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ABSTRACT      
INTRODUCTION: Gait ability is often cited by stroke survivors. Robot-assisted gait training (RAGT) can help stroke patients with lower limb 
motor impairment regain motor coordination.
EVIDENCE ACQUISITION: PubMed, Cochrane Library, Embase were systematically searched until September 2023, to identify randomized 
controlled trials presenting: stroke survivors as participants; RAGT as intervention; conventional rehabilitation as a comparator; gait assessment, 
through scales or quantitative parameters, as outcome measures.
EVIDENCE SYNTHESIS: Twenty-seven publications involving 1167 patients met the inclusion criteria. Meta-analysis showed no signifi-
cant differences in speed, cadence, spatial symmetry, and changes in joint mobility angles between the RAGT group and the control group. 
In addition, RAGT was associated with changes in affected side step length (SMD=0.02, 95% CI: 0.01, 0.03; P<0.0001), temporal symmetry 
(SMD=-0.38, 95% CI: -0.6, -0.16; P=0.0006], Six-Minute Walk Test (SMD=25.14, 95% CI: 10.19, 40.09; P=0.0010] and Functional Ambulation 
Categories (SMD=0.32, 95% CI: 0.01, 0.63; P=0.04). According to the PEDro scale, 19 (70.4%) studies were of high quality and eight were of 
moderate quality (29.6%).
CONCLUSIONS: Taken together, the review synthesis showed that RAGT might have a potential role in the recovery of walking dysfunction 
after stroke. However, its superiority over conventional rehabilitation requires further research. Additionally, it may provide unexpected benefits 
that the effects of RAGT with different types or treatment protocols were further compared.
(Cite this article as: Chen S, Zhang W, Wang D, Chen Z. How robot-assisted gait training affects gait ability, balance and kinematic parameters after 
stroke: a systematic review and meta-analysis. Eur J Phys Rehabil Med 2024;60:400-11. DOI: 10.23736/S1973-9087.24.08354-0)
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Introduction

Stroke is the second leading cause of death, and about 
60% of stroke patients have walking dysfunction.1, 2 Six 

months after stroke, 40% of patients who had regained partial 

walking ability had difficulty walking in unsupported condi-
tions, and the rest had trouble walking in the community.3, 4 
Besides, walking independently and safely is the most fre-
quently cited goal of stroke survivors.5 Obviously, improv-
ing walking ability is also a key goal in stroke recovery.6, 7
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function in stroke; 5) study: randomized controlled study. 
Moreover, exclusion criteria were as follows: 1) study pro-
tocols; 2) conference summaries; 3) studies that could not 
isolate the efficacy of RAGT; 4) non-English literature.

Retrieval strategy

Up to September 2023, studies in PubMed, Cochrane 
Library and Embase were retrieved based on the PICOS 
principle. Medical Subject Headings (MeSH) and key-
words were used to search, such as stroke*[MeSH], apo-
plexy [MeSH], Exoskeleton [MeSH], Robotics [MeSH], 
End-effector* [Title/Abstract] “gait parameter*” [Title/
Abstract], walking [MeSH], etc. Accordingly, the detailed 
retrieval strategies are available in Supplementary Digital 
Material 1 (Supplementary Text File 1).

Data extraction

Two researchers (S.S. and D.Y.) conducted literature screen-
ing, data extraction and cross-verification independently. 
Any disagreements were resolved by discussion or sent 
to a third researcher (W.Y.) to judge until a consensus was 
reached. What is more, Endnote X9 was used to do literature 
management, read the titles and abstracts, eliminate obvi-
ously irrelevant literature and record the reasons and quanti-
ties. And if the literature contained multiple subgroups, the 
data matching the subgroups of this study were extracted. 
Also, we tried to contact the original author to supplement 
when there existed a lack of information in literature.

To summarize the effects of RAGT on walking function 
in stroke patients, the following data were extracted from the 
included studies: 1) basic information: first author, year of 
publication, country, etc.; 2) basic characteristics of the sub-
jects: sample size, age, gender, stroke onset time, stroke loca-
tion, etc.; 3) intervention protocols and treatment courses; 4) 
key elements of bias risk assessment; 5) outcome indicators.

