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Abstract

Background: The multiple sclerosis is often associated with motor impairment and disorders of gait and balance,
which are thought to be the main causes of the worsening of quality of life and functional autonomy. Many people
with multiple sclerosis have a higher incidence of falls than healthy people, so that they risk more traumas; the lack
of movement related to the motor impairment is therefore enhanced by the fear of falls.

Aims: To assess the efficacy of the "Prokin"system, composed of balance board and visual/acoustic feedback,
associated with conventional proprioceptive training in increasing static and dynamic balance, proprioception,
coordination and functional autonomy in patients with multiple sclerosis and to compare it with conventional physical
therapy.

Methods: We enrolled 23 patients with defined SM (4 men, 19 women) divided into 2 groups (A and B).

Patients of group A (14) underwent 2 series of 10 sessions of 2-a-week proprioceptive training with Prokin
system; patients of group B (5) underwent 2 series of 10 sessions of a 3-a-week conventional balance training. Each
patient was assessed at t0 (before training), t1 (after 10 sessions) and t2 (after 20 sessions) with clinical scales for
balance control (Tinetti, Berg) and autonomy (Barthel), and with instrumental tests (stabilometry, analyzing sway
area, length of track and sway speed; and proprioceptive multiaxial assessment, exploring the Average Track Error).

Results: In group A we found statistically significant (p<0,05) differences between the mean scores of all the
clinical and instrumental assessments at t0 and at t2, in the sense of a better postural stability, cohordination and
autonomy. No significant differences were found from t0 to t2 in group B. Conclusions: Our study showed that this
new kind of proprioceptive training (Prokin) is more able to ameliorate balance, motor performance and global
autonomy in patients with multiple sclerosis than conventional therapy. This allows the patients to move themselves
and walk with more safety, preventing falls and traumatic events.

Keywords Multiple sclerosis; Balance disorders; Proprioception;
Rehabilitation

Introduction
Multiple sclerosis (MS) is a chronic progressive disorder of the

central nervous system which affects a large number of neurologic
functions (cognitive function, visual function, muscular strength and
tone, sensitivity and coohordination) [1]. The motor symptoms of MS
like fine alterations of the balance and of the gait [2] are considered the
main responsibles for the worsening of the quality of life and of
independence, overall in patients with recent diagnosis, who are still
free from clinical disability [3,4]. Disorders of balance and underlying
functions are common in persons with MS [5-10]. A recent review
about the postural control in MS showed the presence of a balance
impairment characterized from wider sways in standing position, a
delay in the reactions of re-balancing, and a reduced ability to move
over the limits of stability [11]. Many people with MS have frequent
falls [12,13], fear to fall [14], and increased risk of injuries after falls
[15,16].

According to the World Health Organization (WHO) and the
International Classification of Functioning, Disability and Health
(ICF), the balance is defined as "modifications and maintaining the
position of the body" [2]. The maintainance of the standing position
and the balance require the integration of different sensitive and
motor inputs (visual, vestibular, proprioceptive) in order to generate
cohordinated movements which hold the centre of pressure within the
limits of stability [17,18]. The balance is a complex function which
depends upon peripheral esteroceptive and proprioceptive inputs,
integration and processing of these at a central level (brain and
cerebellum) and a correct motor output, which also comes from
mechanisms of feedback, mainly for static balance, and feedforward,
mainly for dynamic balance.

In the last years many different therapeutic approaches were
proposed for balance training [18,19], including a strategy of motor
and multisensorial training, endurance training, aerobic exercise, but
only in a few cases the training is based on giving inputs to both visual
and somato-sensitive and vestibular systems, which are often altered in
persons with multiple sclerosis.
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Classically patients with MS were suggested to limit their levels of
physical activity, in order to prevent the phenomenon of the central
fatigue, but recent studies evidenced the benefits of exercise [20-24]
without any described adverse reactions [20,25-28]. The controlled
physical activity was shown to be related to better mobility, gait,
muscular strength and fitness [1,9-29]. In a review, regular therapeutic
exercise was associated with a little better quality of life in people with
MS [30]. Other benefits may include less faticability, reduced
depression and anxiety [29,31]; besides an early treatment can
contribute to slow or prevent the worsening of the physical disability
[32-34]. However people with multiple sclerosis typically do less
physical activity compared to general population [21,23,35], and this
can lead to deconditioning, sickness , reduced self-esteem, increase of
the levels of disability [23], such as risk factors like cardiovascular
diseases, obesity, diabetes and limitation of participation to common
activities and interactions with other people, fundamental for the
psychologic wellness.

