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Background: Physical rehabilitation can improve walking capacity in persons with multiple sclerosis (MS). 
However, changes in spatiotemporal gait parameters after rehabilitation are not frequently evaluated, 
and it is unknown to what extent potential effects depend on baseline disability level. The objective was 
to investigate the effectiveness of rehabilitation programs on gait parameters at usual and fastest speeds in 
persons with MS categorized according to walking speed. 

Methods: This nonrandomized multinational study in “real-world” settings evaluated participants before 
and after conventional rehabilitation. Outcome measurements included spatiotemporal gait parameters 
assessed by an electronic walkway (at usual and fastest speeds), walking capacity tests (Timed 25-Foot 
Walk test, 2-Minute Walk Test, 6-Minute Walk Test), and the patient-reported 12-item Multiple Sclerosis 
Walking Scale. Patients were allocated into three subgroups based on walking speed (<0.82 m/s and >1.14 
m/s) and MS center. Results were calculated for the total group and subgroups.

Results: Forty-two persons with MS (26 women; mean ± SD age, 44.6 ± 11.0 years; mean ± SD Expanded 
Disability Status Scale score, 3.5 ± 1.5) receiving rehabilitation treatment were enrolled. After rehabili-
tation treatment, the group demonstrated a significant decrease in double support time and an increase 
in stride length and step length (left leg) at usual and fastest speeds. Velocity and step length (right leg) 
increased only at usual speed. Subgroup analysis revealed greatest and clinically meaningful improvements 
in more disabled persons with MS.

Conclusions: Physical rehabilitation induced changes in spatiotemporal gait parameters in persons with 
MS. The magnitude of improvement was greater in participants with more walking impairment. Int J MS 
Care. 2018;20:199-209.

Multiple sclerosis (MS) is the most common 
disabling disease in young persons.1 After 
generally 10 to 15 years of disease, up to 85% 

of persons with MS experience ambulation dysfunc-
tions.2 Walking impairment is usually related to muscle 
weakness, spasticity, ataxia, and balance disorders and 
can be detected at the early stages of the disease,3 and 

increasing over the disease course.4 Well-established 
walking measures are used in MS, such as the Timed 
25-Foot Walk (T25FW) test,5 the 2-Minute Walk Test 
(2MWT), the 6-Minute Walk Test (6MWT),6 and the 
12-item Multiple Sclerosis Walking Scale (MSWS-12).7 
They are commonly used for monitoring clinical dis-
ease activity and assessing efficacy of symptomatic and 
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The primary aim of this study in “real-world” clini-
cal settings was to investigate the effects of conventional 
physical rehabilitation programs on spatiotemporal 
gait parameters at usual and fastest speeds. Participants 
were categorized according to their baseline walking 
speed according to criteria applied previously in stroke 
survivors and persons with MS.20,21 It was hypothesized 
that training effects would be present at both usual and 
fastest speeds, with the largest effects expected in persons 
with low baseline walking speed.

Methods
Participants

A convenience sample of 42 people with a diagnosis 
of MS according to the McDonald criteria22 was recruit-
ed from four MS rehabilitation and research centers, all 
members of the European Rehabilitation in MS (RIMS) 
network: Belgium—REVAL Rehabilitation Research 
Center, Hasselt (n = 22); Israel—Sheba Medical Center 
MS, Tel-Hashomer (n = 10); and Norway—Haukeland 
University Hospital, Bergen (n = 2) and Kongsgaarden 
Physiotherapy AS, Nordland Hospital Trust, Bodø (n = 
8). Each center obtained approval from the local ethical 
committee. This study was part of a larger study investi-
gating the responsiveness of clinical walking-related out-
come measures to rehabilitation.23 All the patients had to 
be aged 18 to 60 years and have an EDSS score of 6.5 or 
less on the date of admission. Individuals were excluded 
if they had any other medical conditions interfering with 
walking. All the participants provided written informed 
consent.

