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Abstract 

BACKGROUND: Early mobilisation (EM) after-ischemic stroke is a motor learning intervention aimed to restore 
nerve cells and to improve balance and functional ability. Unfortunately, the study of when this intervention began 
has not been widely studied.  

AIM: On this study was compared the effect of EM started at 24 hours and 48 hours after an ischemic stroke on 
balance and functional ability. 

MATERIAL AND METHODS: Randomized controlled trial involving 40 patients on 2 groups meeting predefined 
inclusion criteria. The levels of balance were measured using the Berg Balance Scale, and the functional ability 
was measured using the Barthel Index, at 5th and 7th day. 

RESULTS: A significant difference was observed in both balance (p = 0.038) and functional ability (p = 0.021) 
obtained on the 7th day of assessment between both groups. A significant difference on the 5th day was 
observed only in the functional ability (p = 0.002) and not in the balance (p = 0.147), between the groups. 

CONCLUSION: EM started at 24 hours after the ischemic stroke has been found to have a better impact on 

balance and functional ability compared to that at 48 hours. 

 
 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Early mobilisation (EM) is the following step in 
few days after stroke manifestation. In general, some 
physiotherapists apply mobilisation after 48 hours or 
even afterwards due to hospital bureaucracy. EM 
started at 24 hours after ischemic stroke which has 
been recommended by the AVERT Trial Collaboration 
Group [1], is part of neurorestoration to help restore 
nerve lesions. The recovery is probably mediated 
through basic mechanisms of nervous system 
restoration improving its function [2]. The reason for 
EM started 24 hours after stroke is related to the 
increase of certain proteins at the molecular level that 

plays a role in neuroplasticity, i.e. decreased caspase-
3, increased expression of Bcl-2, MidKine (MK), Brain-
derived Neurotropic Factor (BDNF), anti-platelet 
endothelial cell (PECAM-1) which will inhibit the 
apoptosis of nerve cells and increase the strength of 
nerve synaptic transmission, and subsequently 
enhance its motion and functional ability [3], [4], [5], 
[6]. However, most studies on EM gave 24 hours after 
a stroke are still tested in experimental animals (rats). 

The expression of several proteins that act as 
a nerve growth factor (NGF) will be released several 
hours after ischemia. So, it is hypothesised that EM 
started at 24 hours after stroke will give better results 
than those that started at 48 after stroke.  
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The application of the EM started 24 hours 
after stroke in this study was included in The TIDIeR 
(Template for Intervention Description and 
Replication) guides based on content validity testing 
of earlier research [7]. The TIDIeR guides have been 
claimed as a good model for reporting an intervention 
[8]. EM can be expected to impact on the balance and 
functional ability in patients with ischemic stroke [9], 
[10]. The balance could be measured using the Berg 
Balance Scale (BBS) [9], [11], while the functional 
ability could be measured using the Barthel Index (BI) 
and has been reported as a good tool for measuring 
functional ability up to 3 months after stroke [10].  

The aim of this study was compared to the 
effect of EM started at 24 hours and 48 hours after an 
ischemic stroke on balance and functional ability.  

 

 

Material and Methods 

 

Forty (40) patients were recruited based on a 
predefined inclusion criterion, admitted from three 
hospitals in Indonesia (Dr Moewardi Hospital, Dr Oen 
Surakarta Hospital, Government Surakarta Hospital) 
and had signed informed consent by the requirements 
of the local ethics committee. The study was 
conducted from April until October 2018. The inclusion 
criteria included, (1) patients diagnosed as ischemic 
stroke with decreased motor control, (2) patients 
having sensory and proprioceptive deficits with a 
muscle strength score of at least 2+, (3) patients with 
first-stage stroke scan, one side of the first attacked 
stroke and second stroke hemiparesis which had 
been confirmed without any deterioration of 
neurological complications (e.g. decreased 
awareness, sepsis, shock due to embolism), (4) 
patients without aphasia, (5) patients without severe 
cognitive impairment (MMSE score greater than 19).  

