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ABSTRACT

Obijective: Neurological disorders (ND) are ranked as the leading cause of death and disability around the globe and the
escalating burden summons the advancements in the treatment strategies hence this systematic review aimed to fill the
knowledge gap regarding the efficacy of robot-assisted physiotherapy (RAPT) for pain management in ND.

Materials and method: Scientific trials were sought by an extensive search via electronic databases mainly PubMed, PEDro
and Scopus. Randomized controlled trials published from the year 2014 to April 2021, evaluating the potential effects of
RAPT for pain management in ND were included in the review. The quality appraisal of the RCTs was analyzed via Cochrane
tool for assessing risk of bias.

Results: The majority of the trials reported the effectiveness of RAPT using PARO robot, Armeo spring, Gloreha robot, and
robotic Lokomat gait training system in significantly improving pain of ND such as stroke, dementia, phantom syndrome,
and spinal cord injuries.

Conclusion: Large body of evidence suggested RAPT as a potential solution in improving pain of various ND. However, fur-
ther rigorous trials are necessary to draw conclusive recommendations.
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INTRODUCTION

Neurological disorders (ND) are ranked as the
second leading cause of death around the globe’. Among
these disorders, stroke is the number one cause?. ND ac-
counts for 6.3% of the global burden of diseases®. Further-
more, it is expected to raise, hence demands advance-
ments in the treatment strategies.

Robotics is one of the most emerging gap areas
in the neuro-rehabilitation panorama. Growing evidence
claimed robot-assisted physiotherapy (RAPT) as a prom-
ising approach to provide feasible*, accurate, repeatable,
quantifiable, patient-centered therapy, while guaranteeing
patient safety, speedy recovery, and unloading therapist
workload as compared to traditional methods and also
helps to maximize and maintain the therapy dose® 5 7.

According to World Health Organization (WHO),
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ND are progressive and challenging health problem?. Sci-
entific pieces of literatures reported pain as the common
complaint of patients suffering from ND?®, greatly impacting
the Quality Of Life (QOL)'", also reduces patient adher-
ence and treatment satisfaction''. Hence making the man-
agement of pain difficult’2. Recently a multicenter experi-
mental trial conducted by Aprile et al. concluded Robotic
Therapy (RT) to be effective in reducing pain in stroke
patients'. Well-documented researches show that robotic
therapy utilizes various games that not only makes it in-
teresting for the patients with ND but also allows them to
be more independent, improve pain, QOL and promotes
adherence to rehab program '* 5. Ample researches also
claimed RT to be more effective than conventional therapy
furthermore it is also reported to be cost effective’® 7 and
in improving cognitive function’.

Previous systematic review and meta-analysis
have reported RT to be effective in improving Activities of
Daily Living (ADLs), motor control, and muscle strength of
stroke survivors also identifies knowledge gaps in robotic
rehabilitation'#2'.

It is noteworthy that despite the incredible effects
of RAPT elucidated in the literature however in the field
of neuro-rehabilitation the evidence regarding the efficacy
of robotics for pain management in ND is still in infancy.

J Med Sci 2021 July;29(3):126-131

https://doi.org/10.52764/ims.21.29.3.14



Erricacy OF RoBoT-AssISTED PHysIOTHERAPY FOR PAIN MANAGEMENT IN NEUROLOGICAL DISORDERS: A SYSTEMATIC REVIEW

Therefore, this systematic review (SR) is aimed to evaluate
the efficacy of RAPT for pain management in ND.

MATERIAL & METHODS

Study Design: A SR was carried-out on Random-
ized Controlled Trials (RCTs) conducted on patients suffer-
ing from ND including stroke, dementia, spinal cord injury
(SCI), and phantom- limb syndrome.

Review Protocol: The protocol for this SR is re-
ported in consideration with the PRISMA (Preferred Re-
porting ltems for Systematic Reviews and Meta-Analyses)
recommendations?®.

Eligibility Criteria: Trials that met the following el-
igibility criteria were included:

1. Study design must be RCT.

2. Patients diagnosed with any type of ND, aged
= 18 years.

3. Studies addressing neuropathic pain as the
main outcome measure.

4. RCTs published from 2014 to April 2021.
5. RCTs available in the English language.

Sources of information: Numerous electronic
databases including PubMed, Scopus, PEDro, Web of
Science, Cochrane Library, Scopus, and Med-line were
scanned.

Search strategy: In January 2021, a systematic
search was executed using various electronic databas-
es in order to find out potentially eligible published trials.
The key terms include (“Robotic therapy” OR “Robot-as-
sisted physiotherapy ) AND (’neuropathic pain” OR
“pain”) AND (“neurological disorders” OR “ stroke” OR
“spinal cord injury” OR “dementia” OR “phantom limb
syndrome” OR “Parkinson”) AND (“physiotherapy” OR
“physical activity” OR" exercise” OR “ neurological reha-
bilitation”) AND (“RCT” OR “ randomized controlled tri-
al”’) AND “ custom date range (2014 to 2021)”. Moreover
additional trials were extracted using the reference list of
the included RCTs. Initially the titles and/or abstracts were
assessed for eligibility and trials not meeting the criteria
for eligibility were excluded. However, the eligible trials
were rigorously reviewed in full to appraise the credibility
in consideration with the PRISMA recommendations.

