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ABSTRACT

BACKGROUND: Efficacies of community-based exercise
programmes have been well reported, but there is scarce
information on the expediency of community-based rehabilitation
in a society where many children with disabilities live in poorly
resourced settings with extremely limited rehabilitative services.
This study investigated the effects of community-based functional
aerobic exercise (CBFAE) on gross motor function, walking
distance, and quality of life of children with cerebral palsy (CP).
METHODS: Quasi-experimental design was used. Children with
gross motor function classification system (GMFCS) levels I — I
participated in eight weeks CBFAE training four times/week, 50
minutes/day at 40-80% maximum heart rate. Gross motor
function (GMF), walking distance and quality of life were
assessed pre and post CBFAE training.

RESULTS: Significant improvement was observed in GMF (D-
standing) (8.2%, P=.000), GMF (E-walking + running+ jumping
(5.12%, P=004), walking distance (6.09%, P=.009). Higher
significant positive effects of CBFAE were observed in Social
wellbeing and acceptance (107.10%, P=.000), and participation
and physical health (105.04%, P=.005) by children parent proxy.
Self-reported results showed that for CBFAE, significant positive
improvements were higher in pain and impact of disability
(67.93%, P=.049) and participation and physical health (60.00%,
P=.042).

CONCLUSION: CBFAE training contributes majorly to
improved standing, walking, jumping and running and self-
esteem, quality of life of children with spastic CP. Clinicians and
exercise therapists should essentially incorporate CBFAE
training and activities into the management of children with CP
for improved mobility and functional performances.
KEYWORDS: Exercise programme, Spastic CP, Walk distance,
Gross motor function, Quality of life

DOI: http://dx.doi.org/10.4314/ejhs.v31i2.21



382 Ethiop J Health Sci.

Vol. 31, No. 2

March 2021

INTRODUCTION

Cerebral palsy (CP) is a permanent but non-
progressive damage to developing brain leading
to permanent voluntary motor control and
movement disorders in one or more limbs and
sometimes in the trunk (1,2,3). CP commonly
contributes to motor disability and serves as
principal cause of physical disabilities in
children (4). CP affects a person’s boney
structure (paralyzed limbs), motor
functions/activities (grasping) and participation
(playing tennis) which in turn may lead to
activity limitations and participation restrictions

(5).

Incidence of CP ranges from 1.5 to more
than 4 per 1,000 live births worldwide. Although
exact figures are unknown, it was speculated
that 1 out of 300 children in Ghana are living
with CP (6). Spastic is the most occurring
subtype of CP present in about 80% of all cases
(7). Spasticity negatively impacts activities of
daily living such as dressing, feeding, grasping
writing, walking, and bathing (8). Chronic
spasticity leads to musculoskeletal disorders
such as muscle pain, bone deformation,
contractures, and dislocations which further
limit functional independence, participation in
meaningful activities and overall gross motor
functioning (9). Motor functionalities in children
with CP are classified using the gross motor
function classification system (GMFCS). The
GMEFCS describes five levels of
activity/functions: those in levels I and II walk
without aids, those in level III walk with aids,
and children in levels IV and V are non-
ambulatory. Gross motor development is a
function physical activity in children with CP
(10). Gross motor functions involve the use of
large muscle groups in activities like rolling,
sitting up, crawling, walking, jumping, running,
hopping, leaping, and skipping skills are the
ability to perform controlled movements (11).

Most children with spastic CP rarely show
interest in active physical activities due largely
to decreased motor control (12). Effects of
exercise on spasticity grade have been studied
(13) as well as effects of exercise on muscular
strength in children with CP (9,11).

Lower exercise capacity and higher oxygen
cost for activity are directly associated with

children with CP (14,15). Aerobic exercise has
been shown to reduce skin fold body fat, to
improve peak oxygen consumption, ventilation
and heart rate (16), to improve gross motor
function and walking distance (17), aerobic
capacity, quality of life and body composition
(14) in children with CP.

Children with CP are unable to perform
daily tasks, engage in leisure activities, enrol in
school and participate in community activities.
A further rather debilitating condition is that all
or most children with CP are potentially
sedentary and so prone to chronic cardiovascular
diseases (CVDs), a pandemic health issue (18).

Despite numerous studies on the efficacy of
community-based exercise programmes (19, 20),
studies that used aerobic exercise therapeutically
on children with CP have been conducted
mainly in clinical and laboratory settings.
Although there has been consensus among
researchers and clinicians on the positive
exercise effects have on children with CP (21),
there are scarce studies in Ghana documenting
the effects of community-based functional
aerobic exercise (CBFAE) on gross motor
function, walking distance and quality of life
(QoL) of children with CP. The scarce
information, to the best knowledge of the
authors, suggests a possible disregard for the
expediency of community-based rehabilitation
in a society where the majority (80.0%) of
children with disabilities live in resource poor
settings. Additionally, society with extremely
limited rehabilitative services will require active
community-based fitness programmes for the
vulnerable such as children and adults with CP
to have desirable quality of life. Therefore, the
present study investigated the effects of
community-based functional aerobic exercise
(CBFAE) on gross motor function, walking
distance and quality of life of children with CP.

