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Chaparro GN, et al. Individuals with multiple sclerosis (MS) experience gait impairments, particularly while dual-
tasking, that contribute to an increased risk of falls. Because falls negatively impact participation and quality of life, 
it is essential to examine how to improve dual-tasking gait. However, no studies, to date, have examined how gait 
variability is affected by partial body weight support (PBWS) while dual-tasking in older adults with MS. This study 
examined how PBWS can affect dual-tasking gait variability in older adults with MS and age-matched healthy older 
adults (HOA). Twenty individuals from each group underwent a dual-tasking paradigm under PBWS and no body 
weight support (NBWS) while recording gait variability measures. Under PBWS, older adults with MS exhibited 
significantly greater decreases in gait variability measurements (i.e. smaller coefficient of variation for step width 
and stride time) when compared with HOA and NBWS. These study findings suggest that PBWS can assist with dual-
tasking gait variability and may serve as a therapeutic tool for clinicians and rehabilitation specialists for improving 
dual-task ability and potentially decreasing fall risk. This study was the first to investigate the effects of dual-tasking 
under PBWS on gait variability measures in older adults with MS and age-matched controls.   
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INTRODUCTION 

Walking (Kalron, 2017) and cognitive 
impairments (Amato et al., 2006) are common, co-
occurring manifestations of multiple sclerosis (MS). 
These deficiencies in MS can manifest an increased 
difficulty with dual-tasking (e.g., walking and talking) 
(Allali et al., 2014; D’Esposito et al., 1996; Hamilton et 
al., 2009) as demonstrated by gait impairments 
(Learmonth et al., 2014; Leon et al., 2015; Montero-
Odasso et al., 2012; Moon et al., 2015; Sosnoff et al., 
2011; Wajda & Sosnoff, 2015) (decreases in stride 
length, gait speed, and single support time and 
increases in step width, double support time, and 
stride time). These gait impairments have been 
further associated with an increased risk of falls (Leon 
et al., 2015; Wajda & Sosnoff, 2015). One study 
reported that higher gait variability was associated 
with a higher risk of falls in individuals with MS (Allali 

et al., 2016). Within a three to six-month elapsed 
period, 50% of individuals with MS self-reported a fall 
that caused an injury (Finlayson et al., 2006), and 
individuals have expressed a loss of mobility and falls 
as a considerable personal concern (Finlayson, 2004). 
Older adults are the fastest growing segment of the 
MS population who experience the combined effects 
of aging and MS on outcomes such as walking and 
cognition (Sanai et al., 2016). Thus, because of the 
rate of fall occurrence and the negative impact on 
participation and quality of life, it is essential to 
examine approaches to decrease the dual-tasking gait 
impairments, particularly in older adults with MS. 
While research has reported improvements in dual-
task walking parameters after dual-task training 
interventions in individuals with MS (Monjezi et al., 
2017; Peruzzi, 2016, 2017), it remains unknown if gait 
while dual-tasking can be improved specifically in 
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older adults with MS. Thus, it is required for research 
to examine how to improve dual-tasking gait 
parameters in older adults with MS.   

Partial body weight support (PBWS) training 
traditionally used for gait rehabilitative purposes 
involves suspending an individual/participant by a 
mounted harness over a treadmill. Under these 
conditions, a percentage of the individual’s weight is 
relieved which allows for stability and balance to be 
manipulated while walking. The application of PBWS 
has demonstrated various benefits, including 
improving gait parameters (e.g., gait speed, step 
length, and swing time symmetry) (Field-Fote, 2001; 
Miyai et al., 2000; Ribeiro et al., 2013; Ullah et al., 
2017) and balance (Visintin et al., 1998), fostering 
walking confidence (Hesse et al., 1997), maintaining 
attentional capacity (Chaparro et al., 2017), and 
decreasing energy costs (Danielson & Sunnerhagen, 
2000; Visintin & Barbeau, 1989). Improvements in 
gait under PBWS have been reported in clinical 
populations such as Parkinson’s (Miyai et al., 2000), 
spinal cord injury (Field-Fote, 2001), and stroke 
(Hesse et al., 1997; Visintin et al., 1998; Ullah et al., 
2017). These notable benefits associated with PBWS 
can lead to presumptions that PBWS can ease the 
walking demands, increase the walking self-efficacy, 
preserve attentional demands, and decrease the 
physical demands that are required for walking. Thus, 
it can be postulated that dual-tasking gait 
performance in older adults with MS may improve 
under PBWS, which merits further examination. 
Unfortunately, there is no research to date that has 
examined if PBWS influences gait parameters during 
dual-task walking in older adults with MS when 
compared with age and gender-matched controls. 

