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Research Paper: Investigation of Gait Initiation in 
Women With Multiple Sclerosis (MS)

Background: Walking impairment is one of the most reported symptoms of Multiple Sclerosis 
(MS). The documentation of gait impairments is important for indexing disease progression and 
rehabilitation in MS. By measuring and comparing relevant parameters based on the Center of 
Pressure (COP) patterns, this study aimed to characterize the execution of the gait task and to 
identify the relationship between these parameters and the level of Expanded Disability Status 
Scale (EDSS). 

Methods: Ten women with MS, with an average EDSS score of 2.4, and 10 healthy women 
were tested using a force plate and motion capture system during the transition from standing to 
gait posture. The time series of COP were acquired and processed to extract the trajectory-related 
parameters followed by the COP.

Results: The correlation analysis underlined that the progressive alteration of the task execution 
is directly related to the increase in the EDSS score. These findings suggest that most of the 
impairments found in people with MS originate from the first part of the COP pattern: the 
anticipatory postural adjustments (APAs). Before every voluntary movement, the central nervous 
system performs APAs to minimize the balance perturbation due to the movement itself. 

Conclusion: Gait initiation APAs play a role in some contractions of ankle muscles and induce a 
backward COP shift to the swing limb. Our analysis highlighted that patients who affected by MS 
have a reduced posterior COP shift that reveals the impairment of the anticipatory mechanism.
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Introduction

ultiple Sclerosis (MS), as a chronic 
disease of the Central Nervous Sys-
tem (CNS), affects about 2.2 mil-
lion people worldwide [1]. MS in-
volves myelin elimination, axonal 
destruction, and CNS scarring. The 
CNS deformed structure disrupts the 

regulation of action potential. These effects are mani-
fested in a variety of symptoms, including, but not lim-
ited to, impaired perception, weight gain, and movement 
dysfunction. Seventy percent of the people with MS re-
port a defect in walking, which is the most challenging 
aspect of their disease. Half of the people with MS need 
supportive measures to move through 15 years since the 
initiation of disease [2, 3].

MS leads to advanced disability that is clinically clas-
sified by the Extended Disability Status Scale (EDSS) 
[4]. The EDSS is the most commonly used method for 
estimating disability in MS. This scale is a neural quan-
tification check scale consisting of 7 Functional Systems 
(FSs). Each FS subset ranges from 0-5 or 0-6. The EDSS 
global scale is a combination of the single FS values of 
an outpatient or autonomous patient in daily activities; 
this scale ranges from 0 (disability) to 10 (MS death) [5]. 
The imbalance is associated with the dysfunction of sev-
eral CNS areas related to balance and gait control, such 
as the brainstem, spinal cord, and cerebellum [6]. The 
dysfunction of these areas affects sensory-conduction 
velocity; pyramidal, vestibular (atrial), and visual im-
pairment; and reduces central integration [7].

Walking is a complex process that involves the coordi-
nation of the different systems of the body (e.g., central 
nerves, skeletal muscles, and cardiovascular system). 
The individual’s nervous system signals to control a 
large number of muscles and to monitor and correct the 
movements; it maintains a standing posture [8]. Changes 
in gait are caused by a combination of factors, because 
of the multiplicity of muscles and the involved nervous 
process [9]. Given that the gait impairment is one of the 
most common symptoms of MS and affects the quality 
of life, the walking difficulty is a major symptom of MS. 
Gait impairment is important for indexing disease pro-
gression and rehabilitation in MS [10].

Although studying the stationary position is important 
for analyzing the balance problems, more challenging 
situations such as Gait Initiation (GI) may provide a 
deeper insight into the underlying mechanisms of dy-
namic postural control. The gait change is a complex 

postural control, as it involves a change from a relatively 
constant posture [7]. During this postural shift, the con-
trolled muscle effort is needed to move the body’s Cen-
ter of Mass (COM) from the steady-state position, where 
the COM and the Center of Pressure (COP) are aligned. 
Thus, gait change leads to inherent instability. In this 
process, the stability is more affected because the broad 
base provided by dual support is replaced by a narrower 
and more unstable state [6, 7]. The GI plays a key role in 
moving forward [11-15] and postural stability [16, 17]. 
Therefore, GI represents a natural task (not a deliberate 
destabilizing task) and can be a valid tool for assessing 
the ability of the subjects with neurological and move-
ment disorders, including MS.