MATERIALS AND METHODS

Study design: The study followed a quasi-
experimental design with pre-and post-training
assessments. Measurements were conducted
once before and after exercise intervention was
introduced to the participants. Unlike the
randomized controlled trials, quasi-experimental
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design deviates from popular random
assignments.

Participants: The study population were 32
children with disabilities (intellectual
disabilities-8, cerebral palsy-20, and down
syndrome-4) between 11 and 17 years enrolled
in the CoDREC at Manso-Atwere in the
Amansie West District of the Ashanti Region of
Ghana. Intellectual disabilities and down
syndrome were referenced in this study to
indicate the total population of children with
chronic brain injury motor disorders in the study
site. The non-probability purposive sampling
method was used to recruit all the children with
CP (20) which represents 70.0% of the total
sample population for the study. Participants
were included based on highest occurrence
(70.0%) as affirmed in literature (7,22),
medically diagnosed of spastic CP, had no other
medical complications, walked with or without
aids, could follow simple verbal instructions,
and functional level was between GMFCS I-1I.
Participants were excluded when living with
uncontrolled seizures, had cardiac disecases,
undergone serial casting of the lower limb
within the past three months, cannot follow
simple verbal instruction and had GMFCS level
was between III-V. Fourteen were eventually
enrolled, but due to subject attrition, data from
ten (10) participants who completed the CBFAE
training were analysed for the study.

Measurement: Demographic information of
gender, age (year), weight (kg), height (cm) and
CP types were collected. Although not a focus of
the study, values of weight (kg) divided by the
square of height (m) were used to calculate body
mass index (BMI) as a determinant of
participants’ obesity level.

Gross motor function: Changes in gross motor
function (GMF) of the participants were
assessed using the gross motor function measure
(GMFM) - a clinical assessment tool designed to
evaluate changes in gross motor function in
children with cerebral palsy (CP). GMFM has
two versions (GMFM-88 and GMFM-66) based
on the number of items on each. Given that
GMFM-88 has ordinal unidimensional scale and
GMFM-66 has interval unidimensional scale of
gross motor function, studies consistently
established that the latter enhances scoring,

interpretation, and observational clinical and
research outcomes better than the former (23-
24). Hence, this study used GMFM-66
developed for children with CP only and has
tasks divided into five dimensions; (A) lying and
rolling, (B) sitting (C) crawling and kneeling,
(D) standing, (E) walking, running, and
jumping. Each of the dimensions has item
scored on a four-point scale (Table 1). The
consistency, stability, and dependability of the
GMFM-66 have been established over the years
(24, 25) where interclass correlation coefficients
[ICC] = 0.952- 1.00, standard error of
measurement [SEM] and smallest real difference
[SRD] of 1.60 and 3.14 respectively with inter-
rater reliability of 0.93 and intra-rater reliability
0 0.99-1.00.

At the preliminary stage of identifying the
difficulty level of the participants, all
participants were able to execute three
dimensions of GMFM-66 [(A) lying and rolling,
(B) sitting (C) crawling and kneeling]
spontaneously but could hardly perform (D)
standing, (E) walking, running, and jumping.
Furthermore, since GMFM-66 allows authors to
measure particular items only (item maps), given
that at least 13 items were included, 27 items in
D and E dimensions of GMFM-66 were assessed
and computed for this study.

Walking distance: The 30 Seconds Walk Test
(30SWT) was used to assess walking distance of
the participants. The 30SWT is a single-
dimension test that does not only assess walking
ability but also assesses coordination and
exercise capacity associated with walking ability
over a given distance with a given time. The
reported standard protocol for using 30SWT
(28) was adhered to as test was conducted on an
oval even surface tartan track. Participants were
asked to walk at own speed for 30 seconds. The
total distance walked was measured to the
nearest metre by means of attached meters
marked on the track. The participants received
verbal motivation and encouragement every 10
seconds. Where a participant experienced any
pain and/or leg fatigue, fear of fall or,
imbalance, he/she was permitted to slow down,
stop or rest as necessary, but resumed walking as
soon as possible. Three measurements were
recorded and the mean of the three was taken.
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Quality of life: Quality of life (QoL)
instruments are accepted as standards for
determining change in QoL in individuals. The
instruments are of two versions: generic and
condition specific (29). The generic instruments
focused on wider perspectives of QoL and are
used in general populations such as
KIDSCREEN-10 (30) and child health
questionnaire  (31). The condition-specific
instruments are appropriate to one group or
specific disease condition and they are effective
in detecting changes in a condition such as
cerebral palsy quality of life questionnaires
(CPQoL) (26, 32). CPQoL appealed to the
interest of authors because a study showed that it
is divided into self —report (57 items) and
parent-proxy (66 items) versions with subscale
components of Social well-being and acceptance
(11 items), functioning (12 items), participation
and physical health (11 items), emotional well-
being (6 items), access to services (5 items),
pain and impact of disability (8 items) and
family health (4 items) (26, 32). Access to
services and family health were, however,
excluded for the self-reported as advised
(26,32). The reliability and validity (Cronbach’s
alpha) of the CPQoL questionnaires have been
ascertained (26,32). Reported internal
consistency of CPQoL ranges between 0.63-0.93
for parent-proxy and 0.61 to 0.92 for child self-
reports (26,32). Participants were able to

