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Abstract: Background: In Parkinson’s disease (PD), gait disorders lead to increased risk of falls and patients
reduced participation and independence. Several observations suggest that a single session of focal muscle
vibration (fMV) applied to trunk or lower limb muscles during gait may improve several gait variables in
patients with PD. The possible long-term beneficial effects of repetitive sessions of fMV (r-fMV) on gait of
patients with PD have been investigated.

Methods: A randomized, controlled trial study has been conducted in an outpatient rehabilitation department.
Twenty patients with PD diagnosis have been randomized in two groups: “real” or “sham” r-fMV application to
quadriceps and paraspinal muscles in patients with PD. Gait was evaluated with objective gait analysis, and a
number of variables, including velocity, step length, stride length, percentage of stance, double support
duration, cadence, swing velocity, and step width, have been measured. Gait analysis was performed before
and 24 hours and 1 and 3 weeks after r-fMV.

Results: After real, but not sham, r-fMV, patients with PD had significant gait improvement as a result of
increased walking velocity and stride length. The r-fMV-induced beneficial after effects lasted at least 1 week
after the end of stimulation.

Conclusions: Data emerging from our pilot randomized, controlled trial study suggest that r-fMV may improve
gait disorders in patients with PD. r-fMV might be a feasible, safe approach for possibly improving gait
disorders in patients with PD and might enhance the impact of specific rehabilitation programs in PD.

In Parkinson’s disease (PD), motor symptoms include specific start or continue locomotion.” In PD, gait disorders overall

gait disorders that, in more advanced stages of the disease,
progressively worsen and become poorly responsive to
dopaminergic treatments, therefore representing a major clinical
challenge.! Experimental studies with gait analysis (GA) have
demonstrated that patients with PD manifest slowness of walk-
ing,2 reduced stride length,3 and decreased cadence, often
accompanied by the tendency toward a longer duration in the
double-support phase.* In PD, gait disorders may also include
freezing of gait (FOG), which is characterized by brief paroxys-
mal events during which a parkinsonian patient is unable to

crucially lead to patients’ reduced participation and indepen-
dence and increased risk of falls.®

Several previous studies have tried to improve gait disorders
in PD by applying various types of sensory cues during gait,7
following the well-known observation that externally given
sensory cues improve overall motor control in PD.”” Among
the various experimental strategies, a previous study applied a
brief period of focal muscle vibration (fMV), delivered during
gait over specific trunk or lower-limb muscles, and found that
fMV induces short-term improvement in step length and gait
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abnormalities in patients with PD.'"" However, the previous
studies overall have failed to induce long-term improvement of
gait disorders in patients with PD, thus making the previous
strategies unhelpful for neurorehabilitative purposes in PD.

To induce long-term improvement of gait disorders in PD, a
new experimental approach might be to apply plasticity-indu-
cing protocols able to induce long-term changes in central
nervous system (CNS) function. A number of plasticity-indu-
cing protocols consisting of repetitive sensory stimulation'' ™"
are now available, including those involving repetitive fMV
(-fMV)."*'®> In a double-blind, randomized, controlled trial
(RCT) in healthy subjects, rtMV has been applied for 3 consec-
utive days and researchers demonstrated that r-fMV elicits long-
term improvement of stance control and muscle performance.'®

No studies have previously investigated the possible r-fMV-
induced long-term beneficial changes on gait disorders in patients
with PD, with an RCT designed to test a number of kinetic/
kinematic gait parameters. In addition, none has clarified
whether r-fMV can be helpful for rehabilitative purposes in PD.

In this pilot RCT study in a small cohort of patients with
PD, we investigated the effect of “real” or “sham” r-fMV
applied to both quadriceps and paraspinal muscles on a large
number of kinetic/kinematic gait parameters (velocity, step
length, stride length, stance, double support, cadence, step
width, and swing velocity).

Materials and Methods
Subjects

The study was conducted on 20 patients with PD (8 men and
12 women; mean age: 64.85 £ 8.74 years) enrolled at San Raf-
facle Cassino Rehabilitation Institute (Cassino, Italy). PD diag-
nosis was made according to the UK Brain Bank Criteria.'” All
patients were clinically evaluated before participating in the
experimental session when in the on state of therapy. Motor
signs were scored using the motor section of the UPDRS' and
the H & Y scale."” Patients had no motor fluctuations and
dyskinesias, and thus patients were considered “stable respon-
ders” to levodopa. Cognitive function was evaluated using the
Mini-Mental State Evaluation (MMSE).> The patients enrolled
had no dementia or other neuropsychiatric disorders, including
depression. None of the patients with PD had any type of FOG

TABLE 1 Clinical features of PD patients

when in the off or on state of therapy. Clinical characteristics of
patients are shown in Table 1. 1-dopa equivalent daily dose
(mg; LEDD) was calculated for each patient according to the
criteria of Hobson et al. (2002).

