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ABSTRACT

This analytical retrospective observational study aims to demonstrate the effects of Focused Mechano-Acoustic
Vibrations (FMVs) on people affected by neuromuscular diseases. A total of 11 patients (age 58 + 11) underwent a
protocol consisting of three weekly sessions of FMVs for one month, applied to patients affected by neuromuscular
disease. Assessments made through a stabilometric platform before and after the rehabilitation protocol revealed positive,
although not statistically significant, variations of the characteristics of the Center of Pressure and of the Romberg Index
of patients recruited for the study. Our experience showed that the application of FMVs could be a useful tool in the
rehabilitation of neuromuscular diseases. These new integrated approaches can be used in the rehabilitation field in a
multidisciplinary and multispecialistic way.
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INTRODUCTION

Over the past decade, many studies have been conducted to better understand the effects of whole-body and
focused vibrations on the central nervous system and the related control capabilities of the musculoskeletal system. The
deepening of the effects of vibrations on the central nervous system would allow to improve the understanding of the
pathophysiological mechanisms underlying many neurological pathologies characterized by musculoskeletal and motor
manifestations.

This study builds on previous experiences that highlighted the effects of focused vibratory stimulation in neuro
rehabilitation, including neurological diseases or neurological disorders. This kind of therapy was well tolerated, effective
and easy to use. Independently of the etiology of neurological pathology, it could be used to reduce spasticity, to promote
motor activity and motor learning within a functional activity (1).

This study focuses on the effect of Focused Mechano-Acoustic Vibrations (FMVs) in neurorehabilitation.

MATERIALS AND METHODS

This analytical retrospective observational study was conducted at the Castelnuovo della Daunia Thermal Center
(Foggia), Italy. The data relating to 11 (age 58 = 11) patients were considered. Subjects underwent a similar rehabilitation
protocol from June to September 2021.

Inclusion criteria were:

* neuromuscular disability;
e balance disorders;
* gait disturbances.
Exclusion criteria were:
* inability to maintain an upright position;
* open wounds;
» varices and telangiectasia of the lower limbs.

The data collection is part of the operative routine of the professional team involved in this study. According to this
operative routine, patients are frequently assessed across their rehabilitation path. Therefore, clearance regarding the
subjects, according to the Declaration of Helsinki for this study was not required (2). All patients underwent 3 weekly
sessions of FM Vs treatment, for a total of one month of treatment.

The technology used for the administration of the FMVs therapy is VISS (Vibration Sound System) (Vissman S.r.L.,
Rome, Italy). The device works through fast moving air cones to produce a square wave mechanical vibration. This
vibration is transferred to the skin by means of a self-supporting transducer and, passing through the surface layers
and adipose tissue, stimulates so-called “High Threshold Activation” receptors. The signals released by these receptors
trigger interactions and biochemical processes, which are able to modify the course of various pathologies related to
neuromuscular diseases.

The treatment was administered for twenty minutes for each session, with the transducers of the device focused on
specific target muscles, which were identified in each patient according to the Bio-Physico-Metric Approach.

The Bio-Physico-Metric Approach can be defined as an operating mode based on a thorough functional evaluation
which is performed to identify Key Myofascial Trigger Points KMTrPs, the elimination of which, allows the suppression
of major muscle dysfunction and postural compensation.

This manual and functional assessment process to identify the areas most in dysfunction also using a skin impedance
measurement tool, named ENF (Electroneurofeedback) Physio, (Fast Therapies S.r.1., Carpenedolo, Brescia, Italy) which
allowed to objectify and quantify what had been assessed by the operator through the use of his hands (3, 4). For this
study, the myofascial structures identified in each single patient through the Bio-Physico-Metric Approach were treated
through the VISS device.

To assess the results of the studied rehabilitation protocol, an evaluation of the plantar support was carried out through
a stabilometric platform (Diasu Health Technologies by Sa.Ni Corporate S.r.I., Rome, Italy).
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Stabilometry is an objective assessment of body sways during quiet standing in the absence of any voluntary
movements or external perturbations. The method enables the collection of information on the steady-state functioning of
the postural control system and its ability to stabilize the body against gravity. This evaluation is performed using specific
computerized boards that record postural adjustments of the body with high grade of sensitivity. The stabilometry was
performed at the beginning (T0) and at the end (T1) of the rehabilitation protocol.

RESULTS

The data collected report information on the movement of the CoP (Center of Pressure), defining its kinematic
parameters over time and the frequency of the oscillations. The coordinates of the CoP, i.e. the average value of the
abscissa and ordinates of the CoP on the referential of the state kinesiogram, the oscillations in the frontal plane (X axis,
right-left movement) and on the sagittal plane (Y axis, antero-posterior movement), during the upright station maintained
for about 30 seconds gives us the results of the so-called “Surface of the Ellipse” or “Confidence Ellipse”; that is, the
dispersion of the oscillations in relation to the precision of the system, which contains 90% of the sampled positions of
the CoP. The value corresponds to the quantization of the segmentary tonic deviations of the body axis which are in direct
relation to the vestibulo-spinal pathways.

In our experience, the surface of the Confidence Ellipse of the CoP decreased with eyes closed (without statistical
significance), testifying a slight increase in the accuracy of the postural tonic system to stabilize the body.

The length of the CoP Sway Path traveled during the recording per unit of time represents an indicator of the energy spent
by the body to stabilize itself. In our study, at the end of the rehabilitation protocol, this parameter recorded a slight reduction,
which may highlight a slight reduction in the energy expenditure of the postural tonic system to maintain the upright position.

