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Abstract
Background: Primary Ciliary Dyskinesia (PCD) is a rare genetic disorder requiring airway clearance techniques for mucus
removal. We aimed to evaluate the feasibility and the effect of the active cycle of breathing technique (ACBT) versus
oscillating positive expiratory pressure therapy (OPEP) in improving lung function and functional exercise capacity among
children with PCD in Palestine.Methods: 32 PCD children (6–18 years) were included in a 12-week home-based feasibility
study. They were assigned randomly into two groups: ACBT and OPEP. Data collection included spirometry mea-
surements, and the six-minute walk test (6MWT). Results: After 12 weeks of regular airway clearance techniques (ACT),
the FEV1, MEF25-75%, and the 6MWT demonstrated statistically significant differences (p = .02, p = .04, and p = .05 re-
spectively) between the two groups, in favor of the OPEP group with the effect size of Cohen’s d (0.86, 0.76, and 0.71)
respectively. However, there was no significant difference (p > .05) between the two groups in FVC and FEV1/FVC.
Additionally, only in the OPEP group, significant differences were recorded between pre and post-tests for FEV1 and
6MWT (p < .05). Conclusion: The randomized study design comparing ACBT and OPEP was feasible and acceptable to
patients. OPEP demonstrates potential for managing respiratory health; however, treatments should be individualized to
address each patient’s specific needs. Further research with larger cohorts is needed to assess the effectiveness of both
methods.
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Introduction

Primary ciliary dyskinesia (PCD) is a rare genetic disease,
inherited mainly as autosomal recessive with a prevalence
of about 1 in 7554.1 It is characterized by abnormal structure
and/or function of the cilia. Cilia are tiny hair-like structures
that protrude from the surface of cells. They play a role in
mucociliary clearance and transport of fluid. Common
clinical features of PCD include chronic nasal congestion,
chronic otitis media, recurrent chest infections, daily pro-
ductive cough, bronchiectasis, situs inversus totalis (in
about 50% of patients), and male infertility.2

A multidisciplinary team approach and early diagnosis
are essential for preventing the progression of lung disease.
A key component of the treatment plan is regular airway
clearance, which includes physical activity and chest
physical therapy.3

The active cycle of breathing technique (ACBT) is a
form of airway clearance commonly used in respiratory
diseases. It can be used to mobilize and clear excess pul-
monary secretions; this may help prevent chronic airway
infection and associated inflammation. ACBT consists of
three phases: breathing control, thoracic expansion exercise,
and forced expiratory technique.4 One of the advantages of
this technique is that it can be used at home under parental
guidance when necessary. The technique doesn’t require the
use of any specialized equipment, it is both safe and
effective.5

On the other hand, oscillating positive expiratory
pressure (OPEP) devices such as the Aerobika® are drug-
free, handheld, and easy to use.6 The device reduces air
trapping, facilitates sputum clearance from the lungs, and
improves lung ventilation. This occurs as a result of the
combination of high-frequency oscillations with positive
expiratory pressure that are generated during a slightly
active expiration through a device. A recent systematic
review states that using positive expiratory pressure (PEP)
in cystic fibrosis (CF) patients is safe without adverse
effects.7

The evidence for specific ACT in PCD is limited.
However, many ACTs used in CF are applicable to PCD due
to similar physiological principles involved in mucous
clearance.8

Comparing these techniques is essential, as they both
aim to improve mucus clearance and lung function,
offering insights for optimizing PCD management in
light of the limited evidence surrounding airway clear-
ance methods.

This is the first study addressing airway clearance in-
terventions among PCD patients in Palestine. The purpose
of this study was to explore the feasibility of using two
different ACTs and to compare their effectiveness in en-
hancing lung function and functional exercise capacity
among children with PCD.

Methods

Study design

In this experimental feasibility study, a simple randomi-
zation method was used to assign patients. A random
number sequence was generated in Microsoft Excel, with
patients receiving even numbers allocated to the ACBT group
and those with odd numbers to the OPEP group. Stratification
by age groups (6–12 years and 13–18 years) was employed.
Outcome measures were conducted by an independent as-
sessor, blinded to the treatment allocation, at baseline, week 6,
and week 12. The intervention lasted 12 weeks, from June
2023 to October 2023.