Study Design and Clinical Outcomes
A noncontrolled multicenter study design was 

applied. Age, sex, EDSS score, type of MS, and months 
since diagnosis were recorded at baseline. The content of 
physical rehabilitation (setting, volume, goal, and treat-
ment approaches) was documented. Walking measures 
were assessed before and after the conventional rehabili-
tation programs in each setting.

Spatiotemporal gait parameters were recorded using 
the GAITRite system, version 4.0.3 (CIR Systems 
Inc, Franklin, NJ), which consisted of a 4.6-m-long 
electronic walkway containing 2304 compression-
sensitive sensors arranged in a grid pattern.4 The follow-
ing parameters were documented: gait velocity (calcu-
lated by dividing the distance walked by the ambulation 
time), cadence (number of steps per minute), step length 
(anterior-posterior distance from the heel of one foot-
print to the heel of the opposite footprint), and stride 
length (anterior-posterior distance between the heels of 
two consecutive footprints of the same foot, such as left 

rehabilitation therapies. However, a disadvantage is that 
they detect only a deviation from normal gait perfor-
mance (eg, decreased walking speed or walking distance) 
without giving information about the underlying gait 
pattern. The missing details are particularly relevant in 
rehabilitation, where walking treatment strategies are 
determined based on specific impairments.

It is well recognized that motor rehabilitation can be 
effective in MS.8 Exercises can improve cardiovascular 
fitness,9 muscle strength,9-11 and overall physical activ-
ity,8,11 as well as health perception and quality of life.11 
Snook and Motl12 reviewed the effects of exercises on 
walking capacity in persons with MS and reported that 
moderate-to-severe disabled persons with MS (Expanded 
Disability Status Scale [EDSS] score ≥5) benefit less 
from treatment. But this statement was based solely 
on two studies,13,14 given that most studies included a 
mixture of persons with MS with various disability lev-
els without reporting on subgroups. It remains unclear 
which persons with MS are responders to treatment and 
whether the potential for improvement depends on the 
baseline level of ambulatory function.

Recently, spatiotemporal gait parameters have been 
increasingly used to define the characteristics of patho-
logic gait in persons with MS. According to previous 
reports, persons with MS walk at a slower speed, with a 
longer double support time and a wider base of support 
compared with healthy individuals.3,14 Furthermore, 
spatiotemporal gait parameters relate with the level of 
neurologic impairment. Consequently, clinical practi-
tioners are advised to collect definite gait parameters to 
improve the assessment of disease progression and exam-
ine the efficacy of various intervention methods, provid-
ing detailed quantitative information on gait pattern 
compared with the standard speed variable and distance-
based walking tests.15

Only a few studies reported the effects of rehabilita-
tion programs (aerobic training, resistance training, 
Bobath treatment, and comprehensive in-patient 
rehabilitation) on spatiotemporal gait parameters.16-19 
Favorable changes on these variables were reported after 
rehabilitation treatment, but none documented whether 
improvements were equally present in persons with mild 
compared with moderate-to-severe ambulatory dysfunc-
tions. Moreover, evaluations were collected only at usual 
speed, ignoring the potential impact of rehabilitation 
on the fastest speed.6 Fast walking and acceleration are 
important in daily life activities (eg, crossing the street 
within the time window of the traffic lights) and are 
reported to decline with increased disability level.6,20
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a mild-to-moderate workload. In Israel, a 3-week com-
prehensive physical rehabilitation program included 1) 
goal-directed physical therapy (45-minute sessions, five 
per week) aimed at decreasing spasticity and improving 
muscle strength, balance, gait, and functional daily living 
abilities according to the Bobath concept26; 2) moderate-
ly intense aerobic exercise training on a bicycle ergom-
eter (45-minute sessions, three per week); and 3) aquatic 
therapy (45-minute sessions, two per week) chiefly 
oriented to body structures appropriate to movement.27 
Therapy domains focused on trunk mobility, postural 
stability, transferring oneself, and changing body posi-
tions. The Bodø, Norway, center uses a 5-week individ-
ualized group–based (three persons per group, 15 groups 
per session, three session per week, each 60 minutes 
long) outpatient physiotherapy program consisting of 
exercises emphasizing core stability, muscle strengthen-
ing of the lower limbs, sensory stimulation of the feet, 
and balance training in sitting and standing. The proto-
col in Bergen, Norway, was 3 weeks of daily physiother-
apy (four individual sessions, each 45 minutes long, and 
one 45-minute group session), aiming at maintaining 
balance and walking. The main therapeutic approach 
applied was the Bobath concept, including core stability, 
passive mobilization, stretching, resistance training, and 
gait training.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 