understand and respond to the instrument in
English language as official language in Ghana,
hence CPQoL was not validated. The responses
were scored on a 9-point scale, where 1 and 2 =
very unhappy, 3 and 4 = unhappy, 5 and 6 =
both neither happy nor unhappy, 7 and 8 =
happy, and 9 = very happy. The scores were
transformed to a scale with a possible range of 0
— 100 and were recoded.

Intervention: A functional aerobic exercise
which could easily be implemented in the
natural environment (school and community)
was developed. All the participants performed
the same exercises like running and changing
direction of the body, kicking, step-ups,
walking, bending and crouching. These tasks,
aimed to improve daily functioning and
mobility, were repeated throughout the
programme. Exercise sessions were conducted
in group and individualised approaches (all
participants  present) and supervised by
professional exercise physiologists.

CBFAE was conducted four times a week
for eight weeks, at 40% - 70% of maximal heart
rate (MHR) using circuit training principle. The
circuit training programme employed had five
exercise stations (Figure 2) with one aimed at
increasing strength of larger muscle groups of
both lower limbs and the other four aimed at
increasing aerobic endurance.

Children Living with
Disabilities (N=32)

l

A

Intellectual Cerebral Palsy Down Syndrome
Disability (N=8) (N =20) (IN=4)

|

l

| l

GMFCS GMEFCS Level GMFCS Level GMFCS Level GMEFCS Level
Level I (N=5) I (N=5) I (N=4) IV(IN=1) V (N=5)
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Figure 1: Flowchart diagram

Excluded
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Figure 2: Exercise stations 1-5

Exercise Station 1 consisted of ten oilcans and
one stepper (block). Five oilcans were placed at
both ends of a stepper (block) of 4 meters apart.
The activities conducted were running, hopping
and pushing, aimed to increase aerobic
endurance of the children. The participants at
one end ran forward, stepped over the stepper,
knocked an oilcan, ran back, stepped over the
stepper again and knocked over another oilcan
till all the oilcans were knocked down.

Exercise Station 2 comprised of two
wooden sticks (A and B) of 2 meters long and
15 rubber bands. The wooden sticks were placed
vertically equidistance opposite each other at 9
metres. The rubber-bands were placed on level
ground (floor) at the center (4.5 meters) of the
sticks. Participants required to run, bend and
stand, aimed at increasing aerobic endurance.
The participants ran from stick (A), picked up
only one rubber-band, moved toward and put it
around the stick (B), then ran from stick B,

picked another one rubber-band, moved toward
and placed it around stick A. This process
continued until all the rubber-bands were placed
on the sticks.

Exercise Station 3 consisted of five oilcans,
a ball and a goal post. The five oilcans were
arranged on a straight line, one meter apart
within the distance of 12 metres. A ball was
placed one meter after the last oilcan and before
the goal post. The activities at this station
involved running, twisting and kicking, aimed at
increasing aerobic endurance. Starting one meter
away from the first oilcan, the participants ran
between the oilcans and kicked a ball into the
goal post with the aim of scoring. One person
acted like goalkeeper to guard the goal post and
prevented the ball from entering the goal. The
goalkeeper then put the ball back in place after
each kick. This process was repeated for five
times.
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Station 4 consisted of 10 oranges, 1 stepper, 1
hurdle stand and 2 baskets. One basket
containing the 10 oranges and the other basket
(empty) were placed 12 meters apart from each
other. The stepper and the hurdle stand were
placed 3meter apart and between the baskets.
Activities involved were bending, running,
hopping, and crouching, aimed at increasing
aerobic endurance. The participant started
behind the basket with oranges, took one orange
from the basket, ran and stepped over the stepper
(block), ran and bend under the hurdle stand,
and placed the orange in the empty basket after
the hurdle stand. The process is repeated till all
the oranges were transferred.

Station 5 consisted of an armless chair, a
wall, and a big ball. The armless chair was
placed near the wall. The participant sat on the
armless chair with back against the FIFA
standard sized ball glued to the wall. Activities
involved building muscles at the thigh, leg,
gluteus and arms to improve muscular strength.
Participants moved from sitting (knees 90
degrees flexion) to standing position (knees 180
degrees extension) and back to sitting position
resting on the ball. The participants repeated this
exercise for 10 times. In total, each child
performed three sets of five repetitions with the
ball guiding each movement (35).

