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ABSTRACT
Background: Treadmill training, including body weight–supported treadmill training (BWSTT), is widely used in stroke re-
habilitation. However, its efficacy in improving walking outcomes may vary depending on patients' baseline functional status.
Objective: This study aims to systematically evaluate effectiveness of treadmill training on walking speed and endurance in 
stroke survivors and to assess influence of baseline dependency and use of BWSTT.
Methods: We performed systematic review and meta-analysis as per PRISMA 2020 guidelines. Comprehensive search was con-
ducted using Scopus, MEDLINE, EMBASE, Chinese Biomedical Literature Database, China National Knowledge Infrastructure, 
Cochrane Library, Google Scholar and ScienceDirect for studies published from January 1964 to April 2024. Eligible studies were 
randomized controlled trials assessing treadmill training in stroke patients with outcomes as walking speed and/or endurance. 
Data extraction and risk of bias assessment were independently performed by two reviewers using Cochrane Risk of Bias-2 
tool. Standardized mean differences (SMDs) and 95% confidence intervals (CIs) were calculated using random effects model. 
Subgroup analyses were conducted based on baseline dependency and BWSTT use.
Results: Fifty-nine studies were included. Meta-analysis demonstrated significant improvements in walking speed (SMD = 0.255; 
95%CI: 0.141–0.369) and walking endurance (SMD = 0.277; 95%CI: 0.134–0.421) among stroke survivors receiving treadmill 
training. Subgroup analysis revealed that independent participants experienced greater benefits in walking speed (SMD = 0.345) 
and endurance (SMD = 0.374) compared to dependent participants. Studies employing BWSTT reported enhanced outcomes rel-
ative to those without BWSTT. Moderate to high heterogeneity was observed, and publication bias was detected.
Conclusion: Treadmill training, particularly when combined with BWSTT, effectively enhances walking speed and endurance 
in stroke survivors.

1   |   Introduction

Stroke represents a significant global health challenge, af-
fecting millions of individuals annually and leading to a wide 
range of disabilities (Khaku and Tadi 2024). These disabilities 

can vary widely from mild impairments to severe physical and 
cognitive dysfunction, depending on the stroke's severity and 
the brain area affected (Elendu et  al.  2023). Despite advances 
in acute stroke management, the long-term rehabilitation of 
stroke survivors remains a critical area for healthcare providers 
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and researchers, with the primary goal of enhancing functional 
recovery and improving quality of life (Boehme et  al.  2021). 
Moreover, as walking is pivotal to autonomy and overall well-
being, regaining independent ambulation is widely recognized 
as the primary goal in stroke rehabilitation.

Treadmill training, as a form of physical therapy, has gained 
prominence in poststroke rehabilitation programs (Damiano 
and DeJong  2009). This intervention leverages the natural 
pattern of walking, which is often severely affected following 
a stroke. The rationale behind treadmill training is based on 
the concept of neuroplasticity—the brain's ability to reorganize 
itself by forming new neural connections (Harvey  2009; Xiao 
et al. 2012). This ability allows for the compensation of damaged 

areas and the restoration of lost functions to some extent. 
Additionally, treadmill training is believed to stimulate central 
pattern generators (CPGs) in the spinal cord—intrinsic neural 
circuits that generate rhythmic and coordinated movements—
thereby supporting the recovery of automatic, independent 
walking patterns in stroke survivors (Sun et al. 2013).

One of the key advantages of treadmill training includes its 
ability to provide a controlled environment where the intensity, 
speed and duration of exercise can be systematically adjusted 
to meet the specific needs of each patient (McCain et al. 2008). 
This customization is crucial since stroke survivors often exhibit 
varied levels of motor function impairments. Moreover, modern 
treadmills equipped with body weight support systems can fur-
ther assist those who are initially unable to support their weight 
or maintain balance, thereby facilitating an earlier start to 
walking exercises than might otherwise be possible (Yamamoto 
et al. 2022).

The effectiveness of treadmill training in the rehabilitation 
of patients with stroke has been supported by various studies 
highlighting improvements in gait speed, endurance and over-
all walking ability (Deniz et al. 2011; DePaul et al. 2015; Kelley 
et al. 2013; Kaźmierczak et al. 2022). These enhancements are 
critical, as they contribute directly to the independence and 
quality of life of stroke survivors. However, the degree to which 
treadmill training is beneficial when compared to other reha-
bilitation interventions remains a subject of considerable debate 
within the medical community.

