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Gait is one of the most frequently impaired bodily functions in multiple sclerosis (MS). Determin-
ing abnormal parameters of gait in early MS could influence MS treatment and rehabilitation. The 
purpose of this study was to determine whether increased step-length variability could be detected in 
minimally disabled patients with MS or clinically isolated syndrome (CIS) using a sensored walkway 
gait analysis system. Nine participants with MS/CIS and nine age- and gender-matched controls were 
recruited for this study. MS/CIS participants underwent a neurologic examination, and all partici-
pants completed a screening interview. Each participant completed three walks at a self-selected pace 
and three walks at a brisk pace across the GAITRite walkway (MAP/CIR Inc, Havertown, PA). Mean 
values for step-length variability, step length, and velocity were calculated for each participant’s self-
selected and brisk trials. Independent t tests were used to compare MS/CIS participants with controls, 
and effect sizes were calculated. Step-length variability in the left leg at the self-selected pace was 
found to be greater in participants with MS/CIS than in controls, although no significant differences 
were found in velocity or step length. Step-length variability measurement shows promise in detecting 
subtle gait dysfunction. Larger, prospective studies exploring step-length variability may determine its 
clinical viability for detecting subtle gait dysfunction and could lead to improved prognostication of 
disability progression in MS. Int J MS Care. 2012;14:26–30. 

The execution of gait involves a complex inter-
action between motor and sensory systems 
frequently affected in multiple sclerosis (MS). 

Neurologic deficits of the lower limbs leading to gait 
dysfunction, including weakness, spasticity, and ataxia, 
are among the most common neurologic symptoms of 
MS.1 Patients with MS perceive lower-limb function to 
be among the most highly valued and most frequently 
impaired bodily functions.2 In the search for improved 
outcome measures in MS, the Timed 25-Foot Walk has 
been recommended as part of a composite assessment.3 
A limitation of the Timed 25-Foot Walk is that it may 
not be a particularly sensitive measure in early disease.4,5 
Quantitative gait analysis allows the measurement of 
other parameters of gait, which may be more sensitive 

to subtle change and could influence MS treatment and 
rehabilitation decision making.6

Gait analysis includes the measurement of the move-
ment of the body in space (kinematics) and the forces 
involved in producing the movement (kinetics). Prior 
research investigating kinematic parameters of gait in 
MS has found decreased gait velocity,1,7-11 cadence, step 
length, and stride length1,7-9 and increased time spent in 
the double limb support phase of the gait cycle.1,6,8 Also 
reported are abnormalities in the joint angles of the hip, 
knee, and ankle1,8,12 and kinetic abnormalities demon-
strated by altered patterns of electromyography (EMG) 
activity during regular gait.1,8,13

Of the multitude of abnormal gait parameters 
reported in MS, those that are most reliable and sensi-
tive to subtle, clinically meaningful change may be of 
greatest value. Parameters related to gait variability may 
show promise in meeting these criteria. Regulation of 
the consistency of gait is not entirely understood, but 
it is thought to be automated, requiring little cognitive 
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whether abnormal step-length variability occurs in 
people with MS compared with age-matched controls. 
We hypothesized that step-length variability would be 
increased in minimally impaired participants with MS 
or clinically isolated syndrome (CIS) compared with 
controls.

Methods 

Participants
Volunteer control, CIS, and MS participants were 

recruited from the Saskatoon MS Clinic. Inclusion cri-
teria consisted of one attack of neurologic disturbance 
lasting a minimum of 24 hours strongly suggestive of a 
demyelinating event (CIS) or a diagnosis of MS accord-
ing to the McDonald 2005 revised diagnostic criteria.16 
Exclusion criteria included arthritis, orthopedic condi-
tions, heart and lung disease, neurologic disease other 
than MS, and abnormal gait on clinical examination. 
For the controls, additional exclusion criteria were any 
neurologic disease and having a first-degree relative with 
MS. Controls with first-degree relatives with MS were 
excluded to minimize the chances of controls having 
subclinical gait impairment associated with undiagnosed 
MS, as there is a 20- to 40-fold increase in lifetime risk 
of MS among first-degree relatives of people with MS.17 
For the MS/CIS group, exclusion criteria also included 
an EDSS score18 of 3.5 or greater and a neurologic diag-
nosis other than MS. Normal controls were age- (±2 
years) and gender-matched to the MS/CIS group. The 
study was approved by the University of Saskatchewan 
biomedical research ethics board.