Participants warmed-up and cooled-down
for ten minutes respectively prior to and at the
completion of each session. The exercise
involved stationary marching, stretching of the
thigh and calf muscles of both lower limbs.
Participants trained at each station for 5 - 6
minutes totaling 30 minutes, 2 - 3 minutes of
rest amounting to 10 minutes and then moved to
the next station following completion of each
exercise. During the first day of training,
participants were made to familiarize themselves
with the equipment, and appropriate intensity of
exercise was determined. The intensity of the
aerobic exercise was determined using the
Karnoven’s formula that shows age predicted
heart rate (220 minus age in years). Karnoven’s
formula has been reported to significantly
predict exercise intensity (36,37). New intensity
for aerobic training was determined on the basis
of resting heart rate every week.

The community-based functional aerobic
exercise (CBFAE) training was made
captivating and interesting for the participants.
CBFAE involved actions of daily activities and
local equipment to increase motivation and
willingness to continue even when the training
period has ended. To make the training
interesting and yet provide the needed aerobic
benefit and adherence, it was varied by
integrating sporting activity including goal ball
to increase the participants’ self- esteem as many
children without disability eager to participate.

Statistical analysis: The data that were entered
into excel spreadsheet contained the pre- and
post-test scores and the paired difference. Paired
sample t-test was used to compare differences in
pre- and post-test scores. Statistical significance
level was set at P < 0.05 while calculated test
statistics is greater than the critical value at 95%
confidence level.

Ethical consideration: Ethical Committee on
Human Research Publication and Ethics
(CHRPE), KNUST, reviewed and approved the
study protocol and implementation technique
(CHRPE/AP/489/17). The Community-Based
Rehabilitation (CBR) programmes manager
granted the permission to conduct the research at
Community Day Rehabilitation and Education
Centre (CoDREC) after the objectives and
rationale of the study had been explained to her.
Confidentiality of participants’ information was
assured throughout the study. A consent form
was completed by participants/parents and all
procedures and tests were also clearly explained
to participants and parents.

RESULTS

Demographic information: The mean age of
the participants was 14.4 years (range 12-
16years), mean height was 146.5cm (range 139-
157cm), and mean weight was 48.9 kg (range
40-58 kg). Four (4) of the participants were
diplegic, one (1) was hemiplegia and five (5)
were quadriplegia spastic. The participants had
normal weight seen from body mass index value
(22.94kg/m?) (Table 2).
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Table 1: Scoring key for GMFM-66

Point Interpretation
0 Does not initiate task
1 Initiates task (<10% of task)
2 Partially completes task (10 to < 100% of task
3 Completes task (100% of task)

[Waters et al., 26]

Table 2: Demographic characteristics of the study participants

Variable Character Frequency(f) Percentages (%)
Gender Male 7 70.0
Female 3 30.0
<13 2 20.0
Age (year) 13-14 2 20.0
15-16 6 60.0
Mean (SD); Min-Max 14.4(1.53); 12-16
<40 1 10.0
41 -50 5 50.0
Weight(kg) 51-60 4 40.0
Mean (SD); Min-Max 48.9(6.24); 40-58
<140 2 20.0
141 - 150 6 60.0
Height(cm)  >150 2 20.0
Mean (SD); Min-Max 146.5(61.32); 139-157cm
Type of CP  Diplegia 4 40.0
Hemiplegia 1 10.0
Quadriplegia 5 50.0
Motor performance: Community-based was the least. It was further observed that there
functional aerobic exercise (CBFAE) was no significant effect of CBFAE on social
significantly improved in GMF (D- standing) by wellbeing and acceptance (54.17%, P=.060)
8.2% (P=.000), GMF (E-walking, running, based on teen self-report (Table 3).

jumping) by 5.12% (P=.004) and walking
distance by 6.09% (P=.009) (Table 3).

