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ABSTRACT      
INTRODUCTION: Postural instability is a cardinal feature of Parkinson’s disease, together with rest tremor, rigidity and bradykinesia. It is a 
highly disabling symptom that becomes increasingly common with disease progression and represents a major source of reduced quality of life 
in patients with Parkinson’s disease. Rehabilitation aims to enable patients with Parkinson’s disease to maintain their maximum level of mobil-
ity, activity and independence. To date, a wide range of rehabilitation approaches has been employed to treat postural instability in Parkinson’s 
disease, including robotic training. Our main aim was to conduct a systematic review of current literature about the effects of robot-assisted gait 
training on postural instability in patients with Parkinson’s disease.
EVIDENCE ACQUISITION: A systematic search using the following MeSH terms “Parkinson disease,” “postural balance,” “robotics,” “reha-
bilitation” AND string “robotics [mh]” OR “robot-assisted” OR “electromechanical” AND “rehabilitation [mh]” OR “training” AND “postural 
balance [mh]” was conducted on PubMed, Cochrane Library and Pedro electronic databases. Full text articles in English published up to De-
cember 2020 were included. Data about patient characteristics, robotic devices, treatment procedures and outcome measures were considered. 
Every included article got checked for quality. Level of evidence was defined for all studies.
EVIDENCE SYNTHESIS: Three authors independently extracted and verified data. In total, 18 articles (2 systematic reviews, 9 randomized 
controlled trials, 4 uncontrolled studies and 3 case series/case reports) were included. Both end-effector and exoskeleton devices were investi-
gated as to robot-assisted gait training modalities. No clear relationship between treatment parameters and clinical conditions was observed. We 
found a high level of evidence about the effects of robot-assisted gait training on balance and freezing of gait in patients with Parkinson’s disease.
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means of exoskeleton or end-effector devices with harness 
for supporting body weight and controlling body sway.

Despite the amount of evidence about the use of robot-
assisted gait training for treating patients with PD suffer-
ing from postural instability to date there is scant consen-
sus on these procedures according to the wide range of 
protocols proposed in literature. This paper presents the re-
sults of a systematic review of current studies about the ef-
fects of robot-assisted gait training on postural instability 
in patients with PD, which was conducted by the working 
group on balance of the Italian Consensus Conference on 
“Rehabilitation assisted by robotic and electromechanical 
devices for persons with disability of neurological origin” 
(CICERONE), promoted by the Italian Society of Physi-
cal and Rehabilitative Medicine and the Italian Society of 
Neurological Rehabilitation.

Evidence acquisition

This systematic review was conducted according to the 
PRISMA statement.21

A systematic search using the following MeSH terms 
“Parkinson disease,” “postural balance,” “robotics,” “reha-
bilitation” AND string “robotics [mh]” OR “robot-assisted” 
OR “electromechanical” AND “rehabilitation [mh]” OR 
“training” AND “postural balance [mh]” was conducted on 
PubMed, Cochrane Library and Pedro electronic databases.

Selection criteria

Full text articles in English published up to December 
2020 were included according to the following criteria, 
which considered participants (adults with PD), type of 
intervention (robot-assisted gait training for treating pos-
tural instability), comparators (no treatment; conventional 
exercises; overground walking training; treadmill training) 
and outcomes (balance control and related skills).

Study selection and data extraction

Three independent reviewers selected the studies accord-
ing to the criteria listed above. Any disagreement was re-

Introduction

Parkinson’s disease (PD) is a common neurodegenera-
tive disorder due to the loss of dopaminergic neurons in 

the substantia nigra pars compacta, which alters the func-
tion of basal ganglia (and in particular of the putamen) that 
is involved in control of upright stance, movement perfor-
mance, motor learning and motor control.1 Postural insta-
bility is a cardinal feature of PD, together with rest tremor, 
rigidity and bradykinesia.2 It represents a highly disabling 
symptom that becomes increasingly common with disease 
progression and is a main source for reduction of quality of 
life in patients with PD.2, 3 The pathogenesis of postural in-
stability in PD involves impaired postural reflexes, patho-
logical postures, increased postural sway, compensatory at-
tentional strategies and disordered sensory systems.1, 4 This 
may result in changes about the strategies of postural con-
trol during standing tasks, unexpected destabilizing pertur-
bations and voluntary movements, such as walking.1, 4, 5

