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Abstract.
OBJECTIVE: To investigate outcomes after 8 weeks of a structured home-based exercise program (SHEP) for improving walk-
ing ability in ambulant children with cerebral palsy (CP).
METHOD: Eleven children participated in this study (7 males and 4 females, mean age 10 years 3 months, standard deviation
(SD) 3y) with Gross Motor Function Classification System (GMFCS) I–III. This study used a prospective multiple assessment
baseline design to assess the effect of SHEP upon multiple outcomes obtained in three different phases. Exercise intensity was
quantified by OMNI-RPE assessed by caregivers and children. Outcome assessments of walking speed, GMFM-66 and phys-
iological cost index (PCI) were measured four times at pre-intervention (Phase 1) and at 3-weekly intervals over eight weeks
during intervention (Phase 2). Follow-up assessments were performed at one month and three months after intervention (Phase
3). Statistical analyses were repeated measures ANOVA and Wilcoxon signed-rank test.
RESULTS: SHEP improved walking ability in children with CP, particularly for their walking speed (p = 0.01, Cohen’s d =
1.9). The improvement of GMFM-66 scores during Phase 2 and Phase 3 had a large effect size, with Cohen’s d of 1.039 and
1.054, respectively, compared with that during Phase 1 (p < 0.017). No significant change of PCI was observed (Cohen’s d =
0.39).
CONCLUSION: SHEP can be a useful intervention tool, given as a written, structured, and practical exercise program under-
taken at home to achieve short term goals for improving walking ability when added to standard care.
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1. Introduction

Cerebral palsy (CP) is one of the most common
causes of disability in children, requiring ongoing re-
habilitation [1]. CP is a neurological disorder associ-
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ated with movement and postural disability and is at-
tributed to nonprogressive disturbances in the develop-
ing foetal or infant brain [2]. Although the pathophysi-
ology of CP is nonprogressive, the progression of mus-
culoskeletal deformities during a child’s growth may
deteriorate physical function and quality of life over
time [3].

The rehabilitation of children with CP through
approaches based on physical activity and exercise
should maximise physical functioning, prevent sec-
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ondary musculoskeletal impairments and foster the
cognitive, social and emotional development of the
child [4]. Some structured exercise programs have
planned or predetermined guidelines regarding the
types of physical activities and the components of
exercise prescription for the participant, whereas un-
structured activity refers to any physical activity with-
out any specific rules or exercise prescription [5].
Verschuren et al. demonstrated that an eight month
structured exercise program incorporating aerobic and
anaerobic circuits performed twice weekly in 45 minute
sessions provided results with significant training ef-
fects on improvement of aerobic capacity, agility and
muscle strength, as well as significant improvement in
the participation level and quality of life of children
and adolescents with CP [6].

In standard care, clinicians should prescribe various
physical activity based interventions for children with
CP on the basis of currently available evidence [7].
However, children with CP and their caregivers face
numerous obstacles to adopt physical activity pro-
grams within usual care. These obstacles include per-
sonal, social and environmental barriers, as well as
financial or time constraints. Moreover, logistical is-
sues and the availability of therapists hinder children
with CP from committing to a prescribed exercise pro-
gramme [8,9].

Home-based interventions may have some distinct
advantages to overcome these barriers for children
with CP to undertake exercise or physical activity
programmes. Implementing physical activity or ex-
ercises at home complements the standard face-to-
face therapy with therapist to ensure continuity of
therapy and achieve a certain level of intensity for
a desired outcome [10,11]. The potential of several
types of home-based exercise programme for children
with CP has been explored; such types include body
weight-supported treadmill exercise, server-based in-
teractive training systems and an individualised home-
based fitness training programme [12–14]. The once-
a-week individualised home-based fitness training can
improve physical fitness and muscle strength [12].
Moreover, home-based body weight-supported tread-
mill training exercise can improve function and gait
even after completing the 12 week intervention pe-
riod [13]. Improvements in daily activities, upper limb
function and functional tests of lower limbs (sit to
stand, lateral step up, half knee to standing) can be also
remarkably improved after a 20 week home server-
based interactive training system [14]. Meanwhile,
Van Wely et al. undertook a multicentre study involv-