As the ability to dual-task decreases, the gait 
impairments and risk of falls increase in HOA (healthy 
older adults) (Faulkner et al., 2007; Lundin-Olsson et 
al., 1997; Springer et al., 2006) and older adults with 
MS (Allali et al., 2016; Leone et al., 2015; Wajda & 
Sosnoff, 2015). Thus, it is essential to examine if 
PBWS can serve as a therapeutic tool for improving 
dual-tasking gait performance in older adults with 
MS. To date, research has examined the effects of 
short-term PBWS interventions (i.e. up to 4 weeks) on 
gait parameters in individuals with Parkinson’s 
disease (Miyai et al., 2000), yet it is unknown if a one-
time use of dual-task walking under PBWS would 

affect the gait variability in older adults with and 
without MS. By examining the one-time use of PBWS, 
this study can evaluate the feasibility for future 
studies to incorporate dual-tasking PBWS 
interventions for older adults with MS.  

The current study examined if gait 
performance in HOA and older adults with MS are 
influenced while dual-tasking with an acute or single 
application of PBWS. Based on previous research that 
has established various benefits associated with 
walking under PBWS (as discussed above), it was 
hypothesized that individuals with MS would 
demonstrate improvements in gait performance as 
exhibited through lower gait variability measures 
while dual-tasking under PBWS when compared to no 
body weight support (NBWS) conditions. In addition, 
due to greater motor performance impairments 
observed in individuals with MS when compared to 
age-matched controls (Martin et al., 2006; Sosnoff et 
al., 2012), it was hypothesized that individuals with 
MS would benefit more from the use of PBWS and 
thus exhibit greater improvements in dual-tasking 
gait performance when compared to the age and 
gender-matched controls (i.e., HOA).  
 
METHODS 
Participants 

Twenty individuals with MS (mean age of 61.1 
± 6.9, 15 females) and HOA (mean age of 61.2 ± 5.9 
years, 15 females) were recruited from the 
surrounding community to participate in the study. 
Subjects were included in the study if they: had no 
lower limb injury in the past 6 months, medical 
conditions, cognitive dysfunction, or neurological 
disorders other than MS, had normal or corrected to 
normal vision, were right-side dominance, and over 
45 years of age. All participants with MS were relapse-
free 30 days prior to testing and had mild to moderate 
disability (EDSS range of 1-6), as evaluated by the 
Kurtzke Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983). The EDSS was evaluated through a 
neurological examination that was administered by a 
Neurostatus-certified examiner. Overall eligibility to 
participate in the study was established through a 
health screening and a score above 18 on the 
Telephone Interview for Cognitive Status (TICS-M) 
(Welsh et al., 1993). Higher education was assessed 
by measuring the number of years of education after 
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high school. Body mass index (BMI) was calculated 
using weight (kg), as measured from the treadmill’s 
force plate, and height (m), using a wall-mounted 
measuring tape. Demographic measures consisted of: 
age, sex, EDSS, higher education, height, weight, and 
BMI. All participants were informed about the study 
and signed informed consent forms approved by a 
university-based institutional review board before 
data collection. 
 
Dual-task Paradigm 

Participants performed the dual-task 
paradigm under two different walking conditions: 
one with NBWS and the other with PBWS. The 
amount of body weight support provided for each 
participant was defined at 30% body weight 
(Lindquist et al., 2007). This amount of body weight 
support was based off of previous research 
demonstrating improvements in walking parameters 
under 30% body weight support (Barela et al., 2019; 
de Oliveira et al., 2018; Lindquist et al., 2007; Luo et 
al., 2016). The conditions included: walking (W) and 
walking and talking (WT). During the WT condition, 
participants were asked to recite alternating letters of 
the alphabet (Verghese et al., 2002). Thus, there were 
four total trials: NBWS-W, NBWS-WT, PBWS-W, and 
PBWS-WT. Each trial consisted of a 30 second warm-
up period to reach a comfortable self-paced speed, 
followed by a 30 second period of walking at a 
comfortable walking speed used for testing, and a 15 
second period to decelerate (total trial time = 75 
seconds). While the order of conditions (i.e. W and 
WT) was counterbalanced, the order of body weight 
support conditions was not; NBWS conditions were 
always done before the PBWS conditions.  
 
