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ABSTRACT

INTRODUCTION: Upper limb motor impairment is one of the most frequent stroke consequences. Robot therapy may represent a valid option
for upper limb stroke rehabilitation, but there are still gaps between research evidence and their use in clinical practice. The aim of this study
was to determine the quality, scope, and consistency of guidelines clinical practice recommendations for upper limb robotic rehabilitation in
stroke populations.

EVIDENCE ACQUISITION: We searched for guideline recommendations on stroke published between January 1st, 2010 and January 1st,
2020. Only the most recent guidelines for writing group were selected. Electronic databases (N.=4), guideline repertories and professional reha-
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bilitation networks (N.=12) were searched. We systematically reviewed and assessed guidelines containing recommendation statements about
upper limb robotic rehabilitation for adults with stroke (PROSPERO registration number: CRD42020173386).

EVIDENCE SYNTHESIS: Four independent reviewers used the Appraisal of Guidelines for Research and Evaluation (AGREE) II instrument,
and textual syntheses were used to appraise and compare recommendations. From 1324 papers that were screened, eight eligible guidelines
were identified from six different regions/countries. Half of the included guidelines focused on stroke management, the other half on stroke re-
habilitation. Rehabilitation assisted by robotic devices is generally recommended to improve upper limb motor function and strength. The exact
characteristics of patients who could benefit from this treatment as well as the correct timing to use it are not known.

CONCLUSIONS: This systematic review has identified many opportunities to modernize and otherwise improve stroke patients’ upper limb
robotic therapy. Rehabilitation assisted by robot or electromechanical devices for stroke needs to be improved in clinical practice guidelines in
particular in terms of applicability.

(Cite this article as: Morone G, Palomba A, Martino Cinnera A, Agostini M, Aprile I, Arienti C, et al.; “Cicerone” Italian Consensus Conference
on Robotic in Neurorehabilitation. Systematic review of guidelines to identify recommendations for upper limb robotic rehabilitation after stroke.

MORONE

Eur J Phys Rehabil Med 2021;57:238-45. DOI: 10.23736/S1973-9087.21.06625-9)
KEY worDs: Rehabilitation; Robotic surgical procedures; Upper extremity; Stroke; Guideline.

Introduction

Stroke represents a leading cause of disability and the
second cause of death worldwide.! Its global burden is
growing due to higher incidence rate resulting in a lower
mortality rate.2 Upper limb motor impairment is one of
the most frequent stroke consequence.? Rehabilitation
plays a key role in reducing motor impairment and dis-
ability.4 There is a large variety of therapeutic options for
stroke rehabilitation, but the effectiveness of these strate-
gies on motor functions is still debated.> Literature evi-
dence shows that repetitive and task-oriented exercises are
effective in improving upper limb functions.¢ Robots can
support this kind of training, providing highly repetitive
therapy over a longer period and, therefore, they are often
integrated in clinical practice for stroke patients.” More
than 120 devices for robotic therapy of the upper limb
have been developed and used in neurorehabilitation.®
Moreover, robots can help understanding individual needs
(furnishing quantitative measures of impairment) and op-
timizing learning strategies, by adapting rehabilitation “as
needed.”® However, there are still gaps between research
evidences and their use in clinical practice.!?

Guidelines allow clinicians to use the evidence in an
easier way, supporting effective interventions, while ad-
vising against the ones not based on evidence.!! However,
many countries have their own guidelines, with different
content and scope, level of evidence and detail, more or
less updated, making it difficult to implement them in the
clinical practice.!2

The Appraisal of Guidelines for Research and Evalua-
tion I (AGREE II) is a reliable tool used to assesses the
quality of guidelines, which developed to address the issue
of variability in guideline quality.!3 It has been widely used
for different guidelines in recent years in rehabilitation.!4-16
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Therefore, the aim of the present research was to exam-
ine the methodological quality and the agreement of stroke
guidelines dealing with upper limb robot rehabilitation by
mean the AGREE Il instrument; and identify gaps limiting
evidence-based practice and highlight potential areas for
improvement.

Evidence acquisition
Guideline search

We followed the Equator Network reporting recom-
mendations outlined in the Appraisal of Guidelines, Re-
search and Evaluation (AGREE) II instrument16 and the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement.!” Our systematic
search used popular search databases, guidelines reperto-
ries, and professional rehabilitation networks in line with
SPIDER tool strategy (Table I).!18 PubMed, ISI Web of
Knowledge, EMBASE and SciELO Citation Index da-
tabases were searched independently and synchronously
by 2 authors on June 1, 2020 (AM, AP). Guideline repos-
itories included Australian National Health and Medical
Research Council clinical practice guidelines, Canadian
Medical Association Infobase of Clinical Practice Guide-
lines, National Library for Health Guidelines Database
(UK), US National Guideline Clearinghouse, Guidelines
International Network, New Zealand Guidelines Group,
eGuidelines, NICE, Scottish Intercollegiate Guidelines
Network (SIGN), Guidelines International Network, Na-
tional Guideline Clearinghouse, National Collaborating
Centre for Chronic Conditions. Search terms included
words related to brain stroke, rehabilitation, guidelines,
robotic therapy, and upper limb. The search strategy is
available in the Supplementary Digital Material 1 (Sup-
plementary Text File 1).
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TABLE 1.—SPIDER tool search strategy.

