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Abstract. Multiple sclerosis (MS) is the most frequent neurological disease causing permanent 

disability in young adults. Subtle walking difficulties, such as reduced walking speed, step length, 

cadence and increased step width can be detected at an early stage of the disease. Main goal of 

this research is by using non-invasive wireless inertial sensors measure gait of MS patients in 

clinical setting and extract temporal biomechanical parameters that would allow objectively 

evaluate level of disability in MS patients. Analysis of 25-Foot walk showed that the duration of 

stance phase is approximately 1.6 times greater in MS group than in healthy control group, while 

the duration of swing phase in MS group is 1.3 times longer. In general, the MS patients are 

walking approximately 1.6 times slower. 
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Introduction 

Multiple sclerosis is the most frequent neurological disease causing permanent disability in 

young adults [1]. However, the cause of MS remains unknown. The disease onset is often 

polysymptomatic. Common symptoms and signs of MS include sensory symptoms in limbs or 

face, visual loss, acute or subacute motor weakness, diplopia, gait disturbance and balance 

problems, vertigo, bladder problems, acute transverse myelitis and pain. People with MS 

frequently have neuromuscular deficits such as ataxia, early muscle fatigue, spasticity and sensory 

disturbances, which limit gait and considerably affect their everyday living activities [1]. Subtle 

walking difficulties, such as reduced walking speed, step length, cadence and increased step width 

can be detected at an early stage of the disease [2, 3, 4, 5]. Walking limitations have negative 

consequences in activities of daily living, quality of life, as well as employment etc. Like in many 

neurological disorders, such evaluations are typically approached by direct observation of the 

clinician supported by a timed analysis, functional scales and questionnaires. Information derived 

from neurological assessment is included in the expanded disability status scale (EDSS) and it is 

most widely used to evaluate disability in MS, in both daily clinical practice and trials [2, 3, 5]. 

However, it is essential to find new tools, complementary to the clinical scales, able to supply 

objective and quantitative data useful in supporting clinical assessment of the disability as well as 

its variations across time. In addition, it is very important to have available reliable and accurate 

techniques to assess the degree of deviation from a physiological gait pattern as well as to detect 

even small changes in it consequent to pharmacological or rehabilitative treatment. Many methods 

have been reported in the last decade objectively acquire quantitative data on gait alterations of 

MS patients. Quantitative gait observation has been collected using several of techniques: video 
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analysis, accelerometers [6, 7] and three-dimensional motion capture systems [8]. However 

specialized motion-analysis laboratories were required to capture sophisticated gait and balance 

data [6]. Portable technologies now that collect equivalent data rapidly and with instant analysis 

are being widely explored for use in MS. These include accelerometers, pedometers, and pressure 

mats for gait analysis [6].  

Main goal of this research is by using non-invasive wireless inertial sensors measure gait of 

multiple sclerosis patients in clinical setting and extract temporal biomechanical parameters that 

would allow objectively evaluate level of disability in MS patients. 

 

Methods 

Research was carried out on volunteers who were divided into two groups – 11 control (CO) 

subjects (5 men, 6 women, aged: 31.5±4.7 (mean ± SD)), 14 multiple sclerosis (MS) subjects (6 

men, 8 women, aged: 38.5±12.49 (mean ± SD)). None of the participants had any other injuries 

or disease affecting movement or coordination other than MS. All fourteen patients suffering from 

relapsing-remitting MS with EDSS score of ≤6 (range 2.5–6, mean EDSS 4.1±1.4 (mean ± SD)). 

The main inclusion criteria – the ability to walk independently without any assisting devices (i.e. 

crutches, working frames, foot supports and similar). Everyone provided informed consent prior 

to participating in the study. Neurological disability (EDSS score) was evaluated for each patient 

by a neurologist expert in MS.  

Six, wireless inertial sensors (Shimmer Research, Dublin, Ireland), each able to measure linear 

acceleration, angular velocity and magnetic heading in three dimensions were attached to each 

patient’s right and left thigh, shank and foot. The data from the sensors acquired via Bluetooth 

wireless connection at a sampling frequency of 51.2 Hz and stored on the computer for later 

processing. Each subject performed timed 25-Foot Walk (T25-FW) gait task at their selected pace 

as fast as possible. Each measurement was performed three times.  

Following temporal parameters of gait have been selected for the analysis: stance phase 

duration (s), swing phase duration (s), average step time (s), approximate time of the whole gait 

task (s), velocity (m/s), cadence (steps × min–1), stride length (m), coefficient of variability 

(CV, %). Statistical analysis of the metrics was performed using IBM’s SPSS v22 software. A 

one-way ANOVA with a significance level of α = 0.05 was used to test the null hypothesis that 

the means of gait parameters are the same between the MS and CO groups. 

 

Results 

The full set of metrics for the comparative analysis is presented in Table 1.  

 
Table 1. Temporal gait parameters 

Parameters Groups Mean SD CV, % 

Stance phase time, s 
CO 

MS 

0.419 

0.662 

0.07 

0.134 

17.4 

12.7 

Swing phase time, s 
CO 

MS 

0.404 

0.542 

0.08 

0.087 

20.9 

20.2 

Step time, s 
CO 

MS 

0.824 

1.204 

0.135 

0.153 

16.4 

16.2 

Approximate motion time, s 
CO 

MS 

6.909 

11.142 

0.792 

1.597 

11.5 

14.3 

Cadence, steps × min–1 CO 

MS 

94.74 

72.351 

13.811 

11.456 

14.6 

15.8 

Stride length, m 
CO 

MS 

1.409 

1.164 

0.189 

0.217 

13.4 

18.6 

Velocity, m × s–1 CO 

MS 

1.099 

0.686 

0.125 

0.094 

11.4 

13.7 
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A one-way between subjects ANOVA was conducted to compare the means of the gait metrics 

for analysis of MS and CO groups. When analysing T25-FW gait task, we found that there was a 

statistically significant difference in duration of the stance phase [F = 47.42, p = 0.0002], duration 

of the swing phase [F = 25.88, p = 0.0008], step time [F = 66.39, p = 0.0003], approximate motion 

time [F = 50.87, p = 0.0006], cadence [F = 18.5, p = 0.0003], stride length [F = 4.88, p = 0.0391], 

velocity [F = 65.51, p = 0.0009]. 

 

Conclusions 

Analysis of 25-Foot walk showed that the duration of stance phase is approximately 1.6 times 

greater in MS group than in CO group, while the duration of swing phase in MS group is 1.3 times 

longer than in CO group. However, the coefficient of variability is greater in CO group during the 

stance phase time than indicating that there is some degree of inconsistency among the CO 

subjects, while the coefficient of variability of the swing phase duration is almost the same in both 

groups. Similarly, the variability of step time is the same in both groups, but in general, the MS 

patients are walking approximately 1.6 slower. 
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