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move material, parts, or specialized devices through vari-
able programmed motions to accomplish a task.”9 There 
is a significant gap between engineers that create devices 
for rehabilitation and the underlying neuroscience related 
to motor deficits and rehabilitation after stroke. Indeed, 
there are different schools of thought aimed at investigat-
ing/creating the desired goal and type of interaction, the 
physical implementation of the method, and the neural 
mechanisms that are intended to be targeted or evoked. 
Each device may be designed using different strategy to 
analyze and rehabilitate gait disorders following stroke, 
i.e. 1) targeted sensorimotor pathways (using inter-limb 
coordination mechanisms, cutaneous and haptic percep-
tion, equilibrioception, audition and vision); 2) physical 
implementation (by goal directed and task oriented train-
ing, electrical and magnetic stimulation, exoskeletons and 
powered orthoses, body weight support, treadmill training 
and foot plates); and 3) interaction goal and type (through 
error augmentation via physical interaction and error cor-
rection via physical interaction).10

Robots used in rehabilitation are generally categorized 
into end-effector (EE) and exoskeleton (Exo) types ac-
cording to their mechanical structures.11, 12 It is notewor-
thy that exoskeletons are more commonly used in patients 
with more severe deficits, including those with complete 
hemiplegia, whilst those with mild to moderate deficit may 
better benefit from the functional challenges offered by 
end-effectors.6 For example, Lokomat,13 BLEEX,14 HAL15 
and LOPES16 are typical exoskeleton robots, while Gait-
Trainer,17 G-EO System18 and Haptic Walker19 are end-ef-

Introduction

Stroke represents the leading cause of disability and 
the second cause of death world-wide.1 The main 

neurological impairment after stroke is hemiparesis that 
frequently affects the subject’s ability to perform activi-
ties of daily living (ADL), including walking.2 As people 
age, the incidence of age-related diseases, such as stroke, 
increases and therefore, considering the lower mortality 
rate of acute stroke, prevalence rate and burden of such 
disease is growing worldwide.3 About one-third of stroke 
survivors do not regain independent walking ability and 
in those who succeed, gait is mainly characterized by an 
asymmetrical pattern, with a decreased walking speed and 
increased stride width and double support phase.4, 5

Robot-assisted gait rehabilitation (RAGT) is the tech-
nology that has shown the greatest advances in the rehab 
field in the last decades.6 The robot-assisted rehabilitation 
devices focus on motor learning (resulting from intensive, 
repetitive, and task-oriented motor activities) that requires 
the subject’s effort, attention and involvement.6, 7 More-
over, robotic devices can help understand individual needs 
by adapting rehabilitation to the patients’ impairment and 
providing the therapist with more objective measures of 
their performance.6 With these perspectives, robotic de-
vices could be integrated into clinical practice for stroke 
survivors.8

Nowadays several robotic devices for stroke rehabilita-
tion are available. Generally speaking, a robot is “a re-
programmable, multifunctional manipulator designed to 

ABSTRACT      
INTRODUCTION: Stroke is the third leading cause of adult disability worldwide, and lower extremity motor impairment is one of the major 
determinants of long-term disability. Although robotic therapy is becoming more and more utilized in research protocols for lower limb stroke 
rehabilitation, the gap between research evidence and its use in clinical practice is still significant. The aim of this study was to determine the 
scope, quality, and consistency of guidelines for robotic lower limb rehabilitation after stroke, in order to provide clinical recommendations.
EVIDENCE ACQUISITION: We systematically reviewed stroke rehabilitation guideline recommendations between January 1, 2010 and Octo-
ber 31, 2020. We explored electronic databases (N.=4), guideline repositories and professional rehabilitation networks (N.=12). Two indepen-
dent reviewers used the Appraisal of Guidelines for Research and Evaluation (AGREE) II instrument, and brief syntheses were used to evaluate 
and compare the different recommendations, considering only the most recent version.
EVIDENCE SYNTHESIS: From the 1219 papers screened, ten eligible guidelines were identified from seven different regions/countries. Four 
of the included guidelines focused on stroke management, the other six on stroke rehabilitation. Robotic rehabilitation is generally recommended 
to improve lower limb motor function, including gait and strength. Unfortunately, there is still no consensus about the timing, frequency, training 
session duration and the exact characteristics of subjects who could benefit from robotics.
CONCLUSIONS: Our systematic review shows that the introduction of robotic rehabilitation in standard treatment protocols seems to be the 
future of stroke rehabilitation. However, robot assisted gait training (RAGT) for stroke needs to be improved with new solutions and in clinical 
practice guidelines, especially in terms of applicability.
(Cite this article as: Calabrò RS, Sorrentino G, Cassio A, Mazzoli D, Andrenelli E, Bizzarini E, et al.; Italian Consensus Conference on Robotics in 
Neurorehabilitation (CICERONE). Robotic-assisted gait rehabilitation following stroke: a systematic review of current guidelines and practical clini-
cal recommendations. Eur J Phys Rehabil Med 2021;57:460-71. DOI: 10.23736/S1973-9087.21.06887-8)
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using the AGREE II tool. Moreover, it aims at identifying 
gaps and limits of the current evidence-based practice pro-
viding recommendations for potential improvements.

