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Abstract: Multiple sclerosis (MS) is a neurodegenerative disease that produces alterations in balance
and gait in most patients. Robot-assisted gait training devices have been proposed as a complementary
approach to conventional rehabilitation treatment as a means of improving these alterations. The aim
of this study was to investigate the available scientific evidence on the benefits of the use of robotics
in the physiotherapy treatment in people with MS. A systematic review of randomized controlled
trials was performed. Studies from the last five years on walking in adults with MS were included.
The PEDro scale was used to assess the methodological quality of the included studies, and the Jadad
scale was used to assess the level of evidence and the degree of recommendation. Seventeen studies
met the eligibility criteria. For the improvement of gait speed, robotic devices do not appear to be
superior, compared to the rest of the interventions evaluated. The methodological quality of the
studies was moderate–low. For this reason, robot-assisted gait training is considered just as effective
as conventional rehabilitation training for improving gait in people with MS.

Keywords: multiple sclerosis; robotic therapy; rehabilitation; gait; movement

1. Introduction

Multiple sclerosis (MS) is a disease affecting the central nervous system (CNS) char-
acterized by inflammation, demyelination, and axonal damage of the brain and spinal
cord [1]. It mainly affects the young adult population, usually between 20 and 40 years
of age, and especially women, by a three to one ratio compared to men [2]. At present,
according to the Spanish Federation for the Fight against multiple sclerosis and the Spanish
Society of Neurology, there are 47,000 people suffering from this disease in Spain, 700,000 in
Europe, and 2,500,000 worldwide [3]. It is one of the most frequent causes of neurological
disability in young adults [4]. Its course cannot be predicted and can vary greatly from
person to person [3]; however, 50% of those affected are unable to walk independently
15 years after onset [4]. Although altered sensation (45%), motor impairment (40%), and
visual disturbances (20%) are usually the first symptoms of this disease, MS is highly
heterogeneous, with a diversity of symptoms that limit the patient’s quality of life. Thus,
the symptoms, their severity, and the order of onset can vary across patients; therefore, the
social and occupational repercussions may differ from one person to another [5].

Reduced mobility, and specifically difficulty walking, is a frequent and early disorder
which has a significantly negative impact on these patients [6]. Gait impairment results from
the combination of several common symptoms present in MS, such as fatigue, weakness,
sensory disturbances, spasticity, ataxia, and loss of balance [7,8]. Several studies have stated
that up to 90% of patients with MS experience some degree of reduced mobility [6,9,10],
with difficulties in walking from the first decade since the onset of the disease, requiring
some assistance to walk [6,7]. Although gait impairment has been observed to increase as
disease and disability progress, patients with Expanded Disability Status Scale (EDSS) < 3.5
may also have significant gait impairment [8–11].

Sensors 2022, 22, 2580. https://doi.org/10.3390/s22072580 https://www.mdpi.com/journal/sensors

https://doi.org/10.3390/s22072580
https://doi.org/10.3390/s22072580
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sensors
https://www.mdpi.com
https://orcid.org/0000-0002-1684-1416
https://doi.org/10.3390/s22072580
https://www.mdpi.com/journal/sensors
https://www.mdpi.com/article/10.3390/s22072580?type=check_update&version=2


Sensors 2022, 22, 2580 2 of 16

The gait pattern of patients with MS is characterized by lower speed, shorter stride
length, and longer time in double stance phase, as well as lower amplitude in the ankle dor-
siflexion movement during the stance phase and greater plantar flexion during the moment
of initial heel contact, in comparison with gait patterns in the normal population [12–15].
In addition, they have less muscle activity (tibialis anterior and gastrocnemius) in signs of
significant pyramidal involvement [12–15]. All these symptoms imply significant economic
and social burdens, since they lead to a progressive loss of work productivity and personal
autonomy [6,7].

Among the different therapeutic options available to clinicians in the process of motor
rehabilitation in MS patients, several robotic devices exist (treadmill with or without suspen-
sion of body weight, training with electromechanical assistance, exoskeletons—Lokomat,
for example, among others), aimed at maintaining optimal conditions or preventing mo-
tor deterioration in these patients. Robotics is defined as the application of devices with
electronic or computerized systems designed to perform human functions [11,13]. A ther-
apeutic robot is a system that detects the user’s movements, using this information to
adjust parameters and provide visual and sensory feedback to the patient [16]. These are
noninvasive devices that are easy to control, with low risk for the patient and with good
treatment effectiveness [16]. Robotic rehabilitation offers certain advantages for rehabilita-
tion: reproducibility, task-oriented programs, quantified progression, playful environment,
reduced energy costs, and greater functional independence for both the patient and the ther-
apist [17,18]. Therefore, the use of this therapeutic option continues to undergo significant
development and growth within the field of physical rehabilitation [18,19].

