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A randomized comparative study of active cycle of breathing technique
versus oscillating positive expiratory pressure therapy on lung function and
quality of life in children with primary ciliary dyskinesia

Prepared by: Bishara Hanna Fashho

Supervisor: Dr. Hadeel Halaweh

Abstract:

Background: Primary Ciliary Dyskinesia (PCD) is a rare inherited disease that causes recurrent
respiratory tract infections and sputum retention due to inadequate mucociliary clearance.
Airway clearance techniques are commonly recommended for patients with PCD to facilitate

mucus clearance as a part of the treatment protocol.

Study objectives: Our primary goal of this study was to compare the efficiency of the active
cycle of breathing technique (ACBT) and oscillating positive expiratory pressure therapy
(OPEP) on lung function and functional capacity in children with PCD. Our secondary goal was
to evaluate the quality of life and activities of daily living. There is a limitation in the use of
standardized chest physiotherapy guidelines with PCD patients. In Palestine, there is a lack of
awareness of using positive expiratory pressure devices, which could be beneficial to PCD

patients.

Methods: An experimental randomized comparative study design was conducted. A total of 32
PCD children, ages ranging from 6 to 18 years were enrolled in the two groups. The first group
was assigned to the ACBT, while the second group was assigned to the OPEP. Study tools and
outcome measures included a data collection sheet, spirometry measurements, a six-minute walk
test (6MWT), and the PCD quality of life questionnaire (PCD QOL). The study took a period
of three months, a pretest was conducted at baseline, a mid-test after six weeks, and a post-test
after 12 weeks. Descriptive statistical analysis, T-tests, ANOVA, and correlation tests were
performed as needed. The effect size was computed as Cohen’s d. The statistical significance

level was set at p-value < 0.05.


https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-clearance

Results: The FEV1 and MEF2s.75%, as well as the 6MWT, showed statistical significance
between the two groups (p=0.02, p=0.04, and p=0.05) in favor of the OPEP group with the effect
size of Cohen’s d equals (0.86, 0.76, and 0.71) respectively. However, the FVC and FEV1/ FVC
showed no statistical significance p > 0.05. In addition, positive correlations were found
between the FEV1, FVC, and 6MWT, and also between 6MWT and the PCD QOL.

Conclusion: For PCD patients, daily airway clearance techniques are crucial. The ACBT and
OPEP are two efficient home-based physiotherapy techniques. In the FEV1, MEF25.750%, and
6MWT, the OPEP device seems to be more efficient. OPEP might be an efficient alternative
method for airway clearance in PCD patients. Additional research is needed to further examine

the effectiveness of the two techniques.

Keywords: Primary ciliary dyskinesia, airway clearance techniques, active cycle of breathing,

chest physiotherapy, oscillating positive expiratory pressure.
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1.1  Introduction

Primary ciliary dyskinesia (PCD) is an autosomal recessive condition, it is a genetic disease
associated with abnormalities in the function and structure of cilia that can affect ~1 in 10,000
births (Kumar & Walker, 2020). The influence of parental characteristics such as consanguinity
leads to and contributes to an increase in the rate of autosomal recessive genetic disorders (El
Goundali et al., 2022). This condition can significantly affect lung function, functional exercise
capacity and quality of life of the affected children (Ring et al., 2018). In Palestine, where the
population is highly consanguineous, 68 people have been diagnosed with PCD, confirmed by
either transmission electron microscopy and/or positive genetic testing (Rumman et al., 2023).

Cilia have the role of mucociliary clearance and transport of fluid (Leigh et al., 2019). The
clinical features are characterized by chronic nasal congestion, chronic otitis media, recurrent
chest infections, productive cough, bronchiectasis, dextrocardia, and situs inversus (in about
50% of patients), and male infertility (Lucas et al., 2014). Repeated chest infections lead to lung

inflammation and eventually to a deterioration in lung function.

All treatment suggestions are based on limited evidence or extrapolated from the CF guidelines.
Treatment may include antibiotics, anti-inflammatory drugs, immunization and inhaled
medications. Mucolytics like hypertonic saline may theoretically be effective in increasing
mucus clearance. Occasionally, surgical procedures like lobectomy may be a treatment option
of localized lung damage (Barbato et al., 2009).

Airway clearance techniques (ACT) have a crucial role in clearing the mucus out of the lungs
(O’Neill et al., 2019). There are various airway clearance techniques, including active cycle of
breathing, autogenic drainage, chest vibration, and percussion, airway oscillating devices,
positive expiratory pressure therapy, exercise, and other techniques (Damseh etal., 2017). These
techniques are important to keep upper and lower airway tracts clean from mucous and
secretions. The goal of ACT therapy, as with all chronic respiratory diseases, is to restore or
maintain normal lung function as much as possible, which will reflect on the daily activities and
quality of life (QOL). Selecting the most appropriate technique is influenced by age,

performance, cooperation, and cost.



The active cycle of breathing technique (ACBT) is an active airway clearance technique that
can be used to mobilize, clear excess pulmonary secretions, and generally improve lung
function. This technique consists of three main phases: breathing control, thoracic expansion
exercise, and forced expiratory technique (Lewis et al., 2012). This technique has the advantage
of being able to be performed at home with the supervision of parents if needed. The technique
is safe and effective, and it does not require the use of any special equipment (Burelli, 2016).

An oscillating positive expiratory pressure (OPEP) device such as the Aerobika ® which is
handheld, drug-free, and simple to use (Coppolo et al., 2022). The device facilitates sputum
clearance from the lungs, reduces air trapping, and enhances lung ventilation. This occurs as a
result of the combination of positive expiratory pressure and high-frequency oscillations that
are generated during a slightly active expiration through a device. This device is described in a

recent systematic review as safe to use, without adverse effects (Rocamora-Pérez et al., 2022).