ing 49 walking children with spastic CP and demon-
strated that the combination of home-based physiother-
apy programmes with fitness training and counselling
components positively improved the children’s motor
function (gross motor function measure-66 [GMFM-
66]) and walking ability (1 minute walk test) on the
sixth and fourth month, respectively [15]. These ob-
servations had motivated and prompted rehabilitation
physicians and physiotherapists of the paediatric reha-
bilitation unit in the University Malaya Medical Centre
(UMMC) to develop a practical and structured home-
based exercise programme (SHEP), which only re-
quires low-cost equipment with appropriate exercise
guidelines, a written guide, and a logbook. Hence,
SHEP can be a practical, safe and convenient physical
activity based intervention for children with CP.

The current study aimed to investigate the outcomes
after the application of an 8 week SHEP for the im-
provement of the walking ability of ambulant children
with CP.

2. Materials and methodology

This study used a prospective multiple assessment
baseline design to assess the effect of SHEP inter-
vention by comparing multiple outcome measurements
obtained in three different phases. Baselines were first
established through repeated observations prior to the
intervention, which was implemented at different times
for different participants.

Prior to SHEP intervention, all participants and
their caregivers attended familiarisation sessions with
trained assessors who were physiotherapists from the
Paediatric Rehabilitation Unit of UMMC, Kuala
Lumpur, Malaysia. The baseline outcome was mea-
sured at weekly intervals over 4 weeks (pre-interven-
tion, Phase 1). Next, it was measured three times over
8 weeks of the SHEP intervention (Phase 2). Follow-
up assessments were conducted at 1 and 3 months after
the intervention (Phase 3) (Fig. 1).

This study was approved by the Medical Ethics
Committee of the UMMC (MECID. NO: 201581543),
and all parents or main caregivers of children with CP
(participants) provided a written informed consent.

2.1. Participants

Participants were recruited from the Paediatric Re-
habilitation clinic registry over the period of 2013 to
2015. The inclusion criteria were as follows: children
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Fig. 1. Assessment phases.

aged 6–17 years, those who had CP and Gross Motor
Function Classification System (GMFCS) I–III, those
who could follow at least a single two step command
through bedside clinical assessment by a rehabilitation
physician, and those who received standard rehabili-
tation care. Meanwhile, the exclusion criteria were as
follows: children with CP who were unable to com-
prehend a two-step command, who did not undergo
or receive any rehabilitation therapy, who received
any surgical intervention or botulinum toxin injection
within the last 3 months prior to the study, or who
had received home-based private physiotherapy. Chil-
dren who received recent (3 months or less) botulinum
toxin and surgery were also excluded as these inter-
ventions may reduce their muscle strength and hence
influence the outcomes of this study. Parents or main
caregivers were given an explanation of the study pro-
cedure and SHEP, as well as on their rights to withdraw
their children from participating in the research, before
they provided the written informed consent.

A total of 38 ambulant children with CP were short-
listed from the clinic registry on the basis of the in-
clusion criteria but had further reduced to 14 after the
exclusion criteria were considered. Of the fourteen re-
maining children, two were removed because their par-
ents did not provide the consent due to inability to
comply for repeated assessments and their negative at-
titude towards exercise.

2.2. Procedure

The SHEP provides a general, structured and writ-
ten exercise prescription particularly for ambulant chil-
dren with CP. Standard care provides an individualised
programme for a particular child’s needs, and may
vary from one centre to another. SHEP is a general,
practical, and written home-based exercise programme
added to standard care, which may guide all ambulant

children with CP to execute a scheduled exercise at
home under the supervision of parents or caregivers.

The SHEP protocol is for ambulant children with
CP and consisted of the following three main exercise
components for the upper and lower limb muscles: aer-
obic fitness training, muscle strengthening, and stretch-
ing exercises. These components conform to the Amer-
ican College of Sports Medicine guidelines for persons
with chronic disease and disabilities [16].

