Tr-VAT group as compared to those from the Tr group an improve-
ment of postural control assessed with Berg Balance Scale (p =
0.054) and Timed-Up and Go test (TUG) test (p = 0.058). Moreover,
significant (p < 0.05) differences between groups were found for
comfortable gait speed (p = 0.004) and speed of postural changes
- from right side to supine (p = 0.03), from supine to right and left
side (p = 0.01), from supine to prone (p = 0.002) and supine to sit-
ting (p = 0.005), respectively.

Conclusions: Our study demonstrated the effectiveness of VAT
as complementary treatment with conventional rehabilitation ap-
proaches, by improving mobility, agility and motor flexibility in PD
patients.
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Introduction

Parkinson’s Disease (PD) is a chronic progressive neuro-
degenerative disorder, first described by James Parkinson in
1817 as “shaking palsy”. It is accompanied by both motor and
non-motor symptoms, due to loss of striatal dopaminergic and
non-dopaminergic neurons [1]. PD symptoms include tremor,
bradykinesia, rigidity, postural instability, freezing of gait and
motor coordination dysfunction. The disease is characterized by
non-motor symptoms too, such as hyposmia, sleep disorders,
depression and/or anxiety, bowel dysfunction (frequently con-
stipation), progressive cognitive decline and dementia. Patients
often complain of other disturbances, such as early muscle fa-
tigue and pain [2].

The “gold standard” pharmacologic PD treatment is repre-
sented by L-DOPA. Whereas dopaminergic medications can ef-
fectively manage motor symptoms, drug resistance and L-DO-
PA-induced side effects following long-term use are common
problems [3]. L-DOPA introduction has changed PD manage-
ment: however, it soon became apparent that pharmacologi-
cal treatment offered mainly a symptomatic relief and poorly
affected the underlying pathophysiology. On the other hand,
chronic use of drugs was associated with several dose-depen-
dent effects [3]. Current therapeutic management seeks to de-
lay long-term complications of drug therapy for as long as pos-
sible, introducing also complementary interventions.

Rehabilitation

Research has suggested that a regular physical activity can
also be added to drug therapy to limit disability and improve
Quality of Life (QoL) of PD patients [4]. In the recent years, nov-
el treatment approaches have demonstrated benefits for both
motor and non-motor symptoms. Growing number of evidence
suggests that endurance exercise (particularly, high-intensity ex-
ercise) modifies disease severity in de-novo patients with early
onset or mild/moderate disease [5]. As intensive aerobic exer-
cise, in the latest decade, treadmill training has been frequently
used in rehabilitation protocols and described as improving gait
parameters in PD patients: especially, clinical evidence shows
that a personalized high-intensity Treadmill Walking (TW) pro-
gram not only improves gait parameters, but also may favorably
influence non-motor symptoms and QoL [6].

On the other hand, more recent combined rehabilitation
protocols, integrating aerobic exercise with task-oriented circuit
training and postural training, seem improving not only gait and
balance performance, but also patients’ QoL, because of a posi-
tively translation into the functional daily ability [7,8].

Furthermore, one should not neglect also the positive im-
pact of short-term and long-term effects provided by recent
innovative intervention approaches, such as the application of
Whole Body Vibration (WBV) [9] and the Acoustic-Based Inter-
ventions (ABI) implemented as Rhytmic Auditory Stimulation
(RAS) or the Vibroacustic Therapy (VAT) [10].

Regarding WBV, a 2014 literature review [11] reported mixed
results in its favour for improving postural stability: anyway, it
mostly suggests a benefit in mobility and balance, but not sig-
nificantly higher than the more conventional active intervention
approaches. A recent survey shows that, despite the favorable
WBYV effects on mobility and postural stability in PD patients,
only few studies have an appropriate methodological quality
[9].

ABI may be effective in promoting not only wellness, but also
in maintaining physical and cognitive health, as long as possible,
in PD patients. In this regard, clinical evidence highlights the po-
tential effect of music, as complementary treatment, in relieving
non-motor symptoms, such as depression, anxiety, neuropathic
pain and stress: advanced studies of brain imaging gave infor-
mation regarding the mechanisms of brain response to music
stimulation [12]. Furthermore, other studies provided evidence
of a close relationship between auditory neurons, basal ganglia
and cerebellar areas [13]. Currently, preliminary studies of ABI
with RAS and VAT performed by patients with extra pyramidal
motor symptoms provided interesting results, supported also
by brain imaging findings and neurophysiological studies [10].

