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INTRODUCTION
Gait disturbance is one of the most common and disabling signs in patients with multiple

sclerosis (MS). Examining the lower extremities intersegmental coordination, as a higher order

property of the human movement system, during walking could explore valuable information

about changes in neuromuscular control of gait in patients with MS.

AIM
Aim of this study was to compare the inter-segmental coordination of the lower extremities 

during walking between patients with MS and healthy controls.

METHODS
Three-dimensional coordinate data of the lower extremities were collected from 25 patients with MS 

and 25 healthy controls (Table 1) while treadmill walking at their preferred walking speed. Mean 

absolute relative phase (MARP) and deviation phase (DP) were used to examine the thigh-shank 

and shank-foot coordination pattern and variability in stance and swing phases of the gait cycle.

RESULTS
For the thigh-shank coordination pattern, MARP values were significantly higher in patients 

with MS compared to healthy controls in stance and swing phases of the gait cycle (p< 0.01, p

= 0.03, respectively). For the shank-foot, MARP values of patients with MS were significantly 

lower compared to healthy controls (p< 0.01). For the thigh-shank coordination variability, 

patients with MS showed significantly higher DP values compared to healthy controls in stance 

and swing phases of the gait cycle (p< 0.01). Similar results were found for the shank-foot 

coordination variability (p = 0.02 and p = 0.04, respectively) (Table 2).

Table 2. Mean (SD) of Shank-Thigh and Foot-Shank mean absolute relative phase (MARP) 
and deviation phase (DP) values for healthy controls and MS patients during the stance and 
swing phases of gait.

CONCLUSIONS
Our results suggest that MS disease could affect the pattern and variability of inter-segmental 

coordination during walking. Therefore, examining and facilitating lower extremities inter-

segmental coordination during walking could be an important factor in the development of 

rehabilitation interventions aimed at improving the gait pattern in patients with MS. 
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Table 1. Demographic and clinical characteristics of healthy controls an MS patients

 
Characteristics Controls (n= 25) MS patients (n= 25) 

Age (years) 31.68 (6.44) 32.72 (8.00) 

Gender (Female/Male) 20/5 20/5 

Body mass index (kg/m2) 23.16 (2.85) 24.67 (3.55) 

Self-selected walking speed (m/s) 0.65 (0.29) 0.47 (0.34)a 

Disease duration (years) N/A 5.56 (4.46) 

EDSS N/A 4.16 (0.53) 

EDSS: Expanded disability status scale; N/A: not applicable. 
a p < 0.05 difference between MS patients and healthy controls. 

 

 P Groups  
 MS patients Healthy  

   Values for MARP 
 

   Stance phase 
 

< 0.001 a)18.79 (91.74 )10.67 (67.23 Shank-thigh 

< 0.001 a23.62 (10.02) 38.31 (7.89) 
 

Foot-shank 

   
 

Swing phase 
 

0.07 )11.20 (82.19 )6.42 (76.50 Shank-thigh 
 

< 0.001 a)4.71 (11.27 )5.96 (14.93 Foot-shank 
 

   Values for DP 
 

   Stance phase 
 

< 0.001 a7.75 (1.82) 5.88 (1.69) Shank-thigh 
 

0.001 a5.37 (1.41) 3.97 (1.27) Foot-shank 
 

   Swing phase 
 

< 0.001 a5.85 (1.61) 3.41 (0.93) Shank-thigh 
 

0.006 a5.10 (2.45) 3.51 (1.36) Foot-shank 
 

MARP: mean absolute relative phase, DP: deviation phase 
Significant P-values are shown in bold. 

healthy controls.and  patientserence between MS ffdi 5p < 0.0a  
 


