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ABSTRACT

Background: Gait limitation is one of the most common disabilities in people with multiple sclerosis (MS).
Several studies have used gait parameters to determine the effects of different therapies. However, few studies
have determined their reproducibility, also the therapeutic effects could be overestimated.

Research question: To examine the reproducibility in gait measurements during short and long distances.
Methods: In this cross-sectional study we recruited a group of MS patients and compare it to a control group. The
participants performed the following tests in a fixed order: a 25-foot walk at a comfortable speed, at a fast speed
and during a dual task, a timed up-and-go test (TUG) and a six- minute walk test (6MWT). Two measurements
were conducted a week apart. Systematic error was evaluated by the Student t-test, reliability by the intra-class
correlation coefficients (ICC) and agreement by the minimum detectable change (MDCoys).

Results: A total of 58 people with MS and 19 healthy people were included. The absence of systematic error was
only found for the fast speed condition. The reliability of the gait parameters had moderate to high ICC values
(ICC > 0.7) except for the dual task cost (DTC) which was 0.45. The MDCys was higher in people with MS
compared to healthy people, and it was higher in people with MS for gait speeds in all conditions (> 34%). For
the TUG and 6MWT, the MDCgs were 51.5% and 31.7% respectively. For people with MS the smallest MDCgs
was found for the stance time for all conditions (6.8%), whereas the highest was found for the dual task cost
(158.7%).

Significance: The MDCys values were higher than the cut-off point based on the minimally important clinical
difference (MICD) proposed in previous studies. Thus, the MDCys should be used as a cut-off rather than MICD
values.

1. Introduction

method and is defined as the smallest difference in an outcome of in-
terest that is perceived as beneficial and non-trivial by patients and

Gait limitation, defined as an activity limitation by the International
Classification of Functioning Disability and Health, is one of the most
common and disabling signs in people with multiple sclerosis (MS)
[1,2], and 70% of them have reported gait limitations as the most
serious problem [3].

Different parameters have been used to measure gait limitations in
multiple sclerosis, including the timed 25-foot walk (T25FW), six-
minute walk test (6MWT), spatio-temporal gait parameters measured
with an instrumented walkway, or the timed up-and-go test (TUG) [4].
These different assessments can be performed using different condi-
tions: a simple task, fast speed or dual task in which one gait is asso-
ciated with a cognitive or other motor task [5].

Different approaches are possible for studying walking and changes
in gait. The minimally important clinical difference (MICD) is one

clinicians and can enhance patient management [6]. For people with
MS, changes from baseline in the T25FW around 17.2%-20% are gen-
erally considered as clinically meaningful [7-12].

In order to determine meaningful clinical parameters as described
above, it is also important to determine the amount of error in the
evaluation procedures. To do so involves looking at reproducibility, an
umbrella term that involves reliability and agreement [13]. Reliability
is defined as the ability of a measurement to differentiate between
participants, usually measured by intraclass correlation (ICC) tests.
Agreement is defined as the ability of a measurement to assess to what
extent scores or ratings are identical when the phenomenon studied
does not change. Agreement is often measured by standard error of
measurement (SEM) and minimum detectable change (MDC) [13,14].
Ideally, an MICD difference should be close to these reproducibility
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measurements to ensure that the phenomenon and any changes can be
detected by the measurement method chosen by the evaluator.

With regard to MS, few studies have first focused on determining
reproducibility and there are inconsistencies in the designs of these.
First, the time between evaluations varied from one hour [15] to six
months [16]. The relatively recent emergence of treatments with rapid
action (14 days) on gait parameters in the MS population [17] required
the study of reliability over an equivalent period. This has been done in
one study [18], and in this study only 3 tests were used (T25WT fast
condition, TUG and 6MWT. There is a striking absence of research re-
porting reproducibility for different gait parameters using dual tasks for
patients with MS. To our knowledge only one study has used dual task
assessment [15] and for a small number of gait parameters.

Considering the limitations of previous research, further reprodu-
cibility studies for gait measurements in patients with MS are necessary.
Therefore, the aims of this study were to establish reproducibility in
terms of reliability and agreement using ICC and MDC over a one- week
period of time for different locomotion conditions in this population.

2. Methods
2.1. Study design

This cross-sectional study is derived from FAMPISEP
(NCT02849782). Patients were recruited in Besancon (France) area
between April 2014 and May 2016. They were evaluated two times one
week apart before beginning drug treatment (Fampridine) [19] (Fig. 1).

2.2. Participants

The inclusion criteria were: (i) a multiple sclerosis diagnosis ac-
cording to the modified McDonald criteria [20]; (ii) an Expanded Dis-
ability Status Scale (EDSS) status between 4.0 and 6.5; and (iii) the
ability to walk for a period of six minutes. The exclusion criteria were:
(i) worsening multiple sclerosis symptoms during the previous 60 days;
and (ii) immunotherapy change in the previous 60 days. Healthy vo-
lunteers who were similar in terms of sex, age, height, weight and body
mass index to the patient group participated in this study as a control
group.

This protocol was governed by French legislation concerning in-
terventional biomedical research and was submitted to the local ethics
committee (#13/405). The study was approved by the French Health
Products Safety Agency (#2013-A002305-56). Written informed con-
sent was obtained from all participants of this study.

2.3. Measurements

Gait evaluation was carried out in a dedicated room at a controlled
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temperature (approximately 22°C) using a 6.10m GaitRite" system
(CIR Systems Inc) pressure sensitive walkway. Participants were asked
to walk a 25-foot (7.62m) distance which was delineated by two
photocell barriers (Microgate Polifemo, Italy) [21]. They began and
stopped walking two meters away from the 25-foot area. The GaitRite
system was positioned in the middle of the barriers.