Study population

48 participants (age 6–18 years) with a confirmed PCD
diagnosis, were recruited from the pediatric pulmonology
clinic at Caritas Baby Hospital (CBH) in Bethlehem. The
Palestinian PCD cohort was confirmed through collabora-
tion with Southampton University and University College
London, where diagnostic tests, transmission electron mi-
croscopy (TEM), and genetic analyses were conducted.9

32 patients (59.3% males, 40.6% females) fulfilled the
inclusion criteria and agreed to participate. Inclusion criteria
were: a confirmed PCD diagnosis by hallmark TEM and/or
positive genetic testing, resident of the West Bank-
Palestine, clinical stability with a predicted FEV1 >30%,
capability to perform the prescribed chest physiotherapy
home program (either independently or with parental as-
sistance), and parental consent. Exclusion criteria encom-
passed recent pneumothorax within 1 year of study
initiation, significant history of hemoptysis, chest trauma,
presence of other chronic or respiratory conditions such as
heart disease, asthma, delayed cognitive abilities affecting
pulmonary function testing (PFTs), or parental refusal.

Outcome measures

A structured form was designed to collect patient data,
including demographics, medical history, medications,
sputum results, cough and sputum characteristics, and as-
sociated symptoms, along with a weekly calendar to track
adherence to the prescribed home program.

Spirometry was conducted according to the American
Thoracic Society (ATS) and the European Respiratory
Society (ERS) guidelines10 using Smart PFT LabTM
(Medical Equipment Europe GmbH, Hammelburg, Ger-
many). Forced expiratory volume in 1 s (FEV1), forced vital
capacity (FVC), and maximum expiratory flow between
25% and 75% of FVC (MEF25-75%) z-scores were calculated
using ERS Global Lung Index (GLI) reference values.
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Six-Minute Walk Test (6MWT) was performed following
the American Thoracic Society guidelines.11

Intervention

Before the study, each participant completed a familiariza-
tion training session on either ACBTor OPEP, based on their
randomization, to ensure the correct technique. Most of the
participants (80%) were practicing ACBT before the study
as their airway clearance regimen, while the remaining
patients used either chest percussion or none. They were
instructed to follow only their assigned ACT throughout the
study. Additionally, they were asked not to make any
changes to all other therapies they were taking like bron-
chodilators, hypertonic saline (HTS), and prophylactic an-
tibiotics during the study period. Of note, all patient were
receiving Albuterol and HTS before their ACT sessions.

As a home-based treatment, the participants were required
to complete two sessions daily, in the morning and the
evening, before meals. Each session lasted 15 min. Partici-
pants were instructed to adhere to the prescribed program and
to document their treatments on a weekly calendar. The
respiratory therapist (BF) monitored and observed the pro-
cedure remotely by contacting the participant twice weekly.
Emojis and encouraging statements were sent to participants
to keep them motivated to adhere to the given program.

ACBT sessions were performed in a sitting position.
Each cycle included 2–3 min of breathing control, 3–4 deep
breaths with a 3-s hold, followed by 1–2 low-volume huffs
and 1 high-volume huff, then a return to breathing control
before repeating another cycle (Figure 1).

Aerobika sessions were performed in a seated position
(Figure 2), the participant was instructed to inhale slightly

larger than the tidal volume through the device’s mouth-
piece. Subsequently, the patient was instructed to hold
breath for 2–3 s followed by a slight active expiration
through the mouthpiece. It is recommended to exhale 3–
4 times longer than the inhalation. A typical cycle of OPEP
therapy consists of 10–20 breaths through the device fol-
lowed by the forced expiration technique and then coughing
to further mobilize secretions.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
version 26 (SPSS Inc., Chicago, IL), was used to conduct
the statistical analysis. Descriptive statistics were used
to characterize the sample according to age, clinical
manifestations, and other variables. ANOVA, Indepen-
dent sample T-tests, and paired sample tests were per-
formed to compare the mean values of the study variables
between and within the groups. Cohen’s d was used to
compute the effect size. Statistical significance was set at
p-value <.05.

Results

All 32 participants completed the study with no dropouts,
16 in each of the ACBT and OPEP groups with a mean age
of 11.09 ± 3.26. Baseline characteristics are illustrated in
Table 1. The majority of participants (87.5%) had a positive
history of parental consanguinity, and 13 participants (40%)
had siblings with PCD.

The main clinical manifestations were productive
cough (90.6%), with a viscous consistency (75%), nasal
congestion (84.4%), hearing problems (50%), and chest

Figure 1. Illustrating ACBT performance: (A) breathing control, (B) thoracic expansion, (C) huffing.
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pain (50%). Additionally, 40% had situs inversus
totalis. Based on the results of sputum cultures obtained
during the last 6 months, 34.4% had normal flora.
Haemophilus influenzae was the most prevalent respi-
ratory pathogen (37.5%), followed by Staphylococcus
aureus (21.9%).