Quality assessment

The methodological quality of the literature was assessed 
by the physiotherapy evidence database scale (PEDro)18, 19 
and the Cochrane risk bias assessment tool.20 Two research-
ers (S.S. and D.Y.) conducted the quality assessment inde-
pendently. And if the results were different, they discussed 
and negotiated with the third researcher (W.Y.) until a 
consensus was reached. PEDro scale has 11 assessment 
items such as randomization, blinding of participants and 
assessors, dropout rates, etc. Moreover, the score of 7-10 is 
classified as high quality literature, 5-6 as medium quality 
literature, and ≤4 as low quality literature.21

Early input of the correct physiological gait pattern is 
conducive to the recovery of gait.8 As a safe, intensive and 
task-specific repetitive training mode, Robot-assisted Gait 
Training (RAGT) can help stroke patients with lower limb 
motor impairment regain motor coordination. RAGT not 
only provides high-intensity and long-duration training 
but also helps to reduce the workload of therapists.

Robotic devices for limb rehabilitation fall into two 
main categories: Exoskeletons and End-Effector robots.9 
According to the support they apply, it is further divided 
into Treadmill-based RAGT (T-RAGT) and Overground 
RAGT (O-RAGT).10 Typically, T-RAGT is used in con-
junction with a body-weight support system (BWS).11 A 
number of studies have pointed out the effectiveness of 
RAGT in improving walking function.12-15 And a 2022 me-
ta-analysis16 suggests that further randomized controlled 
trials comparing the efficacy of RAGT with conventional 
physical therapy are still warranted. As research has pro-
gressed, the scientific evidence for the benefits of RAGT 
may have been updated. Therefore, updating the review is 
indispensable. Additionally, few studies have focused on 
the effects of RAGT on temporal and spatial parameters.

In light of these considerations, to update the efficacy 
of RAGT and explore its effects on kinematic parameters, 
this study conducted a systematic review and meta-analy-
sis of all extant studies on stroke.

Evidence acquisition

This systematic review and meta-analysis followed the 
guidelines outlined in the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA).17 And 
it has been registered with the International Prospective 
Register of Systematic Reviews (PROSPERO) (registra-
tion number: CRD42023459950).

Study selection

The principle of PICOS (population, intervention, com-
parison, outcome, study) was adopted to retrieve and 
screen articles in this study. And the inclusion criteria were 
as follows: 1) population: adult stroke patients diagnosed 
with lower limb motor dysfunction according to clinical 
guidelines; 2) intervention: experimental group received 
RAGT by exoskeleton robots or end-effectors; 3) compari-
son: control group received conventional training or tread-
mill walking training; 4) outcome: the primary outcomes 
were walking speed and step length, and the secondary 
outcomes were parameters (temporal, spatial, and tem-
poral-spatial) and clinical scales associated with walking 
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studies28, 35 combined RAGT with Conventional gait train-
ing (CGT) while others were single RAGT. Moreover, in 
85% of the included studies, treatment cycles were greater 
than or equal to four weeks, with a single treatment dura-
tion ranging from twenty minutes to one hour.

Risk of bias

Figure 2 and Table I display the risk of bias in 
the included studies.25-51 Among them, eight stud-
ies25, 26, 31, 40, 41, 43, 44, 51 not explicitly stated whether blind 
method was used, one study33 did not use blind method, 
15 studies27-30, 32, 35, 37-39, 45-50 used single blind method, 
one study36 used double blind method, and two stud-
ies34, 42 used triple blind method. As for random sequence 
generation, only three studies32, 34, 40 have unclear random 
sequence generation methods, and the rest have clear de-
scriptions. Meanwhile, nine studies26, 27, 31-33, 40, 43, 44, 49 did 
not mention allocation hiding, while the rest had detailed 
descriptions. Moreover, data were completely reported in 
all studies. The majority of studies had no other risk of 
bias or were unclear, and only one study39 was defined as 
high risk due to the availability of Research and develop-
ment funding. According to the PEDro score, there were 
8 medium-quality and 19 high-quality studies.