After appropriate instructions and familiarisation, participants were
asked to perform three gait tasks: walking at a self-selected comfortable
speed [22], walking at their maximum speed [23] and walking at a self-
selected comfortable speed with a mental-tracking task [24], which was
a dual-task recommended for people with MS [25]. The mental-tracking
task consisted of serial subtractions of seven to be performed as accu-
rately as possible [26]. As described in previous studies, the number
seven was chosen because it did not involve auditory-pace synchroni-
sation [27,28]. The cognitive function was evaluated by the symbol
digit modalities tests (SDMT) [29].

Ten gait cycles for each task were used for further analysis [30] and
at least a five-minute rest period was allowed between tasks. Moreover,
the dual task cost (%), which refers to the ratio between comfortable
speed with a mental-tracking task and comfortable speed, was calcu-
lated for the dual task condition [31].

For the TUG test, a chair, 47 cm in height, with armrest and backrest
was used. Participants were instructed to get up from the chair, walk
three meters, turn around a cone and come back and sit down on the
chair as quickly as possible, whilst ensuring their safety [32]. The TUG
was performed twice. A third trial was performed if a difference of 10%
was found between the first two trials. The mean value calculated from
the two closest trials was used.

The 6MWT assessed the submaximal level of functional capacity. It
was adapted from the recommendations of the American Thoracic
Society [33]. The 6MWT instructions were read to the participants
before each walk. Participants walked around a 24-meter circuit. They
were allowed to have rests if necessary and words of encouragement
were spoken every 30s. The distance walked in 6 min was measured.

2.4. Procedure

Disability was ascertained using the Self-Report Expanded Disability
Status Scale (SR-EDSS) [34]. The disease course was determined by the
Lublin and Reingold classification [35]. The gait was evaluated (single
evaluator) as described in the section above (2.2) on 2 occasions, with
an interval of a week between each one. The evaluation was done on
the same day of the week, but not systematically at the same time of
day. All the measurements were administered in a fixed order (T25FW
at three conditions, comfortable speed, fast speed and dual task; TUG;
6MWT). The use of a participant’s assistive device was allowed and
worn at each session. All the gait parameters were caring out with the
GAITRite system (velocity, cadence, stride length, stride time, stance

I Reproducibility |

Pre 1 (gait and
cognitive evaluations)

-7 days

Pre 2 (gait and
cognitive evaluations)

0

A

NO Fampridine treatment

Pre 1: first visit before fampridine treatment, Pre 2: second visit before fampridine treatment, Post 1: first visit after fampridine treatment, Post 2: second visit after fampridine treatment.

The only two first evaluations were used for this study.

Fig. 1. Study design.

Pre 1: first visit before fampridine treatment, Pre 2: second visit before fampridine treatment. Post 1: first visit after fampridine treatment, Post 2: second visit after

fampridine treatment.
The only two first evaluations were used for this study.

38



P. Decavel et al.

time, double support time, base of support and toe in/out).

2.5. Statistical analysis

We first evaluated if the variables were normally distributed using
Kolmogorov-Smirnov and Lilliefors tests for normally. Because all
variables were normally distributed, the mean and standard deviation
(SD) were used in the analysis. All trials for an individual were aver-
aged, then the average trial values for each individual were compared
between the two days. The MS and healthy groups were compared in
terms of sex distribution, age, body mass, size and body mass index
using a Chi-square and independent Student t-tests. A systematic error
between test and retest evaluations was evaluated using the Student t-
test. The level of significance was set at 0.05. The variance components
were estimated with the gait outcome values as dependent parameters
and people and evaluations as random factors, using the restricted
maximum likelihood method [13]. Reliability was assessed afterwards
using the calculation of ICC with a 2-way random effects model [13].

Estimated values of 0.6-0.80, 0.80-1 and close to 1 were considered
to have moderate but still acceptable, good and strong reliability, re-
spectively [36]. The SEM and MDCgs values, expressed in the unit of
measurement, describe the amount of change required to indicate real
change for a group of individuals or at an individual level, respectively.
The SEM and MDCys were calculated using the formulae below: [13]

—_—
= |52 2
SEM = \/Ueval + Oresidual

MDC = 1.96 X V2 x SEM

Both SEM and MDC were also expressed as a percentage of the mean
(i.e., SEM% and MDCoys5%), to facilitate comparisons between para-
meters. Data management and analyses were performed using Statistica
version 10 (StatSoft. USA).

3. Results
3.1. Participant characteristics

Fifty-eight patients with MS and 19 healthy volunteers were in-
cluded. The demographic characteristics of participants are provided in
Table 1. There was no significant difference in age, gender or body mass
index between the people with MS and the control group. For the
people with MS, the mean (SD) EDSS and disease duration were 5.2
(1.1) and 14.0 (10) years respectively. The majority of these patients
were in the progressive phase of the disease (80%).
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3.2. Gait in short distances

A systematic error was found in most parameters due to an im-
provement in gait parameters after the first test, especially for com-
fortable speed and dual task conditions (Tables 2 and 4). Systematic
error was not found in most parameters in the fast speed condition
(Table 3). The reliability of the gait parameters (ICC) was moderate to
strong under all conditions in the two populations (people with MS:
0.81-0.98, controls: 0.77-0.99), but on average the patient group had a
higher score than the control group. As far as agreement was concerned,
for the MDCy5% of gait speed values were over 34% for people with MS
and over 21% for controls. In spatio-temporal parameters, patients had
higher values than the controls in most parameters (SEM and MDC
values were below 15% and 40% for the patient group and 10% and
29% for controls, respectively). These relative cut-off values are higher
in people with MS than in controls, as the absolute values of MDCgs
(patients between 0.28 and 0.38, controls between 0.32 and 0.54) were
frequently lower for people with MS than controls.

