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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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CARDIAC REHABILITATION UPTAKE           
FOLLOWING MYOCARDIAL INFARCTION, 

PERCUTANEOUS CORONARY INTERVENTION 
AND CARDIAC SURGERY: A LOCAL            

SCENARIO
ABSTRACT

BACKGROUND 
The suboptimal utilization of Cardiac Rehabilitation (CR) poses a 
challenge to health policy makers in the prevention and manage-
ment of coronary heart diseases. Therefore, there is an increased 
need to understand the factors affecting CR attendance, to 
reduce the wide gap between the proven benefits of CR and its 
clinically low utilization.
OBJECTIVE 
To determine attendance rate and factors affecting outpatient 
CR enrollment
METHODS 
Total 2267 patients were included where the eligibility criterion was 
set according to broadened candidacy for CR programs. Patients 
with severe functional impairment or any co-existing debilitating 
morbidities in which exercise was contraindicated were excluded.
RESULTS 
The mean age of patients was 57.43±12.2 years and 75.7% were 
males. Out of 221 (10%) enrolled patients, 188 patients (83.2%) 
completed >6 weeks of outpatient CR and 49.6% patients had 
undergone CABG surgery. Significant association was found 
between CR attendance and patient’s medical diagnosis & 
procedure (P<0.01), ethnicity (P<0.05) and educational level 
(P<0.01). No association was found between CR attendance and 
patient’s gender, age and employment status. Among non-at-
tendees, 58.6% had undergone PCI and 16.2% had no formal 
education.
CONCLUSION 
Patients who were educated and underwent CABG surgery had 
better attendance. Considerable efforts need to be taken to use 
patient-specific CR to reduce ethnic and cultural barriers.

KEYWORDS
Attendance Rate, Cardiac Rehabilitation, Myocardial Infarction, 
Percutaneous Coronary Intervention, Cardiac Surgery, Ethnicity

SPECIAL REPORT 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.
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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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INTRODUCTION

On a global scale, cardiovascular diseases (CVD) 
cause 17.3 million deaths annually, a number that is 
expected to grow to more than 23.6 million by 2030. 
Each year, it is estimated that 785,000 Americans 
suffer from myocardial infarction (MI). The risk of 
recurrent MI or a fatal event within five years is 
about 15% in men and 22% in women (age 45-64 
years) and 22% in both men and women (age ≥ 65 
years)1. Therefore, it is of utmost importance to 
prevent this high risk secondary cardiac event 
among CVD patients2.

Cardiac rehabilitation (CR) as defined by World 
Health Organization (WHO) is the sum of activity 
required to provide cardiac patients the best 
avenue that aid in presuming their optimal functions 
within the society through improvements in their 
health behaviors and by delaying or opposing their 
ailment progression3.

CR is not only subjected to the improvements in the 
functional capacity and the psychosocial quality of 
life of patients, but it poses tremendous benefits in 
decreasing the morbidity and mortality among 
them4-6 Recent data have proven a dose response 
relationship between comprehensive, structured 
CR programs and reduction in mortality and recur-
rent MI risk among patients with percutaneous coro-
nary intervention (PCI)7, patients with stable angina 
and those who underwent coronary artery bypass 
grafting (CABG) surgery8.

Although there is compelling research evidence 
regarding the diverse benefits of multifaceted CR 
programs, worldwide the attendance rate is dismal-
ly low. Even in developed nations like in United 
States (US), only 10% to 20% of greater than 2 million 
potential cardiac candidates attend CR6.

The huge gap between the significantly proven 
treatment benefits of cardiac rehabilitation and the 
underutilization among populations is unaccept-
able. There are various identified social, medical 
and demographic determinants that act as barriers 
of optimal CR referral and attendance in the devel-
oped nations. These include older age, gender, lack 
of physician referral, perceived unsuitability, and 
lack of knowledge about CR benefits, low self-effi-
cacy, lack or limited support from the family, low 
socio-economic status (SES), poor job timings and 
co-morbidities9,10. In our region, limited data exist 
that shed light on the possible barriers of optimal 
participation at CR programs. The data suggest 
patient unwillingness, unavailability of CR programs; 
low SES and lack of health insurance are the most 
common limitations11. The American Heart Associa-
tion (AHA) focused on the immense need of appro-
priate patient referral for cardiac rehabilitation and 
understanding of their social and medical profiles to 
get maximum utilization and retention of CR 

