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Abstract
Background and Purpose: Multiple sclerosis (MS) is a progressive neurological disorder, characterized by exacerbations and remis-
sions, often resulting in disability affecting multiple neurological functions. The purpose of this article was (1) to describe the frequen-
cies of self-reported symptoms in a natural environment and (2) to determine characteristics and associations between self-reported
symptoms and home gait parameters (speed, stride time, and stride length) at baseline and at 3 months in patients with MS.
Methods: Participants completed the self-report MS-Related Symptom Scale to measure symptoms. A three-dimensional depth
imaging system (Foresite Healthcare) was used to measure gait parameters in the home environment.
Results: These data show significant correlations between the following symptoms: knee locking or collapsing, difficulty sleeping,
depression, and anxiety with decreased number of average walks per day; however, the symptoms including trouble-making toilet:
day and difficulty in starting urine were positively correlated with average walks per day. The symptom numbness was significantly
correlated with decreased speed and decreased stride length.
Discussion and Conclusions: Our findings suggest that certain groups of symptoms were more frequently reported with certain
gait parameters (stride time/speed) in persons with MS. Rehabilitation nurses can provide optimal care to prevent future decline in
symptoms and gait.
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Multiple sclerosis (MS) is a progressive neurological disor-
der, characterized by exacerbations and remissions, affecting
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mobility, balance, sensation, cognition, vision,mood, and
bowel and bladder function (Disanto et al., 2010). The
disease process involves demyelination of the central
nervous system (Lassmann, 2013; Lucchinetti et al., 2011),
axonal damage, and the formation of sclerotic plaques
in the brain (e.g., cerebellum, brain stem), optic nerves
(Balk et al., 2017), and spinal cord. Symptoms of MS vary
from person to person and can fluctuate based on an
individual’s fatigue, heat exposure, intercurrent illness,
medication use, and other factors (Powell, Liossi, Schlotz,
& Moss-Morris, 2017). Worsening mobility has been
strongly correlated with progression of MS (Balk et al.,
2017; Burschka et al., 2012; Fritz & Lusardi, 2009) and
risk for adverse outcomes including falls (Shahrbanian,
Duquette, Kuspinar, & Mayo, 2015), reduced quality of
life, and increased caregiver burden (Newland, Flick,
Thomas, & Shannon, 2014).

Decreased mobility may lead to increased burden of
other symptoms, such as bowel and bladder management
(Zwibel, 2009), as well as increased likelihood of worsen-
ing disability. Although providers can assess problems with
walking and other symptoms during routine clinic visits,
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such assessment may not represent an individual’s “real-
world” function, as they know they are being assessed.
In addition, a clinic-based assessment is not representa-
tive of an individual’s home environment and is usually
limited to observation of short bursts of walking (i.e.,
6-minute walk test, timed 25-foot walk; Bethoux &
Bennett, 2011). To more clearly assess walking and other
mobility, we need to assess multiple subjective symptoms,
along with walking parameters, in real-time and “real-
world” settings.

Currently, there is little evidence describing the inter-
action of MS symptoms (e.g., fatigue, depression, anxiety)
andwalking that involves continuous monitoring in a clinic
or home environment (“Complex Symptoms andMobility,”
2014). In-home monitoring of walking ability combined
with self-report of symptoms in persons with MS can ad-
dress this gap and can allow for improved ability to assess
variations in walking that may be missed during a one-
time assessment in the clinic setting. Real-time and real-world
capture of the relationship between subjective symptoms
(e.g., fatigue, pain), variation in gait, and falls in the home
environment may help providers optimize health outcomes
for persons with MS (Burschka et al., 2012; Fritz & Lusardi,
2009; Shahrbanian et al., 2015). Longitudinal recording of
patient-reported outcomes and characteristics via in-home
sensors could offer clinical utility for selecting and adapting
personalized rehabilitation interventions. The purpose of
this article was (1) to describe the frequencies of self-report
symptoms and (2) determine characteristics and associations
among self-reported symptoms and home gait parameters.

Methods

Study Design and Sample

This was a pilot prospective study that underwent institu-
tional review and approval. Participants were approached
and recruited from a Midwest MS clinic. All participants
who met inclusion criteria and volunteered for the study
were asked to set up a time in our laboratory. The inclu-
sion criteria are ≥18 years of age, >30 days postrelapse
to avoid including symptoms that may have been present
orworse due to a relapse (Goodin et al., 2016), allMS sub-
types (clinically isolated syndrome, relapsing-remitting,
progressive), a score of 0–6.5 on the Self-Report Expanded
Disability Status Scale (SR-EDSS), ability to speak and un-
derstand English, and home Internet service with at least a
digital subscriber line speed.

