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Abstract

Background: Robotic training is commonly used to assist walking training in patients affected by mul-
tiple sclerosis (MS) with non-conclusive results.

Objective: To compare the effect of robot-assisted gait training (RAGT) with that of conventional walk-
ing training (CWT) on gait competencies, global ability, fatigue and spasticity in a group of severely
affected patients with MS.

Methods: A pilot, single-blind randomized controlled trial was conducted in 43 severe (Expanded Disabil-
ity Status Scale (EDSS) score of 6—7.5) and non-autonomous ambulant in-patients with MS. Experimental
group performed 12 sessions of RAGT, whereas control group performed the same amount of CWT. Pri-
mary outcome measures were gait ability assessed by 2 minutes walking test and Functional Ambulatory
Category; secondary outcomes were global ability (modified Barthel Index), global mobility (Rivermead
Mobility Index), severity of disease (EDSS) and subjectively perceived fatigue (Fatigue Severity Scale).
Results: The number of subjects who achieved a clinical significant improvement was significantly higher
in RAGT than in CWT (p<0.05 for both primary outcome measures). RAGT also led to an improvement
in all the other clinical parameters (global ability: p<0.001, global mobility: p<0.001, EDSS: p=0.014
and fatigue: p=0.001).

Conclusions: RAGT improved the walking competencies in non-autonomous ambulant patients with
MS, with benefits in terms of perceived fatigue.
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Introduction

People with multiple sclerosis (MS) present a wide
range of neurological symptoms related to the varying
distribution of demyelization and axonal loss.
Reduced mobility and gait dysfunction are two such
symptoms that represent key problems, with up to
85% of persons with MS reporting difficulty in
walking.! In recent years, the treatment of MS gait dys-
function has significantly progressed thanks to various
interventions, including robot-assisted approaches.?
Robot-assisted gait training (RAGT), which is effec-
tive in patients with spinal cord injuries,? stroke* and
Parkinson’s disease,’ has more recently been tested for
gait rehabilitation purposes in MS. RAGT devices
offer an ideal means of facilitating the task-oriented

mass practice of walking,® which leads to learning-
dependent neuroplasticity.’

In a recent systematic review, eight studies on tread-
mill training (TT), body weight—supported treadmill
training (BWSTT) and RAGT in MS subjects with
walking disabilities were assessed; promising results
emerged in terms of gait-related outcomes. However,
it is not yet clear what type of device is most effective
for the treatment of gait dysfunctions in MS and
what level of disability is most responsive to such
treatment.®

Previous studies on the use of RAGT in MS were
focused on less affected subjects, including subjects
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who already were able, for example, to walk without
any aid or rest at least for 200 m,**12 and only one
research reported the feasibility of the robotic-assisted
walking training in patients not autonomous during
walking.!?

Two different approaches are commonly defined for
RAGT therapy for walking training: the exoskeleton
approach controlling the pelvis and knee kinematic
as in the case of Lokomat and an end-effector
approach controlling the distal part of the leg by
mobile footplates describing a walking cycle as in
the case of Gait Trainer. Both are a body weight—
supported system as condition sine qua non to allow
the walking-like training.'4

To the best of our knowledge, this is the first trial
investigating the robotic therapy using an end-effec-
tor approach. These biomechanical differences lead to
different walking-like training: end effector, for
example, is less constrictive/assistive to pelvis than
exoskeleton approach and might allow a major mus-
cle voluntary contraction of proximal leg muscles
during walking training.!3

The primary aim of this study was to investigate
whether RAGT performed with an end-effector
device is more effective than conventional walking
training (CWT) as a means of improving walking
capacity in persons with MS with a high disability.
The secondary aim of this study was to investigate the
effect of RAGT on walking ability, global mobility
and ability, as well as on disease severity and symp-
toms such as fatigue and perceived spasticity.

Materials and methods

Trial design

This study was designed as a single-blind, prospec-
tive, randomized controlled trial (RCT) to compare
the effects of RAGT with those of CWT in MS
patients, adopting a 1:1 allocation ratio. The rand-
omization procedures were carried out thanks to a
computer-generated list covered by straps to con-
ceal the allocation.

Participants

A continuous series of in-patients admitted to our
institute for research and healthcare between March
2011 and January 2014 were screened for this study.

