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Abstract. – OBJECTIVE: There is no evidence 
that exercise training program is effective in improv-
ing aerobic capacity, musculoskeletal abnormali-
ties, and quality of life in asthmatic children with ce-
rebral palsy (CP). Therefore, the effects of intermit-
tent aerobic training on exercise capacity, pulmo-
nary function, and gait parameters in asthmatic CP 
children have been evaluated in the current study.

PATIENTS AND METHODS: This clinical trial in-
cluded thirty-six asthmatic CP children between Jan-
uary and December 2021. Their ages were between 
7 and 12 years old. They were randomly allocated to 
the intermittent aerobic exercise group (IAEG) and 
a control group (CG), with 18 per each group. The 
children have been recruited for the 10-week inter-
ventional program. The 6-minute walk test (6MWT), 
forced vital capacity (FVC), forced expiratory volume 
in one second (FEV1), stride length, cadence, gait 
speed, and pediatric asthma quality of life (PAQLQ) 
were all measured before and after treatment.

RESULTS: Pre-post analysis in the IAEG showed 
noteworthy changes (6MWT, p=0.005; FVC, p=0.002; 
FEV1, p<0.001; overall score of PAQLQ, p<0.001; stride 
length, p<0.001; cadence, p<0.001; and gait speed, 
p<0.001), while the control group showed non-signifi-
cant changes (p>0.05). There were noteworthy differ-
ences between IAEG and CG post-treatment (6MWT, 
p=0.019; FVC, p=0.031; FEV1, p<0.001; overall score 
of PAQLQ, p=0.031; stride length, p<0.001; cadence, 
p=0.009; and gait speed, p<0.001) in favor of the IAEG.

CONCLUSIONS: Depending on the study find-
ings, 10 weeks of intermittent aerobic exercise may 
improve exercise capacity, pulmonary function, gait 
parameters, and quality of life in asthmatic CP chil-
dren. Based on what we found, this protocol should 
be used in pulmonary rehabilitation programs for 
children with CP who have breathing problems.
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Cerebral palsy, Asthma, Intermittent aerobic exercise, 

6MWT, Gait, PAQLQ.

Introduction

Cerebral Palsy (CP) is a heterogeneous disorder 
group including postural and movement issues that are 
due to a non-progressive developmental brain damage. 
The developing musculoskeletal abnormalities occur 
in most of the CP children. The primary problems in-
clude changing in the muscle strength, tone, and bal-
ance, associated with central nervous system injuries. 
The derivative alterations, such as skeletal deformities 
and muscular contractures, expand in the long run be-
cause of the principal issues and abnormal develop-
ment of musculoskeletal system1. CP is identified as 
the commonest disability reason among children. Pul-
monary disorders caused by many combined factors 
are considered to be the primary reason of impaired 
life quality, morbidity and mortality in several differ-
ent children who have suffered from CP. The clinical 
motor disorder of the affected CP children includes im-
paired fitness, breathing issues and scoliosis; therefore, 
the intervention is urgent to maximize the physical and 
musculoskeletal functions. At birth, most of the chil-
dren experiencing CP do not suffer from musculoskel-
etal impairments, but the abnormalities appear over the 
time. The CP children complain about disturbances in 
different aspects, like sensation, perception, cognition, 
and behavior. Adult CP individuals suffer fourteen 
times of elevated mortality rate from pulmonary disor-
ders when compared to the general population. Several 
studies2-5 have reported that the death in CP individuals 
has resulted from pulmonary failure. There are many 
types of CP, but the most common types are hemiple-
gia and dipalegia6.

Pain and admission to hospitals are identified as 
the main indicators of impaired life quality in severe 
CP individuals and the most common cause of medical 
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hospitalization with pulmonary issues; in fact, severe 
physical disability increases the frequency of hospi-
tal admissions in CP individuals7. CP Children have 
poorer lung function when compared with matched 
children of the same age. Skeletal deformities, like 
scoliosis, decrease the vital capacity and affect the gait 
pattern in spastic CP children8,9. The prevalence of 
skeletal deformities affects 20-25% of non-ambulant 
CP children10. The prevention of pelvic and hip defor-
mity decreases the spinal deformity that leads to gait 
pattern improvement. Several studies11 have found that 
childhood skeletal deformities can progress into adult-
hood, affecting pulmonary function through restricted 
chest expansion.