Furthermore, the timing of intervention initiation poststroke 
is a pivotal factor that potentially influences the outcomes 
of treadmill training (Deniz et  al.  2011; DePaul et  al.  2015; 
Kaźmierczak et  al.  2022; Kelley et  al.  2013). Early interven-
tion may capitalize on the heightened state of neuroplasti-
city immediately following a stroke, possibly leading to more 
significant improvements in motor skills (Laufer et al. 2001; 
McCain et  al.  2008). Conversely, late initiation of treadmill 
training, while still beneficial, might not offer the same level 
of impact due to the reduced plasticity of the brain as time pro-
gresses (Aguiar et al. 2020; Baek et al. 2021; Brauer et al. 2022; 
Hornby et al. 2019; Kim and Yim 2017; Nave et al. 2019; Serra 
et al. 2022; Cakmak et al. 2024).

Adding to the complexity, individual characteristics of pa-
tients with stroke—such as severity of stroke, specific brain 
regions affected and the presence of other comorbid condi-
tions—can significantly modify the effectiveness of any reha-
bilitation technique, including treadmill training. Therefore, 
personalized approaches to rehabilitation, which consider 
these individual differences, are increasingly advocated in 
clinical settings.

In this context, comprehensive review of available literature on 
treadmill training for patients with stroke can provide valuable 
insights. By aggregating and analysing data from multiple stud-
ies, this approach offers a robust assessment of the effectiveness 
of treadmill training interventions, helping to clarify their ben-
efits and limitations. Such an analysis is crucial not only for cli-
nicians seeking to optimize rehabilitation strategies but also for 
stakeholders involved in health policy and resource allocation 

Summary

•	 What Is Already Known About This Topic?

•	 Treadmill training, including body weight-supported 
treadmill training (BWSTT), is a potential rehabilita-
tion intervention for stroke survivors to improve walk-
ing speed and endurance.

•	 Previous studies have shown mixed results regarding 
the effectiveness of treadmill training compared to 
other rehabilitation methods.

•	 Key knowledge gaps include the differential impact 
of treadmill training based on patients' initial func-
tional status and the specific benefits of incorporating 
BWSTT.

•	 What This Paper Adds?

•	 This meta-analysis demonstrates significant improve-
ments in walking speed (SMD = 0.255) and walking 
endurance (SMD = 0.277) in stroke survivors follow-
ing treadmill training.

•	 Subgroup analyses reveal that independent partici-
pants benefit more significantly in both walking speed 
and endurance compared to dependent participants.

•	 Studies employing BWSTT show greater improve-
ments in walking outcomes, highlighting the added 
value of this technique in stroke rehabilitation.

•	 The Implications of This Paper

•	 How do these findings influence policy?

•	 These findings suggest that treadmill training, espe-
cially with BWSTT, should be considered for inclusion 
in standard stroke rehabilitation programs due to its 
effectiveness in improving mobility.

•	 How can these findings be used in practice?

•	 Clinicians can better tailor rehabilitation programs 
by incorporating treadmill training, particularly for 
patients who are initially independent, to maximize 
improvements in walking speed and endurance.

•	 How do these findings impact research and education?

•	 Future research should focus on standardizing tread-
mill training protocols, comparing different types of 
treadmill interventions and exploring long-term out-
comes. Educational programs should emphasize the 
benefits of treadmill training in stroke rehabilitation.
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in stroke care. Hence, this review was done to determine the 
effectiveness of treadmill training intervention for managing 
patients with stroke.

2   |   Materials and Methods

2.1   |   Eligibility Criteria

The inclusion criteria are defined as follows:

Study Design: Only individual or cluster randomized con-
trolled trials (RCTs) with a parallel arm or cross-over structure 
were included.

Publication Criteria: The review has considered only pub-
lished full-text articles. Case reports, series, conference ab-
stracts and unpublished grey literature will be excluded.

Population: Studies targeting patients diagnosed with stroke 
(ischaemic or haemorrhagic), without limitations based on age, 
gender or the presence of comorbidities.

Interventions: Studies that evaluate the effectiveness of 
treadmill training interventions for stroke rehabilitation. 
Comparisons may include standard care practices or other reha-
bilitative interventions.

Outcomes: Studies must report on any of the following out-
comes: walking speed and walking endurance.