Patients meeting inclusion criteria were 
randomly divided into 2 groups, i.e. treatment group 
was 20 subjects received EM at 24 hours and control 
group was 20 subjects received EM at 48 hours after 
diagnosis of ischemic stroke with CTScan. The EM of 
learning stages is a cognitive stage, associative stage 
and autonomous stage. The cognitive stage is 
sensory, visual, verbal, proprioceptive stimuli to the 
upper and lower limb, starting from the proximal part 
with clear commands. The associative stage: active 
assisted and free active exercise stimuli in the upper 
limbs and lower limbs. The associative stage to the 
autonomous stage using functional training. 

The group receiving mobilisation at 24 hours 
groups underwent an assessment using the validated 
TIDIeR Guidelines (CVI and CVR) [7] and the group 
receiving mobilisation at 48 hours underwent routine 
hospital procedures (Table 1).  

Table 1. Early mobilisation an application for groups 

Provisions Treatment group activity Control group activity 

Time 30 – 60 minutes 30 – 60 minutes 

Focus of 
mobilisation 

Exercise gradation: cognitive stage – 
associative stage – automatic stage 

Nothing 

Day 1 Stimulation on the skin, visual, verbal and 
join by active assisted exercise on 
extremities 
(focusing on patients cognitive) 

- 

Day 2 Stimulation on the skin, visual, verbal and 
join by active assisted exercise on 
extremities 
(Based Bobath and PNF Method) 

Passive exercise and assisted 
exercise on extremities 

Day 3 Active assisted and active exercise on 
extremities to functional pattern 
(focusing on patients’ association) 
(Based Bobath and PNF Method) 

Passive exercise and assisted 
exercise on extremities 
(Based Bobath and PNF 
Method) 

Day 4 Control posture exercise 
Preparing to roll and sitting process 

Rolling and sitting exercise 

Day 5 Sitting stabilisation and posture control on 
sitting 
(focusing on doing association to get 
automatic movement) 

Sitting stabilisation exercise 

Day 6 Sitting and standing stabilisation 
Standing 
Functional ability exercise (like as feeding 
and dressing) 
(based CIMT Method) 

Standing stabilisation exercise 

Day 7 Functional ability exercise (like as feeding 
and dressing) 
(based CIMT Method) 
Gait exercise 

Gait exercise 

 

The balance was measured using BBS which 
has a maximum score of 56 [9], while the functional 
ability measured using BI with a score of 100 in 5 
rating points [6]. Measurements BBS and BI 
conducted on the 1st, 5th, and 7th days with the 
reason, (1) consideration by the protocol that the time 
of observation during a hospital stay is 7 days, (2) to 
see the initial improvement that occurred. 

The BBS score can predict the ability to 
activities because it determines the value to functional 
ability. BBS can be used to support hospitalised 
stroke patients who have a BBS score of 20 indicate 
the availability of speed [9]. It's a bit different from the 
other balance measurement like a Romberg test, 
Single-leg stance test, Step test; they are functional 
performance test. In terms of reliability and validity 
that BBS is one of the most popular and recognised 
balance measurement.  

The evaluate tool of functional ability post-
stroke was commonly done using the National 
Institute of Health Stroke Scale (NIHSS) and IB. The 
NIHSS is a method for assessing the severity of a 
stroke while IB is a better parameter for functional 
ability post-stroke. The reliability and consistency of 
internal IB for stroke patients is excellent, as well as of 
the contents are also excellent. The average change 
in IB score reaches 1.85 points which are considered 
very important by the time [12]. 

