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Immediate effect of maximal treadmill walking on muscle fatigue
and postural stability in children with cerebral palsy
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Aim
Postural instability andmuscle fatigue are from elementary causes of deteriorations
in children with cerebral palsy (CP). The aim of this study was to investigate the
immediate effect of maximal treadmill walking on muscle fatigue and postural
stability in children with hemiplegic CP.
Patients and methods
Thirty (17 boys and 13girls) childrenwith hemiplegicCPof both sexes, aged from5 to
11years,participated in thisstudy.Muscle fatigueandposturalstabilitywereassessed
for every child by using isokinetic dynamometer and pediatric reaching test,
respectively, before and after maximal treadmill walking at two separated sessions.
Results
The results showed that there were no significant differences in fatigue index
(P=0.33 and 0.1), peak torque of quadriceps and hamstring muscles (P=0.52 and
0.14), and anterior and lateral reaching tests of postural stability (P=0.46 and 0.63)
before and after maximal treadmill walking.
Conclusion
Maximal treadmill walking does not cause muscle fatigue or postural instability in
children with hemiplegic CP.
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Introduction
Cerebral palsy (CP) describes group of developmental
dysfunctions that deteriorate the control of movement.
It is the most common cause of physical impairment in
childhood, with a prevalence of two per 1000 live births
[1]. Primary impairments associated with CP include
muscle weakness, postural control deficit, and lowered
cardiorespiratory fitness. These impairments restrict
the ability of children with CP to perform activities
of daily living [2]. Hemiplegia is a common clinical
subtype of CP that is characterized by unilateral
weakness or paralysis owing to damage of
contralateral side of the brain [3]. Children with
hemiplegia have multiple severities in postural
control, perception, range of motion, and sensory
function that deteriorate the quality of life and gross
motor function [4].

Postural control is the maintenance of body position in
space to achieve postural stability and orientation.
Postural control deficit is an essential problem facing
children with CP [5]. It is caused by brain damage,
which leads to impairment of postural, motor, and
perceptual networks causing postural instability [6].
Postural stability is essential for achieving daily life
activities that require maintaining of the body in
upright position [7]. It relies on integration between
nervous and musculoskeletal systems. In children with
d by Wolters Kluwer - Medk
hemiplegic CP, this integration is destroyed, which leads
to postural control deficit and postural instability [8].

Muscle fatigue can be defined as exercise-related
reduction in the maximum power of a muscle or
muscle groups correlated to an increase in effort
required to exert the desired power [9]. Children
with CP are characterized by production of low
muscle force, when they are compared with normal
children [10]. Muscle weakness results in high levels of
fatigue owing to recruitment of additional motor units
and high frequency of excitation, which are essential to
perform a specific task [11]. Muscle fatigue has an
adverse effect on children with CP, in which it declines
their walking ability, social communication, and
participation of daily life activities [12]. Knee flexors
and extensors muscles in children with neuromuscular
disorders are vulnerable to muscle fatigue [13].
Hilberink et al. [14] reported that postural instability
and muscle fatigue are common impairments
experienced by children with CP, which may cause a
decrease in their walking ability.
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Figure 1

Flow chart for patient selection.
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Maximal treadmill walking is considered as a basic
exercise test that is used for assessment of hemiplegic
children [15]. It is the maximal aerobic capacity of a
child which determines when he/she performs the
objective and subjective criteria at end of the test.
Heart rate (HR) more than 120 beats/min is the
objective criterion, whereas signs of exhaustion (e.g.
sweating, difficulty of breathing, and fatigue) and
inability of the child to keep on the test are the
subjective criteria [16]. There are several studies
focused on maximal treadmill walking and
different outcomes in children with CP, such as
the study conducted by Hoofwijk et al. [17] and
Lauglo et al. [18]. However, the studies that
concentrate on the effect of maximal treadmill
walking on muscle fatigue and postural stability are
still limited. Therefore, this work aimed to evaluate
the immediate effect of maximal treadmill walking
on muscle fatigue and postural stability in children
with hemiplegic CP. The authors hypothesized that
children with hemiplegic CP would exhibit muscle
fatigue and postural instability after maximal
treadmill walking.
Patients and methods
Participants

This study was carried out in the isokinetic laboratory
of the Faculty of Physical Therapy, Cairo University,
from April 2017 to December 2017. At the beginning
of this study, parents or legal guardians of all
participants signed an informed consent that was
approved by the Ethical Committee of the Faculty
of Physical Therapy, Cairo University, regarding the
participation of their children in this study (no: P.T.
REC/012/001451).