2.2   |   Search Strategy

A comprehensive and meticulous literature search was con-
ducted across multiple databases, including Scopus, MEDLINE, 
EMBASE, Chinese biomedical literature database, China 
National Knowledge Infrastructure, Cochrane Library and 
search engines like Google Scholar and ScienceDirect. We em-
ployed both medical subject headings (MeSH) and free-text 
terms, using Boolean operators to refine the search. The key 
terms were related to stroke, treadmill training and randomized 
controlled trials. The search was limited to articles published 
from January 1964 to April 2024 and was conducted in both 
English and Chinese languages. Additionally, we examined the 
references of the retrieved studies to identify any potentially 
overlooked articles. The search strategy for this review is out-
lined in the Supporting Information Appendix.

2.3   |   Study Screening

During the initial phase of study selection, titles, keywords 
and abstracts were independently screened by two reviewers. 
Subsequently, they accessed and assessed the full texts of po-
tentially relevant studies based on the pre-established eligibility 
criteria. Any discrepancies during the initial screening phase 
were settled through discussion and consensus between the two 
reviewers. In the second phase, thorough examination of full 
texts was performed, finalizing those studies that fulfilled the 
inclusion criteria.

2.4   |   Data Extraction

After identifying the studies suitable for inclusion, the two re-
viewers engaged in data collection using a specially designed 
semistructured data extraction form, which was developed 
during the planning phase of the review. This form facilitated 
the systematic collection of critical information such as the au-
thors' names, title of the study, publication year, study duration, 
research design, location and setting of the study, number of 
participants, tools used for outcome assessment, average age 
of participants and detailed descriptions of the interventions 
and control conditions. Data entry was conducted by the first 
reviewer and subsequently checked for precision by the second 
reviewer.

2.5   |   Risk of Bias Assessment

The primary and secondary researchers undertook the 
responsibility of evaluating the risk of bias in the studies 
that were included. They employed the Cochrane Risk of 
Bias tool for Randomized Controlled Trials (RoB 2) to scru-
tinize five distinct areas: bias stemming from the random-
ization process, deviations from the planned intervention, 
incomplete outcome data, the accuracy of outcome measure-
ment and bias in the reporting of results (Sterne et al. 2019). 
Following these evaluations, each study was classified as 
exhibiting low, high or moderate concerns related to bias, 
which in turn helped to ascertain the quality of the evidence 
provided.

2.6   |   Statistical Analysis

Meta-analysis was performed using STATA software, version 
17. Since both the outcomes were continuous, standardized 
mean difference (SMD) was computed along with 95% confi-
dence intervals (Cis), using means, standard deviations and 
sample sizes from each group. Random effects model was uti-
lized, applying the inverse variance method for the weight-
ing of studies. Forest plots were created to illustrate both 
individual study results and combined estimates (Cumpston 
et al. 2019).

Heterogeneity among the studies was evaluated using chi-
square test and I2 statistics. Subgroup analyses were carried 
out focusing on variables such as the independence of partic-
ipants at the time of recruitment and the use of body weight-
supported treadmill training (BWSTT) techniques. For the 
purposes of this review, ‘dependent group’ is defined as stroke 
survivors who, at baseline, required physical assistance or 
relied on assistive devices for ambulation, as determined by 
standardized functional assessments (e.g., the Functional 
Ambulation Categories). Importantly, the use of BWSTT is 
considered an intervention modality and does not, in itself, 
classify a patient as dependent; rather, dependency is solely 
based on baseline ambulation ability. Publication bias was 
examined using Egger's test and visualized through funnel 
plots. An asymmetrical funnel plot or an Egger's test p-value 
less than 0.05 was indicative of potential publication bias 
(Cumpston et al. 2019).
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3   |   Results

3.1   |   PRISMA Flow Diagram

Review process commenced with identification of 3193 re-
cords through various databases. After removing 432 dupli-
cates, 2761 records were screened, leading to 238 full-text 
articles being assessed for eligibility (Figure 1). Ultimately, 59 
studies met the inclusion criteria and were incorporated into 
the review (Ada et  al.  2003, 2013; Aguiar et  al.  2020; Baek 
et al. 2021; Bonnyaud et al. 2013a, 2013b; Brauer et al. 2022; 
Combs-Miller et  al.  2014; Da Cunha Filho et  al.  2002; 
Deniz et  al.  2011; DePaul et  al.  2015; Duncan et  al.  2011; 
Eich et al.  2004; Franceschini et al.  2009; Gama et al.  2017; 
Globas et al. 2011; Hornby et al. 2008, 2019; Hoyer et al. 2012; 
Jaffe et  al.  2004; Kang et  al.  2012; Kaźmierczak et  al.  2022; 
Kelley et al. 2013; Kim et al. 2011, 2016; Kim and Yim 2017; 
Kosak and Reding 2000; Kuys et al. 2011; Langhammer and 
Stanghelle  2010; Laufer et  al.  2001; Liston et  al.  2000; Luft 
et al. 2008; Mackay-Lyons et al. 2013; Macko et al. 2005; Mao 
et  al.  2015; Middleton et  al.  2014; Moore et  al.  2010; Nave 
et  al.  2019; Nilsson et  al.  2001; Olawale et  al.  2009; Park 
et al. 2013, 2015; Pohl et al. 2002; Ribeiro et al. 2013; Richards 