UPPER LIMB ROBOTIC REHABILITATION AFTER STROKE

S PI

D

E R

Sample Phenomenon of Interest

Design

Evaluation Research Type

Robotic rehabilitation for Guidelines
upper limb motor recovery
“Rehabilitation” [MeSH

Terms]

Stroke patients

“stroke” [MeSH Terms] OR
“cerebral stroke” [MeSH
Terms] OR “cerebral

strokes” [MeSH Terms] Conference”

“Practice Guideline”
OR “Guideline” OR
“Consensus Development

Grade of Recommendation,
Levels of Evidence
“Recommendation”

Qualitative

Guideline inclusion criteria

We included all guideline recommendations for upper
limb robotic rehabilitation in adults with stroke published
between January 1, 2010 and January 1, 2020. A guideline
was considered as a set of the latest recommendations based
on evidence appraisal and consensus from a single writing
group, even if such recommendations were published sep-
arately. Only English written guidelines were considered
for eligibility. Our search was focused on guidelines refer-
ring to stroke rehabilitation and, in particular, considering
the use of robots for upper limb rehabilitation.

Guideline analysis

Titles and abstracts were screened and full-text papers re-
viewed independently by two reviewers (AMC, AP) us-
ing predetermined criteria, as in the previous paragraph.
In case of disagreement, an independent reviewer (GM)
stepped in. Reviewers identified information, treatment
recommendations and their level of evidence/grade of rec-
ommendations (when available). Moreover, each guideline
was checked for the year, edition, country, national/inter-
national recommendations contained. Textual descriptive
synthesis of recommendations was used to analyses the
scope, context and consistency of the founded guidelines.
Then, the AGREE-II instrument!¢ was used to appraise the
methodological quality of the included guidelines across
six domains: scope and purpose, stakeholder involvement,
rigor of development, clarity and presentation, applicabil-
ity and editorial independence. It uses a 7-point agreement
scale from 1 (strongly disagree) to 7 (strongly agree) for 23
items. Each guideline was independently rated by four rat-
ers (two physicians specialized in physical and rehabilita-
tion medicine, a physiotherapist and an occupational thera-
pist), working in the field of neurological rehabilitation also
assisted by technological devices and robot. Domain scores
are calculated by summing up all the scores of the indi-
vidual items and by scaling the total as a percentage of the
maximum possible score for that domain as follow:
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Obtained score — Minimum possiblescore

%100
Maximum possible score — Minimum possiblescore

When Minimum/Maximal possible score is calculated
respectively:

strongly disagree

x N (items) X N (appraisers)
strongly agree

As suggested by the AGREE 11,1 we decided to priori-
tize two domains (applicability and overall) considering a
quality threshold (>70%) for those domains.

Finally, recommendations from the guidelines were
synthesized to provide a unified version.

Evidence synthesis

We found 1324 records through the research method. The
flow diagram in Figure 114 shows our search results. After
screening title and abstract, 1157 were excluded because
they do not meet the research purpose. Then, 159 full text
papers were assessed for eligibility. Finally, eight guide-
lines matched the inclusion criteria.

The detailed information about the eight guidelines
which meet (or satisfy) the inclusion criteria are available
in Table 11.20-27 They cover six different nations all over the
world. Three out of the eight guidelines do not report the
funding. Moreover, half of the included guidelines focused
on stroke management, the other half on stroke rehabilita-
tion.

Table 1112027 summarizes the findings about the use of
upper limb robotic rehabilitation after stroke.

Rehabilitation assisted by robotic devices is generally
recommended to improve upper limb motor function and
strength.# The exact characteristics of patients who could
benefit from this treatment as well as the correct timing to
use it are not known. Two guidelines suggest using robotic
therapy in moderate to severe upper limb paresis25 or mild
to severe arm weakness.26 Only one guideline?? clarifies
the disease phase for recommendations.
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Additional records
identified through other
sources (N.=135)

Records identified through
database searching
(N.=1238)

Identification

Y Y
Records after duplicates removed (N.=1324)

o0

.8

(=}

3

g Y

Records screened o Records excluded
(N.=1324) - (N.=1157)

2

B A2

Koo

=) Full-text articles assessed | Full-text articles excluded,

for eligibility (N.=169) with reasons (N.=161)

Y

Studies included in
qualitative synthesis
(N.=8)

Included

Figure 1.—Flow chart of the search results, adapted from PRISMA..14

Table 1V20-27 and Figure 220-27 show the assessed meth-
odological quality of the included guidelines across six do-
mains: scope and purpose, stakeholder involvement, rigor
of development, clarity and presentation, applicability and
editorial independence.