Quality of life: Highest significant positive
effects of CBFAE was observed in social
wellbeing and acceptance (107.10%, P=.000)
followed by participation and physical health
(105.04%, P=.005) while access to services
received the least significant improvement
(40.54%, P=.002) as reported by children’s
parent through proxy. Self-reported results
showed that CBFAE significant positive
improvement was highest in pain and impact of
disability (67.93%, P=.049) followed by
participation and physical health (60.00%,
P=.042) whereas functioning (37.25%, P=.019)
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Table 3: Pre-post-test comparison of motor performance and quality of life
Variables Mean + SD Mean Diff p value
Pretest Post test (% of change)
GMF-(D) 63.23 £2.70 68.42+3.92 5.19+£3.45(8.2) 4.753 0.000*
GMF-(E) 59.57+1.98 62.62+3.60 3.05£2.54(5.1) 3.812 0.004*
30 Second Walking 197.10£12.91 209.10+18.44 12.00+8.73(6.9) 8.730 0.009*
Parent Proxy Report
Participation and physical 25.00+10.20 51.25+11.86 26.25+5.31(105.04) 3.279 0.005*
health
Emotional well-being 34.00+09.02 55.32+18.42 21.25409.40(62.50) 4.352 0.015*
Pain and impact of 22.07£2.37 42.41+4.65 20.34+2.28(92.16) 3.624 0.024*
disability
Functioning 17.50+£10.54 30.00+£16.46 12.50+9.72(71.43) 2.875 0.009*
Access to services 46.25+11.86 65.00+£15.37 18.75+4.73(40.54) 4.020 0.002*
Social wellbeing and 23.38 +4.50 48.4243.29 25.04+3.45(107.10) 4.533 0.000*
acceptance
Family health 27.33+£15.19 41.13+14.46 13.80 + 1.53(50.49) 3.221 0.044*
Teen Self-Reported
Social wellbeing and 30.00+12.70 46.25+14.46 16.25+8.89(54.17) 1.770 0.060
acceptance
Participation and physical 21.25+14.16 34.00£11.30 12.7542.86(60.00) 3.012 0.042*
health
Pain and impact of 26.38+18.52 44.30£12.12 17.92+6.12(67.93) 3.101 0.049*
disability
Emotional well-being 33.75+16.71 48.75+22.40 15.00+1.08(44.44) 2.250 0.025*
Functioning 43.75+14.73 60.00£16.45 16.25+1.29(37.14) 2.410 0.019*
*Significant at 0.05
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DISCUSSION

This study investigated the effects of
community-based functional aerobic exercise
(CBFAE) on gross motor function, walking
distance, and quality of life (QoL) of children
with cerebral palsy (CP). The findings indicated
that 8-weeks CBFAE improved gross motor
functions, walking distance and QoL of CP
children. These findings substantiate the
submission on exercise regimen being the most
effective interventions for CP management
(1,2,3). Specifically, with effects of 8-weeks
CBFAE on gross motor functions of standing,
walking, running and jumping, there was
significant improvement. Similar improvement
was reported in the standing, walking, running
and jumping gross motor function of children
with mild cerebral palsy using group-task-
oriented training (38) although greater postural
stability was not shown after eight weeks. This
suggests positive effects of the community-
based functional aerobics training on the
standing, walking, running and jumping gross
motor function on CP children. A quasi —
experimental study conducted by Rahman et. al.,
(17) showed that a six-week circuit training
improved static and dynamic gross motor
function of standing, jumping, running and
walking. Akbas and Gunel’s (39) study further
established significant improvement in motion
functions in all dimensions of the experimental
group. Persistent practicing of functional
activities is seen to improve primitive motor
reflexes which enhanced movement in conscious
and unconscious pathways and decrease fall
tendencies in non-ambulant children with
cerebral palsy (40). Equally observed with the
study of Bania et al., (10) was improvement in
gross motor functions of children with CP
following a six-weeks exercise intervention.
Another finding of the present study was
the significant improvement in walking distance
of children with CP following -eight-weeks
CBFAE. This finding on the walking distance is
in accordance with the submission of Teixeira et
al. (41) who evaluated the effects of
cardiovascular training of individual with CP
where significant improvement was found in
walking distance and speed. Similarly,
significant improvement was observed in

walking distance at the end of an eight-week
study to investigate the effects of aerobic
exercise on children with CP (1,2,5,13,35,40).
The significant improvement in walking
distance observed in the present study might be
associated with training duration, intensity and
its community-based nature. In sedentary and/or
inactive individuals, training result in significant
improvement in exercise capacity in that, it
elicits physical strain on the individual as a
result of the increase in energy expenditure. The
system then develops structural and functional
adaptations to accommodate the change in
expenditure which enables it to deliver more
oxygen (O:) and nutrients and to get rid of
carbon dioxide (CO;) and metabolic waste
products thereby improving the efficiency of the
cardiorespiratory system (14,15). Moreover, the
functional nature of the training programme
ensured that the force, torque and momentum
generated by the muscles (calf, gluteus, knee
extensor and flexor) are directly related to
walking hence the positive results. The
functional training has positive effects on motor
aspects such as walking and endurance hence the
improving mobility and functions performance.
The final findings of this study centered
on the significant improvement in all the
domains of the parent-proxy version and less
one in the teen-self reported version of the QoL
domains after eight weeks CBFAE. Following
an eight-week case study to evaluate the effect
of cardiovascular training on adult with athetoid
CP, Teixeira et al., (41) observed a significant
improvement in the QoL. The findings of this
study substantiate positive outcomes of several
studies where effects of aerobics training on the
QoL of children with CP were investigated
2,5,14,35,41). Personal interest and opportunity
to participate in activities is an important
contributor to QoL. Improvement in the QoL as
reported by participants might be due to the
nature of activity, setting and personal interest.
Eight weeks community-based functional
acrobic exercise (CBFAE) effectively improves
gross motor function, standing, walking,
jumping, running and walking distance of
children with spastic cerebral palsy (CP).
CBFAE positively enhances QoL — parent-proxy
and teen self-reported versions. Clinicians and
exercise therapists should essentially incorporate
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CBFAE training and activities into the
management of children with CP in general and
spastic CP specifically for improved mobility
and functional performances.