Measures

Self-Report Expanded Disability Status Scale

This scale establishes the amount of disability based on
walking ability and the need for an assistive device and
Copyright © 2020 by the Association of Rehabilitation Nurse
is composed of 17 items that reflect the components of a
physician-administered EDSS (Kurtzke, 1983). Scoring
of the SR-EDSS ranges from 0 (normal neurological exam)
to 10 (death due to MS). The SR-EDSS scores are highly
correlated (r = .92) with the physician-assessed EDSS scores
(Bowen, Gibbons, Gianas, & Kraft, 2001).

Timed Up and Go

This is an assessment commonly used to measure func-
tional ability and determine fall risk with many popula-
tions, including persons withMS. The standard procedure
for the Timed Up and Go (TUG) is the individual is asked
to rise from a seated position, walk 3 m, turn at the end
of the 3 m, return to the chair, and end in a seated posi-
tion (Podsiadlo&Richardson, 1991). The TUGwasmea-
sured at baseline using 7 m, instead of 3 m as listed above,
to capture more gait cycles for descriptive purposes. In
addition, sensors in the home will utilize a TUG algorithm
previously established with these sensors and discussed
further below.

MS-Related Symptom Scale

The MS-Related Symptom Scale (MS-RS; Gulick, 1989)
consists of five factored subscales that correspond to the
SR-EDSS functional systems (Kurtzke, 1983). They are
Motor (arm weakness, leg weakness, spasms, tremors,
knee locking or collapsing, balance problems, falling),
Brainstem (double vision, blurred vision, difficulty swal-
lowing, forgetfulness),Mental/Emotions (loneliness, depres-
sion, anxiety), Sensory (pain, burning sensation, numbness,
pins and needles sensation), and Elimination (increased
urine frequency: day, increased urine frequency: night,
trouble-making toilet: day, trouble-making toilet: night).
In the original model confirmation, fatigue was factored
as a single symptom.

Participants rated the frequency of each symptom on
a 6-point scale from 0 = never to 5 = always. The total
MS-RS score ranges between 0 and 180, with a higher
score indicating symptoms are more frequent.

Sensors in the Home

A three-dimensional infrareddepth imaging system (Foresite
Healthcare) has been developed to measure gait parameters
in the home environment. This system has been validated
in the lab and the home (Figure 1; Stone & Skubic, 2011,
2013; Stone, Skubic, Rantz, Abbott, &Miller, 2015). The
details and validity of the system are described elsewhere
(Newland, Wagner, et al., 2016; Stone & Skubic, 2011,
2013; Stone et al., 2015). The imaging system is mounted
on the wall or a shelf in a common area of the participant’s
home. A tracking algorithm is used to identify gait param-
eters (stride time, stride length, speed) and average number
s. Unauthorized reproduction of this article is prohibited.
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Figure 1. The integrated Foresite Healthcare data logger computer and
depth sensor unit, sized at 5 � 7 � 3 in. mounted on a wall.
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of walking events (Stone et al., 2015) daily. The system es-
timates stride length, stride time, and walking speed by an-
alyzing the motion of three-dimensional silhouettes. The
system averages TUG, derived from the sensor technology,
whichwas sent to the research team via password-protected
website (for correlations, see previous study; Stone et al.,
2015). The algorithm for the TUG averages was devel-
oped by using TUG in-laboratory measures to compare
with measures produced by an algorithm based on aver-
age in-home gait speed data from the depth sensor. The
sensor was available by lease at a low cost (Wang et al.,
2013) that allows for translation to other populations
(Rantz et al., 2013).
Procedure