The main goal of a medical guideline is to provide an
evidence-based and easily accessible tool to guide clini-
cians in choosing the treatment strategy, summarizing the
known literature. To our knowledge, this is the first sys-
tematic review of all clinical practice guidelines of robotic
treatment for upper limb rehabilitation after stroke. The
quality assessment was undertaken using the AGREE 11
as an instrument to screen the quality of CPGs develop-
ment, methodology and reporting. Despite the decades of
literature evidence on robotics, we have found only eight
guidelines published from 2010 to 2020.20-27 Six guide-
lines received the highest rating (or scores) for general

TABLE ll.—Characteristics of included clinical practice guidelines.

MORONE

evaluation rating: Scottish Intercollegiate Guidelines Net-
work,20 Stroke Foundation of New Zealand,?! Royal Dutch
Society for Physical Therapy,?2 Royal College of Physi-
cians,24 Stroke Foundation,26 Department of Veterans Af-
fairs, Department of Defense.?’” Furthermore, only four
guidelines received a high reviewer rating for applicabil-
ity: Scottish Intercollegiate Guidelines Network,20 Stroke
Foundation of New Zealand,?! Stroke Foundation.26 The
quality of guidelines was heterogeneous and the domains
that generally scored poorly were “applicability” in par-
ticular the facilitators and barriers to its application were
poorly described across guidelines in accordance with a
review of stroke guidelines on aphasia rehabilitation.!4
Another factor reducing applicability could be the fact that
only four guidelines20.22.23,25 have been developed specifi-
cally for stroke rehabilitation while many are dedicated to
all stroke management, resulting in little space given to
robotic rehabilitation.

The highest rated domain was “rigor of development”
and “clarity of presentation.” Most guidelines described
the criteria for selecting the evidence, the methods for for-
mulating the recommendations and the key recommenda-
tions are easily identifiable.

Our systematic review has identified many opportuni-
ties to modernize and otherwise improve stroke patients’
upper limb robotic therapy. We must underline that the se-
lected patient subgroup that could benefit from robotic de-
vices is not clarified throughout the guidelines. Moreover,
the optimal time window and frequency are not clarified.
Guidelines often do not specify the type of recommended
robotic device (end effector/exoskeleton) and its specific-
ity for proximal or distal upper limb use. Although, prac-
tice guidelines were consistent in suggesting the use of
robotic devices as an add-on to conventional therapies to
encourage arm use, it is the still not established and rec-
ommended when and how and for whom a specific device
could be used. In add, stroke guidelines as well as other

Development Organization Year Edition Country Funding Focus
Scottish Intercollegiate Guidelines Network20 2010 2 Scotland NR SR
Stroke Foundation of New Zealand?! 2010 1 New Zealand R SM
Royal Dutch Society for Physical Therapy?? 2014 2 Nederland NR SR
Canadian Heart and Stroke Foundation23 2015 5 Canada R SR
Royal College of Physicians24 2016 5 United Kingdom R SM
American Heart Association/American Stroke Association2’ 2016 2 United States of America R SR
Stroke Foundation26 2017 5 Australia R SM
Department of Veterans Affairs, Department of Defense?’ 2019 4 United States of America NR SM
NR: not reported; R: reported; SM: stroke management; SR: stroke rehabilitation.
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TABLE UL.—Summary of findings.

UPPER LIMB ROBOTIC REHABILITATION AFTER STROKE

Development Organization Findings

Level of evidence/Grade

Grading system of recommendation

Scottish Intercollegiate Guidelines
Network20

Electromechanical/robotic devices may be considered
to improve arm motor function and motor strength

in selected patients where the necessary equipment
is already available and healthcare professionals are
competent in the use of the equipment.

Insufficient evidence of robot-mediated passive therapy

for post-stroke spasticity.
Stroke Foundation of New Zealand?!

Royal Dutch Society for Physical
Therapy?2

Mechanical assisted training should be given in order to Guidelines
encourage using upper limb as much as possible.