This study obtained data from children
between 11-17 years whose ideas might
sometimes be underestimated or seen to be
underage. Although parents’ information was
also obtained, children information sometimes
could serve as limitation in knowledge provision
for dissemination. Aside the aforementioned
limitation, the sample size used within specific
stratum of Ghana needs to be considered when
using the outcome of the study. It is also
germane to indicate lack of control group in the
study. To significantly enhance and influence
positive national community-based functional
aerobic exercise policy decision for children
with CP, funded nationwide longitudinal study
using the protocol in this study is recommended.

REFERENCES

1. Fosdahl MA, Jahnsen R, Kvalheim K, Holm
I. Stretching and progressive resistance
exercise in children with cerebral palsy: a
randomized controlled trial. Pediatr Phys
Ther 2019;31(3):264-271.doi:
10.1097/PEP.0000000000000616

Fosdahl MA, Jahnsen R, Kvalheim K, Holm
I. Effect of a Combined Stretching and
Strength Training Program on Gait Function
in Children with Cerebral Palsy, GMFCS
Level I & II: a randomized controlled trial.
Medicina  (Kaunas)  2019;55(6):250.doi:
10.3390/medicina55060250.

Mills R, Levac D, Sveistrup H. The effects of
a 5-day virtual-reality based exercise program
on kinematics and postural muscle activity in
youth with cerebral palsy. Phys Occup Ther
Pediatr 2019;39(4):388-
403 .https://doi.org/10.1080/01942638.2018.1

505801

Tiernan CW, Fleishman HA, Hiscox MA,
Shaver SN, Stauffer CM, Thibodeau PA.
Factors related to self-rated health in older
adults: a clinical approach wusing the
international classification of functioning,
disability, and health (ICF) model. J Geriatr
Phys Ther 2019;42(2):86-97.doi:
10.1519/JPT.0000000000000130

5.

10.

11.

12.

Balemans A, Van Wely L, De Heer S, Van
Den Brink J, De Koning J, Becher J,
Dallmeijer A. Maximal aerobic and anaerobic
exercise responses in children with cerebral

palsy. Med. Sci. Sports Exerc 2013;
45(3):561-568. doi:
10.1249/MSS.0b013e3182732b2f.

Special Mothers Project. Empowering

mothers (parents) of children with cerebral
palsy to make them advocates. [Internet]
Awadzi (H): Community Discussions, Health,
Ghana; 2017 [cited 2019 March 14].
Available from:
https://community.namati.org/t/empowering-
mothers-parents-of-children-with-cerebral-
palsy-to-make-them-advocates/40411.

Gao J, He L, Yu X, Wang L, Chen H, Zhao
B, Jiang Y. Rehabilitation with a combination
of scalp acupuncture and exercise therapy in
spastic cerebral palsy. Complement Ther Clin
Pract 2019; 35(1):296-300.
https://doi.org/10.1016/j.ctcp.2019.03.002
Lundy C, Lumsden D, Fairhurst C. Treating
complex movement disorders in children with
cerebral palsy. Ulster Med J 2009; 78(3):157—
163.

Damiano DL, Alter KE, Chambers H. New
clinical and research trends in lower
extremity management for ambulatory
children with cerebral palsy. Phys Med
Rehabil Clin N Am 2009;20(3):469-491

Bania T, Taylor N, Graham K, Baker R,
Karimi L, Dodd K. Gross motor function is
an important predictor of daily physical
activity in young people with bilateral spastic
cerebral palsy. Dev Med Child Neurol 2014;
56(12):1163-1171. doi: 10.1111/dmen.12548.
Healthfully. The importance of sports &
recreation to disabled youth. [Internet].
Momyer (A): Healthfully Family Health;
2011 [cited 2019 August 6™]. Available from:
https://healthfully.com/341008-the-
importance-of-sports-recreation-to-disabled-

youth.html
National Center on Health Physical Activity,
and Disability = (NCHPAD). Exercise

programming for clients with cerebral palsy.
[Internet]. Green (J): Article Category,
Exercise and Fitness; ND. [cited 2019 March
14]. Available from:
https://www.nchpad.org/869/4965/Exercise
~Programming~for~Clients~with~Cerebral~P
alsy

DOI: http://dx.doi.org/10.4314/ejhs.v31i2.21



Effect of Cornmuniti—Based Functional Aerobic Traininﬁ. .. Owusu Ansa O. E. et al 391

13.

14.

15.

16.

17.

18.

19.

20.