Statistical analysis

Two statistical software, RevMan 5.4 and Stata15, were 
used for meta-analysis.

Effect size

The mean and standard deviation value were combined 
to calculate the mean difference due to the outcome in-
dicators are continuous variables with the same unit. And 
95%CI are given for each effect size. The median and 
quartile values of the included studies were converted to 
mean or standard deviation according to the formula and 
then combined for analysis.22, 23

Heterogeneity

I2 statistic was used for evaluation. Its value represents 
small (25% or lower), medium or large (75% or higher) 
heterogeneity.24 A I2 threshold of 50% was set to evalu-
ate heterogeneity across studies. If I2≥50%, it indicated 
the application of a random effect model for data analysis, 
otherwise, the fixed effects model was employed. To iden-
tify the sources of heterogeneity, subgroup analyses were 
conducted based on post-stroke time (acute phase [≤6 
months], subacute phase and chronic phase [>6 months]) 
or robot training type (O-RAGT and T-RAGT).

Sensitivity analysis

Stata/SE was used to conduct a meta-analysis after remov-
ing individual studies successively, and evaluate the dif-
ferences between the eliminated results and the original 
combined results.

Publication bias was directly judged by drawing funnel 
plot.

Evidence synthesis

Study selection

A total of 5965 studies (1892 from PubMed, 950 from Co-
chrane Library and 3123 from Embase) were retrieved us-
ing the above retrieval strategies. Duplicate literature was 
eliminated and simultaneously the remaining literature 
was screened. Only 27 studies25-51 which met our strin-
gent criteria were finally included. A total of 1167 patients 
were included in the study cohort (607 in the experimen-
tal group and 560 in the control group) and their basic in-
formation is shown in Supplementary Digital Material 2 
(Supplementary Table I). In addition, Figure 1 shows the 
literature screening process and results in detail. Only two 

Figure 1.—Literature screening process and results.
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Results of individual studies

Walking speed

Thirteen studies were included, involving 509 subjects 
with lower limb dysfunction after stroke. Due to the het-
erogeneity test results (P<0.00001, I2=94%), a random ef-
fect model analysis was used. And as shown in Figure 3A, 
the results indicated that there was no significant statistical 
difference between the experimental group and the control 
group (SMD=0.06, 95% CI: -0.02, 0.14; P=0.14). Sensi-
tivity analysis found that the results showed satisfactory 
robustness, as shown in Figure 4A.

Subgroup analysis of robot training type indicated 
that O-RAGT (SMD=0.11, 95% CI: 0.01, 0.21; P=0.03) 
showed a higher effect size than T-RAGT (SMD=0.04, 
95% CI: -0.05, 0.13; P=0.38), as shown in Figure 3A.

Cadence

Thirteen studies were included, including 511 patients 
with lower limb dysfunction after stroke. Due to the het-
erogeneity test results (P<0.00001, I2=81%), a random ef-
fect model analysis was used. And as shown in Figure 3B, 
the results reflected that there was no significant statistical 
difference between the experimental group and the control 
group (SMD=2.04, 95% CI: -2.51, 6.60; P=0.38). Sensi-
tivity analysis pointed out that the results showed satis-
factory robustness after removing Joseph,43 as shown in 
Figure 4B.

Subgroup analysis of robot training type indicated that 
O-RAGT (SMD=7.29, 95% CI: 1.09, 13.49; P=0.02] 
showed a higher effect size than T-RAGT (SMD=-0.24, 
95% CI: -5.99, 5.51; P=0.93, as shown in Figure 3B.

Affected side step length

Six studies were included, involving 266 patients with 
lower limb dysfunction after stroke. On account of the 
heterogeneity test results (P=0.38, I2=6%), a fixed effect 
model analysis was used. And as shown in Figure 5A, 
the results indicated that there was a statistical difference 
between the experimental group and the control group 
(SMD=0.02, 95% CI: 0.01, 0.03; P<0.0001).