The GI postural phase is commonly known as the An-
ticipatory Postural Adjustment (APA) that occurs before 
the coarse segmental motion phase [18] and supports the 
first step changes (LOC). The COP changes dynamically 
at the stability boundary while demonstrating the syner-
gistic behavior of APA. The concerted actions of the two 
postural mechanisms (ankle and thigh strategies) initiate 
a set of the systematic change of COP during APA: first, 
lateral shift to the first swinging heel (APA1) and then, 
the lateral transfer of COP to the foot position leading to 
a point in the COP that changes from lateral to anterior 
motion (APA2). The third section (LOC) extends from 
the last point to the first standing foot claw that was be-
ing removed from the ground as the COP moves in the 
anterior-posterior direction [19, 20].

Some of the previous studies have evaluated the GI in 
small groups of MS patients. Remelius et al. examined 
the GI in women with MS, by calculating temporal and 
spatial parameters related to the COM and COP dis-
placement [19]. This study shows that the MS group has 
a smaller, slower, and the shorter distance of the bound-
ary of mass during the GI. The present study differs 
from the previous studies in the type of test center and 
the pressure center evaluation protocols that use inverse 
dynamics [20]. Jacobs and Kasser examined GI in 13 
patients with MS. They showed a delayed onset of leg 
lift and a longer APA compared with the control group. 
The researchers also emphasized the latency onset of 
the posterior component of the APA in the dual-task 
(cognitive+motor) versus the monolithic (motor) condi-
tion [21].

According to these data, GI can be an ideal task for 
identifying abnormalities in the dynamic postural con-
trol system and the changes that occur with advancing 
disability. Considering a wide range of disabilities, this 
study aimed to determine the kinematics of GI in a group 
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of women with MS and to provide a wide range of the 
involvement of the functional system.

Methods

The present study is a quasi-experimental study that 
included 10 women with MS with the Mean±SD of age 
38.8±9.5 (ranged 22-67 years) and 10 healthy women 
with the Mean±SD of age 35.9±13.1 (ranged 22-71 
years) as the healthy control (HC) group. The MS and 
HC groups were matched in terms of anthropometric 
characteristics and age. The inclusion criteria included 
the diagnosis of MS by a neurologist and the ability to 
walk without any assistance for at least 2 m. The exclu-
sion criterion was the presence of any concomitant con-
ditions affecting this assessment (i.e, orthopedic or non-
MS balance problems). The process of diagnosis lasted 
10 days. The EDSS score for MS patients was between 
1 and 7 (59% with a score of 1 to 2, 18% between 3 and 
4, 11% between 4 and 5, 11% between 5 and 7, and 1% 
with a score of 7). The Mean±SD of EDSS score was 
2.44±1.64.

When entering the test, participants received an oral 
explanation about the study procedures and gave their 
informed consent. The participants were allowed to 
ask questions. They provided self-report demographic 
information, including age, gender, the use of assistive 
devices, the type of MS, and the duration of diagnosis. 
Then, they performed several gait initiation trials; physi-
ological fall risk tests were also performed. 

To measure kinematic and kinetic data, respectively, w 
used the Qualysis kinematic analysis system consisted 
of 8 cameras (Qualysis, Switzerland) and the Kistler 
force plate (Kistler, Switzerland) (500 mm×600 mm, 
model SA 960), which are located in the Health Center 
of the Islamic Azad University of Mashhad Branch. The 
system is capable to shoot up to 900 frames per second 
in 3D. The frequency of the cameras was set at 120 Hz. 
The cameras were positioned so that each marker could 
be seen at least by two cameras at any given moment. 
The cameras were calibrated in such a way that the x-
axis was positioned along the trajectory and they were 
perpendicular to the subjects’ frontal plane. The calibra-
tion was sufficient to fully cover the subject.