Vibroacoustic Therapy (VAT)

We are focusing more specifically on the VAT, because of its
integration in our rehabilitative program, with a novel method
and protocol, in comparison to previous clinical experiences.
VAT is a treatment method using sinusoidal low-frequency
sounds in 30-120 Hz range, complemented by music for thera-
peutic purposes [14]. The origins of VAT come from the studies
of Skille: he used in an experimental protocol deep vibration in
subjects suffering from various disabilities [15].

VAT exploits frequencies within the hearing range, but at a
specific pitch where the vibrating effect of the tone can be felt
as a sensed vibration in the body: any sound vibration works on
the principle of sympathetic resonance, where an object has a
resonant frequency at which it vibrates in sympathy with the
sound [16]. Currently, VAT is indicated for use in spastic cerebral
paralysis and in other disorders of the central nervous system,
as it helps to enhance rehabilitation intervention and improve
motor skills and brain functions, connectivity, through oscilla-
tory coherence [17].

Given the effectiveness of intensive training and use of acous-
tic and sound vibrations as drug therapy-associated treatment
in improving motor symptoms in PD patients, our main purpose
was to test a complementary rehabilitation program, combin-
ing aerobic exercise and postural task with VAT. To this aim, we
have studied changes of clinical outcomes overall, by evaluating
gait performances, static and dynamic balance parameters and
execution speed of postural transitions in PD patients receiving
two different interventions (with and without VAT).

Patients and Methods
Study Design

The present study was randomized, observational-interven-
tional and prospective. Patients were randomly sorted into two
groups, the former as control one - referred as Training (Tr), and
the latter one - referred as Training-VAT (Tr-VAT) group, depend-
ing on the type of intervention (Figure 1). Experimental design
included two phases, the baseline (t,) for enrollment and ran-
domization procedures, and the follow-up (t,), spaced by at
least 3 months.

Patients

Twenty-six PD patients were enrolled, after neurological as-
sessment and neuropsychological screening. To meet inclusion
criteria, a Mini-Mental State Examination score >24.3/30 and a
mild diseases severity (corresponding to a modified Hoehn &
Yahr (H&Y) classification stage <2.5) were required.
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All patients signed an informed consent approved by the Eth-
ics Committee of the Azienda Ospedaliero-Universitaria Pisana.
All procedures of the present study were carried on according
to the Helsinki Declaration and Guidelines of good clinical prac-
tice.

Population sample consisted of 19 men (aged 69.89+6.09
yrs) and 5 women (aged 61.8+8.63 yrs): two patients, after
the randomization phase, declined to participate, due to inter
current illness. Main aspects of clinical history, including H&Y
stage, years of disease, clinical phenotype and pharmacologic
treatment of the total sample, are shown in (Table 1).

Methods

Interventions: After randomization, 13 patients (9 menand 4
women, aged 65.13 + 8.18 yrs, with a disease duration of 10.53
t 1.86 yrs, H&Y stage of 2.30 + 0.24 and L-DOPA equivalent
dose (L.E.D.) of 562.46 *+ 159.75 mg) were allocated in the Tr-
VAT group; and 11 patients (10 men and 1 woman, aged 71.81
+4.28 yrs, with a disease duration of 9.45 + 3.11 yrs, H&Y stage
of 2.18 + 0.38 and L.E.D. of 629.64 + 169.74 mg) in the Tr group.
Both groups performed 36 sessions for 12 weeks. All patients
were trained always in the ON-phase, 60 min after having taken
dopaminergic drugs.

First intervention type: Training (Tr): The Tr protocol (3
times a week) consisted in 45-min sessions of Balance Training
(BT) followed by TW.

Fifteen-min BT sessions included a set of 20balance tasks
(10 performed on hard and 10 on soft surface): 81-min step-
ping exercises, intervalled by a 5-s rest time in bipedal stance;
12 10-s exercises performed in tandem standing, alternatively
with both legs, intervalled by a 5-s rest time in unipedal stance.
In order to correct trunk rotation, patients performed postural
task in front of a mirror as visual feedback.