Elnaggar RK, Elbanna MF, Mahmoud WS,

Algahtani BA. Plyometric  exercises:
subsequent changes of weight-bearing
symmetry, muscle strength and walking
performance in children with unilateral

cerebral palsy. J Musculoskelet Neuronal
Interact. 2019;19(4):507-515. PMID:
31789302; PMCID: PMC6944802.

Lauglo R, Vik T, Lamvik T, Stensvold D,
Finbraten AK, Moholdt T. High-intensity
interval training to improve fitness in children
with cerebral palsy. BMJ Open Sport Exerc
Med. 2016;2(1):e000111.
http://dx.doi.org/10.1136/bmjsem-2016-
000111

O’Keeffe E. Blood-brain barrier response in
the context of sports-related TBI. Doctoral
dissertation, School of Genetics &
Microbiology, Trinity College, Dublin, 2020.
Available from:
http://www.tara.tcd.ie/handle/2262/91319
Schranz C, Kruse A, Belohlavek T,
Steinwender G, Tilp M, Pieber T, Svehlik M.
Does home-based progressive resistance or
high-intensity ~ circuit training improve
strength, function, activity or participation in
children with cerebral palsy? Arch Phys Med
Rehabil 2018; 99(12):2457-
2464 .https://doi.org/10.1016/j.apmr.2018.06.0
10

Rahman M., Chandrasekaran B, Venugopalan
M, Arumugam A. The effect of a circuit
training program on functional performance
in children with spastic cerebral palsy — a
quasi-experimental pilot study. IJHRS 2015;
4(4):227-237. doi: 10.5455/ijhrs.000000093
Maki KC, Dicklin MR, Nieman KM.
Epidemiologic characterization of risk for
cardiovascular diseases. In: Toth P, Cannon
C, editors. Comprehensive cardiovascular
medicine in the primary care setting. Humana
Press, Cham.; 2019. p. 3-20.

Lai B, Lee E, Wagatsuma M, Frey G, Stanish
H, Jung T, Rimmer JH. Research trends and
recommendations for physical activity
interventions among children and youth with
disabilities: a review of reviews. Adapt Phys
Act (0] 2020; 37(2):211-234.
doi:https://doi.org/10.1123/apaq.2019-0081
Fowler EG, Knutson LM, DeMuth SK.
Pediatric endurance and limb strengthening
(PEDALS) for children with cerebral palsy
using stationary cycling: a randomized

21.

22.

23.

24.

25.

26.

27.

28.

controlled trial. Phys Ther 2010; 90(3):367-
381. https://doi.org/10.2522/ptj.20080364
Shields N, van den Bos R, Buhlert-Smith K,
Prendergast L, Taylor N. A community-based
exercise program to increase participation in
physical activities among youth with
disability: A feasibility study. Disabil.
Rehabil 2019; 41(10):1152-1159.
https://doi.org/10.1080/09638288.2017.14220
34

Pettersson K, Rodby-Bousquet E. Prevalence
and goal attainment with spinal orthoses for
children with cerebral palsy. J Pediatr
Rehabil Med 2019; 12(2):197-203.doi:
10.3233/PRM-180596

Avery LM, Russell DJ, Raina PS, Walter SD,
Rosenbaum PL. Rasch analysis of the Gross
Motor Function Measure: validating the
assumptions of the Rasch model to create an
interval-level measure. Arch. Phys. Med.
Rehabil 2003;84(5):697-
705.https://doi.org/10.1016/S0003-
9993(02)04896-7

Russell DJ, Avery LM, Walter SD, Hanna
SE, Bartlett DJ, Rosenbaum PL, Palisano RJ,
Gorter JW. Development and validation of
item sets to improve efficiency of
administration of the 66-item gross motor
function measure in children with cerebral
palsy. Dev Med Child Neurol 2010;
52(2):e48-54. doi: 10.1111/j.1469-
8749.2009.03481.x.

Mahasup N, Sritipsukho P, Lekskulchai R,
Keawutan P. Inter-rater and intra-rater
reliability of the gross motor function
measure (GMFM-66) Thai pediatric physical
therapists. J Med Assoc Thai.2011; 94:S139-
144.PMID:22619920

Waters E, Davis E, Boyd R, Reddihough D,
Mackinnon A, Graham HK, Lo SK, Wolfe R,
Stevenson R, Bjornson K, Blair E, Ravens-
Sieberer U. Cerebral Palsy Quality of Life
Questionnaire for Children (CP QOL-Child).
Manual. Melbourne: University of
Melbourne, 2013

Beckers LW, Bastiaenen CH. Application of
the Gross Motor Function Measure-66
(GMFM-66) in Dutch clinical practice: a
survey study. BMC Pediatr 2015;15:146. doi:

10.1186/s12887-015-0459-8. PMID:
26445947; PMCID: PMC4597756.
Knutson LM, Schimmel PA, Ruff A.

Standard Task Measurement for Mobility:

DOI: http://dx.doi.org/10.4314/ejhs.v31i2.21



392

Ethiop J Health Sci.

