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~ABSTRACT A
Objective: To estimate the pooled effect of robotic rehabilitation on gait in subjects with multiple sclerosis

(MS).

Methods: We conducted a systematic search in PubMed, Scopus, EMBASE, IEEE and Web of Science
databases on October 1% 2022, without any time or language limitation. Also, we investigated the grey
literature, including conference abstract and references of references, to identify potentially relevant articles.
The primary outcomes were the six-minute walking test (6MWT) and Timed Up and Go (TUG). The risk
of bias in the included studies was evaluated using the Cochrane'’s risk of bias tool for non-randomized
studies (ROBINS-I) and the Cochrane risk-of-bias tool for randomized trials (RoB2). Meta-analyses were
performed using a fixed-effects model as the heterogeneity between study results (12) was less than 50%. The
standardized mean difference (SMD) was calculated as the effect size for study outcomes.

Results: Our systematic search retrieved 6878 studies and, after deleting duplicate results, 5019 articles
remained. Two researchers screened the titles and abstracts, with 4942 studies remaining for further
screening. After full-text assessment, 12 studies were included for meta-analysis, most of which were
conducted in the USA and Italy and were published between 2007 and 2022. The mean age of participants
in the selected studies ranged between 46-55 years and the mean expanded disability status scale (EDSS)
between 5 and 6.5. The SMD of 6MWT (AFTER-BEFORE) was 0.22 (95% CI-0.01-0.45) (P=0%, P=0.90).
The SMD of TUG (AFTER-BEFORE) was -0.29 (95% CI -0.56, -0.02) (I’=0%, P=0.70).

Conclusion: This systematic review and meta-analysis concluded that robotic rehabilitation was effective
for gait rehabilitation in patients with MS.
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INTRODUCTION

ultiple sclerosis (MS) is a neuro-

logical disease of the central

nervous system (CNS) charac-

terized by demyelination and

axonal injury, which affects
youth all over the world (1).

Gait problems are common in subjects with
MS and it has been estimated that nearly 80% of
patients will have mobility and ambulation pro-
blems during their lives, affecting their daily ac-
tivities and quality of life (2). Reduced muscle
strength, fatigue, pain, spasticity and disease pro-
gression are potential contributors to gait imba-
lance in individuals with MS (3, 4). Studies
showed that around 15 years after the diagnosis
of MS, 50% of cases needed walking assistance
and 10% would need a wheelchair (5, 6). Pa-
tients with CNS disorders and gait imbalance
often exhibit decreased step length, reduced
walking speed, increased step width and dimi-
nished ankle dorsiflexion angle (7, 8).

Different approaches have been used to im-
prove gait in MS such as pharmaco-therapies,
exercise interventions, conventional physiothe-
rapy (CT) and body weight supported treadmill
treatment (BWSTT) (9-11). Conventional walking
training (CWT), subsequent treadmill training
and traditional over-ground walking training are
effective in improving gait balance in cases with
MS, but the risk of falling is high if someone is
suffering from fatigue (12, 13), while BWSTT has
to be manually administered by physical thera-
pists (14).

Recently, advancements in robotics adminis-
tration in healthcare make rehabilitation robots a
promising rehabilitation method for people with
physical and cognitive disabilities (15). Robots
can enhance communication and interaction
between patients and caregivers by offering
greater consistency and reduced fatigue (16).

Robotic rehabilitation is a new rehabilitation
method for subjects with MS, helping them im-
prove their motor function by applying repetitive
movements, which result in the development or
restoring motor pathways (17).

Robotic rehabilitation will lead to neuro-mus-
cular adaptations and improvements by increa-
sing muscle strength, not muscle size. Studies on
robotic rehabilitation in MS showed positive ef-
fects on gait, balance and finally, on the quality

of life (1, 18). Compared to conventional thera-
pies, robotic rehabilitation is more steady and
less burdensome for practitioners (13).

Up to now, there have been lots of studies
regarding the effects of robotic rehabilitation on
subjects with MS but no pooled results. So, we
designed this systematic review and meta-analy-
sis to estimate the pooled effect of robotic reha-
bilitation on gait in subjects with MS. O

METHODS

he present study was designed based on the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).

Eligibility criteria

All' randomized controlled clinical trials and
non-randomized studies which reported the ef-
fect of robotic rehabilitation on gait imbalance in
patients with MS were included by us, while let-
ters to the editor, case reports, case-control stu-
dies and cross-sectional studies as well as all
studies that had no clear data regarding the
scores of the walking tests were excluded.

Information sources

Without any limitation, we conducted a com-
prehensive search on PubMed, Scopus, EMBASE,
IEEE and Web of Science databases on October 1%
2022. Also, we investigated the grey literature,
including conference abstract and references of
references, to identify potentially relevant arti-
cles.