Regarding the 30-min TW sessions, a treadmill TOORX EVO
was used, with a progressive speed calibrated between 1.4 and
2.5 km/h, regulating the cadence by auditory cueing (provided
by a metronome).

Second intervention type: Training-Vibroacoustic Therapy
(Tr-VAT): Patients underwent Tr and VAT provided by AcusticA’,
a specifically built device, a wooden chaise longue, according
to the so-called “Metodo Magic Music”(M.M.M.) based on the
patent “Harmonic Vibro-Massage Unit” [18]. (Figure 2) shows
a picture of AcusticA® equipped with a CD player, functioning
as a resonance chamber (like a musical instrument stimulating
the whole body according to the sound frequencies from musi-
cal tracks). It has been built in order to provide a large sound-
surface, on which patients can lay down. In such a way patient’s
body is pervaded by vibrations emitted by specific melodies,
composed by a music therapist, according to the M.M.M. spe-
cifically, the transduction technology used in AcusticA® covers
sound frequencies in the range of 15 Hz to 20 kHz, with a trans-
duction force of 31 N. In such a way, VAT is able to stimulate
a physiological response and directly act on muscles and the
nervous system to induce a relaxation and modify the subject’s
reactivity, as observed in previous pilot studies, that have been
conducted with healthy subjects [19,20].

Twenty-min sessions were carried out. For each session, a
specific CD music was administered, alternating 4 different
tracks with specific vibrotactile force: the so-called stimulat-
ing ones, S1 (20 Hz-15 kHz) and S2 (15 Hz-18 kHz), and relaxing

ones, R1 (20 Hz-18 kHz) and R2 (20 Hz-20 kHz).
Clinical Assessment

At baseline (t;) and after training (t,), we performed the fol-
lowing rating scales and clinical tests to assess motor and pos-
tural control functions of patients: the Unified Parkinson’s Dis-
ease Rating Scale - Section Il (UPDRS-I11), the Berg Balance Scale
(BBS) and the Timed Up and Go test (TUG).

To evaluate gait performance two main parameters were
considered: the speed and the length of the distance covered.
Patients performed the 3-min WalkingTest (3-MWT); further-
more, we asked them to walk for a 10-m distance, a first time at
a comfortable speed(Comfortable Gait Speed test, CGS) and a
second time at a fast speed (Fast Gait Speed test, FGS).

To assess agility of movement and speed of postural change
execution, we measured the time spent on executing the tran-
sition from right and left side to supine and vice versa (Right
side to Supine, Rs-to-Sup; Supine to Right side, Sup-to-Rs; Left
side to Supine, Ls-to-Sup; Supine to Left side, Sup-to-Ls), from
supine to prone (Sup-to-Pron) and, finally, from supine to sitting
(Sup-to-Sit).

Statistical Analysis

For all parameters variance analysis was carried out, by
means of two-way ANOVA test, considering two conditions, in-
tervention (type) effect and time (pre-post intervention) effect,
respectively, in independent subjects’ samples. Post-hoc analy-
sis was performed by using Turkey-Kramer’s test. Our analysis
was focused on the intervention-time interaction effect. Each
parameter, whose value was found statistically significant (p<
0.05) was plotted in graphics. We used the software MATLAB
2021.

Results
Rating Scales and Clinical Tests

Data analysis concerning UPDRS-IIl showed that motor
symptoms improved significantly (p<0.001) after 3 months in
both patients’ groups, regardless of the intervention type. No
significant differences in UPDRS-III scores were found between
the intervention groups (Table 2): 28.61 + 5.07 (Tr-VAT) vs 29.18
+3.37 (Tr) - p=0.76.

Follow-up evaluation showed a significant (p < 0.05) im-
provement of postural control with both intervention types, as
demonstrated by results of BBS and TUG test.BBS scores were
higher in Tr-VAT group in respect to Tr group (55.15 + 1.09 vs
53.61 + 1,61) with a p-value at the upper limit (p=0.054). Simi-
larly, a difference (p = 0.058) between groups was found for the
TUG test, confirming here too a better performance in Tr-VAT
group than in Tr group (8.58 + 2.56 vs 10.62 + 2.15).

All these data are reported in (Table 2), while values of single
patients are plotted in (Figure 3).

Gait Parameters

A significant (p<0.05) improvement for 3-MWT in both Tr
group (p=0.03) and Tr-VAT group (p=0.01) has been found at
follow-up. Also, a very significant (p < 0.01) increase of speed
during walking has been reported (both in CGS and FGS).