The aim of this systematic review was to identify studies that have established a
relationship between gait rehabilitation in MS patients using robotic devices and to evaluate
the efficacy of their use in the treatment of gait for these patients.

2. Materials and Methods

A systematic review was conducted of the existing literature regarding the use of
robotics in the treatment of people diagnosed with multiple sclerosis for intervention in
the gait rehabilitation process. The information was compiled by searching the following
databases: PubMed, Scopus, Web of Science, Dialnet, PEDro, and Lilacs. The following
search terms were used: multiple sclerosis, robotics, robotic therapy, therapy, movement,
gait, and randomized controlled trials.

The PICO strategy was followed as a principle for the selection criteria of this study:
(P) persons diagnosed with MS with gait impairment; (I) robotic systems for ambulation;
(C) use of robotic devices versus another treatment approach or none; (O) improvement of
gait parameters, distances traveled, energy expenditure, as well as psychological benefits.

2.1. Selection Process

First, a general search with the terms: “multiple sclerosis” [Mesh] and (“robotics” or
“robotic therapy” or “therapy”) and (“rehabilitation” or “therapy” or “movement”) and
“gait” was performed in each database consulted. Inclusion criteria were as follows:

- Participants with a diagnosis of multiple sclerosis, in any of its clinical variants, as
well as any degree of disability or severity of deficit, time since diagnosis, age, and sex.

- Participants over 18 years of age.
- The intervention employed robotic interventions for the purpose of gait training.
- Randomized clinical trials (intervention), clinical cases, or any work involving hu-

man intervention.
- Studies conducted in the last five years (2017–2021) and showing the results obtained.
- Studies in English, Portuguese, or Spanish.

Abstracts, editorials, and notes were discarded, as were systematic reviews. Once
the results of a general search were obtained, a selection was made based on the title and
abstracts to verify that they still met the inclusion criteria. Duplicates were eliminated.
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Finally, the full text of each article was examined, and those that met the criteria determined
in the selection process were selected.

2.2. Data Extracted

For each study, a summary was made with the following information: sample size
(both experimental and control group, if any), study aim, technology used in the interven-
tion, methodology (sessions/week, duration of sessions, etc.), evaluation (measurement
scales), and results (improvements or changes in the evaluated population). These data
were extracted by the author using the Consort 2010 statement for randomized controlled
clinical trials whenever possible [20].

2.3. Level of Evidence

To evaluate the level of evidence and methodological quality of the selected studies,
the Jadad scale [21] was used, which considers randomization, blinding of the patients and
the investigator to the intervention (double-blind study), and the description of any losses
that may have occurred during the trial. A Likert scale was used (from 0 to 5 points, with 5
being the maximum score), assigning quality to the randomized clinical trial. Quality is
considered “poor” if the score obtained is lower than 3 points.

The PEDro scale [22] consists of 11 items, which consider scientific rigor, assessing
the following aspects: selection criteria, randomization of subjects, allocation concealment,
baseline compatibility, blinding of subjects, blinding of therapists, blinding of evaluators,
adequate follow-up, intention-to-treat analysis, between-group analysis, mean scores, and
variability. All the above except the item assessing the selection criteria was used to
calculate the final score of an article (maximum: 10 points).

3. Results

After searching the different databases, 658 records were obtained. After eliminating
duplicate articles, 231 records were obtained, of which 201 were discarded according to the
criteria for considering studies for this review. In addition, references were reviewed from
the reference list of retrieved articles for possible additional, relevant references; however,
no new records were obtained. Ultimately, 17 articles that met all the inclusion criteria
were selected and added to this review. The flowchart of the systematic review is shown in
Figure 1.

3.1. Studies Included

Seventeen RCTs [23–39] (537 participants) were included. All articles were published
in English. Details of each RCT selected for this review are presented in Table 1. Information
regarding the populations, interventions, durations, and outcomes of the various studies
are also shown in Table 1.

3.2. Participants

The ages of the participants in the included studies ranged from 18 to 70 years,
with most of the samples being considered young adults. In terms of sex, the studies
showed a small difference between the number of men and women, with the number
of female subjects being slightly higher than the number of males, except for the studies
by Nierdermeier [26] and Puyuelo-Quintana [31], with only one patient. In relation to
the number of participants per sample in each of the studies analyzed, the number of
participants was not very high, the largest being that of Staudi [33] with a total of 98
participants compared to 14 participants in the studies by Niedermeier [26] and Puyuelo-
Quintana [31], which were divided between brain damage and multiple sclerosis. The
mean of all the studies was 31.58 participants. Although some samples have a large number
of participants, they insufficient for extrapolating the results to the total number of people
with MS.
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Table 1. Summary of selected contributions.

