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Abstract

Over the last decade, vibrations applied to the physical and rehabilitation medicine have been
extensively investigated, including the neurorehabilitation, a field where giant steps have been taken
in understanding both pathophysiology of the diseases and the influence of vibrational energy on the
nervous system.

The purpose of this review is to understand the point at which knowledge is on this topic, what kind
of vibration and what modes of applications are used in the rehabilitation of subjects suffering from
pathologies affecting the nervous system.

Studies of the last 36 months available on Ovid MEDLINE, PEDro, PubMed Central have been
consulted.

The review has shown a positive impact, particularly for focused vibration, in the treatment of
neurological disorders.
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1. Introduction

The increasing incidence of neurological
disorders and the severity of the disability
that they result in, are urgently seeking
solutions to prevent or stop the progression
of damage and to optimize residual capacity.

Valuable help comes from the vibration
world.

The use of vibration in rehabilitation dates
back to 1880 when French neurologist Jean-
Martin  Charcot observed in patients
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suffering from Parkinson's disease, a
reduction in tremor and a better rest after a
train trip or a horseback riding. From here,
the creation of a chair that reproduced the
same carriage movement, the first example
of whole body vibration (WBV).!

Since then, many studies have been carried
out to understand the mechanism of action
and to try to standardize protocols in order to
achieve specific results. It has come to
understand that WBYV has limited effects, as
it is necessary to work at low frequencies
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(15-60 Hz) to avoid adverse effects.

These limits are overcome with focused
vibrations, which allow to apply frequencies
above 300 Hz directly on the area to be
treated.?

2. Vibration

For vibration is meant an oscillation around
an equilibrium point. Considering that matter
is made of particles that move by a force and
then tend to return to their point of balance,
we can say that everything vibrates.® Every
day the human body is subjected to
vibrations, which can have positive or
negative effects depending on the type,
duration, surface with the vibrating object.
Vibrating perception is in fact a mechanical
sensitivity  and,  therefore, involves
specialized receptor structures, present in
different tissues, such as mechanical
receptors.

Among these, the hair follicles receptors and
Meissner corpuscles respond to repetitive
stimuli of 30-40 Hz, while Pacini corpuscles
preferentially respond to 250 Hz stimuli.

Meissner corpuscles are found in papillary
dermis crests and have maximum sensitivity
and minimum threshold value. Pacini
corpuscles are deeper in the skin and are the
ones most involved in vibratory perception:
to confirm this hypothesis, elevation of the
vibratory perception threshold concomitantly
with a loss of Pacini corpuscles in the elderly
individual.*

These receptors are reached by myelinated
fibers of the AB type and the size of the
receptive field increases with the depth of
the position, so the Pacini corpuscles have
the largest receptive field.

The application of mechanical vibration on
the muscle and / or on the tendon structure
activates neuromuscular spindle receptors, at
the level of the muscle-tendinous complex
directly stressed and adjacent muscle
groups.”
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This type of response from muscle to
vibratory stress is referred to as "vibration
tonic reflection” (RTV). It is scientifically
widely documented that RTV induces an
increase in contractile strength of the muscle
groups involved. These changes in the
neuromuscular response are attributable
mainly to the increase in the activity of the
upper motor centers ° and the substantial
improvement in the nerve commands
regulating the neuromuscular response.

In fact, the musculotendinous complex
subjected to vibration is endowed with
modest, but significant, rhythmic changes in
its length 7, which make the vibration
training VT substantially equivalent to a
successive cadence of concentric and
eccentric contractions of small amplitude.

3. Multiple sclerosis

Multiple sclerosis is a chronic inflammatory
disease of the central nervous system, often
diagnosed at a young age, characterized by
abnormal gait, fatigue and increased risk of
falls, but also spasticity and bladder
dysfunction. An intervention aimed at the
recovery of physical and psycho-social skills,
it is important to reduce disability and other
symptoms related to MS such as fatigue,
balance, trunk control. The reduction of
fatigue also results in an improved quality of
life in terms of pain reduction, depression,
anxiety.

The incidence of this disease and the impact
that this has on the quality of life of these
patients, has stimulated research to find
therapeutic intervention especially effective
in stopping the progression of symptoms and
reduce disability. In this sense, many works,
unfortunately — with  discordant  results
especially regarding WBYV, have been
produced on vibration in recent years.