The study was designed according to the Declaration of’
Helsinki (1964) and was approved by the local ethics commit-
tee. All study participants provided informed consent.

Intervention

r-FMV was delivered by using a specific device consisting of an
electromechanical transducer, a mechanical support, and an
electronic control device (Cro System; Nemoco SRL, Rome,
Italy). The mechanical support allowed the orientation, posi-
tioning, and rigid fixation of the transducer in every direction
relative to the individual’s body. The transducer was positioned
bilaterally on the quadriceps tendon close to the rectus femoris
insertion at approximately 2 cm from the medial edge of the
patella and on the lumbar paraspinal muscles (Fig. 1). In a single
experimental session, each participant received r-FMV over the

16
> and

quadriceps muscles first to improve muscle performance
then also over the lumbar paraspinal muscles in order to orient
the body tilt and the spine stability.>" For each muscle group
(quadriceps and lumbar paraspinal muscles), r-FMV was applied
for three sessions of 10 minutes each, with an intersession inter-
val of 1 minute (total time of r—-FMV application: 60 minutes).
The same protocol was repeated for 3 consecutive days in order
to elicit “cumulative after eftects” and according to previously

1022724 The mechanical support for deliver-

reported techniques.
ing r-FMV allowed the compression of soft tissues overlying the
muscle-tendon complex with low amplitude (200-500 pm) and
high frequency (100-Hz) sinusoidal displacement and thus well
below the threshold for perceiving illusory movements and for

eliciting the tonic vibration reflex (TVR).!*132%2¢

Experimental design

We used a single-blind, parallel-group study design. Patients
were selected by block randomization (Random Allocation
Software, a free share software) into two groups: the study
group (SG; 10 patients) and the control group (CG; 10
patients). Patients in the SG received real r-fMV, whereas the
CG underwent sham r-fMV. We evaluated all patients in the

Study Group (n = 9) Control Group (n = 8) P Value

Median Range Median Range
Age (years) 67 + 7.96 53-74 65.5 + 9.85 48-79 0.74
Disease duration (years) 8.0 + 5.57 3.0-12.0 7.5+ 3.70 4.0-12.0 0.69
H&Y 3+ 0.45 2-3 2.5+0.39 2-3 0.11
UPDRS 20 £ 5.54 15-31 22.5 £ 5.49 12-29 0.90
MMSE 27.5 £1.72 25-30 29.5 £ 1.61 26-30 0.14
LEDD (mg/day) 740 £ 53.75 580-750 690 + 116.14 580-800 0.64

Data 4aore expressed as median and range (min-max). Note that LEDD (mg) was calculated for each patient according to the criteria of Hobson
et al.
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Figure 1 fMV device and its application setting to the quadriceps muscles and to the paraspinal lumbar muscles.

best clinical state in the morning, 1.5 hours after dopaminergic
drug administration. During real or sham r-fMV, the partici-
pants were first asked to lie supine to treat the quadriceps and
then prone during the application of r-fMV in the lumbar para-
spinal muscles. During the application on the quadriceps,
patients were asked to perform an isometric muscle contraction
to keep the popliteal cavum in contact with the bed, while the
assessors controlled the presence of muscle contraction through-

out the r-fMV application.'®*

For the lumbar application, no
muscle activation was required (real session).?! In the CG (sham
r-fMV), the vibrator was positioned close to the skin, but with-
out touching the skin surface, in order to avoid the possible
influence mediated by the cutaneous mechanoreceptor. In this
condition, the patients did not refer any local sensation and

were subjected only to the faint buzzing sound of the vibrator.