CP hemiplegic children are suffering from impaired 
gait parameters, such as longer duration of stance phase 
and gait cycle, lower gait speed and shorter duration 
of swing phase compared to their normal peers. It has 
also been reported12 that noteworthy angle differences 
in the lower extremity joints between CP and healthy 
matched peers can be observed during ground weight 
bearing. CP children have a decreasing aerobic capac-
ity and a higher oxygen consumption for daily activi-
ties that increases with disability. When compared with 
normal developing children, modalities that improve 
peak oxygen uptake may lead to decreased oxygen 
consumption in activities of daily living13. The mus-
culoskeletal abnormalities of CP children may affect 
activities of daily living, such as dressing and walking, 
which decreases the overall dimensions of quality of 
life. Therefore, optimizing the muscle function is very 
important to performing activities of daily living and 
improving the quality of life14-16.

There is no evidence about which exercise train-
ing program is effective in improving aerobic ca-
pacity, musculoskeletal abnormalities, quality of life 
and body composition in CP children17. Therefore, 
the current study examined the effects of intermit-
tent aerobic training on exercise capacity, pulmo-
nary function, and gait parameters in asthmatic CP 
children, with the hypothesis that intermittent aero-
bic exercise may be beneficial in those children.

Patients and Methods

Study Design
This prospective randomized clinical trial has 

been carried out in the outpatient physiotherapy 
clinic between January and December 2021 after 
obtaining the Ethical Committee approval from 
the Ethics Physiotherapy Committee department 
[RHPT/020/066]. The study has been conducted 
after explaining the procedures of the study to par-

ents and caregivers of the children. Written consent 
forms have been signed before starting the program 
of the study.  

Participants
This clinical trial included thirty-six CP children 

after their eligibility to be enrolled in the study ac-
cording to the inclusion criteria and the calculation 
of the required sample for the study. The children 
have been enrolled in this trial according to the 
following criteria: diagnosis of hemiplegic CP by 
pediatric physicians; both genders; age between 
7-12 years; capability of independently walking; 
capability of understanding the instructions of the 
study program. The children who experienced un-
controlled seizures, post-six-month Botulinum tox-
in injections, post-one-year orthopedic surgeries, 
inability to understand the instructions of the study 
have been excluded.

Sample Size Calculation
Using G*Power 3.1.5, the sample size has been 

estimated. Using significant data that were obtained 
from a prior preliminary study with an effect size of 
up and go test of |6.58|, two-tailed, 95% power, and 
0.05 alpha error, the sample size that provided an 
efficient power to identify noteworthy findings was 
14 children per each group. To avoid the dropout 
rate, 36 children have therefore been enrolled in the 
study.

Allocation and Randomization
After checking the eligibility and initial assess-

ment, the children have been randomly allocated to 
traditional physiotherapy program (controls) and in-
termittent aerobic exercise program plus traditional 
physiotherapy program (study group). The random-
ization has been performed by a blind examiner us-
ing 36 opaque and sealed envelopes that contained 
colored and uncolored cards. The children have been 
instructed to select envelopes. Colored cards have 
been assigned to controls, while uncolored ones 
have been assigned to the study group. The consort 
flowchart of the study is described in Figure 1.

Outcome Measures
Exercise capacity using the 6-minute walk test 

(6MWT), pulmonary functions including the pre-
dicted values of forced vital capacity (FVC) and 
forced expiratory volume in one second (FEV1), 
quality of life using the pediatric asthma quality of 
life questionnaire (PAQOLQ), and gait parameters 
(stride length, cadence, and speed) have been as-
sessed on two occasions: pre- and post-treatment.
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6MWT
The 6MWT has been used to gauge exercise 

capacity. It is a validated assessment technique 
for exercise capacity in various pediatric diseases. 
In addition to showing the beginning and ending 
points of the test and instructing children and par-

ents on how to avoid hopping, running, or leaping 
throughout the 6MWT, researchers taught partic-
ipants and their parents prior to the test. For six 
minutes, each youngster was asked to walk down 
a 50-meter straight corridor while a timer was kept 
near by the examiner’s side. Before and after the 

Figure 1. The CONSORT flowchart of the study.
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twelve-week trial period, the 6MWT distance in 
meters was measured18,19.