1.2 Problem statement

PCD is a chronic disease that requires lifelong medical care. It limits daily activities and affects
the quality of life. To keep lung tissue healthy for as long as possible, early airway clearance
therapy is needed. Effective chest physiotherapy technigues should be used to reduce symptoms,
prevent progression, and improve quality of life. Variant methods can be used to maintain
airway clearance as the active cycle of breathing technique and oscillating positive expiratory
pressure in patients with primary ciliary dyskinesia. Yet, the effectiveness of these methods and

its relatedness to QoL of the affected children is not studied in Palestine.

We compared the efficacy of the active cycle of breathing technique to oscillating positive
expiratory pressure in patients with primary ciliary dyskinesia, age range six to eighteen years
old. There isn’t enough evidence concerning these types of ACT in PCD, but there are several
studies in cystic fibrosis that have similar characteristics that could be portable and applied to
PCD (Maglione et al., 2017; L. M. Schofield et al., 2018). In addition, there is a limitation in
using standardized guidelines in chest physiotherapy treatment sessions with PCD patients.



Evidence suggests that the OPEP device improves pulmonary function, and lung oxygenation,
clears mucus from the bronchi, reduces respiratory complications, and aids patient compliance
with treatment. Furthermore, this device is drug-free, portable, and simple to use, and it reduces
therapy costs (Hristara-Papadopoulou et al., 2008). In Palestine, there is a lack of knowledge in

using the OPEP devices.

1.3  Study justification

Due to the existence of various airway clearance techniques, it is important to select an effective
one for PCD patients. This study aimed to compare the effectiveness of these two techniques,
point out gaps in knowledge in this area, and assess the potential for changes in lung function,
as well as the functional exercise capacity. In addition, to analyze the effects of the intervention

on the activities of daily living, physical, school, and social functioning.

In Palestine, still there is limited evidence on PCD, this study is expected to contribute to

enriching the PCD literature in Palestine.

1.4  Research hypothesis

- The OPEP device is as effective as the active cycle of breathing technique on the lung
function (Spirometer) among PCD patients (6-18 years).

- The OPEP device is as effective as the active cycle of breathing technigue on the functional
exercise capacity (Six-minute walk test) among PCD patients.

- Both techniques will have a positive impact on the quality of life and daily living of PCD

patients in terms of physical, social, and school functioning.

1.5 Study Aim:

To compare the effectiveness of oscillating positive expiratory pressure therapy with the active
cycle of breathing technique in enhancing lung function, functional exercise capacity, quality of
life, and activities of daily living among pediatric patients diagnosed with primary ciliary

dyskinesia.



1.6 Objectives

- To assess the demographic and clinical characteristics of the children diagnosed with PCD.

- To evaluate lung function, functional exercise capacity and quality of life among children
with PCD.

- To compare the effectiveness of the OPEP device and the active cycle of breathing
technique on lung function (Spirometer) among PCD pediatric patients aged 6-18 years.

- Tocompare the effectiveness of the OPEP device and the active cycle of breathing technique
on the functional exercise capacity of pediatric PCD patients, measured through the Six-
minute walk test.

- To Investigate the impact of both the OPEP device and the active cycle of breathing
technique on the quality of life and daily living of pediatric PCD patients, focusing on

physical, social, and school functioning.

1.7 Research question
Is oscillating positive expiratory pressure therapy more effective than using the active cycle of
breathing technique on lung function, functional exercise capacity, quality of life and activities

of daily living among patients with primary ciliary dyskinesia (6-18 years)?

1.8 Terminology

- Motile cilia: are thin, hair-like organelles that project from cells and extend up to 20 mm
from the surface of the cell. There are approximately 200 motile cilia in each ciliated cell.
The respiratory epithelium, brain ependyma, fallopian tubes, and flagellum of male
spermatozoa all have cells with maotile cilia (Mirra et al., 2017). In normal airways, motile
cilia beat in a coordinated, whip-like manner at frequencies between 10 and 20 Hz to
promote the flow and clearance of fluids among the cell surfaces (Bustamante-Marin &
Ostrowski, 2017). Dysfunction of motile cilia results in the rare disease of primary ciliary
dyskinesia (PCD) (Lee & Ostrowski, 2021).



Airway clearing techniques: a range of breathing patterns and strategies, both with or
without the use of a device, that are aimed to help with sputum clearance, improve gas
exchange, and prevent respiratory tract infections (Belli et al., 2021).

Bronchiectasis: is a chronic respiratory condition characterized by irreversible bronchial
dilation, in which the elastic and muscular tissue is damaged. Cough, sputum production,
and recurrent respiratory infections are among the symptoms associated with it (Contarini
etal., 2018).

Situs inversus totalis: is a condition in which the organs of the chest and abdomen are
reversed in a mirror image pattern. E.g. left-right mirror reversal of the visceral organs
(Postema et al., 2020).

Collateral ventilation: is defined as “the ventilation of alveoli via pathways that bypass
normal airways” (Terry & Traystman, 2016). When peripheral airways are obstructed,
collateral channels of ventilation provide an alternative route for air flow. A variety of ACTs
are aimed to recruit these channels allowing air to move behind sputum blockages. The idea
underlying any of these therapy methods is that by increasing lung volume, airflow through
the collateral pathways will increase. This airflow is supposed to push the sputum plugs
more proximally (Main, 2016).

Lung function: the ability of the lungs to move air in and out and exchange oxygen and
carbon dioxide with the blood. Spirometer is a common test used to measure lung function
(Graham, Steenbruggen, Barjaktarevic, et al., 2019).