Aerobic exercise for the upper and lower limbs in-
volved throwing-and-catching ball activities and step
exercises (with forward, backward and side-to-side
movement). A play ball 20 cm in diameter and a step-
ping stool at 18 cm in height were provided to all par-
ticipants.

Muscle strengthening exercises were performed us-
ing a resistive band or a 500 g weighted strap. The ex-
ercise programme can be performed in lying, sitting,
or standing postures depending on the muscle involved
and the ability of the participant to perform the spe-
cific movement. Specific exercises included repetitive
movements using the weighted strap or resistive bands
placed at the wrist and ankle of both limbs. Movements
involve bilateral shoulder abduction and flexion, elbow
extension and flexion, and hip extension and abduc-
tion, as well as knee extension and flexion.

Stretching exercise was emphasised before every
aerobic and strengthening exercise in the SHEP. It in-
volved stretching of all joints of bilateral upper and
lower limbs to avoid musculoskeletal injuries during
exercise.

The OMNI rate of perceived exertion (OMNI-RPE)
was used as a tool for the self-perceived assessment
of physical exertion to guide the progression of exer-
cise intensity, which is individually varied [17]. The
feasibility of the OMNI-RPE for the CP population
has been previously validated and is strongly associ-
ated with the physiological biomarkers of aerobic ex-
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Fig. 2. Example of SHEP schedule.

ercise intensity (e.g., heart rate [HR] and VO2) [18].
During strengthening and aerobic exercises, partici-
pants were advised to achieve an OMNI-RPE value be-
tween 5 and 8 as a guide to their activity threshold for
moderate intensity training, as required to improve car-
diorespiratory fitness [19]. Participants and caregivers
were advised not to exceed an OMNI-RPE value of 8
to avoid any complications, particularly musculoskele-
tal injuries. The OMNI-RPE tool was introduced to
the participants during the familiarisation session in
Phase 1.

During SHEP, the caregiver monitored the partici-
pants and recorded the details of each exercise modal-
ity in the given logbook. The duration of both aero-
bic and strengthening activities depended on how long
(in minutes) each participant was able to execute every
type of exercise until reaching the OMNI-RPE value
of 5–8. The frequency of exercise was three times per
week for the first until fourth week and increased to
four times per week on the fifth until eighth week of
the intervention, with alternating aerobic and strength-
ening components (Fig. 2). The frequency of exercise
was increased gradually in order to provide progres-
sion in the exercise programme. The logbook also in-
cluded written and pictorial instruction describing the
SHEP intervention.

2.3. Outcomes

Walking distance, resting time, and final HR were
recorded during a 6 minute walk test (6MWT). Time
was recorded using a stopwatch as the participant
walked from one point to another, with a turn at the
endpoints. A basketball court was used as a venue for

the 6MWT assessment. A meter tracker was used to
accurately determine the walking distance. The resting
HR before the 6MWT and the highest observed at the
end of 6 minutes were recorded using a chest-worn HR
monitor for children (POLAR FT 60 model, PLR-FT-
60F).

The primary outcome included the walking speed
(meter per minute), which was derived by dividing the
distance (meter) by 6 min. Speed (meter per minute)
was used as the denominator to calculate the HR dif-
ference (final HR at 6 minutes – resting HR; beats
per minute) for measuring the physiological cost in-
dex (PCI), which was expressed as beats per meter.
High PCI values indicate a low walking efficiency (i.e.,
higher HRs at slower gait speeds), and the PCI in chil-
dren with CP is six times greater than that in normal
children [20].

GMFM-66 comprised 66 motor functions, which in-
cluded dimensions A, B, C, D, and E. Dimensions D
and E were selected to assess the standing, walking,
running, and jumping domains [21]. GMFM results
were converted into percentages. GMFM-66 has high
sensitivity for motor function changes in the CP pop-
ulation and has been used in studies on CP interven-
tions [22].

