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EFFECT OF MOTOR RELEARNING PROGRAM 
ON QUALITY OF LIFE AMONG STROKE       

PATIENTS: A SYSTEMATIC REVIEW
ABSTRACT

BACKGROUND 
Stroke is one of the problems that can lead to either disability or 
death and this will increase the social and economic burden. 
OBJECTIVE
To analyze the effects of motor relearning program (MRP) in com-
parison with other treatment technique on quality of life (QoL) 
among stroke patients 
DATA SOURCES 
This systematic review includes Randomized Controlled Trials (RCT) 
for patients suffering from stroke. The articles were retrieved from 
Google Scholar, research gate, HEC digital library, ProQuest, Iingen-
ta and PubMed. Articles were also accessed from Journals.
STUDY SELECTION
Data belonged from 2000 to 2015 were included. RCTs that focus on 
motor relearning program or its task-oriented activity as rehabilita-
tion program of stroke patients were included in this review.
RESULTS
Total 12 studies were included in this review with 378 patients. 
Among them, 191 had received MRP, whereas, 187 had received 
any other treatment technique for stroke rehabilitation. Analysis of 
Berg Balance Scale (BBS) and Barthel Index shows that studies favor 
MRP, while result is slightly insignificant (0.008) with BBS and not signifi-
cant (0.67) for Barthel Index.
LIMITATIONS
RCTs used different outcome measurement tools, their items or 
scores. Multiple accessible RCTs with results of individual items of 
scales are negligible. More RCTs focusing on individual item of scales 
are needed to better assess the effects of MRP in comparison with 
other treatments by review studies.
CONCLUSION
Effect of MRP on Quality of Life is not significant from selected 
studies, after assessing BBS and Barthel Index.

KEYWORDS
Motor Relearning Program (MRP), Stroke, Quality of Life,             
Task-oriented Activity, Activities of Daily Living (ADL), Systematic 
Review
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INTRODUCTION

Stroke or cerebrovascular accident occurs due to 
impairment of blood supply of brain and results in 
paralysis. Stroke can be either hemorrhagic or 
ischemic depending on the problem in blood 
vessels1,2. Stroke is one of the problems that can 
leads to either disability or death and this will 
increase the social and economic burden. Accord-
ing to report of American Heart Association, 
approximately 01/19 deaths occurred due to stroke 
in 2010 in United States. Average estimation showed 
that one person got stroke every 40 seconds and 
one person died by stroke every 4 minutes3. 17.3 
million death occurred due to cardiovascular 
diseases in 2008. Among them, 7.3 million deaths 
were from heart attacks and 6.2 million deaths were 
from stroke4. The global disease burden of disabili-
ty-adjusted life years (DALYs) due to cardiovascular 
diseases was 10% in 20114. The contribution of stroke 
to global cardiovascular diseases burden was 29% 
in males and 33% in females4. Stroke is the main 
public health problem among developing countries 
of South Asia too5. In low-income and middle-in-
come countries, it is one of the leading causes of 
disability4. Pakistan lies in lower middle income 
countries6. Stroke is also common in our population. 
However, unfortunately the studies that highlight 
National stroke burden are negligible7,8. The estima-
tion given by the Pakistan Stroke Society about the 
incidence of stroke is about 250 for every 100000 
population and furthermore, 350000 new patients 
are adding every year9. A study of 2003 shows that 
596 stroke patients were registered in a known 
tertiary care hospital of Karachi during an interval of 
22 months10. 

Stroke not only affects the physical and mental 
state of patients but also have emotional and 
economic impact on their families11. It also affects 
the quality of life (QoL) of patients12. Motor impair-
ment is the main and most common problem for 
stroke patients. As a result of that they have prob-
lem in accomplishing their activities of daily living 
and in mobility13,14. A study of Portugal assessed life 
satisfaction of patients after two years of stroke. 
They stated that patients with impaired motor func-
tions have lower life satisfaction level15. The goal of 
stroke rehabilitation is to achieve functional 
independence during activities of daily living, along 
with the improvement in balance, movement and 
walking13,16. For this purpose, early physical therapy 
intervention is important for patients suffering from 
acute stroke. It will also help them in decreasing 
their disability and restoring movements17,18. Hence, 
selection of appropriate interventions and rehabili-
tation techniques are very important for early and 
better recovery17. Different treatment techniques 
that can be used are the Bobath, the Brunnstrom 
and Rood, the Proprioceptive Neuromuscular Facili-
tation (PNF), the Motor Learning or Relearning 

Program.

Motor Relearning Program (MRP) was proposed by 
Carr in 1980s. It focuses on active participation of 
patient13. These patients are capable to relearn the 
motor tasks that they were performing before 
stroke19. Physical therapists identify the problem in 
different individual tasks and then help the patient 
to learn them, through task specificity, task repeti-
tion, type of practice, type of feedback, retention 
testing20-22. There are four sequential steps in MRP: 1) 
identification of the missing performance compo-
nents, 2) training using remedial exercises, 3) 
training using functional task components, 4) trans-
fer of skills to functional task performance20,21. Exam-
ples of those tasks are catching things, picking up 
objects, feeding, buttoning, wearing clothes, bath-
ing, grooming in sitting or standing, balance, sit to 
stand, indoor walking, outdoor walking, stair climb-
ing and so on20,23,24. Different assessment tests and 
methods are used to assess the motor function, 
movements, strength, functional independence 
and quality of life of these patients. Some of them 
are Motor Assessment Scale (MAS), Sodring Motor 
Evaluation Scale (SMES), Functional Independence 
Measure (FIM), Berg Balance Scale (BBS), Barthel 
ADL Index, Instrumental Activities of Daily Living 
(IADL) test, Nottingham Health Profile (NHP), 
Fugl-Meyer Assessment (FMA) score, Timed Up and 
Go Test, modified Ashworth scale, Stroke Rehabilita-
tion Assessment of Movements (STREAM) Scale, 
Purdue Pegboard test score, grip strength by Dyna-
mometer, and more over25-31.

