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The Relationship Between Fatigue and Lower Extremity Function
in People with Multiple Sclerosis with the Absence of Clinical
Disability
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Obijective: Impairment in the lower extremity function and mobility is a symptom often among people with multiple sclerosis (pwMS), even in
the absence of clinical disability. Fatigue is one of the most common symptoms reported by at least 80% of pwMS during any disease. This study
investigated the relationship between fatigue and lower extremity function, which is assessed by the Six Spot Step test (SSST) in pwMS with the
absence of clinical disability.

Materials and Methods: A total of 477 pwMS with an Expanded Disability Status scale (EDSS) score of <1.5 were included in the study. The SSST
was used to evaluate the complex sensorimotor function of lower extremity function, such as lower extremity muscle strength, coordination,
and balance. Participants with SSST performance above 8 seconds were classified as impaired. In addition, a Modified Fatigue Impact scale-5-
item version was used to evaluate perceived fatigue. Demographic (gender, age) and clinical data (disability level and disease duration) of the
participants were obtained from interviews and medical records.

Results: Impairment in SSST performance was detected in 171 (35.85%) pwMS. Univariate regression analysis revealed that fatigue was significantly
associated with the SSST (p<0.001). Furthermore, fatigue was still an associated factor in the multivariate regression analysis after adjusting for age,
gender, and disability level (p<0.001).

Conclusion: This study showed that even in the absence of disability, fatigue could be related to impairment in SSST performance. Considering the
reflection of SSST performance on functional mobility, ambulation, and daily life in pwMS, it is essential to include the fatigue in the evaluation and
treatment of pwMS with the absence of clinical disability.
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Introduction (EDSS) pyramidal functional system. As a result, even absence
of clinical disability, pwMS have a slower, lower stride length,
and more extended double limb support walking patterns
than healthy controls. This finding was further confirmed by
Liparoti et al. (4) by comparing the walking patterns of pwMS
and healthy controls using a temporal-spatial gait analysis
system. They showed that pwMS had changes in gait patterns
in walking speed, step features such as length and width, and
double support time. Besides, gait abnormalities and balance
problems are occurring in advanced stages of MS and affect the
pwMS with the absence of clinical disability (5).

Multiple sclerosis (MS) is a chronic, progressive, demyelinating,
and multifactorial disease of the central nervous system,
causing various symptoms and signs (1). Impairment in the
lower extremity function and mobility is a symptom quite often
among pwMS. According to community-based studies, having
walking difficulty is a most compelling symptom for both
pwMS and their care partners (2). Martin et al. (3) investigated
the balance and walking patterns of pwMS with no pyramidal
impairment, according to the Expanded Disability Status scale
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Fatigue is one of the most common symptoms reported by
at least 80% of people with MS (pwMS) during any period
of the disease regardless of disability level and duration (6).
Even though the pathophysiological mechanism of fatigue is
complicated and is still not completely understood, it is well-
known that fatigue is related to anxiety, depression, and sleep
quality in pwMS (7). In addition, fatigue has adverse effects
on physical performance and psychological state, and socio-
economic statuses such as early retirement, reduction in
working hours, and use of health services (8). However, there
is limited evidence and controversial results regarding the
relationship between fatigue and lower extremity function in
the MS population (9-13). Moreover, no study investigated this
relationship in the pwMS with the absence of clinical disability.

Walking difficulties in pwMS could be related to many factors
such as muscle weakness, cerebellar ataxia, dynamic balance
impairment, and loss of coordination (14). The tests used in the
clinical measurement, such as Timed 25 Foot Walk test, Timed
and Up Go, and Six Minute Walk test, focus on walking speed,
balance, and walking endurance (15). However, the Six Spot
Step test (SSST), which was developed as the lower extremity
equivalent of the 9-hole peg test, is a more complex test than
unidirectional walking on aflat surface, which evaluates complex
sensorimotor functions of walking such as lower extremity
muscle strength, spasticity, coordination, and balance (16). For
thisreason, SSST could be better to detect the disability that may
occur for any reason in lower extremity function than another
clinical measurement. Therefore, the main aim of the current
study was to investigate the relationship between fatigue and
lower extremity function, assessed by SSST in pwMS with the
absence of clinical disability. The second aim was to determine
the other possible risk factors that could be associated with
lower extremity function, such as the demographic and clinical
characteristics of participants.