Trials Selection: Initial filtration of articles was
done based on the titles and/or abstracts also investigat-
ed against the inclusion criteria of the SR. Total 132 tri-
als were pooled-out by the primary search. Out of these,
some trials were irrelevant, others full-text were not acces-
sible, replicated or having the poor methodological quality
or not available in the English language. However eight
potential trials addressing the efficacy of RAPT for pain
management in different ND were included in this SR. The

disagreements regarding the trials were resolved after a
combined discussion of all the authors.

Extraction of Data: The data such as principle
author name, trial publication year, the population of the
study, sample size, treatment applied, and the main find-
ings of the trial were extracted from the selected trials.

Risk of Bias: Critical appraisal of the trials was car-
ried-out for evaluating the methodological quality by using
the Cochrane tool for assessing risk of bias?. This tool
assesses the biases in various domains which includes
random allocation, allocation concealment, blinding of
participants and outcome assessment, incomplete out-
come data, selective reporting and other bias.

RESULTS

Selection of studies: A total 132 trials were re-
trieved after the initial systematic search through different
databases. However 115 articles were excluded based
on titles, objectives and replication, remaining 17 full-text
RCTs were reviewed, of which eight potential trials®*3' were
included in this SR. The selection strategy of the trials is
shown in the PRISMA flow diagram (Figure 1).

Characteristics of Studies: Total RCTs included
in this review involve 242 neurological patients suffering
from stroke, dementia, phantom upper limb syndrome,
and SCI. The included trials were conducted from Decem-
ber 2014 to September 2020. Few trials reported sample
size calculation. The total follow-up periods of the studies
ranges from three weeks to one and half months. Different
outcomes measures were used i.e. NPRS, VAS, NRPS,
and PAINAD?*3" (Table 1).

Abbreviations: Exercises (Ex’s), Joint Mobiliza-
tion Technique (JMT), Passive Range Of Motion (PROM),
Random Training (RT), Conventional Physiotherapy
(CPT), Upper Extremity (UE), Experimental Group (EG),
Control Group (CG), Robotic Therapy (RT), Spinal Cord
Injury (SCI), Strength Training (ST), Robotic Assisted Gait
Training (RGAT), Adduction (Add), Abduction (Abd), Flex-
ion (Flex) and Extension (Ext).

Results of the studies related to the evaluation of
pain in neurological patients: Pu Lihui et al. conducted
various trials 2*2 27 on dementia patients using PARO ro-
bot and reported a significant decrease in pain in all stud-
ies. Another research conducted by Taveggia G et al. *° in
Italy compared Armeo spring robotic device versus tradi-
tional physiotherapy results revealed more improvement
in pain in patients receiving Armeo spring robotic therapy.
Similarly, the pain had also decreased significantly in post-
stroke hemiplegic shoulder patients receiving Gloreha RT
along with passive ROM and stretching ex’s #. The majori-
ty of the trials reported improvement in pain in different ND
using RAPT 2431, No study documented any side effects of
the use of robot.
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Table 2. Cochrane summary of the risk of bias In-
dications: High risk of bias (-), low risk of bias (+) and

unclear risk of bias (?), Higgins et al. .

Risk of bias within trials and quality appraisal: All
the selected trials had a low risk of bias in random alloca-
tion 2431 Six of the trials showed a high risk of biasness
in allocation concealment,?2% 3! however only one ftrial

showed a low risk of bias®. The majority of the studies
didn’t show participant blinding®2" 3! but the studies by

Kim MS et al. %, Villafane et al. ® and Taveggia et al.*°

Table 1: Synopsis of the trials related to the efficacy of RAPT for pain management in ND

reported participant blinding. All the trials showed a low
risk of bias in selective reporting, except Kim et al. 28. The
risk of bias could not be determined because of the poor
methodological quality of a few studies®®®' (Table 2).