The one of the main feature of neurological rehabili-
tation is the application of theory of motor learning. 
Helm stated that literature is less about task related 
training to illustrate better neural plasticity and 
locomotion of stroke patients32. Furthermore, a study 
conducted on monkeys with brain ischemia, 
showed improved neural repair, regeneration, 
angiogenesis and neurological function in them 
after using motor relearning program33. Multiple 
studies or Randomized control trials (RCT) com-
pared motor relearning program or any task-orient-
ed activity with other interventions. This systematic 
review aims to analyze the effects of motor relearn-
ing program in comparison with other treatment 
technique on quality of life among stroke patients.

METHODOLOGY

Data Sources and Search Strategy
The literature was searched by reviewers using 
Google Scholar. The initial search was done by using 
keywords of Stroke, Motor Relearning program, 
Quality of Life. The articles were retrieved from 
Google Scholar, research gate, HEC digital library, 
ProQuest, Ingenta and PubMed. Articles were also 
accessed from Journals. Literature was searched 
from inception to 2015. We have used PRISMA 

guidelines.

Study Selection and Data Extraction
Searched literature was filtered by time frame. Data 
belonged from 2000 to 2015 were included. Eligibili-
ty criteria for the studies that were to be included in 
this review were Randomized Controlled Trials (RCT) 
for patients suffering from stroke. It included those 
studies who address motor relearning program as 
rehabilitation program. However, all 4 parts of motor 
relearning program or task-oriented activities were 
the main focus among all studies. We included RCTs 
comparing two types of interventions techniques, in 
that one would be MRP. The RCTs that compared 
motor relearning program or its any task-oriented 
activity with control group were also considered. 
Completely reviewed trials were addressed rather 
than summary of the articles. The quality of life was 
assessed through functional goals, activities of daily 
living, postural control, use of assistive devices, 
length of stay in hospital, physical mobility, and 
social interaction. Therefore, our outcome measures 
of interest were motor functions, quality of move-
ment, functional independence, activities of daily 
living, social interaction, activities of arm or leg, 
sitting, standing, walking, Motor Assessment Scale 
(MAS), Barthel ADL Index, Berg Balance Scale, 
Ashworth scale, Sodring Motor Evaluation Scale 
(SMES). The assessment time or follow up can be 
varied in studies, such as 2 weeks, 6 weeks, 3 
months, one year, or four year.

The groups of all these studies that had received 
MRP or any task related MRP are considered as 
Experimental group. Those who received any treat-
ment other than MRP are taken as Control group in 
this systematic review.

Quality Appraisal
Reviewers analyze the quality of data and risk of 
bias. They assessed the source of article, patient 
blindness, dropouts and intervention details.

Statistical Analysis
This systematic review was conducted to compare 
the outcomes of motor relearning program and 
other treatment technique using Review Manager 
(RevMan) Version 5.3 for windows (The Nordic 
Cochrane Centre, The Cochrane Collaboration, 
Copenhagen). It was conducted to assess the 
common outcomes of studies. Heterogeneity 
among the studies was assessed using Cochrane’s 
Q test and I2. The mean difference of an outcome 
was calculated by the finding the difference 
between follow-up and baseline mean. Standard 
deviations (SD) for the mean differences were 
calculated using Cochrane Handbook for System-
atic Reviews of Interventions34 and using 0.5 conser-
vative correlation of coefficient (r) 35. Weighted 
mean difference was used for continuous 
outcomes at 95% confidence interval (CI). P-value 

<0.05 was considered as significant. Forest plots 
were plotted to show the analyses of common 
outcomes of interventions.

RESULTS

Study Selection
Initial search using keywords of Stroke, Motor 
Relearning program, Quality of Life, showed 6710 
articles from beginning till 2015. This data was 
filtered by time frame that is from 2000 to 2015. The 
available data during this time frame was 5762 
articles. This search was further narrow down by 
focusing on outcome measures, such as, motor 
functions, quality of movement, functional indepen-
dence, activities of daily living, social interaction, 
activities of arm or leg, sitting, standing, walking, 
Motor Assessment Scale (MAS), Barthel ADL Index, 
Berg Balance Scale, Ashworth scale, Sødring Motor 
Evaluation Scale (SMES). The available data having 
any of these outcome measures was found 264. 
Excluding researches other than Randomized 
Control Trial (RCT), there were 197 citations. After 
reviewing the abstracts or titles, the researches that 
were found irrelevant, were excluded. Researches 
that found relevant from abstract but their full text 
was not available were also excluded from our 
review. 34 full texts were screened for final selection. 
When we selected and reviewed the study by 
Langhammer et al, published in 201124, we had to 
go through their previous studies published in 200025 
and 200326. Due to the continuation of the same 
work, all reviewers decided to incorporate all these 
studies24-26 in this review. Hence, total 12 studies were 
included in this review after the decision of all 
reviewers. Summary of study selection is shown in 
Figure 1.

Study Characteristics
Study characteristics include participants’ charac-
teristics, interventions and outcome measures, 
shown in Table 1,2,3.

• Participants’ Characteristics:
As the selected 12 studies were done on stroke 
patients, the most of the included studies had men-
tioned in inclusion criteria that patients who had first 
stroke were the part of the study2,20,21,24-27,29,.

Post stroke duration was also mentioned in inclusion 
criteria of 6 studies, but it varies among them. One 
study mentioned maximum post stroke duration (12 
months20), two mentioned minimum post stroke 
duration (6 months21,23), whereas, three studies set 
the range for inclusion (10 days to 2 months1, 1 
month to 6 months2, 6 weeks to 6 months28).

Among all these studies, 8 studies showed stages or 
scores of different scales in inclusion criteria. 7 
studies had mentioned range of age in inclusion 
criteria. The overall ranges of these studies for selec-
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tion criteria were vary between 21 to 70 years. Brief 
inclusion criteria of the studies were shown in Table 
1. The mean age of the patients that were partici-
pated in the individual study ranges from 47.4 to 
74.3 years.