programs3. CR is now considered as an essential 
element of the standard cardiac treatment12. CR is 
not just a traditional physical therapy program, but 
it is a multifaceted approach to provide optimal 
benefits on physical and psychosocial functions of 
cardiac patients. The components of CR are struc-
tured to slow or reverse disease progression, promo-
tion of healthy lifestyle and stress regulation13. In 
recent years considering the proven efficacy of CR 
programs, the eligibility criterion for enrollment in 
comprehensive CR sessions has been broadened. 
Now the scope includes all forms of CVD, patients 
who underwent PCI or CABG surgery, heart trans-
plantation and stable congestive heart failure (CHF) 
patients and those with peripheral artery disease 
(PAD) with claudication6.

Benefits of cardiac rehabilitation are well docu-
mented in the present literature. Various studies 
have proven the efficacy of these programs in 
terms of reductions in morbidity and mortality. 
Results of a meta-analysis showed significant reduc-
tions in cardiac related mortality and all-cause 
mortality among patients who attended CR14. In 
another meta-analysis, significant association was 
found between exercise-based CR and reductions 
in the recurrent events of MI, cardiac and all-cause 
mortality15. Moreover, recent meta-analysis present-
ed the benefits of CR in 17% reduction in recurrent 
MI event at 12 months and 47% reduction in mortali-
ty at 24 months16. The American Heart Association 
(AHA) and the American College of Cardiology 
Foundation (ACCF) refer CR as Class I–level recom-
mendation for the prevention and management of 
coronary heart disease (CHD)17. It is surprising that 
instead of proven benefits of CR, the enrollment 
status is relatively very poor. Among potential candi-
dates, 14%-35% of MI survivors and 31% of patients’ 
undergone CABG surgery attend CR18,19. There are 
several identified patient and system related factors 
associated with poor attendance at CR20. Lack of 
physician referral, poor system for reinforcement, 
co-morbidities, personal unsuitability, lack of 
motivation, female gender, low SES, long distance 
from residence, transportation, limited family and 
social support, low level of education, and low 
self-efficacy are some of the consistent factors 
found to be associated with poor enrollment at CR 
in developed nation21.This sub-optimal utilization of 
CR continues to inflict challenges to health policy 
makers working for prevention and management of 
coronary artery diseases (CAD). Sufficient data 
related to factors affecting attendance rates in 
local settings are not present. Therefore, there is an 
increased need to understand these factors in our 
local scenario in order to reduce wide intervention 
gap between the proven benefits of CR and its 
clinically low utilization. The aim of the present study 
was to determine attendance rate and the factors 
affecting outpatient cardiac rehabilitation enroll-
ment.

METHODS 

A cross-sectional study was conducted at Tabba 
Heart Institute (THI) to investigate factors affecting 
CR enrollment after cardiac procedures specifically 
myocardial infarction, percutaneous coronary 
intervention and cardiac surgery. THI is a specialty 
cardiac care hospital located in a populous area in 
Karachi that caters patients from different socio-
economic backgrounds. Moreover, this state-of- 
the-art cardiac hospital is the only set up in the city 
that offers supervised cardiac rehabilitation 
program. The Preventive Cardiology and Cardiac 
Rehabilitation Department at THI provides tailored 
CR program including monitored and supervised 
exercises, patient and family education and individ-
ual diet consultation. CR team designed by keep-
ing in view a multi-disciplinary approach which 
included dietitian, trained CR Physiotherapists, 
cardiac nurses, diabetes educator and other allied 
health professionals, working in close coordination 
with cardiologists/cardiac surgeons. Purposive 
sampling method was used and 2267 eligible 
patients admitted from July 2014 to April 2015 were 
enrolled. The eligibility criterion was set according to 
the broadened candidacy for CR programs. 
Detailed information about the structure of CR was 
given to all eligible patients before discharge and 
the potential candidates were referred for CR within 
2-3 days after percutaneous coronary intervention 
(PCI) procedure and 5-6 days after cardiac surgery, 
while in other countries CR is offered after few 
weeks from discharge. Clinical and socio-demo-
graphic information were obtained.