Statistics for Windows, version 20.0 (IBM Corp, 
Armonk, NY). Significance was accepted as α ≤ 0.05 
for a 1-tailed test given the directional hypothesis of 
improvement. Nonparametric analyses were applied 
because data were not normally distributed. Descrip-
tive statistics were calculated in the total sample and in 
the subgroups based on walking speed and MS center. 
The χ2 analysis and the Friedman test, followed by the 
post hoc Mann-Whitney U test, were used to test the 
differences in baseline patient characteristics between 
MS centers. The Wilcoxon signed rank test was used to 
investigate the effects of the rehabilitative treatments in 
the total sample and in subgroups based on usual walk-
ing speed. An analysis based on MS center subgroups 
was executed. The two Norway centers were grouped 
due to their cultural similarity, comparable therapeu-
tic approaches, and relatively small sample sizes. The 
classification of persons with MS to subgroups with 
different baseline walking speeds was based on the pro-
tocol developed by Perry et al,21 originally developed for 
persons with stroke. Participants were classified as com-
munity walkers (CWs), with walking speed greater than 

to left or right to right). The heel-to-heel base of support 
(lateral distance from heel center of one footprint to the 
line of progression formed by two consecutive footprints 
of the opposite foot) is reported in centimeters, while 
swing time (time elapsed between the last contact of the 
current footfall to the initial contact of the next footfall 
of the same foot), stance time (time elapsed between 
the initial contact and the last contact of a single foot-
fall), single support time (time elapsed between the last 
contact of the opposite footfall to the initial contact of 
the next footfall of the same foot), and double support 
time (the sum of the time elapsed during two periods 
of double support in the gait cycle) are reported as per-
centage according to gait cycle that is the normalized 
value to stride time (%GC). The GAITRite system has 
been proved to be valid and reliable in various patient 
populations.24

The T25FW test is a short-distance measure of 
walking speed.5 During the 2MWT and 6MWT, par-
ticipants were instructed to walk as far as possible in 
2 and 6 minutes, respectively,6 back and forth along a 
30-m hallway. The MSWS-12 is a 12-item patient-rated 
questionnaire (on a scale from 1 to 5) about limitations 
in walking due to MS during the past 2 weeks.7 A total 
score from 12 to 60 was generated and transformed to a 
0 to 100 scale. Walking improvements are indicated by 
negative change scores on the MSWS-12.

Procedures
The T25FW test at usual speed was the first test 

administered. After 1 minute of rest, the 2MWT or 
6MWT was randomly performed. Between them, 15 
minutes of rest was provided, during which participants 
completed the MSWS-12. Afterward, participants 
walked on the GAITRite mat for two trials at usual 
speed followed by two trials at fastest but safe speed. The 
persons with MS were allowed to use assistive devices, 
such as foot orthoses or canes.

Rehabilitative Intervention Protocols
Each center administered rehabilitative treatment 