Participant recruitment was successful, with all partici-
pants selected from the CBH pulmonology clinic database.
48 were identified for eligibility screening, five did not meet
the eligibility criteria, nine families declined to participate,
and two were unavailable due to travel (see Supplemental
1). This method allowed for efficient and easy recruitment
of the study sample. Self-reported nebulizer adherence was
95.2% for ACBT and 88% for OPEP (p = .064). ACT
adherence was 95.6% for ACBT and 87.5% for OPEP (p =
.067). All outcome measures and follow-ups were com-
pleted effectively.

Children and caregivers were satisfied with the inter-
ventions. In the ACBT group, 81.25% found the technique
was effective for clearing secretions, while 31.25% indi-
cated a need for parental guidance. In the OPEP group,
93.75% found it easy to use, and 75% reported that it was
effective for mobilizing secretions, appreciating its moti-
vating nature and potential for independent use. During the
study period, two participants received additional antibi-
otics; one in the ACBT group for a chest infection and
another in the OPEP group for an ear infection.Figure 2. Illustrating aerobika therapy.

Table 1. Baseline characteristics.

Baseline characteristics ACBT n: 16 OPEP n: 16

Subjects n, (%) 16 (50) 16 (50)
Age years (mean ± SD) 10.94 ± 3.54 11.25 ± 3.06
Age categories n, (%)
6–12 years 10 (31.25) 10 (31.25)
13–18 years 6 (18.75) 6 (18.75)

BMI kg/m2 (mean ± SD) 18.68 ± 3.54 19.07 ± 4.18
Sex n, (%) 8 (25) males, 8 (25) females 11 (34.38) males, 5 (15.62) females
Parental consanguinity n, (%) 28 (87.5)
Pathogens n, (%)
Normal flora 7 (43.8) 4 (25)
Haemophilus influenzae 6 (37.5) 6 (37.5)
Staphylococcus aureus 4 (25) 3 (18.8)
Others 3 (18.75) 4 (25)

Clinical manifestations
Productive cough 15 (93.8) 14 (87.5)
Viscous consistency 12 (75) 12 (75)
Nasal congestion 15 (93.8) 12 (75)
Hearing problems 9 (56.3) 7 (43.8)
Chest pain 9 (56.3) 7 (43.8)

Regular antibiotics n, (%) 8 (50) 9 (56.25)

ACBT: active cycle of breathing technique; OPEP: oscillating positive expiratory pressure; SD: standard deviation; BMI: body mass index.
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Comparison between the 2 groups (ACBT and
OPEP) at baseline and after the intervention

At baseline: The two groups were comparable in terms of
pulmonary function tests and the 6MWT. There were no
significant differences between the ACBT and the OPEP
groups in spirometry and 6MWT results (p > .05) (Table 2).

After 12 weeks of regular ACT, significant differences
were found between the two groups in post-tests for FEV1

(p = .02), MEF25-75% (p = .03), and the 6MWT (p = .05).
These findings indicate that OPEP was more effective than
ACBT, with effect sizes (Cohen’s d) of 0.86, 0.76, and
0.71 respectively. On the other hand, no statistically sig-
nificant difference was observed between the two groups in
FVC and FEV1/FVC (p > .05).

Comparison within the same group at baseline and
after the intervention

The ACBT group showed no statistically significant dif-
ferences between the pre and post-tests for FEV1 and
6MWT (p > .05). In contrast, the OPEP group showed
statistically significant differences between the pre and post-
tests for FEV1 (p = .00) and 6MWT (p = .00), as illustrated
in Figures 3 and 4.

Discussion

This was the first PCD clinical trial conducted in Palestine,
and adds to the limited global data to compare two ACTs for
patients with PCD. It was designed to assess the feasibility
of implementing these techniques, as well as their effects on
lung function and other outcome measures over a 12-week
period.

This study demonstrates that both ACBT and OPEP are
feasible for use in home settings for children with PCD, with
high adherence rates indicating that these techniques are
acceptable to both children and their caregivers. The results
indicate that ACTs can be effective and manageable options
for improving respiratory health in children with PCD.
Compared to ACBT, OPEP appears to be more user-friendly
and may be preferable, especially for younger children
requiring more independent treatment. Its combination of
oscillation and positive expiratory pressure helps clear
secretions, which is beneficial for children with impaired
ciliary function. While OPEP shows potential advantages,
treatment should remain individualized. Larger, multicenter
trials are needed to confirm these findings and evaluate
whether OPEP should be widely recommended.