Evidence acquisition

We followed the Equator Network reporting recommen-
dations outlined in the Appraisal of Guidelines, Research 
and Evaluation (AGREE) II instrument32 and the Preferred 
Reporting Items for Systematic Reviews and Meta-anal-
yses (PRISMA) statement.33 Our systematic search used 
popular search databases, guidelines repertories, and pro-
fessional rehabilitation networks in line with SPIDER tool 
strategy.34 PubMed, ISI Web of Knowledge, Embase and 
SciELO Citation Index databases were searched indepen-
dently and synchronously by two authors (RSC, AC) up to 
October 31, 2020. Guideline repositories included Austra-
lian National Health and Medical Research Council clini-
cal practice guidelines, Canadian Medical Association In-
fobase of Clinical Practice Guidelines, National Library for 
Health Guidelines Database (UK), US National Guideline 
Clearinghouse, Guidelines International Network, New 
Zealand Guidelines Group, e-Guidelines, NICE, Scottish 
Intercollegiate Guidelines Network (SIGN), Guidelines 
International Network, National Guideline Clearinghouse, 
National Collaborating Centre for Chronic Conditions. 
Search terms included words related to brain stroke, re-
habilitation, guidelines, robotic therapy, and lower limb.

Search strategy

The following search strategy was used: (“stroke” [MeSH 
Terms]) AND (“rehabilitation” [MeSH Terms]) AND 
(“practice guideline” [publication type]) OR “recom-

fector robots. According to their rehabilitation principles, 
exoskeleton robots can also be further divided into two 
other sub-categories (i.e. treadmill-based and leg outhous-
es to train over ground), while the end-effector robots have 
footplate-based and platform-based types17, 19-22 (Table I).

Exoskeleton robots are usually fixed in various parts of 
the human limb, while producing different forces/torques 
that could allow the interaction with the limb redundant 
degrees of freedom. End effector robots are instead easier 
to adapt to the patient, as there is no restriction on the 
movement.23 Indeed, previous works24, 25 demonstrated 
the efficacy of end effectors (with regard to the gait train-
er) only in people affected by postacute stroke, whereas 
exoskeletons had controversial results both in the acute 
and subacute phases.

Rationale and objectives

There are still gaps between research evidence and robotic 
device use in clinical practice.26 Guidelines may allow cli-
nicians using the current evidence by supporting effective 
interventions and advising against treatments that are not 
evidence-based.27 Many countries have their own guide-
lines, with different content and scope, level of evidence 
and detail, more or less updated, making it difficult to im-
plement them in the clinical practice.28

It is not always easy to evaluate the quality of published 
guidelines. To this end, the Appraisal of Guidelines for Re-
search and Evaluation II (AGREE II) could be considered 
a valid tool,29 given that in recent years it has been widely 
used in the rehabilitation field.30-32

The present review seeks to investigate the indications, 
methodological quality and the conformity of stroke guide-
lines dealing with lower limb robot-assisted rehabilitation 

Table I.—��Characteristic of the different robots’ subcategories.
Types Use Characteristic Models

Treadmill-based 
exoskeleton robots

RS Usually composed of a weight support system and runs on a treadmill 
through the lower-limb exoskeleton frame

Lokomat, lokohelp, and active leg 
exoskeleton (ALEX).

Leg orthoses and 
exoskeletons

RS/FD To assist subjects with lower-limb motor dysfunction to complete the routine 
activities such as walking, standing, sitting, and going up- and downstairs

Active ankle-foot orthosis (AAFO), knee-
ankle-foot orthosis (KAFO), and hybrid 
assistive limb (HAL).

