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ABSTRACT

The present study evaluates the effectiveness of
robot-assisted gait training (RAGT). Lower limb
function treatment in patients with cerebral palsy
(CP) includes functional testing: UP&GO, 6-Minute
Walking Test (6MWT), and the Gross Motor Function
Measure (GMFM).

PubMed, Web of Science, Cochrane Library, Embase,
Scopus, and EBSCO databases were searched to col-
lect RAGT studies on lower limb dysfunction in CP
patients. The GMFM, GMFM D, and GMFM E scales
assessed motor function, and the UP & GO test as-
sessed balance function and walking speed. 6MWT
assessed endurance and walking speed. Due to the
occurrence of only one publication with the UP&GO
test, it was impossible to analyze this element.

INTRODUCTION

Cerebral palsy (CP) is a neurodevelop-
mental disorder caused by brain damage dur-
ing early development, clinically manifested
by postural and motor dysfunction [1]. Sen-
sory, perceptual, cognitive and communica-
tion deficits, as well as behavioral problems,
epilepsy and secondary musculoskeletal prob-
lems, often accompany this CP-related motor
dysfunction. CP exhibits clinical features that
fall into four categories: spastic, irregular,
atactic, or mixed [1]. The prevalence of CP

The review included a total of 17 studies. The
meta-analysis showed that RAGT significantly im-
proved GMFM, GMFM D and E and 6MWT scores
in patients with CP. Results are a compilation of
all publications combined, as well as by group for
randomized and non-randomized trials, and for
RAGT alone or combined with conventional phys-
iotherapy. The results regarding the assessment of
functional status using the GMFM scale present the
lowest heterogeneity.

RAGT positively affects gait and balance functions in
CP patients. Future high-quality, long-term follow-up
studies are needed to investigate the clinical efficacy
of RAGT thoroughly.
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ranges from 0.20 to 0.35% among living in-
fants. In 2023, the number of people with CP
reached 17 million worldwide [1]. About 40%
of these patients cannot walk independently,
significantly affecting their daily functioning
[2]. Clinical rehabilitation interventions for
CP patients mainly include neurodevelopmen-
tal therapy, physiotherapy and hydrotherapy,
which succeeded but they are less effective in
treating gait and balance functions [2].
Robot-assisted gait training (RAGT) is
a new rehabilitation intervention that facili-
tates repetitive and effective gait training with
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external mechanical support [3]. In patients
with crouch gait, the robotic exoskeleton has
improved knee range of motion in patients
with spastic cerebral palsy [4]. Training on
a robot-assisted treadmill significantly im-
proved in standing and walking function [5].

Thestudies aresstill few, outcome measures
and treatment effects vary, clinical effectiveness
remains controversial, and more high-quality
evidence-based medicine is needed to support
this [6]. Meta-analysis is a statistical method
that quantifies several interventions and pri-
oritizes the effects of interventions based on
different outcome measures. In this study, we
used the meta-analysis method to search for
RAGT studies for patients with CP, extract
relevant outcome measures to assess their ef-
fectiveness, and provide evidence-based ref-
erences for the clinical application of RAGT
training.

MATERIAL AND METHODS

This study was registered on the PROS-
PERO platform CRD4202346954. The search
time window lasted from 6.10.2023 t0 4.11.2023.
Three reviewers conducted the main search in-
dependently (A.K., M.D., M.M.).

SEARCH STRATEGY

The authors conducted a meta-analysis
after a systematic search of all relevant articles
in Med of Science, Cochrane, PubMed, Sci-
ence, EBSCO, and Embase databases (Supple-
mentary File) with a limitation of the search by
language-only English-language publications,

a range of 10 years and only publications pub-

lished as articles or book chapters based on

the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guide-

lines. The search was conducted from 2013 to

2023. Three independent reviewers conducted

the leading search, and keywords included:

— 1# “Cerebral palsy” OR “cerebral paral-
ysis” OR “spastic cerebral paralysis” OR
“monoplegic cerebral palsy” OR “diplegic
cerebral palsy” OR “hemiplegic cerebral
palsy” OR “tetraplegic cerebral palsy”.