Author/Year Study N, EG/CG Intervention Outcome Measures Results

Russo et al. [23] Single-blind
randomized trial

N = 45
EG: 30
CG: 15

EG: 6 weeks Lokomat (3 times/week,
60 min) + 12 weeks traditional training

(3 times/week, 60 min)
CG: 18 weeks traditional training.

Measurements: beginning (T1), final (six
weeks later; T2), one month later (T3)

Expanded Disability Severity Scale
(EDSS); Functional Independence

Measure (FIM); Hamilton Rating Scale
for Depression (HRSD); TUG, Tinetti

EG improved on all scales, while CG only on
TUG. GC improved at all values of T1 and
T2, while EG only improved TUG at those
times. At T2 and T3 there were no major

differences between the two groups.

Calabró RS
et al. [24]

Single-blind
randomized
clinical trial

N = 40
EG: 20
CG: 20

EG: Lokomat-Nanos (RAGT − VR)
CG: Lokomat-Pro (RAGT + VR)

5 times/week, 8 weeks.
Measurements: beginning to end

of treatment

TUG, Berg, Coping Orientation to
Problem Experience (COPE), FIM,

Modified Ashworth scale, Hamilton
Rating Scale for Depression (HRSD)

There are no differences between values
obtained in Berg and TUG. In the rest of the
scales, they show significant improvements
(p < 0.05) in the use of RAGT and VR. The
combined use of Lokomat treatment with

virtual reality exercises improves symptoms
in MS patients.

Sconza C et al. [25]
Randomized

controlled
crossover trial

N = 17
EG: 8
CG: 9

EG: Lokomat + physiotherapy
CG: physiotherapy

5 times/week
5 weeks

25-foot walking test (T25FW), 6-minute
walking test (6MWT), Tinetti; Ashworth,

Modified Motricity Index for Lower
Limbs, FIM, Quality-Of-Life Index,

gait parameters

Both groups showed improved results, but
EG improved especially in the 25FW and

6MWT trials.

Niedermeier M
et al. [26] Crossover study

N = 14
EG: 7
CG: 7

EG: Lokomat
CG: Bobath principles, comprised
mobilization, strengthening, and

sensomotoric stimulating techniques.
One Lokomat session and one

conventional physiotherapy session,
administered randomly to each group.

Measurement at the beginning and end
of each session

Personal perception questionnaire, Short
version of the German Mood Survey

Scale (MSS)
Functional Ambulation Category (FAC)

RAGT showed significantly increased
euphoria and calm after the treatment
session. Affective responses between
physical therapy and RAGT differed

significantly in favor of RAGT in
affective states.
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Table 1. Cont.

Author/Year Study N, EG/CG Intervention Outcome Measures Results

Russo M et al. [27]

Rater-blinded,
active controlled,

parallel-group
pilot study

N = 40
EG: 20
CG: 20

EG: Sativex + Lokomat
CG: other antispasmodic + Lokomat

45 min, 3 times/week. Duration:
20 sessions.

Measurement:
beginning–final–30 days later

EDSS, Functional Independence
Measure (FIM), MAS, NRS, 10MWT,

6-minute walking test (6MWT),
Hamilton Rating Scale for Depression

(HRSD), and MSQOL54. Cortical
plasticity was evaluated by means of

TMS methodology. Blood pressure and
mean heart rate were assessed

Patients treated with Sativex and Lokomat
improved gait and balance motor values,

compared to patients treated with another
type of antispasmodic.

Pompa A
et al. [28]

Pilot, single-blind
randomized

controlled trial

N = 43
EG: 21
CG: 22

EG: robot-assisted gait training (RAGT),
CG: conventional walking

training (CWT)
In the morning, 3 times/week, 4 weeks,

40 min/session.
Measurement: pre- and

post-intervention

2-min walking test (2MWT)
Functional Ambulatory Category

(FAC), Rivermead Mobility Index (RMI),
Modified Barthel Index (mBI), fatigue
severity scale (FSS), visual analogue

scale (VAS)

Experimental group presented better results
on the scales than the control group, which

means that assisted gait training leads to
improvement in gait.

Ziliotto N
et al. [29]

Parallel-
assignment,

single-blinded,
randomized

controlled trial

N = 61
EG: 33
CG: 28

12 sessions; duration: two hours each for
six weeks.

EG: RAGT on a Lokomat treadmill with
a duration of about 40 min

CG: assisted walking on the ground.
Sessions of approximately 40 min,

inserted between 10 min warm-up and
cool-down periods

Gait speed, assessed by the T25FWT, the
6-min walking test (6MWT), the Berg

Balance Scale (BBS), and the MS impact
scale-29 (MSIS-29)

The protein concentration and blood
concentration values after motor treatment
varied from one group to another, and an

increase in protein concentration was found
in EG, leading to an improvement in

motor skills.