Functional exercise capacity: the ability of a person to carry out physical activities and
tasks in daily life without experiencing undue fatigue. One commonly used measure of
functional exercise capacity is the six-minute walk test (6MWT) (Matos Casano & Anjum,
2023).

Quality of life: is a multidimensional concept that encompasses various aspects of an
individual's well-being and satisfaction with different life domains. It includes physical
health, mental and emotional well-being, social relationships, economic status, and more
(Teoli & Bhardwaj, 2023).
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2.1 Theoretical studies

2.1.1 Introduction

Patients with primary ciliary dyskinesia frequently require a variety of therapies as well as the
involvement of a multidisciplinary team. A respiratory physician, an ENT physician, a
physiotherapist, a nurse, and an audiologist with a special interest in PCD will assess and
manage the patients. Patients are treated on an individual basis. Since there is no cure for PCD,
management focuses on optimizing health, social, and psychological well-being while
preventing lung damage progression. Lung function testing, microbiological studies, and a

regime of airway-clearing techniques should all be part of routine care (Lucas et al., 2017).

2.1.2 Medical management in PCD
- Upper airways management
The nasal cavity, paranasal sinuses, and middle ear are all impacted by mucous due to
impaired mucociliary clearance in the upper airways. Nasal blockage, loss of smell,
discomfort, coughing, and nasal discharge are some of the symptoms. Sinonasal irrigation
with saline, topical nasal steroids, and antibiotics are all used in the treatment of this
condition (Werner et al., 2015). Furthermore, PCD patients frequently suffer from glue ear,
which causes conductive hearing loss. Audiology visits are important to evaluate hearing
and, if necessary, offer hearing aids (Harris, 2017).
- Lower airways management
Antibiotic therapy for respiratory tract infections should be started as soon as possible and
adjusted based on microbiological findings. In most cases of PCD, surgery is not suggested;
however, in some situations of localized disease that has not responded to conservative
treatment, lobectomy may be considered. End-stage lung failure can be managed with
bilateral lung transplantation (Werner et al., 2015).
- Non-respiratory manifestations
Patients with congenital heart disease should be referred to a cardiologist. Infertility in both
men and women can be treated with the appropriate reproductive techniques (Lucas et al.,
2017).



2.1.3 Physiotherapy management in PCD

Physiotherapy management is an important part of the treatment of respiratory illnesses, and

it has been found to help with the clearance of excess airway secretions, the sensation of

breathlessness, and decreased exercise activity and tolerance.

Physiotherapy ACTSs used in the treatment of pediatric patients may consist of several

different modalities:

The use of modified postural drainage, chest wall percussion, vibrations, and high-
frequency chest wall compression (HFCC).

Other breathing techniques, such as the active cycle of breathing technique (ACBT) and
autogenic drainage (AD).

Devices that introduce positive pressure and/or oscillation into the airways: Positive
expiratory pressure (PEP) masks, Flutter, Cornet, Aerobika, Acapella, and
intrapulmonary percussive ventilation (IPV).

Physical activity, sports, and systemic exercise programs are recommended (Rogers &
Doull, 2005).

The mainstay of treatment is daily airway clearance, which can be done in a variety of ways

and is adapted as the child grows, and personalized to fit the individual patient’s care. In

clinical practice, more than one ACT may be effective for a patient at the same time, and the

technique chosen may be based on availability and patient preference (Mcllwaine et al.,
2017).

2.1.3.1 Active cycle of breathing (ACBT)

ACBT is a cycle of breathing control, thoracic expansion, and forced expiration technique.

Breathing control is used to relax the airways and prevent bronchospasm, and oxygen
desaturation. Using a diaphragmatic breathing pattern while relaxing the upper chest and
shoulders, the patient is instructed to breathe in through the nose and breathe out through
the mouth with little effort by using the pursed-lip technique (Thorat et al., 2019).
Placing the patient’s hand over the diaphragm will encourage lower breathing and upper
chest relaxation. Before moving to thoracic exercise, the patient may be instructed to

usually take six breaths.



- Thoracic expansion exercises are deep breathing exercises that focus on inspiration. The
patient is instructed to take a slow, deep breath in with minimal accessory muscle use.
After achieving maximal inspiration, the patient may hold breath for three-second to get
more air into the smaller airways and behind the mucus, before performing passive
expiration. The patient's hands are placed on the chest wall to facilitate movement and
provide proprioceptive feedback. These deep breathing exercises are repeated up to five
times.

- Forced expiration technique (FET), also called huff cough. Huffing assists in moving
sputum from small airways to larger airways, where it is eliminated by coughing
since coughing alone cannot remove sputum from small airways (Lewis et al., 2012).

This huffing should be continued until the lungs are clear of any mucus.

2.1.3.2 Oscillating Positive expiratory pressure (OPEP)

OPEP is a portable device used as an airway clearance therapy technique. It was first developed
and described in Switzerland as an addition and supplement to conventional airway clearance
techniques (Gupta et al., 2022). The device's main physiological effects are generating positive

expiratory pressure (PEP) and air-flow oscillations.

During OPEP therapy, the patient exhales against a fixed resistance which generates pressures
ranging from 10 to 20 cm H20. This type of therapy involves a slightly elevated tidal volume
inspiration and a slightly active expiration against resistance (Demchuk & Chatburn, 2021; West
etal., 2010).

