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Abstract

Introduction Gait disturbance in central nervous system (CNS) demyelinating disorders, including multiple sclerosis

(MS) and neuromyelitis optica (NMO) is one of the most troublesome problems that has a direct impact on the quality
of life. However, the associations between gait disturbance and other clinical variables of these two diseases have not
been fully elucidated.

Objective This study aimed to evaluate gait disturbance using a computerized gait analysis system and its associa-
tion with various clinical variables in patients with MS and NMO.

Methods A total of 33 patients (14 with MS and 19 with NMO) with minor disabilities, who were able to walk
independently and had passed their acute phase, were enrolled in the study. Gait analysis were performed using a
computer-based instrumented walkway system. (Walk-way MG-1000, Anima, Japan) Clinical variables, such as dis-
ease duration, medication, body mass index (BMI), hand grip power, and muscle mass were recorded. The Montreal
Cognitive Assessment (MOCA), Beck Depression Inventory score-Il (BDI), and fatigue scale were measured using the
Functional Assessment of Chronic Iliness Therapy-fatigue scale (FACIT-fatigue) scale. A trained neurologist scored the
Expanded Disability Status Scale (EDSS).

Results Gait speed was the single parameter that showed a significant positive correlation with MOCA (p <0.001).
The stance phase time was the single parameter that showed a significant negative correlation with EDSS (p <0.001).
Hand grip strength showed a significant positive correlation with skeletal muscle mass as assessed by bioimpedance
analysis (p <0.05). The FACIT-fatigue scale score showed a significant negative correlation with the BDI (p <0.001).

Conclusion In our patients with MS/NMO with mild disability, cognitive impairment was significantly correlated with
gait speed, and the degree of disability was significantly correlated with stance phase time. Our findings may imply
that early detection of a decrease in gait speed and an increase in stance phase time can predict the progression of
cognitive impairment in patients with MS/NMO with mild disability.
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Introduction

Demyelinating diseases of the central nervous system
(CNS), including multiple sclerosis (MS) and neuromyeli-
tis optica (NMO), are caused by the attack of white blood
cells and antibodies on the myeline sheath or the cells
that produce and maintain it in the spinal cord or brain
[1]. Damage to the myelin sheath interrupts nerve trans-
mission, resulting in various neurological dysfunctions
according to the involved part of the nervous system [1].
Deterioration of gait function is one of the most common
neurological deficits in patients with CNS demyelinating
diseases [2]. Gait function is important for independence
in daily activities and is essential for the mobility and
maintenance of general health in humans. Demyelinat-
ing disease-induced gait disturbances frequently result in
falls and fall-related injuries. Therefore, gait disturbance
in patients with CNS demyelinating diseases is one of the
most critical factors that impairs activities of daily living,
general health, and quality of life [2].

CNS demyelinating disease decreases gait speed and
endurance, step length, cadence, and joint motion and
increases metabolic cost during gait [3]. Some previous
studies have evaluated the factors determining gait dis-
turbance in patients with CNS demyelinating disease and
reported that various factors, such as fatigue, balance
problems, muscle mass and strength, and physical activ-
ity are associated with gait dysfunction [4-7]. Accurate
and extensive knowledge of the factors associated with
gait disturbance following the occurrence of CNS demy-
elinating diseases will enable clinicians and researchers
to have a more accurate and well-balanced understand-
ing of the disease. Moreover, the value of early detection
of impairments in patients with CNS demyelinating dis-
eases is highlighted by recent advances in treatment, par-
ticularly the availability of disease modifying drugs. The
ability to identify gait and balance abnormalities in the
early stages of CNS demyelinating diseases may provide
a rationale for cohort selection targeting more aggressive
therapeutic interventions. Therefore,in the current study,
we investigated the association between gait function in
patients with MS/NMO with mild disability and various
clinical variables, such as disease duration, type of medi-
cation used, body mass index (BMI), muscle strength,
cognitive deficit, depression, and fatigue.