Using spirometry and the 6MWT is feasible for assessing
respiratory function in children aged 6 to 18 years. Com-
bining both methods can enhance understanding of respi-
ratory health. Spirometry offers objective measurements of
lung function,10 but its accuracy can be influenced by the T
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children’s ability to follow instructions and perform max-
imal efforts. The 6MWT, on the other hand, is a useful
measure of functional exercise capacity,11 though its out-
comes can vary due to factors like motivation, fatigue, and
external encouragement. To address these challenges, a
familiarity session was held prior to the study to help the

children understand the procedures and reduce variability in
their performance.

This study included 32 participants aged 6 to 18 years
recruited from a pediatric pulmonary clinic in Bethlehem,
Palestine. A recent study conducted in Palestine identified
68 individuals with a positive diagnosis of PCD confirmed

Figure 3. FEV1 percentage between both groups during the intervention (n = 32). FEV1: Forced expiratory volume in 1 s. Box-Whisker
plot shows mean (x), median (horizontal line), interquartile range (box), and minimum/maximum (whiskers).

Figure 4. The total distance walked in meters in 6 MWT between the two groups in the intervention. Box-Whisker plot shows mean
(x), median (horizontal line), interquartile range (box), and minimum/maximum (whiskers).
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by TEM and/or genetics.9 Most participants (87.5%) re-
ported a positive history of parental consanguinity, likely
due to the cultural practices of consanguineous marriages.12

A similar high consanguinity was found in a Saudi study
(93% of PCD patients),13 and high PCD prevalence was
noted in closed communities like the British Asian pop-
ulation (1 in 2265).14

There were no significant differences between the groups
at baseline that could have impacted outcomes during the
treatment period. Sputum cultures showed similar organ-
isms, and the ACTs used before the study were also
comparable, minimizing potential influences on the results.

The main clinical manifestations described in our study
were similar to those reported in a systematic review by
Goutaki et al.,15 and a Swiss study.16 The most common
pathogens found on the sputum cultures of our patient were
Haemophilus influenzae followed by Staphylococcus au-
reus, similar to previously published data by Piatti et al.17

Spirometer results indicate that significant differences in
lung function between the 2 groups after 12 weeks were
evident only in FEV1 and MEF25-75% in favor of the OPEP,
but not in the other parameters (FVC and FEV1/FVC). In
line with our results, a study found that using OPEP
compared to mechanical percussion for lower respiratory
tract infections improved lung function by increasing ox-
ygenation, reducing inflammation, and improving sputum
drainage.18 This may be explained by the fact that OPEP
devices produce a positive expiratory pressure, which re-
duces airway collapsibility and promotes collateral venti-
lation, which facilitates the movement of secretions
centrally.19 In a randomized crossover trial to compare
ACBT and Flutter in individuals with non-CF bronchiec-
tasis, Üzmezoğlu et al concluded that both interventions had
comparable effects on lung function parameters.20 More-
over, a systematic review studied the impact of OPEP
therapy on lung function in adults with non-CF stable
bronchiectasis, indicated that OPEP and other ACTs had
similar effects.21 The differences in findings across these
studies could be attributed to variations in sample inclusion
criteria, characteristics, methodologies, and underlying
diseases.

Field walking tests are widely used to assess exercise
capacity, which is an important measure of respiratory-
related function. At the end of the 12-week intervention,
the 6MWT results showed a statistically significant im-
provement for the OPEP group (p < .05). Findings are
consistent with the results of Murray et al.22 who found that
the incremental shuttle walk test distance improved in non-
CF bronchiectasis patients who received Acapella twice
daily for 3 months. In contrast, a study comparing five
different ACT techniques (ACBT, autogenic drainage (AD),
PEP, Cornet, and Flutter) found no statistically significant
differences in exercise tolerance among CF patients.23

Variations in patient effort, motivation, adherence, and

technique application across studies may have influenced
the results of field walking tests.

Study limitations

The study included only stable PCD patients, excluding
those with acute exacerbation, and lasted 12 weeks. A
longer follow-up is needed to assess long-term effective-
ness. Being home-based, non-compliance was a risk. We
addressed this with motivational calendars, regular com-
munication, and mid-study follow-ups. Despite these ef-
forts, strict adherence cannot be documented. Additionally,
some participants declined to participate due to geographic
distance, long commute, and the unstable political situation.

Conclusion

The study supports the feasibility of implementing a ran-
domized comparison of ACBT and OPEP in children with
PCD. The outcome measures, including spirometry and the
6MWT, were suitable for assessing respiratory function in
this population. The findings suggest that OPEP can play a
significant role in managing respiratory health for children
with PCD. However, treatment should remain individual-
ized. Further research, including larger, multicenter trials, is
necessary to generalize these findings, evaluate the long-
term effectiveness of these techniques, and explore their
broader applicability in routine care for children with PCD.
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