The differences in balance and functional 
ability scores respectively obtained at day 5th and day 
7th against the baseline scores at 1st day with a 
reason to observe improvement from day to day at the 
beginning of the hospital treatment were statistically 
compared using Mann Whitney Test. Statistical 
significance was set at 5 %. Statistical analysis was 
performed using SPSS software version 20. 
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Results 

 

Forty (40) patients with ischemic stroke 
consisting of 20 patients receiving early mobilisation 
at 24 hours and another 20 patients receiving 
mobilisation at 48 hours, were included in the study. 
There were no differences in the ages and sex 
between the two groups (Table 2).  

Table 2. Demographic characteristic of the patients 

The characteristic Treatment group Control group p-value 

N = 20 % N = 20 %  

Age 
< 60 years 
> 60 years 
Mean (minimum: 
maximum) 
Median 

 
14 
6 

57.95 (47:80) 
56.5 

 
70% 
30% 

 
12 
8 

58.75 (44:86) 
58 

 
60% 
40% 

0.645 

Sex 
Male 
Female 

 
14 
6 

 
70% 
30% 

 
13 
7 

 
65% 
35% 

0.739 

Location of lesion 
Right 
Left 

 
9 

11 

 
45% 
55% 

 
13 
7 

 
65% 
35% 

0.209 

Severity of Stroke 
ASPECTS > 7 

 
20 

 
100% 

 
20 

 
100% 

 
- 

Complicating factors 
None/1 complicating factor 
Two (2)/more complicating 
factors 
None 
Hypertension 
Cor disease 
DM and Dyslipidemia 
DM and Cor disease 
Hypertension and DM 
Hypertension, DM, and Cor 
disease 

 
12 
8 
1 

11 
- 
1 
- 
6 
1 

 
60% 
40% 
5% 

55% 
0% 
5% 
0% 

30% 
5% 

 
8 

12 
- 
7 
1 
9 
1 
1 
1 

 
40% 
60% 
0% 

35% 
5% 

45% 
5% 
5% 
5% 

0.08 

 

Most ischemic stroke patients were at the 
ages of less than 60 years and predominantly male 
gender. Patients receiving EM at 24 hours mostly had 
a left lesion the patients receiving EM at 48 hours 
mostly had right-side lesion was in the control group. 
Almost all patients have complication factors such as 
hypertension, diabetes mellitus and dyslipidemia. 
There were no significant differences between the 24 
hours EM and 48 hours EM in the complication 
profiles. Meanwhile, the level of severity of stroke for 
subjects using CTScan by ASPECTS score was 
higher than 7.  

The balance and functional ability showed 
significant differences between 24 hours EM and 48 
hours EM on the 7th day, and in functional abilities on 
the 5th day (Table 3). 

Table 3. An overview of the balance and functional abilities of 
patients after ischemic stroke after early mobilisation 

Balance Treatment Group, n = 20 Control Group, n = 20 p-value 

Median Mean SD Median Mean SD  

1st day 0 0.50  0 0.50   
5th day 12.50 23.18 12.70 8.00 17.83 7.31 0.147 
7th day 38.50 33.75 16.55 20.50 22.1 13.75 0.038 

Functional Ability        
1st day 20.00 22.90  22.00 23.40   
5th day 56.50 55.05 11.15 34.00 38.94 13.47 0.002 
7th day 75.50 70.90 17.93 51.00 56.45 20.79 0.021 

 
 

The balance between the control and 
treatment groups showed no significant difference (p > 
0.05) at the 5th day but showed a significant 

difference on the 7th day (p < 0.05). On average the 
increase in the balance values of treatment and 
control groups on the 7th day were 33.75 (60.26%) 
and 22.50 (40.17%) respectively that difference in the 
value of balance by 11.65 points (20.80%). While the 
functional ability description between control and 
treatment group showed a significant difference in 
both the 5th and 7th day (p < 0.05). The average 
increase in the functional ability of the treatment and 
control group on the 5th day were 55.05 (55.05%) and 
38.94 points (38.94%) and the 7th day were 70.90 
(70.90%) and 56.45 (56.46%) respectively. The 
difference in the value of functional ability on the 5th 
and 7th day was 16.61 points (16.61%) and 14.95 
points (14.95%) respectively.  