according to its own standard protocol. In Belgium, 
the protocol consisted of a 24-week combined training 
program of five sessions per week. Each session started 
with cycling and treadmill walking or running. Ses-
sion duration and intensity increased as the program 
proceeded, starting from 1 × 6 minutes per session to 
3 × 10 minutes per session. The second part consisted 
of resistance training (leg press/curl/extension, vertical 
traction, arm curl, chest press).25 Repetition sets gradu-
ally increased during the intervention, from 1 × 10 to 
4 × 15 repetitions. All the exercises were performed at 
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the left leg at usual speed (+5.2%, P < .001) and fastest 
speed (+4.3%, P < .001); for stride length of both legs at 
usual speed (+5.1%, P < .001) and fastest speed (right: 
+2.8%, left: +4.1%, P < .05); and for velocity (+5.8%, 
P < .05), step length (+5.0%, P < .001), and single sup-
port time (%GC) (+1.9%, P < .05) of the right leg only 
at usual speed. Double support time (%GC) of both 
legs significantly decreased at usual speed (right: –3.6%, 
P < .05; left: –4.6%, P < .001) and fastest speed (right: 
–4.1%, P < .05; left: –4.5%, P < .05).

To judge the validity of the changes in gait speed, we 
verified whether there were participants who changed 
subgroups. Of 13 persons with MS in the LCW sub-
group (mean walking speed >0.82 m/s), eight moved 
into the CW subgroup (mean walking speed >1.14 m/s); 
two of seven persons with MS moved from the MLCW 
subgroup (mean walking speed <0.82 m/s) into the 
LCW subgroup (mean walking speed >0.82 m/s).

Regarding the standard walking tests, it was found 
that the T25FW test, 2MWT, 6MWT (P < .001), and 
MSWS-12 (P < .05) results significantly improved after 
treatment.

1.14 m/s; limited community walkers (LCWs), with 
walking speed greater than 0.82 m/s; and most limited 
community walkers (MLCWs), with walking speed less 
than 0.82 m/s. We report for the total group to allow 
comparisons with previous studies and for subgroups 
to answer the research question on the effect of walking 
impairment level on gait changes after rehabilitation.

Results

Participant Characteristics
Table 1 shows the demographic and clinical charac-

teristics for the MSWS-12, T25FW test, 2MWT, and 
6MWT for the total sample and subgroups based on 
MS center and baseline walking speed. The frequency 
distribution of the participants of the different MS 
centers in the walking speed−based subgroups is also 
reported in this table.

Gait Changes After Rehabilitation

Total Sample
The results for the total sample are shown in Table 

2. A significant increase was found for step length of 

Table 1. Demographic and clinical characteristics of total group and by MS center and baseline 
usual walking speed

Characteristic
Total group

(N = 42)

MS center subgroup Walking speed subgroup

Belgium 
(n = 22)

Norway 
(n = 10)

Israel 
(n = 10)

CW 
(n = 22)

LCW 
(n = 13)

MLCW 
(n = 7)

EDSS score 3.5 ± 1.5 2.5 ± 1.1a 3.9 ± 0.5 5.1 ± 1.3b 2.9 ± 1.2 4 ± 1.7 4.4 ± 1.2
Sex, M/F, No.c 16/26 10/12 3/7 3/7 11/11 3/10 2/5
Age, y 44.6 ± 11.0 36.3 ± 7.3a 50.6 ± 4.3 57.2 ± 4.7 42.9 ± 10.7 43.8 ± 11.7 51.7 ± 9.1
Height, m 1.8 ± 0.2 1.8 ± 0.25a 1.9 ± 0.13 1.8 ± 0.1 1.8 ± 0.2 1.8 ± 0.2 1.9 ± 0.2
Weight, kg 72.4 ± 15.5 60.8 ± 9.7a 80.7 ± 5.3 89.5 ± 10.7 74.5 ± 13.8 65.4 ± 16.7 78.5 ± 15.9
Time since diagnosis, mo 110.9 ± 86.9 50.8 ± 33a 108 ± 27.1 246 ± 44.6b 83.4 ± 56.7 137.5 ± 106.7 149.1 ± 105.7
Type of MS, No. (%)c

    Relapsing-remitting
    Secondary progressive
    Primary progressive

29 (69.0)
11 (26.2)

2 (4.8)

14 (63.6)
7 (31.8)
1 (4.6)

8 (80.0)
2 (20.0)

0

7 (70.0)
2 (20.0)
1 (10.0)

16 (72.7)
5 (22.7)
1 (4.6)

7 (53.8)
5 (38.5)
1 (7.7)