The inclusion criteria were as follows: diagnosis of
MS according to the McDonald criteria,'® age between

25 and 65 years, high disability (Expanded Disability
Status Scale (EDSS) between 6 and 7.5)!7 and a Mini-
Mental State Examination score =24.

The exclusion criteria were as follows: other con-
comitant orthopaedic or neurological diseases that
may interfere with ambulation, severe psychiatric
impairment, relapses in the month prior to enrol-
ment, MS-related treatment changes, whether symp-
tomatic or preventive, as well as botulin toxin
injections performed in the previous 3 months and
lower limb spasticity upon admission >3 at the mod-
ified Ashworth scale (MAS).!8

The research was performed in accordance with the
Helsinki Declaration and was approved by the ethical
committee of our Foundation. Written consent was
obtained from all the patients, who were informed of
the experimental nature of the study.

Interventions

Enrolled patients performed a standard in-patient
rehabilitation programme consisting of at least
2 hours/day of physical therapy (i.c. active and passive
range-of-motion exercises, strengthening exercises,
hand function, transfer and balance training) as well
as occupational, cognitive, respiratory or phoniatric
therapy, when necessary. According to scientific evi-
dence, the MS in-patient rehabilitative standard treat-
ment was multidisciplinary and carried out by a team
consisting of physicians (i.e. physiatrist, neurologist
and cardiologist), a neuropsychologist, nurses, physi-
otherapists, occupational and speech therapists social
services care manager, dietician and support staff.!?
In adjunction to this therapy, RAGT or CWT was
administered. RAGT and CWT were performed in the
morning, three times a week for 4 consecutive weeks,
for a total of 12 sessions lasting 40 minutes each.
Before starting the study, the authors designed the
RAGT and CWT protocols and instructed the treating
physiotherapists (two for each protocol) on how
to conduct the training sessions. The RAGT group
was treated by means of the electromechanical
Gait Trainer GTII® (Reha-Stim, Berlin, Germany), in
which patients with MS, supported by a harness and
standing with their feet on the motor-driven foot-
plates, practised gait-like movements.'* Different
from previous studies,?’ we have used an electrome-
chanical device that uses an inverse control approach,
with end point trajectories’ control (end effector). The
40-minute RAGT or CWT sessions comprised 20 min-
utes of walking, when possible, while the remainder
of the time was dedicated to prepare the device (for
RAGT), or to prepare the patients for walking.
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In the first sessions, training sessions were performed
with 40%—50% of the patients’ body weight support
because of the severity of enrolled patients, whereas
in the subsequent sessions, weight support was
reduced, as soon as possible. The speed, which was
selected so as to be comfortable for the patient, gener-
ally ranged between 1.3 and 1.8 km/h. Patients were
encouraged to actively ‘help’ the gait-like movement
during RAGT or CWT.!#

The CWT group received exercises designed to pre-
pare them for walking (i.e. static exercises on the
parallel bars for the control and movement of the
lower limb load; exercises for the control of the
trunk and pelvis; exercises for balance and coordina-
tion) and walking exercises on the ground whose dif-
ficulty gradually increased. Help provided by the
therapists and/or aids, such as a cane, tripod or
walker, was allowed.

Outcomes

A blinded examiner performed the pre-treatment (TO)
and post-treatment (T1) evaluations. All the patients
were examined in the morning.

The primary outcomes of the study were the walking
capacity and the walking ability. Walking capacity
was measured by the distance covered in 2 minutes by
walking (2-minute walking test 2MWT)) and in par-
ticular by the number of patients reaching the mini-
mal clinical important difference.?! Walking ability
was assessed by Functional Ambulatory Category
(FAC) that categorizes patients according to the basic
motor skills required for functional ambulation, with
scores ranging from 0 (non-functional) to 5 (inde-
pendent on level and non-level surfaces).??

Secondary outcomes

Secondary outcomes measures were the global mobil-
ity, assessed by means of the Rivermead Mobility
Index (RMI), with scores ranging from 0 (low mobil-
ity) to 15 (good mobility).?* The modified Barthel
Index (mBI) was used to assess global ability and
independence in activities of daily living, with total
scores ranging from 0 to 100 (total independency).**

The EDSS of Kurtzke was administered to assess the
severity of MS. Fatigue was assessed by means of the
Fatigue Severity Scale (FSS) and a score >36 was
considered significant for perceived fatigue.?®

Lower limb spasticity was assessed using a 100-mm
Visual Analogue Scale (VAS) with anchors ranging

from ‘no problem’ to ‘very bad’, which is commonly
used as a measure of perceived spasticity in patients
affected by MS.