Unilateral robot-assisted training of the paretic arm
for shoulder and elbow training of patients with a

SIGN system Level A
Level A
Grade B
International Network
(G-I-N) and SIGN
systems
Self-making system Level 1

stroke improves the selective movements and muscle
strength and reduces atypical pain. Bilateral robot-
assisted training of the elbow and wrist improves

the selective movements and muscle strength of the
arm of patients with a stroke in early and chronic
phase. The guideline development team recommends
using shoulder-elbow and/or elbow-wrist robotics for
patients with a stroke as an add-on to exercise therapy
if one or more goals at the body function level have

been defined
Canadian Heart and Stroke
Foundation?3

Virtual reality, including robotic interfaces, can be
used as adjunct tools to other rehabilitation therapies

Self-making system Early-Level A; Late-Level A

to provide additional opportunities for engagement,
feedback, repetition, intensity and task-oriented

training.
Royal College of Physicians?4

Robot-assisted movement therapy as an adjunct to

Not applicable Not available

conventional therapy in people with reduced arm
function after stroke in the context of a clinical trial.

American Heart Association/
American Stroke Association?’

Robot-assisted movement training to improve motor
function and mobility after stroke in combination with
conventional therapy may be considered; Robotic

AHA concerning Class Ila Level A
classes and levels of

evidence

therapy is reasonable to consider to deliver more
intensive practice for individual with moderate to

severe upper limb paresis
Stroke Foundation26

For stroke survivors with mild to severe arm weakness,

Not applicable Not available

mechanically assisted arm training (e.g. robotics) may
be used to improve upper limb function.

Department of Veterans Affairs,
Department of Defense??

Recommend robot-assisted movement therapy as an
adjunct to conventional therapy in patients with

Self-making system Weak for

deficits in arm function to improves motor skill at the

joints trained

neurological guidelines provide very little specific guid-
ance on assessment of the upper limb, even within ICF
domains and/or pathology-specific recommendations.28
Furthermore, an agreement regarding the objective and
the outcome measure in general for rehabilitation robotic
measure is needed and possible at the light of the recent
effort and advancement in the field. Finally, the optimal
dose (number of repetition and time of therapy), frequency
and duration of the robotic rehabilitation treatment is not
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taken into account in the current available guidelines even
at the light that robot might easy measure these parameters.
The above reported limits of the analyzed guidelines are
probably due to the methodological heterogeneity in terms
of type of robots, frequency and dose of treatment used
in most of the studies published so far in this field. Fur-
thermore, patients in different stages of disease were of-
ten treated and only in the recent studies on large samples
they are stratified for latency from the event. Note that the
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TABLE IV—AGREE-II scores for each domain (Dom.) and general evaluation.
Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Domain 6
Development Organization S - - — General
cope and Stakeholder Rigor of Clarity gf Anplicabilit ) Editorial Evaluation
purpose involvement development presentation PP y independence
Scottish Intercollegiate Guidelines 84.72 90.28 82.14 83.33 75.00 62.50 70.83
Network?20
Stroke Foundation of New Zealand?! 81.94 83.33 91.07 76.39 71.88 64.58 75.00
Royal Dutch Society for Physical 86.11 84.72 90.48 91.67 61.46 75.00 83.33
Therapy??
Canadian Heart and Stroke 80.56 70.83 64.88 80.56 53.13 75.00 66.67
Foundation23
Royal College of Physicians?4 83.33 77.78 95.24 88.89 65.63 83.33 87.50
American Heart Association/American 58.33 44.44 64.88 77.78 53.13 62.50 62.50
Stroke Association2’
Stroke Foundation26 93.06 88.89 92.86 90.28 71.88 91.67 91.67
Department of Veterans Affairs. 86.11 77.78 91.07 83.33 54.17 85.42 83.33

Department of Defense?’

)

i

Scottish Intercollegiate Guidelines Network

Stroke Foundation of New Zealand

Canadian Heart and Stroke Foundation

Royal College of Physicians
American Heart Association/American Stroke Association
Stroke Foundation

Department of Veterans Affairs. Department of Defense

Royal Dutch Society for Physical Therapy W
1 | .

Cut-off value

General evaluation

m Applicability

20 30 40 50 60 7 80 90 100
Percentage (%)
Figure 2.—Bar plot of the general evaluation and applicability of the AGREE-II scores.20-27
patients included in the studies on upper limb robotic reha- Conclusions

bilitation after stroke are not often characterized in terms of
cognitive impairment as well as motor proximal and/or dis-
tal impairment. Further studies on homogeneous and large
sample of patients using a motor and cognitive evaluation
as well as an instrumental robotic measure, could be useful
to produce more detailed guidelines on this important topic.
Our review has some limitations: 1) study only included
English language guidelines; and 2) AGREE II instrument
did not involve the judgment of the recommendation opin-
ions decided with a high variability among guidelines.
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Despite the increasing evidence of robotics effectiveness
on upper limb strength and motor function, guidelines
need to be improved, especially in the fields of applicabil-
ity and in particular should clarify the selected patient sub-
group that could benefit from robotic devices as well as the
optimal time window and dose of this treatment. Future
research should focus on the robotic treatment measures
among a general specific guidance on assessment of the
upper limb measures.
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