Theoretically, PEP in OPEP therapy works by creating positive pressure in the airways by
breathing out against resistance. This positive pressure may help to increase functional residual
capacity allowing collateral ventilation to occur. Collateral ventilation allows air to flow behind
secretions that obstruct the airways, allowing secretions to be moved to the larger airways more
easily. The volume of trapped air in peripheral airways is thought to be reduced as a result of
this process (Olsen et al., 2015). Furthermore, airflow oscillations induce vibrations and
turbulent airflow spikes that facilitate mucociliary clearance by displacing secretions into the

airway lumen and reducing the viscosity of secretions (Poncin et al., 2020).
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2.1.3.3 Quality of life in patients with PCD

PCD is associated with a high rate of morbidity and impaired quality of life (Madsen et al.,
2013a). It has been found to have a significant impact on physical, emotional, social, and
treatment burdens across all age groups (Behan et al., 2017a). Lung function, pulmonary
exacerbations, and body mass index all affected QOL scores in children with respiratory illness.
Treatments including oral azithromycin, nebulized antibiotics, all forms of ACT, pulmonary
rehabilitation, and other exercises have all shown some improvement in QOL scores (Nathan et
al., 2017).

2.2 Similar studies

PCD is a rare condition with multisystem involvement. Despite the lack of evidence for the
management of PCD, ensuring early diagnosis and a multidisciplinary team approach can assist
patients in achieving the best possible outcomes. Regular airway clearance, including chest
physiotherapy and physical exercise in patients with PCD, is important as a part of the treatment
program. There is an urgent need for further research regarding PCD (Kumar & Walker, 2020;
A. L. Leeetal., 2015a).

Chest physiotherapy technique prescription with children or adolescents is variable. Technique
selection and prescription should be individualized, according to age and specific patient
adherence (A. L. Lee etal., 2017).

The ACBT is the most often utilized bronchial hygiene therapy for reducing inflammation and
infection while also enhancing lung function by eliminating secretions. The flutter device is a
small portable device with a steel ball inside a cone. As the steel ball is displaced, an oscillating
pressure wave is created. This positive expiratory pressure helps to release secretions, prevent
bronchial closure, and mobilize sputum. Studies showed that both ACBT and the flutter device
demonstrate considerable improvements in treating bronchiectasis patients, although they are
equally effective when compared (Athawale et al., n.d.; Thompson et al., 2002). In another
study, flutter devices and ACBT were found to be effective home-based physiotherapeutic

treatments. The flutter device's higher efficacy in certain parameters could be linked to its ease
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of use and subsequent increases in treatment compliance. The flutter device appears to be more
efficient in terms of sputum output (Uzmezoglu et al., 2018).

The Acapella is another portable device that provides oscillation to the airways, which aids in
the loosening and centralization of secretions. OPEP devices produce pressure by a one-way
valve that allows for free inspiration while resisting expiration with oscillations. These
oscillations are thought to cause vibrations within the airway wall, causing secretions to be
displaced. According to studies, acapella is just as safe and effective as traditional chest
physiotherapy, or ACBT. It is favored by the majority of patients. Patients found acapella to be
a more comfortable, user-friendly device that can be used independently. Therefore, it may be
a feasible and alternative chest physiotherapy treatment option for PCD patients (Bingol et al.,
2020; Patterson et al., 2005).

Additionally, a related study recommended that the Aerobika OPEP device should be employed
in the postoperative setting as a beneficial addition to the standard of care (Burudpakdee et al.,
2018). Sahardin et al showed that using Aerobika significantly improved lung function, 6BMWT,
and COPD assessment test scores, in COPD patients (Sahardin et al., 2023a). The Aerobika
device is a cost-effective treatment option for patients with COPD (Khoudigian-Sinani et al.,
2017).

Evidence suggests that OPEP therapy improves sputum expectoration in non-CF bronchiectasis
patients when compared to no treatment. It may also be equally effective as other ACTs. Lung
hyperinflation measurements have been demonstrated to be reduced with OPEP therapy. Short-
term treatment with the Acapella or the Flutter is suggested over alternative approaches. In
individuals with non-CF bronchiectasis, a longer-term trial is needed to compare OPEP
treatment to other ACTs (A. L. Lee et al., 2015).

Another ACT method, the mechanical chest percussion (MP), this machine simulates the
therapist's manual clapping. It allows the patient by himself to establish his or her percussion
frequency and intensity. In patients with lower respiratory tract infections, OPEP was more
effective than MP in draining sputum, improving oxygenation, and reducing inflammatory state;

however, it did not affect microbial clearance (Ni et al., 2018).
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Different types of ACTSs, such as the active cycle of breathing technique, autogenic drainage,
forced expiration technique, postural drainage, high-frequency chest wall oscillation, oscillating
positive expiratory pressure, and exercise or pulmonary rehabilitation, appear to be safe for
patients (adults and children) with stable bronchiectasis; in which important clinical outcomes
such as sputum expectoration, selected measures of lung function, exercise or pulmonary

rehabilitation, and quality of life may be improved (Nathan et al., 2017).
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3.1 Study design

It is an experimental study that included pre-, mid-, and post-tests. Using an experimental
methodology was suitable for this study to compare the effectiveness of the applied
interventions on lung function, functional exercise capacity, quality of life and activities of daily

living among PCD patients.

3.2 Study Setting

The participants were pediatric patients with PCD from West Bank, Palestine. They were treated
as in or outpatients in Caritas Baby Hospital- Bethlehem. Participants were trained and followed
up in the same hospital. Participants performed the required intervention as home-based

treatment sessions.

3.3 Study sample

3.3.1 Sampling method

The sample was selected through stratified randomized sampling. The stratification was done
according to age categories (6-12 years old and 13-18 years old). Patients were assigned
randomly by simple randomization using an Excel sheet, with even numbers allocated to the
ACBT arm (n = 16) and odd numbers to OPEP (n = 16).

3.3.2 Sample size

A total of 48 PCD participants, male and female, were recruited in this experimental study from
our database, ages ranging from 6 to 18 years. 32 pediatric patients with PCD were enrolled in
the study as they met the inclusion criteria (Fig. 3.1). Based on the global prevalence of PCD
(1/10000) and the absence of prevalence studies on PCD in Palestine, the number is expected to
be adequate to achieve the study objectives.
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3.3.3

Inclusion criteria

Subject with the diagnosis of PCD, confirmed by either transmission electron
microscopy and/or positive genetic testing.