— 2# “Robot-assisted gait therapy” OR “Ro-
botic gait rehabilitation” OR “exoskele-
ton” OR “HAL” OR “trexo” OR “Loko-
mat” OR “ekso” OR “RoboGait” OR
“wearable robot”.

— 1# AND 2#.

The condition was limited to stud-
ies measuring GMFM, UP& GO and 6MWT.
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After completing the search, the results were
checked, and, in case of discrepancies, the de-
cision was discussed with a third researcher
(Fig. 1).

Three reviewers screened and indepen-
dently checked the titles and abstracts (AK,
MD, MM). After combining studies from six
databases and removing duplicates, we ob-
tained texts of potentially relevant articles.
Three independent reviewers evaluated each
article for eligibility based on the purpose of
the study. Articles were included based on
the following:

— population (people with CP);

— Gross Motor Function Classification Sys-
tem (GMFCS) I-1V;

— type of intervention  (robot-assist-
ed gait training with or without other
rehabilitation);

— outcomes (GMFM, 6MWT, UP&GO).

Any discrepancies were assessed and re-
solved by discussion among three reviewers.
We collected relevant data from each study in-
cluded in the analysis using a standard data re-
cording form. The form included details such
as publication title, authors and year. Further
information collected included the number
and age of participants, the intervention proto-
col (including intervention duration, compara-
tors, number of sessions and any additional
interventions), and outcome measures and re-
sults (mean and standard deviation). After ex-
traction, studies were excluded if they included
non-CP populations, did not include a mean
score and standard deviation for GO MWT, UP&
GO and GMFM, and had fewer than five
patients.

ASSESSING THE RISK OF BIAS

Three review authors (A.K., M.D., M.M.)
independently assessed the risk of bias using
the Risk Of Bias In Non-Randomized Studies 1
(ROBINS 1). The discussion between the three
reviewers resolved any disagreements. The fol-
lowing areas were evaluated: bias due to con-
founding, bias in selecting participants for
the study, bias in intervention classification,
bias due to deviations from the intended in-
tervention, bias due to missing data, bias in
reported results selection, and overall risk of
bias. Each area was addressed and labeled:
low, moderate and serious. For randomized tri-
als, RoB 2 was used. The following areas were
assessed: bias arising from the randomization
process, bias due to deviations from the intend-
ed intervention, bias due to missing outcome
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Figure 1. Flow chart of the study

data, bias in the measurement of the outcome,
and bias in the selection of the reported re-
sult. The answers are the same as in ROBINS
1; each domain was answered: low, moderate
and severe (Fig. 2) [7, 8].

DATA ANALYSIS

Several comparisons of the collected re-
sults were made: comparison 1 - the effects of
robot-assisted gait training alone compared
to the conditions of robot-assisted training
and conventional rehabilitation; comparison
2 - the maintenance of the effects of robot-as-
sisted gait training in randomized trials com-
pared to the effects in non-randomized trials.
The comparisons included results such as gait
distance in the 6SMWT, gait speed in the UP &
GO test, and GMFM functional test score in
domains D (standing) and E (walking, running
and jumping).

The mean difference (MD) was chosen
as the effect size metric for this meta-analysis.

The results were presented as MD, with a 95%
confidence interval (95% CI). To account for
potential heterogeneity, a random effects mod-
el was employed. A random effects model was
employed to account for potential heterogene-
ity. The 12 index, also known as the inconsisten-
cy index, was used to quantify the proportion of
total variation across studies due to heteroge-
neity rather than chance. The publication bias
was assessed with funnel plots and the Egger’s
test. Additionally, sub-analyses were conducted
based on whether the study was observational
or randomized, as well as whether physiother-
apy was administered solely by a robot or with
the support of a physiotherapist.

The statistical analysis was performed us-
ing Rstudio version 2023.06.0 (20092023 posit
software) using R-4.2.2 software incorporating
packages readxl, ggplot2, meta, and robvis. All
tests were significant at p < 0.05 except Co-
chran’s Q statistic. Given its low power, het-
erogeneity was deemed significant if p < 0.10.
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RESULTS
STUDIES SELECTION

We identified 892 articles using an elec-
tronic search strategy during this systematic
review. A cross-analysis of 17 full texts using
a standardized data entry form that included
outcome measures followed the identification
process. The cross-analysis verified exclusion
criteria and facilitated data extraction.