et  al.  1993, 2004; Serra et  al.  2022; Srivastava et  al.  2016; 
Sullivan et  al.  2007; Suputtitada et  al.  2004; Takami and 
Wakayama  2010; Cakmak et  al.  2024; Toledano-Zarhi 
et  al.  2011; Weng et  al.  2004, 2006; Werner et  al.  2002; Yen 
et al. 2008; Zhu et al. 2004).

3.2   |   Included Study Characteristics

Characteristics of the included studies are provided in Table 1.

3.3   |   Walking Speed

In the meta-analysis, 57 studies involving 2895 participants 
were included, assessing the effects of treadmill training on 
walking speed in stroke survivors. The pooled SMD for over-
all effect was 0.255 (95% CI: 0.141 to 0.369), indicating a sig-
nificant improvement in walking speed (z = 4.382, p < 0.001) 
when compared to control group (Figure  2). Heterogeneity 
was moderate with an I2 of 49.3%, suggesting variability in 
study outcomes that could influence the interpretation of the 
effects.

FIGURE 1    |    PRISMA flowchart.
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FIGURE 2    |    Forest plot showing the effectiveness of treadmill training in improving walking speed among patients with stroke.
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Subgroup analysis based on the dependence of the participants 
at the time of recruitment revealed no significant effect in the 
dependent group (SMD = −0.004, 95% CI: −0.132 to 0.125), while 
significant improvement was noted in the independent group 
(SMD = 0.345, 95% CI: 0.207 to 0.484) (Figure  3). There was 
moderate heterogeneity in the independent group (I2 = 51.3%) 
and minimal heterogeneity in the dependent group (I2 = 0.0%). 
Subgroup analysis based on BWSTT combination revealed that 
the BWSTT subgroup (SMD = 0.316, 95% CI: 0.141 to 0.491) 
showed significant improvements in walking speed, contrast-
ing the non-BWSTT subgroup which exhibited minimal effect 
(SMD = 0.184, 95% CI: 0.051 to 0.318) (Figure 4). Publication bias 
assessment revealed asymmetrical funnel plot with significant 
Egger's test (p = 0.040) (Figure S1).

3.4   |   Walking Endurance

The meta-analysis evaluated 38 studies with 2291 partici-
pants to assess the impact of treadmill training on walking 
endurance in stroke survivors. Pooled SMD was 0.277 (95% 
CI: 0.134 to 0.421), indicating a significant improvement in 
walking endurance (z = 3.780, p < 0.001) (Figure 5). However, 
there was moderate to high heterogeneity among the studies 
(I2 = 58.9%), suggesting variation in the effects across different 
settings and populations.

Subgroup analysis based on the dependence of the participants 
at the time of recruitment revealed that the independent sub-
group (SMD = 0.374, 95% CI: 0.199 to 0.549) had significant 
improvements in walking endurance, contrasting with the de-
pendent subgroup which demonstrated no significant effect 
(n = 38, SMD = −0.027, 95% CI: −0.166 to 0.111). High hetero-
geneity was observed in the independent group (I2 = 58.4%) 
and minimal heterogeneity in the dependent group (I2 = 0.0%). 
(Figure 6). Subgroup analysis based on BWSTT combination re-
vealed that studies without BWSTT (SMD = 0.301, 95% CI: 0.086 
to 0.516) and those with BWSTT (SMD = 0.259, 95% CI: 0.063 
to 0.455) both demonstrated significant improvements in walk-
ing endurance, though the effect sizes were moderate. Moderate 
heterogeneity was observed within both subgroups (no BWSTT 
I2 = 56.2%, yes BWSTT I2 = 61.0%). (Figure 7). Publication bias 
assessment revealed asymmetrical funnel plot with significant 
Egger's test (p = 0.006) (Figure S2).