GA

In order to evaluate the effect of r-fMV on gait in PD, a GA
evaluation was done before r-fMV (T0) and 24 hours (T1),
1 week (T2), and 3 weeks (T3) after the last session of r-fMV.
The complete evaluation consisted of clinical examination and
three-dimensional//3D GA. All patients were evaluated instru-
mentally using an optoelectronic system with passive markers
(ELITE2002; BTS, Milan, Italy) with a sampling rate of
100 Hz and two television camera video systems (BTS, Italy)
synchronized with the system and the platforms for video
recording. To evaluate the kinematics of each body segment,
passive markers were positioned on the participants’ body, as
described by Davis.”” Participants were asked to walk barefoot
at their own natural pace (self-selected and comfortable speed)
along a walkway (10 m long) where the two force platforms
were placed. At least six trials were collected for each individual
in order to ensure the consistency of the data. All the acquisi-
tions were acquired by the same operator with experience, to
assure reproducibility of the acquisition technique and avoid the
introduction of errors resulting from different operators. In
addition, the investigator performing the GA evaluation was
blind to the type of fMV (real or sham).

All graphs obtained from GA were normalized as percent
of gait cycle, and kinetic data were normalized for individual
body weight. In order to define the gait pattern of patients
with PD before and after r-fMV therapy in the SG and in
the CG, the following spatiotemporal parameters were evalu-
ated:

Velocity (m/s): mean velocity of progression;

Step length (m): longitudinal distance from one foot that
moves forward in front of the other one;

Stride length (m): average distance between two successive
placements of the same foot. It consists of two-steps length,
left and right;

% stance (as percent of the gait cycle): duration of the stance
phase;

Double support (as percent of the gait cycle): period of the gait
cycle when both feet are on the ground;

Cadence (step/min): number of steps for time

Step width (m): mediolateral distance between the two feet
during double support;

Swing velocity (m/s): velocity during the swing phase.

Physiotherapy program

All patients with PD underwent a standardized physiotherapy
program (1 hour session/day, 3 days/week, 12 weeks in total).
The physiotherapy program was carefully designed to improve
gait, balance, and posture, increase the patient physical capac-
ity and, more specifically, the upper-limb function, and
finally, maximize the functional ability and minimize sec-
ondary complications in all patients. All the physical therapists
contributing to the physiotherapy program received specific
instructions to ensure uniformity in the treatment procedures
and were blind to the type of fMV (real or sham). All
patients received real or sham fMV in the early phase of the
physiotherapy program (within 1 month from physiotherapy
onset). Physiotherapy was stopped during the week in which
patients underwent gait analysis and received real or sham
fMV.
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Statistical analysis

Normality assumption was tested using the skewness and kurto-
sis statistics and the normal probability plot. The statistical anal-
ysis of the continuous variables was conducted calculating
median and range (min-max), because these variables were not
normally distributed.

Mann-Whitney’s U test was used to compare SG and CG at
the TO session.

Friedman’s test for paired data was used to evaluate difterence
between T1 and TO, T2 and TO0, and T3 to TO in the SG and
CG for all the spatiotemporal parameters, separately. Wilcoxon’s
signed-rank test was used in the post-hoc analysis. Statistical
significance was set at P < 0.05. The analysis was carried out

Assessment for eligibility (n=26)

Not Elegible/Exluded (n=5)

Refuse to partecipate (n=1)

Enrollment
(20)

rMV Therapy
(10)

A 4

Lost to follow
up n=0

T1

Analized n=10

A 4

Lost to follow
up n=0

T2

Analized n=10

l

Lost to follow
up n=1

T3

Analized n=9

Figure 2 Trial profile.
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using SPSS software (version 19.0; SPSS, Inc., Chicago, IL).
The presentation of the study is in accord with the
CONSORT Statement.”*

Results

None of the patients showed any side effects. The two groups
of patients with PD receiving real or sham r-fMV respectively
were comparable in terms of mean age and disease duration and
had similar UDPRS, H & Y, and MMSE scores. None of the
patients experienced side effects during or after the experimental
intervention. Three patients dropped out at the follow-up after
3 weeks for reasons not strictly related to the study (i.e., side
effects) and therefore were not included in the analysis. The
flow diagram of participants (trial profile) is shown in Figure 2.

In terms of the spatiotemporal parameters, no statistical differ-
ences were found at TO session between the two groups of
patients with PD (P > 0.05).