Total 378 patients were participated in 10 studies. 
Among them, 191 had received MRP or any task 
relation MRP, whereas, 187 had received any other 
treatment technique for stroke rehabilitation. Out of 
12 studies, 3 studies were done by Birgitta Langham-
mer and Johan K Stanghelle24-26 on same stroke 
patients. That’s why these patients were counted 
once in total number of patients.

The gender representation among 366 patients 
illustrates that there were 171 females and 195 
males. 12 patients of study of Rehani P et al2 are not 
included in this gender distribution because they 
stated percentages only without describing the 
frequencies. Table 2 shows the summary of demo-
graphical results of individual studies.

• Intervention:
In the included studies, motor relearning program 

was compared with other intervention techniques 
among stroke patients. A summary of these 
interventions for both groups is shown in Table 2. 
Frequency of treatment sessions and assessment 
timelines are also mentioned in Table 1.

The intervention of the Experimental group of this 
systematic review was MRP. Studies vary in tasks or 
body regions that were involved in MRP. For exam-
ple, studies focused on arm1,2,21,27-29, hand30, 5 tasks23, 
24 remedial and 10 functional tasks20, or drinking 
task21. The intervention of the control group of this 
systematic review varies, including any one from 
Bobath Technique21,24-26, Constraint Induced Move-
ment Therapy27 (CIMT), Thermal stimulation28, Brunn-
strom hand manipulation30, Mirror therapy2, or 
Conventional or Usual therapy1,20,23,29,. An individual 
study, done by Batool S et al27, applied MRP to 
control group in comparing CIMT and MRP.

• Outcome Measures:
Different outcome measures were used in the 
selected studies, mentioned in Table 2. Table 3 
summarizes the outcome measures that are 
common in them.
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Post stroke duration was also mentioned in inclusion 
criteria of 6 studies, but it varies among them. One 
study mentioned maximum post stroke duration (12 
months20), two mentioned minimum post stroke 
duration (6 months21,23), whereas, three studies set 
the range for inclusion (10 days to 2 months1, 1 
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tion criteria were vary between 21 to 70 years. Brief 
inclusion criteria of the studies were shown in Table 
1. The mean age of the patients that were partici-
pated in the individual study ranges from 47.4 to 
74.3 years.

Total 378 patients were participated in 10 studies. 
Among them, 191 had received MRP or any task 
relation MRP, whereas, 187 had received any other 
treatment technique for stroke rehabilitation. Out of 
12 studies, 3 studies were done by Birgitta Langham-
mer and Johan K Stanghelle24-26 on same stroke 
patients. That’s why these patients were counted 
once in total number of patients.

The gender representation among 366 patients 
illustrates that there were 171 females and 195 
males. 12 patients of study of Rehani P et al2 are not 
included in this gender distribution because they 
stated percentages only without describing the 
frequencies. Table 2 shows the summary of demo-
graphical results of individual studies.

• Intervention:
In the included studies, motor relearning program 

was compared with other intervention techniques 
among stroke patients. A summary of these 
interventions for both groups is shown in Table 2. 
Frequency of treatment sessions and assessment 
timelines are also mentioned in Table 1.

The intervention of the Experimental group of this 
systematic review was MRP. Studies vary in tasks or 
body regions that were involved in MRP. For exam-
ple, studies focused on arm1,2,21,27-29, hand30, 5 tasks23, 
24 remedial and 10 functional tasks20, or drinking 
task21. The intervention of the control group of this 
systematic review varies, including any one from 
Bobath Technique21,24-26, Constraint Induced Move-
ment Therapy27 (CIMT), Thermal stimulation28, Brunn-
strom hand manipulation30, Mirror therapy2, or 
Conventional or Usual therapy1,20,23,29,. An individual 
study, done by Batool S et al27, applied MRP to 
control group in comparing CIMT and MRP.

• Outcome Measures:
Different outcome measures were used in the 
selected studies, mentioned in Table 2. Table 3 
summarizes the outcome measures that are 
common in them.
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identification of the missing performance compo-
nents, 2) training using remedial exercises, 3) 
training using functional task components, 4) trans-
fer of skills to functional task performance20,21. Exam-
ples of those tasks are catching things, picking up 
objects, feeding, buttoning, wearing clothes, bath-
ing, grooming in sitting or standing, balance, sit to 
stand, indoor walking, outdoor walking, stair climb-
ing and so on20,23,24. Different assessment tests and 
methods are used to assess the motor function, 
movements, strength, functional independence 
and quality of life of these patients. Some of them 
are Motor Assessment Scale (MAS), Sodring Motor 
Evaluation Scale (SMES), Functional Independence 
Measure (FIM), Berg Balance Scale (BBS), Barthel 
ADL Index, Instrumental Activities of Daily Living 
(IADL) test, Nottingham Health Profile (NHP), 
Fugl-Meyer Assessment (FMA) score, Timed Up and 
Go Test, modified Ashworth scale, Stroke Rehabilita-
tion Assessment of Movements (STREAM) Scale, 
Purdue Pegboard test score, grip strength by Dyna-
mometer, and more over25-31.

The one of the main feature of neurological rehabili-
tation is the application of theory of motor learning. 
Helm stated that literature is less about task related 
training to illustrate better neural plasticity and 
locomotion of stroke patients32. Furthermore, a study 
conducted on monkeys with brain ischemia, 
showed improved neural repair, regeneration, 
angiogenesis and neurological function in them 
after using motor relearning program33. Multiple 
studies or Randomized control trials (RCT) com-
pared motor relearning program or any task-orient-
ed activity with other interventions. This systematic 
review aims to analyze the effects of motor relearn-
ing program in comparison with other treatment 
technique on quality of life among stroke patients.

METHODOLOGY

Data Sources and Search Strategy
The literature was searched by reviewers using 
Google Scholar. The initial search was done by using 
keywords of Stroke, Motor Relearning program, 
Quality of Life. The articles were retrieved from 
Google Scholar, research gate, HEC digital library, 
ProQuest, Ingenta and PubMed. Articles were also 
accessed from Journals. Literature was searched 
from inception to 2015. We have used PRISMA 

guidelines.

