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Abstract

Objectives: This study was aimed at investigating the

effects of intrathoracic oscillations on pulmonary func-

tion in children with spastic quadriplegic cerebral palsy.

Methods: This study comprised 24 boys and girls 6e8

years of age with spastic quadriplegic cerebral palsy.

According to the modified Ashworth scale, the degree of

spasticity was 2 to 2þ. The children were able to sit

independently and follow instructions. The children were

randomly divided into a study group and control group.

A spirometer was used to examine each child before and

after 6 weeks. Children in the control group received

traditional chest physiotherapy (postural drainage and

percussion), whereas children in the study group under-

went quake device training. For 6 weeks, both groups

received four sessions per week. After treatment, the re-

sults were collected. Paired t-test and independent-

samples t-test were applied to compare the means for

each group. p-values <0.05 were considered significant.

Results: The post-treatment results of forced expiratory

volume at 1 s, peak expiratory flow, forced vital capacity,

and the ratio of forced expiratory volume at 1 s to forced

vital capacity demonstrated significant differences favor-

ing the study group over the control group (p < 0.001,

p < 0.001, p ¼ 0.002, and p ¼ 0.023, respectively).

Conclusion: Intrathoracic oscillations may improve pul-

monary function in children with quadriplegic cerebral

palsy.
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monary function; Spastic quadriplegia
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Introduction

The most prevalent physical disability in children is ce-

rebral palsy (CP).1 Children with CP have a greater chance of
respiratory dysfunction than unaffected children. In CP, the
respiratory muscles are weak, and the chest walls have

restricted mobility and contain deviated structures, thus
decreasing pulmonary function.2 Recurrent chest infections
as a result of frequent aspiration increase the risk of

morbidity and mortality.3,4 Children with CP usually have
chronic obstructive lung disease, bronchiectasis, sleep
apnea, and atelectasis.5 Respiratory dysfunction in children
with CP may present as symptoms such as kyphoscoliosis,

weakness of respiratory muscles, poor coughing, and
inefficient airway clearance. Children with severe cases of
CP are often uncooperative, thus making testing difficult

and potentially explaining the limited research on
respiratory dysfunction in such children.6 Normally, people
frequently take deep breaths, thus helping keep the

respiratory structures and functions healthy. Children with
CP, particularly quadriplegic CP, have weak chest muscles
and rely on the abdominal muscles rather than the chest

muscles for breathing; moreover, they breathe in an
uncoordinated manner and have limited chest mobility.7

The shallow breathing volume decreases lung distensibility
and causes extensive microatelectasis.8 In children with CP

who are not fully grown, the lung tissues and chest wall are
underdeveloped.9

Using percussion and vibration methods in traditional

manual treatments to clear the airway requires the aid of
another person. Oscillatory devices, a recent physiotherapy
technique, do not require postural drainage or even the aid of

another person. Oscillatory devices can be used in a sitting
position, and use various breathing techniques or equipment
to help remove mucus. They work by interrupting the pas-
sage of expiratory air. These devices are either intra- or extra-

thoracic.10 Intra-thoracic oscillatory devices are inserted into
the mouth to resist exhalation, thus resulting in vibrations
that help remove mucus.11 Extra-thoracic oscillatory devices,

such as those coupled with inflatable vests, deliver vibrations
at different intensities as the therapist controls the frequency
to aid in patient compliance.12 Oscillations in exhalation

airflow are believed to decrease sputum viscoelasticity and
mechanically increase mucociliary clearance.13 Internal and
external oscillations have also been suggested to increase

airway clearance by using alternating positive pressure,
which loosens mucus and facilitates expectoration.14

According to previous research, respiratory physiotherapy
devices are being introduced as possible treatment methods

to assist in and enhance mucus clearance, thus improving
breathing and lung function.15e18 These devices are secure
and provide sufficient airway opening, as compared with

traditional chest physiotherapy.19 Current respiratory
physiotherapy devices, according to research, efficiently
increase lung oxygenation and pulmonary function,
removing mucus from the airways and enabling greater
patient compliance in treatment.11,12,18,20e26 These devices

also lessen the likelihood of respiratory problems.
Furthermore, these devices are simple to use and decrease
therapeutic costs.18 Most prior research has examined the

effects of using respiratory airway clearance devices in
cystic fibrosis,10,11,22,25,26,12e16,18,20,21 whereas only several
studies have examined unaffected participants,23,24 and

patients with bronchiectasis.27 Only one study has tested
the effects of respiratory devices on airway clearance in
children with CP.28

Published reports testing the effects of respiratory de-

vices in CP are limited, and additional research is required
to determine how using these devices may affect children,
and how these devices rank among the current treatments in

this population. To our knowledge, this is the first study to
investigate the effects of intrathoracic oscillations on pul-
monary function in children with CP. This study was aimed

at investigating the effects of intrathoracic oscillations on
pulmonary function in children with spastic quadriplegic
CP.

