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ABSTRACT      
BACKGROUND: Robot-assisted Arm Therapy (RAT) has been increasingly applied in the last years for promoting functional recovery in patients 
with disabilities related to neurological health conditions. Evidence of a knowledge-to-action gap for applying robot-assisted technologies in the 
rehabilitation of patients with neurological health conditions and the difficulty to apply and tailor the knowledge to the local contexts solicited the 
need for a national consensus conference on these interventions.
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to-action process should include two concepts, i.e., knowl-
edge creation and translation into action, that are distinct 
and consecutive, they represent dynamic concepts that are 
fluidly connected. Indeed, action may occur even simulta-
neously to knowledge creation, particularly in fields where 
the regulatory process is not well defined, such as applying 
new technologies in rehabilitation medicine.9 The spread 
of robot-assisted arm devices into clinical practice was an-
ticipated mainly by small promising pilot studies primarily 
conducted in the chronic phase after stroke when patients 
typically do not receive rehabilitation. On the other hand, 
the lack of translational research that builds a bridge be-
tween basic science and clinical practice contributes to 
generating uncertainty on RAT mechanisms, biomarkers 
of recovery, and potential responders’ identification.10

Similarly to other fields, evidence of a knowledge-to-
action gap for applying robot-assisted technologies in the 
rehabilitation of patients with neurological health con-
ditions and the difficulty to apply and tailor the knowl-
edge to the local contexts solicited the need for a national 
consensus conference on these interventions. The Italian 
Society of Physical and Rehabilitation Medicine (SIM-
FER), the Italian Society of Neurorehabilitation (SIRN) 
and the Italian National Institute of Health have launched 
a Consensus Conference named CICERONE,5 to promote 
knowledge about the above-mentioned open issues based 
on the synthesis of available evidence and the contribution 
of a panel of experts including clinicians and researchers.

This paper aims to explain the methodology used by the 
working group dedicated to synthesizing evidence on the ef-
fectiveness of RAT in neurological health conditions in the 
context of the CICERONE Italian Consensus Conference.

The recovery of upper limb functioning is one of the 
main goals and probably the most critical of the reha-

bilitation of patients with neurological health conditions.1 
Technology-assisted rehabilitation, and in particular Ro-
bot-assisted Arm Therapy (RAT), has been increasingly 
applied in the last years for promoting the repetitive ex-
ecution of motor tasks and functional recovery in patients 
with disabilities related to neurological health conditions, 
including stroke traumatic brain injuries and neurodegen-
erative disorders.2-4 Indeed, RAT is becoming part of the 
rehabilitative plan, and it is often proposed as an add-on 
to conventional therapy. In Italy, such technologies have 
been included in the latest Essential Levels of Health Care 
Plan (2018) provided and refunded by the Italian National 
Health System as official rehabilitation tools.5

However, evaluating RAT’s effectiveness on upper limb 
functioning is often difficult due to upper limb complex-
ity, mainly involving shoulder and elbow for reaching 
tasks, wrist and hand for grasping. Even though robotic 
devices have been designed to train reaching or grasping 
activities, there is still a lack of specific assessment tools 
able to detect the beneficial effects of implementing the 
Individualized Rehabilitation Plan (IRP) with RAT.6 These 
tools should be based on the International Classification of 
Functioning, Disability and Health (ICF).7 Other critical 
issues are understanding each robot’s specificity and the 
ideal dosage and frequency in different health conditions 
and phases of the rehabilitation.

The translation of research findings (when available) 
into practice is often a slow and challenging process. There 
is growing interest in finding ways to minimize the so-
called knowledge-to-action gap.8 If ideally a knowledge-

AIM: The aim of this paper was to explain the methodology used by the working group dedicated to synthesizing evidence on the effectiveness of 
RAT in neurological health conditions in the context of the CICERONE Italian Consensus Conference.
DESIGN: The methodological approach of the working group.
SETTING: All rehabilitation settings.
POPULATION: Patients with disability following a neurological health condition.
METHODS: Following the indications proposed by the Methodological Manual published by the Italian National Institute of Health, a Promoting 
Committee and a Technical Scientific Committee have been set up. Six working groups (WGs) have been composed to collect evidence on differ-
ent questions, among which WG2.2 was focused on the effectiveness of RAT in neurological health conditions.
RESULTS: WG2.2 started its work defining the specific research questions. It was decided to adopt the ICF as the reference framework for the 
reporting of all outcomes. Literature search, data extraction and qualitative assessment, evidence analysis and synthesis have been performed.
CONCLUSIONS: This paper summarized the methodological approaches used by the WG2.2 of the CICERONE Italian Consensus Conference 
to define the effectiveness of RAT in the management of patients with neurological health conditions.
CLINICAL REHABILITATION IMPACT: WG2.2 synthesis might help clinicians, researchers, and all rehabilitation stakeholders to address the 
use of RAT in the Individualized Rehabilitation Plan, to guide the allocation of resources and define clinical protocols and indications for the 
management of patients with different neurological health conditions.
(Cite this article as: Gimigliano F, Palomba A, Arienti C, Morone G, Perrero L, Agostini M, et al.; Italian Consensus Conference on Robotics in Neuro-
rehabilitation (CICERONE). Robot-assisted arm therapy in neurological health conditions: rationale and methodology for the evidence synthesis in the 
CICERONE Italian Consensus Conference. Eur J Phys Rehabil Med 2021;57:824-30. DOI: 10.23736/S1973-9087.21.07011-8)
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The Jury was selected based on the principles of author-
ity, competence, multi-disciplinarity and multi-profession-
alism, as indicated in the manual.