Androwis GJ
et al. [30]

Pilot single-blind,
randomized

controlled trial

N = 10
EG: 6
CG: 4

Compared the effects of 4 weeks of
REAER with 4 weeks of conventional

gait training (CGT). Duration: 4 weeks,
2 times/week.

Measurement: beginning–final

Functional mobility (timed up-and-go-
TUG-), walking endurance (six-minute

walking test- 6MWT-), cognitive
processing speed (CPS; Symbol Digit
Modalities Test- SDMT-), and brain

connectivity (thalamocortical
resting-state functional

connectivity (RSFC)

REAER improved the items evaluated, due
to the adaptive and integrative plasticity of

the central nervous system.
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Table 1. Cont.

Author/Year Study N, EG/CG Intervention Outcome Measures Results

Puyuelo-
Quintana G

et al. [31]

Cross-sectional
study

N = 5 (four
stroke patients
and one with

MS)

5 sessions of 50 min. Pre- and
post-measurement, combining

measurements without a device, with a
device, and with different gait modes

that the MAK exoskeleton allows

10-m walking test (10MWT), the Gait
Assessment and Intervention Tool
(G.A.I.T.) and Tinetti Performance

Oriented Mobility Assessment (gait
subscale) Modified QUEST

2.0 Questionnaire

The MAK exoskeleton appears to offer
positive preliminary results in terms of
safety, feasibility, acceptability, and use

by patients.

Łyp M et al. [32] Pilot study
N = 20 (10

males and 10
females)

A six-week-long training period with the
use of robot-assisted treadmill training

of increasing intensity of the
Lokomat type

Difference in motion dependent torque
of lower extremity joint muscles after

training compared with baseline
before training

The robot-assisted body-weight-supported
treadmill training may be a potential adjunct
measure in the rehabilitation paradigm of

“gait reeducation” in
peripheral neuropathies.

Straudi S et al. [33]
Parallel-group,

randomized
controlled trial

N = 98

EG: RAGT intervention on a
robotic-driven gait orthosis (Lokomat)

CG: individual conventional
physiotherapy focusing on over-ground

walking training performed with the
habitual walking device

Measurements: beginning (6 sessions) to
final (12 sessions) to three months later.

3 sessions/week, two hour duration

T25FW; QoL; 6-min walking test
(6MWT); Berg Balance Scale; timed

up-and-go test; fatigue severity scale;
Modified Ashworth Scale; Patient Health

Questionnaire; Short Form Health
Survey; Multiple Sclerosis Impact Scale;

Multiple Sclerosis Walking Scale

The RAGT training is expected to improve
mobility compared to the active control

intervention in progressive MS. Unique to
this study is the analysis of various potential
markers of plasticity in relation with clinical

outcomes, identifying the effectiveness of
intensive rehabilitative interventions
through the changes of clinical and

circulating biomarkers of MS plasticity.

Straudi S et al. [34] Randomized
controlled trial

N = 72
EG: 36
CG: 36

EG: robot-assisted gait training (RAGT)
CG: conventional therapy (CT)

12 sessions, for 4 weeks.
Measurements: beginning (6 sessions) to
final (12 sessions) to three months later

T25FW test, the 6-min walking test
(6MWT), the Berg Balance Scale (BBS),
the timed up-and-go (TUG) test, the

fatigue severity scale (FSS), the Patient
Health Questionnaire (PHQ), the Short
Form Health Survey 36 (SF-36), the MS
impact scale-29 (MSIS-29), and the MS

walking scale-12 (MSWS-12)

RAGT was not superior to CT in improving
gait speed in patients with progressive MS

and severe gait disabilities where a positive,
even transitory, effect of rehabilitation

was observed.

McGibbon CA
et al. [35]

An open-label,
randomized,

crossover trial
N = 29

Unassisted (rehab effect) performance
was observed after using the device at

home for 2 weeks, compared to 2 weeks
at home without the device, and

participants improved their ability to use
the device over the trial period

(training effect)

6-minute walking test (6MWT); TUG
test; timed stair test (TST)

Keeogo appears to deliver an
exercise-mediated benefit to individuals

with MS that improved their unassisted gait
endurance and stair climbing ability.
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Table 1. Cont.