The Romberg Postural Test allows to evaluate the antigravity postural dynamics, and therefore the proprioception
(ability to identify the position of the body in space), the vestibular function (the ability to recognize the position of the
head in space) and the sight (in relation to the position of our body and the perception of the space where our posture
manifests itself). After the rehabilitation protocol through FMVs, the Romberg Index showed a reduction (not statistically
significant), which demonstrates how peripheral receptor stimulation played a fundamental role in minimally improving
the parameters of proprioceptive function (Table I).

Table 1. Stabilometry: statistical analysis and data variations from T0 to T1.

Variable Count Mean = SD p value*
ES (TO) - Opened Eyes 11 234+ 121

ES (T1) - Opened Eyes 11 326 £ 296 ns

ES (TO) - Closed Eyes 11 581 +923

ES (T1) - Closed Eyes 11 340 £ 401 ns

SP (TO) - Opened Eyes 11 415 +147

SP (T1) - Opened Eyes 11 406 +103 ns

SP (TO) - Closed Eyes 11 566 + 394

SP (T1) - Closed Eyes 11 560 + 302 ns
Romberg Index (T0) 11 197 £ 216

Romberg Index (T1) 11 122+ 112 ns

*p value shows the differences between TO-T1 of the group (Wilcoxon Matched-Pairs
Signed Rank Test)

ES: Ellipse Surface
SL: Sway Path
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DISCUSSION

Documented scientific experiences regarding the therapeutic use of mechanical vibration on can be found as early
as the year 1880. The French neurologist Jean-Martin Charcot observed that patients affected by Parkinson Disease
experienced a reduction in tremor at rest and an improvement in sleep quality after a carriage ride or after a horse ride.
Drawing inspiration from this observation, he modeled a chair vibrator that simulated the rhythmic shaking of a carriage.
Georges Gilles de la Tourette extended these observations and modeled a helmet that made the head vibrate, assuming
that the brain responded directly to the pulse, signaling schizophrenia and migraine.

Over the years, many scientists have perceived vibration as a suitable method to interac with the central nervous system
(CNS) through stimulation of the peripheral nervous system (PNS). Indeed, numerous studies have been conducted to
understand the effects of focal vibratory stimulation at various levels of the CNS. In those studies, particularly interesting
were the effects demonstrated on the pathophysiological mechanisms of neurological disorders, as well as the therapeutic
effects of focused vibrations in neurological disability. Based on the growing number of systematic reviews, whole body
vibration and focused vibration appear to play a considerable role in reducing spasticity and improving gait, balance and
motor function in patients with neuromuscular disabilities. Focal muscle vibration seemed to be more useful when applied
to non-spastic antagonist muscles with reciprocal inhibitory action on spastic muscles in those individuals (5-7).

Vibration seems to be a powerful activator of the entire neuromuscular and skeletal system. In 1969, Hagbarth and
Erklund, used vibrations to reduce the spasticity in stroke patients (8). Subsequently, it was used in neuro rehabilitation
as well. Murillo et al. observed a significant reduction in spasticity in patients with Spinal Cord Injury, using a vibratory
stimulation at 50 Hz applied to the quadriceps muscle for 10 minutes; in addition, they observed a reduction of the
amplitude (H-Max) of the Soleus Muscle and the Achilles Tendon reflex (9). Ribot-Ciscar et al. observed, in quadriplegic
patients, an increase in maximal isometric contractions in the Brachial Triceps while a 80 Hz vibratory stimulation was
applied to the agonist muscle (7).

A study on individuals with Multiple Sclerosis combined botulinum toxin with focal vibration (at 120 Hz), in
Gastrocnemius and Soleus Muscles. The study showed an improvement in spasticity and a reduction in fatigue symptoms,
either with focal vibration alone or in combination with botulinum toxin, which was maintained during the 3-month
follow-up period after treatment (10). In another study the authors reported the effects of vibration on the muscles Soleus
and Erectors of the Spine in patients with Parkinson’s during walking, showing that cadence and speed were increased
(11). Pacinian Corpuscles are found in the deepest layers of the skin, consist of a single unmyelinated afferent neuron,
wrapped in 20-60 concentric lamellae. They are, no doubt, the mechano-receptors most involved in the response to the
perception of vibration, with the highest sensitivity at a frequency of 300 Hz. At this frequency, at 1 pm of pressure, there
is an activation of different receptors:

*  Type 1 Sensory Receptors, which are nerve endings, covered with gods red layers of collagen, able to turn on external stimuli;
* Unimodal Receptors, which are activated only by direct pressure;
» Phasic Receptors, which are very fast caress and follow the “all or none” principle, which means that they are activated or not.

A greater intensity of the afferent signal (charge capacity) determines a greater efferent response of the CNS. An intense
efferent nerve response allows the recruitment of multiple motor units, thus the activation of multiple motor neurons which
will result in more muscles being activated, and therefore a stronger muscle twitching. This results in a better engine
performance, in a shorter time. After activation of the neurotransmitter receptors, various nerve and biochemicals signals
are activated, thus allowing persistent forms of synaptic plasticity, including, inter alia, structural synaptic plasticity, in
order to maintain information in a long-term memory. This cellular mechanism for storing information in the Central
Nervous System is likely to create new synapses in selected networks (12).

CONCLUSIONS

In accordance with the scientific literature, our experience showed that the application of FMVs could be a useful
tool in the rehabilitation of neuromuscular diseases. Vibratory stimulation is well tolerated, effective and easy to use,
with no side effects in the field of neurorehabilitation. Focal vibration could promote motor activity and motor learning
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within functional activity, including in gait training, regardless of the etiology of the neurological pathology. These new
integrated approaches can be used in the rehabilitation field in a multidisciplinary way.
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