The data analysis was performed using SPSS (Statisti-
cal Package for Social Sciences), Version 16. Age 
was computed as mean ± SD. Percentages and 
frequencies were calculated for continuous 
variables. To test association between CR enroll-
ment status and patients’ characteristics, 
chi-square test was used.

RESULTS

The mean age (± SD) of patients was 57.43 (± 12.2) 
years and 75.7% were males. Out of 2267 patients, 
only 221 patients (10%) enrolled and attended CR 
and among 221 attendees, 188 patients (83.2%) 
completed more than 6 weeks of outpatient hospi-
tal-based CR program. Significant association was 
found between CR attendance and patient medi-
cal diagnosis and procedure (P<0.01), ethnicity 
(P<0.05) and educational level (P<0.01).

Conversely, no association was found between CR 
attendance and patient gender, age and employ-
ment status. Among non-attendees, 58.6% had 
undergone percutaneous coronary intervention 
(PCI) and 16.2% had no formal education about 

CR. Moreover, 49.6% patients who attended CR had 
undergone cardiac surgery.

DISCUSSION 

The study conducted with the aim of determining 
factors affecting outpatient cardiac rehabilitation 
enrollment and attendance revealed numerous 
factors that can be addressed in order to improve 
CR attendance rate. Our study reported enrollment 
rate of 10 % of the referred group of patients which 
strongly supports findings from previous studies that 
concluded that CR services are underutilized19,22,23

The present studies presented no association 
between CR attendance and patient gender and 
age which seconds results found in a study done in 
our local scenario11. Although the enrollment 
percentage of patients older than 49 years of age 
was greater as compared to their younger counter 
parts but the difference was not significant enough 
to draw a conclusion.

Patient medical diagnosis and procedure (P < 0.01) 
was found to be a significant determinant of CR 
enrollment which adds strength to the conclusions 
drawn in previous research19,24,25. Patients gone 
through CABG surgery had the maximum rate of 
participation (49.6%) while those gone through PCI 
were in the highest percentage among non-at-
tendees (58.6%). In accordance to a previous study, 
significant association was found between CR 
attendance and ethnicity (P < 0.05) and education-
al level (P < 0.01)26. Our study has highlighted 
underutilization and major barriers related to CR 
among patient’s undergone cardiac procedures in 
a local scenario. These findings can further be used 
to overcome barriers faced by patients.

CONCLUSION 

Although CR information was provided to all eligible 
patients before discharge, only a fraction availed 
CR services. Low level of education might contrib-
ute to impaired apprehension about CR benefits. 
Patients who underwent PCI are more likely to 
consider their medical condition as less severe and 
return to their jobs early as they do not find any 
limitation in performing routine tasks. Therefore, 
education about the efficacy of CR on clinical 
stability, improved health and subsequently superior 
quality of life should be provided
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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.
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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 