4   |   Discussion

This comprehensive meta-analysis encompassing 59 studies 
focused on the impact of treadmill training on walking speed 
and walking endurance among stroke survivors, yielding sev-
eral significant insights. The overall pooled SMD for walking 
speed was 0.255 (95% CI: 0.141 to 0.369), indicating a substan-
tial improvement. Similarly, for walking endurance, the pooled 
SMD was 0.277 (95% CI: 0.134 to 0.421), demonstrating notable 
gains. These findings affirm the efficacy of treadmill training in 
enhancing functional mobility poststroke.

Subgroup analyses added depth to these findings. For walking 
speed, participants who were independent at the start of treat-
ment showed a significant improvement (SMD = 0.345, 95% CI: 

0.207 to 0.484), while those who were dependent did not exhibit 
significant changes. This pattern was echoed in the walking 
endurance outcomes, where the independent subgroup showed 
substantial improvements (SMD = 0.374, 95% CI: 0.199 to 0.549) 
but the dependent group did not.

The analysis also highlighted the role of BWSTT, where both 
walking speed and endurance in groups that utilized BWSTT 
showed significant improvements compared to those that did 
not use this method. This suggests that BWSTT could be partic-
ularly beneficial in rehabilitation settings.

Publication bias was noted with significant Egger's test results 
(p = 0.040 for walking speed and p = 0.006 for walking endur-
ance), indicating potential asymmetry in study reporting, which 
might influence the perceived effectiveness of treadmill train-
ing interventions.

The findings of this meta-analysis are largely consistent with 
prior research, which has also identified treadmill training as 
a beneficial intervention for improving gait and endurance in 
stroke survivors. Studies such as those by Gelaw et  al.  2019 
and Bishnoi et al. 2022 have similarly reported improvements 
in walking speed and endurance following structured tread-
mill programs. However, the distinction between dependent 
and independent participants in relation to their response to 
the intervention provides new insights, suggesting that ini-
tial functional status is an important determinant of outcome 
success.

Previous literature has shown mixed results on the efficacy 
of BWSTT (Mehrholz et al. 2014; Mehrholz et al. 2017). While 
some studies report significant benefits, others find minimal 
differences when compared to conventional therapy (Bishnoi 
et al. 2022; Gelaw et al. 2019; Mehrholz et al. 2014; Mehrholz 
et al. 2017). Our findings support the notion that BWSTT adds 
value to the rehabilitation process, likely due to the enhanced 
safety and ability to initiate training earlier, which is crucial 
for capitalizing on the window of neuroplasticity soon after the 
stroke (Mehrholz et al. 2014; Mehrholz et al. 2017).

The significant improvements noted in independent partic-
ipants align with the principle of “use it or lose it,” which is 
well-documented in neurorehabilitation literature (Fasoli and 
Adans-Dester  2019). Patients who are more active and retain 
some degree of functional independence prior to intervention 
typically experience greater gains due to their ability to engage 
more fully in therapeutic activities.

The mechanisms underlying the observed benefits of treadmill 
training in stroke rehabilitation can be attributed to several neu-
rophysiological factors. Treadmill training promotes repetitive, 
rhythmic limb movements, which are thought to facilitate motor 
learning and neuroplasticity through the activation of CPGs in 
the spinal cord. This enhances the efficiency of neural pathways 
involved in walking, which is crucial for the recovery of func-
tional mobility (Sun et al. 2013).

For BWSTT, the additional support allows patients, even those 
with severe impairments, to begin walking exercises sooner 
than they might otherwise. This early mobilization is critical 
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FIGURE 3    |    Subgroup analysis based on dependency of the patients at the time of recruitment showing the effectiveness of treadmill training in 
improving walking speed among patients with stroke.
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FIGURE 4    |    Subgroup analysis based on body weight supported treadmill training showing the effectiveness of treadmill training in improving 
walking speed among patients withs stroke.
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as it helps to mitigate the effects of immobility and capitalizes 
on the early poststroke period when neuroplasticity is at its 
peak (Mehrholz et al. 2014; Mehrholz et al. 2017). In addition 
to facilitating earlier initiation of gait training and reducing fall 
risk, BWSTT provides a controlled environment that allows for 
prolonged, repetitive practice of proper gait cycles, which may 
enhance neuromuscular coordination and motor learning—fac-
tors that can directly contribute to improvements in gait speed 
and endurance (Mehrholz et  al.  2014; Mehrholz et  al.  2017). 
Furthermore, beyond the safety benefits, BWSTT enables pre-
cise adjustments of training parameters such as treadmill speed, 
duration and the level of body weight support, allowing thera-
pists to tailor interventions that reinforce efficient gait patterns. 
This task-specific, repetitive training environment is posited to 
promote both faster and more enduring improvements in walk-
ing performance, as supported by recent evidence (Mehrholz 
et al. 2014; Mehrholz et al. 2017). For patients with relatively pre-
served ambulatory function, treadmill training without BWSTT 
offers a beneficial challenge that promotes greater neuromuscu-
lar engagement and strength development, while BWSTT is pri-
marily designed for those with severe impairments who require 
additional support for safe gait initiation.