Foot plate-based 
end-effector 
devices

RS Suspension weight loss gait rehabilitation robot, it was based on the 
movement of the lower limb to stimulate the muscles of the lower limb 
orderly and assist the subjects to complete gait training

The foot plate-based end-effector devices 
consist of the gait trainer GTI, haptic 
walker, and the G-EO Systems. Gait 
trainer (GTI).

Platform-Based 
end-effector 
robots

RS The subject is included in the control loop by continuously monitoring 
his/her state, extracting objective biomechanical and electromyographic 
indicators and, consequently, adapting the level of assistance provided by 
the robotic platform

Ruegst ankle, ARBOT, and parallel ankle 
robots.

RS: rehabilitation session; FD: functional design.
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When minimum/maximal possible score is calculated 
respectively:

Strongly_disagree
Strongly_agree

×N(items)×N(appraisers)

As suggested by the AGREE II,32 we decided to give 
precedence two domains (applicability and overall assess-
ment), taking into account a quality threshold of >70% for 
the main domains.

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

Evidence synthesis

The flow diagram in Figure 1 shows our search results. A 
total of 1219 records were found. After having screened 
the title and abstract, 1094 were excluded because they did 
not meet the research purpose. Finally, only 10 guidelines 
matched the inclusion criteria. The detailed information 
about the guidelines is available in Table II.7, 35-43 They 
cover seven different regions/countries all over the world; 
three out of the ten guidelines do not report the funding. 
Moreover, four of the included guidelines focused on 
stroke management, the other six on stroke rehabilitation.

Synthesis of recommendations for RAGT use

Rehabilitation assisted by robotic devices is generally 
recommended to improve lower limb motor function and 
strength,44 although the exact characteristics of people 

mendation” OR “guideline” (publication type) OR “con-
sensus development conference” (publication type) AND 
(“2010/01/01” [date - publication]: “2020/10/31” [date - 
publication]).

Guideline inclusion criteria

We included all guideline recommendations for Robot-
Assisted Gait Training (RAGT) in adults with stroke pub-
lished between January 1, 2010 and October 31, 2020. A 
guideline was considered as a set of the latest recommen-
dations based on evidence appraisal and consensus from a 
single writing group, even if such recommendations were 
published separately. Only English written guidelines 
were considered for eligibility. Our search was focused on 
guidelines referring to stroke rehabilitation and, in particu-
lar, those considering the use of robotic devices for lower 
limb rehabilitation.

Guideline analysis

Titles and abstracts were screened, and full-text papers 
reviewed independently by two reviewers (RSC and AC) 
using predetermined criteria, as in the previous paragraph. 
In case of disagreement, an independent reviewer (DB) 
mediated to achieve consensus. Reviewers identified in-
formation, treatment recommendations and their level of 
evidence/grade of recommendations (when available). 
Moreover, each guideline was checked for the year, edi-
tion, country, national/international recommendations con-
tained. Textual descriptive synthesis of recommendations 
was used to analyze the scope, context and consistency of 
the founded guidelines. Then, the AGREE-II instrument32 
was used to appraise the methodological quality of the in-
cluded guidelines. It consists of 23 key items organized 
within 6 domains followed by 2 global rating items (“over-
all assessment” or general evaluation). Each domain cap-
tures a unique dimension of guideline quality: scope and 
purpose (items 1-3), stakeholder involvement (items 4-6), 
rigor of development (items 7-14), clarity and presentation 
(items 15-17), applicability (items 18-21) and editorial in-
dependence (items 22-23). The tool uses a 7-point agree-
ment scale from 1 (strongly disagree) to 7 (strongly agree) 
for each item. Each guideline was independently rated by 
four raters. Domain scores were calculated by summing 
up all the scores of the individual items and by scaling the 
total as a percentage of the maximum possible score for 
that domain as follow:

Obtained_score−Minimum_possible_score
Maximum_possible_score−Minimum_possible_score

×100
Figure 1.—PRISMA 2009 flow diagram.
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Nonetheless, the evidence-based review of stroke reha-
bilitation42 states that data on the superiority of the Lo-
komat over conventional or treadmill therapy are conflict-
ing, whereas end-effectors robots lead to better walking-
related outcomes than conventional treatments.

Quality and methodology of the guidelines

According to the AGREE II, Table IV7, 35-43 shows 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.

