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ABSTRACT 

 
This pilot study aims to investigate if specific training protocol can improve the quality of life in people with multiple 
sclerosis through the improvement of some impaired ability like the balance. We enrolled in our project 20 subjects 
(age: 34,88 ± 4,45; height: 168,25 ± 8,66 cm; weight: 72,31 ± 17,28 kg) but only 5 completed the study. A 
proprioceptive training was administered for 12 weeks, 2 times a week, an hour for each session. At the beginning (T0) 
and at the end of the study (T1), static and dynamic balance parameters were tested. Statistical analyzes were 
performed using IBM SPSS Statistics 22.Changes in balance and strength between T0, T1 were evaluated using t 
Student test for paired data. Pearson linear correlation coefficient was used to investigate the correlations between all 
parameters analyzed. As regards static baropodometry, there was a statistic significant different between left forefoot 
load (T0 54,25 ± 2,5 % and T1 59,5± 1,73%; P<0,05) and left rearfoot load (T0 45,75± 2,5% and T1 40,5± 1,73%; 
P<0,05). In dynamic baropodometry we gave more attention to three parameters: left length gait line (T0 176±23,58 
and T1 215±18,64 (mm); P<0,05), right surface (T0 106,75±14,97 and T1 149±11,58 (cm); P<0,05) and right pressure 
point (T0 1050± 130,90 and T1 537,25±65,46 (gr/cm); P<0,05). In conclusion, it is possible to hypothesize that the 
application of proprioceptive treatment in patients with multiple sclerosis can improve gait stability and therefore the 
walking. However, further studies, with a greater number of subjects, are necessary to confirm this trend. Keywords: 
Dynamic balance; Neurodegenerative disease; Baropodometry; Proprioceptive training. 
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INTRODUCTION 
 
Multiple Sclerosis (MS) is a chronic inflammatory demyelinating disease causing injuries of the central 
nervous system (CNS), whose aetiology is still unknown although it has been ascertained its autoimmune 
nature (Bianconi et al., 2006). MS is characterized by many elements such as increased of lactate levels 
(Amorini, 2014), as well as in other pathologies like fibromyalgia (Proia, 2019), that could contribute in the 
alterations in gait and balance (Fritz et al., 2015). There are also some intriguing hypotheses that lactate may 
have a positive effect in many physiological as well pathological conditions, including brain aging and 
counteract neurodegenerative diseases (Proia et al., 2013). Physical activity can help MS patients manage 
symptoms, prevent some complications and also improve the quality of life which is considered a product 
resulting from physical, mental and social well-being (Giesser, 2015; Di Liegro et al, 2019). In this regard, 
numerous studies have shown that physical exercise, in MS patients not only induced neuroprotective effect, 
but also improved strength, mobility, static and dynamic balance. There are several different physical 
exercises that can induce a benefit in MS patients. For example, it has been shown as aerobic training 
protocol, consisting of 3 weekly sessions a cycloergometer, induced a 22% improvement in VO2max (Gallien 
et al., 2007). In another study it was shown as 8 weeks of aerobic dance, induced an improvement in the lipid 
profile, particularly on LDL cholesterol reduction and HDL cholesterol increase, in women with relapsing-
remitting multiple sclerosis (RRMS) (Monazamnezhad et al., 2015). Opposite to these founds, Heine et al. in 
2017 highlighted, as 16 weeks of aerobic training, 3 sessions per week, performed on 89 patients with severe 
fatigue, did not lead to a clinically significant reduction of fatigue. As to concern the anaerobic training 
protocols it seems to be well tolerated by MS patients: in fact, many authors have found an improvement in 
muscle strength. In fact, a study that included a resistance training of 12 weeks, induced positive effects on 
strength, but also in fatigue’s reduction (Dalgas et al., 2010). Taylor et al. highlighted in another study a 
significant increase in arm strength, leg strength and walking speed (2006). Regarding to strength training, 
the study by De Souza Teixeira et al. (2009) showed significant increases of the maximum voluntary 
contraction, maximum power and muscular endurance. As discussed above, the topic of our study was to 
investigate the effect of a proprioceptive training protocol (with aerobic/anaerobic exercises, flexibility and 
balance) on the quality of life of MS patients, reducing the symptoms of the disease and improving balance, 
posture and strength or rather physical and mental health. 
 