Study Selection and Data Extraction
Searched literature was filtered by time frame. Data 
belonged from 2000 to 2015 were included. Eligibili-
ty criteria for the studies that were to be included in 
this review were Randomized Controlled Trials (RCT) 
for patients suffering from stroke. It included those 
studies who address motor relearning program as 
rehabilitation program. However, all 4 parts of motor 
relearning program or task-oriented activities were 
the main focus among all studies. We included RCTs 
comparing two types of interventions techniques, in 
that one would be MRP. The RCTs that compared 
motor relearning program or its any task-oriented 
activity with control group were also considered. 
Completely reviewed trials were addressed rather 
than summary of the articles. The quality of life was 
assessed through functional goals, activities of daily 
living, postural control, use of assistive devices, 
length of stay in hospital, physical mobility, and 
social interaction. Therefore, our outcome measures 
of interest were motor functions, quality of move-
ment, functional independence, activities of daily 
living, social interaction, activities of arm or leg, 
sitting, standing, walking, Motor Assessment Scale 
(MAS), Barthel ADL Index, Berg Balance Scale, 
Ashworth scale, Sodring Motor Evaluation Scale 
(SMES). The assessment time or follow up can be 
varied in studies, such as 2 weeks, 6 weeks, 3 
months, one year, or four year.

The groups of all these studies that had received 
MRP or any task related MRP are considered as 
Experimental group. Those who received any treat-
ment other than MRP are taken as Control group in 
this systematic review.

Quality Appraisal
Reviewers analyze the quality of data and risk of 
bias. They assessed the source of article, patient 
blindness, dropouts and intervention details.

Statistical Analysis
This systematic review was conducted to compare 
the outcomes of motor relearning program and 
other treatment technique using Review Manager 
(RevMan) Version 5.3 for windows (The Nordic 
Cochrane Centre, The Cochrane Collaboration, 
Copenhagen). It was conducted to assess the 
common outcomes of studies. Heterogeneity 
among the studies was assessed using Cochrane’s 
Q test and I2. The mean difference of an outcome 
was calculated by the finding the difference 
between follow-up and baseline mean. Standard 
deviations (SD) for the mean differences were 
calculated using Cochrane Handbook for System-
atic Reviews of Interventions34 and using 0.5 conser-
vative correlation of coefficient (r) 35. Weighted 
mean difference was used for continuous 
outcomes at 95% confidence interval (CI). P-value 

<0.05 was considered as significant. Forest plots 
were plotted to show the analyses of common 
outcomes of interventions.

RESULTS

Study Selection
Initial search using keywords of Stroke, Motor 
Relearning program, Quality of Life, showed 6710 
articles from beginning till 2015. This data was 
filtered by time frame that is from 2000 to 2015. The 
available data during this time frame was 5762 
articles. This search was further narrow down by 
focusing on outcome measures, such as, motor 
functions, quality of movement, functional indepen-
dence, activities of daily living, social interaction, 
activities of arm or leg, sitting, standing, walking, 
Motor Assessment Scale (MAS), Barthel ADL Index, 
Berg Balance Scale, Ashworth scale, Sødring Motor 
Evaluation Scale (SMES). The available data having 
any of these outcome measures was found 264. 
Excluding researches other than Randomized 
Control Trial (RCT), there were 197 citations. After 
reviewing the abstracts or titles, the researches that 
were found irrelevant, were excluded. Researches 
that found relevant from abstract but their full text 
was not available were also excluded from our 
review. 34 full texts were screened for final selection. 
When we selected and reviewed the study by 
Langhammer et al, published in 201124, we had to 
go through their previous studies published in 200025 
and 200326. Due to the continuation of the same 
work, all reviewers decided to incorporate all these 
studies24-26 in this review. Hence, total 12 studies were 
included in this review after the decision of all 
reviewers. Summary of study selection is shown in 
Figure 1.

Study Characteristics
Study characteristics include participants’ charac-
teristics, interventions and outcome measures, 
shown in Table 1,2,3.

• Participants’ Characteristics:
As the selected 12 studies were done on stroke 
patients, the most of the included studies had men-
tioned in inclusion criteria that patients who had first 
stroke were the part of the study2,20,21,24-27,29,.

Post stroke duration was also mentioned in inclusion 
criteria of 6 studies, but it varies among them. One 
study mentioned maximum post stroke duration (12 
months20), two mentioned minimum post stroke 
duration (6 months21,23), whereas, three studies set 
the range for inclusion (10 days to 2 months1, 1 
month to 6 months2, 6 weeks to 6 months28).

Among all these studies, 8 studies showed stages or 
scores of different scales in inclusion criteria. 7 
studies had mentioned range of age in inclusion 
criteria. The overall ranges of these studies for selec-
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tion criteria were vary between 21 to 70 years. Brief 
inclusion criteria of the studies were shown in Table 
1. The mean age of the patients that were partici-
pated in the individual study ranges from 47.4 to 
74.3 years.

Total 378 patients were participated in 10 studies. 
Among them, 191 had received MRP or any task 
relation MRP, whereas, 187 had received any other 
treatment technique for stroke rehabilitation. Out of 
12 studies, 3 studies were done by Birgitta Langham-
mer and Johan K Stanghelle24-26 on same stroke 
patients. That’s why these patients were counted 
once in total number of patients.

The gender representation among 366 patients 
illustrates that there were 171 females and 195 
males. 12 patients of study of Rehani P et al2 are not 
included in this gender distribution because they 
stated percentages only without describing the 
frequencies. Table 2 shows the summary of demo-
graphical results of individual studies.

• Intervention:
In the included studies, motor relearning program 

was compared with other intervention techniques 
among stroke patients. A summary of these 
interventions for both groups is shown in Table 2. 
Frequency of treatment sessions and assessment 
timelines are also mentioned in Table 1.