Gait Variability 

A three-meter self-paced treadmill (C-Mill, 
Motekforce Link, Culemborg, The Netherlands) was 
utilized for all walking conditions. For safety 
purposes, all participants wore a harness during all 
walking conditions (see Figure 1). Raw data such as 
gait events (i.e., heel strikes and toe offs) were 
recorded by the CueFors 2 software. Gait variability 
measurements included the coefficient of variance 
(%) for stride time and step width (COV-ST and COV-
SW, respectively). These parameters were selected 
because of their relevance in detecting gait difficulties 

in individuals with MS (Moon et al., 2015; Socie et al., 
2013).  

Because of the unique self-paced feature of 
the C-Mill, participants were given instruction and 
training on the ability for the treadmill to adjust to 
their comfortable speed before testing began. In 
addition, participants were given training to get 
accustomed to the body weight support before the 
testing conditions began. Training consisted of the 
participant: receiving instruction of the treadmill 
functions, practicing the self-paced functionality, and 
walking with the body-weight support.  
 

 
 

Figure 1. Experimental set up. 
 

Data Analysis  
Spatiotemporal data used to calculate the 

gait variability measures were exported from the 
CueFors 2 software to MATLAB R2014a (The 
Mathworks, Inc.). Custom MATLAB scripts were used 
for processing data and exporting to R. R, version 
3.1.1, was used to run the statistical analysis with the 
significance level set at .05. Independent t-tests were 
run to analyze cohort differences in the demographic 
measures. A 𝑥! test was used to examine gender 
differences between the groups. To test our primary 
hypothesis, a linear mixed-model was used to 
examine differences between cohort (MS and HOA), 
task (W and WT), and body weight support (BWS) 
(NBWS and PBWS) for COV-SW and COV-ST, 
separately. Random intercepts were included: by-
subject, by-BWS, and by-task. The necessary tests 
were run to test for normality and outliers. The rankit 
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transformation was used to meet the 
assumptions necessary for the linear mixed-model for 
COV-ST. To control for multiple comparisons in the 
linear mixed models, post-hoc t-tests were carried 
out using Hochberg’s step-up method. 
 
RESULTS 
 Participants reported There were no 
significant group differences in any of the 
demographic measures (p >.05, Table 1).  
 
Table 1. Demographic data of participants. 
 

Variable HOA (n=20) MS (n=20) p-value 

Age (yr) 61.2 (5.9) 61.0 (6.9) 0.94 

Sex (#, % female) 15, 75% 15, 75% 1 

Height (m) 1.7 (0.08) 1.7 (0.09) 0.34 

Weight (kg) 76.2 (19.2) 74.9 (24.5) 0.85 

BMI (%) 26.1 (6.1) 26.3 (7.4) 0.92 

Higher education (yr) 5.2 (3.2) 5.8 (8.3) 0.77 

EDSS (0-10)  4.25 (2.62) ⱡ  

Mean (SD) and results from independent t test and Chi-squared 
test. ⱡ Median (IQR). Abbreviations: HOA= Healthy older adults; 

MS= Older adults with multiple sclerosis; BMI= Body mass index; 
EDSS= Expanded Disability Status Scale 
 

For findings on COV-SW: 1) A significant BWS 
effect (95% CI= -2.16 to 5.63, p <. 0001) indicated that 
all individuals demonstrated a significant decrease in 
step width variability under PBWS when compared to 
NBWS conditions 2) A significant two-way interaction 
between BWS and cohort (95% CI= 0.82 to 11.95, p 
=.008) indicated that older adults with MS 
demonstrated greater decreases in step width 
variability during PBWS conditions when compared to 
HOA. For findings on COV-ST: 1) A significant task 
effect (95% CI= -0.97 to -0.09, p =.05) indicated that 
all individuals demonstrated an increase in stride time 
variability when going from single-task walking to 
dual-task walking 2) A significant two-way interaction 
between BWS and task (95% CI= 0 to 1.24, p =.02) 
indicated that all individuals demonstrated lower 
stride time variability during single-task walking 
under PBWS when compared to dual-task walking 
under NBWS 3) A significant two-way interaction 
between BWS and cohort (95% CI= -0.07 to 0.71, p 
=.04) indicated that older adults with MS 
demonstrated greater decreases in stride time 
variability during PBWS conditions when compared to 
HOA. See Table 2-3 and Figure 2 for illustration of 
these findings.  