Upon arrival in the laboratory, seven participants com-
pleted and signed an informed consent. Demographic
data such as age, bodymass index, time sinceMS diagno-
sis, and current medications were collected. Participants
were then asked to complete the SR-EDSS. Participants
then performed the 7m TUG while wearing wireless sen-
sors to obtain baseline temporal and spatial gait parame-
ters. Participants were given the MS-RS to take home,
complete, and return the scale in a postage paid envelope.
An in-home three-dimensional sensor was then installed
in their own home environment to collect gait parameter
data, with installation taking approximately 45 minutes.
Copyright © 2020 by the Association of Rehabilitation Nurse
In-home monitoring was used to collect repeated tempo-
ral and spatial gait parameters, and self-reported rating
of symptomswas collected (daily). As previously reported
(Rantz et al., 2013), monthly laboratory TUG assess-
ments were collected on subjects over a 2-year period
and were compared to in-home sensory data that calcu-
lated average in-home gait speed, estimated from the
depth sensor system on amoving average of 7 days. These
data were used to learn amapping of the average in-home
gait speed to the TUG assessment. In this comparison, the
TUG in-laboratory measures are used as the “gold stan-
dard” ground truth with the data from the depth sensor
and radar technologies (Stone et al., 2015).

Analysis

Descriptive statistics were used to summarize sample
characteristics. Continuous variables (sensor measures)
were described usingmeans and standard deviations (SDs)
or median and the 25% and 75% percentiles, as appropri-
ate. Categorical data were described using frequencies
(percentages). Association of the MS-RS factors and
sensor measures was assessed using Spearman correla-
tions. Additional analysis used factors that were created
by taking the average of the individual MS-RS item
for each factor. Factors were composed of subscales of
the MS-RS (e.g., Motor [arm weakness, leg weakness,
spasms, tremors, knee locking or collapsing, balance
problems, falling]) to identify single symptoms that
contributed to each factor. All analyses were conducted
in SAS v9.4.
Results

Sample Characteristics

A total of seven subjects with MS agreed to participate
in this study. Descriptive statistics for demographic and
disease-related variables, symptoms, and gait parameters
from depth sensors are presented in Table 1. Participants
were predominately White, non-Hispanic, female, and
married. Participants tended to be highly educated, with
the majority completing at least some college. Disease
duration averaged 12 years, with the majority reporting
SR-EDSS within intermediate disability range and a diag-
nosis of relapsing-remitting MS.

Themean scores for the 26 symptomswithin the sub-
scales on the MS-RS that correlate with gait parameters
of stride/speed/walks per day are presented in Table 2.
These data show a negative correlation between increased
numbness sensory symptoms and both decreased walking
speed (p = .04) and decreased stride length (p = .04). Men-
tal symptoms of depression and anxiety together with the
s. Unauthorized reproduction of this article is prohibited.



Table 1 Participant demographic and clinical characteristics

Characteristic

Gender, n (%)
Female 4 (57.1)
Male 3 (42.9)

Race, n (%)
White 5 (71.4)
African American 2 (28.6)

Marital status, n (%)
Married 4 (57.1)
Single 2 (28.6)
Divorced/separated 1 (14.3)

Age (years), mean (SD) 50.7 (9.2)
Body mass index, mean (SD) 28.7 (6.8)
Education (years), mean (SD) 13.7 (2.1)
Years since diagnosis, mean (SD) 12.2 (8.2)
Self-report EDSS, median (IQR) 5 (4.5, 6.0)
AFO use, n (%)
No 5 (71.4)
Yes 2 (28.6)

Number of self-report falls in past 6 months, median (IQR) 2 (2, 5)
Number of near falls in past 6 months, median (IQR) 6 (2, 20)
Disease modifying therapy, n (%)
Injectable 3 (42.9)
Infusion 1 (14.3)
Oral 3 (42.9)

Medication use, n (%)
Ampyra 1 (14.3)
Amantadine 1 (14.3)
Vitamin D 6 (85.7)

Speed_cm_sec_, mean 7 59.38 12.48 63.44 39.77 73.91
Stride_length_cm_, mean 7 82.44 11.88 81.23 66.04 101.51
Stride_time_sec_, mean 7 1.44 0.212 1.39 1.26 1.88
Avg_walks_per_day 7 6.80 3.43 6.91 2.00 12.55

Note. AFO = ankle foot orthotic; EDSS = Expanded Disability Status Scale;
IQR = interquartile range; cm = centimeter; sec = seconds; Avg = average.
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motor symptom knee collapsing was negatively related
to average walks per day (p = .01, .02, .04), respectively.
However, positive correlations were shown between the brain
stem symptom and sleep difficulty, along with the elimi-
nation difficulties of time spent toileting during the day
and initiating urination, with increased average walks per
day (p = .02, .01, −03), respectively.