Subjects living in the West Bank, Palestine

Age ranged from 6 to 18 years old

Subjects who were clinically stable

Oriented and able to carry out their chest physiotherapy home program by themselves
or with assistance from parents.

Parents were willing to sign a consent form.

Exclusion criteria

Pneumothorax within 1 year of study commencement.

Subjects with a history of significant hemoptysis.

Subjects with chest trauma.

Subjects with other chronic or respiratory diseases such as heart disease, asthma, etc...
Subjects with delay cognitive abilities.

Subjects who were unable to undertake pulmonary function testing (PFTSs).

Parents refused their children to participate in the study.
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Screened and assessed for eligibility

(n=48)
Exluded (n = 16)
- Refusal to participate (n = 11)
- Delay cognitive abilities (n = 3)
- Delay physical abilities (n = 1)
- Traveling (n=1)
[ I ]
Week - 0

ACBT (n= 16)

Recuited (n = 32)

- Demographic data collected
- Baseline spirometry, 6 MWT, PCD- QOL

questionnaire

- Distribution and training of ACBT and Aerobika
and the adherence calender

OPEP (n=16)

Regular contact using what's app twice
weekly to ensure adherence

Week- 6

QOL que

ollow up

(n=32)
- Reassessment of spirometer, 6 MWT, PCD-

stionnaire

Regular contact using what's app twice
weekly to ensure adherence

Week- 12
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follow up

(n=32)
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Data ana

(n=32)

lysis

Figure 3.1 Study design and flow of participants through the study
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3.4

Data collection

Tools of data collection
A data collection sheet was formed by the physiotherapist (Appendix 1). This contains
personal data (patient’s code, gender, age, and address), patient's medical history,
medications, sputum culture, cough, sputum characteristics, and other associated
symptoms such as headaches, hearing problems, nasal congestion, voice changes, chest
pain, and clubbed fingers.
Body mass index (BMI): an index that uses a person's weight and height to calculate body
fat in males and females of any age. It's computed by dividing a person's weight in kilos by
their squared height in meters (Weir & Jan, 2019).
Spirometry: It is the most common pulmonary function test, it is considered a valid and
reliable test for assessing lung function when conducted under standardized guidelines
(Moore, 2012). Spirometer is widely used in the measurement of lung function to offer
objective data for lung disease diagnosis and monitoring. Spirometry is a physiological test
that determines the maximum amount of air a person can inhale and exhale while performing
maximum effort. In spirometry, the basic signal is either volume or flow as a function of
time.
The most important readings in obstructed lung disease are the forced vital capacity (FVC)
and forced expiratory volume in the first second (FEV1) (Miller et al., 2014). The FVC is
the volume delivered during a forceful and complete expiration beginning with full
inspiration, and the FEV1 is the expiratory volume delivered in the first second of the FVC.
Spirometry is an important tool for determining general respiratory health. It can be used to
assess airway responsiveness, monitor disease progression or the effectiveness of
therapeutic interventions, assess preoperative risk, and determine a prognosis for a variety
of pulmonary disorders (Graham, Steenbruggen, Miller, et al., 2019).
Six-Minute Walk Test (6MWT) (Appendix 2): is a valid and reliable test that can help in
assessing the functional exercise capacity of patients with cardiopulmonary disease (Spruit
et al., 2012).1t is a reliable and valid test. The 6MWT has been recommended by the
American Thoracic Society (ATS) as an effective outcome measure in clinical trials
(Holland et al., 2014).
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Pulse oximetry is a non-invasive measurement of Oxygen saturation that calculates the
percentage of oxygenated hemoglobin in the blood. Pulse oximetry is a simple, valid and
reliable procedure that is both relevant and repeatable over time (Lauwers et al., 2020).
Quality of life questionnaire for primary ciliary dyskinesia (PCD- QOL Questionnaire)
(Arabic version) (Appendix 3):

For this study, a quality-of-life questionnaire was designed by the researcher based on
previous studies (Al-Moamary et al., 2011; Alyami et al., 2015). The questionnaire
consists of three domains with 15 items: 5 items concerning daily activities, 5 items
concerning physical functioning, and 5 more items related to social and school
functioning. The questionnaire is based on a 3-point Likert-type scale (with possible
responses of: Never=3, Sometimes=2, and Always=1). The questionnaire was validated
by 6 experts in the field. In addition, a pilot study was conducted with 10 patients with
PCD (6-18 years) to verify if all questions were understandable. Accordingly, some
minor modifications were performed.

A monthly calendar (Appendix 4): to ensure and monitor adherence to the prescribed
home program was designed, and each participant was provided with a monthly
calendar. The participants were instructed to mark the completion of the home program
(the nebulization’s and the ACT) with a tick twice a day (Flg 3.2).
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Study procedures

The study took place at Caritas Baby Hospital after receiving ethical approval from the research
committee of the hospital. Participants with a PCD diagnosis were recruited from the database
of Caritas Baby Hospital-Bethlehem. Before beginning the study, all participants underwent a
familiarization training session in the hospital to be independent in performing ACBT or OPEP. The
intervention took three months to be completed between June 2023 to October 2023. The participants
were asked to perform two sessions daily at home, each session took around 15 minutes. The therapist
monitored and observed the procedure twice weekly by contacting the participant via WhatsApp.
Participants received encouraging messages and emojis to help them stay focused on the program (Fig.
3.3).

w 21l Laif Lok algg 151
aaally dygdll ds l asiai
.Mlsﬁaﬁl.‘\dlg)_ﬁﬂl )
Figure 3.3 An example of encouragement emojis that were sent to participants via WhatsAPP

It was important to make sure that home medications (inhaled or oral antibiotics,
bronchodilators, hypertonic saline, and supplements) were continued unchanged during the time

of the study.