 

 

Discussions 

 

The demographic characteristic of the 
subjects in this study showed no significant difference 
between the two groups, the mean age of subjects 
was 58.35 years, over 67.5% were male, and 55% 
had right lesions. Similarly, complicating factors 
statistically showed no significant differences between 
the two groups despite various complication factors. 
The highest complication factor was hypertension that 
has been occurred 55% in the group given EM started 
at 24 hours and 35% in the group given EM started at 
48 hours after ischemic stroke. The second sequence 
of complication factors was DM and dyslipidemia that 
has been occurred 5% in the group given EM started 
at 24 hours and 45% in the group given EM started at 
48 hours after ischemic stroke. Meanwhile, the level of 
stroke severity of both groups is the same, i.e. 
ASPECTS score was greater than 7. Demographic 
characteristics showed that all characteristics, 
including the stroke severity, had no significant 
differences. 

The EM given to the subjects was done as a 
stimulation to improve neuroplasticity, so that the 
nerve cells in the brain respond to injury by adapting 
through structural or functional reorganization to 
restore function [13] because of the synaptic circuits 
can be changed by synaptic transmission through 
change synaptic proteins that can last up to a few 
minutes [14], [15].  

The statistic results showed that the EM 
between both groups is significantly different in 
affecting the balance on the 7th day (p = 0.038). The 
level of BBS showed an average increase of balance 
score of 33.25 for EM at 24 hours and 22.05 for EM at 
48 hours with the difference of balance increase was 
11.65 points or 20.80%. Meanwhile, the 5th day 
showed no significant difference between both groups 
(p = 0.147), but it can be seen that there was an 
increase of balance score in both groups was 22.68 
points (40.5%) for EM at 24 hours and 17.33 points 
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(30.94%) for The EM at 48 hours. This suggests that 
the 24 hours EM after an ischemic stroke had an 
impact on the after-stroke healing process.  

Furthermore, the functional ability features 
between the two groups also showed that EM 
between 24 hours and 48 hours after ischemic stroke 
gave significant difference on the 7th day (p = 0.021) 
and the 5th day (p = 0.002). The level of BI measured 
on the 7th showed an average increase in the 
functional ability of 48.00 for the EM at 24 hours and 
33.05 for EM at 48 hours. The difference in 
improvement in functional ability was 14.95 points or 
14.95%. While on the 5th day that the level of BI 
showed an increase of 32.15 points (32.15%) for EM 
at 24 hours and 15.54 points (15.54%) for EM at 48 
hours. That showed an average difference in the 
increase of functional ability score between both 
groups was 16.61 points (16.61%). The improvement 
of functional ability was in line with the improvement in 
balance. It indicates that the balance both dynamic 
and static given affect the functional ability. EM 
provided with clear stage, and appropriate dosages 
were related to optimising outcomes especially after 3 
months post-stroke [1]. Another study [16] that very 
early mobilisation is not associated with beneficial 
effect when carried out in patients 24 or 48 hours after 
the onset of a stroke. There were no significant 
differences IB score at 3 months, but the length of the 
hospital stay in the early mobilisation group (24 hours 
after the attack) was shorter than that in the late 
mobilisation (48 hours post-attack). There was a 
possibility of developing improvements from day to 
day at the beginning of the hospital treatment. 