MATERIALS AND METHODS 
 
Subjects 
At the Multiple Sclerosis Center of the Neurology "Paolo Giaccone" Hospital, 20 MS patients were recruited, 
with the following inclusion criteria (Table 1). 
 
Table 1. Inclusion criteria. 

- Age between 20 and 55; 
- Absence of clinical relapses, in the 12 months preceding the study; 
- Total score not less than 3.5 and not more than 5.5 in the EDSS; 
-Absence of other concomitant diseases (tumours, epilepsy, diseases severe cardiovascular, 
osteoporosis, etc.); 
- Informed consent by the patient; 
- Presence of severe or moderate spasticity in at least one district upper limbs and a lower limb district. 
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Among the 20 recruited patients only 5 completed; the reasons of the desertions were: personal reasons (2 
subjects), relapsing of the disease (2 subjects), work commitments and unexpected diseases (11 subjects) 
(Table 2). 
 
Table 2. Means ± SEM of anthropometrics data. 

Patients number Age Height (cm) Weight (kg) 

5 34.88 ± 4.45 168.25 ± 8.66 72.31 ± 17.28 

 
Dynamic and postural evaluations at T0 and T1 
At the beginning (T0) and at the end of the 12 weeks (T1) of the training protocol, the following assessments 
were made: stabilometry and baropodometry static and dynamic in order to verify the effect of the protocol 
on the balance and the posture. Specifically, a “Sensor Medica” platform was used. The evaluations were 
made in three ways: static with open and closed eyes and dynamic open eyes. According to international 
standards (AFP85), the feet were positioned at 30° respect to static and parallel analysis for dynamics (Figure 
1 A). This method allows us a qualitatively and quantitatively postural oscillations analysis of the subjects 
placed in orthostatic in neutral posture and analyse the postural strategies used for maintenance balance 
(Figure 1 B). Instead, the baropodometric analysis was performed in 2 ways, static and dynamic: 

− Static baropodometric analysis. It is possible to extract information on the pressure points on the 
ground of the foot during the standing position and also to measure the load, or the percentage of 
pressure between right and left foot, and the surface, or the surface occupied by the feet. 

− Dynamic baropodometric analysis. Is the gait analysis during walking. 
 

                                              
 

Figure 1. A, feet position; B, postural oscillation. 
 
Proprioceptive protocol 
A proprioceptive training was administered for 12 weeks, 2 times a week an hour for each session consisting 
of three different parts: 
 
Warm up. Proprioceptive walk, with particular attention to the correct plantar support and swing of the arms, 
with oculo-motor reset exercises aimed at strengthening the proprioception in walking with closed eyes 
removing, for a few seconds, the visual influence in the regulation of balance. Furthermore, exercises were 
administered aimed at recover and/or enhance joint mobility. 
 
Work out. Exercises performed with elastic bands, sitting, in feet or lying down and barefoot. For each 
exercise 3 series of 10 repetitions were indicated, with recovery of 60 seconds. 

A B 
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Cool down. Stretching exercises and diaphragmatic and thoracic breathing. 
 
Statistical analysis 
Statistical analyses were performed using IBM SPSS Statistics 22. Changes in balance and strength between 
T0, T1 were evaluated using t Student test for paired data. 
 
RESULTS 
 
As regards static baropodometry, before to start the protocol, patients had: 54,25 ± 2,5 % of load on left 
forefoot and 45,75± 2,5% of load on rearfoot. After training program, the load distribution was 59,5± 1,73% 
for forefoot and 40,5± 1,73 for rearfoot (Table 3). In dynamic baropodometry we gave more attention to three 
parameters: left length gait line (T0: 176±23,58; and T1: 215±18,64; (mm); P<0,05), right surface (T0: 
106,75±14,97; and T1: 149±11,58; (cm); P<0,05), right pressure point (T0: 1050±130,90; and T1: 
537,25±65,46; (gr/cm); P<0,05) (Table 4). Regarding postural analysis, both with eyes open and closed, the 
results are summarized in the following Table 5. 
 
Table 3. Means ± SEM of the static baropodometry analysis. 

Static baropodometry  
Forefoot Load SX % RearFoot load SX % 

T0 54.25 ± 2.5 45.75± 2.5 
T1 59.5± 1.73 40.5± 1.73 
P value t:0.03* P<0.05 t:0.03* P<0.05 

 
Table 4. Means ± SEM of the dynamic baropodometry analysis. 