Symptoms aggregated by subscales of the MS-RS,
along with average walks per day, are shown in Figure 2.
These analyses revealed motor symptom of leg weakness
(mean = 3.3, SD = 1.1); urinary, sensory (numbness), and
fatigue were reported at higher frequencies in three partic-
ipants (Participants 3, 4, and 6). The higher score indicates
the severity of each symptom factor or group of symptoms
for each subject.
Discussion

Preliminary data from this pilot study provide evidence
that certain groups of symptoms thatweremore frequently
Copyright © 2020 by the Association of Rehabilitation Nurse
reported were correlated with certain gait parameters in
patients with MS (Balantrapu, Sandroff, Sosnoff, & Motl,
2012; Hartoonian et al., 2015; Karpatkin & Rzetelny,
2012). To our knowledge, this is the first study within the
United States to objectively measure in-home gait using a
depth sensor and associations with self-reported groups
of symptoms. Our findings concur with others that sensory
symptoms (i.e., numbness) and mental symptoms are associ-
ated with gait parameters (speed/stride time; Glanz et al.,
2012). Our findings differ from a previous study (Motl
et al., 2014) in which finding correlations of symptoms
and gait using in-home depth sensors in a longitudinal study
to assess gait. Future studies utilizing in-home sensor assess-
ment and symptom measurement should consider incorpo-
rating magnetic resonance imaging findings to identify if
magnetic resonance imaging findings correlate to symptoms
and functional mobility changes.

This study, as well as other works, indicate that fatigue
is a common symptom reported by personswithMS. Given
that fatiguewas a frequently reported symptombutwas not
associated with gait problems in our study, further under-
standing of fatigue is key to address the important symptom
of fatigue. Certain underlying physiological mechanisms
by which fatigue may exacerbate other MS symptoms are
still unclear. Therefore, additional research is needed to
understand and manage fatigue at its origin (Newland,
Starkweather, & Sorenson, 2016).

This study suggests that patients withMS have signif-
icant problems with gait speed, stride length, and average
walks per day and that there is a link to a group of several
symptoms that could further impede their movement.
Given the negative effects of inactivity among persons with
MS, inactivity could be related to further risk for compli-
cations of a sedentary lifestyle such as obesity and hyper-
tension. Sensory deficits, such as numbness and vibratory
sense, are a known impairment for persons with MS and
have been identified as reasons for impaired balance and
are included as variables in the EDSS (Kurtzke, 1983). A re-
cent longitudinal study (Zackowski, Wang, McGready,
Calabresi, & Newsome, 2015) found that strength and
sensory impairments correlated with ambulation and dis-
ability measures. However, additional work is needed to
determine how much of ambulation decline is due to
sensory impairments. The symptom “trouble-making the
toilet: day” may be associated with more walks per day
due to the individual attempting to avoid urinary or bowel
incontinence. Thus, it is important to implement individu-
alized intervention programs aimed at improving bowel
and bladder control and reducing disability in persons
with MS.

Some studies have shown a correlation between in-
creased fatigue and increased level of disability in patients
s. Unauthorized reproduction of this article is prohibited.
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Table 2 Spearman correlations for symptoms in patients with RRMS