All of the guidelines included in this work have a suf-
ficient general evaluation (GE); some of them36, 37, 39-41, 43 
have an excellent GE. Applicability was higher than our 
threshold in half of the guidelines.35, 37-40

No domain was considered highly inadequate, but 
stakeholder involvement, with a scoring of 43 given to the 
American Heart Association/American Stroke Association 
guidelines7 (which also got the lowest score in applica-
bility). With regard to the scope and purpose, nearly all 
of the guidelines, but N. 8 and 40, clearly described their 
overall objectives, health questions and target populations 
perform well.

The clarity of presentation and rigor of development do-
mains were considered adequate in all of the guidelines, 
with excellent results in 8 out of 10 of them. Most guide-
lines did not describe the facilitators and barriers of their 
applications and did not sufficiently consider the costs of 
applying their recommendations. No inadequacies are re-
ported in the Editorial Independence domain, with excellent 
results for some guidelines37, 38, 41, 43 The underperforming 
guidelines essentially did not clearly provide financial sup-
port and conflict of interest statement information.

with stroke who may benefit from robotic devices as well 
as the right timing to use the robotic devices are still un-
known. Generally, guidelines suggest that electro-me-
chanical assisted training can be proposed to a selected 
group of people affected by stroke, when the necessary 
equipment is already available and healthcare profession-
als are proficient in the use of the equipment. All guide-
lines agree that RAGT should not be used in place of con-
ventional gait rehabilitation. Robot-assisted training for 
people with stroke who are unable to walk autonomously 
has shown to improve their walking speed, the distance 
walked, heart rate, sitting and standing balance, walking 
ability and the performance in the activities of daily life 
(Table III).7, 35-43

Only, two guidelines7, 35 specified the disease phase 
for recommendations. The American Heart Association/
American Stroke Association7 states that the use of electro 
mechanically assisted, and weight-relieving gait training 
(including RAGT) seems to be indicated in non-ambula-
tory people or in those with poor walking ability in sub-
acute stroke. According to the Stroke Foundation of New 
Zealand35 electro mechanically assisted gait rehabilitation 
should be built to provide as much practice as possible 
within the first six months after stroke.

At least three guidelines37, 41, 43 advice for the use of 
RAGT in patients who are more severely impaired. On the 
contrary, other guidelines36, 40 affirm that there is insuffi-
cient evidence to recommend the use of robotic devices 
following stroke. None of the guidelines provides clear 
indications about the protocols (i.e. frequency, intensity, 
time and type of robotic device) to use at different stages 
of the disease. Poor details are also provided about the 
type of recommended robotic device (i.e. end effector vs. 
exoskeleton), interaction and controllers.

Table II.—��Characteristics of included clinical practice guidelines.

Study Year Edition Country Funding Focus Evidence source

American Heart Association/American Stroke Association7 2016 2 USA R SR Css, RCT, MA/SRL
Stroke Foundation of New Zealand35 2010 1 New Zealand R SM RCT, MA/SRL
Department of Veterans Affairs, Department of Defense36 2019 4 USA NR SM Css, RCT, MA/SRL
Royal College of Physicians37 2017 5 UK R SM Css,RCT, MA/SRL
Stroke Foundation38 2017 5 Australia R SM Css, MA/SRL
Canadian stroke best practice recommendations 202039 2020 6 Canada R SR Css, RCT, MA/SRL
Scottish Intercollegiate Guidelines Network40 2010 2 Scotland NR SR RCT, MA/SRL
Royal Dutch Society for Physical Therapy41 2014 2 Netherland NR SR RCT, MA/SRL
Evidence-Based Review of Stroke Rehabilitation42 2016 1 Canada R SR RCT, MA/SRL
National Clinical Guideline for stroke NICE43 2013 UK R SR RCT, MA/SRL

NR: not reported; R: reported; SM: stroke management; SR: stroke rehabilitation; Css: Cochrane search strategies; RCTs: randomized controlled trials; MA/SRL: 
meta-analysis systematic review of the literature.
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Table III.—��Main findings of the Recommendation about the use of robotic lower limb rehabilitation after stroke.

Development organization Findings Grading system
Level of evidence*/

Grade of 
recommendation°

American Heart Association/
American Stroke 
Association7

Adjuvant therapy with electro-medical devices is more effective than traditional therapy 
alone in people with acute / subacute strokes (within the first 3 months) and unable to 
walk.

Walking training with robots (always in association with standard rehabilitation therapy) 
can be taken into consideration in the rehabilitation treatment of people with stroke.