 
Table 2. Summary of coefficient of variance variables. 
 

  W-NBWS WT-NBWS W-PBWS WT-PBWS 

COV Variable HOA MS HOA MS HOA MS HOA MS 

SW 15.47 
(5.65) 20.89 (10.47) 15.93 

(5.64) 22.44 (13.84) 12.86 (4.71) 14.44 (5.07)* 14.38 
(10.27) 

14.87 
(6.3) 

ST 3.38 (2.38) 5.25 (5.8) 2.90 
(1.31) 5.59 (5.82) 2.75 (1.61) 3.10 (2.09)* 4.40 

(4.51) 
4.71 

(4.28) 

Mean (SD) of COV variables. *Significant decreases when compared to HOA. 
Abbreviations: W-NBWS= Walking with no body weight support; WT-NBWS= Walking and talking with no body weight support; W-PBWS= 
Walking under partial body weight support; WT-PBWS= Walking and talking under partial body weight support; COV= Coefficient of 
variance; HOA= Healthy older adults; MS= Older adults with multiple sclerosis; SW= Step width; ST= Stride time 
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Table 3. Results of linear mixed effect models.           
  β  SE   p-value 

(A) COV-SW       

BWS 1.73 1.99 < .0001 *** 

Task -1.01 2.04 0.43 

Cohort 0.12 2.68 0.11 

BWS * Task 0.55 2.83 0.82 

BWS * Cohort 6.39 2.84 0.008 ** 

Task * Cohort 0.90 2.88 0.96 

BWS * Task * Cohort -1.99 3.40 0.62 

(B) COV-ST (Rank-it transformation)       

BWS -0.43 0.22 0.30 

Task -0.53 0.23 0.05 * 

Cohort 0.02 0.31 0.22 

BWS * Task 0.62 0.31 0.02 * 

BWS * Cohort 0.55 0.31 0.04 * 

Task * Cohort 0.08 0.32 0.98 

BWS * Task * Cohort -0.17 0.44 0.70 
Linear mixed effect models with BWS (NBWS and PBWS), Task (W and WT), and Cohort (MS and HOA) as the main effects and COV-SW 
(panel A) and COV-ST (panel B) as the dependent variables. Data are reported as estimates, standard error, and p-value. Positive values for 
the estimate indicate that the measure is larger under NBWS, for MS, or for W, respectively.  
Abbreviations: SE= standard error; COV-SW= Coefficient of variance of step width; BWS= Body weight support; NBWS= No body weight 
support; MS= Multiple Sclerosis; COV-ST= Coefficient of variance of stride time; PBWS= Partial body weight support; W= Walking task; WT= 
Walking and talking task; HOA= Healthy older adults 
 

 
Figure 2. Results of step with and strike time. Coefficient of variance (COV) for step width (SW) and stride time (ST) in healthy older adults 
(HOA) and older adults with multiple sclerosis (MS) while walking (W), walking under partial body weight support (W-PBWS), walking and 
talking (WT), and walking and talking under partial body weight support (WT-PBWS). 
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DISCUSSION 
 
The objective of this study was to examine how the 
one-time use of PBWS could affect gait performance 
in older adults with and without MS while dual-task 
walking. This study builds upon prior work examining 
the benefits of PBWS (Chaparro et al., 2017; 
Danielsson & Sunnerhagen, 2000; Field-Fote, 2001; 
Hesse et al., 1997; Miyai et al., 2000; Ribeiro et al., 
2013; Ullah et al., 2017; Visintin & Barbeau, 1989; 
Visintin et al., 1998) and work examining how to 
improve dual-task gait performance in older adults 
with MS (Monjezi et al., 2017; Peruzzi, 2016, 2017). 
To our knowledge, this was the first study to examine 
the effects of the one-time use of PBWS on dual-task 
gait performance (as measured by gait variability 
measures) in older adults with and without MS. Our 
findings indicate that while older adults with MS 
exhibited greater decreases (i.e., improvements) in 
gait variability under PBWS when compared to NBWS, 
all participants exhibited decreases in gait variability 
under PBWS. Together, these results suggest that 
older adults with and without MS can benefit from 
PBWS while dual-tasking as demonstrated by 
improvements in gait performance. Thus, study 
findings highlight the importance for implementing 
PWBS for older adults, but especially for older adults 
with MS.  