Daily adherence to ACT, nebulizers, and any medications that were administered during the

study period were recorded in the designed calendar.

3.5 Suggested program
Two weeks before the intervention the patients received a training session. They were all
fully trained in the method that they would apply. A baseline pre-test was conducted by an
independent assessor who was blinded to the treatment order. The blinded assessor is a
qualified physiotherapist. Before attending the clinic appointment, participants were asked
to wear comfortable clothing and shoes. As part of the baseline pre-test, height, weight, and
BMI were recorded for each participant. The data collection sheet and the PCD-QOL
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questionnaire were completed. Spirometry was used to measure lung function as illustrated
in (Fig. 3.4). Data collected comprised the FEV: (in liters and % predicted), the FVC (in
liters and % predicted), the FEV1/FVC ratio, and the maximal -expiratory flow MEF25.75%.
Spirometry was performed using Smart PFT Lab TM (Medical Equipment Europe GmbH,
Hammelburg, Germany). The American Thoracic Society (ATS) and European Respiratory
Society (ERS) guidelines were followed when performing a spirometry test.

Furthermore, the functional exercise capacity was assessed by the distance a participant can
walk in 6 minutes according to the ATS guidelines of 6MWT as illustrated in (Fig 3.5).
Before starting a 6MWT, each participant would need to check and record their heart rate
(HR), blood pressure (BP), pulse oximetry (Sp0O2), and rate their dyspnea and overall fatigue
using the Modified Borg scale while they were resting. Following the 6-minute walk test,
HR, Sp0O2, dyspnea, and fatigue rates were reassessed and recorded. The test was conducted
on a 30-meter-long straight corridor, marked every 3 meters. Participants were given verbal
instructions to walk as far as they could without running or jogging for six minutes.

During week 6 and week 12, participants were followed up and performed a reassessment
of the outcome measures that were conducted by the same blinded assessor to prevent the

assessor’s bias.

Figure 3.5 lllustration of Figure 3.4 Illustration of
performing a spirometry test performing a 6 MWT
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On each day of the intervention, the patients were asked to perform two sessions of ACT-
morning and evening, before meals. If subjects routinely used bronchodilators and hypertonic
saline nebulizers, they were administered before the treatment session. Patients were requested
to be compliant with the suggested program and record the treatment they received in their

monthly calendar.

Group 1: ACBT

ACBT (Fig. 3.6) was applied with its three phases as a cycle of breathing control (20-30 sec.),
thoracic expansion exercises (five times), breathing control, thoracic expansion exercises (five

times), breathing control, and forced expiration technique (Huffing then cough).
This technique was performed in a sitting position.

The duration of ACBT lasted for 15-20 minutes.

SV, R 3 :
B /A . ‘

Figure 3.6 lllustrating ACBT performance: (A) Breathing control, (B) Thoracic expansion, (C) Huffing.
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Group 2: OPEP

Instructions for the use of the OPEP device (Fig. 3.7):

e The patient should be well seated.

e The patient should place the mouthpiece of the device in the
mouth and close the lips firmly to ensure an effective seal.

e Through the mouthpiece, the patient was instructed to breathe
slightly larger than the tidal volume.

e The patient was then instructed to hold breath for 2-3
seconds.

o A slight active expiration was then performed through the
OPEP mouthpiece. It is recommended to exhale 3—4 times
longer than the inhalation taken.

o A typical cycle of OPEP therapy consists of 10-20 breaths

through the device. ,
o Following the previous cycle, the forced expiration Figure 3.7 lllustrating Aerobika therapy

technique was used, followed by coughing to further

mobilize secretions.

- The treatment period lasted for 15-20 minutes.

3.6  Statistical analysis

Data was analyzed using descriptive statistics and inferential statistics using means, medians,
and ranges. Statistical analysis was performed via the Statistical Package for the Social Sciences
(SPSS) package, version 26 (SPSS Inc., Chicago, IL). Descriptive statistics were performed to
characterize the sample according to age, sex, clinical manifestations, and other variables. T-
Tests and ANOVA were performed on parametric variables such as spirometry measures and
the 6MWT to determine differences between the two groups in pre, mid, and posttests. The
effect size was calculated using Cohen’s d. In addition, correlation tests (Pearson’s and
Spearman’s tests) were performed to determine the association between the studied variables.

Statistical significance was set at p-value < 0.05.
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3.7 Ethical considerations

Ethical approval was obtained from the Research Ethical Committee of Al-Quds University
(Appendix 5), and the Research Ethical Committee of Caritas Baby Hospital- Palestine
(Appendix 6). The scope and aim of the study were clearly explained to the children
participating in the study and their families. Written informed consent was obtained from the

guardians (Appendix 7).
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4. Chapter four: Result and discussion

4.1 Result presentation and analysis
4.2 Result discussion

4.3 Study limitations
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4.1

4.1.1 Descriptive statistics

Result presentation and analysis

4.1.1.1 Demographic data for the participants

A total of 32 participants with a mean age of 11.09+ 3.26 met the inclusion criteria and were
recruited between June 2023 and October 2023, with 16 participants in each of the ACBT and
OPEP groups. All 32 completed the study. Participants were categorized into two age groups
(6-12 years and 13-18 years) and were distributed equally in both groups of intervention.
Demographic characteristics are illustrated in Table (4.1).