Immediately after the onset of a stroke, the use of mechanically assisted and weight-
relieving gait training (treadmill with weight relief, gait trainer, robotic devices) is 
indicated in non-ambulatory people with stroke or with poor walking ability. If fixed 
exoskeletons (such as the Lokomat) and end-effectors (such as GT3) seem to give good 
results, there is still no evidence for wearable devices such as Ekso-GT and Indego.

AHA concerning 
classes and levels 
of evidence

Class IIa; Level A

Stroke Foundation of New 
Zealand35

One or more of the following robotic assisted rehabilitation techniques can be used in 
addition to conventional ground walking therapy:

Cueing of cadence
Mechanically assisted gait (via treadmill or robotic device)
Training with virtual reality
Rehabilitation should be structured to provide as much practice as possible within the first 

six months after stroke.

Guidelines 
International 
Network (G-I-N) 
and SIGN 
systems

Grade B
Grade B
Grade C
Grade A

Department of Veterans 
Affairs, Department of 
Defense36

There is insufficient evidence to recommend for or against the use of robotic devices during 
gait training

There is weak evidence to propose virtual reality to enhance gait recovery.

Self-making 
system

GRADE I

Royal College of Physicians37 Those who are able to walk independently should be rehabilitated with a treadmill with 
or without weight relief or with other tools capable of enhancing the walk (no specific 
reference is made to robotics, but some devices may fall within the recommendation).

Those unable to walk independently should be treated with electro-medical devices 
(including robots).

Robot-assisted movement therapy should only be used as an adjunct to conventional 
therapy when the goal is to reduce arm impairment or in the context of a clinical trial.

Not applicable Not available

Stroke Foundation38 Strong recommendation:
It is useful to undertake, as much as possible, a repetitive and tailored exercise aimed at 

making the gait (or its components) more functional.
Weak recommendation:
In people with stroke with walking difficulties, one or more of the following interventions 

can be used – virtual reality
Electromechanically assisted gait training (by treadmill or automated/robotic mechanical 

devices).
Biofeedback
Cueing of cadence
Electrical stimulation

Not applicable Not available

Canadian stroke best practice 
recommendations 202039

Electromechanical (robotic) gait training devices could be considered for subjects who 
would not otherwise exercise gait (i.e. more impaired patients). They should not be used 
in place of conventional walking therapy.

Self-assessed Early-Level A; 
Late-Level A

Scottish Intercollegiate 
Guidelines Network40

Robotic rehabilitation could be used to increase the possibilities to regain the ability to 
walk independently in people with more severe stroke, although the time taken to achieve 
the goal may be longer than that of subjects receiving conventional gait training.

There are not enough prompts to determine if the effect of this intervention occurs as 
a result of the electro-mechanical device or as a result of the additional time spent in 
rehabilitation.

Electro-mechanical assisted training can be proposed to a selected group of people with 
stroke, when the necessary equipment is already available and healthcare professionals 
are proficient in the use of the equipment.

SIGN system Level A

Royal Dutch Society for 
Physical Therapy41

Robot-assisted training for people with stroke who are unable to walk autonomously has 
been shown to improve their walking speed, the distance walked, the heart rate, the sitting 
and standing balance, the walking ability and the performance in the basic activities of 
daily life (BADL), compared to conventional therapy (including walking on ground).

The combination of robot-assisted gait training with functional electrostimulation of the 
paretic leg has been shown to improve sitting and standing balance and walking ability of 
people with stroke, compared to conventional therapy.

Poor evidence on the use of VR

Self-making 
system

Level 1
Grade E

Evidence-Based Review of 
Stroke Rehabilitation42

Data on the superiority of the Lokomat over conventional or treadmill therapy are 
conflicting.

End-effectors robots perform better on walking-related outcomes than conventional 
treatments.

Self-assessed Level 1

National Clinical Guideline 
for stroke NICE43

People who are unable to walk independently at the start of treatment do not seem to 
benefit from training with a treadmill but may benefit from electromechanical assisted 
gait training.

Self-assessed Level 3-4

Level of evidence: level 1 (systematic review and metanalysis); level 2 (RCT); level 3 (comparative, case-control studies); level 4 (case series, case studies). Grade of 
the recommendation: A (body of evidence can be trusted to guide practice, as in level 1-2); B (body of evidence can be trusted in most situations, as in level 2 studies 
with moderate bias); C (body of evidence provides some support for recommendations; level 3); D (recommendations must be applied with cautions; levels 4, or 2-3 
with high bias); grade I (insufficient information to formulate recommendations; grade E (Nil grade system used, alternative approach based on evidence and consensus).
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vice, the optimal time window and dose (number of repeti-
tions, duration of each session), frequency and duration of 
the treatment.