Author/Year Study N, EG/CG Intervention Outcome Measures Results

Berrozabalgoitia R
et al. [36]

Randomized
controlled trial N = 36

CG: rehabilitation program consisting of
weekly 1-hour individualized sessions.
EG: also participated in this program in

addition to a twice-weekly
individualized and progressive OR gait

training intervention for 3 months,
aiming to reach a maximum of 40 min by

the end of the 3-month period

10-meter walking test (10MWT); the
Short Physical Performance Battery, the

timed up-and-go (TUG) test, and the
Modified Fatigue Impact Scale

The evaluated intervention could preserve
gait speed and significantly improve

functional mobility without increasing
perceived fatigue in participants. Thus, OR
exoskeletons could be considered a tool to
deliver intensive practice of good-quality
gait training in individuals with MS and

moderate to severe gait impairments.

Drużbicki M
et al. [37]

Single-group
longitudinal

preliminary study
N = 14

15 exoskeleton-assisted gait training
sessions, reflected by the muscle strength
of the lower limbs and by walking speed.

Assessments were performed 4 times,
that is, prior to the start of the program

(T0), at the end of the physiotherapy
without an exoskeleton (T1), at the end
of the exoskeleton-assisted training (T2),

and at 6-week follow-up (T3)

Dynamometric knee extensor and flexor
strength (Biodex Pro4), postural balance,

and center of pressure displacements
(Zebris FMD-S), walking speed

measured with the timed 25-foot
walking test and fatigue (fatigue

severity scale)

Individuals with MS and severe gait
impairment participating in

exoskeleton-assisted gait training achieved
significant improvement in lower-limb

muscle strength and increase in walking
speed, yet the effect was not long-lasting.

Maggio MG
et al. [38]

Randomized
controlled trial

N = 60
EG: 30
CG: 30

The effect of semi-immersive virtual
reality training (sVRT) on

neuropsychological and motor recovery
individuals suffering (EG) was
evaluated. CG: conventional

cognitive training.
Measurement: beginning–final

Cognitive and motor outcomes were
investigated through clinical and

neuropsychological scales

A significant improvement in cognitive
parameters and motor scores was observed

only for EG.

Munari D
et al. [39]

Randomized
controlled trial

N = 17

EG: robot-assisted gait training with
virtual reality

CG: robot-assisted gait training without
virtual reality

Measurements: beginning–final (one
month later)

Paced Auditory Serial Addition Test,
Phonemic Fluency Test, Novel Task,

Digit Symbol, Multiple Sclerosis Quality
of Life-54, 2-min walking test, 10-meter

walking test, Berg Balance Scale, gait
analysis, and stabilometric assessment

Both forms of training led to positive
influence on executive functions. However,
larger positive effects on gait ability were

noted after robot-assisted gait training
engendered by virtual reality with

multiple sclerosis.

PT: physical therapy; RAGT: robotic-assisted gait training; EG: experimental group; CG: control group; EDSS: Expanded Disability Severity Scale; FIM: Functional Independence Measure;
HRSD: Hamilton Rating Scale for Depression; TUG: timed up-and-go; VR: virtual reality; RAGT: robot-assisted gait training; COPE: Coping Orientation to Problem Experience; MS:
multiple sclerosis; T25FW: 25-foot walk test; 6MWT: 6-Minute Walking Test; MSS: Mood Survey Scale; FAC: Functional Ambulation Category; MSQOL54: Multiple Sclerosis Quality of
Life-54; CWT: conventional walking training; 2MWT: 2-minute Walking Test; mBI: Modified Barthel Index; FSS: fatigue severity scale; VAS: visual analogue scale; BBS: Berg Balance Scale;
MSIS-29: Multiple Sclerosis Impact Scale-29; CGT: Conventional Gait Training; CPS: cognitive processing speed; SDMT: Symbol Digit Modalities Test; RSFC: Resting State Functional
Connectivity; 10MWT: 10-m walking test; GAIT: Gait Assessment and Intervention Tool; MSWS-12: Multiple Sclerosis Walking Scale-12; SVRT: semi-immersive virtual reality training.
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Most of the studies selected participants with MS aged between 21 and 65 years. MS
is characterized by being a common disease in middle-aged adults when beginning work.
Therefore, studies should be carried out on the ages where this pathology can influence
their quality of life, since the loss of functionality in middle-aged adults can hinder their
development in the spheres of personal, social, and working life, thus indirectly affecting
society at large.

3.3. Type of Intervention

Nine of the studies [23–25,27–30,33,34] included two comparison groups: the experi-
mental group, the group where the intervention to be evaluated was performed, and the
control group, the group with which the results were compared, and a conservative treat-
ment was applied. The remaining studies were pre–post studies or comparisons between
two types of interventions (comparative studies) [26,31,34–39].

3.4. Outcome Measures

Different scales have been used in studies to assess motor, cognitive, and functional
aspects.