The lowest MDC was found for stance time in both populations
(patients between 6.1% at comfortable speed and 7.5% in dual task;
controls between 3.2% at comfortable speed and 5.0% at fast speed).
The highest MDC was found for the dual task cost (MDCgys5% = 158.7%
for the group with MS and 244.7% for the control group) (Table 4).

3.3. TUG and 6MWT

Concerning TUG, a systematic error was observed due to an im-
provement in the people with MS, but not in the controls (Table 5).
Reliability was good to strong (ICC = 0.87 for controls and 0.97 for
patients). Agreement values were higher in people with MS compared to
controls in absolute values (MDCgs = 7.9 s for patients and 1.1s for
controls) as well as in percentage (MDCgs% = 51.5 for patients and 22.5
for controls). For the 6MWT, the systematic error was found in both
populations. The ICC was moderate (0.79 for controls) to strong (0.98 for
patients). Agreement values were higher in people in MS than in controls
(MDCg5% values were 31.7% for patients and 22.1% for controls).

4. Discussion

Gait limitation is an important consequence of multiple sclerosis
that impacts patients’ quality of life [37]. Several parameters can be
used to evaluate gait limitation for people with MS. One important
concept is to evaluate the reproducibility of gait parameters before
interventional programs to assess the extent to which error measure-
ments and interventions affect the results. Repetition of pre-interven-
tion evaluations has only been done in a very few studies [17,19], with
no reproducibility assessment. Moreover, reproducibility using the set

Table 1
Demographic data and multiple sclerosis/control-related characteristics of participants att baseline.
PwMS Ref (n = 19) p-value
(n = 58)
Gender (female/male) n/n 37/21 9/10 0.2762
Age (years) Mean (SD) 50.7 (11.9) 46.6 (8.6) 0.1702
Body mass (kg) Mean (SD) 75.6 (17.1) 71.9 (13.3) 0.3793
Size (m) Mean (SD) 1.7 (0.1) 1.7 (0.1) 0.0800
BMI (kgm ™ 2) Mean (SD) 26.9 (5.6) 24.3 (3.1) 0.0613
SDMT (symbols/90 s) Mean (SD) 33.4 (11.6) 52.0 (13.1) < 0.0000
Disease duration (years) Mean (SD) 14.1 (9.9) NA NA
EDSS (4-6.5) Mean (SD) 5.2(1.1) NA NA
MS Type SP n (%) n(%) 26 (45) NA NA
PP n (%) n(%) 20 (35) NA NA
RR n (%) n(%) 12 (20) NA NA

SD: standard deviation; PwMS: People with Multiple Sclerosis; EDSS: Expanded Disabilty Status Scale; MS: Multiple Sclerosis; SP: Secondary Progressive; PP: Primary

Progressive; RR: Remittent Regressive; NA: not applicable.
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Table 2
Gait parameters in the T25FW comfortable speed condition.
Session 1 Session 2
Mean (SD) Mean (SD) Diff % p-value ICC (95%CI) SEM MDCoys SEM % MDCoqs %
Velocity (m s™h PwMS 0.8 (0.4) 0.8 (0.4) 7.7 0.0029 0.96 [0.91-0.98] 0.1 0.3 13.9 38.7
Control 1.5(0.2) 1.6 (0.2) 8.4 0.0001 0.79 [0.27-0.93] 0.1 0.3 7.6 21.0
Cadence (steps. min~') PwMS 86.7 (24.2) 89.8 (23.9) 3.6 0.0007 0.98 [0.95-0.99] 5.1 14.1 5.8 16.0
Control 116.9 (8.1) 120.9 (7.5) 3.4 0.0001 0.88 [0.43-0.96] 3.7 10.2 3.1 8.6
Stride length (m) PwMS 1.0 (0.3) 1.0 (0.3) 4.3 0.0021 0.96 [0.93-0.98] 0.1 0.2 7.5 20.9
Control 1.5 (0.1) 1.6 (0.1) 4.8 0.0004 0.85 [0.49-0.95] 0.1 0.2 4.6 12.8
Stride time (s) PwMS 1.6 (0.7) 1.5 (0.6) —-5.4 0.0048 0.92 [0.86-0.96] 0.2 0.4 10.5 29.2
Control 1.0 (0.1) 1.00 (0.1) —-3.4 0.0002 0.87 [0.44-0.96] 0.0 0.1 3.3 9.3
Stance time (%) PwMS 68.8 (5.9) 68.0 (23.9) -1.2 0.0000 0.95 [0.92-0.97] 1.5 4.2 2.2 6.1
Control 61.5 (1.2) 60.8 (1.2) -1.1 0.0008 0.80 [0.44-0.92] 0.7 2.0 1.2 3.2
Double support time (%) PwMS 37.9 (12.0) 36.1 (11.0) —4.6 0.0005 0.81 [0.69-0.89] 2.8 7.8 7.6 21.1
Control 23.2 (2.4) 21.8 (2.3) -6.0 0.0008 0.77 [0.40-0.91] 1.4 4.0 6.4 17.7
Base of support (m) PwMS 0.1 (0.1) 0.1 (0.1) 0.3 0.8747 0.96 [0.94-0.98] 0.0 0.1 11.2 31.1
Control 0.1 (0.0) 0.1 (0.0) 6.4 0.0862 0.86 [0.65-0.94] 0.0 0.0 3.7 10.1
Toe in/out (°) PwMS 8.6 (6.4) 9.1 (6.7) 4.7 0.3115 0.94 [0.91-0.97] 2.2 6.0 24.6 68.1
Control 6.33.0) 6.1 (3.1) —2.4 0.3715 0.99 [0.97-1.00] 0.5 1.4 8.1 22.4

T25FW: timed 25-foot walk; PWMS: People with Multiple Sclerosis; SD: standard deviation; Diff: difference between session 1 and session2; ICC: intraclass corre-
lation; SEM: standard error of measurement; MDCos: minimal detectable change; SEM%: standard error of measurement expressed as a percentage; MDCos%:

minimal detectable change expressed as a percentage.