The intervention of the Experimental group of this 
systematic review was MRP. Studies vary in tasks or 
body regions that were involved in MRP. For exam-
ple, studies focused on arm1,2,21,27-29, hand30, 5 tasks23, 
24 remedial and 10 functional tasks20, or drinking 
task21. The intervention of the control group of this 
systematic review varies, including any one from 
Bobath Technique21,24-26, Constraint Induced Move-
ment Therapy27 (CIMT), Thermal stimulation28, Brunn-
strom hand manipulation30, Mirror therapy2, or 
Conventional or Usual therapy1,20,23,29,. An individual 
study, done by Batool S et al27, applied MRP to 
control group in comparing CIMT and MRP.

• Outcome Measures:
Different outcome measures were used in the 
selected studies, mentioned in Table 2. Table 3 
summarizes the outcome measures that are 
common in them.

6710 records identified
through search

6710 records screened with 
time frame 948 records excluded

5498 records excluded

22 records excluded (irrelevant)

67 records excluded
(other than RCT)

163 records excluded
(irrelevant, full text not avaliable)

5762 records screened for 
outcome measures.

264 records screened

197 studies screened

34 full text screened

12 studies included in review

Figure 1: Study Selection Process
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Table 1: Basic summary of included studies

STUDY

Chan DY etal20

2006
Age 21-65 years,
First stroke,
<12 months of stroke

RCT between
2 groups:
-MRP Group
-Control Group

52 Baseline,
2nd,4th,6th

week

Total 18 session 6 weeks,
2hr/session,
3 session/week

Sessions for 3 weeks

Total 30 sessions in 6 
weeks
5 sessions/week
30min/session

Total 40 sessions in 8 
weeks 
5 sessions/week
60min/session

Baseline,
After 3 weeks

Baseline,
After 6 weeks

Baseline,
After 8 weeks

20

60

RCT between
2 groups:
-Experimental or CIMT
Group
-Control or MRP Group

RCT between
2 groups:
-Group A or MRP
-Group B or Thermal
stimulation

RCT between
2 groups:
-Motor relearning
programme or 
(Group B)
-conventional 
physiotherapy
programme(Group A)

Age 35-60 years,
First stroke,
Hemiplegic upper 
extremity,
Functional level (>200 
wrist extension, >100

 digits extension)

Age 50-70 years,
Right MCA infract,
6weeks-6months of 
stroke, >20 score in 
Stroke Rehabilitation
Assessment of
Movement (STREAM)

First-ever stroke
Age 40-65 years,
No Proprioceptive 
deficits or visual 
problems, Motor 
recovery of hard
Brunnstom stages 3 or 4.

Batool S et al27

2015

Paul J et al25

2014

Immadi SK et al29

2015

5 sessions/week
40min/session

20002

3 days after
admission to
hospital,
2 weeks
thereafter,
3 months post
stroke
200325

3 months, 
1 year, 4 year

61RCT between
2 groups:
-Motor Relearning
Programme
-Bobath

First stroke,
Hemipanesis

Langhammer B
et al 200025,200826,
201124

Total 15-20 sessions in 
5 weeks,
4 sessions/week
45min/session

Baseline,
5th week

41RCT between
2 groups:
-Experimental Group
(Arm Therapy
Programme)
-Control Group

Unilateral stroke,
Subacute phase,
>10 days to < months of
stroke,
Cognitive functioning
within normal limits,
Minimal upper extremity
motor function (stage 2 
for the hand and stage 3 
for the arm on Chedoke-
Mc Master Stroke 
Assessment)

Desroslers J et al1
2005

Total 20 sessions in 
4 weeks,
4 sessions/week
45min/session

Baseline,
After 4 weeks
of training

41RCT between
2 groups:
-Experimental or Task
oriented group
-Control or PT group

Stroke, Hemipleia,
>6 months of stroke,
>25 on K-MMSE,
<Stage 2 on
Modified Ashworth Scale

Choi JU et al23

2015

n
INCLUSION
CRITERIA STUDY DESIGN ASSESSMENT

TREATMENT 
SESSIONS
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Table 1: Basic summary of included studies
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INCLUSION
CRITERIA STUDY DESIGN ASSESSMENT

TREATMENT 
SESSIONS
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et al21 2012
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Total 18 sessions in 6 weeks
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1hr 15min/session
(45min MRP or BT + 30 min
electrical stimulation)
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stage 3 of hand,
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& perception
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Chan DY 
et al20 
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et al27
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functional tasks, designed to cover
deficits in static and dynamic sitting
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2 groups:
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26 14F
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14 Left
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(n)
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CO
INTERVENTION OUTCOME MEASURES
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Mean (SD)
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Upper arm section of 
Monitor Assessment
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Results of Individual Studies
Table 4 summarizes the results of included studies for 
different outcome measures.

Chan DY et al20, Paul J et al28 , Choi JU et al23 and 
Immadi SK et al29 found MRP better than other treat-
ments. Desrosiers J et al1 reported the similar results 
in both groups. Whereas, Rehani P et al2 found statis-
tically insignificant results, but found improvement in 
patients of both groups. Pandian S. et al30 showed 
that Brunstorm technique was better than MRP. 
Batool S. et al27 found CIMT statistically significant 
than MRP.

Most of the results were reported as Mean (SD). 
Study by Immadi SK et al29 shown their                         
before-treatment results in form of Mean only. 
Whereas, SD were mentioned in after-treatment 
results.