Materials and Methods

Study Design

This cross-sectional study was performed at the MS Clinic of
Dokuz Eylul University. This study was performed in line with
the principles of the Declaration of Helsinki (as revised in Brazil
2013). The data included in the analyses were collected from
another open-ended study labeled, “Follow-up of physical,
psychosocial and cognitive influences in persons with multiple
sclerosis: a prospective cohort study” (ClinicalTrials.gov
Identifier: NCT03878836). The study protocol was approved
by the Non-invasive Research Ethics Board of Dokuz Eylul
University Ethics Committee (protocol number: 2959-GOA and
approval number: 2016/27-08). Furthermore, this study was
accomplished in line with the principles of the Declaration of
Helsinki (as revised in Brazil 2013), and written consent was
received from all participants.
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Participants

The inclusion criteria had MS based on the 2017 version of
McDonald's criteria, <1.5 scores on the EDSS (equal to no
disability), and a relapse-free period of 30 days. The exclusion
criteria were as follows; having another neurological disorder
and having any orthopedic surgery history comprising the
ankle-foot, knee, hip, or spine, affecting gait and balance.

Outcome Measures

Demographic and clinical characteristics of the pwMS, such
as age, gender, and disease duration, were recorded from the
medical report.

EDSS scoring, as the most common measure for the disability
level in pwMS, was performed according to the neurological
examination of functional systems, which consisted of
pyramidal, cerebellar, brainstem, sensory, bladder, and bowel,
visual and cerebral (17). The ambulatory state of the patients
was also recorded. The same senior MS neurologist examined
all participants and also calculated their global EDSS scores.

The Modified Fatigue Impact scale-5 items version presents an
evaluation of the perceived fatigue level. It consists of 5 items,
and participants rate questions from 0 (never) to 4 (almost
always) according to experiences during the past four weeks.
The total score ranged from 0 to 20. The increase in the total
scores indicates higher impacts of fatigue on daily life (18). The
original version of the Fatigue Impact scale was found as reliable
and valid for Turkish pwMS (19).

The SSST evaluates the complex sensorimotor function of gaits,
such as lower extremity muscle strength, coordination, and
balance. The test includes six items of 20-cm width circles and
a 1x5 m test path. Five wooden cylinder circles consisting of
134 grams are located in the center of each circle, without one
at the starting point. The participants were asked to pushes
the cylinder blocks out of the area as fast as possible using
the lateral and medial surfaces of the foot alternately. Before
the test, the dominant foot of the participant was questioned
by the physical therapist (16). Therefore, the test started with
the dominant foot and was performed as four trials (medial
and lateral of the dominant leg, medial and lateral of the non-
dominant leg, respectively)-the average time of four trials as
recorded as the SSST score. Participants with SSST performance
above eight seconds were classified as impaired (20).

Statistical Analysis

The Kolmogorov-Smirnov test and histograms were used to
check the normal distribution of data. The multivariate analysis
of covariance test was performed to test the differences
between the groups for impaired in SSST and those non-
impaired. Covariates included age, gender, the EDSS score, and
disease duration. Univariate and multivariate logistic regression
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were used to determine whether impairment in SSST and
age, gender, the EDSS score, disease duration, and fatigue are
related. Statistical significance was set at p&lt;0.05. Data were
analyzed using the IBM® SPSS® Statistics software (Version 25.0.
Armonk, NY: IBM Corp.) (Table 1).

Result

Four hundred and seventy-seven pwMS were included in the
data analysis. Disability in SSST performance was detected in
171 (35.85%) pwMS. There was a significant difference in age,
gender, the EDSS score, disease duration, and fatigue between
people with impairment in SSST and non-impaired participants
(p<0.05) (Table 1).

Univariate regression analysis revealed that fatigue was one of
the related factors with SSST (OR= 1.090; 95% Cl:1.048-1.135,
p<0.001). In addition, there was a relationship between the
impairment in SSST performance and fatigue after adjustment
for age, gender, the EDSS score, and disease duration (OR=
1.095; 95% Cl: 1.047-1.146, p<0.001). Table 2 presents the
detailed information related factors with the impairment in
SSST performance.

Discussion

The current study has indicated that fatigue, gender, and age
are related to SSST performance in pwMS with an absence
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of clinical disability. Additionally, according to the cut-off
score of eight-second recommended by Callesen et al. (20)
impairment in SSST performance was detected in 35.85% of our
participants. The recent systematic review, which describes the
gait patterns of pwMS, showed that gait abnormalities detected
via threedimensional capture systems occur even minimally
disability group of MS (21). Ayan et al. (22) also reported gait
impairment in pwMS with the absence of clinical disability
using clinical measurement. Remarkably, this study emphasized
that even pwMS with an absence of clinical disability have
impairment in the lower extremity function. Because the SSST
includes complex sensorimotor functions of walking such as
lower extremity muscle strength, spasticity, coordination, and
balance, it is worth evaluating the related factors that can affect
the performance of SSST.