A pilot study suggests that the domestic use of Nintendo Wii in
patients with MS can give advantages for the balance, through
exercises created by a commercial software, aimed to the stimulation
of proprioception [36,37].

The evidence-based techniques of rehabilitation are of great interest
for the treatment of patients affected from MS, yet nowadays we need
more information about the relationship between physical therapy and
balance disorders.

In consideration of these issues and of the fact that, in other
neurologic diseases with balance disorder like Parkinson's disease [38],
proprioceptive training was efficient in increasing the postural

stability, we proposed a particular kind of proprioceptive training in
patients with multiple sclerosis, using the Prokin system.

Aims
Our aims were to assess the efficacy of the "Prokin" system,

composed of balance board and visual/acoustic feedback, associated
with conventional proprioceptive training (PNF, Proprioceptive
Neuromuscolar Facilitation according to Kabat) in increasing static
and dynamic balance, proprioception, coordination and functional
autonomy in patients with multiple sclerosis and to compare it with
conventional physical therapy.

Materials and Methods
In the period from january 2012 till april 2014 in our ambulance of

Complex Unit of Physical Medicine and Rehabilitation at the
Policlinico of Bari the we visited 50 patients with MS from which we
excluded:

• Not defined MS diagnosis
• Patients aged > 60 or < 18
• EDSS > 6 or < 3
• MS with a progressive clinical course
• Patients with poussées
• Therapy with immunosuppressors or interpheron

So from these patients we enrolled 23 patients, from which we
randomized 14 patients for group A and 5 patients for group B.

Population Mean age Median
Age

Age Dev.
Std.

Lowest
Age

Highest
Age

Median
media

Mean
EDSS

EDSS Dev.
Std

Lowest
EDSS

Highest
EDSS

23 39,69 39 10 26 58 4,80 4,5 1,05 3 6

Sex Population Mean age Median
Age

Age Dev.
Std.

Lowest Age Highest
Age

Male 4 39,5 40,5 8,34 29 48 4,75 5 1,32 3 6

Female 19 39,73 39 10,51 26 58 4,81 4,5 1,03 3 6

Table 1: Statistical data and sampling of our patients.

Nineteen female patients, four males. The age range was 26-58
years, with a mean age of 39.69 years.

We recorded 4 drop-outs: one patient was excluded due to an
exacerbation of the disease during treatment, three others gave up the
study for personal problems.

PROKIN® system
Prokin is an advanced technology that combines classic tilting

platform connected to a monitor and speaker to create a visual and
audio feedback in response to minimal movements of the platform on
all plans; analysis and integration of on-screen tracks described by the
patient (with the movements that focus on the ankle articulation) is
realized by special software in order to generate targeted rehabilitation
paths for the areas where the proprioceptive impairment is clearer.

The same system also includes the possibility to perform a
proprioceptive multiaxial assessment.

When patient is on the tilting platform, he has to direct his
concentration on the monitor on which the tracks that are his target
should display: the patient will draw lines on the screen moving his
foots and his motor task will be to try to keep the lines drawn by the
movements of his foot as much as possible superimposed on those
already drawn by the system.

The movement of the platform is faithfully reproduced on the
screen so that the patient can see it and correct it.

The system also beeps with intensity and tone proportional to the
deviation of the track drawn by the patient from the reference path.

The control system of the balance board, consisting essentially of a
data acquiring board able to electronically translate all the minimum
angular displacements made by the board , converts each movement
into electrical signals which are then processed by a personal computer
and displayed on screen.
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The result is very useful for both the patient and the operator: the
patient may have a continuous visual feedback that allows him to
establish a comparison between what "feels" (kinesthetic level) and
what really produces.