Thirty children with right-side hemiplegia of both
sexes with their ages ranged from 5 to 11 years were
recruited from the Outpatient Clinic of the Faculty of
Physical Therapy, Cairo University, with the following
inclusion criteria: the children had a diagnosis of
hemiplegia which was confirmed by pediatric
neurologist, and they were selected at level I and II
according to Gross Motor Function Classification
System [19]. The degree of spasticity ranged from 1
to 1+ according to Modified Ashworth Scale [20]. The
children were excluded if they had cognitive or
behavioral impairment, cardiovascular disease, visual
and auditory problems, application of botulinum toxin
in lower extremities for at least 6 months before the
current study, and/or fixed deformity of both upper and
lower limbs. The flow chart of participants is illustrated
in Fig. 1.
Study design
This study had a quasi-experimental design (pre–post
design).

In this study, the children were invited for two visits of
evaluation. One visit for the assessment of muscle
fatigue (fatigue index and peak torque) of quadriceps
and hamstring muscles by using isokinetic
dynamometer before and after maximal treadmill
walking, whereas the second visit for the assessment
of postural stability by pediatric reaching test (anterior
and lateral reaching tests).
Materials of evaluation
Isokinetic dynamometer
Isokinetic dynamometer has been used for the objective
assessment of muscle strength and muscle injury [21].
It is commonly used in the rehabilitation centers as it
provides unique insights on the evaluation of muscle
function for human performance [22]. Moreover, it is a
valid and reliable method used to assess the muscle
fatigue of hamstring and quadriceps muscles in
children with CP [23].
Pediatric reaching test
Pediatric reaching test is a reliable and valid test used
for measuring of postural stability from anterior and
lateral directions in children with CP [24–26]. This
test is easy to be applied in clinical sitting, and it
measures the distance that the child is able to reach
forward and laterally from standing position without
loss of his/her balance [24].
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Procedures of evaluation
For muscle fatigue

After familiarization of children with the equipment,
he/she was allowed to sit on the chair of
dynamometer with the tested hip and knee in a
position of 90° flexion. Proper stabilization for
each child was provided via straps around trunk
and thigh during the sitting position. The
rotational axis of the knee joint (lateral femoral
epicondyle) was aligned with the axis of the lever
arm of isokinetic, and the resistance pad was
attached ∼three centimeters above the medial
malleolus. Additional back support was added
when necessary to ensure the biomechanical
alignment between the rotational axis of both
knee and dynamometer [23]. A brief
demonstration through pictures and verbal
instructions about the movement to be performed
was given to each child after he/she was positioned at
the chair of dynamometer, then the child was asked
to perform a reciprocal maximal concentric
contraction of quadriceps and hamstring muscles
through 90° range of motion and at angular
velocity of 60/s [27]. During this test, each child
was verbally encouraged to extend and flex his/her
knee as forcefully as possible during each
contraction.
Table 1 Bruce treadmill protocol

Time (min) 0 3 6 9 12 15 18

Speed (km/h) 2.7 4.0 5.5 6.8 8.0 8.8 9.6

Tilt (%) 10 12 14 16 18 20 22
For postural stability

Before testing, the task was clarified to each child and
he/she was attached by a sheet of paper to the floor, to
trace his/her foot position without socks and shoes.
The test was repeated if the child either touched the
wall or examiner or if he/she took a step [24]. For
anterior reaching test, each child was asked to stand
near a wall with his tested arm maintained at 90° of
shoulder flexion with extended elbow and neutral
position of the wrist. The child was asked to hold
this starting position for three seconds. During this
position, the examiner who stood next to the child
recorded the initial reading from the level of child’s
acromion to the tip of middle finger by using a
measuring tape. Then the child was asked to reach
forward as far as he can toward a motivating object and
to hold his position for three seconds. The final reading
was taken at this ending position in the same way as in
starting one. The reaching distance was measured by
finding the difference between two positions. For
lateral reaching test, the starting position of the
tested shoulder was maintained at 90° of abduction,
with the elbow extended and neutral position of the
wrist. Then the child was asked to reach laterally as far
as he can. Measurement of distance at starting and
ending positions, and the difference in measurement
between them were the same as in anterior reaching
test. Three trials were allowed for every child for each
test, and their means were taken according to Bartlett
and Birmingham [24].
Protocol of treadmill walking

