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Abstract
Background: The concepts of brain excitability are still re-wiring in response to changes in environment.
Ambulation is often limited in stroke patients.
Objective: To determine the effect of cycling exercise on motor excitability and consequences on spatiotemporal
gait parameters in stroke patients.
Methods: Forty male ischemic stroke patients were included; their age ranged from 45 to 60 years. The patients
were assigned into two equal groups: control group (GI) and study group (GII). The GI is treated by a design
physical therapy program in the form of task-oriented progressive resistance exercise for lower limb muscles, and
the GII is treated by the same program in addition to cycling exercise for 30 min. Treatment was conducted three
times per week for 10 weeks. The excitability over motor area (Cz) was assessed by the quantitative
electroencephalogram (QEEG). The spatiotemporal gait parameters were assessed by the Biodex Gait Trainer 2TM.
Results: There was a significant increase of speed, step cycle, and step length of the affected side (P < 0.05) and a
non-significant difference of step length of the non-affected side in the study group compared with that of the
control group (P > 0.05). There was a significant increase of excitability over motor area (Cz) in the study group
compared with that of the control group (P < 0.05).
Conclusion: Cycling exercise has a positive effect on excitability over motor area of lower limbs and can improve
gait parameters in stroke patients.
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Introduction
Stroke burden in Egypt was found to be significant; epidemiological studies done revealed that the mean and
median crude prevalence rates were 721.6/100,000 and
655/100,000, respectively; however, the mean and median crude incidence rates were 187/100,000 and 180.5/
100,000, respectively [1].
Stroke is the leading causes of disability in most countries. It is responsible for a large proportion of the
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problem of neurologic disorders. It is often disabling [2].
One of the most common complications in patients with
stroke is the functional impairment of the lower extremity (LE). The LE motor function plays an important role
in daily life activity. Skeletal muscle weakness, abnormal
synergies of the muscles, and spasticity are the main
causes which may inhibit the selective activation of muscles during walking [3].
The cerebral cortex has a crucial role in controlling
cyclical motor tasks. Electroencephalogram (EEG) during pedaling suggested that the activity of the muscles
acting during locomotion is under corticospinal control.
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By using a unipolar montage, the recording data was
transformed into the mapping program to make spectral
analysis of it. The data was recorded in this study from
motor area (Cz) [4]. The equation utilized to detect
brain activity was mean values of mean frequency of
[(delta + theta)/ (alpha + beta)] ratio [5]. The transitions
from extension to flexion (and vice versa) during walking may be the most vulnerable locomotor function to
be impaired after stroke [6].
One of the important rehabilitation programs is the
leg cycling exercise as it improves the ambulatory function in stroke patients [7]. The reciprocal and rhythmic
nature of cycling motion allows patients to generate
timely symmetrical and reciprocal forces from both
limbs required for locomotion. Cycling exercise improves the neuromuscular control for ambulation. It
helps to maintain the functional range of motion of knee
and hip joints required for walking. Cycling exercise improves several aspects of strength gain, cycling performance, cardio-respiratory function, and the use of the
affected leg in patients with ischemic stroke [8].
The aim of the present study was to determine the effect of cycling exercise on motor excitability and its consequences on the spatiotemporal gait parameters in the
stroke patients.

