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ABSTRACT 

The current study’s aim was to investigate the properties of treadmill training on 
the stroke-induced neurological deficit in both human and animal studies. Our 
searches identified 87 potentially suitable studies, of which 34 met our inclusion 
criteria for inclusion. Four were studies on humans and 30 on animals. We also 
considered studies with one or more independent variables (intensity and/or 
duration of treadmill training) and neurological scale as the dependent variable as 
well as studies with one or more independent variables and more than one 
dependent variable. Besides the given independent variables, body-weight support 
(BWS) during treadmill training (10 to 40% of body mass) was also regarded as an 
important bias for collected studies. This study displayed treadmill training 
regardless of intensity and volume/duration had significant greater recovery of 
motor function than did no-training (SMD= 0.601; 95% CI= 0.546 to 0.657; 
P=0.0001). The current study exhibited that low intensity (≤ 0.6 m/s) - high 
duration/volume (>500 minutes) treadmill training as a rehabilitation strategy had 
the highest SMD to ameliorate stroke-induced dysfunctions compared to the 
other strategies. 
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Introduction 

Stroke is an important and largest reason for patients 
mortality and one of the leading causes of disabilities 
worldwide [1,2]. Regarding stroke-related outcomes, 
previous studies have shown that subjective facial, arm 
and leg weakness, arm and leg paresis, eye movement 
abnormality, neurological deficit, and gait ataxia are 
dominant symptoms and sings of post-stroke events 
[3]. In this case, the neurological assessment is a time-
honored physician skill that is enhanced by 
practitioners and it is a dominant part of the medical 
evaluation of a stroke patient [4]. While treadmill 
training is a usual stroke rehabilitation method, the 
intensity or duration of this training as imperative 
factors in human studies were not fully brightened [5]. 
About the strong literature, previously published 
investigations have explained the importance of 
exercise intensity in stroke restoration programs. As 

some studies unveiled, a gradual intensity elevation in 
workouts regimes can harvest higher neurological 
recovery compare to low- or high-intensity regimes 
following stroke [6-8]. In contradiction, other studies 
exhibited that high-intensity managements had greater 
neurological recovery than either low-intensity 
protocols or low-intensity treadmill training [7,9]. 
Although low-intensity strategy may have a negligible 
effect on promotion of recovery after stroke, than the 
other strategies, it is important to note that we 
previously disclosed that there were no training 
differences in stroke-related motor function recoveries 
from our pooled studies [5]. The current study’s aim 
was to investigate the properties of treadmill training 
on the stroke-induced neurological deficit in both 
human and animal studies. 
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Materials and Methods  

Our searches identified 87 potentially suitable studies, 
of which 34 met our inclusion criteria for inclusion. 
Four were studies on humans and 30 on animals. We 
also considered studies with one or more independent 
variables (intensity and/or duration of treadmill 
training) and neurological scale as the dependent 
variable as well as studies with one or more 
independent variables and more than one dependent 
variable. Besides the given independent variables, body-
weight support (BWS) during treadmill training (10 to 
40% of body mass) was also regarded as an important 
bias for collected studies. We have considered only 
investigations that satisfactory illuminated the training 
intensity as m/min, cm/s, m/s or km/h, which all were 
converted to m/s and m/min for human and animal 
studies, respectively. Subgroup categorizations for 
human studies were equipped based on past 
investigations and defined as follow [5, 10-13]: Low 
intensity (≤ 0.6 m/s)-low duration (≤ 500 minutes) 
training protocol, Low intensity (≤ 0.6 m/s)-high 
duration (> 500 minutes) training protocol, High 
intensity (> 0.6 m/s)-low duration (≤ 500 minutes) 
training protocol, and High intensity (> 0.6 m/s)-high 
duration/duration (> 500 minutes) training.  