The EM started 24 hours after stroke is 
associated with the induction of several molecular 
proteins, e.g. BDNF in the cerebral hemispheric, 
either lesioned or unlesioned to improve in the event 
of after ischemic stroke [17]. Increased levels of 
BDNF on the side of the lesion occur around the 
neuronal, ependymal, and microglial cells at 24 hours 
after stroke. Meanwhile, the increase on the side of 
the unlesioned occurs in the nerve and ependymal 
cells at 4 to 24 hours after stroke. Increased BDNF 
also occurs in the cerebral artery and astrocytes 8 
days after stroke [18]. If EM is given 48 hours after 
stroke, it will slow to exploit the expression of several 
proteins in the brain including BDNF which has an 
important role as a modulator in the improvement of 
cell nerve after stroke [19]. BDNF expression will be 
released after the brain has ischemia, and is a 
member of the neurotrophin family directly involved in 
the neurite growth, synaptic transmission, and 
neurotransmitter synthesis. The EM can improve the 
ability of BDNF to bind to tropomyosin-receptor kinase 
B (TrkB) after the event of hypoxia/ischemia [20]. The 
TrkB is capable of enhancing nerve regeneration 
through the maturation, growth, and development of 
nerve cells in the brain, protecting nerves from 
metabolic disorders, inducing mRNA in the 
hippocampus, and plasticity of nerve cells that will 

modulate the survival of nerve cells. The binding 
between on the BDNF and TrkB may inhibit 
inflammation, neurotoxicity, and nerve cell apoptosis. 
EM was also clinically useful in related to the degree 
of disability which can be seen from the dependency 
in the daily activities. Exercise can influence nerve 
plasticity which correlates with intracortical network 
and motor circuits system that will improve its 
functional ability. 

Although only a few studies discuss the 
positive effect of EM given 24 hours after a stroke on 
the experimental animals (rats), they show the 
neurorestoration process as it does in the results of 
this study. Some studies report similar results.

 

Ischemic rats with middle cerebral artery occlusion 
given treadmill can increase expression levels of MK, 
NGF, PECAM-1, and decrease caspase-3 in the peri-
infarct area [21].

 
The EM started 24 hours in the 

observed ischemic mice in which it indicated a 
decrease in the number of apoptosis, inhibition of 
caspase-3, cleaved caspase-3, an increase in Bcl-2 
expression [3]. The rats also showed a decreased 
volume of infarction and increased motor function. 
Supported by study, the EM started 24 hours using 
passive movement in rats with cerebral infarction 
showed very low caspase-3 and escape latency, while 
very high Bcl-2 mRNA expression that improved 
mediation conditions were due to inhibition of 
apoptotic nerve cells [4].

 
It provides a change in post-

synapse receptor composition, synaptic transmission 
strength due to synaptic remodelling associated with 
local cell regulation including mRNA translation, 
cytoskeleton remodelling, and the role of the receptors 
both inside and outside synapses [6]. A study [22] on 
the EM using conscious exercise with mild to 
moderate intensity at 24 hours after an ischemic 
stroke can provide neuroprotection in brain injury 
models. It is related to apoptosis as well as oxidative 
damage [23].

 
The EM using the practice of 

proprioceptive neuromuscular facilitation methods and 
cognitive exercises starting 6-24 hours after a stroke 
can improve significant functional ability compared to 
standard procedure time although the results bring out 
the same disability after three months [5]. 

This EM was based on a stroke recovery 
process that associated with an oedema resolution 
and return of blood circulation in the penumbra areas 
that have ischemic, supporting a spontaneous 
recovery that can be extended a period of resolution 
from the acute phase to 4 - 6 weeks after stroke which 
capable of generating adaptive plastic potential that 
can accelerate the rehabilitation of stroke, when the 
primary motor cortex (M1) and corticospinal are 
damaged that the ipsilesional premotor area (PMAs) 
can be used instead [22]. 