Bruce treadmill protocol was the protocol of treadmill
walking in this study. It is a valid and reliable graded
maximal exercise test that can be used in children and
adult population [28]. It consists of seven stages,
during them the inclination and speed of treadmill
increase every three minutes as illustrated in Table 1
[29]. The children had been instructed to avoid heavy
physical activity in the day of evaluation and the day
before to avoid exhaustion and to have the ability to do
test. Before testing, proper and clear explanation of
the protocol and its objectives were allowed to every
child [30]. It was settled to use the ‘half Bruce’
protocol in this study that was started from stage 1
to 3, as it was recognized that children with CP can
adapt to smaller steps of the Bruce protocol [31]. Each
child was started on a speed of 2.7 km/h and 10° of
inclination. The speed, inclination, and time were
increased gradually to reach to the third stage (half)
of Bruce protocol. HR was monitored during the
treadmill walking by using HR monitor (Garmin
Forerunner 310XT or Polar WearLink RS400,
Garmin international, Inc., Kansas city). Evaluator
stood behind each child during treadmill walking to
protect him from falling. The test was ended when the
child was unable to complete or he/she appeared
exhausted or the HR reached above 150 beats/min
[32]. At the end of the test speed, time and inclination
were lowered gradually on treadmill for each child to
prevent the pooling of the blood in dilated vessels.
Statistical analysis
Descriptive statistics in form of mean, SD, minimum,
maximum and range values were conducted for the age,
weight, height, and foot length of hemiplegic children.
Paired t-test was conducted for comparison between
pre-maximal and post-maximal treadmill walking
mean values of fatigue index, peak torque, and
anterior and lateral reaching of the hemiplegic
children. The level of significance for all statistical
tests was set at P value less than 0.05. All statistical
measures were performed through the statistical
package for the social sciences (SPSS, IBM SPSS,
Chicago, IL, USA) version 19 for Windows.
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Results
Themean±SDof ages, weights, heights, and foot length
of participants were shown in Table 2. The sex
distribution of the hemiplegic children revealed that
there were 13 girls, with reported of 45%, whereas the
number of boys was 17with reported percentage of 55%.

The results showed that there were no significant
differences in fatigue index and peak torque of
quadriceps and hamstring muscles between pre-
maximal and post-maximal treadmill walking values.
Moreover, there were no significant differences in the
anterior and lateral reaching tests between pre-maximal
and post-maximal treadmill walking values (P>0.05).

Table 3 showed the results of pre-maximal and post-
maximal treadmill walking mean value of quadriceps
and hamstring muscles fatigue index of children with
hemiplegic CP. These analysis showed that there was
no significant difference in the fatigue index of
quadriceps muscle between pre-maximal and post-
maximal treadmill walking values (P=0.33). In
addition, there was no significant difference in the
fatigue index of hamstring muscle between pre-
maximal and post-maximal treadmill walking values
(P=0.1).

Table 4 demonstrated the results of pre-maximal and
post-maximal treadmill walking mean value of
Table 2 Demographic characteristics of hemiplegic children

Variables Mean±SD Minimum Maximum Range

Age (years) 8.25±1.77 5 11 6

Weight (kg) 26.83±5.77 20 45 25

Height (cm) 118.13±7.45 104 137 33

Foot length (cm) 17.6±1.86 13 22 9

Table 4 Paired t-test for comparison between pre-treadmill and po
peak torque of the hemiplegic children

Peak torque
(Nm)

Pre-exercise (mean
±SD)

Post-exercise (mean
±SD)

Quadriceps 24.51±6.53 25.1±7.46

Hamstring 10.82±3.57 11.21±3.9

Table 3 Paired t-test for comparison between pre-treadmill and po
reaching tests, quadriceps muscles fatigue index, and hamstring m

Variables Pre-exercise
(mean±SD)

Post-exercise
(mean±SD)

Anterior reaching test (cm) 0.85±0.53 0.96±0.6

Lateral reaching test (cm) 0.82±0.43 0.86±0.38

Quadriceps muscle fatigue
index (%)

18.59±5.36 19.2±4.71

Hamstring muscle fatigue
index (%)

24.31±6.23 26.91±5.92
quadriceps and hamstring muscles peak torque of
children with hemiplegic CP. This analysis showed
that there was no significant difference in the peak
torque of quadriceps muscle between pre-maximal and
post-maximal treadmill walking (P=0.52). Moreover,
there was no significant difference the peak torque of
hamstring muscle between pre-maximal and post-
maximal treadmill walking (P=0.14).