In the group receiving real r-fMV, Friedman’s test showed
that velocity increases significantly at T1 (P = 0.036) and T2
(P = 0.02) and there was also a trend for increase velocity at T3
(P = 0.058; Fig. 3A). In addition, Friedman’s test showed that
stride length also increased at T1 (P = 0.021), T2 (P = 0.008),

A Mean Velocity
=i~ Real -@=Sham

% 110

100

%0 TIME
8

B Stride Lenght

—i—Real —@-Sham

120

110

60 TIME

Figure 3 Percentage of variation of velocity (A) and stride
length (B) at T1, T2, and T3 compared to the baseline TO in
the real and in the sham group (error base indicates the
standard error).

and T3 (P = 0.025; Fig. 3B). Finally, step length increased at
T1 (P=0.022), T2 (P=0.001), and T3 (P=0.025), and
swing velocity improved at T1 (P = 0.006), T2 (P = 0.005),
and T3 (P = 0.049). Conversely, the remaining gait variables
(step width cadence, stance time, and double support) remained
unchanged at the three time points considered (Table 2).

By contrast, in the group receiving sham r-fMV, Friedman’s
test showed no significant differences in all the gait variables
considered here (Table 2).

Discussion

In this pilot RCT study, we found that real, but not sham, r-
fMV leads to beneficial long-term changes on gait disorders in
patients with PD.

We excluded several confounding factors possibly affecting
the responses to r-fMV in patients with PD. Patients receiving
sham r-fMV had comparable clinical features compared to
patients treated with real r-fMV, thus excluding baseline differ-
ences in the two groups. All experimental sessions took place at
a comparable daytime, and all patients were tested at their best
clinical state in the morning. The experimental procedures used
during GA lasted for around 30 minutes, thus unlikely leading

to fatigue in patients with PD.?%°

None of the patients had
clinically evident motor fluctuations, dyskinesias, or any type of
FOG, thus excluding confounding factors from motor fluctua-
tions and FOG-related interference on gait variables.”' Given
that MV was delivered below the threshold for eliciting the
TVR,"™*1>32¢ we also excluded possible confounding factors
from TVR-related mechanisms. After r-fMV, gait disorders in
PD might have improved merely reflecting a “placebo effect.”
It is known that placebo effect is particularly relevant in patients
with PD.*> This hypothesis, however, seems very unlikely
because in our RCT study, the real and sham r-fMV were
applied randomly in patients with PD, thus excluding the
placebo effect. The observation of comparable stride lengths in
the real and sham groups at TO make the hypothesis that
differences in baseline stride length would have contributed to
r-fMV-induced gait improvement in the real group very unli-
kely. Finally, because all physiotherapists contributing to the
physiotherapy program were blind to the type of r-fMV (real or
sham), all patients received real or sham r-fMV in the early
phase of the physiotherapy program and, finally, physiotherapy
was stopped during the week in which patients underwent GA
and received real or sham r-fMV, we can exclude confounding
resulting from a possible interference of physiotherapy on the
r-fMV-induced influence on gait.

The main finding in this study is that in PD, real r-fMV led
to significant improvement of gait owing to increased walking
velocity and stride length. These findings are in line with the
previous observation of De Nunzio et al.,'” who found that
fMV applied during gait increased walking velocity and stride
length in patients with PD." Differently from the previous
study of De Nunzio et al.,'” we now report that r-fMV
induced gait improvement in PD after the end of intervention,
possibly owing to differences in the specific MV protocol. It is

doi:10.1002/mdc3.12323
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difficult to clarify through which physiological mechanisms
r-fMV improved gait in PD. A possible mechanism includes the
ability of r-fMV to modify sensory afferent inputs to the CNS.
fMV is currently thought to operate by inducing sensory affer-
ent inputs to the CNS through specific activation of primary

14,16,22
muscle

spindle endings. A first hypothesis possibly
explaining the r-fMV-induced gait improvement in patients
with PD concerns the possible beneficial effect of real r-fMV
on lower-limb rigidity. An increased reciprocal inhibition
between agonist and antagonist muscles and a reduction in Ib
tendon inhibition of the H-reflex are currently considered
important mechanisms underlying the pathophysiology of
rigidity in PD.>*?* In the present study, however, patients had
comparable UPDRS subscores for lower-limb rigidity, before
and after each r-fMV session, thus making very unlikely the
hypothesis that r-fMV improves gait in PD only by decreasing
lower-limb rigidity. In patients with PD, increasing evidence