Table 3
Gait parameters in the T25FW fast speed condition.
Session 1 Session 2
Mean (SD) Mean (SD) Diff % p-value ICC (95%CI) SEM MDCys SEM % MDCys %
Velocity (m s™h PwMS 1.1 (0.5) 1.11 (0.5) 1.8 0.4692 0.96 [0.93-0.98] 0.1 0.4 12.6 34.9
Control 2.3 (0.3) 2.31 (0.5) -1.6 0.5697 0.88 [0.69-0.95] 0.2 0.5 8.3 23.1
Cadence (steps. min~') PwMS 106.5 (28.5) 107.74 (28.2) 1.1 0.4943 0.95 [0.91-0.97] 8.9 24.6 8.3 23.0
Control 151.8 (14.8) 150.11 (18.3) -1.1 0.4846 0.90 [0.73-0.96] 7.3 20.4 4.9 13.5
Stride length (m) PwMS 1.2 (0.3) 1.18 (0.3) 0.6 0.6238 0.98 [0.96-0.99] 0.1 0.2 6.1 16.9
Control 1.9 (0.2) 1.83 (0.2) -1.0 0.5114 0.88 [0.70-0.95] 0.1 0.2 4.7 13.0
Stride time (s) PwMS 1.3 (0.5) 1.22 (0.4) —-2.4 0.2868 0.95 [0.92-0.97] 0.1 0.4 11.3 313
Control 0.8 (0.1) 0.81 (0.1) 1.9 0.3107 0.86 [0.65-0.95] 0.0 0.1 5.5 15.2
Stance time (%) PwMS 65.7 (5.4) 65.57 (5.6) -0.2 0.7074 0.96 [0.92-0.98] 1.6 4.4 2.4 6.7
Control 57.6 (2.1) 57.58 (2.8) 0.1 0.9373 0.91 [0.76-0.96] 1.0 2.9 1.8 5.0
Double support time (%) PwMS 31.9 (10.8) 31.32 (11.1) -1.7 0.3819 0.96 [0.93k0.98] 3.2 8.8 10.0 27.7
Control 15.4 (4.3) 15.47 (5.1) 0.4 0.9146 0.93 [0.81-0.97] 1.8 4.9 11.4 31.7
Base of support (m) PwMS 0.1 (0.1) 0.13 (0.1) —-2.8 0.3003 0.93 [0.89-0.96] 0.0 0.1 13.8 38.3
Control 0.1 (0.0) 0.11 (0.0) 7.7 0.0017 0.79 [0.22-0.93] 0.0 0.0 8.4 23.2

T25FW: timed 25-foot walk; PwWMS: People with Multiple Sclerosis; SD: standard deviation; Diff: difference between session 1 and session2; ICC: intraclass corre-
lation; SEM: standard error of measurement; MDCos: minimal detectable change; SEM%: standard error of measurement expressed as a percentage; MDCos%:

minimal detectable change expressed as a percentage.

of spatio-temporal parameters has been reported in only one study to
our knowledge [38].

Our study aimed to provide more accurate results by evaluating
reliability and agreement in various gait conditions and parameters for
the same study and in a targeted population of people with MS who
could benefit from a specific treatment to improve gait problems (i.e.
EDSS between 4.0 and 6.5). Therefore, there was no unique gait para-
meter to assess gait improvement in these patients. This study could
help to determine different cut-off values for different gait tests.

A systematic error due to improvement may be explained by a
learning effect by participants in gait assessments. Systematic errors
were found in most conditions except the fast walking condition. Our
study is in line with previous studies [15,18,38]. However, concerning
TUG and 6MWT, our study was not in accordance with a previous study
[18]. In our study, the systematic errors have been taken into account
for the reproducibility assessments. However those errors remains very
small in relation to the magnitude of the phenomenon observed so its
influence remains low on the final result of ICC.

The measurements were highly reliable over a one-week period in
most of the parameters, with the ICC estimate exceeding 0.77 except for
the dual task cost in the group with MS (ICC: 0.45). These results satisfied
the criteria for acceptable reliability in the subsamples [39]. This
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complements previous studies [15,16,18,32,38,40]. As shown before
[15], reliability was better in the group with MS than in the control po-
pulation. Indeed, unlike the group with MS, the spatio-temporal para-
meters of healthy participants are close to each other, so it is more dif-
ficult to discriminate them. Furthermore, the results from healthy people
must be viewed with caution because of the large confidence intervals.