Furthermore, pre-maximal and post-maximal
treadmill walking mean values of anterior and
lateral reaching of children with hemiplegic CP
were demonstrated in Table 3. The results
indicated that there was no significant difference
in the anterior reaching test between pre-maximal
and post-maximal treadmill walking (P=0.46).
Moreover, there was no significant difference in
the lateral reaching test between pre-maximal and
post-maximal treadmill walking values (P=0.63).
Discussion
To our knowledge, there are limited studies that
investigated the immediate effect of maximal
treadmill walking on muscle fatigue and postural
stability in children with CP. Therefore, the current
study was conducted to investigate the immediate
effect of maximal treadmill walking on muscle
fatigue and postural stability in children with
hemiplegic CP. The major results of this study
indicated that children with hemiplegic CP
performed maximal walking on the treadmill
without muscle fatigue and postural instability.

The nonsignificant differences in fatigue index and
peak torque before and after treadmill walking may be
owing to fatigue resistance in children with CP. This is
st-treadmill walking mean values of quadriceps and hamstring

Mean
difference

Percentage of
change

t
value

P
value

Significance

−0.59 2.4 −0.64 0.52 NS

−0.39 3.6 −1.49 0.14 NS

st-treadmill walking mean values of anterior and lateral
uscles fatigue index of hemiplegic children

Mean
difference

Percentage of
change

t
value

P
value

Significance

−0.11 12.94 −0.73 0.46 NS

−0.04 4.87 −0.47 0.63 NS

−0.61 3.28 −0.98 0.33 NS

−2.6 10.69 −1.65 0.1 NS
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illustrated by Ratel et al. [33] and Peterson et al. [34]
who reported that children with CP may have greater
resistance to fatigue in the laboratory setting than
typically developing children. Additionally, Riner
and Sellhorst [35] reported that children with
disability in contrast to adult individual experience
less fatigue during activities.

Moreover, these results are supported by
Stackhouse et al. [10] who quantified the fatigue
of quadriceps muscle during maximal isometric
contraction in children with CP and normal
children. They found that in children with CP,
the fatigue of quadriceps muscle was less than in
normal children.

Themechanism of muscle fatigue resistance in children
with CP is the alteration in muscle fiber type (increase
in type I or atrophy of type II muscle fibers); this
alteration may be caused by chronic stimulation of a
muscle as an outcome of spasticity, by which muscle
cells transform into slower and more fatigue resistant
phenotype [36].

Increased muscle stiffness and excessive cell collagen
accumulation are considered from the other causes of
fatigue resistance in children with CP. It was suggested
that increasedmuscle stiffnessmaycompensateweakness,
thereby allowing better usage of elastic energy during
different activities such as walking [37,38].

On the contrary, the current result regarding
muscle fatigue does not come in agreement with
the finding of Stephenson et al. [39] who illustrated
that muscle fatigue develops during high-intensity
or maximal exercise, which may be owing to failure
in the cycle of muscle contractility and excitation-
contraction.

The current results explained that, there were
nonsignificant differences in anterior and lateral
reaching tests of postural stability before and after
treadmill walking, which may be owing to the
immediate effect of treadmill walking. This result
indirectly clarified that, maximal treadmill walking
did not cause postural instability.

Long-term effect of treadmill training improves
postural stability through regular repetitions of
walking steps. This is in consistent with Grecco
et al. [40] who stated that walking on a treadmill
contributes to postural control and postural stability
by allowing several repetitions of steps of the walking
cycle in a regular pattern, thus improving
coordination between agonist and antagonist
muscles.

Treadmill walking improves postural control and
muscle strength of lower extremity by improving
neural adaptability, which in turn improves
neuromuscular capacity in children with disability
[41]. Moreover, it provides prolonged weight
bearing on lower extremity which in turn improves
standing balance and stability [42].

Walking on a treadmill stimulates central pattern
generators in the spinal cord [43]. Central pattern
generators lead to rhythmical strides and allow the
training of gait cycle, postural control, and stability [44].
Limitation of the study
This study was limited to children with hemiplegic CP
with the age group from 5 to 11 years. The lack of
power analysis is considered another limitation in this
work. So, similar research studies are recommended on
other types of CP with sample size calculation. We
assessed only the muscle fatigue of knee flexors and
extensors before and after maximal treadmill walking,
so it is recommended for future studies to evaluate the
fatigue of other muscle groups in lower extremities
under similar condition.
Conclusion
From the obtained results of this study, it could be
concluded that, maximal treadmill walking is well
tolerated, and does not cause muscle fatigue or
postural instability. Moreover, it may be helpful
in the evaluation of children with CP and may
provide valuable guidelines for their treatment
protocols.
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