REFERENCES

Desrosiers J, Bourbonnais D, Corriveau H, Goss-
elin S, Bravo G. Effectiveness of unilateral and 
symmetrical bilateral task training for arm during 
the subacute phase after stroke: a randomized 
controlled trial. Clin Rehabil. 2005;19(6):581-593
Rehani P, Kumari R, Divya Midha. Effectiveness 
of motor relearning programme and mirror 
therapy on hand functions in patients with 
stroke-a randomized clinical trial. IJTRR. 
2015;4(3):20-24 
Alan SG, Mozaffarian D, Roger VL, Benjamin EJ, 
Berry JD, Blaha MJ, et al. Heart Disease and 
Stroke Statistics—2014 Update. A Report from 
the American Heart Association. Circulation. 
2014;129(3):e28–e292
Mendis, Shanthi, Pekka Puska, and Bo Norrving. 
Global Atlas On Cardiovascular Disease 
Prevention and Control. Geneva: World Health 
Organization in collaboration with the World 
Heart Federation and the World Stroke Organi-
zation, 2011 
Majid A, Reeves MJ, Birbeck GL. The epidemiol-
ogy of stroke in Pakistan: past, present, and 
future. Int J Stroke. 2009;4(5):381-389 
The World Bank [Internet]. Data Pakistan [cited 
2015 Mar 16]. Available from: http://data. 
worldbank.org/country/pakistan
Khealani BA, Hameed B, Mapari UU. Stroke in 
Pakistan. J Pak Med Assoc. 2008;58(7):400-403
Khealani BA, Wasay M. The burden of stroke in 
Pakistan. Int J Stroke. 2008;3(4):293-296
Pakistan stroke society. [Internet]. [cited 2015 
Mar 16]. Available from: www.pakstroke.com
Syed NA, Khealani BA, Ali S, Hasan A, Akhtar N, 
Brohi H et al. Ischemic stroke subtypes in 
Pakistan: the Aga Khan University Stroke Data 
Bank. J Pak Med Assoc. 2003;53(12): 584-588
Feigin VL, Barker-Collo S, McNaughton H, Brown 
P, Kerse N.Long-term neuropsychological and 
functional outcomes in stroke survivors: current 
evidence and perspectives for new research. 
Int J Stroke. 2008;3(1):33-40
Opara JA, Jaracz K. Quality of life of post–stroke 
patients and their caregivers. J Med Life. 2010; 
3(3):216–220
Pollock A, Baer G, Campbell P, Choo PL, Forster 
A, Morris J, et al. Physical rehabilitation 
approaches for the recovery of function and 
mobility following stroke. Cochrane Database 
Syst Rev. 2014;22;(4):CD001920
Wade DT, Collen FM, Robb GF, Warlow CP. 
Physiotherapy intervention late after stroke and 
mobility. BMJ. 1992;304(6827):609-613
Baumann M, Lurbe K, Leandro ME, Chau N. Life 
satisfaction of two-year post-stroke survivors: 
effects of socio-economic factors, motor 
impairment, Newcastle stroke-specific quality 
of life measure and World Health Organization 
quality of life: brief of informal caregivers in 
Luxembourg and a rural area in Portugal. Cere-

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

brovasc Dis. 2012;33(3):219-230
Langhammer B, Lindmark B, Stanghelle JK. 
Stroke patients and long-term training: is it 
worthwhile? A randomized comparison of two 
different training strategies after rehabilitation. 
Clin Rehabil. 2007;21(6):495-510
Bhalerao G, Kulkarni V, Doshi C, Rairikar S, 
Shyam A, Sancheti P. Comparison of motor 
relearning program versus bobath approach at 
every two weeks interval for Improving activities 
of daily living and ambulation in acute stroke 
rehabilitation. Int. J Basic Appl. Med. Sc. 
2013;3(3):70-77
Ernst E. A review of stroke rehabilitation and 
physiotherapy. Stroke. 1990 Jul; 21(7):1081-1085
Seneviratne CC. A Comparison of Two Rehabili-
tation Therapies in the Elderly Stroke Population. 
Indian Journal of Gerontology. 
2013;27(1):162–177
Chan DY, Chan CC, Au DK. Motor relearning 
programme for stroke patients: a randomized 
controlled trial. Clin Rehabil. 2006;20(3):191-200
El-Bahrawy MN, El-Wishy AAB. Efficacy of motor 
relearning approach on hand function in 
chronic stroke patients. A controlled random-
ized study. It J Physiotherapy 2012;2(4):121-27
Ahmed AB. Dynamics of functional connectivity 
within cortical motor network during motor 
learning in stroke – correlations with “True” 
motor recovery. [PhD Thesis] University of 
Kansas: ProQuest LLC; 2013
Choi JU, Kang SH. The effects of patient-cen-
tered task-oriented training on balance activi-
ties of daily living and self-efficacy following 
stroke. J Phys Ther Sci. 2015; 27(9):2985-2988
Langhammer B, Stanghelle JK. Can physiother-
apy after stroke based on the Bobath concept 
result in improved quality of movement com-
pared to the motor relearning programme. 
Physiother Res Int. 2011;16(2):69-80
Langhammer B, Stanghelle JK. Bobath or motor 
relearning programme? A comparison of two 
different approaches of physiotherapy in stroke 
rehabilitation: a randomized controlled study. 
Clin Rehabil. 2000;14(4):361-369
Langhammer B, Stanghelle JK. Bobath or motor 
relearning programme? A follow-up one and 
four years post stroke. Clin Rehabil. 
2003;17(7):731-734
Batool S, Soomro N, Amjad F, Fauz R. To com-
pare the effectiveness of constraint induced 
movement therapy versus motor relearning 
programme to improve motor function of hemi-
plegic upper extremity after stroke. Pak J Med 
Sci. 2015;31(5):1167-1171
Paul J. Comparative study on the effect of task 
oriented motor relearning program and 
thermal stimulation over upper limb motor func-
tion among stroke subjects. Int J Physiother. 
2014;1(4): 227-232
Immadi SK, Achyutha KK, Reddy A, Tatakuntla 
KP. Effectiveness of the motor relearning 