The EM begins with the provision of stimuli 
derived from sensory information such as visual, 
verbal, somatosensory, proprioceptive stimulation, 
facilitated movements, active participation and active 
movement targeted movements so that plasticity also 
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occurs in muscle [15], provides neural improvement 
and allows for plasticity of neurons as well as motor 
circuits system due to a series of motion skills using 
neuro-rehabilitation exercise [24]

 
and conscious 

physical experience was a great modulation of neural 
plasticity nervous system in the after stroke [25]. The 
stimulus that affects neuroplasticity is the basis for the 
reorganisation of nerve cells including parts of the 
brain both in the area of the cortex sensory, 
subcortical, or cerebellum that create the function of 
balance by the intercortical network [26]. In case that 
the provision of exercises for postural response was 
necessary for the balance function. Because the key 
of EM by exercise is to connect the mind and 
movement of the limb to inhibition of the inter-
hemispheric rebalance, activate the hemisphere and 
increase motor control particularly on the side lesions 
[27]. Mobilisation with postural response using posture 
control exercises, rolling, sitting upright or standing 
upright to improve balance further enhances the 
functional ability of after ischemic stroke patients 
especially for EM at 24 hours after diagnosis of 
ischemic stroke based on CT Scan. 

The concept of EM with progressive exercises 
that have been formulated by researchers into The 
TIDIeR as a guide, has been gradually designed 
starting from the cognitive stages (providing visual, 
verbal, tactile, proprioceptive stimulus) further 
upgraded to the associative stages until the 
movement automatic [28], [29], [30], repeatedly 
performed, giving feedback [31], with full awareness 
[32], using functional movements performed 
automatically resulting in permanent changes [28], 
[33]

 
and providing functional change. 

Some of the limitations of this study are the 
sample size that was at a minimum so that it is difficult 
to generalize the results of the study, the 
characteristics of the patients especially the varied 
complication factors and the health status of the 
subjects to control during follow-up and the 
observation of improving balance and functional ability 
which was only carried out for 7 days. 

The implications of this study are EM with 
recommended motor learning after 24 hours post-
ischemic stroke according to conditions in the criteria, 
especially for efforts to improve the balance and 
functional ability of patients with ischemic stroke. It is 
recommended to observe the expression of nervous 
growth factor, e.g. BDNF protein after EM started 24 
hours after ischemic stroke. 

 

 

References 

 

1. The AVERT Trial Collaboration Group. Efficacy and safety of 
very early mobilization within 24 h of stroke onset (AVERT): a 
randomized controlled trial. Lancet. 2015; 386:5535-46. 

2. Zhang ZG, Chopp M, Neurorestorative therapies for stroke: 
underlying mechanisms and translation to the clinic. Lancet Neurol. 
2009; 8(5):491-500. https://doi.org/10.1016/S1474-4422(09)70061-
4 

 

3. Zhang P, Zhang Y, Zhang J. Early Exercise Protects against 
cerebral ischemic injury through inhibiting neuron apoptosis in 
cortex in rats. Int J Mol Sci. 2013; 14:6074-60891. 
https://doi.org/10.3390/ijms14036074 PMid:23502470 
PMCid:PMC3634421 

 

4. Li M, Peng J, Wang MD, et al. Passive movement improves the 
learning and memory function of rats with cerebral infarction by 
inhibiting neuron cell apoptosis. Mol Neurobiol. 2014; 49:216-221. 
https://doi.org/10.1007/s12035-013-8512-9 PMid:23925702  

 

5. Morrealle M, Marchione P, Pili A, et al. Early versus delayed 
rehabilitation treatment in hemiplegic patients with ischemic stroke: 
proprioceptive or cognitive approach? Eur J Phys Rehabil Med. 
2015. 

 

6. Nie J, Yang X, Modulation of synaptic plasticity by exercise 
training as a basis for ischemic stroke rehabilitation. Cel and Mol 
Neurobiol. 2017; 37:5-16. https://doi.org/10.1007/s10571-016-
0348-1 PMid:26910247  

 

7. Rahayu UB, Wibowo S, Setyopranoto I, Development of motor 
learning implementation for ischemic stroke: finding consensus 
expert. J Med Sci. 2017; 49(4):200-216. 