At the motor level, the following measures were used: the timed get-up-and-go
(TGUG) [23,24,30,32,34–36], Tinetti [23,25,31], 25-foot walking test [25,29,33,34,37], six-
minute walking test [25,27,29,30,32,34,35], Modified Motricity Index for Lower Limbs [25],
gait parameters such as cadence and speed [25,29,32,37,39], the two-minutes walking
test [28,39], Functional Ambulatory Category [26], Barthel [28], Rivermead Mobility In-
dex [28], and the 10-step stair test [27,31].

The following scales were used for cognitive assessment: the Hamilton Rating Scale for
Depression (HRSD) [23,24,27], the Coping Orientation to Problem Experience (COPE) [24],
the MSIS-29 [29], mental quickness, and brain connectivity [27,30,38].

The functional domain was evaluated using the Expanded Disability Severity Scale
(EDSS) [23,27], Functional Independence Measure (FIM) [23–25,27], Berg Balance Scale
[24,29,32,39], Modified Ashworth Scale [24,25,33], VAS [28], Quality-Of-Life Index [25,32],
and fatigue severity scale [28,33,34,36,37]. In one of the studies, blood protein concentration
was evaluated [27].

3.5. Results Obtained

All the studies analyzed have shown benefits in the use and employment of robotic-
assisted therapy in patients with multiple sclerosis. Specifically, the study by Russo [27]
indicated that the experimental group (training with Lokomat) improved all the values
evaluated, whereas the control group (conventional training) only showed improvement
in the TGUG test. Conversely, Calabró et al. [24] indicated no changes in their study in
relation to the values obtained in the Berg Balance Scale and the TGUG test. Another
aspect to be valued in some studies is the fact that outcomes are evaluated during the
intervention, upon completion of the intervention, and at follow-up; the time period for the
latter was variable, ranging from 30 days after the end of the intervention [23,27] to three
months later [29,33]. In the studies that continued to evaluate patients after the end of the
intervention, the results obtained (improvements in motor gait values) were maintained
over time.

3.6. Methodological Quality, According to the PEDro Scale

The scores obtained on the PEDro scale are shown in Table 2. Ten [25–30,33–35,39]
of the seventeen studies obtained a score of 8 out of 11, whereas the studies by Puyuelo-
Quintana [31], Łyp [32], and Druzbicki [37] fall below medium quality, with a score of
3 points.
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Table 2. PEDro scale: methodological quality.

Author

1—
Eligibility

Criteria
Were

Specified

2—Subjects
Were

Randomly
Allocated to

Groups

3—
Allocation

Was
Concealed

4—The
Groups

Were
Similar at
Baseline

5—There
Was

Blinding of
All Subjects

6—There Was
Blinding of

All Therapists

7—All Assessors
Blinded Who

Measured at Least
One Key Outcome

8—At Least One Key
Outcome Was Obtained
from More than 85% of

the Subjects Initially
Allocated to Groups

9—All
Subjects Were
Analyzed by
“Intention to

Treat”

10—The
Results Are
Reported for
at Least One

Key Outcome

11—The Study
Provides Both

Point Measures
and Measures of

Variability

Total

Russo M
et al. [23] X X X X X X X 7/11

Calabró RS
et al. [24] X X X X X X X 7/11

Sconza C
et al. [25] X X X X X X X X 8/11

Niedermeier M
et al. [26] X X X X X X X X 8/11

Russo M
et al. [27] X X X X X X X X 8/11

Pompa A
et al. [28] X X X X X X X X 8/11

Ziliotto N
et al. [29] X X X X X X X X 8/11

Androwis GJ.
et al. [30] X X X X X X X X 8/11

Puyuelo-
Quintana

G [31]
X X X 3/11

Łyp M et al. [32] X X X X 4/11

Straudi S
et al. [33] X X X X X X X X 8/11

Straudi S
et al. [34] X X X X X X X X 8/11

McGibbon CS
et al. [35] X X X X X X X X 8/11

Berrozabalgoitia
R [36] X X X X X X X 7/11

Druzbicki M
et al. [37] X X X 3/11

Maggio MG
et al. [38] X X X X X X X 7/11

Munari D et al.
(2020) [39] X X X X X X X X 8/11

Note: the sign X means that this item complies.
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Overall, 82.35% of the selected studies showed a high level of quality, obtaining a score
equal to or higher than 6, whereas 17.65% obtained a score equal to or lower than 5 and
were considered to have a low level of quality. The criteria that had the worst score were
criteria 3 (the assignment was concealed), 5 (all subjects were blinded), and 6 (all therapists
who administered the therapy were blinded).