Consistent with our hypothesis, while HOA 
did improve their gait performance (i.e., lower COV-
ST and COV-SW) under PBWS when compared to 
NBWS, the older adults with MS exhibited greater 
improvements under PBWS. As can be seen in Figure 
2 (both COV-SW and COV-ST), while cohort 
differences exist under NBWS (for both single and 
dual-task walking conditions), those differences 
disappear under PBWS conditions. Thus, the study 
findings indicate that the older adults with MS 
exhibited greater improvements in gait variability 
under PBWS which allowed them to exhibit similar 
behavior as that of the healthy control. This is an 
indication that older adults with MS benefitted more 
from PBWS conditions than HOA. While research has 
established that individuals with MS experience lower 
extremity muscle weakness which can negatively 
impact gait (Kalron et al., 2011; Sandroff et al., 2013; 
Yahia et al., 2011), perhaps the use of PBWS in this 

study assists with decreasing the physical 
load/demands for MS, overpowers the effects of 
lower extremity weakness, and leads to gait 
improvements. On the other hand, the larger COV-SW 
and COV-ST seen in MS under NBWS is similar to 
findings in individuals with fibromyalgia (Heredia-
Jimenez et al., 2016) and mild cognitive impairment 
(Boripuntakul et al., 2014) who demonstrated higher 
COV-SW when compared to a healthy control group, 
suggesting that symptoms of pain or mild cognitive 
impairment in older adults with MS may contribute to 
increased gait variability. Along with COV-SW, COV-ST 
has also been negatively correlated with balance 
confidence (Nagano et al., 2014; Schinkel-Ivy et al., 
2016). Together, these results indicate that gait 
variability changes could be sensitive to changes in 
physical and psychological function in older adults 
with MS, and that the use of PBWS in older adults 
with MS can indeed serve as a therapeutic tool for 
improving gait parameters while dual-tasking.   

Furthermore, as seen in Figure 2, all 
individuals (regardless of condition (i.e., MS or HOA)) 
exhibited lower COV-SW during PBWS conditions 
when compared to NBWS. Thus, the use of PBWS 
acted as a tool to improve step width variability. This 
is consistent with findings from Dragunas et al. (2016) 
where healthy young individuals exhibited a decrease 
in COV-SW while walking with body weight support. 
A larger COV-SW has been related to impaired 
balance (Nagano et al., 2014) and thus able to identify 
fallers (Svoboda et al., 2017). Thus, the smaller COV-
SW under PBWS found in this study, indicates that 
individuals had better balance under PBWS when 
compared to NBWS conditions. Together, these 
results indicate that the one-time use of PBWS can 
exhibit positive effects on gait symmetry variables in 
HOA and older adults with MS and thus improve the 
ability to dual-task. It is important to note, that 
though this study did not examine the effects of 
PBWS on the risk of falls, the gait behavior observed 
under PBWS can be a reflection of a lower risk of falls 
in older adults with MS.  

Consistent with the literature, when 
compared to single-task walking, all individuals 
(regardless of group (i.e., MS or HOA)) exhibited a 
larger stride time variability while dual-task walking 
(see Figure 2). Increases in stride time variability has 
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been exhibited while dual-tasking in healthy older 
adults (Dubost et al., 2006) and older adults with 
dementia (Ijmker & Lamoth, 2012). This increase in 
variability during a dual-task has been found to be 
attributed to a cognitive task requiring attention 
(Dubost et al., 2006) or levels of executive function 
(Ijmker & Lamoth, 2012). Thus, the larger stride time 
variability exhibited by the participants in the present 
study can also be attributed to the cognitive task 
required to perform while walking or level of 
executive function. However, given the focus of the 
paper on whether gait performance in HOA and older 
adults with MS are influenced while dual-tasking with 
an acute or single application of PBWS, the effects of 
PBWS on measures of the cognitive performance or 
level of cognition were not explicitly examined in this 
paper. Nonetheless, the increase in stride time 
variability while dual-tasking can be explained by the 
shared attentional capacity that leads to a decrease 
in gait automaticity (Nutt et al., 1993).  