Methods

Participant

Our study was approved by the Ethics Committee (IRB
2021-03-004) of Ulsan University Hospital and con-
ducted in accordance with the principles of the Decla-
ration of Helsinki for human experiments. All methods
were carried out in accordance with relevant guidelines
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and regulations. Written informed consent was provided
by all participants. We recruited consecutive patients
with CNS demyelinating diseases between March 2021
and July 2022.

The inclusion criteria were as follows: diagnosis of MS or
NMO according to the international consensus diagnostic
criteria [8, 9], a follow-up period of more than 3 months
from acute phase, and ability to walk independently (MS/
NMO patients with Expanded Disability Status Scale
(EDSS) <4.5). The patients who could not perform several
self-questionnaire and tasks were excluded.

Demographic data

The demographic or clinical information of patients,
including age, sex, BMI, and date of symptom onset were
recorded.

Skeletal muscle index
Whole-body bioimpedance analysis (BIA) measurements
were performed using an InBody S10 device (model
JMW140; Biospace Co. Ltd., Seoul, Korea).

Skeletal muscle mass (SMM) was calculated using the
Janssen equation [10]:

SMM (kg) =[Ht?/R50 X 0.401) + (sex X 3.825)
+ (age x —0.071)] + 5.102

where Ht is height in centimeters, R50 is bioimped-
ance analysis resistance in ohms, for sex, men=1 and
women =0, and age is in years.

The skeletal muscle index (SMI) was calculated using
the following equation [11]:

SMI (kg/m?) = SMM/Ht?

Expanded disability status scale

The degree of disability was measured using the EDSS.
The EDSS score at the last follow-up was measured by
the same neurologist (SY Kim) [12].

Gait analysis

A computer-based instrumented walkway system (Walk-
way MG-1000, Anima, Japan) was used for gait analysis
[13, 14]. This system measures the temporospatial param-
eters of gait by analyzing on/off signals between the
patient’s foot and the surface of the sensors at a sampling
frequency of 100 Hz [13, 14]. The length and width of the
system’s walkway are 4.8 m and 0.82 m, respectively [13,
14]. During gait, data were obtained and processed auto-
matically by the software embedded in the system.
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Experimental procedure for gait analysis

Participants wearing short pants were asked to get on
a walkway and walk barefoot along a 12 m straight line,
including 3.5 m in the front and 3.5 m beyond the end
of walking path [13, 14]. Each participant performed one
trial at a subjectively determined comfortable speed. A
physical therapist with more than 20 years of experience
performed gait analysis for all patients included in this
study.

Parameters of gait analysis

Measurements for temporal parameters, such as stance,
swing, and double stance phase and stride were obtained
in seconds. In addition, the duration of the stance, swing,
and double stance phases during the total gait cycle for
both lower limbs were expressed as percentages. Meas-
urements of the spatial parameters, stride and step length
and step width were obtained in centimeters. Addition-
ally, gait speed (cm/s), gait angle (degrees), toe out angle
(degrees), and cadence (steps) of each lower limb were
measured. Stride length means distance from the first
foot contact to another foot contact. It is the same mean-
ing as the distance of one step. Step width means width
between right and left with a heel contact to another heel
contact. Gait angle means angle which is carried from the
connected line of both heels between right and left foot
against the forward direction. Toe out angle means open
angle of a toe against the forward direction. Cadence
means step per minute. For statistical analysis, the aver-
age values of both sides of all temporal and spatial param-
eters were used. All measurement values are presented as
the mean =+ standard deviation.

Hand grip strength

Hand grip strength was measured using a digital grip
strength dynamometer (TKK 5401 GRIP D; Takei, Japan),
which measures between 5 and 100 kg of force [15]. The
dynamometer was held by the testing hand in a neutral,
comfortable position with 90° flexion of the index finger
[15]. Participants performed three trials for the dominant
hand and were instructed to squeeze the grip continu-
ously with full force for at least 3 s [15]. The average of
the three trials for each hand was recorded. For statisti-
cal analysis, the average grip strength of both hands was
used.