Materials and Methods

Study design

A randomized controlled study was conducted. The

children were divided into a study group and control group,
each with 12 children. This study adhered to the CONSORT
Statement for randomized trials.29

Randomization

This study was a double-blind (Participant, Outcomes
Assessor) RCT. Simple randomization was performed with
closed envelopes: the patients were randomly assigned by a

computer program (SPSS), and sealed envelopes were
numbered according to a randomization table. The 1st
author generated the random sequence and conducted the

interventions, and the 2nd author conducted the assessment.
The study was conducted in children treated at the outpatient
clinic of Cairo University’s Faculty of Physical Therapy. The

study was conducted from June 2022 to August 2022. The
study’s flowchart is shown in Figure 1.

Participants

This research comprised 24 boys and girls 6e8 years of
age with quadriplegic CP treated at the outpatient clinic of
Cairo University’s Faculty of Physical Therapy. Before

participating in the study, all children’s parents were
informed of the study’s goal and provided signed consent to
participate.

Inclusion criteria: Children were enrolled in this study if

they were classified as having quadriplegic CP, were between
the ages of 6 and 8 years, and had a degree of spasticity of 2
to 2þ on the modified Ashworth’s scale.30 They were

required to be able to sit on their own; to have grades 4 or
5 according to GMFCs31; to be able to follow simple
instructions (take deep breath and blow air on their own);

http://creativecommons.org/licenses/by-nc-nd/4.0/


Effect of intrathoracic oscillations on pulmonary functions1256
and to have a history of recurrent pneumonia, respiratory
infections, and swallowing problems.

Exclusion criteria: Children with uncontrollable convul-
sions or psychiatric disorders associated with CP, children
with moderate to severe spinal deformities, and obese chil-

dren were excluded from the study.

Outcome measures

A handheld spirometer (SpirOx Plus) was used to assess

pulmonary function.32 The assessor sat beside the child,
catching the spirometer and inserting the spirometer’s
mouthpiece into the child’s mouth. Each child was

instructed to blow air into the spirometer’s mouthpiece as
forcefully as possible while sitting in a supported sitting
posture with a straight head and trunk. The highest
possible value among three trials was recorded. The

primary outcome measure was forced expiratory volume at
1 s (FEV1), and secondary measures included peak
expiratory flow (PEF), forced vital capacity (FVC), and

FEV1/FVC. A previously reported strategy was followed
for planning the collection of data.33,34 Therefore, the
study had no missing data.

Intervention

Children were assigned randomly into two groups. The
evaluation was performed for both groups before and after

six successive weeks, with a handheld spirometer (SpirOx
Plus).32 The children in the control group received traditional
chest physiotherapy (postural drainage and percussion),
whereas the children in the study group received treatment

with a Quake device. Both groups received four sessions
per week for 6 weeks.

Traditional chest physiotherapy treatment for the control
group

An expert pediatric chest physiotherapist conducted

postural drainage once per day, four times per week for 6
weeks. The following procedures were implemented: (a) the
patient’s vital signs were assessed, (b) chest percussion with a

cupped hand and vibration were performed manually for
3 min in each postural drainage position, and (c) assisted
coughing was performed.35

Quake device training for the study group

A Quake Breathing Therapy Device (Thayer’s; ASIN:
B00IRFXJJY) was used to train the children in the study
group. The device oscillates air throughout the inspiratory

and expiratory phases of breathing. It uses a cylinder that
can be spun manually. This cylinder is inserted into another
cylinder, and air passage is allowed only when the slots in the

two cylinders are aligned. The air passage is regularly inter-
mittent during crank turning. The frequency of interruption
of the airflow is determined by the speed at which the device
is rotated: the faster the crank rotates, the lower the expi-
ratory pressure.10

Each child sat in a supported sitting position with a
straight head and trunk, and the therapist sat beside the
child, holding the Quake device in front of the child’s mouth.

The device’s mouthpiece was inserted into the child’s mouth.
The child was taught to inhale deeply, hold the breath for 3e
5 s, and then exhale completely while the rotating handle was

turned by the therapist at a steady and comfortable rate of
0.5e1 rotation per second. The therapist watched the
abdominal wall to determine whether the abdominal wall
rose during deep breathing. Children were taught to suppress

the temptation to cough during exhale moments. They were
then taught to cough to clear their airways. Six repetitions of
the method equaled one set, and ten sets were performed,

each separated by a 10-min rest period.27 Figure 2 illustrates
the Quake device.

Statistical analysis

Data were analyzed in Statistical Package for the Social
Sciences, version 23.0. (SPSS Inc., Chicago, Illinois, USA).