Statistical analysis

The sample size has been determined according to
previous RCT studies on robotic efficacy in MS in
which between 13 and 49 participants were enrolled?® 13
and the estimated drop-out rate was 20%. An inten-
tion-to-treat approach was performed in terms of ana-
lysing all the patients with respect to their allocation
without considering the number of performed ses-
sions of therapy, whereas the drop-out patients not re-
assessed at T1 were not included into the analyses
according to a plausible assumption about data miss-
ing at random.2°

The mean values and standard deviations were com-
puted to summarize the results. Because most of the
variables were ordinal measures (clinical scales), not
resulting in normal distribution (Shapiro—Wilk test)
and for having a conservative approach due to the
given sample size, non-parametric statistic tests
were preferred to parametric counterparts. The non-
parametric tests used in this study were as follows:
¥2 test for binary variable (including the number of
patients who achieved a minimal important clinical
difference on the primary outcomes related to walk-
ing abilities, in terms of 0.5 points of FAC score and
19.2m more walking during 2MWT),?” Wilcoxon
signed-rank test for within-subject comparisons,
Mann—Whitney U test for between-subject compari-
sons and Spearman coefficient (R) for correlations.
For all the tests, the threshold of statistical signifi-
cance was set at 0.05. Analyses were performed
using SPSS 17.0.

Results

As shown in the flowchart of Figure 1, 155 patients
were assessed, and 50 patients, matching inclusion/
exclusion criteria, were enrolled in the study and allo-
cated to either the RAGT or the CWT group. Four
patients were lost in RAGT and three patients in CWT
group; therefore, 43 patients’ data were analysed.

At baseline, the RAGT and CWT groups were sig-
nificantly different neither in terms of age, gender,
course and duration of disease (Table 1) nor in terms
of disease severity, global mobility or global ability
(TO in Table 2).

At T1, all the outcomes significantly improved after
RAGT with respect to TO, whereas after CWT only
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CONSORT flow diagram

Assessed for eligibility (n= 155)

[ Enrollment ] Excluded (n=105 )
e Not meeting inclusion criteria (n=87):
51 patients for EDSS range;
26 patients for neuropsychological disorder;
9 patients for severe spasticity
1 patient for age > 65 years
e Not giving informed consent (n=11)
e Concomitant orthopaedic disease (n=7)

A 4

Randomized (n=50)

l [ Altocation —T0 ] !
RAGT group CWT group )
Allocated to intervention (n=25) Allocated to intervention (n=25)
» Received allocated intervention: 12 RAGT therapies * Received allocated intervention: 12 walking
40 minutes 3 times per week, 480 min for each floor theraples, 40 minutes 3 times per week,
’ 480 min for each

.

Lost to T1 (n=4):

Reasons: -2 withdrawn informed consent at Lostto T1 (n=3): _ _
first RAGT session Reason: -2 for medical problems at fifth and eighth
-2 for medical problems at fourth and seventh session
RAGT session -1 for MS relapse at third session
o Total lost sessions of RAGT: 35 (1400 minutes) e Total lost sessions of CWT:13 (800 minutes)
A 4 Y

Completed RAGT (n=21), for total 10.080 [ T ] Completed CWT (n=22), for total 10.560
minutes of RAGT minutes of CWT

Analysed (n=21)

Analysed (n=22)
¢ Excluded from analysis (n=0). [

Analysis ] e Excluded from analysis (n= 0).

Figure 1. CONSORT flowchart.

Table 1. Summary of patients’ features.

Feature RAGT group CWT group p value between groups
Number of participants 21 22 -

Disease course (PP/SP) 0/21 3/22 0.101

Gender (female/male) 10/11 12/10 0.650

Age (years) 47.00+11.17 49.86+8.21 0.224

Disease duration (years) 17.05£9.12 14.09+5.71 0.592

RAGT: robot-assisted gait training; CWT: conventional walking training; PP: primary progressive; SP: secondary progressive.
Mean and standard deviation are reported for age and disease duration, together with the relevant p value of the between-group
comparison (2 test for disease course and gender, Wilcoxon signed-rank test for age and disease).