Instruments for assessing depression and cognition

Depression was evaluated using the Beck Depres-
sion Inventory score II (BDI), which is composed of
21 items with scores ranging from 0 to 63 and higher
scores indicating more severe depression [16]. To screen
patients who present with mild cognitive complaints, the
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Montreal Cognitive Assessment (MOCA) was used. The
MoCA is a 30-point test that takes 10 min and includes
short-term memory recall, visuospatial ability, executive
function, attention-concentration-working memory, lan-
guage, and orientation to time and place. In this study,
the validated Korean version of the MOCA was used [17,
18].

Functional assessment of chronic illness therapy-fatigue
scale

The severity of fatigue was assessed using the Korean
version of the Functional Assessment of Chronic Illness
Therapy-fatigue scale (FACIT-fatigue), which is a 13-item
questionnaire that assesses self-reported fatigue and
difficulty in daily activities due to fatigue; its final score
ranges from 0 to 52, with higher scores indicating less
fatigue [19].

Statistical analysis

To identify the correlations between the gait-analy-
sis clinical parameters, Pearson’s correlation test was
used. Using only the parameters that were significant
in the Pearson’s correlation test, multiple linear regres-
sion analysis was performed. To identify the variables
affected by multicollinearity and the strength of the cor-
relations, multicollinearity testing with variance infla-
tion factors (VIFs) was performed. Multicollinearity was
considered to be present when the VIF was higher than
5-10. Multiple linear regression tests with stepwise
methods were performed after discarding parameters
that showed multicollinearity. Statistical analyses were
performed using the Statistical Package for the Social
Sciences for Windows and the R package for Windows
(version 2.15.2; R Foundation for Statistical Computing,
Vienna, Austria).

Results

Patient characteristics

A total of 33 patients with CNS demyelinating dis-
ease (MS or NMO) of the CNS (5 men and 28 women,
17-68 years of age, 148.1-180.1 cm in height, and
43-108.7 kg in weight) were investigated in this study.
Among the 33 patients with demyelinating disease of
the CNS, 14 had MS, and the remaining had NMO. The
results of the clinical assessments and gait analysis are
presented in Table 1. There were no significant differ-
ences in clinical parameters between the MS and NMO
patients (Table 1).

Correlation between gait-analysis and clinical parameters
In the Pearson’s correlation test between gait analysis and
clinical parameters, MOCA was found to be significantly
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Table 1 Demographic and clinical characteristics of included patients
MS NMO Total Patients P-value

Age (years) 38.07+13.76 50.68413.1 4533+£1462 0.12
Facit fatigue score 38.14+£11.34 33.89+10.94 3570+£11.14 0.20
Weight (kg) 6339+17.26 63.84+£15.80 63.65+16.17 0.99
Height (cm) 159.10+6.15 159.87 +7.63 159.54+6.95 0.65
SMI'muscle mass 853+1.30 854+£142 854+1.35 0.90
Muscle mass 21.74£4.65 22.05£549 21.92£5.07 0.87
BMI (kg/mz) 24.96+£6.06 2472+£5.18 2482+548 0.90
MOCA score 23794731 26.58+£2.99 25394536 038
EDSS score 193+£152 197+£1.14 196+£1.29 0.84
K-BDI score 16.714£11.00 16.89£11.95 16.824+11.38 093
Disease duration (days) 2350.294 1838.85 1837.05+ 1468.59 2054.7941627.35 0.51
Gait analysis

Stride length (cm) 90.32+17.06 88.63+£15.02 89.35+15.68 053
Step length (cm) 45.114+8.60 44361745 4468+7.84 048
Step width (cm) 11.46£4.42 9.79+3.07 10.50£3.74 040
Gait angle (9) 14.1847.08

Toe angle (9 5444565 7574549 6.67+557 0.29
Stride phase (sec) 45344854 4485+7.78 45.06+7.98 0.76
Swing phase 5.96+2.06 503+1.59 542+1.83 0.44
Double phase 793+492 6.72+£3.15 7244398 0.60
Gait speed 75.60+19.21 7226+17.51 73.68+18.04 042
Cadence 99.73£11.30 96.64 +10.95 9795+£11.03 0.51
Hand grip power