The highest-rated domains were instead “rigor of de-
velopment” and “clarity of presentation,” as most guide-
lines described the criteria for selecting the evidence, the 
methods for formulating the recommendations with easily 
identifiable key recommendations.

The different methods used by each guideline devel-
opmental group may explain some of the differences ob-
served between guidelines. Other explanations may be re-
lated to the year of guideline development, date of search, 
and eligibility criteria.31

Evidence-based recommendations and gaps

This systematic review on stroke guidelines further sup-
ports that, in more severely impaired people with stroke, 
RAGT increases the possibility to regain an independent 
gait, and this should be considered as either “add on” treat-
ment35-39 or even in substitution of the traditional rehabili-
tation.40-43 The improvement in gait recovery with electro-
mechanically assisted gait could be explained by the fact 
that the intervention provides the opportunity to perform 
a more intensive, repetitive, and task-oriented training 
than would be possible with the conventional over-ground 
walking alone.

Several guidelines suggested the combination of RAGT 
with other non-standard rehabilitation therapies, such as 
functional electrical stimulation (FES)35, 41 and virtual re-
ality (VR),7, 35, 36, 38, 41 to further improve lower limb motor 
outcomes.

Only three guidelines35, 38, 41 give indication for the use 
of VR in patients with stroke, but no mention exists on 

Discussion

As far as we know, this is the first systematic review on 
current guidelines and practical clinical recommendations 
on RAGT following a stroke. The main goal of a medical 
guideline is to provide an evidence-based and easily ac-
cessible tool to guide clinicians in choosing the treatment 
strategy, summarizing the available published literature. 
We found only 10 international guidelines published from 
2010 to 2020 dealing with this topic.

Which guidelines to recommend? Quality issues

To evaluate the quality and methodological issues of the 
included guidelines we used the AGREE II. The tool is 
used for different purposes in different contexts and the 
relative importance of the six domains is expected to 
vary depending on the user’s needs. We have considered 
a threshold of 70% and our domain of particular inter-
est was applicability (beyond overall assessment), which 
was higher than our threshold in half of guidelines.35, 37-40 
Thus, the Canadian Stroke Recommendations,39 having 
the highest overall assessment and applicability, could 
be indicated as the best guidelines to follow concerning 
RAGT in stroke.

Nonetheless, the quality of the reviewed guidelines 
was heterogeneous, and the domain that generally got the 
lower scores was “applicability.” The main factor which 
reduced applicability was that only about two-thirds of the 
guidelines have been developed specifically for stroke re-
habilitation, while the others are dedicated to stroke man-
agement, resulting in little space for robot-assisted reha-
bilitation with poor indications to properly address RAGT, 
i.e. patients who may benefit from a specific robotic de-

Table IV.—��AGREE-II scores for each domain (Dom.) and general evaluation (GE).

Development organization
Dom 1 Dom 2 Dom 3 Dom 4 Dom 5 Dom 6 GE

Scope and 
purpose

Stakeholder 
involvement

Rigor of 
development

Clarity of 
presentation

Applica-
bility

Editorial 
independence

American Heart Association/American Stroke Association7 58 44 64 77 53 62 65
Stroke Foundation of New Zealand35 75 79 80 72 71* 64 67
Department of Veterans Affairs, Department of Defense36 85 76 88 80 57 79 83*
Royal College of Physicians37 86 84 95 88 78* 83 88*
Stroke Foundation38 81 84 88 90 71* 86 75*
Canadian stroke best practice recommendations 202039 84 86 88 82 84* 75 87*
Scottish Intercollegiate Guidelines Network40 82 90 82 83 76 63 80*
Royal Dutch Society for Physical Therapy41 86 84 95 91 61 80 81*
Evidence-Based Review of Stroke Rehabilitation42 58 83 63 77 61 70 63
National Clinical Guideline for stroke NICE43 84 79 91 88 65 82 80*
A cut off of >70 has been used to assess the quality of the guidelines.
*Recommended guidelines.
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work best use a fundamental understanding of this coor-
dination of human gait. It is well-known that in order to 
be effective, therapy should begin as soon as possible and 
provide an intensive training that incorporates multiple 
sensory mechanisms in a structured way.10