RMI and mBI significantly improved. However, the significant for the primary outcome measures
between-group differences were not statistically (p=0.407 for FAC, p=0.798 for 2MWT). Among the
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Table 2. Outcome measures.

Outcomes RAGT CWT
TO T1 P TO T1 D

2MWT (m) 33.71+£15.43 42.594+20.79 0.001 40.91+22.45 43.72+24.50 0.076
FAC 3.10+1.51 3.76+1.04 0.017 3.50+1.10 3.50+1.10 0.999
EDSS 6.62+0.42 6.48+0.37 0.014 6.50+0.49 6.50+0.49 0.999
ESS 5.31+1.02 3.96+1.19%* <0.001 5.40+1.54 5.12+1.46 0.306
RMI 5.76+2.05 7.76+2.62 <0.001 6.14+3.11 7.41+2.58 <0.001
mBI 63.43+18.51 77.43+15.91 <0.001 64.09+20.60 74.10+14.72 <0.001
VAS 5.05+1.01 3.40+£1.24* 0.007 531+2.52 5.23+2.29 0.693

RAGT: robot-assisted gait training; CWT: conventional walking training; 2MWT: 2-minute walking test; FAC: Functional Ambula-
tion Category; EDSS: Expanded Disability Status Scale; FSS: Fatigue Severity Scale; RMI: Rivermead Mobility Index; mBI: modi-

fied Barthel Index; VAS: Visual Analogue Scale.

Outcome measures assessed at TO and T1 in the two groups for the clinical scale scores.
p values refer to Wilcoxon signed-rank test of within-group analysis (in bold, if statistically significant), whereas asterisks refer to p
values <0.05 of between-group analysis obtained with Mann—Whitney U test between groups at T1.

other outcome measures, only FSS and VAS scores
resulted significantly different between the two
groups. In particular, the severity of fatigue and its
effect on patients’ activities and lifestyle resulted sig-
nificantly lower in RAGT (—25%+ 19%) than in CWT
(2%+41%) at Tl (p=0.013). Interestingly, a signifi-
cant correlation was found in RAGT between the
change in FSS and thatin2MWT (R=0.493, p=0.045).
The VAS score was computed to assess spasticity in a
subgroup of subjects (10 in the RAGT group, 15 in the
CWT group). The changes in spasticity resulted statis-
tically significant only after RAGT and not after CWT,
and also the between-group comparison resulted sta-
tistically significant at T1 (p=0.048).

After within- and between-group analyses, we also
performed the comparisons of the number of patients
who benefited from each treatment, computing the
odds ratios (ORs). The number of patients in whom
FAC score improved was 7 in RAGT and 0 in CWT
(p=0.0023, 2 test), and the number of patients in
whom 2MWT improved of a clinically significant
change was 11 in RAGT and 6 in CWT (OR=4.28,
95% confidence interval (95% CI)=1.08-17.00,
p=0.0348, ¥ test). The changes in EDSS scores
changed in 6 of 21 patients in the RAGT group, but in
none of the patients in the CWT group (p=0.007, x>
test). The EDSS score in the RAGT group dropped
from 7.5 to 7 in one patient, from 7 to 6.5 in three
patients and from 6.5 to 6 in two patients.

Discussion

This study showed that RAGT in addition to the
standard therapy improved walking ability and capac-
ity in people affected by MS with severe limitation on

walking. A significant reduction in perceived fatigue
(FSS) and in its effects on patient’s daily activities
was also observed in patients undergoing robotic ther-
apy. As expected, CWT also showed positive benefits
for patients, with significant improvements in terms
of mobility (RMI score) and independency in activi-
ties of daily living (mBI score). These changes were
not significantly different from those observed after
RAGT. These results are in line with those reported in
the literature about conventional therapy in MS,
which can be summarized as follows: (1) strong evi-
dences for improved activity and participation, (2)
need of exercise-based educational programmes for
obtaining significant reduction of fatigue, and (3)
inconclusive evidence for other rehabilitation inter-
ventions mainly due to limited production of meth-
odologically robust studies.?®

Some previous studies have suggested that robotic-
assisted training improves walking ability and endur-
ance in MS subjects,® but the use of robots in patients
with MS has been questioned.?® A recent systematic
review of various types of TT highlighted the low
power and significance of all previously published
articles, which may be attributed to the relatively
small sample size and to the wide range of walking
disabilities included.® We supposed that it was also
due to the fact that the previous studies®®-!2 also
enrolled patients already independent in walking.