suggests that motor symptoms, including gait disorders, reflect

altered sensorimotor integration processes. Sensorimotor inte-
gration includes physiological processes linking sensory inputs to
motor output to produce accurate motor control.”®> >’ Early
movement studies have shown that motor performance worsens
in PD, particularly when patients perform simultaneous and
sequential movements. In addition, patients with PD have
impaired motor execution that, compared to healthy subjects,
worsen dramatically when no external sensory cues are pro-
vided.>” Overall these findings may suggest the hypothesis of
impaired sensorimotor integration as a pathophysiological mech-
anism contributing to motor symptoms in PD.%? We therefore
speculate that r-fMV might improve gait by inducing sensory
afferent inputs to the CNS able to improve the functional acti-
vation of neuronal generators responsible for locomotion in the
CNS, through restored sensorimotor integration. This hypothe-
sis agrees with recent experimental studies with epidural electri-
cal stimulation of the spinal cord (SCS) in an animal model of
PD. Fuentes et al.®® have demonstrated that SCS improves

TABLE 2 Spatiotemporal parameters in the study and in the control group

Spatiotemporal

Study Group (n = 9)

Control Group (n = 8)

Parameters Median (Range) Median (Range)

Velocity (m/s) T@ 0.63 (9.5071.03)’: 0.88 (0.37-1.20)
Velocity (m/s) T1 0.80 (0.50-1.30) 0.90 (0.30-1.20)
Velocity (m/s) T2 0.83 (0.60-1.07) 0.83 (0.50-1.17)
Velocity (m/s) T3 0.73 (0.50-1.17) 0.90 (0.60-1.17)
Step length (m) TO 0.41 (e.zsfe.ss)j 0.49 (0.31-0.61)
Step length (m) T1 0.44 (0.25-0.66), 0.50 (0.40-0.61)
Step length (m) T2 0.46 (0.38-0.65) 0.49 (0.33-0.58)
Step length (m) T3 0.44 (0.28-0.59) 0.49 (0.36-9.57)
Stride length (m) T@ 0.80 (0.581.15). 0.99 (0.91-1.08)
Stride length (m) T1 0.84 (0.66-1.30), 0.96 (0.89-1.13)
Stride length (m) T2 0.86 (0.78-1.26) 1.02 (0.86-1.16)
Stride length (m) T3 0.87 (0.64-1.17) 0.96 (0.81-1.08)
Swing velocity (m/s) T@ 1.79 (1.20—2.73): 2.14 (1.10-2.70)
Swing velocity (m/s) T1 1.95 (1.43-3.10), 2.20 (1.67-2.80)
Swing velocity (m/s) T2 1.97 (1.53-2.53) 2.21 (1.43-2.73)
Swing velocity (m/s) T3 1.90 (1.27-2.80) 2.21 (1.53-2.73)
Step width (m) To 0.17 (0.13-0.19) 0.17 (0.14-0.22)
Step width (m) T1 0.17 (0.15-0.19) 0.17 (0.14-9.25)
Step width (m) T2 0.16 (0.15-0.19) 0.17 (0.14-9.22)
Step width (m) T3 0.17 (0.15-0.19) 0.18 (0.14-0.21)

Cadence (step/min) TO
Cadence (step/min) T1
Cadence (step/min) T2
Cadence (step/min) T3

104.88 (82.20-114.67)
103.61 (88.03-120.33)
107.58 (90.40-124.40)
107.63 (84.00-119.37)

106.00 (70.80-121.23)
107.05 (75.37-118.57)
107.53 (80.30-126.60)
110.88 (90.83-122.97)

Stance time (%gc) T0 61.61 (56.03-65.17) 61.25 (57.37-69.23)
Stance time (%gc) T1 60.67 (56.10-66.40) 60.16 (57.57-62.77)
Stance time (%gc) T2 60.70 (57.13-65.63) 60.65 (57.57-63.77)
Stance time (%gc) T3 61.13 (55.97-66.27) 60.70 (56.87-64.07)
Double support (%gc) To 11.92 (8.57-14.34) 10.31 (9.05-17.32)
Double support (%gc) T1 10.41 (7.73-15.03) 10.11 (8.98-12.65)
Double support (%gc) T2 11.22 (8.97-13.55) 11.18 (8.90-11.93)
Double support (%gc) T3 10.89 (8.73-16.6) 11.08 (9.25-12.28)