2.4. Statistical analysis

All data were analysed using the statistical pack-
age SPSS version 23. The repeated measurements ob-
tained on a given individual within a phase were av-
eraged. These averaged measurements were then com-
pared across phases by repeated measures of analy-
sis of variance (RM ANOVA) to analyse the effect of
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Table 1
Descriptive data of walking distance
and speed (n = 11)

Outcome Mean SD
6MWT
Distance (m)

Phase 1 334 11.3
Phase 2 381 30.1
Phase 3 378 1.9

Speed (m·min−1)
Phase 1 56.0 4.6
Phase 2 63.4 4.4
Phase 3 62.9 4.4

intervention within the same participant at the three
SHEP phases. Distribution normality was assessed us-
ing the Shapiro-Wilk test. Non-normally distributed
data were analysed using the Wilcoxon signed-rank
test, and all pairwise comparisons were adjusted for
multiple comparisons by using an adjusted significance
level of 0.05/3 = 0.017. Effect sizes were calculated by
obtaining the partial η-squared value, which was de-
rived from RM ANOVA and then converted into Co-
hen’s d. The t-statistic (df) value of descriptive data
were used to calculate the effect size and Cohen’s d for
non-normally distributed data [23].

3. Results

Twelve participants were recruited, but one dropped
out after completing Phase 1 due to inability to com-
mit for further multiple outcome assessments. Thus, 11
children fully participated in this study (7 males and
4 females, mean age 10 years and 3 months, standard
deviation (SD) 3 years). The majority of the study par-
ticipants were classified as hemiplegic CP (n = 8), pri-
mary school aged, 6–12 years old (n = 8) and male
(n = 7). The participants were functionally classified
as GMFCS I (n = 7), GMFCS II (n = 3) and GM-
FCS III (n = 1). Outcomes were measured by means
and median IQR for each individual accordingly; with
weekly intervals over 4 weeks in Phase 1, three mea-
surements over 8 weeks in Phase 2 and two measure-
ments in Phase 3, at the first and third month after in-
tervention.

The descriptive data for each outcome are presented
in Tables 1 and 2. For each individual, data for walk-
ing distance and speed were averaged within each
phase. Over the 6MWT, their average walking dis-
tance increased by 47 m after the SHEP interven-
tion in Phase 2 and was maintained during follow-
up. Then, walking distance further increased by 12.3%

Table 2
Descriptive data on PCI and GMFM-
66 (n = 11)

Outcome Median IQR
PCI (beat·m−1)

Phase 1 0.56 0.77
Phase 2 0.55 0.63
Phase 3 0.47 0.57

GMFM-66
Phase 1 91.88 17.4
Phase 2 93.38 16.3
Phase 3 95.25 17.5

and speed increased by 11.7% in Phase 2; both main-
tained above the initial value in Phase 3. Distance was
measured in meters and normally distributed across
all phases. Overall, a difference was found in walk-
ing distance across phases (p = 0.001). Further pair-
wise comparison revealed a significant difference from
Phase 1 to Phase 2, whereby the walking speed was
7.4 units lower during Phase 1 compared with that
during Phase 2 (95% confidence interval [CI], −11.8
to −3.1), and the walking distance was 46.7 meters
lower in Phase 1 compared with that in Phase 2 (95%
CI, −67.0 to −26.4) (Table 3). The RM ANOVA on
6 min walking distance and speed demonstrated that
the home-based intervention significantly increased
walking speed, with the partial η-squared of p = 0.01,
calculated effect size of 0.488, and Cohen’s d of 1.9.

PCI and GMFM-66 results were analysed through
a Wilcoxon signed-rank test by using an adjusted sig-
nificance level at 0.05/3 = 0.017 due to non-normally
distributed data (as previously described). PCI results
demonstrated a slightly improved walking efficiency
between the Phase 2 and Phase 3 assessments (t-
statistic = −2.103) (Table 4). However, this finding
was not statistically significant and displayed a small
effect size (Cohen’s d = 0.39). As shown in Table 4,
most positive changes in the domains D and E for
GMFM-66 score were statistically significant (p <
0.017). The improvement of GMFM-66 scores dur-
ing Phase 2 and Phase 3 had a large effect size, with
Cohen’s d of 1.039 and 1.054, respectively, compared
with that during Phase 1.