Pulmonary Functions
The predicted values of FVC and FEV1 have 

been assessed by conducting a spirometry test. A 
trained technician used an Autospiro-507 (Minato 
Medical Science, Osaka, Japan) to assess the pulmo-
nary functions. Each child was asked to inhale and 
exhale normally, with the lips tightly closed on the 
mouthpiece and gentle calipers on the noses. Then 
each one was instructed to inhale deeply and exhale 
quickly. The FVC and FEV1 readings from the three 
experiments have been within 0.150 L or 10% of the 
best ratings, whichever was greater. Data analysis 
used the highest values20.

Gait Parameters
The gait parameters have been assessed using the 

GAITRite system (CIR Systems Inc., Clifton, NJ, 
USA). There are 13,824 embedded pressure sensors 
in the GAITRite system that detect each footfall’s po-
sition and relative pressure. It calculates spatial and 
temporal factors connected with gait automatically 
and offers valid and trustworthy measurements. 18Y21 
GAITRite creates 20 gait parameters. The stride length, 
cadence, and gait speed have been assessed and record-
ed. During clinic appointments, children were asked to 
walk twice across the computerized GAITRite walk-
way with bare feet. On the GAITRite mat, there was a 
meter of space at each end for the subjects to accelerate 
and decelerate. The child’s preferred walking speed 
was chosen over an imposed speed because it was 
deemed to be the most efficient for the person21.

Quality of Life (QOL)
The QOL has been assessed using a validated Ar-

abic version of the pediatric asthma quality of life 
questionnaire (PAQLQ). It is a multidimensional re-
spiratory problem and an age-appropriate measure 
for assessing quality of life in children and adoles-
cents. It has 23 questions spanning 3 domains: ac-
tivity limits, symptoms, and more (emotional func-
tion). The PAQLQ rates items on a 7-point Likert 
scale, with 1 indicating “the worst” and 7 indicating 
“the best” life quality. Each domain’s score is the 
mean reaction to all items. The aggregate score is 
the sum of the three domains’ mean scores. A higher 
score corresponds to a better sense of health22. The 
overall score was recorded and analyzed.

Treatment Program
The group of intermittent aerobic exercise con-

ducted exercise training based on the maximal heart 

rate (MHR). The duration of the exercise program 
ranged from forty to fifty minutes, depending on the 
child’s ability. Each exercise included a short period 
of warming and a short period of cooling for five 
to ten minutes, while the exercise session intensi-
ty was high-intensity exercise >80% of MHR and 
moderate exercise 60-70% of MHR. The frequency 
of the exercise program was 4 sessions a week for 10 
alternate weeks.

Statistical Analysis
Baseline demographic and clinical characteris-

tics have been curated and analyzed before starting 
the study program. The Shapiro-Wilk test has been 
used to assess the normal distribution of data. Pre- 
and post-treatment changes have been assessed be-
tween and within groups using the Student’s t-test 
in normally distributed data. The Chi-square and 
Mann-Whitney U tests have been performed and 
used to assess the differences in non-normally dis-
tributed data. Data have been analyzed using SPSS 
version 25.0 (IBM Corp., Armonk, NY, USA). The 
significance level has been accepted at p˂0.05.

Results

Thirty-six asthmatic children with hemiplegic 
CP (16 girls and 20 boys) were recruited for this 
randomized controlled study. They were random-
ly allocated into the intermittent aerobic exercise 
group (IAEG) and controls (CG). As detailed in 
Table I, IAEG and CG showed no significant dif-
ferences in baseline demographic and clinical char-
acteristics (p˃0.05; age, p=0.796; gender, p=0.502; 
BMI, p=0.554; FEV1 %, p=0.689; asthma duration, 
p=0.711; and medications including long-acting 
β2-agonist, p=0.809, and corticosteroids, p=0.419).

At baseline, there was no statistical difference 
in exercise capacity, pulmonary functions, qual-
ity of life, and gait parameters between IAEG 
and CG (6MWT, p=0.884; FVC, p=0.872; FEV1, 
p=0.689; overall score of PAQLQ, p=0.727; stride 
length, p=0.648; cadence, p=0.629; and gait speed, 
p=0.648). Controversy, there were noteworthy dif-
ferences between the two groups post-treatment 
(6MWT, p=0.019; FVC, p=0.031; FEV1, p˂0.001; 
overall score of PAQLQ, p=0.031; stride length, 
p˂0.001; cadence, p=0.009; and gait speed p˂0.001) 
in favor of the IAEG, as illustrated in Table II.