Authors Pu Lihui et Pu Lihui et Yanagi et Pu Lihui et | Kim et al.28 | Villafane et | Taveggia et | Labruyére
al. 24 al.25 al.26 al.27 al.29 al.30 et al. 31
Year 2020 2020 2020 2019 2019 2018 2016 2014
Study Dementia Dementia Phantom Dementia Stroke Stroke Stroke Incomplete
Population syndrome SCI
Sample size n=43 n=43 n=12 n=11 n=38 n=32 n=>54 n=9
Intervention EG= Re- EG=PARO EG=As- EG= PARO Bobath Both groups | EG= Armeo EG=R-
ceived PARO RT signed real RT approach received spring GAT-ST
RT (A baby CG= Usual training. CG= Usual | and physical | CPT includ- | robotic UE CG=ST
harp robot care activity CG=As- care modalities | ing assisted | movement RGAT
that rehabili- (singing, signed RT | 30 mins ses- | were given stretching, + postural RGAT is
tates using its | storyand | MEG signals | sion, 5 days/ | to both the shoulder correction controlled
four senses | music listen- | were record- wk. Total gps. and arm + CPT (ac- | via Lokomat
sight, hearing, ing) ed when 30 sessions EG= Ro- ex’s and tive-assisted system in
balance, 30 mins ses- different bot-assisted | functional | and passive | which virtual
tactile sense | sion, 5 days/ | phantom shoulder reaching mobilization | gait training
and talk with | wk. Total 30 | hand move- JMT and task. of UE based | was done.
user also sessions ments were stretching EG= on bobath | ST including
CG= Usual performed. ex’s Received concept). isotonic
care activity Real training CG= PROM | additional 5xd/wk. leg press
(singing, story includes 400 ex’s passive CG= CPT in supine
and music ms virtual 30 mins ses- | mobilization | 30 mins ses- | position and
listening) training and sion, 5 days/ of hand sion 5 days/ | isotonic hip
30 mins ses- in RT 200 wk. Total 20 through wk. Total 30 add, abd,
sion, 5 days/ ms virtual sessions Gloreha sessions flex and ext.
wk. Total 30 images were 30 mins ses- 45 mins ses-
sessions controlled. sion, 3 days/ sion, 4 days/
Total 28 wk. Total 9 wk. Total 16
sessions sessions sessions
Main finding PARO RT re- Significant Pain sig- EG reported EG had RT is more Both gps Pain | in
duces chronic | in pain nificantly significant |, shown effective reported both groups
pain observes reduced via in pain significant | in treating significant
in EG as real training in pain post stroke | in pain
compared shoulder however, EG
to CG pain shows more
improve-
ment
Table 2: Table 2. Cochrane summary of the risk of bias
Randomised Random Allocation Participants Outcome Incomplete Selective Other Bias
Controlled Trial Allocation Concealment Blinding Assessment Outcome Reporting
Blinding Data
Pu Lihui et al.24 + _ _ _ + +
Pu Lihui et al.25 + B _ _ + + +
Yanagisawa et al.26 + _ _ + + + +
Pu Lihui et al.27 + _ _ _ + + +
Kim et al.28 + _ + _ + B +
Villafane et al.29 + ? + + + + +
Taveggia et al.30 + + + + + + ?
Labruyere et al. 31 + _ _ + + + ?
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Figure 1. Trials selection strategy

Synthesis of results: The majority of the trials
reported the effectiveness of RAPT using PARO robot,
Armeo spring, Gloreha robot and robotic Lokomat gait
training system in significantly improving the pain of var-
ious ND such as stroke, dementia, phantom syndrome
and SCI.

DISCUSSION

This comprehensive review is the first to address
the knowledge gap regarding the efficacy of RAPT for pain
management in ND by rigorously scanning the latest RCTs
conducted over the past 8 years. This SR examines eight
quality trials including, 242 neurological patients suffering
from stroke, dementia, phantom upper limb syndrome,
and incomplete SCI.

A fascinating study by Villafane JH et al.?° reported
RAPT to be more effective than Conventional Physiothera-
py (CPT) alone. However, these findings are contradicted
by a recent (2021) case-control study conducted in Italy
by Paolucci et al. %, which suggested that robot-assisted
rehabilitation and CPT both are equally effective in reduc-
ing pain in chronic stroke patients. Similarly, another study
by Abdullah et al. also reported no significant difference®.

The current SR mainly highlights the role of robot-
ics for pain management. However a previous, meta-anal-
ysis published by Rachele Bertani et al.** documented RT
effectiveness in the recovery of upper limb motor function

specifically in stroke patients. The same findings were ob-
served by Fernanda et al.*® with emphasis that RT is not
only effective in motor function improvement but also in
enhancing the strength of muscles in the same popula-
tion. Nirit Geva et al.® added that RT is also effective in im-
proving the moods of patients. However, these researches
claimed the lack of quality data availability.

It is noteworthy that the findings of this review are
in line with the studies conducted by Ach et al.*’, Cruciger
et al.® and Stampacchia et al.*® which further endorsed
the imperative role of RT in the reduction of neurological
pain. However, Remi et al.*° claimed no significant pain reduc-
tion in stroke patients after RT.

This review is the first to elucidate an up-to-date
finding regarding the emerging role of RAPT in neurolog-
ical pain management and addresses major health im-
plications however some potential limitations associated
with this review include few numbers of trials with a small
sample size. Furthermore, a variety of robotic therapies
were categorized under the term RAPT.

As the blooming role of robotics in neurological
rehabilitation still lies in its infancy, therefore a robust and
reliable conclusion cannot be drawn. Hence, it is recom-
mended that further quality trials with large sample size
and long follow up duration addressing dose-response of
different robotic therapies and patients independent han-
dling is the need of time to explore precise effects of this
innovative treatment strategy.

CONCLUSION

A large body of evidence supports the effective-
ness of RAPT for improving pain in various ND such as
stroke, dementia, phantom syndrome, and SCI. However
due to scarcity of the evidence on robotic rehabilitation, a
reliable and robust conclusion cannot be drawn. Further
high quality, rigorous, multi-center, and large-scale trials
are necessary to draw conclusive recommendations.
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