Search strategy

A search strategy was designed using MeSH
terms and related keywords to conduct a com-
prehensive search of databases. The keywords
were examined by searching relevant articles
and consulting experts as follows: ((Artificial
intelligence[MeSH  Terms]) OR  (Machine
learning[MeSH Terms]) OR (Deep learning[MeSH
Terms])) OR (RoboticsiMeSH Terms]) OR (Exo-
skeleton Device[MeSH Terms]) OR (Artificial

intelligence[Text Word]) OR (Intelligence,
Artificial[Text  Word]) OR  (Computational
Intelligence[Text Word]) OR (Intelligence,
Computational[Text Word]) OR  (Machine
Intelligence[Text Word]) OR (Intelligence,
Machine[Text Word]) OR (Computer
Reasoning[Text ~ Word]) OR (Reasoning,
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Computer[Text Word]) OR (Computer Vision
System*[Text Word]) OR (System*, Computer

Vision[Text Word]) OR  (Vision System*,
Computer[Text ~ Word]) OR  (Knowledge
Acquisition[Text  Word]) OR  (Acquisition,
Knowledge[Text Word]) OR  (Knowledge

Representation*[Text Word]) OR (Representa-
tion, Knowledge[Text Word]) OR (Machine
learning[Text Word]) OR (Learning, machine[Text
Word]) OR (Learning, transfer[Text Word]) OR
(Transfer  learning[Text Word]) OR (Deep
learning[Text Word]) OR (Hierarchical
Learning[Text Word]) OR (Learning, deep|Text
Word]) OR (Learning, Hierarchical[Text Word])
OR (Robotic*[Text Word]) OR (Operation*,
Remote[Text Word]) OR (Remote Operation*[Text
Word]) OR (Telerobotic*[Text Word]) OR (Soft
Robotic*[Text Word]) OR (Robotic*, Soft[Text
Word]) OR (Exoskeleton Device*[Text Word])
OR (Device*, Exoskeleton[Text Word]) OR (Ro-
botic Exoskeleton*[Text Word]) OR (Exoske-
leton*, Robotic[Text Word]) OR (Exosuit*[Text
Word])) AND ((Multiple sclerosisilMeSH Terms])
OR (Multiple sclerosis[Text Word]) OR (Dissemi-
nated sclerosis[Text Word]) OR (Sclerosis,
disseminated[Text Word]) OR  (Sclerosis,
Multiple[Text Word]) OR (Multiple Sclerosis,
Acute Fulminating[Text Word))).

Selection process

The search results were transferred to the
EndNote reference manager (v 20.0) and one
researcher removed duplicate entries. Then, two
independent reviewers screened the title/ab-
stract of remaining entries based on pre-defined
criteria. Finally, the full text of potentially eligible
articles was examined by two independent
reviewers to include relevant studies. In case of
disagreement on the inclusion of a study, a third
reviewer was consulted.

Data collection process

Data collection was performed by two indepen-
dent researchers using a pre-defined data collec-
tion table. The data items were selected based
on reviewing previous articles and expert consul-
tation, which included the total number of par-
ticipants, first author, publication year, country of
origin, mean age, gender, disease duration,
EDSS, type of robotic intervention, duration of
study and results of walking tests.

Risk of bias assessment

Cochrane's risk of bias tool for non-randomized
studies (ROBINS-I) and Cochrane risk of bias tool
for randomized trials (RoB2) were used to assess
the risk of bias in the included studies (19, 20).
The assessment was performed by two indepen-
dent researchers and in case of discrepancy, a
third assessor was consulted.

Statistical analysis

All statistical analyses were performed using
STATA (Version 14.0; Stata Corp LP College
Station, TX, USA). Inconsistency (12) was calcu-
lated to determine heterogeneity. We used a
fixed-effects model for meta-analysis as the hete-
rogeneity between study results (12) was less than
50%. Standardized mean difference was calcu-
lated as the effect size. To assess publication bias,
we applied Begg's and Eager’s tests. U

RESULTS

ur systematic search retrieved 6878 studies

and, after deleting duplicate results, 5019
articles remained. Two researchers screened the
title and abstracts, with 4942 studies remaining
for full texts screening. After careful assessment,
12 studies were included for meta-analysis
(Figure 1).