The returned logbook documentation (n = 7) in-
dicated that the maximum mean duration of exercise
for each session was 23.5 minutes recorded on the
seventh week, whereas the minimum mean duration
was 16.9 minutes documented during the second week.
This result reflected a 28% increase in mean dura-
tion over 5 weeks of SHEP. The information from the
logbook also provides an overall picture of the abil-
ity of the participants to gradually increase their exer-
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Table 3
Changes of walking distance and speed (n = 11)

Comparison Mean difference Std. error Sig. 95% confidence interval for difference
Lower bound Upper bound

Six minutes’ walk distance
Phase 1–Phase 2 −46.7 9.1 0.000 −67.0 −26.4
Phase 2–Phase 3 −1.5 9.2 0.878 −22.3 19.4
Phase 3–Phase 1 48.29 15.3 0.012 13.7 82.9

Average walking speed
Phase 1–Phase 2 −7.4 1.5 0.002 −11.8 −3.1
Phase 2–Phase 3 0.5 1.6 1.000 −4.0 5.0
Phase 3–Phase 1 7.0 2.5 0.056 −0.2 14.1

Six minute walk distance expressed in m. Average walking speed expressed in m·min−1.

Table 4
Comparison of PCI and GMFM between different phases (n = 11)

Outcome Median (IQR) Median (IQR) t-statistic (df) p-value
PCI

Phase 1–Phase 2 0.56 (0.77) 0.55 (0.63) −1.313 0.19
Phase 2–Phase 3 0.55 (0.63) 0.47 (0.57) −2.103 0.03
Phase 3–Phase 1 0.47 (0.57) 0.56 (0.77) −1.130 0.26

GMFM-66
Phase 1–Phase 2 91.88 (17.4) 93.38 (16.3) −3.451 0.001
Phase 2–Phase 3 93.38 (16.3) 95.25 (17.5) −2.621 0.009
Phase 3–Phase 1 95.25 (17.5) 91.88 (17.4) −3.502 0.000

Note: Wilcoxon signed-rank test. Adjusted statistical analysis due to non-normal dis-
tribution, as described in text. PCI expressed in beat·m−1. GMFM expressed as per-
centage (%).

cise duration and achieve the anaerobic threshold, with
OMNI-RPE value of 5–7 in aerobic and strengthening
exercise components.

Overall, these results showed the positive effect of
SHEP on the walking distance, speed and GMFM-
66 score of the study participants. These observations
were particularly distinctive between Phase 1 (pre-
intervention) and Phase 2 (intervention) assessments.
However, a larger magnitude of intervention effect on
walking speed was observed in the effect size analysis
compared with that in the GMFM-66.

4. Discussion

This study revealed that walking speed and GMFM-
66 (components D & E) significantly improved af-
ter SHEP intervention. However, the improvement of
walking speed was not sustained during follow-up
(Phase 3). Bania et al. concluded that although ex-
ercise programmes and online support programmes
can increase habitual physical activity in people with
CP, these effects are not maintained when the pro-
grammes are terminated [5]. Similarly, a study involv-
ing an 8 month group exercise training programme
with GMFCS I–II participants found linear positive

effects on aerobic fitness, anaerobic capacity, agility,
muscle strength and GMFM throughout the interven-
tion, but these positive outcomes on dimensions of
physical fitness had decreased 4 months after the inter-
vention was terminated [6].

The exercise tolerance of the participants in this
study improved as they progressed through the in-
tervention. At the end of the study, participants re-
ported a mean exercise duration of 23.5 minutes per
session, higher than their mean duration of 16.9 min-
utes when they first commenced the home-based pro-
gramme. Nevertheless, the SHEP is a program com-
posed of alternating aerobic and strengthening exer-
cises program, which may not exactly conform to the
current exercise recommendation for children with CP
where a minimum of 20 minutes per session of aerobic
exercise is recommended [24].