Symptom Speed cm_sec_ Stride_Length__cm_ Stride_Time__sec_ Avg_Walks_Per_Day

Fatigue r −.09 −.07 −.29 −.63
p value .84 .87 .51 .12

Arm weakness .50 .58 .31 .24
.24 .17 .48 .59

Leg weakness −.27 −.12 −.38 −.018
.55 .78 .39 .96

Spasms −.34 −.45 .03 −.49
.44 .30 .93 .26

Tremors .11 −.11 −.20 −.61
.81 .81 .65 .13

Knee locking or collapsing .07 .19 −.15 −.77
.86 .67 .74 .04

Balance problems −.59 −.63 −.18 −.03
.16 .12 .69 .93

Falling −.37 −.18 .43 −.53
.40 .70 .33 .21

Double vision .02 −.02 .22 .45
.96 .96 .62 .31

Blurred vision −.40 −.40 −.27 −.53
.37 .37 .56 .21

Difficulty swallowing −.54 −.77 −.23 .15
.21 .05 .61 .74

Forgetfulness .07 −.11 −.44 −.74
.87 .81 .31 .05

Difficulty sleeping −.15 −.19 −.19 −.82
.75 .69 .69 .02

Loneliness .04 −.19 −.58 −.46
.93 .67 .17 .29

Depression −.04 −.04 −.22 −.87
.93 .93 .63 .01

Anxiety −.20 −.15 −.16 −.82
.66 .75 .72 .02

Pain −.11 −.19 −.39 −.69
.81 .68 .38 .08

Burning sensation −.16 −.20 .63 −.05
.72 .66 .12 .90

Numbness −.77 −.77 .05 .09
.04 .04 .90 .96

Pins and needles sensation −.71 −.65 .24 −.31
.07 .11 .60 .49

Increased urine frequency–day .15 .30 .70 .03
.75 .51 .07 .93

Increased urine frequency–night .13 .31 .20 −.38
.78 .49 .66 .39

Trouble-making toilet–day .00 .08 .08 .85
1.00 .86 .86 .01

Trouble-making toilet–night −.16 .10 .42 .38
.73 .83 .35 .40

Difficulty in starting urine −.54 −.44 .66 .80
.21 .32 .10 .03

Urinary infection or burning −.24 −.06 .30 .42
.60 .89 .51 .35

Note. r Value indicates the coefficient or the strength and direction of a linear relationship between two variables. cm = centimeter; Avg = average; RRMS =
relapsing-remitting MS.
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Figure 2. Factors and fatigue levels for patients with multiple sclerosis
(N = 7).
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with MS who experience gait problems (Glanz et al.,
2012; Motta et al., 2016). Sensory and weakness (Motor)
problems are complex and multifactorial, and therefore,
identification of frequency and presence of these symptoms
will allow for early and individualized intervention.
Implications for Practice

Gait changes that correlate with symptoms such as leg
weakness, depression, and elimination problems can be
an early indicator of other adverse outcomes in patients
with MS. Using in-home gait monitoring that correlates
with reported symptoms has potential to provide infor-
mation to rehabilitation nurses, other healthcare pro-
viders, as well as the patients with MS. Implications for
practice also include identification of patients with MS
who may benefit from early referral to rehabilitation spe-
cialists, such as physical and occupational therapy, to de-
velop individualized interventions to address gait changes
that lead to progression of disability associated with MS
over time. Rehabilitation and other healthcare providers
should assess and closely monitor changes in depression,
anxiety, and walking changes, such as walking less, more
slowly, or take shorter steps, in patients with MS. This
Copyright © 2020 by the Association of Rehabilitation Nurse
study also supports the need for early interventions to
manage emotional issues and bladder/bowel issues as a
preventative measure to slow increases in disability.

Limitations

Our study had a small sample size, which limits our re-
sults from being generalized to patients with MS. How-
ever, despite our small sample size, our results concur
with previous gait studies related to symptoms and gait
in patients with MS. The present study consisted of MS
patients who had been diagnosed for 10 years or more,
which may have skewed our results toward individuals
experiencing more frequent and more severe symptoms.
A limitation of the depth-sensing system is that depth im-
ages can be reliably processed for a room about 20 ft in
depth, so positioning is important to get a nearly com-
plete view of the room. Large spaces require careful place-
ment of multiple depth sensors when attempting to do
automated fall detection in a larger environment. An-
other limitation could be the placement of the sensor in
the main living space, which might miss gait activity and
movement. The ghost-like depth images protect privacy
and are acceptable to persons with MS; however, in the
home, it can be challenging to place the device in the best
paths for gait data collection and where most steps for
averagewalks are likely to occur (Rantz et al., 2015). In ad-
dition, persons with MS may have changed their walking
because they knew they were being monitored. However,
this effect is unlikely to be sustained in everyday life with
the sensor in place where the person frequently walks for
a period of several weeks or months.

Conclusion

This pilot work provides data supporting the relationship
between changes in symptoms and gait parameters in a
small sample of persons with MS. We encourage future
longitudinal and experimental investigations of symp-
toms and gait with implications for preventing or slowing
worsening disability in persons with MS. Such investiga-
tions will provide rehabilitation nurses with information
to provide targeted optimal care and advocate for early
referral to other rehabilitation specialists.
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Key Practice Points
• Gait variability and falls are common problems for persons
with MS.

• Monitoring with a sensor system is a feasible strategy for
gait parameter and symptoms.

• Evidence that gait sensors may contribute to more
accurate early prediction of gait problems in rehabilitation
settings for patients with MS.
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