Non-affected side step length

Three studies were included, involving 93 patients with 
lower limb dysfunction after stroke. On account of the 
heterogeneity test results (P=0.72, I2=0%), a fixed effect 
model analysis was used. And as shown in Figure 5B, the 
results indicated that there was no statistical difference Figure 2.—Cochrane bias risk score.
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Six-Minute Walk Test (6MWT)

Sixteen studies were included, involving 813 patients with 
lower limb dysfunction after stroke. Due to the heterogene-
ity test results (P=0.0010, I2=60%), a random effect model 
analysis was used. And as shown in Figure 7A, the results 
indicated that there was a statistical difference between the 
experimental group and the control group (SMD=25.14, 
95% CI: 10.19, 40.09; P=0.0010). Sensitivity analysis re-
minded that the results showed satisfactory robustness after 
eliminating Rustem27 and Sanaz,49 as shown in Figure 4C.

Subgroup analysis of stroke onset time reflected 
that acute phase (SMD=37.80, 95% CI: 39.81, 45.78; 
P<0.00001) showed a better effect size than subacute or 
chronic phase (SMD=1.68, 95% CI: -8.72, 12.07; P=0.75), 
as shown in Figure 7A.

Berg Balance Scale (BBS)

Nine studies were included, including 298 patients with 
lower limb dysfunction after stroke. Due to the hetero-
geneity test results (P=0.43, I2=1%), a fixed effect model 
analysis was used. And as shown in Figure 7B, the results 

between the experimental group and the control group 
(SMD=0.02, 95% CI: -0.05, 0.09; P=0.56).

Symmetry

It can be divided into spatial symmetry and temporal sym-
metry.

Regarding spatial symmetry, four studies were includ-
ed, involving 119 patients with lower limb dysfunction 
after stroke. Due to the heterogeneity test results (P=0.12, 
I2=49%), a fixed effect model analysis was used. And as 
shown in Figure 6A, the results indicated that there was 
no statistical difference between the experimental group 
and the control group (SMD=0.00, 95% CI: -0.10, 0.11; 
P=0.98).

Regarding temporal symmetry, five studies were includ-
ed, involving 140 patients with lower limb dysfunction 
after stroke. On account of the heterogeneity test results 
(P=0.02, I2=65%), a random effect model analysis was 
used. And as shown in Figure 6B, the results indicated that 
there was a statistical difference between the experimental 
group and the control group (SMD=-0.38, 95% CI: -0.6, 
-0.16; P=0.0006).

Table I.—��Summary of PEDro score.25-51

Inclusion study 1 2 3 4 5 6 7 8 9 10 11 Total
Alingh 28 √ √ √ √ √ √ √ √ √ 8
Wright 29 √ √ √ √ √ √ √ √ √ 8
Husemann 35 √ √ √ √ √ √ √ √ √ 8
Bang 36 √ √ √ √ √ √ √ √ √ √ 9
Miyagawa 41 √ √ √ √ √ √ √ √ 7
Yu 48 √ √ √ √ √ √ √ √ √ 8
Louie 38 √ √ √ √ √ √ √ √ √ 8
Li 32 √ √ √ √ √ √ √ 6
Meng 30 √ √ √ √ √ √ √ √ √ 8
Watanabe 42 √ √ √ √ √ √ √ √ √ √ √ 10
Watanabe 34 √ √ √ √ √ √ √ √ √ 8
Zhang 50 √ √ √ √ √ √ √ √ √ 8
Lee 51 √ √ √ √ √ √ √ √ 7
Yoo 26 √ √ √ √ √ √ √ 6
Aprile 40 √ √ √ √ √ √ 5
Hidler 43 √ √ √ √ √ √ √ 6
Chua 37 √ √ √ √ √ √ √ √ √ 8
Westlake 45 √ √ √ √ √ √ √ √ √ 8
Lewek 25 √ √ √ √ √ √ √ √ 7
Van Nunen 46 √ √ √ √ √ √ √ √ √ 8
Pohl 47 √ √ √ √ √ √ √ √ √ 8
Tanaka 31 √ √ √ √ √ √ √ 6
Bizovičar 44 √ √ √ √ √ √ √ 6
Mustafaoglu 27 √ √ √ √ √ √ √ √ 7
Pournajaf 49 √ √ √ √ √ √ √ 6
Tanaka 33 √ √ √ √ √ √ 5
Nam39 √ √ √ √ √ √ √ √ √ 8
1: eligibility criteria; 2: randomly allocated; 3: assigning concealment; 4: similar at baseline; 5: blinding of all subjects; 6: blinding of all therapists; 7: blinding of all 
assessors; 8: measures of at least one key outcome; 9: intention to treat; 10: comparison between groups; 11: point measures and measures of variability.
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In terms of changes in the affected hip motion, four 
studies were included, involving 200 patients with lower 
limb dysfunction after stroke. Due to the heterogeneity 