Post-hoc analysis confirmed a very significant (p<0.01) im-
provement of CGS values, in patients who performed also VAT,
since they walked the 10-m distance in less time: 7.89 £ 1.2 s vs
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9.07 +1.84 s - p=0.004.

Although the other variables, relative to a forced perfor-
mance and endurance, seem to have a larger positive trend in
patients of the Tr-VAT group, we have not found significative
differences for FGS (6.92 + 1.37 vs 7.57 £ 1.56 s, in Tr-VAT and Tr
group, respectively) and 3-MWT (211.34 + 43 vs 188.54 + 34.43
m in Tr-VAT and Tr group, respectively). These results are re-
ported in Table 2, whereas values of single patients are plotted
in (Figure 3).

Speed of Postural Changes

Both intervention types have been shown to improve speed
and agility in postural changing: particulary, very significant (p <
0.01) values for Ls-to-Sups, and Sup-to Rs and Ls in both Tr and
Tr-VAT groups have been found. For Sup-to-Pron and Sup-to-Sit
parameters, also significant improvements have been reported
in both Tr group (Sup-to-to-Prom: p=0.02; Sup-to-Sit: p=0.01)
and Tr-VAT group (Sup-to-Pron: p=0.01; Sup-to-Sit: p= 0.02).

Analysis of these variables has also demonstrated better per-
formances in patients from the Tr-VAT group than in those of
Tr group. Indeed, the differences (in term of time (s) spent on
transition) were statistically (p < 0.05) significant for Rs-to-Sup,
Sup-to-Rs, Sup-to-Ls, Sup-to-Pron, and Sup-to-Sit. All data are
reported in (Table 2) and values of single patients are plotted in
(Figures 4 and 5).

Enrollment

Assessed for eligivility (n=26)

Excluded (n= 2)
ONotmeeting inclusion criteria (n = 2)

ODeclined to participate (n =0)
O0therreasons (n = 0)

Randomized (n=24)

L Allocation ] l

Allocatedto Tr (n=11)
1. Receivedallocatedintervention(n = 11)

2. Didnotreceive allocatedintervention (1= 0) 2. Didnot receive allocatedintervention (n.= 0}

*
Allocatedto Te-VAT (n=13)
1. Receivedallocatedintervention(n = 13)

Lostto fallow-up (a=0)

Lostto fallow-up (a=0)

Discontinuedintervention (n = 0) Discontinuedintervention (n = 0)

| = l

Analysedn=11)
OExcluded from analysis (n.= 0)
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O Excluded from analysis (n = 0)

Figure 1: Study design.
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Figure 3: Distribution of patients’ values from Tr-VAT (red) and Tr
(blue) groups according to different assessments.

BERG: Berg Balance Scale (BBS); TUG: Timed Up and Go Test; CGS:
Comfortable Gait Speed; s: second; Tr-VAT: Training-Vibro Acoustic
Therapy; Tr: Training
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Figure 4: Distribution of patients’ values from Tr-VAT (red) and Tr
(blue) groups according to different assessments.

Rs-to-Sup: Right side to Supine; Sup-to-Rs: Supine to Right side;
Sup-to-Ls: Supine to Left side; s: second; Tr-VAT: Training-Vibro

Acoustic Therapy; Tr: Training

= VAT = VAT
. T

Sup-o-Prone (s)
Sup-to-Sit (s)

Figure 5: Distribution of patients’ values from Tr-VAT (red) and Tr
(blue) groups according to different assessments.

Sup-to-Prone: Supine to Prone; Sup-to-Sit, Supine to Sitting; s:
second; Tr-VAT: Training-Vibro Acoustic Therapy; Tr: Training

M eusticT

Figure 2: Vibroacoustic device AcusticA®

Discussion

The main aim of this study was to demonstrate the effective-
ness of VAT on reducing PD motor symptoms, as a complemen-
tary intervention associated with conventional rehabilitation
approaches.

Our results agree with other studies concerning the effec-
tiveness of rehabilitation programs on motor symptoms of Par-
kinsonian patients. Physical activity, as ameliorative interven-
tion on gait disability and postural instability, was referred in
several clinical trials, although it remains relatively debated,
because of the low level of homogeneity and standardization of
rehabilitation protocols [21].
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Table 1: Population description.