The changes in gait speed can be interpreted from different points of
view. Based on the variability of mean scores over consecutive walks, a
change of 20% has generally been accepted as an MICD [8,11,12].
These results should be interpreted with caution, because in most cases,
the level of clinical improvement is smaller than that which could be
measured in equivalent experimental conditions. In the present study,
the MDCgs% in patients with MS was over 30% for short distances
(comfortable speed = 38.7%, fast speed = 34.9%, dual task = 39.6%)
and these values are in agreement with previous studies [15,16,32,41].
Similarly, for the 6MWT, the SEM was 31.1m, in accordance with
previous results [16,18] and the MDCgs5% was 31.7%, which was higher
than a previous finding (20%) [16] but in line with another study (31%)
[18]. In a research context, we suggest using MDC which are higher
than MICD in order to have scientifically valid responses of therapeutic
effects. Absolute values or percentage of MDC can both be used ac-
cording to the clinical sense that would be done.
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Table 4
Gait parameters in the T25FW dual task condition.
Session 1 Session 2
Mean (SD) Mean (SD) Diff % p-value ICC (95%CI) SEM MDCos SEM % MDCoqs %
Velocity (m s™h PwMS 0.6 (0.3) 0.7 (0.4) 10.3 0.0000 0.96 [0.90-0.98] 0.1 0.3 14.3 39.6
Control 1.3 (0.2) 1.5 (0.2) 10.7 0.0021 0.83 [0.36-0.94] 0.1 0.4 9.4 25.9
Cadence (steps. min~1) PwMS 80.1 (24.0) 84.6 (24.0) 5.5 0.0000 0.97 [0.92-0.99] 5.6 15.5 6.8 18.8
Control 113.3 (11.3) 118.0 (9.6) 4.1 0.0001 0.86 [0.57-0.95] 5.2 14.3 4.5 12.4
Stride length (m) PwMS 1.0 (0.3) 1.0 (0.3) 4.5 0.0012 0.97 [0.93-0.98] 0.1 0.2 7.2 19.9
Control 1.4 (0.2) 1.5 (02) 6.4 0.0085 0.87 [0.43-0.96] 0.1 0.2 5.6 15.6
Stride time (s) PwMS 1.7 (1.0) 1.6 (0.7) -7.8 0.0003 0.97 [0.94-0.98] 0.2 0.6 12.5 34.5
Control 1.1 (0.1) 1.0 (0.1) —-4.3 0.0000 0.81 [0.49-0.93] 0.1 0.2 5.5 15.3
Stance time (%) PwMS 69.4 (6.9) 68.8 (6.2) -0.9 0.0892 0.96 [0.93-0.98] 1.9 5.2 2.7 7.5
Control 62.3 (1.2) 61.4 (1.3) -1.3 0.0000 0.83 [0.23-0.95] 0.8 2.1 1.2 3.4
Double support time (%) PwMS 39.5 (13.3) 37.8 (12.1) —-4.3 0.0018 0.97 [0.94-0.98] 3.0 8.3 7.7 21.4
Control 24.6 (2.5) 23.0 (2.6) -6.5 0.5320 0.82 [0.31-0.94] 1.5 4.2 6.4 17.6
Base of support (m) PwMS 0.1 (0.1) 0.1 (0.1) -2.6 0.0855 0.98 [0.96-0.99] 0.0 0.0 8.2 22.6
Control 0.1 (0.0) 0.1 (0.0) 2.1 0.0001 0.92 [0.80-0.97] 0.0 0.0 9.7 26.8
Toe in/out (°) PwMS 8.6 (6.9) 9.3(7.2) 7.8 0.0244 0.97 [0.95-0.98] 1.6 4.3 17.4 49.9
Control 6.3 (3.4) 6.0 (3.6) -5.6 0.0000 0.98 [0.96-0.99] 0.6 1.7 10.0 29.2
DTC (%) PwMS 14.0 (13.3) 11.8 (13.2) —-15.5 0.1173 0.45 [0.06-0.67] 7 .4 20.5 57.3 158.7
Control 8.4 (10.3) 6.1 (11.5) —28.3 0.0001 0.83 [0.58-0.93] 5.9 16.3 81.1 224.7

T25FW: timed 25-foot walk; PWMS: People with Multiple Sclerosis; SD: standard deviation; Diff: difference between session 1 and session2; ICC: intraclass corre-
lation; SEM: standard error of measurement; MDCos: minimal detectable change; DTC: dual task cost; SEM%: standard error of measurement expressed as a per-

centage; MDCgs%: minimal detectable change expressed as a percentage.

Table 5
Gait parameters in TUG and 6MWT.
Session 1 Session 2
Mean (SD) Mean (SD) Diff % p-value ICC (95%CI) SEM MDCaoso, SEM % MDCos %
TUG (s) PwMS 15.9 (13.0) 14.7 (11.3) -7.9 0.0151 0.97 [0.95-0.98] 2.8 7.9 18.6 51.5
Control 4.9 (0.9) 4.7 (0.7) -3.1 0.2400 0.87 [0.67-0.95] 0.4 1.1 8.1 22.5
6MWT (m) PwMS 262.1 (139 .3) 281.5 (143.2) 7.4 0.0012 0.98 [0.95-0.99] 31.01 86.1 11.4 31.7
Control 655.5 (81.1) 705.8 (91.1) 7.7 0.0020 0.79 [0.22-0.93] 54.3 150.6 8.0 22.1

PwMS: People with Multiple Sclerosis; SD: standard deviation; Diff: difference between session 1 and session2; ICC: intraclass correlation; SEM: standard error of
measurement; MDCgs: minimal detectable change, SEM%: standard error of measurement expressed as a percentage; MDCgs%: minimal detectable change expressed

as a percentage.

The dual task is a clinically relevant outcome for people with MS,
taking into account gait and cognitive disabilities [42]. The dual task
cost, which indicates the extent of gait limitation due to the con-
comitance of cognitive involvement has been proposed as an outcome
to evaluate interventions on walking [43]. However, if the dual task
expressed in terms of gait speed is in line with simple task speed
measurements (MDCg5% = 39.6%), the dual task cost requires a very
great improvement to be detectable (MDCg5% = 158.7% for people
with MS and 224.7% for controls).