A meta-analysis based on 7 randomized
controlled trials, with a total of 250 MS
patients involved, of which 109 were part of
experimental groups and 100 of control
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groups, concluded that WBV may be a
benefit only in patients with low degree of
disability and only on resistance, while in
subjects with severe impairment of motor
function and balance the results are scarce
and lacking significance even only for
endurance.®

Uszynski et al. conducted a study in 2015,
by randomizing 27 patients into two groups,
one of which is subjected only to physical
exercise and one to WBV (vibrating
platform with the frequency set to 40 Hz)
and physical exercise. The difference
between this study and others is also in
outcome measures: an isokinetic
dynamometer was used to measure the
variation of muscle strength, and a more
comprehensive test for the balance (Mini-
BESTEST), and Neurothesiometer to assess
the threshold of Perception of vibration. The
main limitation of this study is the sample
size (only 27 patients) making the results
unreliable, even if an average increase of
31.2 meters in 6 minutes walking test in the
WBYV group compared to only 5 meters in
the control group, is impressive.®

Clearly positive results returns the study of
Yang et al. according to an 8-week WBV
program at a frequency of 20 Hz, 5
repetitions of 1 (‘per session interrupted by 1'
rest) and knees bent at 20 °, it can improve
pz conditions with SM. In particular, it
increases the flexibility of the ankle joint
that contrasts foot drop in these patients,
reduces the fear of falling and there is also
an increase in ultrasonic bone density
measured as t-score.™

Uniformity of opinion is regarding the
focused vibration.

The study of Camerota et al. conducted on
14 patients with secondary progressive SM,
affected by spasticity in the lower limbs
unresponsive to drugs, showed significant
improvement in the gait and an increase in
hip, knee and ankle ROM associated with
the stimulus that vibration, applied to the
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quadricipite muscle and lumbar paraspins,
convey to the SNC, restoring motor-sensor
integration. ™

Even in the absence of spasticity, it has been
seen that focused vibration has positive
effects on postural control and balance:
Spina et al involved 20 patients with MS,
dividing them into an experimental group
and a sham. The device used was applied for
one hour per day for 5 days a week x 3
weeks with interruption on the 4th and 7th
days. The point of application varies
depending on the prevalent disorder. Only
the experimental group has reported
improvements in the dynamic evaluation of
the path. Another encouraging factor is the
significance of fatigue severity scale (FSS),
patient-related improvement resulting from
efficacy of therapy % and by interference
between proprioceptive circuits, stimulated
%y vibration, and central circuits of fatigue.

The doubts about this study concern the lack
of a standardized protocol and well-defined,
as well as the small number of patients.

4. Parkinson

Parkinson's  disease results from the
degeneration of the dopaminergic cells of the
compacts pars of SOmmering substantia
nigra but also of other nuclei of the trunk of
the brain and of the temporal, limbic and
frontal cortex. The biochemical consequence
is the functional denervation of the striatum,
the main synaptic projection of neurons of
the pars compacta of the substantia nigra.
The disorders develop when the levels of
dopamine in the striatum are reduced to 50-
70% of normal, and the pharmacological re-
establishment of dopaminergic transmission
Is the basis for the symptomatic treatment of
the disease.

The cardinal signs of Parkinson's disease
include resting tremor, rigidity, bradykinesia,
and postural instability.
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Vibration can be useful in treating these
clinical manifestations.

In particular, it is seen that the vibration
applied on key ditretti, such as paraspinal
lumbar, quadriceps and erector spinae,
influence the Ien%th of the step and the
walking speed. **'*

Benefits not to be neglected are
neuromuscular activation and metabolic
mechanisms that are activated by WBV
acting on bone and skeletal muscle, giving
greater strength and resilience, and the
proprioceptive stimulus following pathways
that do not intercept the base ganglia, thus
improving Postural stability and walking
followed by neuronal circuits not affected by
the disease.®

In addition, a rehabilitation program based
on vibratory stimulation, is a valuable tool
for corticalizzare the gait cycle, which is
compromised in Parkinson's.

Based on this background knowledge,
studies in recent literature do not show any
significant effects of whole body vibration
(WBV) comparisons with placebo or other
active treatments, with results regarding
highly variable balance and mobility.

In fact, the effects of WBV diminish as the
distance from the contact area increases,
failing to reach high values except with the
potential for harmful effects in particular of
the joints and spine.’

Kaut et al. in a study of 2015 *® reported
positive effects induced by WBYV, in
particular, it shows significant improvement
in-the postural stability for the group
subjected to the experimental protocol. Even
the comparative analysis of the results
reported in the 2 groups, experimental and
sham, is significant with respect to this data.
Other parameters (tremor, stiffness, bradycin)
evaluated at zero time and after therapy are
improved, but not significantly. In this study
it is specified that the positive effects of
WBYV derive from the type of generation of
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vibration, which is stochastic (nonsinusoidal,
random) vibratory (SRT). The next step will
be to evaluate, with fMRI, whether in
Parkinson's patients are activated and
enhanced by SRT, vicarious circuits that
have been found to be more active in these
patients according to cerebral blood flow
studies with PET,'® whereas, Kaut, in a
preliminary study with fMRI, has noticed an
activation of circuits involved in the control
of posture and gait in young healthy subjects
undergoing SRT.”