Mean, standard deviation, and range are provided for the
quantitative data. Data were examined for normality with
the Shapiro-Wilk and Kolmogorov-Smirnov tests. For
comparison of means for two groups, independent-samples

t-test of significance was applied. For comparison of the
means before and after treatment for each group, paired t-
test was applied. The effect size was <0.8. The acceptable

margin of error was set at 5%, and the confidence interval
was set at 95%. The P-value was considered significant when
it was below 0.05.

Results

Sample size

A statistical calculator based on a 95% confidence inter-

val was used to determine the sample size in MedCalc�
version 12.3.0.0 software (Ostend, Belgium). Because FEV1
was the primary outcome variable in the current investiga-

tion, we used Student’s t-test to compare FEV1 after therapy
for independent samples.

A pilot study was performed on ten patients post-

treatment, with five patients in each group. The mean of
FEV1 after treatment in the patient group was 0.79, with an
SD of 0.17, and that in the control group was 0.60, with an
SD of 0.15 and a mean difference in 0.19. The effect size was

1.201.
On the basis of the results of the pilot study with a min-

imal acceptable mean difference of 24.1%, the after-

treatment FEV1 was considered significant in sample size
estimation, that was clinically significant between groups.
For a power of 0.95 and an alpha error of 0.05, a minimum

sample size of 11 patients was calculated for each group, by
assuming a drop-out ratio of 10%. The desired sample size
was therefore 12 per group, with a total sample size of 24

participants in the study.



Figure 1: Flow chart of the study.
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Descriptive results for the study and control groups

Twenty-four children with CP were included in this study;
each group included 12 children. Both sexes were included,
and five and six girls were included in the study and control

groups, respectively. Table 1 shows a comparison of the
study and control groups’ baseline characteristics.
Table 1: Comparison of the study and control groups according to b

Baseline characteristics Study group C

Age (years)

Mean � SD 6.58 � 0.79 6

Range 6e8 6

Weight (kg)

Mean � SD 24.17 � 4.76 2

Range 15e30 1

Height (cm)

Mean � SD 123.33 � 5.60 1

Range 110e129 1

Chest expansion (cm)

Mean � SD 60.00 � 2.76 6

Range 55e63 5

SD, standard deviation.
a Using independent samples t-test.

Figure 2: The Quake device
Comparison of results before and after treatment in the
study and control groups

Table 2 compares the results of PEF, FEV1, FVC, and
FEV1/FVC in both groups before and after treatment.

Discussion

This study was conducted to investigate the effects of
intrathoracic oscillations on pulmonary function in children
with spastic quadriplegic CP. For this purpose, 24 children
with spastic quadriplegic CP were studied.

Children with CP have respiratory dysfunction as a result
of a restricted breathing pattern,36 obstructive sleep apnea,37

improper chest wall and lung compliance,38 unsynchronized

ventilation and perfusion,39 and upper airway obstruction.6

The chest wall functions as a breathing system pump.
Children with severe CP have a fast and irregular respiratory

pattern.38 Respiratory dysfunction can occur as a result of a
aseline characteristics.

ontrol group t-test valuea p-value

.58 � 0.67 t ¼ 0.000 1.000

e8

4.75 � 3.55 t ¼ �0.340 0.737

8e29

24.08 � 3.55 t ¼ �0.392 0.699

15e129

0.33 � 2.31 t ¼ �0.321 0.752

6e63



Table 2: Comparison of pre-treatment and post-treatment results for FEV1, PEF, FVC, and FEV1/FVC in the study and control

groups.