Rehabilitation is an adjuvant treatment to pharmacolog-
ical and surgical procedures for PD in order to maximize 
functional ability, level of mobility and independence, also 
minimizing secondary complications.2, 6 To date, a num-
ber of rehabilitative approaches has been proposed to treat 
the disabling features of PD, including physiotherapy (i.e. 
stretching procedures, muscle strengthening, therapeutic 
exercises), occupational therapy, treadmill training and ad-
vanced technologies.6-11 Unfortunately, it remains unclear 
which intervention is the most effective.12, 13

In the last decades, there was a growing diffusion of ro-
botic devices in rehabilitation facilities. The main aim of 
robots is to assist the training of patients with neurological 
disabilities. As to patients with PD, robotic training has been 
proposed to treat the impairments involving walking and 
the upper limbs.14-18 Based on the evidences about the ben-
eficial effect on balance skills of rehabilitation procedures 
aimed at improving gait (such as treadmill),19 robot-assisted 
gait training has been proposed as a treatment approach for 
postural instability in PD.20 This was also because robot-
ic machines for walking training may improve the safety 
profile of treatment in patients with balance impairment by 

CONCLUSIONS: This systematic review provides to the reader a complete overview of current literature and levels of evidence about the ef-
fects of robot-assisted gait training on postural instability issues (static and dynamic balance, freezing of gait, falls, confidence in activities of 
daily living and gait parameters related to balance skills) in patients with Parkinson’s disease.
(Cite this article as: Picelli A, Capecci M, Filippetti M, Varalta V, Fonte C, Di Censo R, et al. Effects of robot-assisted gait training on postural insta-
bility in Parkinson’s disease: a systematic review. Eur J Phys Rehabil Med 2021;57:472-7. DOI: 10.23736/S1973-9087.21.06939-2)
Key words: Parkinson disease; Postural balance; Robotics; Rehabilitation.
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tocol as well as one trial applied a 3-week training proto-
col.25, 30 As to the treatment protocols considered in this 
review, they consisted of a number of sessions ranging 
from 10 to 20 with a frequency that could be two, three 
or five times a week. The duration of each treatment ses-
sion was between 20 and 45 minutes. Most of the stud-
ies used the body-weight support integrated in the robotic 
device.17, 18, 20, 24-31, 33-36 When used, the body-weight sup-
port was progressively reduced during the single treatment 
session and/or along the treatment cycle according to the 
growing confidence with the robotic device.

Some studies used robot-assisted gait training as part 
of a broader and more articulate training protocol, which 
last from 1 to 3 hours per session.31, 33, 35 Treatments were 
inpatients in two cases.29, 31

A physiotherapy protocol performed overground was 
provided as control treatment in five randomized con-
trolled trials.17, 18, 20, 31, 34 Five randomized controlled 
trials proposed treadmill training as comparative treat-
ment.18, 26, 33, 35, 36

Most of the studies enrolled subject’s suffering from both 
early-moderate (Hoehn and Yahr <3) and advanced (Hoehn 
and Yahr ≥3) stage of Parkinson’s disease.17, 27, 28, 30-33, 35, 36 
Carda et al. enrolled only people with early stage of dis-
ease, while Picelli et al. studied the effect of robotic train-
ing on subjects with postural instability.18, 20, 26, 34

With regard to the treatment outcomes, both specific 
scales for the assessment of balance and more global 
scales (including issues related to postural control in ex-
perimental and real-life conditions) were used. The most 

solved by a discussion between them. After the inclusion 
of a study, data about patient characteristics, robotic de-
vices, treatment procedures and outcome measures were 
extracted and verified.