Methods
Forty male ischemic stroke hemiparetic patients, confirmed by MRI or CT scan (in territory of carotid system),
represented the sample of the study; the patients were selected from the Outpatient Clinic of Kasr El Aini, Teaching Hospital, Cairo University and from the Out-Patient
Clinic, Faculty of Physical Therapy, Cairo University.
Patients were included with age ranged from 45 to
60; body mass index (BMI) was < 30 kg/m2. The
stroke duration was at least 6 months before starting
the study. All patients were able to walk 10 m independently without any assistive device (power grade
4) and the spasticity degree of paretic lower limb
muscles ranged from 1 to 1+ according to the Modified Ashworth Scale. Patients with visual, auditory, or
vestibular deficits or cognitive impairments; history of
prior strokes or other neurological diseases; and significant orthopedic or chronic pain conditions for
both lower limbs were excluded.
The patients signed a written consent form. The study
protocol was approved by the ethical committee of Faculty of Physical Therapy, Cairo University, Egypt NO:
P.T.REC/012/00969 (26/5/2015).
All patients were subjected to thorough clinical neurological assessment. The patients were assigned randomly
into two equal groups: control group (GI) and study
group (GII). The control group (GI) received a design
physiotherapy program in the form of task-oriented
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progressive resistance exercise for lower limb muscles
with total duration of 1 h for a session. The study group
(GII) received the same program as group (GI) for 30
min in addition to cycling exercise using Bicycle ergometer Kettler polo S(Model K7960-700, Germany) for 30
min with a total duration 1 h. The program for both
groups was three sessions per week for 10 weeks.
The motor excitability was assessed by the QEEG (EB,
Florence, Italy; Mizar –PC Peripheral System CE Version
– B9800037800) at a brain lab EEG recorder at Kaser Al
Aini Teaching Hospital and Cairo University. The patient was comfortable with the cap on while the clinician
was recording EEG on a computer. The patient was
asked to close eyes to minimize eye movements and
blink artifacts and to prevent any visual feedback. The
data was recorded according to the International 10–20
system with Ag/AgCl electrodes, using a unipolar montage. Impedance was kept < 5 kohm to avoid
polarization effects (Fig. 1). The recorded data was transformed into quantitative values: quantitative EEG. Various data were available, like brain maps for spectral
analysis. However, numerical values of mean frequencies
in the motor area (Cz) were the elements chosen for further statistical analysis (Fig. 2) [4]. The equation utilized
to detect brain activity was mean values of mean frequency of [(delta + theta)/ (alpha + beta)] ratio [5]. It
was done before the program and after the end of the
program for both groups.
Spatiotemporal parameters of gait were assessed by Biodex Gait Trainer 2TM (model NO. 601-1-M90, EN 606011 USA). Each patient was instructed to wear suitable
clothes and suitable light shoes before assessment. The patient was standing on the treadmill holding on handrails
to ensure safety. The speed of treadmill was ramp up
slowly to 0.3 m/h. It was then increased gradually to comfortable pace for the patient; then, the data recording was
started. Each patient was asked to walk continuously for 3
min, till the evaluation session ended, and the gait trainer
slow down gradually until it stopped. Three successive trials were done for each patient. The mean value of each
variable of spatiotemporal parameters of gait [walking
speed (m/s), step cycle (cycle/s), and step length (m)] were
recorded [9]. It was done before the program and after the
end of the program for both groups.
Statistical analysis

Collected data were analyzed by the Statistical Package
for Social Studies (SPSS) version 19 for windows (IBM
SPSS, Chicago, IL, USA). Descriptive statistics were used
in the form of arithmetic mean and standard deviation
for all variables. Normality of data was checked using
the Shapiro-Wilk test. Unpaired t test was used to compare the general chronological features of the patients
(age and BMI) of both groups. The mixed design
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Fig. 1 EEG traces with all measurable channels displayed; average reference montage

multivariate analysis of variant test was used to compare
all of the tested dependent variables within and between
the two groups at two measuring periods (pre- and posttreatment). P value was used to indicate the level of significance (P < 0.05 was considered significant).

Fig. 2 Spectral information over Cz

Results
There was no statistically significant difference between
both groups regarding the age and body mass index (P >
0.05) (Table 1).
Both groups showed significant increase in the mean
values of walking speed, step cycle, and step length of
the non-affected side post-treatment compared with that
of pre-treatment (P < 0.05). Moreover, there was a significant increase in the mean value of step length of the
affected side and motor excitability over “Cz” only in GII
(P < 0.05) (Table 2).
Regarding the mean values of pretreatment walking
speed, step cycle, step length of the affected side, step
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Table 1 The mean values of age and body mass index in the control and study groups
General characteristics
Age (years)
2

Body mass index (kg/m )

t
value

P
value

52.55 ± 4.34

0.48

0.63

27.68 ± 2.68

− 0.38

0.71

Control group

Study group

Mean ± SD

Mean ± SD

53.2 ± 4.11
27.36 ± 2.72

SD standard deviation, P probability, non-significant (P > 0.05)

length of the non-affected side, and motor excitability
over “Cz,” there was no statistically significant difference
between both groups (P > 0.05). Post-treatment comparison between both groups revealed significant increase in the
mean values of walking speed, step cycle, step length of the affected side, and motor excitability over “Cz” and it was in
favor of the study group (GII) (P < 0.05), However mean
values of step length of the non-affected side showed no significant difference between both groups (P > 0.05) (Table 3).