Pre-treatment

Mean � SD

Range

Post-treatment

Mean � SD

Range

MD�SD t-testa p-value

FEV1 (L) of the control group 0.53 � 0.09

0.4e0.7

0.62 � 0.10

0.5e0.84

0.10 � 0.03 �11.32 <0.001c

FEV1 (L) of the study group 0.55 � 0.08

0.43e0.7

0.83 � 0.11

0.65e0.99

0.28 � 0.14 �6.93 <0.001c

t-testb 0.718 4.793

p-value 0.480 <0.001c

PEF (L/min) of the control group 79.92 � 9.24

64e95
93.25 � 9.37

74e110
13.3 � 2.31 20.00 <0.001c

PEF (L/min) of the study group 81.25 � 8.24

67e95

141.5 � 19.8

115e180

60.25 � 13.97 14.94 <0.001c

t-testb 0.37 7.65

p-value 0.713 <0.001c

FVC (L) of the control group 0.74 � 0.10

0.58e0.91

0.83 � 0.12

0.69e1.1

0.09 � 0.04 �7.45 <0.001c

FVC (L) of the study group 0.74 � 0.10

0.59e0.89

1.04 � 0.17

0.81e1.4

0.30 � 0.17 �6.15 <0.001c

t-testb 0.061 3.504

p-value 0.952 0.002c

FEV1/FVC of the control group 71.52 � 3.23

66.15e76.92

75.48 � 3.20

70.66e81.25

3.96 � 3.09 �4.43 0.002c

FEV1/FVC of the study group 74.74 � 4.94

65e82.85

80.14 � 5.79

70.71e87.91

5.40 � 3.7 �5.079 <0.001c

t-testb 1.889 2.440

p-value 0.072 0.023c

FEV1, forced expiratory volume at 1 s; MD, mean difference, peak expiratory flow; FVC, forced vital capacity; SD, standard deviation.
a Using paired t-test.
b Using independent samples t-test.
c Significant, p < 0.05.
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divergence from the ideal chest wall structure.40 Compared

with properly growing children, children with severe CP
have a low upper-to-lower chest diameter ratio, thereby
resulting in upper chest hypoventilation, according to Park

et al. (2006).7 Mechanical inadequacy, exhaustion, and
failure of the respiratory muscles; abnormal resting lung
volume; and abnormal ventilation may all occur because of

a divergence from the optimum chest wall structure.40

Children with CP have inefficient and uncoordinated
coughing. An efficient coughing mechanism requires
powerful contraction of the intercostal and abdominal

muscles, and coordinated synchronized action of the expi-
ratory and glottic muscles. The uncoordinated contraction of
respiratory muscles results in aspiration, problems in the

clearance of the lower airway secretions, and subsequent
respiratory infections.6

The results of this study revealed that clearance of the

airway secretions with the Quake device improved respira-
tory function. The post-treatment FEV1, PEF, FVC, and
FEV1/FVC ratio showed significant differences in favor of

the study group over the control group (p< 0.001, p< 0.001,
p ¼ 0.002, and p ¼ 0.023, respectively). The improvement in
the post-treatment results of the study group might have
resulted from the intrathoracic oscillations produced by the

Quake device, which altered resistance within the airways,
thereby providing a regulated oscillating positive pressure
that mobilized respiratory secretions, resulted in airway

clearance, and improved respiratory function. This finding is
in agreement with those of Konstan et al., 1994, who have
reported that intrathoracic oscillations result in airway vi-

brations when the oscillation frequency approaches the
pulmonary system’s resonance frequency. Mucus loosens
from the airway walls as a result of these vibrations. Inter-

mittent fluctuations in endobronchial pressure decrease the
collapsibility of the airways during exhalation, thereby
increasing the possibility of tracheobronchial secretion
clearance. The airflow accelerations enhance the velocity of

exhaled air, thus facilitating mucus travel up the airways.11

In addition, a study by Rogers et al. has concluded that
exhaling by using intrathoracic oscillation devices causes

positive pressure oscillations in the airways and repeated
expiratory airflow accelerations, all of which have been
found to increase mucus clearance.41

To our knowledge, no studies have assessed the effects of
intrathoracic oscillations on pulmonary function in children
with CP, and limited research has assessed the effects of

extrathoracic oscillatory devices in decreasing hospitaliza-
tion and chest radiology in children with neurological
impairment and children with CP.28,42

In an experiment with 23 participants with CP and

neuromuscular diseases, Yuan et al.,201028 have observed a
tendency toward fewer hospitalizations and improved chest
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radiology utilization with the use of high-frequency chest
wall oscillation (HFCWC). Fitzgerald et al., 201442 have

found that using HFCWC to treat children with
neurological impairment and respiratory disorders
decreases the number of hospitalizations and days spent in

the hospital during the second year of treatment. The study
has concluded that long-term use of HFCWC is beneficial
for these conditions.

The clinical impact of this study is that it is, to our
knowledge, the first to investigate the effects of intrathoracic
oscillations on pulmonary function in children with CP.
Children with severe CP are frequently uncooperative, thus

making testing challenging and possibly explaining the lack
of studies on respiratory dysfunction in these children.6 This
study investigated therapeutic alternatives to achieve better

results at lower therapeutic cost. Incorporating these
devices into treatment plans for severe CP decreases the
likelihood of respiratory problems. Additionally, these

devices are simple to use, and decrease therapeutic costs.18

These devices are more secure and provide adequate
airway opening, as compared with traditional chest
physiotherapy.19

This study is limited by its small sample size. Although a
sample size estimate was performed, larger samples might
have resulted in greater generalizability of the results. In

addition, the study was limited to quadriplegic CP. Larger
samples and other types of CP should therefore be studied.
Other clinical studies on the effects of other types of intra-

thoracic oscillatory devices on pulmonary function in chil-
dren with CP are also recommended.

Conclusion

Intrathoracic oscillations may improve pulmonary func-

tion in children with quadriplegic CP.
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