To install passive reflective markers, the subjects were 
asked to wear special tights, then, 21 markers were 
mounted on the desired anatomical points. These points 
included the thumb, toe, heel, medial malleolus ankle, 
lateral malleolus ankle, tibial prominence, large trochan-
ter of femur, iliac crest in the right and left foot, and 4 

markers on the leg and thigh segment. The markers were 
fixed onto the subjects’ body using double-sided adhe-
sive Cushion (to prevent displacement during testing).

Initially, the position of the markers of the subjects was 
filmed statically; then, the subjects were allowed to ad-
just to the path they needed to reach. After announcing 
the subject’s readiness and recognizing the examiner, 
the subjects were asked to stand on the force plate and 
to place their feet at a comfortable distance. Then, they 
were instructed to start walking at their chosen speed 
after verbal input; the auditory signaling device was be-
ing in tune with the motion analysis system. The par-
ticipants were to maintain their posture without moving 
during the initial stance and to perform the GI move-
ment of their choice. Five walking tests were performed 
on each subject. The time interval between the signal 
presentation and the first toe removal was recorded for 
each test. Also, the walking time averages during trials 
were calculated.

GI data processing and parameters

Megawin software enables the acquisition, collection, 
and the recording of raw COP time series, forces, and 
torques, which were then processed using a specific 
procedure in the smart analyzer environment. This pro-
cedure facilitates the calculation of quantitative param-
eters (Figure 1):

a. Mid-lateral and the anterior-posterior coordinates of 
points A, B, C, and D (Figure 1);

b. The path length (m) of the sections APA1, APA2a, 
APA2b, and LOC;

c. The mean value of route velocity, regarding mid-
lateral and anterior-posterior displacement (m/s) in sec-
tions APA1, APA2a, APA2b, and LOC;

d And the duration of route (s) in sections APA1, APA2a, 
APA2b, and LOC.

Specifically, the APA and LOC stages were defined 
based on the studies by Remelius et al. (2008) [19] and 
Halliday et al. (1998) [18]. To provide a better illustra-
tion of this pattern, the APA2 segment (which represents 
the phase of the weight-to-foot oscillation of the stand-
ing leg) was later divided into APA2a and APA2b (Figure 
1).

After examining the normality, the mean values of Q1 
and Q3 were calculated for the parameters of the two 
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groups using the Kolmogorov-Smirnov test. Between-
group differences were analyzed using the Mann-Whitney 
U test. The significance level was set at P<0.05. The rela-
tionships between the EDSS score and GI parameters were 
evaluated using the Spearman rank correlation analysis.

Results 

The position of the legs did not differ in the starting po-
sition during the subjects’ evaluation. Among the whole 
set of parameters, 6 cases (listed in Table 1) caused a 
significant difference between the MS and HC groups.

Table 2 reports the results of the correlation analysis. 
The EDSS score is positively correlated with the Y coor-
dinate of point B (P<0.001, ρ=0.513), the Y component 
of the APA1 velocity (P<0.008, ρ=0.264), the duration 
of APA2b (P<0.001, ρ=0.423), and the duration of LOC 
(P<0.001, ρ=0.475). Also, the EDSS score is negative-
ly correlated with the Y component of APA2a velocity 
(P<0.039, ρ=-0.218), and the Y component of LOC ve-
locity (P<0.001, ρ=-0.284).

Discussion 
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Figure 1. The COP route split diagram of analysis (APA1, APA2a, APA2b, and LOC)

SW: swinging foot (i.e., front foot); ST: standing foot (i.e., footrest in GI).