Discussion
In patients with ischemic stroke, the function of cerebral
cortex becomes impaired with preserved spinal cord function. The ability to generate information of the spinal cord
required for walking can be utilized through specific
movements to reorganize the cortex for walking [10].The
results of the current study showed a significant increase
in the mean values of motor excitability over motor area
of lower limbs (Cz) in study group comparing to control.
These results can be explained from neurophysiological
point of view that cycling exercise after stroke can cause
gradual shrinking of the lesion volume [11, 12].
Also from neurophysiological point of view, cycling exercise works on neuronal plasticity as it activates both
supplementary motor areas and primary motor cortex
bilaterally. Rhythmic motor tasks such as pedaling is
generated and under control of these higher motor centers [13]. Primary motor area (M1) is a highly plastic region with repeated training causing reorganization

which associated with skill acquisition and motor learning. Facilitation of motor learning induces the motor recovery by directly increasing the excitability in the
ipsilesional motor cortex [14]. This explained the increased motor excitability in the study group.
The results of the present study contradicted with the
finding of Ambrose et al. [15] who demonstrated that reciprocal exercise do not induce significant alterations in
brain activity. The discrepancy between the two studies
may be attributed to the frequency of exercise program
(once weekly) that may be a decisive factor in altering
behavioral performance and hemodynamic activity in
cortex.
The results of the current study showed a nonsignificant change in the mean values of cortical
reorganization over the selected brain areas in control
group. These results agree with Smith et al. [16] and
Dobkin [17], who explained that the designed exercise
program alone was insufficient to increase the excitability of output neurons in the primary motor area and
other brain areas. Strength training, by contrast, can
alter the excitability of motor neurons and induce synaptogenesis within the spinal cord, but does not alter the
cortical motor organization.
Cycling exercise increases proteins and genes that protect from oxidative damage, and free radical levels do
not significantly elevate [18]. Cycling exercise after
stroke reduced DNA fragmentation [19] and caspase-3
[11], and all of which are markers and/or facilitators of

Table 2 Comparison of spatiotemporal gait parameters and motor excitability over Cz pre- and post-treatment within each group
Control group

Study group

Pre-treatment (mean ±
SD)

Post-treatment (mean ±
SD)

P
value

Pre-treatment (mean ±
SD)

Post-treatment (mean ±
SD)

P
value

Walking speed
(m/s)

0.55 ± 0.08

0.61 ± 0.11

0.001*

0.54 ± 0.06

0.68 ± 0.08

0.0001*

Step cycle (cycle/
s)

0.55 ± 0.1

0.62 ± 0.12

0.02*

0.54 ± 0.13

0.72 ± 0.19

0.0001*

Affected side

0.38 ± 0.1

0.41 ± 0.08

0.24

0.37 ± 0.09

0.52 ± 0.18

0.0001*

Non-affected
side

0.51 ± 0.1

0.56 ± 0.09

0.04*

0.50 ± 0.12

0.60 ± 0.2

0.0001*

3.9 ± 0.38

3.93 ± 0.24

0.79

3.91 ± 0.6

4.19 ± 0.47

0.01*

Step length (m)

Cz
SD standard deviation
*Significant (P < 0.05)
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Table 3 Comparison of spatiotemporal gait parameters and motor excitability over Cz pre- and post-treatment between both
groups
Pre-treatment

Post-treatment

Control group

Study group

P value

Control group

Study group

P value

Walking speed (m/s)

0.55 ± 0.08

0.54 ± 0.06

0.58

0.61 ± 0.11

0.68 ± 0.08

0.03*

Step cycle (cycle/s)

0.55 ± 0.1

0.54 ± 0.13

0.76

0.62 ± 0.12

0.72 ± 0.19

0.04*

Affected side

0.38 ± 0.1

0.37 ± 0.09

0.65

0.41 ± 0.08

0.52 ± 0.18

0.03*

Non-affected side

0.51 ± 0.1

0.50 ± 0.12

0.78

0.56 ± 0.09

0.60 ± 0.2

0.41

3.9 ± 0.38

3.91 ± 0.6

0.95

3.93 ± 0.24

4.19 ± 0.47

0.03*

Step length (m)