The objective evaluation allows the rehabilitator to understand if
the patient gradually recovers the kinetic energy of motion perception.

The system is also able to store the traces obtained from the patient
and can automatically store in a personal folder, allowing, in this way,
a subsequent comparison between the paths themselves.

All patients were subjected to the time t 0 to:

• Careful history and Physiatric examination
• Rating scales:

Barthel scales (n. 10 items with a maximum score 100, investigates
the functional autonomy

Tinetti balance scale (no. 25 items, divided into two parts with
maximum score 32, explores the balance and gait)

Berg balance scale (no. 14 items with a maximum score 56,
investigates the static and dynamic balance)

• Stabilometry concerned with BPE, in particular, the registration of:

length of the ball (OA + OC) in mm

dell'elissi Area (OA + OC) in mm2

average speed of the oscillations (OA + OC) mm/s

The stabilometric examination is an integral part of Milletrix
software dedicated to baropodometry.

• Functional multiaxial proprioceptive examination by implemented
software in the Prokin

To all patients has been proposed a proprioceptive training (to
perform through the Prokin system) consisting of two series from 10
sessions each of proprioceptive training that included 2 sessions/ week,
for a total of 10 weeks. 17 of the 23 patients have accepted our
proposal became part of the experimental group (group A) and 6
refused for logistical problems or other becoming a control group
(group B).

The patients belonging to group B (now 5 because of a drop-outs)
were initiated in the normal seriess of conventional proprioceptive
training (PNF, Proprioceptive Neuromuscolar Facilitation according
to Kabat) and were tested at time t1 (after ten sessions of FKT) and at
time t2 (end of series of FKT) with:

• Rating scales: Barthel, Tinetti, Berg
• Stabilometry concerned with BPE, in particular, the registration of:

length of the track (OE+CE)

area of the ellipse (OE+CE)

average speed (OE+CE)

• Evaluation by proprioceptive multiaxial system that can detect
Prokin that show:

Average % of "errors" in the path of the proposed assessment: ATE
index (Average Track Error)

The patients belonging to group A (now 14 due to 3 drop-outs)
were initiated in conventional proprioceptive training (PNF,
Proprioceptive Neuromuscolar Facilitation according to Kabat) and

two seriess of ten sessions each of proprioceptive training system
administered by Prokin twice a week and have been tested at time t1
(after the first series) and at time t2 (at the end of the second series)
with:

• Rating scales: Barthel, Tinetti, Berg
• Stabilometry concerned with BPE, in particular, the registration of:

length of the track (OE+CE)

area of the ellipse (OE+CE)

average speed (OE+CE)

• Evaluation by proprioceptive multiaxial system that can detect
Prokin that show:

Average % of "errors" in the path of the proposed assessment: ATE
index (Average Track Error)

In each session of proprioceptive training each patient was
subjected to functional evaluation proprioceptive that has revealed:

Average % of "errors" in the path of the proposed assessment: ATE
index (Average Track Error)

The system specifies the distribution in areas where they split the
imaginary circle that represents the full ROM of the joint TT (8
sectors, each extended to 45 degrees).

On the basis of the functional profile emerged in each session of
proprioceptive training are offered to the patient:

• - 9 tracks rehabilitative distributed in 3 areas proved more
deficient (considering the most deficient in those areas that, on
average, showed the greatest number of errors ATE and the greater
variance of the force)

• - 4 tracks on circuits rehabilitation aimed at improving dexterity
and disequilibrium (proposed by the software Prokin)

The first series included the use of the limb resulted more deficient
both at the clinical evaluation (more spastic according to the Ashworth
scale modified and / or with less muscle strength according to the
MRC scale) and with the instrumental by multiaxial proprioceptive
evaluation, the second series included the other limb.

The physical therapist who performed the conventional therapy was
the same for both groups and was blinded about the use of prokin or
not. Treatment with Prokin was performed by another therapist
always the same.