Measures
Step-length variability (step-length standard devia-

tion; cm), step length (cm), and velocity (cm/s) were 
evaluated using an electronic 10-m walkway system 
(GAITRite, version 3.8; MAP/CIR Inc, Havertown, 
PA).  

Procedure
Participants with CIS or MS underwent a neurologic 

examination followed by a screening interview. Con-
trol participants completed an abbreviated screening 
interview. All testing was performed in stocking feet 
to control for any variability associated with footwear. 
Participants did not have any practice walks on the 
walkway prior to their trials. Participants had a lead-in 
and lead-off of 2 m at either end of the mat. For the 
first three walks, they were instructed to walk at their 

input.14 Crenshaw and colleagues11 described increased 
variability of the hip, knee, and ankle joint angles dur-
ing regular gait in a sample of 20 individuals with 
MS compared with healthy controls. The mean ± SD 
Expanded Disability Status Scale (EDSS) score was 3.1 
± 1, suggesting the occurrence of increased joint angle 
variability even when disability is in the moderate range. 
The reliability of the findings was demonstrated by a 
similar increase in joint angle variability under fatigued 
conditions later the same day. The increased joint angle 
variability in this study was present despite a lack of a 
significant increase in kinetic variability (joint force vari-
ability) between the MS participants and controls. The 
findings may suggest that increased kinematic variabil-
ity is a more subtle abnormality of gait, occurring prior 
to the onset of increased kinetic variability. Increased 
kinematic variability has also been associated with cogni-
tive decline and the development of dementia in non-
demented older adults, suggesting prognostic value.14 
In the presence of subclinical central nervous system 
disease, automation regulating gait consistency may be 
disrupted early.

Increased kinematic variability may also be of func-
tional significance in terms of predicting falls. Gui-
mares and Isaacs15 compared kinematic gait parameters 
between older adult hospitalized fallers and nonfallers. 
Individuals with neurologic disease, fractures, or abnor-
malities of gait on clinical examination were excluded 
from the study. Among the kinematic gait parameters 
reported, greater variability in step length was one of the 
most clearly defined outcomes distinguishing the group 
of fallers from the nonfallers. Step length is the distance 
between the heel point of the current (eg, left) footfall to 
the heel point of the previous (eg, right) footfall.

A full traditional gait laboratory is not required to 
measure step-length variability. Without attaching any 
devices to the individual, step-length variability can be 
measured with a portable, sensored walkway system con-
nected to a computer. From the captured footfalls, the 
coefficient of variability for step length may be calculated 
in real time. This system may be advantageous over gait 
laboratory analysis, which is more cumbersome, time-
consuming, and costly. 

To our knowledge, there are no reports in the lit-
erature specifically addressing step-length variability in 
people with MS with minimal disability compared with 
controls. With the use of a portable sensored walkway 
system, the aim of this pilot study was to determine 
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footfalls (7.26 MS/CIS; 6.44 control) for the brisk pace 
to traverse the walkway. Mean velocities and step lengths 
appear in Table 3. The MS/CIS group walked sig-
nificantly more slowly for the brisk pace trials compared 
with the controls (P = .025). There was no significant 
difference in speed between groups for the self-selected 
pace trials (P > .05). There were no significant differ-
ences in step length at either speed (P > .05).  

Discussion
Our results partially support our hypothesis that step-

length variability is increased in people with MS/CIS 
with minimal disability compared with healthy controls. 
At a self-selected walking pace, step-length variability 
was greater in the MS/CIS group than in the healthy 
control group despite the fact that the self-selected walk-
ing velocities were similar. In healthy controls, it has 
been shown that step-length variability is influenced 
by walking speed.20 Sekiya and colleagues20 found that 
step-length variability followed a U-shaped curve with 
the minimum amount of variability generally observed 
at preferred walking speeds. Interestingly, for the brisk 
walk trials in the present study, step-length variability 
did not appear to increase from that in the self-selected 
pace trials in the MS/CIS group, but it did appear to 
increase in the control group, as might be expected 
with a U-shaped curve. Our findings must be inter-
preted with caution given the small sample size of this 
pilot study. It is possible that step-length variability at 