Figure 1 shows a detailed study of our
qualitative analysis after extracting eligible
studies. Seventeen articles in this systematic
review and meta-analysis covered 464 people
with cerebral palsy. These studies examined
the effects of RAGT through assessments such
as the 6MWT, the UP&GO test and the mea-
surement of GMFM.

QUALITATIVE ANALYSIS

Study quality was assessed based on risk
of bias using the ROBINS 1 tool for non-ran-
domized trials and Risk of Bias 2 (RoB 2) for
randomized trials. Figure 2 shows the results.

Study quality assessment classifies ran-
domized trials of four [9-12] as low risk
and three [16-15] as medium risk. Among
the non-randomized studies, eight studies
[16-23] were rated as low risk and two papers
[24, 25] as medium risk.

QUANTITATIVE ANALYSIS

The meta-analyses included 17 stud-
ies. Ten studies analyzed gait speed using
the O6MWT  (10,11,13,15,16,19-21,26,27)
a controlled force was applied to the pelvis
and legs during treadmill walking. For par-
ticipants who were assigned to the treadmill
only group, manual assistance was provided as
needed. Each participant trained 3 times/wk
for 6 wks. Outcome measures included walk-
ing speed, 6-min walking distance, and clini-
cal assessment of motor function, which were
evaluated before, after training, and 8 wks
after the end of training, and were compared
between two groups. Results Significant in-
creases in walking speed and 6-min walking
distance were observed after robotic training
(P = 0.03. Ten articles analyzed the GMFM
total [9, 12, 15, 17, 18, 21, 23, 25], and the D
and E dimensions of the GMFM were pre-
sented in eight papers [9, 10, 12, 13, 15, 17, 19,
23]. The meta-analysis results for all variables
are shown in Figures 3-6, respectively. For
6MTW, the publications discussed the results;
the vast majority achieved improvements;
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the vast majority achieved improvements,
but the meta-analysis shows a high degree
of heterogeneity. When considering random-
ized and non-randomized trials separately,
a decrease in heterogeneity is in the non-ran-
domized group. According to the publication
groups with RAGT alone and RAGT with con-
ventional rehabilitation, heterogeneity shows
only low levels in the RAGT alone group. Ob-
servers reported significant improvements in
functional status when using the GMFM scale
for functional assessment. There was minimal
variation in the results of each analysis, re-
gardless of whether randomized or non-ran-
domized trials were considered. The same
was true for publications describing RAGT
alone or RAGT with conventional therapy.
We observe average heterogeneity in the total
works analyzed in the D and E dimensions of
the GMFM scale.

DISCUSSION

This systematic review aimed to provide
a comprehensive overview of RAGT therapy’s
effectiveness in increasing total gait distance
and functional status among people with CP
at different levels of the GMFCS. The re-
sults showed that RAGT led to an increase
in total gait distance as measured by 6MWT
and improved functional abilities as assessed
by the measurement of GMFM. The system-
atic review found a positive clinical effect for
gait speed and GMFM total in the D and E
dimensions. These findings align with results
from other studies that specifically assessed
the short-term effects of RAGT [27-29].
The observed lack of statistically significant
differences may be due to the sample size.
The literature shows that meter increments
of 20, 50 meters in 6MTW are rated as small
to medium effects in the adult population [30].
Therefore, when the meta-analysis showed
a mean improvement of 29.65m, the results
of 6MWT should be considered clinically
non-significant. Improvements in GMFM may
indicate that RAGT has the potential to gen-
erate greater independence and functionality
for these individuals. A study by van Hedel
et al. found that the more significantly re-
duced a child’s walking ability (GMFCS 1V),
the greater the benefit gained from RAGT,
including improvements in physical and car-
diorespiratory fitness [19].