indicated that there was a statistical difference between the 
experimental group and the control group (SMD=-0.55, 
95% CI: -0.99, -0.12; P=0.01).

Functional Ambulation Categories (FAC)

Sixteen studies were included, involving 768 patients with 
lower limb dysfunction after stroke. Due to the heteroge-
neity test results (P<0.00001, I2=87%), a random effect 
model analysis was used. And as shown in Figure 7C, 
the results indicated that there was a statistical difference 
between the experimental group and the control group 
(SMD=0.32, 95% CI: 0.01, 0.63; P=0.04).

Subgroup analysis of stroke onset time indicated that 
acute phase (SMD=0.32, 95% CI: -0.02, 0.66; P=0.07) 
showed a higher effect size than subacute or chronic phase 
(SMD=0.32, 95% CI: -0.13, 0.78; P=0.16), as shown in 
Figure 7C.

Angle of joint motion

It can be categorized into three aspects: affected hip, af-
fected knee and affected ankle.

Figure 3.—Forest plots for the analysis of walking speed, cadence and 
their subgroups.

Figure 4.—Summary of sensitivity analysis plots.
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dysfunction after stroke. Due to the heterogeneity test results 
(P=0.63, I2=0%), a fixed effect model analysis was used. And 
as shown in Figure 8B, the results indicated that there was no 
statistical difference between the experimental group and the 
control group (SMD=5.53, 95% CI: -1.69, 12.75; P=0.13).

In terms of changes in the affected ankle motion, four 
studies were included, involving 200 patients with lower 
limb dysfunction after stroke. Due to the heterogeneity 
test results (P=0.95, I2=0%), a fixed effect model analysis 
was used. And as shown in Figure 8C, the results indicated 
that there was no statistical difference between the experi-
mental group and the control group (SMD=1.23, 95% CI: 
-0.50, 2.95; P=0.16).

test results (P=0.24, I2=29%), a fixed effect model analysis 
was used. And as shown in Figure 8A, the results indicated 
that there was no statistical difference between the experi-
mental group and the control group (SMD=0.34; 95% CI: 
-1.62, 2.29; P=0.74).

In terms of changes in the affected knee motion, four stud-
ies were included, involving 200 patients with lower limb 

Figure 5.—Forest plots for the analysis of affected side step length, non-
affected side step length, stride length and their subgroups.

Figure 6.—Forest plots for the analysis of symmetry.

Figure 7.—Forest plots for the analysis of 6MWT, BBS, FAC and their 
subgroups.
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ies27, 43, 49 involved in two indicators, cadence and 6MWT. 
Random allocation and allocation concealment emerged 
high risk or unclear may be the main reasons for the un-
robust merger results. In addition, our study showed that 
RAGT was associated with the changes of the affected 
side step length, temporal symmetry, 6MWT and FAC 
which had potential clinical benefits for patients. But com-
pared with the control group, the experimental group had 
no significant advantages in walking speed, cadence, spa-
tial symmetry, balance, angle of joint motion changes and 
stride length. RAGT for post-stroke walking dysfunction 
is a growing area of research, with about 60% of the stud-
ies in this study published in 2018 or later.