-

N

FIGURE 1. Flow chart of study inclusion
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TABLE 1.
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extracted

from
different
studies
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-

FIGURE 2. The
standardized mean
difference (SMD) of
six-minute walk test
(6MWT)
(AFTER-BEFORE)

-

FIGURE 3. The
standardized mean
difference (SMD) of
Time Up and Go (TUG)

J

Most studies were conducted in the USA and
Italy and were published between 2007 and
2022. Participants’ mean age ranged between
46-55 years and the mean EDSS between 5 and
6.5. The duration of intervention ranged be-
tween three and ten weeks and the duration of
disease between 11.3-18.6 years (Table 1).

The results of Begg's test (Kendall's tau =
0.3333, p = 1.0000) (Kendall's tau = 0.74,
p = 0.45) and Eager’s tests (t = 0.3912, df = 7,
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test (AFTER-BEFORE)

p=0.8196) (t = 0.67, df = 5, p = 0.5) showed
no publication bias.

The SMD of 6MWT from the included stu-
dies ranged between 0.09 and 0.83, while the
pooled SMD was estimated as (AFTER-BEFORE)
0.22 (95% Cl -0.01-0.45) (12=0%, P=0.90)
(Figure 2).

The SMD of TUG from the included studies
ranged between -0.62 and 0.04, while the pooled
SMD was estimated as (AFTER-BEFORE) -0.29
(95% C1-0.56, -0.02) (12=0%, P=0.70) (Figure 3).
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TABLE 2.
Quality
assessment of
non-randomized
studies
(ROBINS-T)

TABLE 3. Quality assessment of
randomized trials (ROB2)

TABLE 4. Summary of
findings based on
GRADE approach

The overall risk of bias in the included
non-randomized and randomized studies was
low (Tables 2 and 3). Table 4 shows the summary
of findings based on GRADE approach. O

DISCUSSION

his systematic review and meta-analysis fo-
cused on the effects of robotic rehabilitation

on gait impairment in subjects with MS. The re-
sults show that robotic rehabilitation significantly
improved the 6MWT score and also significantly
decreased the TUG score. These findings are in-
dicative of positive effects of robotic rehabilita-
tion on gait imbalance in subjects with MS.

The 6MWT score shows the distance covered
over a time of six minutes, which is indicative of
performance capacity. An increase in the dis-
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tance walked shows basic mobility improve-
ment. The results of the included studies de-
monstrated that the SMD increased in all, ranging
between 0.09 and 0.83. A change of 7-33 me-
ters in walking endurance is considered clinically
significant in patients with MS.

We also found that the pooled SMD of TUS
test was negative, which indicated that the time
patients could use for walking three meters de-
creased after robotic rehabilitation. In all inclu-
ded studies, except one (Straudi et al), the SMD
for TUG was negative. In our study, we com-
pared the findings of each group (after and be-
fore study findings).

In a study conducted by Straudi et al, 16 pa-
tients with MS were randomly assigned to either
a robotic rehabilitation group or a control group.
The results showed that the mean 6MWT im-
proved by 33 meters in the intervention group,
while the mean TUG time decreased by six se-
conds. Their results demonstrated that walking
endurance and spatio-temporal gait parameters
significantly improved after robotic rehabilitation
9).

In another study by Straudi et al, the authors
found that 12 sessions of robotic rehabilitation
resulted in a 19-meter improvement in walking
endurance, reaching the minimal clinically im-
portant difference (MCID) (27). Beer et al ran-
domly assigned 29 cases with MS into robotic
rehabilitation and conventional walking training.
They found that robot-assisted gait training was
effective in improving walking abilities in sub-
jects with MS suffering from mobility difficulties
(25).

Gait and balance impairments are common
in MS patients who are prone to falling. Specific

-

interventions focusing on improving balance in
subjects with MS are essential. In recent years,
robotic devices are replaced traditional rehabili-
tation methods using novel rehabilitation pro-
grams to improve walking, gait and balance in
patients with MS (31). Individually adjusted body
weight support and assisted walking have been
shown to reduce the experience of central fa-
tigue in individuals with MS. As a result, patients
were better able to tolerate longer treatment ses-
sions and experienced reduced anxiety and
task-related demands (25). Robotics provides
high-intensity, certain motor training, and effec-
tive support of walking movements (9).

It should be noted that some patients would
not tolerate the intervention for mechanical rea-
sons or skin problems during the program.

This review has two main strengths: it is the
first systematic analysis to compare pre- and
post-intervention outcomes in receivers of ro-
botic rehabilitation and it incorporates data on
both the 6BMWT and TUG test.

However, there are also some limitations.
First, not all included studies reported outcomes
for both the 6MWT and TUG test. Secondly, a
direct comparison between robotic intervention
and control groups was not performed.

Future systematic reviews and meta-analyses
that address these limitations are warranted.

CONCLUSION

he present systematic review and meta-ana-
lysis shows that robotic rehabilitation is effec-
tive for gait improvement in patients with MS. 0
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