Pre- and post-analysis in the IAE group showed 
noteworthy changes (6MWT, p=0.005; FVC, 
p=0.002; FEV1, p˂0.001; overall score of PAQLQ, 
p˂0.001; stride length, p˂0.001; cadence, p˂0.001; 
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and gait speed, p˂0.001), while the control group 
showed non-significant changes in all outcome 
measures (6MWT, p=0.612; FVC, p=0.289; FEV1, 
p˂0.321; overall score of PAQLQ, p˂0.192; stride 
length, p˂0.071; cadence, p˂0.286; and gait speed, 
p˂0.148), as displayed in Table II.

Discussion

This study has been designed to assess the effects 
of intermittent aerobic training on exercise capacity, 
pulmonary function, and gait parameters in asthmat-
ic CP children, theorizing that intermittent aerobic 
exercise may have beneficial effects in those chil-
dren. The results showed that 6MWT, FVC, FEV1, 
and gait parameters had improved in the study group 
when compared with controls.

The 6MWT correlates well with the pulmonary 
function parameters, as shown in a previous publica-
tion23 that looked at how the pulmonary function pa-
rameters and physical activity of people with chron-
ic obstructive pulmonary disease changed over time. 
Correlational analysis results confirmed the findings 
of the previous literature concerning asthma, which 
affirms that a decline in inspiratory capacity also 
shows a statistically significant correlation between 
FEV1, FVC, and 6MWT. The association between 
6MWT and spirometry parameters was established 
to assess the ability of a patient with asthma to in-
crease ventilation and diffuse capacity in response 
to the increasing metabolic demands of exercise24.

A previous study done by Marin et al25, who stud-
ied the inspiratory capacity, dynamic hyperinflation, 
breathlessness, and exercise performance during the 
6MWT, found that the 6MWT and the spirometry 
parameters were changed in response to an aero-
bic exercise program. Further studies performed by 
Wibmer et al26, who investigated on the relationship 
between exercise capacity and lung volumes before 

and after 6MWT, supported these results by showing 
significant improvements in post-6MWT spirometry 
measures when compared to pre-6MWT measures. 
Both pre- and post-6MWT parameters were mea-
sured in this study.

These findings back up to previous findings27 
which determined spirometry parameters and diffu-
sion capacity in COPD active smokers after exercise 
and demonstrated an improvement in spirometry pa-
rameters after aerobic exercises that improved gas 
transfer and diffusing capacity of the lungs, which 
were altered secondary to impairment in small air-
ways. Study results obtained by Zeng et al28 suggest-
ed that total lung capacity was only mildly elevated. 
Even so, the improvement in FVC, FEV1, and QOL 
was significantly linked to 6MWT in our study.

QOL questionnaires are generally used in QOL 
assessment after therapeutic intervention in asthmat-
ic patients. The present study results have demon-
strated that the improvement in 6MWT, FVC, 
and FEV1 was closely correlated with the score of 
PAQLQ as an indicator of quality of life due to an 
improvement in ventilation, perfusion, and diffusing 
capacity29.

In asthmatic patients, the swing time and gait pa-
rameters, such as stride length, cadence, and speed, 
were significantly affected. The gait alteration may 
be due to decreased physical activity in daily life, 
muscle weakness, abnormal breathing patterns, a 
rise in respiratory demand and altered balance. Re-
duced levels of physical activity led to decreased 
muscle fiber cross-sectional area and reduction of 
mitochondrial density, resulting in skeletal muscle 
dysfunction. These dysfunctions may affect walking 
patterns30. The results of our study come in agree-
ment with the results of a previous study31, which 
found that biomechanical gait alterations and walk-
ing abnormalities in asthmatic patients improved 
after exercise training. The study conducted by 
Annegarn et al32 showed that subjects with asthma 

Table I. Baseline demographic and clinical characteristics.