Studies are in progress on the effectiveness
of a new device that, thanks to heat emitted
by the skin, converts the thermal energy into
mechanical  vibrational  energy, self-
producing a continuous micromotion. Since
the posture is influenced by proprioceptive
information and that vibration can convey
this type of stimulus, Fox et al., have set up a
study randomizing patients with Parkinson's
disease in two groups, an experimental and a
sham ones. They applied specific devices on
the 7th cervical vertebra and on both tendons
of the soleus muscle, in agreement with
previous studies on the variations of the
center of pressure-induced vibration of
paraspinal muscles.?* Patients in the
experimental group showed significant and
lasting results with regard to the rate of falls
both at T1 (end of treatment) and T2 (2
months after the end of treatment), as well as
a significant reduction in the oscillation area,
which is correlated with the reduction of the
rate of falls.??

It is thus confirmed the effectiveness of the
vibration, in particular focused, but also the
stochastic type WBV and integrated with
other therapeutic interventions, can play an
important role in improving the quality of
life of patients diagnosed with PD,
especially reducing the risk of falls.

5. Spinal Cord Injury

For this type of neurological deficit, there
are many studies that seek to evaluate the
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effect that can have vibration therapy or its
combination with electrical stimulation on
different aspects subsequent to the Spinal
Cord Injury (SCI). Among the studies of the
last 36 months on murine models we see that
Minematsu et al. examining the effects of
WBYV on bone mass and bone trabecular
microarchitecture, showing that bone loss
occurs rapidly enough after SCI and that, by
intervening early (8 days After surgery) with
WBYV at a frequency of 25 Hz, this effect,
mainly due to bone resorption, can be
attenuated.?

This benefit was also confirmed in another
study in which rats were subjected to 2 daily
sessions of 15 ' at a frequency of 40 Hz of
WBYV, five times a week for 35 days:
biochemical levels of osteocalcin, changes in
gene expression, show a reduction in
osteoclastogenesis and a contemporary
increase in osteoblastic activity that contrast
bone mass loss.**

As regards, instead, the hypotrophy that
follows to SCI in murine model, the results
of the WBV did not reach significance
neither when applied individually, nor even
if compared with electrostimulation.?* %

In contrast with studies rats, in humans,
WBYV does not seem to produce any desired
anti-osteoporotic  effects. Two different
studies, one including 9 patients with
complete paraplegia, who underwent 20
minutes per day, 5 days a week for 6 months
of WBV at a frequency of 34 Hz, % and
another based on 42 subjects with complete
SCI, that were subjected to WBV at a
frequency of 30 Hz 3 times a week for 12
months,?’ no statistically significant results
were found in both cases on the efficacy of
WBY in preventing bone mass reduction.

For the hypotrophy resulting from SCI,
recent studies available about WBV are as
always discordant: studies by Alizadeh-
Meghrazi et al, Bosveld et al, which show
WBYV positive results on muscular activation

assessed with surface EMG,® 2 are
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afterwards questioned in a systematic review
by Qiaodan Ji et al., that consider the
evidences insufficient and therefore the
effectiveness of this therapeutic approach in
SClI patients.*

In this review was not considered a study by
De Silva et al, in which 15 patients with SCI
underwent to 5 session of 30 ' at a frequency
of 30 Hz with SCI. The results of muscle
activation are significant and encourage
further research about the application of
WBV in the rehabilitation protocols of
patients with this nervous damage.** An
interesting study associates chronic WBV
(12 weeks) with electrostimulation and
evaluates several parameters that return
statistically significant results. In particular,
this associated therapy is able to increase
blood flow to the limbs, preserve bone
density, prevent muscle deterioration.®
Regarding focused vibration, Gomes-
Olman's study conducted on 24 subjects who
underwent both median nerve stimulation
and focused vibration on the tendon flexion
of the fingers, yielded significant results in
the hand function and pinch force.*

Even Backus et al identified improvements
of the hand strength and range of motion
with focused vibration (2 or 3 session per
week of 20 'to 60 Hz for a total of 25
sessions) on antagonist muscles during
robot-assisted movements.**

For this kind of neurological deficit, studies
continue to be promising but also with poor
validity. It should enlist an increasing
number of patients and standardize
therapeutic protocols and outcome measures
in order to have a satisfactory sample for
statistical analysis.

6. Stroke

Another important disabling condition of
neurological origin is stroke, estimated in
2010 to be the second most common cause
of death and the third leading cause of
disability-adjusted life-years (DALY). *°
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Current life expectancy in stroke patients is
good and this is a reason for maintaining and
increasing residual functionality. A further
boost was given by the existence of
neuroplasticity.*®

Confirmed by several studies that have
paved the way for a new type of

rehabilitation: the one based on neuroscience.