The longitudinal study conducted by Langhammer 
B and Stanghelle JK was based on two treatment 
methods, MRP and Bobath. The study published in 
200025 focused on acute stroke patients. The 
outcome measures of the patients were assessed 
three times that were, 3 days after admission to 
hospital (results shown as ‘Baseline’ in Table 4), 2 
weeks thereafter, and then 3 months after it (results 
shown as ‘At end’ in Table 4). They found MRP better 
than Bobath in this study. Their research published in 
200326 was the continuation of the same study. The 
outcome measures of the patients were reported at 
3 months (results shown as ‘Baseline’ in Table 4), 1 
year, 4 year (results shown as ‘At end’ in Table 4). 
They found decline in both groups when compared 
their results. They also observed the mortality rate in 
long-term follow-up. The number (no.) of patients in 
the study were 33 (MRP group) and 28 (Bobath 
group) in the starting. The number of patients 
existed at three months, were 29 (MRP group) and 
24 (Bobath group) because of the death of 4 
patients in each group. At 1 year, 6 and 7 patients 
died from MRP and Bobath groups, respectively. At 
4 years, further 12 patients had been died from 
each group. As it was a long-term study, therefore 
they compared scores of 4 years from baseline. 
Therefore, they stated that there were no significant 
differences between the groups in any of the tests, 
and the scores at 4 years were similar to their first 
scores. In their study published in 201124, there was 
detail about Mean ± SD of items of MAS and SMES 
that were assessed at three follow-up occasions (at 
admission, after 3 weeks and after 3 months). Thus, 
they found MRP better than Bobath technique, as in 
study of 200025. Statistical analyses of items of 

Nottingham Health Profile were also included in that 
study. Due to result of individual items, this result is 
not shown in Table 4.

El-Bahrawy MN et al21 conducted a research on 
motor relearning (MR) in comparison with Bobath 
(BT) for improving hand function in chronic stroke 
patients. They showed mean of outcome measures 
through figures (graphs) instead of tables. There-
fore, the mean values showed in Table 3 were 
estimated from those figures. They stated that there 
were significant differences in mean values of hand 
grip strength, Purdue pegboard test and the resting 
angle of ulnar deviation before and after treatment 
of MR and BT. Whereas, in modified Ashworth scale, 
there was no significant difference with BT, and 
significant difference with MR. When comparing 
after treatment means of both groups, there was 
significant result (P=0.0001) of MR group in improv-
ing hand grip strength and the resting angle of ulnar 
deviation. Moreover, results with Purdue pegboard 
test and modified Ashworth scale were not signifi-
cant (P>0.05). 

They concluded that MR method was better than BT 
for improving hand functions of stroke patients.

Synthesis of Results
Statistical analysis of outcomes of interventions was 
done by assessing Heterogeneity among the studies 
and shown by Forest plots (Figure 2, 3 and 4).

Analysis of Berg Balance Scale (BBS) in MRP (Experi-
mental Group) and Others (Control Group) was 
shown by Forest plot in Figure 2. Both studies20,23 
favor MRP. Study by Choi JU et al23 weighted more in 
its favor than study by Chan DY et al20. Furthermore, 
p-value (0.008) shows that the result is slightly 
insignificant.

Analysis of Barthel Index in MRP (Experimental 
Group) and Others (Control Group) was shown by 
Forest plot in Figure 3. Both studies23,25 favor MRP. 
Study by Choi JU et al23 weighted more in its favor 
than study by Langhammer B et al25. Furthermore, 
p-value (0.67) shows that the result is not significant.

Analysis of Motor Assessment Scale (MAS) in MRP 
(Experimental Group) and Others (Control Group) 
was shown by Forest plot in Figure 4. Studies of 
Batool S. et al27 and Paul J et al28 favor control 
group. Whereas, study of Langhammer B. et al25 
favors experimental group with wider CI and very 
small size of box. But their items for scores are not 
similar.
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DISCUSSION

The selected 12 studies were done on stroke 
patients. Hence, most of them included first stroke 
patients. Other 4 studies did not mention this in 
selection criteria, but their text reflects that they had 
also included first stroke patients.

El-Bahrawy. et al21 showed mean of outcome mea-
sures through figures (graphs) instead of tables. The 
mean values showed in Table 3 were estimated 
from those figures after keen focusing on level of 
bars and may vary from exact values of the study. 
Outcome measures that were used in two or more 
studies should be compared statistically. But actual-
ly we couldn’t able to do. There was a difference in 
outcome measures and their scores, as shown in 
table 3 and 4. Due to this, there was a problem in 
selecting the data for statistical analysis and forest 
plot. When we found an assessment scale in more 
than one study, the scale was either used in a modi-
fied form or its selected items were applied. For 
example, Functional Independence Measure (FIM) 
scale is used by three studies. Desrosiers J. et al1 
used FIM scores for self-care assessment. Self-care 
comprises 6 items and score of 6 items can range 
from 6-42. Chan DY. et al20 used 13 motor items, 
whereas Batool S. et al27 used 5 item of self-care. 
FIM36 is 7 point scale consisting 18 items and score 
ranges from 18 to 126. All three studies used select-
ed items of FIM instead of using all items and even 
did not use the same items. Therefore their results 
cannot be compared statistically.

Berg Balance Scale (BBS)23 is a 5 point scale and 
contains 14 items (score 0-56). Score less than 5 
shows the risk of fall, which is a major problem in 
stroke patients. See figure 2 for the analysis of BBS. 
Both studies20,23 favor MRP. Study by Choi JU et al23 
weighted more in its favor than study by Chan DY et 
al20 with bigger size of box. The diamond for overall 
result crosses the ‘line of no effect’ a little and      
p-value (0.008) is slightly higher than >0.05, therefore 
it is slightly not significant.

Barthel Index is used for ADL assessment. As we 
assessed we found that both Choi JU et al23 and 
Langhammer B. et al24 used same Barthel Index of 
score 0-100. Moreover, Choi JU. et al23 stated that he 
used Modifed Barthel Index (MBI) of Shah version. 
See figure 3 for the analysis of Barthel Index. Both 
studies23,25 favor MRP. Study by Langhammer B et al25 
weighted less in its favor with comparatively wider 
CI and small size of box than study by Choi JU et al23. 
The diamond for overall result crosses the ‘line of no 
effect’ and it shows that calculated difference 
between groups is not significant. P-value (0.67) also 
shows that the result is not significant.