	 IAEG	 CG
	 (n=18)	 (n=18)	 p-value

Age, yrs	 9.5 ± 2.4	 9.3 ± 2.2	 0.796
Gender, B/G, n (%)	 11 (61.1)/7 (38.9)	 9 (50)/9 (50)	 0.502
BMI, Kg/m2	 19.82 ± 1.4	 19.56 ± 1.2	 0.554
FEV1, % pred.	 67.4 ± 5.8	 68.2 ± 6.1	 0.689
Asthma duration, yrs	 4.2 ± 1.5	 4.4 ± 1.7	 0.711
Medications
long-acting β2-agonist, μg	 381.4 ± 45.1	 377.8 ± 43.5	 0.809
Corticosteroids (Budesonide), mg/d	 0.69 ± 0.11	 0.66 ± 0.11	 0.419

IAEG: intermittent aerobic exercise group; CG: control group; BMI: body mass index; FEV1: forced expiratory volume in one second.
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walked at a decreased speed, decreased cadence, and 
greater medium-lateral variability during 6MWT 
when compared with healthy subjects.

Our study findings came in agreement with an-
other previous study33 that showed significant im-
provements in VO2peak and lower percent utiliza-
tion on a submaximal effort test in children with 
CP. This means that these children showed an im-
provement in exercise capacity and an increase in 
energy reserves after the intervention. It has been 
mentioned that VO2peak has improved by 8-10% 
after an aerobic exercise training program34. Nsen-
ga et al35 demonstrated that there was a significant 
improvement in VO2peak by 22% after eight weeks 
of aerobic exercise training on a cycle ergometer (30 
min with an exercise intensity of 50-65% of estimat-
ed VO2peak, three sessions a week). Unnithan et al36 
showed an 18% increase in the VO2peak after three 
months of combined endurance and strength training 
(3 sessions/week of 70 min with an exercise intensi-
ty of 65-75% of predicted HRmax). Also, during the 

last test, the heart rate during the submaximal effort 
test decreased significantly, indicating that their rel-
ative exhaustion had decreased. During follow-up, 
we found that the oxygen cost at a submaximal ef-
fort also decreased due to a longer training period of 
walking or running37.

Conclusions

Depending on the study findings, 10 weeks of 
intermittent aerobic exercise may improve exercise 
capacity, pulmonary function, gait parameters, and 
quality of life in asthmatic CP children. Our results 
recommended this protocol to be used in the pul-
monary rehabilitation programs for CP children with 
respiratory disorders.
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Table II. Baseline and 10-week differences between and within IAE and control groups.

	 IAEG	 CG
Outcome measures	 (n=18)	 (n=18)	 p-value

6 MWT, m
Pre-treatment	 365.7 ± 89.3	 371.5 ± 74.4	 0.884
Post-treatment	 445.5 ± 71.4	 384.2 ± 77.3	 0.019
          p-value	 0.005	 0.612	
FVC, % pred.
          Pre-treatment	 78.2 ± 7.5	 78.6 ± 7.3	 0.872
          Post-treatment	 87.4 ± 9.3	 81.2 ± 7.1	 0.031
          p-value	 0.002	 0.289	
FEV1, % pred.
          Pre-treatment	 67.4 ± 5.8	 68.2 ± 6.1	 0.689
          Post-treatment	 79.6 ± 6.2	 70.3 ± 6.4	 <0.001
          p-value	 <0.001	 0.321	
PAQLQ, overall score
          Pre-treatment	 5.4 ± 0.8	 5.5 ± 0.9	 0.727
          Post-treatment	 6.7 ± 1.2	 5.9 ± 0.9	 0.031
          p-value	 0.002	 0.192	
Gait parameters
Stride length, m
          Pre-treatment	 0.41 ± 0.06	 0.42 ± 0.07	 0.648
          Post-treatment	 0.72 ± 0.08	 0.47 ± 0.09	 ˂0.001
          p-value	 ˂0.001	 0.071	
Cadence, steps/min			 
          Pre-treatment	 111.4 ± 7.5	 110.2 ± 7.3	 0.629
          Post-treatment	 101.5 ± 6.2	 107.6 ± 7.1	 0.009
          p-value	 ˂0.001	 0.286	
Speed, m/s			 
          Pre-treatment	 0.44 ± 0.06	 0.45 ± 0.07	 0.648
          Post-treatment	 0.73 ± 0.07	 0.48 ± 0.05	 ˂0.001
          p-value	 ˂0.001	 0.148

Significant difference at p˂0.05; IAEG: intermittent aerobic exercise group; CG: control group; 6MWT: six-minute walk test; FVC: 
forced vi-tal capacity; FEV1: forced expiratory volume in one second; PAQLQ: pediatric asthma quality of life questionnaire.
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