 

8. Hoffmann T, Glasziou P, Johnston M. Better reporting of 
interventions: template for intervention description and replication 
(TIDieR) checklist and guide better reporting of interventions: 
template for intervention description and replication (TIDieR). BMJ. 
2014; 348:1687. https://doi.org/10.1136/bmj.g1687 PMid:24609605  

 

9. Blum L, Korner BN. Usefulness of the berg balance scale in 
stroke rehabilitation: a systematic review. Phys Ther. 2008; 88:559-
566. https://doi.org/10.2522/ptj.20070205 PMid:18292215  

 

10. Quinn TJ, Langhorne P, Stott DJ. Barthel index for stroke trials: 
development, properties, and application. Stroke. 2011; 
42(4):1146-1151. 
https://doi.org/10.1161/STROKEAHA.110.598540 PMid:21372310  

 

11. Makizako H, Kobe N, Takano A, et al. Use of the berg balance 
scale to predict independent gait after stroke: a study of an 
inpatient population in japan. PM&R. 2015; 7(4):392-399. 
https://doi.org/10.1016/j.pmrj.2015.01.009 PMid:25633633  

 

12. Hsieh Y, Wang C, Wu S, et al. Establising the minimal clinically 
important difference of the barthel index in stroke patients. Am Soc 
Neurorehabil. 2007; 21(3):233-238. 

 

13. Nudo RJ. Neural bases of recovery after brain injury. J 
Commun Disord. 2011; 44:515-520. 
https://doi.org/10.1016/j.jcomdis.2011.04.004 PMid:21600588 
PMCid:PMC3162095 

 

14. Purves D, Augustine GJ, Fitzpatrick D, et al. Neuroscience. 
Sinauer Associates Massachusetts. 2004; 582.  

15. Calford MB. Dynamic representational plasticity in sensory 
cortex. Neuroscience. 2002; 111(4):709-738. 
https://doi.org/10.1016/S0306-4522(02)00022-2 

 

16. Xu T, Yu X, Ou S, Liu X, Yuan J, Chen Y. Efficacy and safety of 
very early mobilization in patients with acute stroke: a systematic 
review and meta-analysis. Scientific reports. 2017; 7(1):6550. 
https://doi.org/10.1038/s41598-017-06871-z PMid:28747763 
PMCid:PMC5529532 

 

17. Madinier A, Bertrand N, Rodier M, et al. Ipsilateral versus 
contralateral spontaneous post-stroke neuroplastic change: 
involvement of BDNF? Neuroscience. 2013: 231:169-181. 
https://doi.org/10.1016/j.neuroscience.2012.11.054 PMid:23219910  

 

18. Bejot Y, Tessier AP, Cachia C, et al. Time-dependent 
contribution of non-neuronal cells to BDNF production after 
ischemic stroke in rats. Neurochem Int. 2018:102-111. 

 

19. Chen A, Xiong L, Tong Y, et al. The neuroprotective roles of 
BDNF in hypoxic ischemic brain injury (Review). Biomed Rep. 
2013:167-176. https://doi.org/10.3892/br.2012.48 PMid:24648914 
PMCid:PMC3956206 

 

https://doi.org/10.1016/S1474-4422(09)70061-4
https://doi.org/10.1016/S1474-4422(09)70061-4
https://doi.org/10.3390/ijms14036074
https://doi.org/10.1007/s12035-013-8512-9
https://doi.org/10.1007/s10571-016-0348-1
https://doi.org/10.1007/s10571-016-0348-1
https://doi.org/10.1136/bmj.g1687
https://doi.org/10.2522/ptj.20070205
https://doi.org/10.1161/STROKEAHA.110.598540
https://doi.org/10.1016/j.pmrj.2015.01.009
https://doi.org/10.1016/j.jcomdis.2011.04.004
https://doi.org/10.1016/S0306-4522(02)00022-2
https://doi.org/10.1038/s41598-017-06871-z
https://doi.org/10.1016/j.neuroscience.2012.11.054
https://doi.org/10.3892/br.2012.48