All tretaments were administered in antemeridian hours
(9:00-12:00).

Results

Functional assessment by Berg, Tinetti and Barthel scale
Group A: The data obtained at time t0 and at time t2 were analyzed

using the Student t-test for paired samples and Wilcoxon test and
processed through the software of statistical StatPlus: mac 5.8.2.0
(AnalystSoft Inc.).

These comparisons showed that the differences between the
averages of evaluations at time t2 and at time t0 of the items of the
Tinetti (Chart 1), Berg (Chart 2) and Barthel scales (Chart 3) are
different in a statistically significant (p value<0.05). In particular, are
higher at time t2 (one-tailed p value<0.05).
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Chart 1: Tinetti scale score, comparison before (t0) and after
treatment ( t2) in experimental group.

Chart 2: Berg scale score, comparison before (t0) and after
treatment ( t2) in experimental group.

Chart 3: Barthel scale score, comparison before (t0) and after
treatment ( t2) in experimental group.

Group B: Even in this case, the data obtained at time t0 and at time
t2 were analyzed using the Student t-test for paired samples and
Wilcoxon test and processed through the software of statistical
processing StatPlus: mac 5.8.2.0 (AnalystSoft Inc.).

These comparisons showed that the differences between the
averages of evaluations at time t2 and at time t0 of the items of the
Tinetti (Chart 4), Berg (Chart 5) and Barthel (Chart 6) scales are not
different in a statistically significant (p value ≥ 0.05).

Chart 4: Tinetti scale score, comparison before (t0) and after
treatment ( t2) in control group.

Chart 5: Berg scale score, comparison before (t0) and after
treatment ( t2) in control group.

Chart 6: Barthel scale score, comparison before (t0) and after
treatment ( t2) in control group.

Stabilometric evaluation by BPE
Group A: The data obtained at time t0 and at time t2 were analyzed

using the Student t-test for paired samples and processed through the
software of statistical StatPlus: mac 5.8.2.0 (AnalystSoft Inc.).

These comparisons showed that the differences between the
averages of evaluations at time t2 and at time t0 of the parameters
obtained in BPE are different in a statistically significant (p value
<0.05) in both the sensitization test with open eyes and in the closed
eyes and in particular are reduced (one-tailed p value<0.05).

• Area of the ellipse (Chart 7 and 8)
• Length of the track (Chart 9 and 10)
• Average Speed (Chart 11and 12)
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Chart 7: Sway area in opened eyes mode, comparison before (t0)
and after treatment ( t2) in experimental group.

Chart 8: Sway area in closed eyes mode, comparison before (t0) and
after treatment ( t2) in experimental group.

Chart 9: Length of track in opened eyes mode, comparison before
(t0) and after treatment ( t2) in experimental group.

Chart 10: Length of track in closed eyes mode, comparison before
(t0) and after treatment ( t2) in experimental group.

Chart 11: Mean Speed in opened eyes mode, comparison before
(t0) and after treatment ( t2) in experimental group.

Chart 12: Mean Speed in closed eyes mode, comparison before (t0)
and after treatment ( t2) in experimental group.

Group B: The data obtained at time t0 and at time t2 were analyzed
using the Student t-test for paired samples and processed through the
software of statistical StatPlus: mac 5.8.2.0 (AnalystSoft Inc.).

These comparisons showed that the differences between the
averages of evaluations at time t2 and at time t0 of the parameters
obtained in BPE ellipse area (Chart 13 and 14), length ball (Chart 15
and 16), Average Speed  (Chart 17and18) are not different in a
statistically significant (p value ≥ 0.05) in both the sensitization test
with open eyes and in the eyes closed.

Chart 13: Length of track in opened eyes mode, comparison before
(t0) and after treatment ( t2) in control group.
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Chart 14: Length of track in closed eyes mode , comparison before
(t0) and after treatment ( t2) in control group.

Chart 15: Sway area in opened eyes mode , comparison before (t0)
and after treatment ( t2) in control group.

Chart 16: Sway area in closed eyes mode , comparison before (t0)
and after treatment ( t2) in control group.