Vol. 31, No. 2

March 2021

29.

30.

31.

32.

33.

34.

35.

Thirty-Second Walk Test. Pediatr Phys Ther.

1999, 11:183-190. Lippincott Williams
&Wilkins, Inc. PMID:0898/5669/99/1104-
0183

Mccoll E, Eccles MP, Rousseau NS, Steen
IN, Parkin DW, Grimshaw JM. From the
generic to the condition-specific? Instrument
order effects in Quality of Life Assessment.
Medical  care.  2003;  41(7):777-790.
WWww.jstor.org/stable/3767794
Ravens-Sieberer U, Erhart M, Rajmil L,
Herdman M, Auquier P, Bruil J, Power M,
Duer W, Abel T, Czemy L, Mazur J.
Reliability, construct and criterion validity of
the KIDSCREEN-10 score: a short measure
for children and adolescents’ well-being and
health-related quality of life. Qual Life Res
2010;19(10):1487-500. doi:10.1007/s11136-
010-9706-5.

Aydin K, Akbas Y, Unay B, Arslan M, Cansu
A, Sahin S, Dilber C, Gungor O, Aksoy A,
Yuksel D, Gurkas E. A multicenter cross-
sectional study to evaluate the clinical
characteristics and nutritional status of
children with cerebral palsy. Clin Nutr
ESPEN 2018;26:27-34. doi:
10.1016/j.clnesp.2018.05.002

Waters E, Davis E, Mackinnon A, Boyd R,
Graham HK, Kai LS, Wolfe R, Stevenson R,
Bjornson K, Blair E, Hoare P, Ravens-
Sieberer U, Reddihough D. (2007).
Psychometric properties of the quality of life
questionnaire for children with CP. Dev Med
Child Neurol. 49(1):49-55. PMID:17209977
doi:10.1017/s0012162207000126.x

Vami JW, Burwinkle TM, Berrin SJ,
Sherman SA, Artavia K, Malcarne VL,
Chambers HG. The PedsQL in pediatric
cerebral palsy: reliability, wvalidity, and
sensitivity of the Generic Core Scales and
Cerebral Palsy Module. Dev Med Child
Neurol; 2006; 48: 442—449.PMID:16700934
doi:10.1017/S001216220600096X
Viehweger E, Robitail S, Rohon MA,
Jacquemier M, Jouve JL, Bollini G, Simeoni
MC. Measuring quality of life in cerebral
palsy children. Ann Med Phys (Lille) 2008;
51(2):129-137.
https://doi.org/10.1016/j.annrmp.2007.12.007
Verschuren O, Ketelaar M, Gorter JW,
Helders PJ, Takken T. Relation between
physical fitness and gross motor capacity in
children and adolescents with cerebral palsy.

36.

37.

38.

39.

40.

41.

Dev Med Child Neurol. 2009; 51(11): 866-
8671.https://doi.org/10.1111/j.1469-
8749.2009.03301.x

de Abreu Camarda SR, Tebexreni AS, Pafaro
CN, Sasai FB, Tambeiro VL, Juliano Y.
Comparison of maximal heart rate using the
prediction equations proposed by Karvonen
and Tanaka. Arg Bras Cardiol 2008;
91(5):311-314. doi:10.1590/s0066-
782x2008001700005

She J, Nakamura H, Makino K, Ohyama Y,
Hashimoto H. Selection of suitable
maximum-heart-rate formulas for use with
Karvonen formula to calculate exercise
intensity. Int. J. Autom. Comput 2015; 12:62—
69. https://doi.org/10.1007/s11633-014-0824-
3

Ko EJ, Sung IY, Moon HJ, Yuk JS, Kim HS,
Lee NH. Effect of group-task-oriented
training on gross and fine motor function, and
activities of daily living in children with
spastic cerebral palsy. Phys Occup Ther
Pediatr 2020; 40(1):18-30. doi:
10.1080/01942638.2019.1642287

Akbas AN, Gunel MK. Effects of trunk
training on trunk, upper and lower limb motor
functions in children with spastic cerebral
palsy: a stratified randomized controlled trial.
Konuralp Tip Dergisi 2019; 11(2):253 — 259.
https://doi.org/10.18521/ktd.453532

Bryant E, Pountney T, Williams H, Edelman
N. Can a six-week exercise intervention
improve gross motor function for non-
ambulant children with cerebral palsy? A
pilot randomized controlled trial. Clin
Rehabil  2013; 27(2):150-159. doi:
10.1177/0269215512453061.

Teixeira JS, Santos LM, Santos NL, Casali
CC, Chaves CM. A case study of the effect of
cardiovascular training on cerebral palsy.
Fisioter Mov Curitiba 2016; 29(4):713-721.
https://doi.org/10.1590/1980-
5918.029.004.a007

DOI: http://dx.doi.org/10.4314/ejhs.v31i2.21