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

approach in promoting physical function of the 
upper limb after a stroke. Int J Physiother. 
2015;2(1):386-390
Pandian S, Arya KN, Davidson EW.Comparison 
of Brunnstrom movement therapy and Motor 
Relearning Program in rehabilitation of 
post-stroke hemiparetic hand: a randomized 
trial. J Bodyw Mov Ther. 2012;16(3):330-337
Chung BPH. Effect of different combinations of 
physiotherapy treatment approaches on func-
tional outcomes in stroke patients: A retrospec-
tive analysis. HKPJ. 2014; 32:21-27
Helm EE. Mechanisms of motor learning and 
brain plasticity post stroke. [PhD Thesis] Universi-
ty of Delaware: ProQuest LLC; 2015
Yin Y, Gu Z, Pan L, Gan L, Qin D, Yang B, Guo J, 

[30]

[31]

[32]

[33]

Hu X et al. How does the motor relearning 
program improve neurological function of brain 
ischemia monkeys? Neural Regen Res. 
2013;8(16):1445–1454
Higgins J, Green S. Cochrane handbook for 
systematic reviews of intervention: Cochrane 
book series. Chichester: John Wiley and Sons, 
Ltd; 2008
Follmann D, Elliott P, Suh I, Cutler J. Variance 
imputation for overviews of clinical trials with 
continuous response. J Clin Epidemiol. 
1992;45(7):769-73
Keith RA, Granger CV, Hamilton BB, Sherwin FS. 
The functional independence measure: a new 
tool for rehabilitation. Adv Clin Rehabil. 
1987;1:6-18

[34] 

[35]

[36]

INTRODUCTION

On a global scale, cardiovascular diseases (CVD) 
cause 17.3 million deaths annually, a number that is 
expected to grow to more than 23.6 million by 2030. 
Each year, it is estimated that 785,000 Americans 
suffer from myocardial infarction (MI). The risk of 
recurrent MI or a fatal event within five years is 
about 15% in men and 22% in women (age 45-64 
years) and 22% in both men and women (age ≥ 65 
years)1. Therefore, it is of utmost importance to 
prevent this high risk secondary cardiac event 
among CVD patients2.

Cardiac rehabilitation (CR) as defined by World 
Health Organization (WHO) is the sum of activity 
required to provide cardiac patients the best 
avenue that aid in presuming their optimal functions 
within the society through improvements in their 
health behaviors and by delaying or opposing their 
ailment progression3.

CR is not only subjected to the improvements in the 
functional capacity and the psychosocial quality of 
life of patients, but it poses tremendous benefits in 
decreasing the morbidity and mortality among 
them4-6 Recent data have proven a dose response 
relationship between comprehensive, structured 
CR programs and reduction in mortality and recur-
rent MI risk among patients with percutaneous coro-
nary intervention (PCI)7, patients with stable angina 
and those who underwent coronary artery bypass 
grafting (CABG) surgery8.

Although there is compelling research evidence 
regarding the diverse benefits of multifaceted CR 
programs, worldwide the attendance rate is dismal-
ly low. Even in developed nations like in United 
States (US), only 10% to 20% of greater than 2 million 
potential cardiac candidates attend CR6.