RAGT for rehabilitation purposes are designed with the 
intent of evoking the muscle activation synergies and neu-
ral plasticity through specific repetitive motor coordina-
tion exercises. To this end, it has been shown that RAGT 
interact with a multilevel autonomic neural circuitry, i.e. 
inter-limb coordination49 composed by locomotion pat-
terns from spinal circuits and descending pathways, that 
modulate real-time gait corrections10 in both hemiplegic 
and in healthy subjects.50 Furthermore, end-effectors and 
exoskeleton devices drive the gait kinetic during all the 
gait cycle or only during limited specific gait phase, deal-
ing with internal and external body force. However, it is 
still far from being established and recommended when 
and how and for whom a specific device could be used.44

A main problem when dealing with rehabilitation guide-
lines is the lack of consensus around standardized outcome 
measures to assess the effects of RAGT.51 None of the in-
cluded Guidelines deals with any specific assessment tool, 
and this is one of the gaps that should be covered in the 
near future. Several scales assess different aspects of the 
gait recovery following stroke: 1) the 10-Meter Walk Test 
(10MWT) widely used to evaluate the speed of walking; 
2) the 6-Minute Walk Test (6MinWT) to evaluate endur-
ance of walking; 3) the Rivermead Mobility Index (RMI) 
to assess mobility; and 4) the Berg Balance Scale (BBS) 
to evaluate balance. Another widely used tool is the Func-
tional Ambulation Category (FAC), 6-point scale assesses 
ambulation ability by determining how much human assis-
tance the stroke patient needs during the gait regardless of 
whether or not they use a personal assistive device. Geroin 
et al.51 suggested a customizable set of outcome measures 
to adapt to the different hypotheses. For instance, the 
Motricity Index (MI), Modified Ashworth Scale (MAS), 
FAC, 10MWT and 6MinWT could be chosen for discrimi-
native measurements of subjects’ features with reference 
to body function and structure, and activity domain, re-
spectively. In contrast, if an assessor desires to predict 
a specific ability that people with stroke may be able to 
perform after treatment, the RMI and PASS (postural as-
sessment scale for stroke) or TIS (trunk impairment scale) 
may be used.52 In literature, few studies utilized standard-
ized multifactorial tools, like gait analysis, to study the 
RAGT’s attitude in modifying the gait pattern in a cohort 
of people with stroke.

whether VR should be applied alone or during RAGT (e.g. 
Lokomat-Pro), as RAGT plus VR leads to better func-
tional outcomes.45 With the exception of the American 
Heart/Stroke Association,7 no clear indications emerge 
from current guidelines concerning people suffering from 
chronic stroke, although there is no significant evidence 
that the robot-assisted treatment may provide better ef-
fects than the conventional therapy in this phase.16, 24 The 
emerging lack of interest in the guidelines for this phase 
does not mean that the chronic phase has not been in-
vestigated in the literature. Different studies,46, 47 in fact, 
demonstrate an “add on” positive effects of RAGT on 
conventional rehabilitation therapy in chronic individuals 
with stroke.

Even though it is widely recognized that most spontane-
ous behavioral recovery tends to occur within the first 3 
months after stroke onset, different patterns of recovery 
may then emerge depending on many complex factors, 
and therefore, neuroplasticity phenomena with functional 
recovery may also be present in the chronic phase. Such 
processes and related outcomes should be taken into con-
sideration to better understand when to expect recovery, 
managing the most appropriate treatment, and determine 
the timing of rehabilitation, including the robotic assisted 
one. Nonetheless, most of the evidence on chronic stroke 
comes from pilot or observational studies, and every con-
clusion on the utility of RAGT in this patient population 
is controversial.48 Future guidelines should focus on the 
different phases of stroke, indicating the features of the 
patients that may better benefit from a specific robotic de-
vice. In fact, patients that are more impaired seem to ben-
efit more from RAGT, although the optimal time window 
has not been yet clarified.

Unfortunately, guidelines are poor in details about the 
type of recommended robotic device (i.e. end effector vs. 
exoskeleton), although the guidelines by the American 
Heart/Stroke Association state that both fixed exoskel-
etons (such as the Lokomat) and end-effectors (such as 
GT3) seem to lead to good outcomes, whereas there is still 
no evidence for wearable devices such as Ekso-GT and In-
dego.7 Moreover, there is some evidence that people with 
stroke undergoing end-effector training had better out-
comes than those submitted to exoskeleton devices.7, 24, 42 
The different features of the devices are fundamental for 
their “real” applicability in clinical practice, although their 
use also depends on the patient’s impairment and disabil-
ity. Because locomotion is the result of complex dynamic 
interactions between feedback mechanisms and a central 
controller in the brain, the rehabilitation methods that 
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improved subject’s ability, machine constraint should be 
reduced, allowing an adequate level of training intensity 
and increasing training variability and training sensorimo-
tor stimuli with “lighter” devices. Finally, when subjects 
are able to walk in an autonomous manner they might have 
a reduced or no indication for the walking training assisted 
by a grounded robot. This theoretical schema will allow 
adequate training with the proper intensity and repetition, 
preventing physical deconditioning and learning non-use. 
To this end, the level of walking ability measured by the 
FAC could be a good marker for device use in subjects af-
fected by stroke as proposed in a previous work.44