Several studies have tested the efficacy of
WBV in reducing disability in stroke
patients and the effect on different targets,
such as balance, muscle activity, spasticity.

For muscle activity Liao et al involved 45
patients with chronic stroke randomising
them into 3 groups, including 1 sham, 1 low
intensity WBV (20Hz) and one medium-high
intensity WBV (30Hz) while performing
different exercises, monitoring with surface
EMG activity of vastus lateralis and
gastrocnemius both of the paretic and non-
paretic limbs. The results showed a
significant increase in both paretic and
nonparetic activity, at low intensity WBV
and medium-high intensity WBV.*’

Instead, the study of Silva et al. does not
report equally satisfactory results relating to
muscle attivizione documented with surface
EMG with a protocol that provides WBYV at
a high intensity frequency of 50 Hz in 33
subjects with  post-stroke hemiparesis.
Probably these results are due to the fatigue
that is not evaluated in the study. %

An interesting review put together 8 trials
for a total of 271 participants and evaluated
the effects of WBV on balance, gait
performance, and mobility in stroke patients.
Although there are several limitations, such
as different types of vibratory stimulation,
insufficient number of trials, different start
of stroke therapy, the authors conclude that
there is insufficient evidence to support
WBYV efficacy in stroke.*

Alternative to WBYV is focused vibration,
which in the field of neurorehabilitation is
widely used with satisfactory results.
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In contrast to the results of the WBY,
focused vibration can induce muscle
activation as seen by Paoloni et al. in a study
conducted on 22 patients with chronic stroke,
randomized into 2 groups, experimental and
control ones.

Both  groups undergo  conventional
physiotherapy 5 times a week for 2 weeks;
the experimental group also received a
session of 30’ of focused vibration at 120 Hz
on brachial biceps and flexor carpi ulnaris.
Muscle activity, registered with surface
EMG, revealed an improvement in pre-
activation in the group undergoing focused
vibration and also a reduction in co-
contraction index values (CCl), “° this
probably reflects the data present in
literature about plastic remodeling of SNC
stimulated by vibration, that improves
finalized movement.*!

A significant effect in neurorehabilitation of
stroke is the reduction of spasticity that can
be favored by the focused vibration as
evidenced by Etoh et al in a study involving
33 patients in repetitive exercise facilitation,
assisting  therapeutic intervention  with
electrical stimulation (NMES) or vibratory
(DAVS) or transcranial magnetic stimulation
(rTMS) or with a combination of all 3 types
of stimulation (rTMS + DAVS + NMES).
The best results from a clinical point of view
of the function were obtained with NMES
and DAVS after 4 weeks of therapy.
Specifically, DAVS conducted at 91 Hz on
elbow and wrist flexors, improves the
function of the impaired upper limb in stroke
patients, reducing spasticity.*?

The efficacy of focused vibration in patients
with stroke diagnosis was further confirmed
by a study in which 18 patients were
randomized into 3 groups, of which 1 were
subject only to conventional physiotherapy,
1 to conventional physiotherapy and focused
vibration, 1 to focused vibration and
progressive modular rebalancing (RMP).
Focused vibration was applied with a
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transducer placed perpendicular to the
tendon insertion of the pectoralis minor and
brachial biceps muscles simultaneously
treated, and flexor carpis treated in a second
session on the same day. For each district,
were delivered 3 separate sessions of 10’
separated by 1' of rest, at a frequency of 100
Hz, for 3 consecutive days. The best results
in terms of WoIf Motor Function Test
(WMFT) and motricity index (MI) are better
in focused vibration groups, especially when
it is associated with RMP probably also for
the clear pain reduction evaluated with
visual analog scales (VAS).*

Therapy recently introduced in the treatment
of spasticity that may arise from stroke, is
injection of botulinum toxin. A study
conducted in Italy on 44 patients randomized
in 2 groups, of which one subjected only to
botulinum toxin injection according to the
guidelines, and one subjected to
electrostimulation and focused vibration
therapy at a frequency of 120 Hz applied to
the spastic muscle (2 sessions per week for 3
months in total). It has been shown that
integrated  intervention  with  focused
vibration can prolong the effects of single
drug therapy, can improve spasticity
individually and may also modulate painful
sensation.*!

In another study, 30 patients with upper limb
spasticity post-stroke were randomized into
2 groups of whom one sham and one
experimental. The last one received 100 Hz
focalized vibration on brachial triceps. The
results are statistically significant and
therefore the focused vibration is a non-
pharmacological and non-invasive
therapeutic approach that can reduce
spasticity.*®

7. Conclusions

Vibration has over time gained an important
role in physical and rehabilitative medicine.
With the current possibility to use various
vibration modality and frequency and with
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the new evidence in the literature, it is clear
that it is becoming an important tool also in
the field of neurorabilitation.

At present however, further studies are
needed on larger samples of patients with
uniform protocols.
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