For clinical interpretations, it is also important that the absolute
values of the parameters are taken into account. The MDCgys% was
substantially lower in the control group than in the patient group in
most conditions, whereas absolute values were higher. This is due to the
gait speed. In patients with a slow gait, a minimal modification will
have a major impact on MDCg5%, exceeding these cut-off values. In the
same way, a small improvement in the absolute value will appear ar-
tificially big, expressed as a percentage. It may be useful to take the
absolute values and relate them to the ability to carry out daily activ-
ities, that is, considering the effect of the improvement on daily activ-
ities (for example, an improvement in gait speed allowing the partici-
pant to safely cross the road before traffic lights turn green) [44].

The study has some limitations. Same-day clinical fluctuations are
often reported by people with MS. However, no study has been con-
ducted to investigate these fluctuations in terms of gait. To avoid in-
creasing variability due to this, it would be preferable to evaluate
people systematically at the same time of day. This was not possible as
it was too complex to organize. In addition, same-day clinical fluctua-
tions are often reported by people with MS. However, fatigue but not
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gait measurements were affected by the time of day of the evaluations
[45]. Indeed, this aspect should be take into account for future studies.

Only two evaluations were performed to evaluate reproducibility. For
example, to obtain acceptable reliability in centre of pressure measure-
ments, an average of three to five trials was proposed [46]. However, the
increased number of measurements in a short period in the same popu-
lation could lead to fatigue and limit the feasibility of the study.

5. Conclusions

Determining reproducibility is necessary in research to interpret
gait changes after therapeutic interventions. In this study, reproduci-
bility in several gait conditions and parameters was in line with pre-
vious studies in most of the parameters studied. Previous results of
MICD should be interpreted with caution, because in most cases, the
level of clinical improvement (i.e, 20%) is lower than the range in
which an equivalent experimental set could be measured (Fig. 1).

In our study, the mean MDCgs for all conditions and parameters was
39.3% for patients and 22.9% for controls. These results must be tested
in a therapeutic condition capable of improving the spatio-temporal
parameters of gait.

Authorship statements

Decavel P. MD, PhD: funding, data acquisition, data analysis, pro-
tocol development, manuscript writing.

Moulin T. MD, PhD: funding, protocol development, manuscript
writing.



P. Decavel et al.

Sagawa Jr Y. PhD: protocol development, data acquisition, data

analysis, statistics, manuscript writing.

Fundings

This work was supported by the University Hospital of Besancgon,

France.

Acknowledgements

To doctor Berger Eric for his contribution to the recuitments of

patients.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the

online version, at doi: https://doi.org/10.1016/j.gaitpost.2018.09.020.

References

[1]
[2]
[3]

[4]
[5]
[6]

[7]

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

N.G. Larocca, Impact of walking impairment in multiple sclerosis: perspectives of
patients and care partners, Patient 4 (2011) 189-201.

R.W. Motl, Ambulation and multiple sclerosis, Phys. Med. Rehabil. Clin. N. Am. 24
(2013) 325-336.

C. Heesen, J. Bohm, C. Reich, J. Kasper, M. Goebel, S.M. Gold, Patient perception of
bodily functions in multiple sclerosis: gait and visual function are the most valuable,
Mult. Scler. Houndmills Basingstoke Engl. 14 (2008) 988-991.

F. Bethoux, S. Bennett, Evaluating walking in patients with multiple sclerosis, Int. J.
MS Care 13 (2011) 4-14.

C. Leone, F. Patti, P. Feys, Measuring the cost of cognitive-motor dual tasking
during walking in multiple sclerosis, Mult. Scler. J. 21 (2015) 123-131.

G.H. Guyatt, D. Osoba, A.W. Wu, K.W. Wyrwich, G.R. Norman, Clinical significance
consensus meeting group, methods to explain the clinical significance of health
status measures, Mayo Clin. Proc. 77 (2002) 371-383.

C.I. Coleman, D.M. Sobieraj, L.N. Marinucci, Minimally important clinical differ-
ence of the timed 25-Foot walk test: results from a randomized controlled trial in
patients with multiple sclerosis, Curr. Med. Res. Opin. 28 (2012) 49-56.

J. Hobart, A.R. Blight, A. Goodman, F. Lynn, N. Putzki, Timed 25-foot walk: direct
evidence that improving 20% or greater is clinically meaningful in MS, Neurology
80 (2013) 1509-1517.

E.L.J. Hoogervorst, N.F. Kalkers, G.R. Cutter, B.M.J. Uitdehaag, C.H. Polman, The
patient’s perception of a (reliable) change in the multiple sclerosis functional
composite, Mult. Scler. Houndmills Basingstoke Engl. 10 (2004) 55-60.

M. Kaufman, D. Moyer, J. Norton, The significant change for the timed 25-foot walk
in the multiple sclerosis functional composite, Mult. Scler. Houndmills Basingstoke
Engl. 6 (2000) 286-290.

J.J. Kragt, F.A. van der Linden, J.M. Nielsen, B.M. Uitdehaag, C.H. Polman, Clinical
impact of 20% worsening on timed 25-foot walk and 9-hole peg test in multiple
sclerosis, Mult. Scler. 12 (2006) 594-598.

S.R. Schwid, A.D. Goodman, M.P. McDermott, C.F. Bever, S.D. Cook, Quantitative
functional measures in MS: what is a reliable change? Neurology 58 (2002)
1294-1296.