The huge gap between the significantly proven 
treatment benefits of cardiac rehabilitation and the 
underutilization among populations is unaccept-
able. There are various identified social, medical 
and demographic determinants that act as barriers 
of optimal CR referral and attendance in the devel-
oped nations. These include older age, gender, lack 
of physician referral, perceived unsuitability, and 
lack of knowledge about CR benefits, low self-effi-
cacy, lack or limited support from the family, low 
socio-economic status (SES), poor job timings and 
co-morbidities9,10. In our region, limited data exist 
that shed light on the possible barriers of optimal 
participation at CR programs. The data suggest 
patient unwillingness, unavailability of CR programs; 
low SES and lack of health insurance are the most 
common limitations11. The American Heart Associa-
tion (AHA) focused on the immense need of appro-
priate patient referral for cardiac rehabilitation and 
understanding of their social and medical profiles to 
get maximum utilization and retention of CR 

programs3. CR is now considered as an essential 
element of the standard cardiac treatment12. CR is 
not just a traditional physical therapy program, but 
it is a multifaceted approach to provide optimal 
benefits on physical and psychosocial functions of 
cardiac patients. The components of CR are struc-
tured to slow or reverse disease progression, promo-
tion of healthy lifestyle and stress regulation13. In 
recent years considering the proven efficacy of CR 
programs, the eligibility criterion for enrollment in 
comprehensive CR sessions has been broadened. 
Now the scope includes all forms of CVD, patients 
who underwent PCI or CABG surgery, heart trans-
plantation and stable congestive heart failure (CHF) 
patients and those with peripheral artery disease 
(PAD) with claudication6.

Benefits of cardiac rehabilitation are well docu-
mented in the present literature. Various studies 
have proven the efficacy of these programs in 
terms of reductions in morbidity and mortality. 
Results of a meta-analysis showed significant reduc-
tions in cardiac related mortality and all-cause 
mortality among patients who attended CR14. In 
another meta-analysis, significant association was 
found between exercise-based CR and reductions 
in the recurrent events of MI, cardiac and all-cause 
mortality15. Moreover, recent meta-analysis present-
ed the benefits of CR in 17% reduction in recurrent 
MI event at 12 months and 47% reduction in mortali-
ty at 24 months16. The American Heart Association 
(AHA) and the American College of Cardiology 
Foundation (ACCF) refer CR as Class I–level recom-
mendation for the prevention and management of 
coronary heart disease (CHD)17. It is surprising that 
instead of proven benefits of CR, the enrollment 
status is relatively very poor. Among potential candi-
dates, 14%-35% of MI survivors and 31% of patients’ 
undergone CABG surgery attend CR18,19. There are 
several identified patient and system related factors 
associated with poor attendance at CR20. Lack of 
physician referral, poor system for reinforcement, 
co-morbidities, personal unsuitability, lack of 
motivation, female gender, low SES, long distance 
from residence, transportation, limited family and 
social support, low level of education, and low 
self-efficacy are some of the consistent factors 
found to be associated with poor enrollment at CR 
in developed nation21.This sub-optimal utilization of 
CR continues to inflict challenges to health policy 
makers working for prevention and management of 
coronary artery diseases (CAD). Sufficient data 
related to factors affecting attendance rates in 
local settings are not present. Therefore, there is an 
increased need to understand these factors in our 
local scenario in order to reduce wide intervention 
gap between the proven benefits of CR and its 
clinically low utilization. The aim of the present study 
was to determine attendance rate and the factors 
affecting outpatient cardiac rehabilitation enroll-
ment.

METHODS 

A cross-sectional study was conducted at Tabba 
Heart Institute (THI) to investigate factors affecting 
CR enrollment after cardiac procedures specifically 
myocardial infarction, percutaneous coronary 
intervention and cardiac surgery. THI is a specialty 
cardiac care hospital located in a populous area in 
Karachi that caters patients from different socio-
economic backgrounds. Moreover, this state-of- 
the-art cardiac hospital is the only set up in the city 
that offers supervised cardiac rehabilitation 
program. The Preventive Cardiology and Cardiac 
Rehabilitation Department at THI provides tailored 
CR program including monitored and supervised 
exercises, patient and family education and individ-
ual diet consultation. CR team designed by keep-
ing in view a multi-disciplinary approach which 
included dietitian, trained CR Physiotherapists, 
cardiac nurses, diabetes educator and other allied 
health professionals, working in close coordination 
with cardiologists/cardiac surgeons. Purposive 
sampling method was used and 2267 eligible 
patients admitted from July 2014 to April 2015 were 
enrolled. The eligibility criterion was set according to 
the broadened candidacy for CR programs. 
Detailed information about the structure of CR was 
given to all eligible patients before discharge and 
the potential candidates were referred for CR within 
2-3 days after percutaneous coronary intervention 
(PCI) procedure and 5-6 days after cardiac surgery, 
while in other countries CR is offered after few 
weeks from discharge. Clinical and socio-demo-
graphic information were obtained.