Non-dominant side 2048+9.16

Dominant side 22.504+9.26

Average 20524834 2275+963 21.80+£9.04 040
Functional score

Motor 0.71£0.99 047+0.70 0.58+0.83 0.63
Cerebellum 021+£0.80 0.11+0.32 0.15+0.57 0.90
Brainstem 0.14+£036 0.05+0.23 0.09+0.29 0.68
Bladder 036+0.75 0.58+0.77 048+0.76 0.40
Visual 0434065 0214£0.54 0.304+0.59 0.36
Cerebral or mental 0.71+£091 0.26+0.45 0451071 0.19

SMI skeletal muscle index, BMI Body mass index, MOCA Montreal cognitive assessment, EDSS Expanded disability status scale, K-BDI Korean version of Beck’s

Depression Inventory

correlated with gait speed, cadence, stride length, step
length, and stride, stance, and double stance phase time
(p<0.05; Table 2). In the multivariate linear regression
analysis, only gait speed had a significant positive cor-
relation with MOCA (R*>=0.452, p<0.001, Table 3). In
addition, EDSS scores were significantly correlated with
gait speed, stride length, step length, stride phase time,
swing phase time, and cadence (p <0.05; Table 2). In the
multivariate linear regression analysis, only the stance
phase time was significantly negatively correlated with
EDSS (R?=0.611, p <0.001; Table 3).

Other correlations

In the Pearson’s correlation test, the FACIT-fatigue
score was significantly correlated with the results of BDI
(p<0.05). In the multivariate linear regression analysis,
the FACIT- fatigue score also had a significantly negative
correlation with the results of BDI (p <0.001; Table 3). In
addition, hand grip power was significantly correlated
with BMI, SMI, and SMM, as assessed by BIA (p<0.05).
However, in the multivariate linear regression analysis,
only SMM, had a significant positive correlation with
hand grip strength (R*=0.649, p=0.001; Table 3).
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Table 3 Multiple linear regression analysis among various clinical parameters in patients with MS/NMO

Dependent variable Independent variables R? Beta coefficient Standard error 0Odd ratio (95% CI) P value
MOCA Gait speed 0452 0.673 0.179 0.541~1.271 <0.001
EDSS Stance phase time 0.611 -0.238 0.034 -0.308~-0.168 <0.001
Hand Grip Strength Muscle Mass at BIA 0.649 2227 0.584 1.033~3421 0.001
FACIT Fatigue Scale K-BDI score 0.529 -0.712 0.121 -0.958 ~-0.466 <0.001

MS Multiple sclerosis, NMO Neuromyelitis optica, MOCA Montreal cognitive assessment, EDSS Expanded disability status scale, BIA Bioimpedance analysis

Discussion

Gait speed showed a significantly positive correlation
with the results of cognitive function (MOCA), and
stance phase time showed a significantly negative cor-
relation with the degree of disability (EDSS) in patients
with MS/NMO with mild disability. In other words, the
better the patients’ cognitive function, the faster their
gait speed. In addition, the higher the patient’s disability,
the shorter is the stance phase time.

The positive correlation between cognitive function
and gait speed may be because both cognition and gait
function are affected by the degree of brain involvement.
As brain involvement by MS/NMO disease increases,
gait speed slows down and cognition decreases [20].
Another possible reason for the correlation between cog-
nitive function and gait speed may be the presence of
postural compensatory strategies by cognitive functions
in humans. Accumulating data have suggested that cog-
nitive and postural tasks may interfere with each other
when performed concomitantly. Therefore, it has been
hypothesized that a like exists between the cognitive
domain and postural control, defined as cognitive-pos-
ture interference/cognitive-motor interference [21-23].
Therefore, in patients with MS/NMO disease those with
high cognitive function are believed to better comple-
ment the relatively deteriorated compensatory strategy.