This systematic review supports the use of robot-assist-
ed therapy, coupled with conventional physical therapy, 
to improve gait in people with stroke (Table V). The re-
viewed international guidelines altogether suggest that the 
earlier the training starts, the better the gait recovery will 
be. Moreover, people with stroke that are more impaired 
seem to benefit more from RAGT. Despite the increasing 
evidence of robotic device effectiveness on lower limb 
strength and motor function in gait rehabilitation after 
stroke, the quality of the reviewed guidelines was hetero-
geneous, and the lack of consensus around standardized 
outcome measures further complicates the comparison be-
tween different studies. Some of the reviewed guidelines 
are of good/excellent quality and, for example, indications 
by the Canadian Stroke Guidelines39 may be followed in 
clinical practice because of their high AGREE scores. Cur-
rent guidelines need to be improved, especially in the field 
of applicability, given that this was the domain with the 
lower scores. Guidelines with higher applicability scores 
are fundamental, because such domain affect more than 
the other the use of the devices in clinical practice. In-
deed, facilitators and barriers will impact the application 
of guideline recommendations, requiring additional re-
sources in order to apply them. Guidelines should clarify 
the selected subgroups with stroke that could benefit from 
robotic devices, as well as the optimal time window and 

Finally, current guidelines lack the optimal dose (num-
ber of repetition and time of therapy), frequency and dura-
tion of the robot-assisted rehabilitation treatment. To this 
end, the Advanced Robotic Therapy Integrated Centers 
(ARTIC) network was created in order to collect data from 
people with stroke using RAGT in a wide variety of clini-
cal settings, as well as to develop guidelines concerning 
the use of RAGT, with regard to Lokomat.53

The strength of our review was the broad search con-
ducted based on the Equator Network reporting recom-
mendations outlined in the Appraisal of Guidelines, Re-
search and Evaluation (AGREE) II instrument32 and the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) statement.33 Moreover, this is 
the first review to summarize the available international 
guidelines for individual RAGT intervention in patients 
with stroke, to provide clinicians with evidence based in-
formation in their rehab practice.

Guidelines are formulated to provide clinicians with 
practical indications to improve patient’s care and cure 
in clinical settings. However, the reviewed international 
guidelines to date have only partially addressed RAGT in 
patients with stroke, with poor indications for clinicians. 
As the use and diffusion of robots and electromechanically 
assisted devices is growing in the rehabilitation field, an 
international guideline aimed at indicating the specific de-
vice to use as well the timing of treatment, frequency and 
dosage (i.e. number and duration of training sessions, exer-
cises and period of training) is needed. We believe that dif-
ferent training with different approaches and kinds of de-
vices should be used in the different stages of the disease. 
Indeed, according to principles of neurosciences, walking 
training should be provided in the most physiological pos-
sible way and this is not always possible, as the device 
should fit with the patient’s disability and comorbidities. 
The more severe the disability of the subject affected by 
stroke, the higher the assistance and the constraint level 
provided by the robot/device. In contrast, in presence of an 

Table V.—��The main recommendations and gaps of the available guidelines for robotic rehabilitation following stroke.
Main recommendations Gaps

Electromechanical devices, including robots for gait training, could be 
considered for subjects who would not otherwise exercise gait (i.e. more 
impaired patients).

RAGT should not be used in place of conventional gait training.
Better outcomes are obtained within the first 3-6 months after stroke.

No indication on the specific device to use either in the different phases of 
stroke or on a specific aim.

Integration of Robotic therapy in the individual rehabilitation plan.
Poor information on the timing and dosage as well as frequency of the 

rehabilitative training, according to patient’s characteristics (treatment 
protocol).

Absence of specific assessment tools to evaluate RAGT after effects.
Improvement of the learning transfer from robotic to daily activities.

RAGT: robotic assisted gait training.
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