Table 4.1 Demographic characteristics of the participants

Baseline characteristics ACBT OPEP
Subjects (n) 16 16
Age years (meanx SD) 10.94+ 3.54 11.25+ 3.06
Age categories
6-12 years 10 10
13-18 years 6 6
Sex (n)
Male 8 11
Female 8 5

4.1.1.2 Descriptive statistics related to anthropometry measurements
Measurements of weight, height, and BMI in the two groups didn’t show statistical significance

(p>0.05) as shown in Table (4.2)

Table 4.2 Anthropometric measurements of the participants (n=32)

Variables ACBT (n=16) OPEP ACBT (n=16) p- value
Weight kg (meanz SD) 36.87+ 14.51 42.68+ 17.00 0.31
Height m (meanx SD) 1.38+0.24 1.46% 0.19 0.31
BMI kg/m? (meanz SD) 18.68+ 3.54 19.07+ 4.18 0.77
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4.1.1.3 Descriptive statistics related to parental consanguinity
A total of 28 (87.5%) of the study population have a positive history of parental consanguinity
as shown in Figure (4.1). Thirteen families from the recruited groups have siblings with PCD.

Figure 4.1 Parental consanguinity in the study population (n=32)

4.1.1.4 Descriptive statistics related to the geographic distribution of the participants
The majority of participants were from Hebron, constituting 57.4% of the study population.
Bethlehem followed, with 15.6% representation, while Ramallah accounted for 9,4%.

Participants from other cities represented 12.4% as illustrated in (Table 4.3) and (Fig 4.2).

Table 4.3. Address distribution of the participants (n=32)

Address Frequency Percent
Hebron 19 57.4%
Bethlehem 5 15.6%
Ramallah 3 9.4%
Tubas 2 6.3%
Jerusalem 1 3.1%
Jenin 1 3.1%
Qalgilya 1 3.1%
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Figure 4.2 Address distribution of the participants (n=32)

4.1.1.5 Descriptive statistics related to the clinical features of the participants

The prevalence of clinical features among the study participants in the last 3 weeks indicates the
majority of 84.4% reported nasal congestion. Half of the participants reported hearing problems,
and chest pain, 37.5% complained of headache, 34.4% experienced changes in voice, and 18.8%
reported fever as illustrated in (Table 4.4).

Table 4.4. Clinical features of the participants (n=32)

Clinical features Frequency | Percent
Headache
Yes 12 37.5%
No 20 62.5%
Hearing problems
Yes 16 50%
No 16 50%
Nasal congestion
Yes 27 84.4%
No 5 15.6%
Voice changes
Yes 11 34.4%
No 21 65.6%
Fever
Yes 6 18.8%
No 26 81.3%
Chest pain
Yes 16 50%
No 16 50%
Clubbing fingers
Yes 6 18.8
No 26 81.3%
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4.1.1.6 Descriptive statistics related to cough, sputum characteristics, and sputum culture
The majority of participants 90.6% reported a productive cough, while wheezy and dry cough
characteristics were less common. In addition, 75% reported a viscous sputum consistency. In
terms of sputum color, participants reported yellow 46.9%, green 37.5%, and clear 15.6% as
shown in (Table 4.5).

Table 4.5 Cough and sputum characteristics (n=32)

Frequency Percent
Cough characteristics
Productive 29 90.6%
Wheezy 2 6.3%
Dry 1 3.1%
Sputum consistency
Viscous 24 75%
Thick 4 12.5%
Thin 4 12.5%
Sputum color
Yellow 15 46.9%
Green 12 37.5%
Clear 5 15.6%

Regarding the sputum culture results taken in the last 6 months, the most prevalent sputum
culture in ACBT was “normal” (43.8%) and “Haemophilus influenzae” 37.5%, while in OPEP
“Haemophilus influenzae” 37.5% and “normal” 25% were the most common. Staphylococcus

aureus and others had lower percentages as shown in (Table 4.6) and (Fig. 4.3).
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Sputum cultre

Table 4.6 Sputum culture taken in the last 6 months

ACBT (n=32) OPEP (n=32)
Frequency | Percent | Frequency | Percent
Normal 7 43.8% 4 25%
Haemophilus influenzae 6 37.5% 6 37.5%
Haemophilus parainfluenzae 1 6.3% 0 0%
Pseudomonas aeruginosa 1 6.3% 1 6.3%
Staphylococcus aureus 4 25% 3 18.8%
Staphylococcus aureus MRSA 1 6.3% 2 12.5%
Streptococcus pneumoniae 0 0% 1 6.3%
6.30%
Streptococcus pneumoniae 0%
12.50%
Staphylococcus aureus MRSA s 6.30%
18.80%
StaphylococcUs aUreUs N 5%
6.30%
Pseudomonas aeruginosa . 6.30%
0%
Haemophilus parainfluenzae B 6.30%
37.50%

Haem o il TN Zae o 37.50%

25%
N M s 43 .80%

OPEP Percent ® ACBT Percent

Fig. 4.3 Sputum culture in the two groups of the population (n-32)
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4.1.1.7 Descriptive statistics related to spirometry

The mean difference between the two groups of lung function tests including FEV1, FVC,
FEV1/FVC, and the MEF2s.750 showed no statistical significance (p >0.05). Table (4.7)

demonstrates the descriptive statistics of the Spirometry parameters.