Results  

Our data analysis showed that there was a high degree 
of heterogeneity between the six included human 
studies (I 2 = 96.6 %; p < 0.0001). Though, a 
negative SMD was demonstrated a decrease in 
neurological deficit in favor of the low intensity-low 
duration and low intensity-high duration protocols, but, 
it was not statistically significant in these strategies (p = 
0.277 and p = 0.615, respectively). Conversely, a 
positive SMD in high intensity-high duration protocol 
showed that with increasing intensity there is a general 
trend toward increased neurological deficit (SMD= 
1.792; 95% CI= 0.566 to 3.02; p=0.004). However, 
there was no statistically significant difference in overall 
SMD among the current study subgroups (p = 0.109; 
Fig 2). In the current study, Egger's funnel plot and the 
Egger's test with 95% of CI also demonstrated no 
biases in all study subgroups (t = 2.09, p=0.104).Also, 
some heterogeneity was indicated for high intensity-low 
volume/duration subgroups up to 40.6 %. Moreover, 
for high intensity-low volume/duration strategy, 
training on a treadmill revealed a significantly greater 
motor performance than did no-training (SMD= 0.4; 
95% CI= 0.22 to 0.59; p=0.0001). In the current study, 
Egger's funnel plot and the Egger's test with 95% of CI 
confirmed no biases in high intensity-low 
volume/duration strategy (t = 0.31, p=0.76).There was 
also a considerable heterogeneity for high intensity-high 
volume/duration subgroups up to 74.8 %. Besides, for 

high intensity-high volume/duration strategy, training 
on a treadmill demonstrated a significantly greater 
motor function convalescence than did no-training 
(SMD= 0.57; 95% CI= 0.48 to 0.67; p=0.0001). In this 
study, Egger's funnel plot and the Egger's test with 
95% of CI demonstrated no biases in high intensity-
high volume/duration strategy (t = - 1.47, p=0.158).     

Conclusion  

For a large proportion of the stroke-related training 
studies there is robust evidence that treadmill training 
studies achieve same results when compared to 
‘conventional therapy’, proposing that the equal results 
can be attained with the control intervention, while no 
contrary reports were described. It should also be 
emphasized that although there were negative SMDs in 
the neurological deficit on behalf of the low intensity-
low duration and low intensity-high duration protocols, 
the SMDs were not statistically significant in these 
strategies. We additionally revealed that there was only 
one significant study which showed a negative SMD 
[14], suggesting that low intensity-high duration 
protocol has shown beneficial effect on neurological 
deficit. However, we did not see a significant difference 
in overall SMD among the studies subgroups. 
Conversely, there was a positive SMD in high intensity-
high duration protocol, proposing that with increasing 
treadmill intensity there is a general trend toward 
increased neurological deficit. It has been also 
demonstrated that intensity is a crucial stress-inducing 
factor. Indeed, high training intensity causes 
significantly high stress levels and high stress levels is 
related to decreased levels of hippocampal BDNF, as a 
unique indicator of neural activity [15]. Therefore, we 
recommend that when practitioners select the high 
intensity-high duration protocol, they should regularly 
monitor the neurological outcomes which are at risk 
for being adversely affected by the protocol. Regarding 
the subgroups of animal studies, there is strong 
research evidence to show that exercise training frankly 
influences the neurological recovery process by 
elevating neural progenitor cell count via activation of 
the IGF-1/Akt and BDNF signaling pathways [16, 17]. 
The findings of our meta-analysis also presented that 
there were significant improvements (negative SMDs) 
in neurological deficit for all four treadmill training 
protocols, suggesting that the current training protocols 
indicating good feasibility and acceptability for 
neurological recovery in animal models of stroke. 
However, the study for all these neurological outcomes 
indicated insufficient statistical power or Summary 
Effect Sizes (SESs), suggesting that more human 
studies are needed (SESs = 0.496). Furthermore, 
although a significantly negative SMD was not found 
for low intensity-related training protocols, these
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strategies also show advantageous effects on motor 
functional recovery. 
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