3.7. Quality of Studies According to Jadad

Table 3 shows the qualitative summary of the selected studies. Six of the studies
analyzed showed acceptable quality (score equal to or higher than 3) [25,33,34,36,38,39], one
of the studies was double-blinded (blinding of both the evaluator and the participants) [26],
and when used, the blinding method was not described. Four papers [30,31,37,38] were
intervention studies; however, the patients were not randomized, and therefore all those
who met the inclusion/exclusion criteria were included in the study. In general terms, the
methodological quality of these studies is considered poor, implying a bias that may affect
the results obtained.

Table 3. Jadad scale: level of evidence and methodological quality of the selected studies.

Article
Was the

Study Ran-
domized?

Was the Study
Described as
Randomized
and Blinded?

Was the Method of
Double Blinding

Appropriate?

Was the Method of
Double Blinded
Described and
Appropriate?

Was There a
Description of
Withdrawals

and Dropouts?

Total

Russo M
et al. [23] + + − − − 2

Calabró RS
et al. [24] + + − − − 2

Sconza C
et al. [25] + + − − + 3

Niedermeier M
et al. [26] + − + − − 2

Russo M
et al. [27] + + − − − 2

Pompa A
et al. [28] + − − − − 1

Ziliotto N
et al. [29] + − − − − 1

Androwis GJ.
et al. [30] + − − − + 2

Puyuelo-
Quintana G

et al. [31]
− − − − − 0

Łyp M et al. [32] − − − − + 1

Straudi S
et al. [33] + + − − + 3

Straudi S
et al. [34] + + − − + 3

McGibbon CS
et al. [35] + + − − − 2
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Table 3. Cont.

Article
Was the

Study Ran-
domized?

Was the Study
Described as
Randomized
and Blinded?

Was the Method of
Double Blinding

Appropriate?

Was the Method of
Double Blinded
Described and
Appropriate?

Was There a
Description of
Withdrawals

and Dropouts?

Total

Berrozabalgoitia
R et al. [36] + + − − + 3

Druzbicki [37] − − − − + 1

Maggio
GM [38] + + − − + 3

Munari D
et al. [39] + + − − + 3

Note: + means that it complies with that article; − means that it does not comply with that article.

4. Discussion

The use of robotics has undergone important development and continuous advances,
growing in its field of action and in its scientific basis, since new technologies applied to gait
can increase and favor motor learning or provide professionals with objective measures for
its treatment. The present review revealed that an acceptable number of studies exist related
to the use of robotic devices in the gait rehabilitation of patients diagnosed with multiple
sclerosis. Both gait-assisting robots and specific robotic devices that assist and control
deficits that these patients present in their ambulation pattern have been studied. Although
there is a steady growth of studies in this field, many are considered mere prototypes for
this type of subject and pathology.

It is important to consider that robotic training involves complex systems that interact
with the musculoskeletal and nervous systems. However, the intrinsic dynamics of the
lower limbs are known to influence movement; therefore, an understanding of robotic
training systems is important. In relation to gait control, basic rhythmic movements that
originate in neurons located at the spinal cord level (central pattern generators—CPGs)
can elicit activity, which stimulates motor learning of the musculoskeletal system. This
action presents in motor learning an improvement in muscle tone, strength, balance, trunk
control, and functional capacity, all achieved by continuous repetitions [29,40]. Factors that
positively influence patient outcome are intensity, precocity, repeatability, and specificity
in task-oriented training [40,41]. With their constant and symmetric lower extremity
trajectories, robotic devices provide many of the proprioceptive inputs that can increase
cortical activation and stimulation of the CGP to improve motor function. The use of robotic-
assisted gait training (RAGT) enables repetition of specific and stereotyped movements to
acquire a correct and reproducible gait pattern under conditions of balance and symmetry,
early initiation of treatment using body weight-bearing activity, and patient safety with
reduced fear of falling, minimizing the intervention of a therapist [7,9,29,42]. It is also
important to highlight the energy control that retraining their gait with these devices
entails for a patient with multiple sclerosis, since energy expenditure during activity will
be reduced after training with the robotic device [13,34].

Some skepticism may currently exist regarding technological devices that can be
applied in the clinical setting [42]. Previous studies [43,44] have suggested that these beliefs
originated from a lack of evidence, incomplete description (reporting the number of degrees
of joint freedom as well as the anatomical structures involved are important to explain the
complexity of the movements performed), and limitations of studies on robotic-assisted
treatment, and there may be deficiencies in the replicability of such studies in clinical
practice, or fear that they may replace the work of professionals [42,43]. However, the aim
of introducing this aid is to improve treatment options [43]. Several factors influence this
fact: Engineers develop technological innovation systems, whereas clinicians need time
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and training to be able to learn how to use and develop the new device in daily clinical
practice [42].