Although the studies included in this review used slight-
ly different instruments to measure physical function, they 
all included walking speed in their measurements. Walk-
ing speed, a prognosticator of survival and disability in the 

Stride length

Nine studies were included, including 367 patients with 
lower limb dysfunction after stroke. Due to the heteroge-
neity test results (P<0.00001, I2=87%), a random effect 
model analysis was used. And as shown in Figure 5C, the 
results indicated that there was no statistical difference 
between the experimental group and the control group 
(SMD=0.01, 95% CI: -0.10, 0.12; P=0.89).

Subgroup analysis of stroke onset time reflected that 
acute phase (SMD=0.07, 95% CI: 0.01, 0.14; P=0.02) 
showed a better effect size than subacute or chronic phase 
(SMD=-0.24, 95% CI: -0.97, 0.49; P=0.52), as shown in 
Figure 5C.

Publication bias

Most of the included studies used walking speed and 
6MWT as outcome indicators. Furthermore, funnel plots 
(Figure 9) showed that there was less publication bias in 
both of them.

Discussion

To investigate the specific effects of RAGT, researchers 
in randomized controlled trials compared O-RAGT or T-
RAGT with CGT. Although RAGT requires less involve-
ment from therapists, physicians, etc., it may be an im-
provement over traditional therapy. Our study found that 
most of the results were robust except for the three stud-

Figure 8.—Forest plots for the analysis of changes in the angle of joint 
motion.

Figure 9.—Funnel plots.

A

B

C Analysis of changes in the affected ankle motion

Analysis of changes in the affected hip motion

Analysis of changes in the affected knee motion

A

B

6MWT

Walking speed

0

50

100

150

200

0.0

0.1

0.2

0.3

0.4

0.5

SE (MD)

SE (MD)

MD

MD

-200 -100 100 2000

0-0.5 0.5 1-1



CHEN 	I MPROVEMENT IN KINESIOLOGY AFTER STROKE WITH RAGT

408	 European Journal of Physical and Rehabilitation Medicine	 June 2024 

which seems to confirm the limitations of RAGT in im-
proving spatial symmetry. Yet, the limited sample size 
and the inconsistent quality of the evidence (including 1 
medium-quality study40 and 3 high-quality studies25, 30, 50) 
impacted the stringency of the conclusion. Moreover, joint 
motion requires the cooperation of peripheral sensation, 
central control, muscle function and other aspects. Strong 
muscle function supports strong joint movement. In other 
words, muscle function may take precedence over joint 
performance. Therefore, it is necessary to further explore 
the relationship between muscle function and spatial sym-
metry. That is to explore the interaction between dynamics 
and kinematics. Notably, electromyography is a reliable 
approach.

A good endurance level plays a prominent role in im-
proving walking ability after stroke. 6MWT is an impor-
tant test to assess walking endurance which reflects func-
tional compensatory ability for daily physical activity.59, 60 
And few studies have focused on the endurance improve-
ment of stroke patients by RAGT. Delightfully our study 
noticed this and indicated that RAGT had a better perfor-
mance in improving endurance than the control group. 
Compared to CGT, RAGT can provide safer (with BWS) 
and higher-intensity (reaching running speed) training to 
promote the cardiorespiratory function of patients. Also, 
in this meta-analysis, RAGT significantly improved the 
FAC score, suggesting that it has advantages in enhancing 
the ability to walk on the ground and stairs independently. 
This finding is consistent with the results of a randomized 
controlled trial by Yeung et al.,61 which found that RAGT 
can reduce functional gait dependence and promote motor 
recovery. The ability of stroke patients to walk indepen-
dently in the community was associated with increased 
walking speed.62 Although our study found no statistical 
difference in speed, its effect size is still worthy of recog-
nition.

In summary, we confirmed that RAGT has positive ef-
fect on walking dysfunction after stroke. Proprioceptive 
input plays an important role in neuroplasticity. The in-
teraction of proprioception, superficial senses and multi-
sensory afferents on neuroplasticity could be the focus of 
further study.