Chart 17: Mean speed in opened eyes mode , comparison before
(t0) and after treatment ( t2) in control group.

Chart 18: Mean speed in closed eyes mode , comparison before (t0)
and after treatment ( t2) in control group.

Proprioceptive multiaxial assessment by the software
implemented in Prokin

The data obtained at time t0 and at time t2 were analyzed using the
Student t-test for paired samples and processed through the software
of statistical StatPlus: mac 5.8.2.0 (AnalystSoft Inc.).

These comparisons showed that the differences between the
averages of evaluations at time t2 and at time t0 of the parameter ATE
(average number of mistakes made in the layout of functional
assessment proprioceptive multiaxial) differ in a statistically significant
(p value<0.05) and in particular are reduced (one-tailed p value<0.05)
(Chart 19).

Chart 19: Average number of track errors (A.T.E.) comparison
before (t0) and after treatment (t2) in experimental group.
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The data obtained at time t0 and at time t2 were analyzed using the
Student t-test for paired samples and processed through the software
of statistical StatPlus: mac 5.8.2.0 (AnalystSoft Inc.).

These comparisons showed that the differences between the
averages of evaluations at time t2 and at time t0 of the parameter ATE
are not different in a statistically significant (p value ≥ 0.05) (Chart
20).

Chart 20: Average number of track errors (A.T.E.) comparison
before (t0) and after treatment ( t2) in control group.

The analysis of the outcome of the clinical rating scales showed a
statistically significant improvement in static and dynamic postural
stability in group A from t0 to t2 (for example: increase in the mean
score of Tinetti scale from 17.35 to 22.77 and Berg balance scale from
45.64 to 51) and in functional autonomy, gait and postural transfers
(increase in the average score of the Barthel from 75 to 85.66). The
same analysis in group B did not show significant differences from t0
to t2.

The results of stabilometry confirm a statistically significant
improvement of static balance in group A and in group B from t0 to
t2, by reducing the length of the track , and the mean speed of sway
(expression of energy expenditure required to maintain the body
center of gravity within the polygon of support) and the area of the
ellipse (an expression of the degree of instability) . It should be noted
that these values underwent proportional modifications in both the
sensitization tests, with open eyes and with closed eyes.

The percentage of the average track error (ATE) showed a
statistically significant reduction in group A from t0 to t2, contrary to
what happened in the group B; this represents an improvement in
proprioception and motor coordination.

Conclusions
Multiple sclerosis often causes motor impairment, alteration of the

gait quality and quantity, and alteration of the balance, which are
considered the main causes of a worse quality of life and functional
autonomy.

Many people with multiple sclerosis have a higher incidence of falls
than healthy people, so that they risk more traumas; the lack of
movement related to the motor impairment is therefore enhanced by
the fear of falls.

Our study showed that if in the rehabilitative project of a patient
with balance disorder from MS we include an adequate proprioceptive

software-assisted training, he can gain better stability and less energy
expenditure needed to maintain it. It is likely that a better stability also
allows a better gait pattern and increased safety, with subsequent more
autonomy in postural changes and in transfers.

Furthermore, this experiment, yet limited as to the number of
treated patients, shows how the conventional physical therapy,
isolated, does not determine significant modification of the analyzed
parameters.

Another point is: since our stabilometric values are proportionally
better (reduced) both with open eyes and with closed eyes, it is
possible to suppose that the balance disorder of our patients was
mainly related to an impairment of the cerebellar integration of inputs
and that the proprioceptive stimulation, which acts through the
somato-sensitive channel, associated with a visual cueing, may have
generated a compensation strategy for the recovery of postural
equilibrium.

For the next future it would be desireable to increase the number of
studied subjects, to divide them as to specific anatomic sites of
demyelinizing lesions and to analize the subscores of the assessment
scales in order to compare the significance of the variations of the
static balance with the one of the dynamic balance. The conventional
physical therapy can take an important role in completing this kind of
treatment, especially for altered functions, other than balance, in
multiple sclerosis, such as muscular strength and tone.
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