most comfortable self-selected walking pace. For the next 
three walks, they were instructed to walk as fast as safely 
possible without running. All participants were given the 
same cues for conducting these trials. All walking trials 
were conducted on the same day for each individual. A 
2-minute seated rest was scheduled after the completion 
of the three self-selected paced walking trials and before 
the start of the three brisk walking trials. Otherwise, the 
walking trials occurred consecutively with no rest periods. 

Statistical Analysis
Mean values for step-length variability, step length, 

and velocity for the three self-selected pace trials and 
three brisk pace trials were calculated. For each walk, 
the measurement of the temporospatial gait parameters 
started with the first full footfall and ended with the last 
footfall detected on the walkway. For the main analyses, 
in order to compare step-length variability between the 
MS/CIS and control groups, independent-samples t tests 
were run using SPSS (version 19.0; SPSS, Chicago, IL). 
Effect size calculations were performed using the follow-
ing formula: Cohen’s d = (Mean1 − Mean2) / standard 
deviationpooled; where standard deviationpooled = [(standard 
deviation1 + standard deviation2) / 2].19 Secondary analy-
ses were conducted in order to evaluate alternate expla-
nations for any findings in the main analyses. In order 
to compare step length and velocity between groups, 
independent-samples t tests were run. These analyses 
also involved SPSS (version 19.0). P values of ≤.05 were 
considered to indicate statistical significance. 

Results
Eighteen females participated in the study: nine in 

the MS/CIS group and nine in the control group. Par-
ticipant demographics are displayed in Table 1. In terms 
of main analyses, a statistically significant difference was 
found between the two groups for step-length variabil-
ity in the left leg at the self-selected pace, with the MS/
CIS group showing significantly greater variability than 
the control group. The effect size for this difference was 
large (Table 2). 

Despite the low EDSS scores, five of the nine MS/
CIS participants already had predominantly left-sided 
lower-limb impairments in strength, tone, sensation, 
coordination, and/or upper motor neuron signs; three 
had bilateral impairments; and only one had no lower-
extremity impairments on neurologic examination. 
Participants averaged eight left footfalls (8.26 MS/CIS; 
7.70 control) for the self-selected pace and seven left 

Table 1. Demographics of study participants

Variable
MS/CIS group

(n = 9)
Control group

(n = 9)

Age, mean ± SD, y 41.56 ± 9.42 42.00 ± 9.50

Height, mean ± SD, m 1.67 ± 0.05 1.67 ± 0.04

Time since disease onset, 
mean ± SD, mo

82.39 ± 41.74

EDSS score
     Median
     Range

2.0
1.5–3.0

Functional system scores, 
median
     Pyramidal
     Cerebellar
     Brainstem
     Sensory
     Bowel and bladder
     Visual
     Cerebral (mental)

1
0
0
1
0
0
0

Abbreviations: CIS, clinically isolated syndrome; EDSS, Expanded 
Disability Status Scale; MS, multiple sclerosis.
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spurious one. However, the effect size was large, suggest-
ing that increased step-length variability at a self-selected 
walking speed may be a sensitive marker of early, subtle 
gait abnormality in people with minimal disability.  

Step-length variability is also influenced by the num-
ber of steps used to calculate the variability coefficients; 
larger numbers of steps yield greater accuracy. Step-
length variability may have been overestimated in this 
study in both groups because each walk trial involved 
a relatively small number of footfalls. The accuracy of 
our estimates is improved by employing mean values of 
three trials at each speed, but a longer sensored walkway 
capturing more footfalls is recommended for calculating 
variability coefficients.  

Because options for early disease intervention exist 
and axonal damage may begin before any clinical 
signs of MS are evident,21 improved and conveniently 
captured subclinical markers of disease may be help-
ful. Although our study is the first to report increased 
step-length variability in people with MS with minimal 
disability, we do not know if step-length variability 
might be increased before the onset of any neurologic 
impairment on examination. In our study, all but one 
participant had some form of minimal lower-extremity 
impairment, with the left side more frequently affected.

preferred walking speeds and change in expected step-
length variability with changes in gait velocity are altered 
in MS. 