Reviewing the existing literature regarding the use of robotic devices in neurological
pathology, most studies investigated stroke rehabilitation, with special attention to patients
in a chronic phase of the disease [42,45–53]. However, the literature has also reported that
early mobilization and interventions in this regard reduce the duration of hospitalization
and improve the degree of disability [46,47]. Despite this evidence, it is reasonable to think
that robotic devices, by performing passive or assisted movements, may be relevant in the
acute and subacute phases of the disease, although less so in the chronic phase. Only one
study [27] shows the effects in the chronic phase, together with the prescription of antispas-
modic medication, achieving encouraging results, considering the possibility of improving
their efficacy by using a joint intervention including robotics and medication. However,
the results vary in degenerative pathologies, such as MS. The fact that MS is a degenerative
disease with an unpredictable and irregular course, in many cases characterized by the
presence of outbreaks of myelin destruction, which causes an increase in the patient’s
involvement, may cause the benefits of treatment to vary, preventing the results from being
statistically significant for robotic therapy. The studies analyzed [23–39] have shown that
robotic devices are useful in rehabilitation; however, it would be advisable to verify that
this continues to be the case in the different phases of the disease. An example of this line
of work is the studies in which patients have received post-treatment follow-up [48,49].
Although it has been shown that the intensive training performed by robotic devices boosts
neuronal plasticity [52], the number of repetitions proposed in the studies (no more than
45–50 min in each session) is insufficient to stimulate neuroplasticity. There is considerable
unanimity regarding the type of pathology and its development (relapsing-remitting MS)
in the application of therapeutic options. However, this would be an interesting point
to study and show results in applications for other types of pathologies and degrees of
severity. Thus, it would be possible to define the ideal characteristics for the application of
robotic therapy in multiple sclerosis in order to obtain greater benefits.

Another common symptom affecting 8 to 55% of people with MS is depression [52].
This clinical condition shows improvement after the practice of physical activity, both
in individuals with and without MS [54–57]. In addition to this symptom, favorable
results are also found in fatigue, anxiety, and quality of life for those whose who regularly
practice exercise [58]. In the studies analyzed [22–26], changes at the psychological level
are observed, but the results vary depending on the scale used in the measurement, and
therefore it would be convenient to analyze the sensitivity of the scales used to determine
which measures can detect small changes in the psychological parameters of patients
with MS.

Although incorporating these aids into the therapy of MS patients can also have certain
disadvantages, such as the high cost of their acquisition and maintenance, and the poor
personal bond that is created between therapist and patient [24,26–28,33], it is important
to consider that the use of these devices involves a series of indispensable requirements.
Thus, patients should have adequate cognitive skills to understand verbal commands,
and cooperation between both parties is required in order to obtain the best possible
performance and effectiveness.

One of the limitations found in this study was the scarcity of existing studies on the
subject during the last 10 years, other than pilot studies, although an interesting line of
work is being developed. In addition, the heterogeneity of the methodologies applied,
the sample sizes used, and the lack of homogeneity in the intervention protocol may
have influenced the results and benefits attributable solely to robotic therapy, making it
difficult to extrapolate the results to the MS population as a whole. It is important to
highlight that the results of the Puyuelo-Quintana study [31] could not be extrapolated
due to the small sample, although it is interesting to take into account his report due to
the fact that he proposed the use of a robotic gait system in acquired and degenerative
neurological pathologies.
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The long-term effects of the application of robotic gait therapy in people with MS,
whether the effects of robotics on ambulation vary according to the type of MS, and the
degree of disability of the participants have not been evaluated, and therefore it is not
known how long the changes in the sample may last. For future studies, long-term follow-
up studies should be developed. Similarly, the effects of dosage (time in the sessions,
duration of the proposed programs, etc.) on the changes observed in the studies should be
investigated to optimize resources and carry out relatively homogeneous research that will
enable the development of more complete studies. The studies analyzed present a moderate
methodological quality, and therefore an improvement in the scientific methodology is
recommended to avoid possible biases in the results.

5. Conclusions

The use of robotics has undergone significant development and continues to do so,
growing in its field of action and in its scientific basis for the development of therapeutic
strategies applied to patients with multiple sclerosis. These devices allow both professionals
and patients to be motivated and involved in the rehabilitation process, due to the benefits
revealed so far in the clinical trials analyzed. The exercises included while training with
the different devices have allowed patients to obtain significant improvements in the
maintenance of their motor skills. It is advisable to continue working on the design of
new motor program options for these robotic systems, bearing in mind the suggestions
of clinical specialists and patients with MS, so that they can be fully integrated into the
rehabilitation process of these individuals. We hope that the results of this study will
provide guidance to the clinician in relation to decision-making, protocol development,
and the updating of guidelines.
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