Upper Limb Functioning Working Group

WG2.2 is focused on the effectiveness of RAT in neuro-
logical health conditions. In particular, the group was asked 
to provide knowledge translation about RAT’s clinical ap-
plication for neurological health conditions, answering the 
following questions: “In the light of the existing knowl-
edge, which recommendations can be given about the use 
of RAT in everyday clinical practice? Which are the recom-
mended outcomes to be used to assess their effectiveness?”

Results

Description of methodology

Coordinators of the WG2.2 were GM and SS. All other 
WG2.2 members were selected among those who replied 
to a call sent through the two National Scientific Societies. 
WG2.2 activities started in March 2019 and can be sum-
marized into four main actions (Figure 1).

Action 1: research questions definition. Which are the main 
determinants of recovery after RAT?

The first activity was a brainstorming meeting aimed to 
define the specific research questions considering the dif-
ferent health conditions (i.e., stroke, others), the stage of 
recovery (subacute/chronic) and the type of robotic devic-
es (end-effector, exoskeleton, hand-device). See Table I.

Subgroups were determined to address each specific 
question. In particular, three subgroups were dedicated to 

Materials and methods
CICERONE Italian Consensus Conference: leadership, 
committees and working groups

The CICERONE Italian Consensus Conference was pro-
moted by SIMFER, SIRN and the Italian National Institute 
of Health.

The reference methodology for the Consensus Confer-
ence’s development is based on the criteria proposed by 
the Methodological Manual published by the Italian Na-
tional Institute of Health in 2013.11 Following the indica-
tions presented by the manual, a Promoting Committee 
and a Technical Scientific Committee have been set up.

The Technical Scientific Committee includes exponents 
of health care institutions, representatives of Medical Scien-
tific Societies and Associations of Professionals in the reha-
bilitation area, representatives of the Bioengineering area, 
exponents of Associations of Persons with Disabilities, rep-
resentatives of the business world in the sector, economic, 
bioethical and Health Technology Assessment experts.

Six working groups (WGs) have been set up: WG1 clas-
sification of technologies; WG2 clinical indications in dif-
ferent health conditions and functioning spectra (WG2.1 
health conditions in children and youth, WG2.2 upper 
limb functioning, WG2.3 lower limb functioning and am-
bulation, and WG2.4 balance); WG3 theoretical reference 
models, future perspectives, development and research; 
WG4 organizational contexts; WG5 training paths/skills 
for operators; WG6 aspects of a regulatory nature (e.g. risk 
management, off-label use, etc.), ethical, legal and social 
aspects. Each WG aimed to collect scientific evidence and 
prepare a summary of the available information, providing 
it to the Jury.

Figure 1.—Upper Limb Functioning Working Group timeline.

Table I.—��Research questions.

1.	Which are the effects of 
upper limb robotic therapy 
in people with stroke?

a.	Considering different types of robotic devices (exoskeletons, end-effectors and hand devices)
b.	Considering the use of robotic and electromechanical devices for upper limb in acute/subacute and chronic phase of 

stroke
2.	Which are the effects of upper limb robotic therapy in people with neurological health conditions other than stroke?

	 March 2019-April 2019	 May 2019-October 2019	 November 2019-April 2020	 May 2020-November 2020

Working group 
creation: nomination of 
coordinators, selection 
of open questions, and 
division in subgroups

Adoption of ICF as the 
reference framework  

for reporting RAT  
main outcomes

Literature search  
and data extraction

Qualitative assessment, 
evidence analysis  

and synthesis
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Bookshelf), PEDro, Embase, Epistemonikos, Web of Sci-
ence, Scopus, Cinahl and Cochrane Library. Separate and re-
peated searches were conducted to intercept different types 
of documents. The PICOS of the search was the following:

•  population (people with neurological health condi-
tions including stroke, multiple sclerosis [MS], Parkin-
son’s disease [PD], and spinal cord injury [SCI]);

•  intervention (RAT);
•  comparisons (other rehabilitation interventions);
•  outcomes (all upper limb functioning outcomes – as 

indicated in Action 2);
•  study designs (clinical trials – only RCTs were in-

cluded for stroke – systematic reviews, and clinical prac-
tice guidelines.