H.C.W. de Vet, C.B. Terwee, D.L. Knol, L.M. Bouter, When to use agreement versus
reliability measures, J. Clin. Epidemiol. 59 (2006) 1033-1039.

J. Kottner, L. Audige, S. Brorson, A. Donner, B.J. Gajewski, A. Hrébjartsson,

C. Roberts, M. Shoukri, D.L. Streiner, Guidelines for reporting reliability and
agreement studies (GRRAS) were proposed, Int. J. Nurs. Stud. 48 (2011) 661-671.
M. Monticone, E. Ambrosini, R. Fiorentini, B. Rocca, V. Liquori, A. Pedrocchi,

S. Ferrante, Reliability of spatial-temporal gait parameters during dual-task inter-
ference in people with multiple sclerosis. A cross-sectional study, Gait Posture 40
(2014) 715-718.

Y.C. Learmonth, D.D. Dlugonski, L.A. Pilutti, B.M. Sandroff, R.W. Motl, The relia-
bility, precision and clinically meaningful change of walking assessments in mul-
tiple sclerosis, Mult. Scler. J. 19 (2013) 1784-1791.

A.D. Goodman, T.R. Brown, K.R. Edwards, L.B. Krupp, R.T. Schapiro, R. Cohen,
L.N. Marinucci, A.R. Blight, A phase 3 trial of extended release oral dalfampridine
in multiple sclerosis, Ann. Neurol. 68 (2010) 494-502.

Y.C. Learmonth, L. Paul, A.K. McFadyen, P. Mattison, L. Miller, Reliability and
clinical significance of mobility and balance assessments in multiple sclerosis, Int. J.
Rehabil. Res. Int. Z. Fiir Rehabil. Rev. Int. Rech. Réadapt. 35 (2012) 69-74.

A.D. Goodman, T.R. Brown, L.B. Krupp, R.T. Schapiro, S.R. Schwid, R. Cohen,
L.N. Marinucci, A.R. Blight, Sustained-release oral fampridine in multiple sclerosis:
a randomised, double-blind, controlled trial, Lancet 373 (2009) 732-738.

C.H. Polman, S.C. Reingold, B. Banwell, M. Clanet, J.A. Cohen, M. Filippi,

K. Fujihara, E. Havrdova, M. Hutchinson, L. Kappos, F.D. Lublin, X. Montalban,
P. O’Connor, M. Sandberg-Wollheim, A.J. Thompson, E. Waubant, B. Weinshenker,
J.S. Wolinsky, Diagnostic criteria for multiple sclerosis: 2010 revisions to the
McDonald criteria, Ann. Neurol. 69 (2011) 292-302.

42

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Gait & Posture 67 (2019) 37-42

G.R. Cutter, M.L. Baier, R.A. Rudick, D.L. Cookfair, J.S. Fischer, J. Petkau,

K. Syndulko, B.G. Weinshenker, J.P. Antel, C. Confavreux, et al., Development of a
multiple sclerosis functional composite as a clinical trial outcome measure, Brain
122 (1999) 871-882.

J.E. Graham, G.V. Ostir, S.R. Fisher, K.J. Ottenbacher, Assessing walking speed in
clinical research: a systematic review, J. Eval. Clin. Pract. 14 (2008) 552-562.
J.S. Fischer, R.A. Rudick, G.R. Cutter, S.C. Reingold, et al., The Multiple Sclerosis
Functional Composite measure (MSFC): an integrated approach to MS clinical
outcome assessment, Mult. Scler. 5 (1999) 244-250.

E. Al-Yahya, H. Dawes, L. Smith, A. Dennis, K. Howells, J. Cockburn, Cognitive
motor interference while walking: a systematic review and meta-analysis, Neurosci.
Biobehav. Rev. 35 (2011) 715-728.

H. Gunn, S. Creanor, B. Haas, J. Marsden, J. Freeman, Risk factors for falls in
multiple sclerosis: an observational study, Mult. Scler. Houndmills Basingstoke
Engl. 19 (2013) 1913-1922.

M.F. Folstein, S.E. Folstein, P.R. McHugh, “Mini-mental state”: a practical method
for grading the cognitive state of patients for the clinician, J. Psychiatr. Res. 12
(1975) 189-198.

A. Ashoori, D.M. Eagleman, J. Jankovic, Effects of auditory rhythm and music on
gait disturbances in parkinson’s disease, Front. Neurol. 6 (2015).

D. Conklyn, D. Stough, E. Novak, S. Paczak, K. Chemali, F. Bethoux, A home-based
walking program using rhythmic auditory stimulation improves gait performance in
patients with multiple sclerosis: a pilot study, Neurorehabil. Neural Repair 24
(2010) 835-842.

R.H.B. Benedict, A. Smerbeck, R. Parikh, J. Rodgers, D. Cadavid, D. Erlanger,
Reliability and equivalence of alternate forms for the symbol digit modalities test:
implications for multiple sclerosis clinical trials, Mult. Scler. Houndmills
Basingstoke Engl. 18 (2012) 1320-1325.

N. Konig, N.B. Singh, J. von Beckerath, L. Janke, W.R. Taylor, Is gait variability
reliable? An assessment of spatio-temporal parameters of gait variability during
continuous overground walking, Gait Posture 39 (2014) 615-617.

A.D. Baddeley, S. Della Sala, C. Gray, H. Spinnler, Testing central executive function
with a pencil-and-paper test. Methodol. Front. Exec. Funct. Psychology Press, 1997,
pp. 61-80.