The differential outcomes observed between dependent 
and independent groups may be explained by the varying 

degrees of motor and neural integrity within these popula-
tions. Independent individuals likely retain greater neural 
reserves and motor capabilities, enabling them to benefit 
more from the physical and neuroplastic challenges presented 
by treadmill training. Conversely, individuals who are more 
dependent may require more tailored interventions that ad-
dress the specific deficits hindering their mobility (Zeller 
et al. 2024).

The strengths of this review lie in its comprehensive scope, 
including a large number of studies and participants, which 
provides a robust dataset for evaluating the effectiveness of 
treadmill training. The use of subgroup analyses to explore how 
different characteristics like initial dependency status and the 
use of BWSTT influence outcomes adds depth to the findings, 
offering practical insights for clinical practice.

However, the review is not without limitations. The significant 
heterogeneity observed across studies suggests variability in 
study design, participant characteristics, intervention protocols 
and outcome measures, which could affect the generalizability 
of the findings. The presence of publication bias also indicates 
that the results might be skewed towards studies showing posi-
tive outcomes, potentially overstating the effectiveness of tread-
mill training.

FIGURE 5    |    Forest plot showing the effectiveness of treadmill training in improving walking endurance among patients with stroke.
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The evidence supports the incorporation of treadmill 
training, particularly BWSTT, into stroke rehabilitation pro-
grams, especially for patients who are not severely disabled. 
Rehabilitation professionals should consider the initial func-
tional status of stroke survivors when designing and imple-
menting treadmill training programs to maximize recovery 
outcomes. The findings also underscore the importance of 
early intervention to exploit the window of heightened neuro-
plasticity poststroke.

Further analysis of our results suggests that the differential out-
comes observed between independent and dependent patients 
may reflect underlying variations in neuromuscular capacity 
and the ability to engage in repetitive gait training. Independent 
stroke survivors, who generally have higher residual motor 
function at baseline, appear better positioned to benefit from 
the repetitive, rhythmic nature of treadmill training. This may 
lead to enhanced motor learning and neuroplastic adaptations, 
thereby facilitating more substantial improvements in walking 
speed and endurance.

The use of BWSTT further accentuates these effects by enabling 
safe early mobilization, particularly in patients who may be at 

risk of falls. BWSTT appears to provide the necessary support 
that allows patients, especially those with moderate impair-
ments, to practice gait training more intensively and with re-
duced fear of injury. However, our findings indicate that while 
BWSTT can enhance walking outcomes, its benefits are more 
pronounced in individuals with some baseline degree of inde-
pendence. In contrast, patients classified as dependent—those 
requiring significant physical assistance or reliance on assistive 
devices—showed minimal improvement. This suggests that for 
these patients, additional or alternative rehabilitation strategies 
(e.g., robotics, targeted strength and balance interventions) may 
be required to address more severe deficits.

Inference from these observations underscores the importance 
of tailoring treadmill training interventions based on baseline 
functional status. Clinicians should consider incorporating 
BWSTT to maximize early functional gains in patients who 
are moderately impaired while exploring complementary ap-
proaches for those with greater dependency. Future research 
should aim to refine standardized protocols that adapt tread-
mill training modalities according to patient-specific needs, 
ultimately optimizing the potential for functional recovery 
poststroke.

FIGURE 6    |    Subgroup analysis based on dependency of the patients at the time of recruitment showing the effectiveness of treadmill training in 
improving walking endurance among patients with stroke.
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5   |   Conclusion

This meta-analysis underscores the efficacy of treadmill 
training in improving walking speed and endurance among 
stroke survivors, with notable benefits particularly for those 
who are independent during study recruitment. The incorpo-
ration of BWSTT appears to enhance these benefits, making 
it a valuable component of comprehensive stroke rehabilita-
tion programs. Despite the challenges posed by heterogeneity 
and publication bias, the evidence strongly supports the role 
of treadmill training in enhancing poststroke recovery, mer-
iting its inclusion in clinical practice and further exploration 
in research.
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