6 (85.7)
1 (14.3)

0
Walking speed subgroup, 
No. (%)c

    CW
    LCW
    MLCW

22 (52.4)
13 (30.9)
7 (16.7)

12 (54.5)
8 (36.4)
2 (9.1)

8 (80.0)
1 (10.0)
1 (10.0)

2 (20.0)
4 (40.0)
4 (40.0)

NA
NA
NA

NA
NA
NA

NA
NA
NA

T25FW test, s 5.5 ± 2.4 4.3 ± 0.6 5.3 ± 1.6 8.6 ± 2.8b 4.9 ± 1.5 5.6 ± 2.2 7.6 ± 3.8
2MWT, m 164.7 ± 50.1 180 ± 43.2 178.9 ± 46.6 116.8 ± 39.7 190.9 ± 35.5 147 ± 48.9 115 ± 43.4
6MWT, m 459.4 ± 149.9 550.8 ± 82.5 413.4 ± 143.7 304.6 ± 128.5 493.2 ± 12.4 461.8 ± 141.3 349 ± 200.8
MSWS-12 score 31.5 ± 12.6 27.9 ± 10 29.7 ± 15.8 42.4 ± 8.4 29.3 ± 11.3 33.2 ± 15.0 35.8 ± 12

Note: Unless otherwise indicated, values are given as mean ± SD.
Abbreviations: CW, community walker; EDSS, Expanded Disability Status Scale; LCW, limited community walker; MLCW, most limited com-
munity walker; MS, multiple sclerosis; MSWS-12, 12-item Multiple Sclerosis Walking Scale; NA, not applicable; 6MWT, 6-Minute Walk Test; 
T25FW, Timed 25-Foot Walk; 2MWT, 2-Minute Walk Test.
aSignificant difference between Belgium and Israel/Norway using Friedman test for continuous variables.
bSignificant difference between Israel and Norway/Belgium using Friedman test for continuous variables.
cThe χ2 test was used for frequencies.
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diagnosis were also significantly different between Israel 
and Norway. Overall, similar changes across the MS 
centers were found after treatment (Table 3).

A significant decrease in left double support time 
(%GC) was found in all the centers at usual speed (Bel-
gium: –4.2%, Norway: –4.5%, Israel: –5.5%, all P < 
.05) and in the Israel center at fastest speed (–3.3%, P 
< .05), and left single support time (%GC) significantly 

MS Centers
Differences in baseline characteristics among cen-

ters were verified: whereas the proportion of men and 
women (χ2 = 1.06, P = .58) and the MS phenotype (χ2 
= 1.9, P = .76) were not statistically different, the mean 
age, height, weight, EDSS score, and time to diagnosis 
were significantly different between Belgium and the 
other centers. The mean EDSS score and mean time to 

Table 2. Spatiotemporal parameters at usual and fastest speeds and clinical walking measures 
before and after rehabilitation intervention
Measure Leg Speed Before intervention After intervention Δ %Δ P value

Gait parameters

Velocity, cm/s NA Usual 113.3 ± 27.8 119.8± 27.0 +6.6 +5.8 <.05
Fastest 162.9 ± 46.7 165.9 ± 39.0 +3.0 +1.8 NS

Cadence, steps/min NA Usual 108.7 ± 11.8 109.8 ± 12.5 +1.0 +0.9 NS
Fastest 132.91 ± 21.6 132.4 ± 16.9 –0.6 –0.5 NS

Step length, cm L Usual 61.7 ± 11.9 64.9 ± 10.9 +3.2 +5.2 <.001
Fastest 71.7 ± 14.1 74.8 ± 13.2 +3.1 +4.3 <.001

R Usual 62.1 ± 11.4 65.2 ± 11.1 +3.1 +5.0 <.001
Fastest 73.8 ± 14.2 75.1 ± 13.4 +1.3 +1.7 NS

Stride length, cm L Usual 124.4 ± 23.0 130.7 ± 21.8 +6.3 +5.1 <.001
Fastest 145.1 ± 27.9 151.1 ± 26.6 +6.0 +4.1 <.05