In contrast to the previous studies, we focused our
RCT on patients with severe walking deficits (non-
autonomous ambulant patients similar to the study of
Beer et al.!3 that instead used exoskeleton), finding
significant benefits in terms of walking capacity and
reduction in fatigue. The changes in these two
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features were significantly correlated after robotic
therapy, but not in the group who performed conven-
tional walking therapy.

However, these results should be read at the light of
their limitations, especially the absence of statisti-
cally significant differences between groups on the
primary outcome measures. Despite our sample
including only severely affected subjects, their
deficits were quite inhomogeneous, and they have
probably implied a reduction in the power of
between-group analyses. However, when percent-
age improvements with respect to baseline or when
the number of subjects who achieved a minimally
clinical important difference were taken into
account, the results showed significant differences
also between groups.

This result is in line with a previous study on subjects
affected by MS at an advanced stage!? showing that
RAGT was found to have a more beneficial effect on
gait recovery in more severely affected subjects. In
that study,’* such as in many studies regarding
stroke,2° the used robotic device was an exoskeleton,
whereas in our study the used device was an electro-
mechanical end effector. Despite this difference, the
findings of our study were in line with those previ-
ously published. The use of an end-effector device
(Gait Trainer) is innovative because it is not yet doc-
umented in MS and is important because this type of
devices is usually less expensive and easier to use
than robotic exoskeleton already tested in MS.20

From our analysis, the reduction in perceived fatigue
emerged as an important outcome achieved using
RAGT and the benefit obtained on this domain
resulted correlated with those obtained on walking
capacity. The control group performing CWT did not
show any change in fatigue or spasticity. The impor-
tance of treating fatigue, which is described as one of
the most disabling symptoms in up to 40% of MS
people, is evident.’® Our findings are in agreement
with those of previous studies,’!32 which found an
improvement in perceived fatigue. The effects of
RAGT on several elements (i.e. physical de-condi-
tioning, evaluated by heart rate and aerobic capacity,
and mood) believed to contribute to the genesis of
fatigue, whose causes in MS are assumed to be multi-
factorial, have already been investigated, although
with controversial results.?

We observed that RAGT led to a significant reduction
in lower limb spasticity in our MS sample, whereas
CWT did not. Spasticity is a velocity-correlated phe-
nomenon, but the speed at which patients were trained

was slow (lower than 0.5 m/s). The literature contains
some reports on the effects of RAGT on spasticity.
Giesser et al.33 described reduced spasticity in three of
four MS patients treated with BWSTT. The positive
effects of RAGT on spasticity, flexor spasms and clo-
nus have also been clearly described in individuals
with chronic spinal cord injury?* and in step-trained
spinal animals.3*

This study has some limitations. One is that a fol-
low-up, which would provide data on the stability of
the results, is lacking. Furthermore, a significant
number of data on spasticity are missing, which lim-
its the scope for speculation on this interesting find-
ing. Another limitation is the slight difference at
baseline between the two groups. Despite the per-
formed randomization, in fact, the RAGT resulted
slightly more severely affected. This difference was
not statistically significant for any of the clinical
assessed measures, but it may question the homoge-
neity of the two groups at baseline and it may be the
cause of lack of between-group differences at T1 for
the primary outcome measures. Further studies are
hence needed to verify whether RAGT is superior in
increasing walking abilities than CWT. Our results
support the idea that RAGT is at least not inferior
than CWT, but has the advantage of obtaining a gait
improvement together with benefits in terms of
reduction in both perceived fatigue and spasticity.
The fact that these two MS features were favourably
influenced by the use of a robot is a new and inter-
esting result deserving further investigations.

In conclusion, we found that RAGT improves walk-
ing capacity at least as well as CWT and reduced the
perceived fatigue more than CWT. Hence, robotic
therapy may be helpful in the rehabilitation field as an
add-on treatment to standard therapy for severely
affected patients probably primarily favouring a car-
diovascular and muscular reconditioning. As already
suggested for robots developed for rehabilitation of
people with neurological disorders,® further studies
should investigate the best candidate for RAGT also
among patients with MS, and the more effective dose
and frequency of the robotic walking training for
these patients.

Clinical messages
e Patients with severe MS benefit from robotic
therapy in terms of walking ability and
capacity.
e There is an amelioration of fatigue in severe
subjects with MS after walking robotic
training.
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