The search was limited to the English language.
To focus on the effectiveness of RAT versus other in-

terventions, we excluded a study that compared different 
RAT protocols or evaluated the effects of an additional 
technology (i.e., non-invasive brain stimulation).

Papers were screened by two independent reviewers 
(SS and GM) to check for duplicates and identify publica-
tions matching with the WG2.2 goals. For each document, 
the following data were extracted and tabulated into work-
sheets: 1) authors; 2) year; 3) type of study; 4) the number 
of patients; 5) intervention; 6) control; 7) dose (sessions, 
duration, frequency); 8) outcomes; and 9) results.

For data extraction, the different subgroups were asked 
to classify studies according to their focus on hand reha-
bilitation (grasping tasks) or shoulder/elbow rehabilitation 
(reaching tasks); disease phase subacute or chronic (less 
or more than three months); type of robot (exoskeleton, 
end-effector or hand device); and a distinction has been 
done when RAT was used as an add-on to conventional 
therapy or not.

Action 4: qualitative assessment, evidence analysis and syn-
thesis

Different methodological quality assessment tools were 
used: PEDro for clinical studies,15 AMSTAR2 for system-
atic reviews16, and AGREE II for guidelines.17 Moreover, 
the level of evidence for each study was assessed accord-
ing to 2011 Oxford CEBM Levels of Evidence.18

Results were expressed as positive (+) if there was a 
between-group difference with P<0.05 in favor of the 
experimental group, negative (-) if there was a between-
group difference with P<0.05 in favor of the control group, 
neutral (=) if there was no statistically significant differ-
ence between groups.

Finally, the answers to each specific question addressed 

stroke (assessing randomized controlled trials - RCTs, sys-
tematic reviews, clinical practice guidelines, respectively). 
Another subgroup was dedicated to all the other neurologi-
cal health conditions. Subgroups organization and compo-
sition can be found in the Supplementary Digital Material 
1 (Supplementary Table I).

Action 2: adoption of ICF as the reference framework for re-
porting upper limb robotic rehabilitation outcomes

The second action was the adoption of ICF as the reference 
framework for reporting RAT primary outcomes.7 We de-
fined how to apply it to upper limb RAT outcomes starting 
from previous works proposing ICF codes for neuroreha-
bilitation12 and upper limb robotic outcomes.13

Goal definition of RAT was expressed according to the 
ICF framework, with all outcomes categorized and de-
scribed as body functions, activities and participation and 
linked, with the respective assessing scale(s), to one or 
more ICF codes, as shown in Figure 2.13, 14

Action 3: literature search and data extraction

Literature search and data extraction started in November 
2019. A literature search was performed, primarily using 
the following databases: PubMed (MEDLINE, PMC, NCBI 

Figure 2.—Graphical categorization of clinical outcomes in robotic re-
habilitation according to the International Classification of Functioning, 
Disability and Health (ICF).
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The choice to include literature from different sources 
has provided the members of the consensus and the Jury 
of a comprehensive picture of the available evidence. The 
non-homogeneity in terms of quantity and quality of the 
existing literature across different neurological health 
conditions led to different ways of approaching RAT evi-
dence: in the case of stroke we could rely on RCTs and 
synthesis products such as systematic reviews and clinical 
practice guidelines, in the case of all other neurological 
health conditions we had to take into account studies with 
a broader range of levels of evidence, including RCTs, 
case series, case reports, and crossover trials. The inclu-
sion of both primary and secondary studies introduced the 
issue of evidence overlapping, which could amplify the 
results of primary older studies; a way to overcome this 
issue is to weigh single studies (considering their effect 
and sample sizes).

We are confident that the synthesis produced might help 
clinicians, researchers, and all rehabilitation stakeholders 
to address the better use of RAT in the context of the IRP, 
to guide the allocation of resources and define clinical pro-
tocols and indications for managing patients with different 
neurological health conditions.20-23

Conclusions

We synthetized available evidence on the effectiveness of 
RAT in neurological health conditions with the purpose to 
guide experts’ decisions during the Consensus Conference. 
The methodological approach used had the scope to be as 
much inclusive as possible without neglecting the quality 
assessment of available evidence and pointing out litera-
ture gaps. This approach might represent a good example 
in all those cases where there is a discrepancy between the 
diffusion of the intervention and available literature sup-
porting its use. The results of our literature search are23 or 
will be published as well as the results of the Consensus 
Conference to assist the different stakeholders to answer 
the still open questions on the effectiveness of robotics in 
neurological health conditions.
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