Modified forms of scales can be used in RCTs to 
analyze the outcomes. But they are not helpful 
when you want to compare them statistically for 
review studies. The mean values of Motor Assess-

ment Scale (MAS) of study of Batool S. et al27 and 
Paul J et al28 lies between 1-11. Batool S. et al27 
stated that they used 3 items whereas Paul J et al28 
stated it as modified. Langhammer B et al25,26 used 
all 8 item and their mean scores lie in 19-37. Their 
study published in 201124 also showed scores for 
individual items. We plotted one forest plot to see 
how it shows when these type of scales are com-
pared. See figure 4 for the analysis of MAS. It shows 
that studies of Batool S. et al27 and Paul J et al28 
favors control group. Whereas, study of Langham-
mer B et al25 favors experimental group with wider 
CI, very small size of box and values shows that it has 
less influence on overall result. Furthermore, this 
study25 applied all items of scale, irrespective of 
both other studies27,28.

Another scale, Fugl-Meyer Assessment (FMA) was 
used by three studies, Immadi SK et al29, Desrosiers J 
et al1, Pandian S. et al30. Immadi SK. et al29, Desrosiers 
J et al1, used FMA for Upper extremity motor assess-
ment (score 0-66). Whereas, Pandian S. et al30 used 
FMA for only wrist and hand (score 0-30). But we 
cannot compare statistically the results of both 
studies1,29 because Immadi SK et al29 did not show SD 
for before treatment means.

Upper extremities are mostly affected after stroke, 
leading to motor deficits and decreased ability to 
perform activities of daily living. Motor recovery of 
upper extremity is crucial for patients to become 
independent in performing their self-hygiene and 
grooming activities. In the selected studies, we 
found that most of the studies focused on upper 
extremity1,2,27-29 or task involving upper extremity21 or 
only hand30.

RCTs used different outcome measurement tools, 
their items or scores. Multiple accessible RCTs with 
results of individual items of scales are negligible. 
More RCTs focusing on individual item of scales are 
needed to better assess the effects of MRP in com-
parison with other treatments by review studies.

More review studies focusing on individual item of 
scales are recommended. Unfortunately, multiple 
accessible RCTs with results of individual items of 
scales are negligible. For this reason further RCT 
studies should be conducted to assess the effects of 
MRP in comparison with other treatments. These 
RCTs should draw their results from individual items 
of measurement scales. A better review can be 
conducted after comparing statistically the results 
and scores of same items of the multiple studies, 
and hence, a clearer picture can be drawn about 
MRP in comparison with other treatments.

CONCLUSION

Effect of MRP on Quality of Life is not significant from 
selected studies, after assessing Berg Balance Scale 
(BBS) or Barthel Index, and further researches are suggested.
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INTRODUCTION

Cerebral Palsy is a non-progressive, permanent 
brain lesion of immature brain common in 2 per 
1000 children1,2. The prevalence of CP has remained 
remarkably stable over the last 30 years3. 80% of 
cerebral palsy is spastic, causing limitations in activi-
ties of daily livings, impairment in motor function, 
gait and balance4. The upper motor neuron lesion in 
the brain damages the functionality of nerve recep-
tors in the spine to properly receive Gamma Amino 
Butyric Acid (GABA). Which intern leads to hyperto-
nia of the muscle supplied by those damaged 
nerves, this condition is known as spasticity. Spastici-
ty is of various types in which diplegic is most 
common. The spastic diplegic are ambulatory with 
abnormalities like excessive planter flexion at ankle 
joint and excessive knee flexion associated with 
adduction and internal rotation at hip joint, these 
abnormalities influence the static and dynamic 
balance5. To assess the balance among the cere-
bral palsy patients is a complex task which includes 
several functional tests but the most common are 
Berg Balance Scale (BBS)6, Bruininks-Oseretsky Test 
of Motor Proficiency (BOTMP)7 and Timed Up and 
Go (TUG) all of these8 constitute the most frequently 
applied control tests for the quantitative changes in 
balance.

Maintaining posture is an essential task for balance 
control in the children with cerebral palsy. It is com-
plicated activity to maintain body weight within the 
base of support during standing, sitting, walking and 
performing activity9,10. Postural control is deter-
mined by vision integration, proprioceptive sensa-
tion, vestibular and commands from brain11,12. 
Postural instability constitute the major impairment 
in motor development, these children shown 
number of limitation while performing dynamic and 
static activities13.

With a growing body of re efficacy of treadmill 
training for training for adults with neurologic disor-
ders, most notably after spinal cord injury, clinicians 
and researchers in the field of pediatric CP have 
begun to turn their attention to the potential of 
treadmill training for improving walking in children 
with CP. This interest is based on the principle that 
task-specific and repetitive practice is required to 
develop and improve a motor skill such as walk-
ing6-9. Use of mechanical treadmill, with or without 
body weight support may improve walking in 
children with CP because it provides an opportunity 
to repetitively and intensively train the whole gait 
cycle and facilitate an improved gait pattern 
during walking. Preliminary work suggest that body 
weight supported treadmill training (BWSTT) is feasi-
ble in children with CP and may improve their walk-
ing speed, walking endurance and general gross 
motor skills10-14.

Some authors have revealed the effects of BWSTT 

among spastic CP14-21. One author assured the 
effects on ten children in a 12 week program in 
which there were three spastic diplegic and spastic 
quadriplegic and four were spastic quadriplegic 
with a mean age of 11 years and 6 months, after 
intervention there was a significant improvement 
noted in Gross Motor Function and in ambulation as 
compare to the baseline assessment14,22,23. In anoth-
er research, where six participant in which four were 
spastic diplegic, one was spastic hemiplegic and 
one was athetiod quadriplegic. A 12 week BWSTT 
program was intervened which revealed the signifi-
cant improvement in on ground walking speed 
meanwhile the energy expenditure showed no 
significant change. Six other articles revealed 
improvement in independent walking, walking 
endurance and waling speed16-20. However above 
mentioned studies fail to prove any effect on Postur-
al control which is an important component of 
independent walking and motor functioning.

The primary aim of the present study is to evaluate 
the effect of treadmill training with body weight 
support on functional, dynamic and static balance 
in CP children, using a comparative analysis of 
training with on ground gait training and determine 
whether the effects last after the interruption of 
interventions. Secondary aim is to determine the 
functional outcomes of treadmill training on 
balance among Pakistani population.