R Usual 124.4 ± 22.8 130.8 ± 21.9 +6.4 +5.1 <.001
Fastest 146.1 ± 28.0 150.2 ± 25.7 +4.1 +2.8 <.05

Heel-to-heel base of 
support, cm

L Usual 11.5 ± 3.8 11.3 ± 4.1 –0.2 –1.7 NS
Fastest 11.3 ± 3.6 11.7 ± 3.3 +0.4 +3.5 NS

R Usual 11.4 ± 3.8 11.4 ± 3.8 0.0 0.0 NS
Fastest 11.5 ± 4.2 11.6 ± 3.2 +0.1 +0.9 NS

Single support time, 
%GC

L Usual 36.1 ± 3.2 36.5 ± 3.0 +0.4 +1.1 NS
Fastest 39.1 ± 4.1 38.6 ± 3.8 –0.5 –1.3 NS

R Usual 35.5 ± 3.7 36.2 ± 3.2 +0.7 +1.9 <.05
Fastest 37.9 ± 4.5 38.4 ± 3.1 +0.5 +1.3 NS

Double support time, 
%GC

L Usual 28.7 ± 4.9 27.4 ± 4.9 –1.3 –4.6 <.001
Fastest 23.4 ± 6.1 22.4 ± 5.2 –1.0 –4.5 <.05

R Usual 28.5 ± 4.9 27.5 ± 4.8 –1.0 –3.6 <.05
Fastest 23.0 ± 6.3 22.1 ± 5.1 –0.9 –4.1 <.05

Swing time, %GC L Usual 35.6 ± 3.6 36.1 ± 3.1 +0.6 +1.6 <.001
Fastest 38.1 ± 3.8 38.5 ± 2.8 +0.4 +1.1 NS

R Usual 36.1 ± 3.2 36.6 ± 3.1 +0.5 +1.4 <.05
Fastest 38.8 ± 3.7 38.6 ± 3.3 –0.2 –0.4 NS

Stance time, %GC L Usual 64.5 ± 3.6 63.3 ± 5.1 –1.2 –1.8 NS
Fastest 62.0 ± 3.8 61.6 ± 2.8 –0.4 –0.8 NS

R Usual 63.1 ± 5.9 62.7 ± 5.5 –0.4 –0.7 NS
Fastest 61.2 ± 3.7 60.7 ± 5.5 –0.5 –0.9 NS

Clinical walking measures

T25FW test, s NA NA 5.5 ± 2.4 4.8 ± 1.6 –0.7 –12.7 <.001
2MWT, m NA NA 165 ± 50 177 ± 40 +12 +7.3 <.001
6MWT, m NA NA 459 ± 150 497 ± 136 +38 +8.3 <.001
MSWS-12 score NA NA 31.7 ± 12.6 27 ± 10.5 –4.7 –14.8 <.05

Note: Results are shown for the total group of persons with multiple sclerosis (N = 42). Unless otherwise indicated, values are given as mean 
± SD.
Abbreviations: Δ, change; GC, gait cycle; L, left; MSWS-12, 12-Item Multiple Sclerosis Walking Scale; NA, not applicable; NS, not significant; 
R, right; 6MWT, 6-Minute Walk Test; T25FW, Timed 25-Foot Walk; 2MWT, 2-Minute Walk Test.



International Journal of MS Care
204

Leone et al.

results of the 2MWT increased in the MLCW (+24.3%, 
P < .05) and LCW (+11.7%, P < .05) subgroups only, 
whereas the MSWS-12 score decreased only in the CW 
subgroup (–16.5%, P < .05) (Figure 1).

Discussion
This study investigated the effects of conventional 

rehabilitation programs on the gait pattern during usual 
and fastest speeds in persons with MS classified accord-
ing to usual walking speed. We observed that regardless 
of the rehabilitative treatment content and immediately 
after the 3-week programs, there were positive changes 
on several spatiotemporal gait parameters associated 
with concurrent improvement in the results of standard 
short and longer walking tests as well as the MSWS-12. 
Interestingly, changes were clearly most pronounced 
and consistently meaningful in the more disabled group 
(MLCWs).