Walking speed is an objective measure of walking
ability and may reflect the general function and qual-
ity of life in children with CP [25,26]. Deterioration
in walking speed might indicate a decline in a child’s
daily activities, thereby limiting their interaction and
participation in society and ultimately affecting their
quality of life [27,28]. Self-paced walking speed was
selected by performing 6MWT, which is a reliable
measure of walking ability for the CP population [29].
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PCI represents a proxy of cardiovascular stress and
has been deployed as a measure of the walking ef-
ficiency in children with CP [20]. Given that HR is
affected by walking speed, the PCI, which combines
the two parameters, can be a useful parameter to as-
sess walking efficiency. A more accurate method of
measuring energy cost of walking in children with
CP would entail directly measuring their oxygen con-
sumption and then normalising this by their average
walking speed [30]. However, PCI was selected be-
cause it is practical and requires low-cost equipment
to monitor in daily clinical practice. The findings from
this current study revealed that PCI decreased in Phase
2 assessment relative to baseline (Phase 1). Neverthe-
less, even though exercise intervention improved walk-
ing speed, it did not necessarily exert the same sig-
nificant effect on walking efficiency. Another mea-
sure of the effects of the intervention is HR recov-
ery or HR variability, which directly quantifies cardio-
vascular physiological stresses due to the association
with physical fitness, exercise intensity, and autonomic
function [31].

SHEP allowed parents and children to monitor the
intensity of each exercise modality on the basis of
OMNI-RPE; an OMNI-RPE value between 5–8 in-
dicates at least a moderate intensity level of exer-
cise [19]. OMNI-RPE was selected because it is more
feasible, reliable and practical than HR monitoring
when performed at home under caregiver supervision.
Moderate intensity training is suggested, given that
children with CP are capable of and will benefit from
engaging in progressively intense aerobic exercise sim-
ilar to the extent recommended for their peers with typ-
ical development [24].

The findings from our study suggest that exercise
is an important daily physical activity that improves
the walking ability of ambulant children with CP. A
recently published guideline for exercise and physi-
cal activity recommended that healthy lifestyle and
physical activity should be encouraged and added as
part of therapy for children with CP as they transition
into adulthood [24]. Therefore, in the clinical context,
SHEP can serve as an introductory tool to physical ac-
tivity for young people with CP and may be poten-
tially used as a structured and rapid exercise interven-
tion to improve walking ability, particularly walking
speed, for a short period of 8 weeks when added to
standard care. SHEP is also an example of an active
training protocol, which is recommended as a home-
based exercise for the rehabilitation of individuals with
CP [4].

This study had several limitations. Firstly, the par-
ticipants were familiarised with SHEP during Phase
1. Even though familiarisation was conducted before
the intervention (when all participants had been given
their SHEP logbook), some of the learning and moti-
vation effects of SHEP may have already been embed-
ded to amplify positive effects on outcomes. A sepa-
rate familiarisation session for SHEP should be insti-
tuted prior to Phase 1. Secondly, HR was only mea-
sured at rest and at the end of 6MWT. The average HR
obtained during walking only reflected the actual walk-
ing efficiency during the 6MWT. Another important
limitation in this study was the small number of partic-
ipants, thereby limiting the number of participants in
each GMFCS I–III group, as well as in different age
groups; hence, further subanalysis to look into differ-
ences between age groups was not appropriate. Given
that only one GMFCS III participant was included, the
results might not be fully representative of the entire
group of ambulant children with CP from GMFCS I–
III and across all ages. SHEP is also unsuitable for chil-
dren severely affected with CP, particularly those in
GMFCS IV and V. SHEP done by participants at home
was monitored with a logbook. Parents or caregivers
used the logbook as a guide and to record SHEP ac-
tivities at home. Though the logbook was a simple and
feasible way to monitor and follow-up participants, its
primary limitation is the lack of reliability and validity
of the recorded activities.

5. Conclusion

SHEP was implemented in accordance with the ex-
ercise recommendation for CP [24]. It is a poten-
tial, practical, and structured home-based exercise pro-
gramme that can improve the walking function of chil-
dren with ambulant CP. Although its effect was not
significantly sustained after the programme, it can be
a useful tool as a structured and rapid exercise inter-
vention to achieve a short term goal when added to
standard care. A large-scale RCT with a large group
of participants with ambulant CP can enable additional
meaningful results to be obtained for generalisation.
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