METHODOLOGY

Inclusion Criteria
Age between 5-14 years, spastic cerebral palsy, 
Gross Motor Function Classification as 1,2,3 by 
GMFCS and participant must walk independently 
with or without assistive devices.

Exclusion Criteria
Children submitted to orthopedic surgical proce-
dures or neuromuscular block in the 12 months prior 
to the training sessions and those with orthopedic 
deformity with indication for surgery were excluded 
from the study.

Participants
The individuals were recruited and selected for 
eligibility using the inclusion and exclusion criteria. 
After fulfilling the eligibility criteria and undergoing 
the initial evaluation, the participants were random-
ly distributed into an experimental group (gait 
training on a moving surface (treadmill)) and an 
over ground walking group (gait training on a fixed 
surface (ground)). Randomization was performed 
at rehabilitation center. We used a randomization 
table .using sealed, set of numbered envelopes to 
maintain confidentiality.

Apparatus
A motorized treadmill (Hydro Fitness Motorized 
Treadmill HF-C10), having a emergency stop button 
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and a pause button. The treadmill can measure the 
distance and time displayed at a digital screen 
during sessions, was used in study. The treadmill had 
minimal speed of 0.1 km per hour. Body weight 
support was given through Walk Able. The Walk 
Able is comprised of a harness that supports the 
lower trunk and pelvis. The system was suspended 
vertically and had horizontal bars which were 
positioned directly over the child’s head. The system 
has lockable castors.

Outcome Measures
For assessing functional balance we used Berg 
balance scale, which is consisting of 14 tasks similar 
to different ADL. The scale contains five points (0, 1, 
2, 3 or4) zero indicates inability to perform activity 
without assistance and four shows doing activity 
independently. TUG time up go test can also be 
used to assess functional balance in which subject is 
seated with back support is commanded to stand 
up and reach to the marked point at 3 meters turn 
around and come back to the seat and sit with 
back support this all procedure will take less than 10 
seconds. Performing TUG test in more than 10 
seconds predict a poor balance14. For dynamic 
balance we used the timed 360 turn, in which 
individual turn 360 while stepping15. For assessing the 
static balance we use Tandem Stance Test (TST). 
Individuals will stand with narrow base of support 
and maintain the upright balance without taking 
step16. Brunel Balance Assessment is the most valid 
and reliable assessments of static balance in differ-
ent states like sitting, standing, single leg stance 
etc17, 18.

Procedure
The training program was implemented at Rehabili-
tation Association. Each child was matched for sex, 
age, type of CP and GMFCS level. After assessing 
the participants at their baseline, six week trice 
weekly session of BWSTT conducted under the 
supervision of senior physiotherapist, who had to 
conduct all the sessions. The participants are 
allowed to wear their usual orthosis and they were 
allowed to use the assistive devices where required. 
Participants were adjusted with the apparatus; they 
wore the harness so that it gives the support at the 
pelvis and lower trunk. Treadmill was set according 
to the participant so that the participant can place 
foot with comfortably. Speed was generally 
increased with the increments of 0.1km/h. During 
the session physiotherapist can provide the 
assistance where required during the swing phase.
The study comprises of two groups; Group A and 
Group B, Group A is experimental Group and Group 
B is Control Group.

Group A had given Body Weight Support Treadmill 
Training for six weeks three sessions per week. The 
protocol of the training program comprises of famil-
iarization period for two weeks which allow partici-

pants to get familiarized with the treadmill and 
exercise programs the period are not be counted. 
The session starts with the warm up period for 5 
minutes in which the participant will walk up to the 
60% of Targeted Heart Rate the next step is the 
period of conditioning in which the participant will 
run on a treadmill up to the targeted heart rate of 
80% for a period of twenty minutes and finally the 
cool down period of five minutes before the end of 
session.

Group B had given Over Ground Gait Training for six 
weeks three sessions per week. The protocol of the 
training program comprises of familiarization period 
for two weeks which allow participants to get famil-
iarized with exercise programs the period are not be 
counted. The session starts with the warm up period 
for 5 minutes in which the participants have walked 
up to 60% of Targeted Heart Rate followed by walk 
up to 80% Targeted Heart Rate for 20 minutes and 
finally the cool down period of 5 minutes before the 
end of session. The vitals are monitored throughout 
the session using pulse Oximeter and the assessment 
form has filled by the researcher before and after 
the session.

Participants were allowed to continue their normal 
ADLs. Such as physical activity programs where they 
usually used to participated in. physiotherapists 
which were involved in the therapy session of partic-
ipants were advised not to increase the intensity of 
gait training the physical therapy sessions.

RESULTS

Thirty five children were recruited and their progres-
sion through the trial of the thirty five participants 
assessed at the baseline, four in the experimental 
group and three in the control group withdrew after 
completing only 2 to 4 training sessions.

Adherence to training was similar between groups. 
Of a total of 18 sessions, the control group attended 
a mean of 14.21±2.19 sessions and the experimental 
group attended a mean of 13.33 ± 2.02 sessions. 
Nonattendance was mostly because of illness (50 
sessions), participation in school excursions (14 
sessions) or public holidays (6 sessions). No session 
was missed because of adverse events related to 
training.

Both groups have shown a significant improvement 
in post evaluation with the (P < 0.05) and the mean 
differences are discus below. Meanwhile follow up 
of month also shown significant results shown in fig 1 
& 2.

Effects of Intervention
A. Functional Balance
For assessing the functional balance we used Berg 
Balance Scale and Time Up and Go test.

• Berg Balance Scale:
Analysis by using Paired Sample Test revealed a 
statistically significant improvement in an experi-
mental group with a mean improvement of 29 ± 
7.91 from 25.6±7.46 in Berg Balance Scale as com-
pare to control group where slight improvement has 
been observed with the mean of 28.08±7.11 from 

26.38±7.148. The effects of intervention in an experi-
mental group has also been observed in one month 
follow up protocol with the mean of 27.27±7.58 from 
25.6±7.46, whereas there was slight significant 
improvement in control group where mean is 
26.77±7.143 from 26.38±7.148.