Patient | Age | Gender | H&Y | Yearof disease | Clinical phenotype @ L.E.D.(mg) Intervention
P1 57 M 2.5 10 B,R T 640 Tr-VAT
P2 65 M 2 7 B, R 304 Tr-VAT
P3 58 F 2.5 8 B, R 319 Tr-VAT
P4 63 F 2 11 B,R T 420 Tr-VAT
P5 67 M 2.5 10 B, R 659 Tr-VAT
P6 48 F 2 10 B, T 420 Tr-VAT
P7 72 M 2 12 B, R 500 Tr-VAT
P8 55 M 2.5 12 B,R T 532 Tr-VAT
P9 76 M 2.5 12 B, R 800 Tr-VAT
P10 74 M 2.5 11 B, R 620 Tr-VAT
P11 56 M 2 8 B, R 566 Tr-VAT
P12 72 M 2.5 13 B, R 800 Tr-VAT
P13 74 F 2.5 13 B,R T 732 Tr-VAT
P14 69 M 1.5 6 B, R 666 Tr
P15 79 M 2,5 13 B, R 900 Tr
P16 76 M 2.5 14 B, R 700 Tr
P17 74 M 2.5 11 B, R 739 Tr
P18 74 M 1,5 7 B, R 340 Tr
P19 73 M 2.5 11 B, R 840 Tr
P20 76 M 2.5 12 B, R 520 Tr
P21 69 M 2 6 B, R 541 Tr
P22 66 F 2 5 R 421 Tr
P23 69 M 2.5 12 B, R 760 Tr
P24 65 M 2 7 B, R 499 Tr

B: Bradikynesia; R: Rigidity; T: Tremor; COMT: Catechol-O-Methyl-Transferasee; R: Rasagiline; Tr-
VAT: Training-Vibroacustic Therapy; Tr: Training; L.E.D.: L-Dopa Equivalent Dose.

Table 2: Clinical data and parameters.

Clinical Assessment Tr-VAT mean Tr-VAT SD Tr mean Tr SD Difference p-Value
UPDRS-III (ts) At t, 31.76 5.24 31.54 5.31 0.22 0.922
UPDRS-III (ts) At t, 28.61 5.07 29.18 3.37 -0.57 0.765
BBS (ts) Att, 54.23 2.00 51.27 5.72 2.96 0.109
BBS (ts) Att, 55.15 1.09 53.61 1.61 1.79 0.005
TUG-t (s) Att, 10.16 3.19 12.11 4.9 -1.95 0.229
TUG-t (s) Att, 8.58 2.56 10.62 2.15 -2.04 0.058
3-MWT (m) Att, 189.23 36.38 177.27 33.66 11.96 0.435
3-MWT (m) Att, 211.34 43.12 188.54 34.43 22.84 0.176
CGS (s) Att, 9.11 1.4 10.58 1.82 -1.46 0.048
CGS (s) Att, 7.89 1.2 9.97 1.84 -2.08 0.004
FGS (s) Att, 7.55 1.56 8.04 1.69 -0.49 0.484
FGS (s) Att, 6.92 1.37 7.57 1.56 -0.88 0.175
Rs/Sup (s) Att, 3.24 1.61 3.19 1.66 -1.04 0.279
Rs/Sup (s) Att, 2.25 1.11 3.2 1.78 -2.02 0.029
Sup/Rs (s) Att, 3.84 1.89 4.95 3.43 -1.13 0.282
Sup/Rs (s) Att, 2.40 1.12 4.9 2.81 -2.54 0.014
Ls/Sup (s) Att, 3.04 1.37 3.0 1.48 0.04 0.949
Ls/Sup (s) Att, 211 0.84 3.13 1.94 -1.02 0.069
Sup/Ls (s) Att, 3.89 1.73 5.02 391 -1.13 0.282
Sup/Ls (s) Att, 2.43 1.03 4.96 4.17 -2.54 0.014
Sup/Pron (s) At t, 6.61 211 11.30 4.65 -5.15 0.037
Sup/Pron (s) At t, 3.50 1.57 10.92 4.74 -7.43 0.002
Sup/Sit (s) At t, 5.49 1.41 6.20 1.26 -0.71 0.424
Sup/Sit (s) At t, 3.07 0.80 6.64 1.53 -3.27 0.0005