The present study includes the first assessment that evaluated
the relationship between fatigue and lower extremity function
in pwMS with the absence of clinical disability. Larocca (2)
investigated the MS symptom that most affected daily life,
which they experienced at least two times during one week.
They showed that fatigue was the symptom that pwMS
reported and challenging most, with a rate of %76. Besides,
Koch et al. (23) reported that being fatigue in MS is not related
to age, disease duration, gender, disability level, and disease
course. In addition, Kalron (10) classified the pwMS as fatigued
and non-fatigued to examine the association between fatigue

Table 1. Demographic and clinical characteristics of the participants

Impaired

Observed
power

All (n=477) {‘:‘(J:l;a?)palred

(n=171)

Age (years) 33.96 (9.74) 37.74(10.14) 31.75 (8.45) 44456 | <0.001 1.000
Gender, n (%)
Female 355 150 (87.7) 205 (67.0)

25.609 | <0.001 0.999
Male 122 21(12.3) 101 (33.0)
EDSS score, possible range: 0-10 0.59 (0.65) 0.68 (0.67) 0.53(0.63) 4.273 0.039 0.541
Disease duration (years) 5.86 (5.90) 7.21 (6.46) 5.14 (5.47) 13.647 | <0.001 0.958
MFIS-5, possible range: 0-20 5.70 (4.79) 6.95(5.33) 4.96 (4.31) 18.086 | <0.001 0.989

Significant p values are presented in bold, values are presented as mean (SD) unless specified, EDSS: Expanded disability status scale, MFIS: Modified fatigue impact
scale- 5-item version

Table 2. Possible factors related to the impairment in SSST

Impairment in Six Spot Step test

Univariate Multivariate

OR 95.0% Cl p OR 95.0% Cl p
Age 1.072 1.049-1.096 <0.001 1.070 1.044-1.096 <0.001
EDSS 1.410 1.056-1.884 0.020 1.014 0.729-1.411 0.935
Disease Duration 1.060 1.026-1.094 <0.001 1.025 0.987-1.065 0.195
Gender (ref = female) 3.519 2.103-5.890 <0.001 3.525 2.024-6.138 <0.001
Fatigue 1.090 1.048-1.135 <0.001 1.095 1.047-1.146 <0.001

OR: Odds ratio, Cl: Confidence interval, SSST: Six spot step test
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and spatio-temporal parameters of walking by the treadmill.
He showed that pwMS with fatigue had a smaller step, shorter
stride length, prolonged stance, double support phase, and a
shorter single support phase than pwMS without fatigue. As a
result, they showed increased fatigue levels in the lower walking
speed group than the normal walking speed group. Also, they
reported a significant moderate negative correlation between
perceived fatigue and walking speed during the short walking
test, which is assessed with the 10-meter walking test. Similarly,
we found that perceived fatigue is one of the related factors
with the lower extremity function.

There is a difference between females and males regarding
walking speed, cadence, and step length in the general
population. Also, men have more hip and knee flexion range
than women (24). Existing evidence shows that the female/
male ratio suffering MS is 2.3-3.5:1, and the progression is
worse for men than women regardless of disease course (12).
However, there are limited studies that investigate the effects of
gender on the walking pattern in MS. Pau et al. (25) investigated
the differences between men and women regarding spatio-
temporal and kinematic gait parameters. They found that men
have reduced ankle plantar-flexion, increased knee flexion, and
hip flexion than women.

On the other hand, Klineova et al. (26) demonstrated no
association between the Timed 25 Foot Walk test and gender.
Interestingly, in our study, women have a longer SSST average
time than men. This can be explained by men’s hip and
knee range of motion demonstrated by Pau et al. (25). While
performing the SSST, during pushes the cylinder blocks out of
the area, it could take advantage for the benefit of the men.
It is desirable for future work, effects of the gender on lower
extremity function in MS.

Study Limitations

There are some limitations to the current study. First, we did
not use the kinetic and kinematic methods, giving more
detailed information about impairment in the lower extremity
function. Second, we did not assess the psychosocial aspect of
the participants, such as depression, anxiety, or quality of life,
affecting the perceived fatigue level. However, the strength of
this study is that we used large sample sizes, which can give
more solid results to the relationship between fatigue and
lower extremity function.

Conclusion

This study includes the evidence that the walking performance
of MS patients without a significant disability may decrease due
to fatigue and showed that the SSST could be used to measure
fatigue-related lower extremity performance reduction.
Considering the reflection of SSST performance on functional
mobility, ambulation, and daily life in pwMS, it is important to
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include the fatigue in the evaluation and treatment of pwMS
with the absence of clinical disability.
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