Previous research has found decreased gait velocity in 
people with MS compared with controls at self-selected 
walking speeds.1,7-9 In our study, velocities were not 
significantly different for the self-selected walking trials 
between participants with MS/CIS and controls. The 
discrepancy between our findings and those of previous 
studies may be partly explained by the instructions given 
to our participants. In order to minimize perceived per-
formance expectation effects for the self-selected paced 
trials, participants were specifically instructed to walk at 
the pace most comfortable for them. As would be antici-
pated, differences in velocity were readily apparent when 
participants were asked to perform at their maximum 
walking velocities.  

The lack of significant difference between groups for 
velocity at the self-selected walking pace may also be 
explained by our small sample size. Despite the small 
sample size, step-length variability on the left side was 
significantly greater in the MS/CIS sample for the self-
selected pace trials. It is possible that this finding is a 

Table 2. Step-length variability results

MS/CIS group Control group t (P value) Effect size d

Self-selected pace
   Left leg
   Right leg

1.29 (0.34)
1.35 (0.41)

0.98 (0.25)
1.18 (0.41)

−2.22 (.042)
−0.87 (.395)

−1.06
−0.41

Brisk pace
   Left leg
   Right leg

1.28 (0.38)
1.26 (0.40)

1.32 (0.50)
1.26 (0.36)

0.22 (.830)
0.01 (.993)

0.10
0.004

Abbreviations: CIS, clinically isolated syndrome; MS, multiple sclerosis.
Note: Data for step-length variability are given as mean (SD), cm.

Table 3. Velocity and step length results
MS/CIS group Control group

Self-selected pace
   Velocity, cm/s 126.05 (21.97) 141.09 (23.13)

   Step length, cm
      Left leg
      Right leg

63.97 (7.44)
64.52 (7.62)

68.14 (7.21)
68.60 (6.93)

Brisk pace
   Velocity, cm/s 167.43 (22.24) 196.58 (27.68)

   Step length, cm
      Left leg
      Right leg

72.12 (6.22)
72.30 (6.47)

77.37 (5.45)
77.51 (4.37)

Abbreviations: CIS, clinically isolated syndrome; MS, multiple  
sclerosis.
Note: Data are given as mean (SD).

PracticePoints
•	Increased step-length variability may be a sign of 

early gait dysfunction. 
•	Gait analysis detected increased step-length vari-

ability at submaximal walking speeds in people 
with MS without gait dysfunction on physical 
examination.

•	Future study may determine the assessment feasi-
bility and the prognostic value of subclinical gait 
abnormalities in MS.
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Gait analysis has previously revealed other abnormal 
gait parameters in study samples in which participants 
had minimal abnormal neurologic findings,7,8 but details 
concerning gait parameters involving MS study samples 
with normal neurologic examination results are surpris-
ingly lacking. It remains to be determined if a particular 
gait parameter may be especially sensitive to subclinical 
disease activity and whether this could be easily record-
ed at a bedside assessment. In a small sample of MS 
patients with no pyramidal involvement, but still with 
other mild abnormal findings on examination, Martin et 
al.8 reported differences in stride length, EMG activity of 
the tibialis anterior and medial gastrocnemius, and ankle 
joint angles compared with controls. A potential techni-
cal advantage of step-length variability measurement is 
that no EMG recordings or attachments to the partici-
pant are required. 

Our preliminary data suggest that step-length vari-
ability at a self-selected walking speed is increased 
in female MS patients with minimal disability. The 
increased step-length variability may be explained by the 
minimal impairment observed on neurologic examina-
tion. We are not able to draw conclusions from our 
study regarding the sensitivity of altered step-length vari-
ability in the absence of neurologic findings. Future pro-
spective and longitudinal studies should aim to explore 
parameters of gait over the course of the disease and 
include larger samples of individuals with normal neu-
rologic examination findings. It is possible that subtle 
abnormalities of gait detected even before the onset of 
neurologic impairment on examination could improve 
early disability prognostication and influence treatment 
decision making. o
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