To date, limited research has been conducted to 
investigate the effects of rehabilitative training on spa-
tiotemporal gait parameters in MS.16-19 Gutierrez et al16 
found that persons with MS increased their swing-phase 
duration and decreased time in the stance and double 
support phases after an 8-week program of lower-limb 

increased in the Bel-
gium center at usual 
speed (+2.0%, P < 
.05). A significant 
increase was found 
in terms of r ight 
and left step lengths 
at usual speed and 
left step length at 
fastest speed in all 
the centers (except 
the Norway centers) 
and in stride length 
at usual speed in all 
the centers and at 
fastest speed in the 
Belgium center. The 
2MWT and MSWS-
12 results did not 
improve ,  re spec-
tively, in the Norway 
and Belgium centers.

Walking Speed−
Based Subgroups

Table 4 shows the 
results for walking 
speed−based subgroups. The MLCW subgroup showed 
a significant increase in velocity (P < .05) at usual speed 
(+16.8%) and fastest speed (+14.8%) and in cadence at 
fastest speed (+4.3%, P < .05). In addition, an increase 
was observed in left leg step length at usual and fast-
est speeds (+14.5% and +12.1%, P < .05) and in stride 
length at usual speed (+10.8%, P < .05). There was a sig-
nificant decrease in double support time at usual speed 
(right: –6.7%, left: –6.1%, P < .05) and fastest speed 
(right: –7.5%, left: –8.1%, P < .05).

At usual speed, the LCW subgroup showed a signifi-
cant increase in velocity (+9.5%, P < .05), right leg step 
length (+7.5%, P < .05), and stride length (right: +6.8%, 
left: +7.8%, P < .05). In addition, left step length 
increased at usual and fastest speeds (+6.7% and +5.3%, 
P < .05). There was a significant decrease in double sup-
port time at usual speed (–5.8%, P < .05).

The CW subgroup demonstrated a significant 
increase only in right step length at usual speed (+2.9%, 
P < .05).

The results of the T25FW test (MLCWs –24.7%, 
LCWs –12.2%, and CWs –9.3%, P < .05) and the 
6MWT (MLCWs +24.6%, LCWs +12.5%, and CWs 
+3.4%, P < .05) improved in all the subgroups. The 
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Figure 1. Mean spatiotemporal gait parameter values at usual (A-C) and 
fastest (D-F) speeds before and after rehabilitation treatment in persons 
with multiple sclerosis, stratified according to their baseline walking speed
CW, community walker; GC, gait cycle; LCW, limited community walker; MLCW, most limited community 
walker; POST, after treatment; PRE, before treatment. (*) refers to significant differences (P < .05) before and 
after rehabilitation treatment.
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at fastest speed in the most disabled subgroup. These 
findings advocate for treating patients with moderate-
to-severe walking impairments, who have a limited 
ability to accelerate. This restriction negatively affects7,19 
daily ambulation activities, such as crossing the street or 
avoiding hazards. However, due to the small sample size 
in the latter group, we acknowledge the need for replica-
tion of the findings in a larger sample.

Overall, the results of the present study are positive, 
indicating statistically significant effects of conventional 
rehabilitation on walking measures and the gait pat-
tern. However, interpretation of magnitude of change is 
needed to judge whether changes are exceeding statisti-
cally defined noise levels and are perceived by patients as 
clinically meaningful. Therefore, we compare the present 
results with those of Baert et al,23 who provided clinically 
meaningful changes for the clinical walking measures, 
and Schwartz et al.29 Looking at the present results, the 
whole sample exceeded reported thresholds of mini-
mally important change for the long-distance walking 
tests (2MWT, 6.8 m and 6MWT, 9 m), which, how-
ever, was not the case for the MSWS-12 (11.3 and 14.9, 
respectively), which exceeded thresholds of smallest real 
change (4.6). The meaningful improvements on the 
walking capacity tests may be hypothesized to be mir-
rored by meaningful improvement on the spatiotempo-
ral parameters. Values for 6-month longitudinal changes 
of spatiotemporal parameters have been provided,30 but 
not values for clinically meaningful change.