Robot training type

Subgroup analysis revealed that O-RAGT had a better ef-
fect size than T-RAGT in terms of speed improvement. 
Compared to T-RAGT, which is attached to a fixed exo-
skeleton, O-RAGT has no restrictions on treadmill and al-
lows walking training to be complete in a more realistic 

elderly, was associated with a 12% lower risk of death for 
every 0.1 m/s increase over at least five years of follow-up. 
However, this study found that RAGT and non-RAGT had 
similar improvements in speed which seems surprising. 
Although there is no obvious correlation between RAGT 
and speed, most studies36, 52-54 believe that RAGT has a 
positive effect on the improvement of step speed. Tedla et 
al.55 reported that there was no significant difference be-
tween RAGT and CGT on speed improvement, which is 
consistent with the results of another meta-analysis10 and 
ours. Moreover, the results of our meta-analysis indicated 
that the experimental group and the control group had 
similar improvements in cadence. Nevertheless, its change 
does not directly and accurately reflect the improvement 
of motion patterns. Thus, it can be better understood by 
combining and considering the results of changes in other 
indicators.

Compared with speed and cadence, symmetry can bet-
ter reflect the degree of injury, compensatory mechanism 
and recovery of stroke patients.56 It has been noted that 
RAGT has greater improvement in temporal and spatial 
parameters than CGT.33, 57 However, few studies have 
shown a significant association between RAGT and im-
provements in motor symmetry. Our results extend this 
evidence by showing that RAGT improves temporal sym-
metry but not spatial symmetry. Heidi et al.10 came to a 
similar conclusion in this regard. As the operating mode 
of RAGT is to set movement parameters in advance, pa-
tients may obtain a better physiological movement pattern 
that is closer to normal. Furthermore, self-driven training 
and training with properly afferent feedback can stimulate 
changes in motor cortex excitability.58 Thus more stable 
and rhythmic peripheral input may be the main reason for 
the improvement of temporal symmetry. And RAGT may 
promote the output of central motor control through the 
input of peripheral stimuli that mimic physiological gait 
patterns. Besides, intensive and repetitive assisted walking 
in coordination with voluntary motion may enhance motor 
relearning through neuroplasticity.

Spatial symmetry has more stringent requirements on 
balance, muscle strength, motor control and other aspects. 
Therefore, it is perhaps not surprising that RAGT does not 
show a significant correlation with it. Additionally, there 
was a significant difference in the improvement of affected 
side step length while there was not in the improvement of 
non-affected side step length. This suggests that the contri-
bution of step length to spatial symmetry may be limited. 
And the changes in the improvement of the angle of joint 
motion were not significantly different between groups, 
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confirms the efficacy of RAGT in the treatment of walking 
dysfunction after stroke and supplements the literature on 
the effects of RAGT on kinematic parameters. Also, to our 
knowledge, this study fills the gap of differences in effica-
cy between different RAGTs. This effort could potentially 
foster a deeper understanding and facilitate advancements 
in the treatment of RAGT, providing a theoretical founda-
tion for further research and discussions in this field, as 
well as informing clinical decision-making.

Limitations of the study

The main limitation of this study is the lack of a meta-
analysis of different RAGT treatment protocols and sys-
tems. The operation of some RAGT systems like HAL re-
quires specially trained personnel. Although instrumental 
measurements largely make the results more objective, 
differences in protocols and systems are still inconsistent 
factors that may give rise to some heterogeneity. Addition-
ally, some studies may cause potential bias due to the dif-
ficulty of implementing blind methods. It inevitably casts 
a shadow on the overall findings. While this does not in-
validate our results, it does necessitate a more cautious and 
discerning interpretation.

Conclusions

According to the available data, RAGT plays a role in the 
improvement of walking dysfunction after stroke. Also, 
RAGT does perform better in some kinematic indexes 
compared with non-RAGT training. O-RAGT may be 
superior to T-RAGT. However, whether it is superior to 
CGT needs to be demonstrated in further studies. These 
conclusions should be viewed with caution in light of the 
recognized shortcomings of the existing studies. Further 
large-scale multi-center studies are urgently needed which 
compare different treatment regimens and RAGT devices.
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