pata are expressed as median and range (min-max).
denotes P < 0.05.
%gc, percent gait cycle.
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locomotion in 6-OHDA animal models of PD.>® Given that
SCS consists of a minimally invasive method able to activate
superficial fibers of the dorsal columns, and, in turn, ascending
pathways in the CNS, it is likely that, in animal models of PD,
SCS improves locomotion through restored sensorimotor inte-
gration processes.”® Although SCS-induced gait improvement
has not been replicated in a previous pilot study in a small
cohort of patients with PD,* future studies in larger cohorts of
patients will clarify whether SCS might help in improving loco-
motion in PD. Finally, although physiological mechanisms acti-
vated by SCS in a PD animal model differ from those
responsible for r-fMV-induced improvement in gait in patients
with PD, we conjecture that both techniques (SCS and r-fMV)
might operate by inducing changes in sensory afferent inputs to
neuronal generators responsible for locomotion and posture in
the CNS and thus through restored sensorimotor integration.

It is hard to explain which cortical or subcortical structure
activated by r-fMV is responsible for the gait improvement
observed here in patients with PD. In healthy subjects, locomo-
tion is thought to reflect the activation of a complex network
including several neuronal structures at cortical (primary motor
and nonprimary motor areas), basal ganglia, brainstem (including
the pedunculopontine nucleus), and spinal level."*>7 Several
lines of evidence suggest that r-fMV induces changes in sensori-
motor organization at multiple levels of the CNS, including

- - 14-16,22
sensorimotor cortical areas.

Although we speculate that
in PD, the r-fMV improves locomotion in PD by possibly
restoring sensorimotor integration processes in several neuronal
generators responsible for locomotion in the CNS, the specific
CNS regions targeted by r-fMV and responsible for r-fMV-
induced improvement of locomotion in PD remain unclear.

Another important finding in this study was that the r-fMV-
induced improvement in mean velocity and stride length was
evident not only immediately after 3 days of r-fMV, but rather
lasted around 3 weeks from the intervention. To the best of
our knowledge, the present study provides the first evidence of
r-tMV-induced long-term improvement of gait observed in
PD. The observation that r-fMV improved gait for at least
1 week might reflect neuroplastic changes in the excitability of
neuronal generators responsible for locomotion in the CNS.
This hypothesis fully agrees with previous studies demonstrating
fMV-induced long-term changes in excitability of neuronal
generators in several CNS regions, including the sensorimotor
cortex and spine.'*102*

When interpreting our findings in patients with PD, several
limitations should be taken into account. The present findings
come from a pilot RCT study performed in a relatively small
cohort of PD patients with specific clinical features (stable
responders to L-dopa with no motor fluctuation, dyskinesias,
and FOG). In addition, in this study, we have not compared
gait variables, before and after f~fMV, in patients with PD and
age-matched healthy controls. This methodological limitation
does not allow to clarify whether r-fMV may improve gait
specifically in PD or rather may boost unspecifically physiologi-
cal mechanisms contributing to gait also in healthy subjects. In
our study, although the investigators performing the GA were

blind to the type of intervention (real or sham fMV), partici-
pants received no effective muscle vibration during the sham
fMV, thus not allowing us to fully exclude a placebo eftect
specifically related to the subjective sensation of skin vibration.
We have not collected a standardized clinical scale of gait
impairment possibly helpful to identify patients with different
gait disorder severity. Finally, although we suggest that mecha-
nisms of sensorimotor integration may contribute to the physio-
logical basis of r-fMV-induced gait improvement in patients
with PD, this hypothesis remains largely speculative. A final
comment is that the relatively small impact of r-fMV on gait
reported here in parkinsonian patients is far from being consid-
ered a helpful therapeutic strategy to improve gait in PD. To
this purpose, future studies with larger cohorts of healthy
subjects and patients with PD and longer sessions of r-fMV
would clarify whether r-fMV can be considered a useful non-
pharmacological strategy for improving parkinsonian gait.

Conclusions

We suggest that --FMV is a feasible, safe approach for improv-
ing gait disorders in patients with PD. The simplicity of treat-
ment, the lack of side effects, and the positive results observed
here support the recommendation to further investigate the
application of r-FMV to enhance the impact of specific rehabili-
tation programs in PD. Given the relatively small number of
patients investigated here and the limitation that researchers
were not blinded to the group assignment, future double-blind,
placebo-controlled, crossover studies in larger cohorts of
patients with PD are warranted to confirm the beneficial effect
of -FMV on gait disorders.
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