Quality assessment

Study quality was assessed by means of the Pedro Scale, 
which assigns a score ranging from 0 to 10.22 A Pedro 
Score of 9-10 was considered excellent, a score of 6-8 
was considered good, a score of 4-5 was considered fair, 
a score lower than 4 was considered poor.23 The method-
ological assessment of systematic reviews was done ac-
cording to the Measurement Tool to Assess Systematic 
Reviews (AMSTAR)-2.22

Level of evidence

The level of evidence was defined for all studies by means 
of the framework for quantitative research on intervention 
studies (Oxford Center for Evidence-Based Medicine) as 
follows: level 1a – systematic review of randomized con-
trolled trials; level 1b – individual randomized controlled 
trials; level 2a – systematic review of non-randomized 
controlled trials; level 2b – individual cohort studies; level 
3a – systematic review of case-control study; level 3b – 
individual case control studies; level 4 – case series, poor 
quality cohort and case-control studies; and level 5 – ex-
pert opinion.

Evidence synthesis

In total, 18 articles (2 systematic reviews, 9 randomized 
controlled trials, 4 uncontrolled studies and 3 case series/
case reports) were included (Figure 1). Supplementary 
Digital Material 1: Supplementary Table I reports detailed 
information about them.

Both end-effector and exoskeleton devices were inves-
tigated as to robot-assisted gait training modalities. Con-
sidering only the studies reporting original data, exoskel-
eton devices (Lokomat, Hocoma, Volketswil, Switzerland; 
Robotic Gait Trainer – RGT Rehastim, Berlin, Gernany; 
Walkbot_S, P&S Mechanics, Seoul, South Korea) were 
used in 9 studies,24-32 while end-effector devices (Gang-
Trainer GT1, Reha-Stim, Berlin, Germany; G-EO System 
Evolution, Reha Technology, Olten, Switzerland) were 
used in 7 studies.17, 18, 20, 33-36

The duration of robotic training (both with exoskeleton 
and end-effector devices) was mainly between 4 and 5 
weeks. Only one study proposed a 2-week treatment pro-

Figure 1.—Flow chart on the selection process of studies.

Records identified
• PubMed (N.=5945)
• Cochrane Library (N.=224)
• PEDro (N.=213)

Full-text articles  
assessed for eligibility 

(N.=57)

Records screened 
(N.=135)

Records excluded
(N.=6247)

Records excluded
(N.=78)

Studies included
(N.=18)
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ment sessions and their duration), the treatment parameters 
(i.e. gait speed and percentage of body-weight support) and 
the PD severity (expressed in terms of Hoehn and Yahr 
Score) of patients treated with robot-assisted gait train-
ing. Despite these limitations, the current literature shows 
that robot-assisted gait training may effectively lead to 
significant improvements of postural control and gait pa-
rameters related to balance skills after treatment and at the 
follow-up evaluations (up to one month after the end of 
treatment) when compared to the baseline assessment or to 
unspecific conventional training procedures at low inten-
sity.17, 20, 24, 25, 27-31, 37, 38 On the other hand, there is a high 
level of evidence supporting the non-superiority of robot-
assisted gait training with respect to conventional balance 
training and equal intensity treadmill training for improv-
ing postural instability and gait parameters associated with 
balance control in patients with PD.26, 33, 34 Only three stud-
ies reported better improvements of postural instability due 
to robot-assisted gait training in comparison with treadmill 
training.18, 34, 36 A study by Picelli et al. considered a sam-
ple of patients suffering from PD with postural instability 
(Hoehn and Yahr 3) treated by means of robot-assisted gait 
training vs. equal intensity treadmill training (Supplemen-
tary Table I).18 The authors found the Berg Balance Scale 
to achieve greater improvements after robot-assisted gait 
training than after equal intensity treadmill training. How-
ever, these findings had been overcome by the same research 
group in a later study on the same type of population, which 
found no significant difference between robot-assisted gait 
training and conventional training specific for balance.34 
Another study by Galli et al. reported significantly greater 
improvements in some gait parameters related to balance 
control (i.e. gait speed, step length and cadence) due to 
robot-assisted gait training compared to intensive treadmill 
training (Supplementary Table I).35 However, this study 
has some limitations regarding balance issues. Indeed, the 
Authors included both patients with PD suffering from 
postural instability and those without balance impairment 
(Hoehn and Yahr Score of the sample ranged from 1.5 to 
4). Furthermore, the intensity of treadmill training was not 
defined. A further study by Capecci et al. included patients 
suffering from PD with Hoehn and Yahr Score ≥ 2.36 The 
Authors found that robot-assisted gait training was more 
effective than equal intensity treadmill training on freezing 
of gait, especially in individuals with greater walking dis-
ability (Supplementary Table I).36