The data analysis was performed using SPSS (Statisti-
cal Package for Social Sciences), Version 16. Age 
was computed as mean ± SD. Percentages and 
frequencies were calculated for continuous 
variables. To test association between CR enroll-
ment status and patients’ characteristics, 
chi-square test was used.

RESULTS

The mean age (± SD) of patients was 57.43 (± 12.2) 
years and 75.7% were males. Out of 2267 patients, 
only 221 patients (10%) enrolled and attended CR 
and among 221 attendees, 188 patients (83.2%) 
completed more than 6 weeks of outpatient hospi-
tal-based CR program. Significant association was 
found between CR attendance and patient medi-
cal diagnosis and procedure (P<0.01), ethnicity 
(P<0.05) and educational level (P<0.01).

Conversely, no association was found between CR 
attendance and patient gender, age and employ-
ment status. Among non-attendees, 58.6% had 
undergone percutaneous coronary intervention 
(PCI) and 16.2% had no formal education about 

CR. Moreover, 49.6% patients who attended CR had 
undergone cardiac surgery.

DISCUSSION 

The study conducted with the aim of determining 
factors affecting outpatient cardiac rehabilitation 
enrollment and attendance revealed numerous 
factors that can be addressed in order to improve 
CR attendance rate. Our study reported enrollment 
rate of 10 % of the referred group of patients which 
strongly supports findings from previous studies that 
concluded that CR services are underutilized19,22,23

The present studies presented no association 
between CR attendance and patient gender and 
age which seconds results found in a study done in 
our local scenario11. Although the enrollment 
percentage of patients older than 49 years of age 
was greater as compared to their younger counter 
parts but the difference was not significant enough 
to draw a conclusion.

Patient medical diagnosis and procedure (P < 0.01) 
was found to be a significant determinant of CR 
enrollment which adds strength to the conclusions 
drawn in previous research19,24,25. Patients gone 
through CABG surgery had the maximum rate of 
participation (49.6%) while those gone through PCI 
were in the highest percentage among non-at-
tendees (58.6%). In accordance to a previous study, 
significant association was found between CR 
attendance and ethnicity (P < 0.05) and education-
al level (P < 0.01)26. Our study has highlighted 
underutilization and major barriers related to CR 
among patient’s undergone cardiac procedures in 
a local scenario. These findings can further be used 
to overcome barriers faced by patients.

CONCLUSION 

Although CR information was provided to all eligible 
patients before discharge, only a fraction availed 
CR services. Low level of education might contrib-
ute to impaired apprehension about CR benefits. 
Patients who underwent PCI are more likely to 
consider their medical condition as less severe and 
return to their jobs early as they do not find any 
limitation in performing routine tasks. Therefore, 
education about the efficacy of CR on clinical 
stability, improved health and subsequently superior 
quality of life should be provided
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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.
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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.

CHARACTERISTICS

GENDER

Male 75.5 (1541) 77.9 (176)

24.5 (500) 22.1 (50)

49.3 (1007) 50.4 (114)

19.6 (401) 15 (34)

1.6 (33) 0.9 (2)

15 (306) 15.5 (35)

5.1 (104) 4.9 (11)

6.7 (136) 9.7 (22)

----

2.6 (54) 3.5 (8)

23.7 (483) 19.5 (44)
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1.4 (29) 2.2 (5)
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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.

Suaya JA, Stason WB, Ades PA, Normand SL, 
Shepard DS. Cardiac Rehabilitation and Surviv-
al in Older Coronary Patients. J Am Coll Cardiol. 
2009;54(1):25-33
Allen JK, Scott LB, Stewart KJ, Young DR. Dispari-
ties in women’s referral to and enrollment in 
outpatient cardiac rehabilitation. J Gen Intern 
Med. 2004;19(7):747-753
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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.
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