Tr: Training; VAT: Vibro Acoustic Therapy; SD: Standard Deviation; UPDRS-III: Unified Parkinson’s Disease IlI
Section; BBS: Berg Balance Scale; TUG-t: Timed Up mand Go test; ts: Total Score; s: Second.; 3-MWT: 3-Min-
utes Walk Test; CGS: Confortable Gait Speed; FGS: Fast Gait Speed; m: meter; Rs/Sup: Right side to Supine;
Sup/Rs: Supine to Right side: Ls/Sup: Left side to Supine; Sup/Ls: Supine to Left side; Sup/Pron: Supine to
Prone; Sup/Sit: Supine to Sitting.
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Because of this, a growing interest arouse for new approach-
es of intervention, focused on VAT [22,23]. The main results
of the present study provided some evidence for efficacy and
benefit of physical training associated with VAT. In addition to
static and dynamic balance, also mobility, agility and flexibility
significantly improved in the Tr-VAT group patients as compared
to those of the Tr group.

Improvement of Primary Motor Symptoms

Although the small sample size of patients enrolled in our
study, nonetheless we obtained a clinically significant response
- according to the “minimal clinically important difference” of
UPDRS-III motor scores, set as a change of 5 points [24]. In Tr-
VAT group, 11 out of 13 patients (84.6%) were regarded as well
responders, while in Tr-group, only 6 out of 11 patients (54.5%)
achieved this goal. In particular, in most patients from Tr-VAT
group, an improvement of rigidity and bradykinesia has been
found.

These findings agree with results of other studies, showing
the effectiveness of vibration therapy administered through dif-
ferent methods. In this regard, a previous study reported an im-
provement of the primary motor symptoms in PD patients after
whole body sound waves vibrations, delivered through physio-
acoustic chair, using a frequency range between 27-113 Hz [22].
More recently, a randomized controlled study also demonstrat-
ed that physioacoustic method could improve both rigidity and
dyskinesia in PD patients by using a 40-Hz frequency [25].

Improvement of Static and Dynamic Balance

Differences between groups were found for TUG test and
BBS scores, with better performances in Tr-VAT group than in
Tr group. We hypothesize that VAT with balance training, con-
ditioned by sensory (visual feed-back) and sensitive (proprio-
ceptive and vibrotactile) stimuli, might promote a strategy of
postural learning, improving balance control.

It is well known that proprioceptive impairment isa common
feature in PD patients [26], partially restored by pharmacologi-
cal treatment. Clinical evidence from a previous study, focused
on proprioceptive recovery in PD patients, demonstrated that
proprioception is trainable and improves with a somatosenso-
ry-focused training, which enhances visuo-spatial capability and
accuracy, particularly in mild/moderate PD patients, promoting
finally a process of motor learning [27].

On the other hand, in PD a dysregulation of motor and pos-
tural learning has been reported: certain aspects of learning,
especially automatic responses to feedback are faulty, resulting
in a deficit on feed forward systems of movement and/or pos-
tural learning and control [27].

Other experimental findings confirm the impaired postural
learning process in PD patients, particularly while performing
balance training with required flexibility and quick adaptation
[28]: PD patients exhibit a greater asymmetry while perform-
ing challenging postural tasks, with transition from bipedal to
tandem standing and vice versa, as compared to healthy age-
matched controls, suggesting impaired mechanisms of adapta-
tion and consolidation of postural control [28]. Disease severity
and duration impact on motor and postural learning. Because
of this, it is thought that PD patients could require a prolonged
training period to achieve motor and postural learning and also
additional sensory and sensitive stimuli in order to facilitate
such learning [29]. Moreover, research studies showed that

training should ensure enough repetition to allow adequate
time for feed forward learning [30]. Challenging balance train-
ing program seems to have positive long-term effects. Indeed,
challenging postural task, required also in activities of daily life,
can exacerbate the postural body adjustments [31].