As to the findings of this systematic review, we would 
like to discuss, from a clinical rehabilitation practice point 
of view, about the non-superiority of robot-assisted gait 

used outcome measure specific for assessing balance skills 
was the Berg Balance Scale.14, 18, 20, 30, 32, 34 In five stud-
ies, the impact of training on freezing of gait was stud-
ied.24, 25, 28, 30, 36 Analysis of gait parameters related to bal-
ance skills (e.g. stride length, coefficient of variation of 
stride time, cadence, single support and double support 
duration) was done in some studies.17, 18, 24, 25, 28, 29, 33, 35

All enrolled trials showed robotic training induced im-
provements of outcomes measures, both specific for pos-
tural instability (i.e. BBS or Tinetti scores) and more ge-
neric gait-related measures.2, 14, 18, 30, 32, 34, 35 Randomized 
controlled trials showed a possibly better effect of robotic 
training with respect to over-ground physiotherapy not 
specific for balance and gait problems.17, 18, 20, 31, 34 Con-
versely, robot-assisted gait training seems not superior to 
treadmill training, (probably except for balance and freez-
ing of gait).18, 26, 33-36

The assessment of outcomes was performed at the 
end of the treatment in six trials,24, 25, 30, 33, 35, 36 after the 
1st17, 20, 28, 29, 32 and 3rd18, 27, 31, 34 month after the end of the 
training in five studies. Carda et al. assessed outcomes at 
the 6-month follow-up.26 The quality of the RCTs ranged 
from a score of 6 to 8 on the Pedro scale; concealed al-
location, patient’s or physiotherapist’s blindness and an 
adequate follow-up were the most often omitted study fea-
tures.20, 26, 27, 32, 34, 35

Discussion

This systematic review was carried out by the working group 
on balance of the Italian Consensus Conference on “Reha-
bilitation assisted by robotic and electromechanical devices 
for persons with disability of neurological origin” (CICE-
RONE), promoted by the Italian Society of Physical and Re-
habilitative Medicine and the Italian Society of Neurologi-
cal Rehabilitation. It deals with the effects of robot-assisted 
gait training on postural instability in patients with PD.

Consistent with the type of training investigated, balance 
skills were not considered as primary outcome by the ma-
jority of studies included in this systematic review. On the 
same line, some studies reported indirectly the effects on 
postural control of robot-assisted gait training by investigat-
ing some gait parameters related to balance skills. Thus, it 
is not surprising that this review included both patients with 
PD suffering from postural instability (Hoehn and Yahr 
Score ≥3) as well as those without balance impairment.

Considering the studies included in this review, it seems 
to be no correspondence between the type of device (exo-
skeleton or end-effector), the protocols used (in terms of 
total duration of the treatment cycle, frequency of treat-
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ian Consensus Conference on “Rehabilitation assisted by 
robotic and electromechanical devices for persons with 
disability of neurological origin” (CICERONE). Its main 
limitation is the absence of meta-analysis. Another limi-
tation may be represented by the inclusion of all studies 
(not only randomized controlled trials). This was because 
a great part of evidence about the effects of robot-assisted 
gait training for treating postural instability in patients 
with PD comes from uncontrolled trials and case series/
single cases. Thus, we decided to provide a complete over-
view of the literature.

Conclusions

This systematic review provides to the reader a complete 
overview of current literature and levels of evidence about 
the effects of robot-assisted gait training on postural in-
stability issues (static and dynamic balance, freezing of 
gait, falls, confidence in activities of daily living and gait 
parameters related to balance skills) in patients with PD. 
Future studies are needed to overcome the limits of current 
literature reported in this review.
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