Clinical Science 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

1092                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

20. Kim MW, Bang MS, Han TR, et al. Exercise increased BDNF 
and trkB in the contralateral hemisphere. Brain Res. 2005:16-21. 
https://doi.org/10.1016/j.brainres.2005.05.070 PMid:16054599  

 

21. Matsuda F, Sakakima H, Yoshida Y, The effects of early 
exercise on brain damage and recovery after focal cerebral 
infarction in rats. Acta Physiol. 2011; 201:275-287. 
https://doi.org/10.1111/j.1748-1716.2010.02174.x 
PMCid:PMC3045711 

 

22. Plow EB, Cunningham DA, Varnerin N, et al. Rethinking 
stimulation of the brain in stroke rehabilitation: why higher motor 
areas might be better alternatives for patient with greater 
impairments. Neuroscientist. 2015; 21(3):225-240. 
https://doi.org/10.1177/1073858414537381 PMid:24951091 
PMCid:PMC4440790 

 

23. Xing Y, Yang SD, Dong F, et al. The beneficial role of early 
exercise training following stroke and possible mechanisms. Life 
Sci. 2018:32-37. https://doi.org/10.1016/j.lfs.2018.02.018 
PMid:29452165  

 

24. Hosp JA, Luft AR. Cortical plasticity during motor learning and 
recovery after ischemic stroke. Neural Plast 2011. Hindawi 
Publishing Corporation. 

 

25. Paillard T. Plasticity of the postural function to sport and/or 
motor experience. J Neurobiorev. 2017; 72:129-152. 
https://doi.org/10.1016/j.neubiorev.2016.11.015 

 

26. Stein JH, Macho RF, Winstein JC, et al. Stroke recovery & 
rehabilitation. Demos Medical Publishing. New York.  

27. McDermott A, Korner BN. Bilateral arm training in stroke engine 
intervention. Montreal: McGill University, 2012.  

28. Wishart LR, Lee TD, Ezekiel HJ, et al. Application of motor 
learning principles: The physiotherapy client as a problem-solver. I 
Concepts. Physiother Can. 2000; 229-232. 

 

29. Halsband U, Lange RK. Motor learning in man: a review of 
functional and clinical studies. J Physiol. 2006; 99:414-424. 
https://doi.org/10.1016/j.jphysparis.2006.03.007 

 

30. Taylor JA, Ivry RB. The role of strategies in motor learning. Ann 
N Y Acad Sci. 2012; 1251:1-12. https://doi.org/10.1111/j.1749-
6632.2011.06430.x PMid:22329960 PMCid:PMC4330992 

 

31. Darekar A, McFadyen BJ, Lamontagne A, et al. Efficacy of 
virtual reality-based intervention on balance and mobility disorders 
post-stroke: a scoping review. J Neuroeng Rehabil. 2015; 12:46. 
https://doi.org/10.1186/s12984-015-0035-3 PMid:25957577 
PMCid:PMC4425869 

 

32. Lieber RL. Skeletal muscle structure, function and plasticity. 
The physiological basis of rehabilitation, 2nd ed. Lippincott 
Williams & Wilkins: London, 2002. 

 

33. Lehto NK, Marley TL, Ezekiel HJ. Application of motor learning 
principles: the physiotherapy client as a problem-solver. IV. Future 
directions. Physiother Can. 2001; 109-114. 

 

 

https://doi.org/10.1016/j.brainres.2005.05.070
https://doi.org/10.1111/j.1748-1716.2010.02174.x
https://doi.org/10.1177/1073858414537381
https://doi.org/10.1016/j.lfs.2018.02.018
https://doi.org/10.1016/j.neubiorev.2016.11.015
https://doi.org/10.1016/j.jphysparis.2006.03.007
https://doi.org/10.1111/j.1749-6632.2011.06430.x
https://doi.org/10.1111/j.1749-6632.2011.06430.x
https://doi.org/10.1186/s12984-015-0035-3