In addition, the results of this study showed a nega-
tive correlation between the degree of disability and the
stance phase time. The core function of maintaining sta-
bility during the stance phase is the ability to stably sup-
port the body weight on one leg. Patients with severe
disability have difficulty sustaining stability on one leg,
which lengthens the stance phase time. The weakness of
hip extensor muscles and ankle plantar flexor power, and
restricted ankle plantar flexion during the toe off dur-
ing stance phase, which have been reported in the previ-
ous studies, also may lengthen the stance phase time in
patients with MS/NMO [24-26].

In addition, the FACIT-fatigue score had a significant
negative correlation with the K-BDI score, which indi-
cates that patients with more fatigue tend to be more

depressed. This result is consistent with that of previous
studies [27-29]. In previous studies, the authors found
that patients with fatigue had more severe depression
than those without fatigue, and that fatigue score corre-
lated with depression scores. The authors of these stud-
ies believed that fatigue has a significant correlation
with depression because fatigue in patients with NMO/
MS could be secondary to mood disorders, such as
depression.

In addition, hand grip strength was significantly cor-
related with SMM, as assessed by BIA in this study. This
is believed to be because the greater the muscle mass,
the more muscle power it is likely to have, and handgrip
power is a representative parameter to measure it. This
is consistent with the results of a previous study that
showed a positive correlation between hand grip strength
and SMM assessed by BIA in patients with sarcopenia
and multiple sclerosis [30].

Although very few studies have investigated the corre-
lations between gait analysis and clinical data in patients
with NMO, some studies have investigated the correla-
tions between gait analysis and various clinical param-
eters in patients with MS. D’Orio et al. [31] reported that
lower processing speed and intelligence quotient pre-
dicted slower gait speed in patients with MS and poorer
verbal memory predicted an increased frequency of falls.
Kalron et al. [32] reported a significant reverse correla-
tion between the degree of gait impairment and cogni-
tive motor skills assessed using a computerized cognitive
battery test. Hsieh et al. [33] also reported that a slower
cognitive processing speed (assessed by symbol digit
modalities) was significantly associated with greater gait
instability. The correlations between cognition and gait
impairment in previous studies are consistent with the
results of our study. Considering the close correlation
between cognitive and gait function, training for improv-
ing cognitive function in patients with CNS demyelinat-
ing disorders might be helpful in improving gait function
by repairing deteriorated compensatory strategies.
Moreover, these results may imply that early detection of
a decrease in gait speed and an increase in stance phase
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time can predict the progression of cognitive impairment
in patients with MS/NMO with mild disability.

This study has a few limitations. First, a small number
of patients with MS and NMO were enrolled. Therefore,
it was difficult to determine the correlation between each
group of patients with MS and NMO. Studying the cor-
relation of gait disturbance in each disease with more
patients in the future will be more meaningful. Second,
no data were collected in this study that could affect out-
comes, such as the presence of concomitant diseases,
medications the patient is taking, or whether the patient
has undergone rehabilitation treatment. Further studies
enrolling more patients will be necessary in the future.
Lastly, since we enrolled only patients with CNS demyeli-
nating disorder and mild disability who could walk, fur-
ther studies are required to examine trends in the overall
patient population.

Conclusion

In our patients with MS/NMO, cognitive impairment was
significantly correlated with gait speed, and the degree of
disability was significantly correlated with stance phase
time. Our findings suggest that gait disturbance and cog-
nitive deficits in patients with MS/NMO are closely cor-
related. These results may imply that early detection of
a decrease in gait speed and an increase in stance phase
time can predict the progression of cognitive impair-
ment in patients with MS/NMO with mild disability. In
other words, this may also mean that caring for cognitive
function in patients with MS/NMO might be helpful in
maintaining good walking ability. In addition, we believe
that rehabilitative training in patients with severe disabil-
ity should focus on improving stability during the stance
phase of the gait cycle. However, further studies with a
larger number of patients with MS/NMO are warranted
for better evaluation.
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