As expected, when compared to the single-
task walking under PBWS, COV-ST was higher for all 
individuals (regardless of group (i.e., MS or HOA)) 
during dual-task walking under NBWS (see Figure 2). 
Similarly, for individuals with MS, it has been found 
that they exhibit greater gait variability measures 
while dual-tasking when compared to single task 
walking and healthy controls (Hamilton et al., 2009). 
This increase in COV-ST can be partly attributed to the 
addition of the cognitive task which can decrease the 
amount of attention allocated towards walking 
performance and thus cause an increase in COV-ST. 
Meanwhile, because this study examined the effects 
of the one-time use of PBWS on gait variability, 
perhaps these findings are due to the initial 
destabilizing effect caused by PBWS. Thus, these 
findings require further exploration into the possible 
effects of longer training periods using PBWS. 

Contradictory to our study findings, 
Kyvelidou et al. (2008) discovered that when 
compared to younger adults and low levels of body 
weight support, older adults demonstrated greater 
joint kinematic variability while walking with higher 
amounts of body weight support. While they 
attribute their findings to the need of altering 
proprioceptive information due to the decrease of 
gravitational stimulation under PBWS, this study can 
attribute the opposing findings to the increase in the 

ease of walking demands and decrease in the physical 
demands that are required for walking under PBWS. 
While research has demonstrated improvements in 
gait while dual-task walking after different dual-task 
training interventions such as balance and cognitive 
dual-tasks (Monjezi et al., 2017) and virtual reality 
treadmill training (Peruzzi, 2016, 2017), the 
population examined were individuals with MS in 
middle adulthood (i.e., ages 30-40) and the gait 
parameters measured included gait speed, stride 
length, and hip range of motion. Thus, the present 
study findings contribute to the literature by 
demonstrating improvements in gait variability in 
older adults with MS while dual-task walking under a 
one-time use of PBWS.   

Because this study examined individuals with 
low levels of disability severity (median EDSS score of 
4.25) that had no significant mobility impairments 
present, these findings cannot be generalized for 
individuals with MS with higher disability levels with 
marked mobility impairments. Thus, future research 
should examine the possible benefits of PBWS for 
individuals with higher disability severity levels. 
Furthermore, given that the gait variability 
improvements observed under PBWS were not tested 
for permanence, further work should examine the 
long-term effects of PWBS on gait variability in older 
adults with MS. While this study examined the effects 
on gait symmetry variables, future studies should 
examine dynamic postural control variables to 
provide greater sensitivity in identifying the benefits 
of PBWS on balance and gait. Lastly, because the 
order of BWS conditions was fixed (i.e., NBWS 
conditions before PBWS conditions), the authors 
acknowledge that the changes exhibited in the 
present study can be a result from a practice effect. 
Thus, future research should incorporate randomized 
BWS conditions into their methods. 
 
CONCLUSION 

This study was the first to examine the effects 
of the one-time use of PBWS on the dual-tasking gait 
variability of older adults with MS and compare it to 
age and gender matched controls. Findings exhibited 
that PBWS can indeed improve gait performance 
while dual-tasking which, though not examined in this 
study, can reflect a decrease in the risk of falls. For a 
clinical population such as older adults with MS, it was 
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effectively demonstrated that PBWS can be 
implemented for improving dual-tasking gait 
parameters. It has been discovered that PBWS has the 
ability to improve gait parameters while dual-tasking 
in older adults with MS. With further work examining 
the long-term benefits of PBWS on gait variability, 
PBWS may be recommended by clinicians in order to 
improve the dual-tasking ability and increase quality 
of life in HOA and older adults with MS. In addition, 
the benefits observed after the one-time use of PBWS 
can highlight the feasibility for researchers to 
incorporate dual-tasking interventions under PBWS 
for these populations.   
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