Actually, we suppose that VAT carried out with balance train-
ing (as in our Tr-VAT group) may play a role in further enhanc-
ing postural control of PD patients. A recent retrospective study
shows that the PD patients who performed standardized focal
vibration training, assessed through UPDRS-IIl motor section
and BBS scales, reduced their rate of fall and improved ability
in daily activities, suggesting the impact of focal vibration in
enhancing the effects of postural training, carrying out also a
proprioceptive stimulus [32]. On the other hand, the impact of
WBV method, as complementary treatment of balance instabil-
ity and overall motor disability, is debated. A recent metanaly-
sis of clinical trials [33] focused on WBV shows that there are
no clear symptoms reducing effects provided by this approach.
Compared to WBV, our VAT method allows for the effective
delivery of vibration to the entire body; moreover, in previous
studies with WBV the frequencies used were either random-
ized or set very low (<20 Hz), thus producing a minimal clinical
benefit.

Speed of Gait and Postural Transition

Reduction of severity of primary symptoms has improved sig-
nificantly speed of postural transition in Tr-VAT group. Regarding
gait parameters, TW program seems to enhance the endurance
and speed in both groups. Only for CGS was found a statisti-
cally significant difference, with higher speed in Tr-VAT group
than in Tr group. Previous studies showed the effectiveness
of TW training, proposing also some criteria for its standard-
ization, such as lasting of a single session and week frequency
of interventions [34]. Although few studies are randomized, or
assessed by a follow-up evaluation, there is evidence that TW
can improve dynamic balance and asymmetry of gait, reducing
symptoms, such as freezing of gait and rate of fall [34].

In our study VAT and TW seem to be more effective than RAS
alone during training session: the significative improvement of
comfortable speed during gaitin Tr-VAT group could reflect an
individual adaptive modulation of motor skills and a reduction
of motor inhibition [35]. RAS intervention is characterized, tra-
ditionally, by fixed frequencies, whereas in VAT by the M.M.M.
we used a wide range of frequencies. Despite several previous
studies promoting RAS intervention, a recent study suggests
that using RAS at fixed frequencies might be an inappropriate
strategy in respect to frequencies adapted to individual charac-
teristics of gait [36].

The Mechanism Underlying the Effects of Vibroacustic
Therapy

Mechanisms behind our approach with VAT as well as those
of other methods of vibration therapy, are not fully understood.

One could speculate that the effects of VAT according to the
M.M.M. on motor symptoms of PD patients are due to both
relaxation of body muscles and modulation of neuron networks
activity [37].

It was suggested that increased muscle activity and the re-
sulting relaxation phase depend on a “resonance like-phenom-
enon”, provided by vibration therapy. Using electromyography
and accelerometers an experimental study evaluated muscle
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response to sinusoidal frequencies, delivered as WBYV, with a
range of frequency beetwen10 and 54 Hz. It was found that
muscle activity and acceleration amplitude increased with fre-
quency. Assuming the hypothesis that muscle activation is pro-
portional to muscle displacement, the authors suggested also
that treatment optimization, which is linked to customize (no
fixed) level of frequency, could be obtained by monitoring local
acceleration [38]. VAT frequencies, delivered from our device,
as well as other methods [22] could promote entrainment of
natural and physiological frequencies in resonance with exter-
nal frequencies, resulting in increased blood circulation and de-
creased tension of muscles. In addition, experimental features
from healthy controls [19,20] showed that our VAT can induce
an overall relaxation effect. Physiological response to VAT, moni-
tored by wearable sensors detecting heart rate variability and
galvanic skin response, showed a reduction of stress level and
enhanced relaxation, obtained from a reduction of sympathet-
ic/vagal ratio.

On the other hand, a recent research has focused on po-
tential benefits of vibration therapy, conceived as an exercise
modality. Experimental evidence suggests that acute “vibration
exercise” seems to elicit a specific warm-up effect, so that vi-
bration training appears to improve muscle power [39]. In this
regard, a study [40] showed that vibration therapy, compared
to traditional training, does not require a long time of muscle
recovery and, moreover, leads to less feeling of fatigue, as con-
firmed by the measuring of oxygen consumption.

Conclusions

The present study demonstrated the effectives of VAT, based
on entire body administration of harmonic vibrations, according
to the so-called M.M.M., associated with TW and BT, resulting
an improvement of mobility, agility, flexibility and balance con-
trol in PD patients.

Further studies are needed to assess long-term effects of Tr-
VAT intervention in a larger population of PD patients. More-
over, we would like to check benefit of VAT according to the
M.M.M., administered without training, as an alternative ap-
proach of rehabilitation for PD patients with reduced compli-
ance for aerobic exercise and high risk of fall.
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