Currently, no objective data are avail-
able regarding the optimal RAGT protocol.
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Figure 2. Risk of bias. A. Traffic lights for non — randomized trial; B. Traffic lights for randomized trial V; C. Risk of bias graph for

non — randomized trial; D. Risk of bias graph for randomized trial

Larger controlled studies are required to de-
termine the optimal timing and protocol de-
sign that will maximize efficacy and long-term
outcomes in cerebral palsy patients. Another
important issue is the availability and cost of
these devices. At present, their usage is lim-
ited to highly specialized centers with the re-
quired space and resources. Therefore, more
compact and affordable devices for home use
are needed.

CONCLUSIONS

Evidence from this systematic review
with meta-analysis showed that RAGT can
clinically improve balance, gait distance,
and function in people with CP. The results
show that both 6MWT and GMFM improve
after the therapies. Therefore, RAGT is
a valid intervention to benefit balance, gait
distance, walking distance and functional
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Source

MD (95% Cl)

Pajaro-Blazquez M. et al. ; 2013

33.00 [-11.44; 77.44]

vanHedel H. et al. ; 2016 -6.20 [ -52.01; 39.61]
Wu M. etal. A; 2017 63.60 [ -31.96; 159.16] L
Wu M. etal. B; 2017 13.80[-89.64; 117.24] L
Peri E etal. A; 2017 20.60 [ -60.77; 101.97] —
PeriE etal. B ; 2017 15.70 [-169.01; 200.41] -
PeriE etal. C; 2017 -13.60 [-209.85; 182.65]
Matsuda M et al. ; 2018 36.50 [ -62.92; 135.92] —
Beretta E et al. ; 2019 26.00[-12.71; 64.71] -
Conner B.C. et al. ; 2020 51.20 [ -62.09; 164.49] B
Moll F. et al. ; 2022 11.80 [ -53.20; 76.80] —
FuW.etal. ;2022 88.25[ 78.19; 98.31]
Moll F. et al. ; 2023 4.40[-45.30; 54.10] —
Total 30.55[ 0.07; 61.03] | | | |
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Figure 3. Forest plot. A. 6-Minute Walking Test (6MWT) all; B. 6MWT non- randomized trials and randomized trials; G. 6MWT robotic
alone and robotic with conventional physiotherapy. MD — mean difference; Cl — confidence interval
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Source

MD (95% ClI)

Wu M. etal. A; 2017
Wu M. et al. B ; 2017
Wu M. et al. ; 2017

Peri E etal. A; 2017
Peri E etal. B ; 2017
PeriEetal. C ;2017

0.30[-7.71; 7.11]
-0.20 [ -8.44; 8.04]
0.70 [ -6.62; 8.02]
1.00[-6.93; 8.93]
2.50 [-6.11; 11.11]
0.50 [ -4.96; 5.96]

Balgayeva M et al. ; 2018 6.42[ 2.08; 10.76]
Klobucka S. et al. ; 2020  9.44 [ -6.51; 25.39]
Manikowska F et al. ; 2021 4.37 [ -6.33; 15.07]

Moll F. et al. ; 2022
Moll F. et al. ; 2023
Total

Source

DelLuca R.et al. ; 2022

Kuroda M.etal.; 2022  2.65 [-29.98; 35.28]
2.73[-21.72; 27.18]
7.00 [-1.04; 15.04]
2.70[-7.97; 13.37]
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Kuroda M.et al. ; 2022
Deluca R.et al. ; 2022

2.65 [-29.98; 35.28]
2.73[-21.72; 27.18]
2.70[-7.97; 13.37]

3.02[ 0.82; 5.22]

Heterogeneity: 72, = 6.81 (P = .87), 1> = 0%
Test for subgroup differences: X? =2.88 (P =.09)

MD (95% ClI)

Wu M. etal. A; 2017
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Figure 4. Forest plot. A. Gross Motor Function Measure (GMFM) all; B. GMFM non-randomized trials and randomized trials;

C. GMFM robotic alone and robotic with conventional physiotherapy. MD — mean difference; Cl — confidence interval
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Source

MD (95% CI)

vanHedel H. et al. ; 2016

Wu M. etal. A; 2017
Wu M. etal. B; 2017
Wu M. et al. ; 2017
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PeriE etal. B ; 2017
Peri Eetal. C; 2017
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ability in people with CP. Our findings re-
inforce the importance and need for more
randomized clinical trials that examine out-
come maintenance.
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