Table 1. Mean, Median, Q1, and Q3 values for statistically significant parameters after running the Mann-Whitney Test in MS 
and HC groups

GI Parameters

Parameter
MS Group HC Group

Mean Median Q1 Q3 Mean Median Q1 Q3

Y coordinate of point B (m) -0.022 -0.019 -0.032 -0.009 -0.034 -0.029 -0.042 -0.042

Y component of the APA₁ veloc-
ity (m/s) -0.017 -0.015 -0.023 -0.006 -0.024 0.022 -0.027 -0.015

Y component of the APA₂ₐ 
velocity (m/s) 0.112 0.109 0.039 0.171 0.150 0.146 0.102 0.184

Y component of LOC velocity 
(m/s) 0.233 0.237 0.180 0.289 0.290 0.286 0.226 0.343

APA2b Duration (s) 0.140 0.650 0.575 0.820 0.609 0.590 0.525 0.660

Duration LOC (s) 0.802 0.650 0.575 0.820 0.609 0.590 0.525 0.660
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According to the present results, the main feature of 
GI in MS patients is the reduction of the speed and the 
displacement of posterior COP. These findings confirm 
the findings of previous studies on MS [22, 23]. It is 
important to note that the speed significantly decreased 
at APA1 and APA2a. These sections comprise the early 
phase of APAs and are consecutive for most of the pos-
terior COP rotations (point B). The velocity in the Y-
direction and the displacement of point B appear differ-
ently: preventing the stability boundary in the posterior 
direction at initial APA lengths.

At the LOC stage, the COP speed is reduced due to 
several reasons. According to APAs, there is a functional 
adaptation aimed at avoiding sustained perturbations. 
Moreover, the power reduction can play a major role in 
reducing the moving speed and the slowing of the COP 
movement. Also, the LOC stage mainly tends to the Y-
direction, and this tendency may result in significant 
changes in the anterior-posterior component.

Posterior displacement of point B significantly de-
creased in patients, compared with the HC group. These 
findings are consistent with the results of Remelius et al. 
and indicate the postural damage in MS along with other 
pathological conditions [19].

The backward direction of COP is changed during 
APAs to move the COM forward and to reach the desired 
walking speed at the end of step one [11-15]. Therefore, 
the reduction of point B shows a strategy that reduces 
the forward thrust at COM and LOC speeds to make the 
walking safer. According to these data, the reduction of 
the posterior displacement of point B in MS patients can 
be interpreted not only as movement planning but also 
as a competitive strategy. This fact indicates functional 
compatibility that aimed to minimize these posterior lev-
els of stability and to decrease the risk of falling. Also, 

at point B, COP has a strong circulation across the GI, 
particularly near the stability boundaries [20].

These findings emphasize that the kinetic parameters 
of GI indicate the patterns of MS disability. Particularly, 
the Y coordinates of point B are correlated with EDSS. 
Thus, the posterior displacement of COP in the early 
phase of APA is closely related to postural disorder and 
disability. The Y coordinate of point B is a suitable alter-
native to postural disorder and can be used as an indica-
tor of the progression of disability and the risk of falls, 
also, it is useful in evaluating rehabilitation.

Previous studies in patients with Parkinson disease 
have shown a relationship between APA perturbations 
and the injury of the areas involved in movement plan-
ning. In particular, the relationship between the basal 
ganglia and the complementary and prefrontal regions or 
the cerebellum is involved [24, 25].

This issue cannot be ignored in the context of the 
widespread damage of white and gray matter, which 
contributes to the specific APA pattern in MS. Besides, 
as shown by other authors [6], because of the spread of 
CNS damage, different stimuli can play a major role in 
the postural disorder of MS.

Conclusion

The properties of the COP pathway show a pattern of 
changes that overlap with other neurological patholo-
gies. The posterior displacement of COP in the early 
phase of APA can play an important role in the measure-
ment of the postural disorder. Also, this study could lead 
to the COP-focused rehabilitation strategies aimed at the 
retraining of MS patients for the use of proper position-
to-movement transition.

Table 2. Results of Correlation Analysis for EDSS score and GI parameters

Variables No. of Valid ρ P

Y coordinate of point B - EDSS 93 0.513 0.001 

Y component of the APA₁ velocity - EDSS 93 0.264 0.008 

Y component of the APA₂ₐ velocity - EDSS 84 - 0.218 0.039 

Y component of LOC velocity - EDSS 88 -0.284 0.001 

EDSS - APA2b Duration 84 0.423 0.001 

EDSS - Duration LOC 88 0.475 0.001 
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