Cz
*Significant (P < 0.05)

apoptotic cell death [20]. Cycling exercise stimulates several mechanisms of recovery, such as angiogenesis,
neurogenesis, and synaptogenesis, which contribute to
neuronal and synaptic plasticity [21]. Moderate to high
intensity of cycling exercise after focal ischemia resulted
in increased angiogenesis-promoting proteins in the cortex surrounding the lesion [22] and striatum [13, 23].
The results of the current study showed a significant
increase in the mean values of gait parameters in the
study group comparing to control. These results can be
explained from neurophysiological point of view that
gait results from dynamic interactions between a central
program and feedback mechanisms. The muscles and
skin afferents as well as some senses (vision, audition,
vestibular) generate the feedback that dynamically adapts
the gait pattern to the environmental requirement. Proprioceptive inputs can adjust the degree and timing of
activity of the muscles to the gait speed. Stimulation of
descending pathways may affect gait pattern in particular
phases of step cycle [24].
The superior improvement of gait spatiotemporal parameters in the study group could be explained as cycling exercise may improve gait deficits in stroke patients
through several mechanisms: (a) it acts as a pseudo
walking task-oriented exercise standing [25]; (b) it facilitates muscle control and improves muscle strength of
the lower limbs, so it allows putting more weight on the
affected leg while standing [26]; (c) it provides adequate
sensory input from vestibular system, feet, and neck
which may stimulate the spinal locomotor circuitry (central pattern generator) leading to a regular walking pattern [27]; (d) it facilitates the frontal-lobe cognitive
strategies by externally cueing the sequential movement
[28]; and (e) it improves cardiopulmonary capacity and
metabolic walking economy and reduces the effort of
sub-maximal workloads [29].
The spinal cord generate the basic motor pattern for
stepping, while various brain regions, including cerebral
motor cortex, brain stem, and cerebellum, control fine
walking [30]. The spinal cord has central pattern generators (CPGs) that are networks of nerve cells that

generate movements and enclose the information necessary to activate different motor neurons in the suitable
order and intensity to generate motor patterns. These
networks have been proposed to be “innate” although
“perfected and adapted by experience.” The three principles that characterize CPGs are as follows: (I) the capacity
to generate intrinsic pattern of rhythmic activity regardless
the sensory inputs, (II) the presence of a developmentally
defined neuronal circuit, and (III) the modulatory influences from central and peripheral inputs [31]. The CPG
functions mainly in guiding post-lesional neuronal plasticity. Over ground walking, a spinal pattern generator
seems to be sufficient. Supraspinal control is mandatory
to provide both the drive for locomotion and the coordination to negotiate a complex environment [32].
From biomechanical point of view, the improvements
of gait parameters in study group could be explained by
good stability around both knee and hip that increases
stability in standing .The patient was able to take longer
stride, which makes it easier for the ankle plantar flexors
to push off actively. The increased stride length, speed,
and push off correspond well with the increase in
muscle strength around the hips, knee, and ankle. This
may be mediated by strengthening exercise that emphasizes specific training of motor control in activities and
represents a shift away from facilitation of movement
and exercise therapy [33, 34].
Strengthening exercise provides also feedback from
the entire lower extremity and increases stimulation of
the mechanoreceptors around the joints and firing of
muscle spindles. In addition, gait function of stroke patients improve through motor re-learning by increased
neuroplasticity and brain reorganization in response to
repetition of the reciprocal task [35].
The results of the present study disagreed with the results of Globas et al. [36] who revealed that cycling exercises had non-significant alterations in gait parameters.
The discrepancy between results of the current study
and results of Globas et al.’s study may be due to the inherent nature of mobility measure used. The small sample size in combination with strict inclusion and
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exclusion criteria might have selected a healthier cohort
with higher mobility than the average person with
chronic stroke.

Conclusion
It could be concluded that cycling exercise has a positive
effect on excitability over motor area of lower limbs and
can improve gait parameters in stroke patients.
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