When interpreting the results for subgroups with 
different baseline walking speeds, distinguishing conclu-
sions can be made. Persons without marked walking 
impairment (CWs) did not reach changes that are clini-
cally meaningful. Persons with rather mild impairment 
(LCWs) reached clinically meaningful changes after 
rehabilitation on the walking capacity tests but not on 
the MSWS-12. Persons with marked walking impair-
ment (MLCWs) showed clinically meaningful improve-
ment on the walking capacity tests and borderline 
improvement on the MSWS-12 as well. These findings 
demonstrate rehabilitation treatment indications for per-
sons with marked walking impairment.

Methodologically, two long-walking capacity tests, 
the 2MWT and the 6MWT, were included in the pres-
ent study because it was hypothesized that rehabilita-
tion could have focused more on walking capacity in 
the more disabled patients and walking endurance in 
the mildly disabled patients. However, the results of 
the present study indicate that rehabilitation effects are 

resistance exercises. Newman et al17 reported a decrease 
in the stance phase of the weaker leg and a longer stride 
length of the stronger leg after 12 sessions of treadmill 
aerobic training. Sacco et al18 reported faster walking 
speed, longer stride length, and less stride length vari-
ability after a 3-week multidisciplinary inpatient reha-
bilitation program. Motl et al19 found that persons with 
MS with moderate disability improved their walking 
speed, stride length, and single support and swing-phase 
periods after an 8-week combined training program.

The present study findings are in line with previous 
results: We found a significant improvement in walk-
ing speed and stride length after the intervention pro-
grams. However, we did not observe an overall increase 
in cadence (except for the MLCW subgroup at fastest 
speed). In other words, step length and cadence did not 
change proportional to changes in gait velocity, indicat-
ing that the quality of the gait pattern itself was likely 
beneficially altered after rehabilitation. However, previ-
ous methodological reports advise researchers to include 
at least three speed instruction variations per evaluation 
point to validate the latter conclusion with certainty.28

Regarding the impact of walking impairment level 
on gait, we found that slower-walking persons with MS 
demonstrated pronounced improvements in clinical 
measures and spatiotemporal gait parameters. Improve-
ments were reflected in terms of velocity, double support 
time, step length, and stride length. Previous studies 
reported positive effects in persons with MS with mild-
to-moderate disability,16-18 as in more severely impaired 
patients,19 suggesting that modifications in gait param-
eters might occur regardless of the baseline physical 
impairment. Nevertheless, according to a meta-analysis 
by Snook and Motl,12 persons with MS with higher dis-
ability have fewer tendencies to improve as a result of 
treatment. Yet, the systematic review included a relative-
ly small number of studies examining the intervention 
programs in more disabled patients.

Interestingly, Gutierrez et al16 reported that after the 
physical intervention period, gait parameters changed 
solely in patients with a higher disability score (EDSS 
score > 5.5), supporting the belief that the disabil-
ity status affects the improvement magnitude. However, 
we did not analyze patients according to EDSS score 
because our aim was to investigate the effect on gait 
changes of walking performance in terms of speed and 
not in terms of overall neurologic impairment.

When comparing gait performance according to 
walking speed (usual or fastest speed), we found that 
parameters that improved at usual speed also improved 
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whether people with progressive forms of MS show simi-
lar restorative potentials after rehabilitative treatment 
should be one of the future directions for MS rehabilita-
tion research.

In conclusion, assessing spatiotemporal gait param-
eters revealed changes induced by physical rehabilitation 
treatment in persons with MS. Gait changes occurred 
at both usual and fastest speeds, and the magnitude of 
improvement was greater and clinically meaningful in 
more disabled persons with MS. Future research should 
take into account that different levels of walking impair-
ment at usual speed are related to different margins of 
improvement. o
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