Y. Nilsagard, C. Lundholm, L.-G. Gunnarsson, E. Dcnison, Clinical relevance using
timed walk tests and “timed up and go” testing in persons with multiple sclerosis,
Physiother. Res. Int. J. Res. Clin. Phys. Ther. 12 (2007) 105-114.

ATS committee on proficiency standards for clinical pulmonary function labora-
tories, ATS statement: guidelines for the six-minute walk test, Am. J. Respir. Crit.
Care Med. 166 (2002) 111-117.

P.K. Ratzker, J.M. Feldman, L.C. Scheinberg, N.G. LaRocca, C.R. Smith, B.S. Giesser,
M.L. Aisen, Self-assessment of neurologic impairment in multiple sclerosis,
Neurorehabil. Neural Repair 11 (1997) 207-211.

F.D. Lublin, S.C. Reingold, Defining the clinical course of multiple sclerosis: results
of an international survey. National Multiple Sclerosis Society (USA) Advisory
Committee on Clinical Trials of New Agents in Multiple Sclerosis, Neurology 46
(1996) 907-911.

D.L. Streiner, G.R. Norman, J. Cairney, Health Measurement Scales: a Practical
Guide to Their Development and Use, Oxford University Press, 2014.

C. Heesen, J. Bohm, C. Reich, J. Kasper, M. Goebel, S. Gold, Patient perception of
bodily functions in multiple sclerosis: gait and visual function are the most valuable,
Mult. Scler. 14 (2008) 988-991.

J.J. Sosnoff, R.E. Klaren, L.A. Pilutti, D. Dlugonski, R.W. Motl, Reliability of gait in
multiple sclerosis over 6 months, Gait Posture 41 (2015) 860-862.

C.R. Denegar, D.W. Ball, Assessing reliability and precision of measurement: an
introduction to intraclass correlation and standard error of measurement, J. Sport
Rehabil. 2 (1993) 35-42.

J. Paltamaa, H. West, T. Sarasoja, J. Wikstrom, E. Milkia, Reliability of physical
functioning measures in ambulatory subjects with MS, Physiother. Res. Int. J. Res.
Clin. Phys. Ther. 10 (2005) 93-109.

1. Baert, J. Freeman, T. Smedal, U. Dalgas, A. Romberg, A. Kalron, H. Conyers,

1. Elorriaga, B. Gebara, J. Gumse, A. Heric, E. Jensen, K. Jones, K. Knuts,

B. Maertens de Noordhout, A. Martic, B. Normann, B.O. Eijnde, K. Rasova,

C. Santoyo Medina, V. Truyens, I. Wens, P. Feys, Responsiveness and clinically
meaningful improvement, according to disability level, of five walking measures
after rehabilitation in multiple sclerosis: a European multicenter study,
Neurorehabil. Neural Repair 28 (2014) 621-631.

G. Allali, M. Laidet, F. Assal, S. Armand, P.H. Lalive, Walking while talking in pa-
tients with multiple sclerosis: the impact of specific cognitive loads, Neurophysiol.
Clin. Clin. Neurophysiol. 44 (2014) 87-93.

R.W. Motl, J.J. Sosnoff, D. Dlugonski, L.A. Pilutti, R. Klaren, B.M. Sandroff, Walking
and cognition, but not symptoms, correlate with dual task cost of walking in mul-
tiple sclerosis, Gait Posture 39 (2014) 870-874.

J.T. Cohen, Walking speed and economic outcomes for walking-impaired patients
with multiple sclerosis, Expert Rev. Pharmacoecon. Outcomes Res. 10 (2010)
595-603.

P. Feys, B. Bibby, A. Romberg, C. Santoyo, B. Gebara, B.M. de Noordhout, K. Knuts,
F. Bethoux, A. Skjerbzk, E. Jensen, I. Baert, C. Vaney, V. de Groot, U. Dalgas,
Within-day variability on short and long walking tests in persons with multiple
sclerosis, J. Neurol. Sci. 338 (2014) 183-187.

A. Ruhe, R. Fejer, B. Walker, The test-retest reliability of centre of pressure mea-
sures in bipedal static task conditions—a systematic review of the literature, Gait
Posture 32 (2010) 436-445.


https://doi.org/10.1016/j.gaitpost.2018.09.020
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0005
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0005
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0010
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0010
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0020
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0020
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0025
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0025
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0035
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0035
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0035
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0040
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0040
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0040
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0045
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0045
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0045
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0065
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0065
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0080
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0080
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0080
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0095
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0095
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0095
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0110
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0110
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0115
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0115
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0115
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0120
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0120
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0120
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0125
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0125
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0125
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0130
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0130
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0130
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0135
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0135
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0140
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0140
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0140
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0140
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0145
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0145
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0145
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0145
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0150
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0150
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0150
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0155
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0155
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0155
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0160
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0160
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0160
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0165
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0165
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0165
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0170
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0170
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0170
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0175
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0175
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0175
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0175
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0180
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0180
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0185
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0185
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0185
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0190
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0190
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0195
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0195
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0195
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0200
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0200
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0200
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0205
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0205
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0205
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0205
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0205
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0205
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0205
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0210
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0210
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0210
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0215
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0215
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0215
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0220
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0220
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0220
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0225
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0225
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0225
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0225
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0230
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0230
http://refhub.elsevier.com/S0966-6362(18)31598-4/sbref0230

	Gait tests in multiple sclerosis: Reliability and cut-off values
	Introduction
	Methods
	Study design
	Participants
	Measurements
	Procedure
	Statistical analysis

	Results
	Participant characteristics
	Gait in short distances
	TUG and 6MWT

	Discussion
	Conclusions
	Authorship statements
	Fundings
	Acknowledgements
	Supplementary data
	References