Dynamic baropodometry 

  
Left Length 
Gait Line 
(mm) 

Right Surface 
(cm) 

Right Average 
pressure point 
(gr/cm) 

Load distribution 

Left forefoot 
(%) 

Left rear 
foot (%) 

Right 
forefoot 
(%) 

Right rear 
foot (%) 

T0 176±23.58 106.75±14.97 1050± 130.90 72.2511.79 62 7.53 
27.75 
11.79 

387.52 

T1 215±18.64 149±11.58 537.25±65.46 624.55 66.754.27 384.55 33.254.27 

P 
value 

t:0.01* 

P<0.05 

t:0.03*  

P<0.05 

t:0.01* 

P<0.05 

t:0.08 

P>0.05 

t:0.41 

P>0.05 

t:0.26 

P>0.05 

t:0.41 

P>0.05 
* Significant differences at the 0.05 level. 

 
Table 5. Means ± SEM of postural analysis. 

 Open eyes Closed eyes 

 Ellipse surface 
(cm) 

Length of clew 
(mm) 

Walk 
velocity 
(mm/s) 

Ellipse surface 
(cm) 

Length of clew 
(mm) 

Walk velocity 
(mm/s) 

T0 392.3± 202.80 632.56±59.23 12.98±1.31 2859.47±2817.73 1427.24±723.62 28.29±14.35 

T1 399.04±374.53 671.55±160.43 13.42±3.16 812.29 ±235.30 1006.44±364.23 19.72±7.03 

P 
value 

t:0.98 P>0.05 t:0.7 P>0.05 t:0.83 P>0.05 t:0.29 P>0.05 t:0.5 P>0.05 t:0.48 P>0.05 

* Significant differences at the 0.05 level. 
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DISCUSSION 
 
Multiple sclerosis is a neurodegenerative disease that can affect several districts such as brain, spinal cord, 
optic nerves; it is characterized by different symptoms that compromise the quality of life of the subject as 
walking disorder. Recently Fritz et al. pointed out as analysis of walking could describe the level of the disease 
emphasizing the relationship between gait alteration and pathology (2017). Our study aims were to perform 
a qualitative, as well as a quantitative, evaluations in MS patients of the effects of a proprioceptive training 
protocol on walking. However, the difference before and after treatment on right gait length was not 
statistically significant, but the trend was positive (T0 164 ± 36.17 and T1 185.75 ± 35.73 (mm); P> 0,05); by 
this way the symmetry is maintained between left and right gait length but in a wider and therefore more 
stable gait length. 
 
As concern the value’s average of pressure point on the right side, it was significantly decreased after the 
proprioceptive training period (P=0,01) (Table 4). Meyring et al. (1997) shows the influence of the spasticity 
on the plantar pressure that results greater compare with the patients without spasticity, attributing this 
phenomenon to the sensory deficits and considering it a protective mechanism. Consequently, the 
effectiveness of our protocol, even applied for a short time, decreased plantar pressure during stride: this can 
play a role to help to limit this common spasticity-associated problem that affects walking ability and improve 
quality of life (Chang et al., 2002a; 2002b). This statistically significant effect was found only for the right foot. 

However, average pressure point on the left confirms the downward trend in pressure (T0 915,25187,03 

and T1 456,5232,16 (gr/cm); P>0,05). Hessert et al., 2005 has shown how the plantar pressure distribution 
in the MS patients were useful for monitoring the progression of the disease (Hessert et al., 2005) and it could 
also be caused by the hypertonic plantar flexor muscles that contribute to an altered distribution of weight 
(Molteni et al., 2002). Moreover, Hilal Keklicek et al., in 2018 showed that subjects with MS also have an 
abnormal load distribution during walking, in particular they have an exaggerated pressure in the forefoot, 
compared to healthy subjects. Our data shows a trend in decrease of the dynamic baropodometry, the 
distribution of pressure in the foot during the walk after treatment, the load in the forefoot and a trend in 

increase in the back particularly in the left foot (forefoot T0 72,2511,79% and T1 624,55%; P>0,05). So, 
this seems to be another very positive outcome to improve the walk of people with multiple sclerosis and 
make them independent. 
 
CONCLUSIONS 
 
In conclusions our results show that proprioceptive treatment could be effective to improve the quality of life 
in patients with multiple sclerosis especially in walking stability, one of the impaired skills in this pathology. 
However, further studies, with a greater number of subjects and a longer treatment time, are necessary to 
confirm this trend. 
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