Table 4.7 Baseline spirometry parameters

ACBT (n=16) OPEP (n=16) P-
value
Mean | SD | Median | Min-Max | Mean | SD | Median | Min-Max
FEV1 Ypredicted 78.18 | 22.71 | 83.0 36-109 | 86.56 | 18.12 | 89.0 44- 110 0.25
FVC %predicted 7487 | 23.89 | 815 31-104 |85.81|19.69 | 875 40- 118 0.16
FEV1/FVC % 90.06 | 8.63 91 73-100 | 85.56 | 6.59 84.5 76- 100 0.10
MEF25-75% Yopredicted 79.62 | 25.88 | 7250 | 49-139 |82.31|24.34 | 850 34- 123 0.76
4.1.1.8 Descriptive statistics related to the 6-minute walk test
The results of the mean distance of the 6 MWT test in the ACBT and the OPEP were 428.26+
62.6 and 448.91+ 53.4, respectively. There was no statistical significance (p>0.32) as illustrated
in (Table 4.8).
Table 4.8 Baseline 6 MWT measured in meter
ACBT (n=32) OPEP (n=32) P- value
Mean SD Median Min-Max Mean SD Median Min-Max
428.26 | 62.66 | 429.0 | 336.30-598.50 | 448.91 | 53.48 441.0 340.50- 552.0 0.32
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4.1.1.9 Descriptive statistics related to the PCD QOL questionnaire

Table (4.9) illustrates the results of the 15 questions of the 3-point Likert-type scale

questionnaire (with possible responses of: Never, Sometimes, and Always) for both groups.

Table 4.9 Baseline PCD QOL questionnaire frequency response in each group (n=32)

Never Sometimes Always

ACBT | OPEP | ACBT | OPEP | ACBT | OPEP
Q1. How often did coughing affect your daily 1 2 9 12 6 2
life?
Q2. How uncomfortable was your cough during 3 2 6 10 7 4
the day?
Q3. How easily did you feel fatigued by the 2 2 11 10 3 4
cough?
Q4. How often was your sleep affected by your 6 9 5 2 5 5
breathing problem?
Q5. How often did your breathing problem affect 12 13 1 1 3 2
your daily activities at home?
Q6. Walking 8 9 5 5 3 2
Q7. Climbing stairs 6 9 5 3 5 4
Q8. Carrying things 9 9 5 5 2 2
Q9. Running 1 3 10 9 5 4
Q10. Exercising and sport 2 5 10 8 4 3
Q11. Talking 9 10 5 5 2 1
Q12. Playing with children/ pets 12 14 3 2 1 0
Q13. Visiting friends/ relatives 12 13 4 3 0 0
Q14. How often did it affect your school 11 13 5 3 0 0
attendance?
Q15. How often did it affect your performance in 13 13 2 3 1 0
school?
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Table (4.10) demonstrates the descriptive statistics of the three items of the questionnaire with
its total score. The mean difference of the total score of ACBT was 33.75+£ 5.17 and 35.81+ 6.27

for the OPEP. P value was > 0.05 in all of the items and in the total score, there was no statistical

significance.

Table 4.10 Baseline PCD QOI items and total score

ACBT (n=16) OPEP (n=16) p-value
Mean |SD Median | Mean | SD Median
Q. 1-5 Daily activities 10.0 2.60 |10.50 |10.68 |241 |11.0 0.44
Q. 6-10 Physical functioning 1043 294 |110 11.25 | 319 |13.0 0.46
Q. 11-15 Social and school functioning | 13.31 | 1.85 | 13.50 13.87 | 154 | 1450 |0.35
Total score 33.75 |5.17 |33.50 35.81 |6.27 |37.50 0.31
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4.1.1.10 Normality of the data distribution of the main dependent variables
A normality distribution test of the dependent variables of the study was conducted before data
analysis. For this, the Kolmogorov- Smirnov Z test was employed. The majority of the study
variables showed a statistical significance of the normality tests (p> 0.05), this allows the use of

parametric statistical methods. Normality tests are illustrated in (Table 4.11)

Table 4.11 Tests of Normality for the main dependent variables in the study

Kolmogorov-Smirnov Shapiro-Wilk
Statistic Df Sig. Statistic df Sig.
FEV1- Pre 17 32.00 .02 .93 32.00 .04
FVC- Pre .18 32.00 .01 91 32.00 .01
FEV1/FVC- Pre .09 32.00 20" .96 32.00 .23
MEF2s.75%- Pre .08 32.00 20" .98 32.00 .79
6 MWT- Pre 13 32.00 20" .95 32.00 18
PCD- QOL- Pre 14 32.00 .09 .95 32.00 A1
FEV1- Mid .16 32.00 .05 .94 32.00 .08
FVC- Mid .10 32.00 20" .97 32.00 .38
FEVY/FVC- Mid A2 32.00 20" .95 32.00 A2
MEF2s5.75%- Mid .10 32.00 20" .98 32.00 .69
6 MWT- Mid A1 32.00 20" .99 32.00 .96
PCD- QOL- Mid .24 32.00 .00 .80 32.00 .00
FEV1- Post .15 32.00 .08 .96 32.00 .22
FVC- Post .10 32.00 20" .96 32.00 .23
FEV1/FVC- Post .08 32.00 20" .96 32.00 27
MEF25-75%- Post A1 32.00 .20" 97 32.00 .54
6 MWT- Post .10 32.00 20" .98 32.00 .70
PCD- QOL- Post .23 32.00 .00 .82 32.00 .00

*. This is a lower bound of the true significance.
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4.1.2 Interferential statistics
4.1.2.1 Baseline interferential statistics for the main dependent variables
At baseline, there was no statistical significance between the main dependent variables and sex

group (male, female) p> 0.05 as shown in (Table 4.12).

Table 4.12 Baseline inferential statistics between sex and study variables

Sex Mean Std. | Std. Error | p-value

FEV1% pred Male 81.84 17.86 4.10 0.86
Female 83.15 24.96 6.92

FVC % pred Male 79.68 18.43 4.23 0.84
Female 81.31 27.70 7.68

FEV1/FVC % Male 86.79 8.07 1.85 0.38
Female 89.31 7.70 2.13

MEF25.75 % pred | Male 80.42 26.69 6.12 0.88
Female 81.77 22.65 6.28

6 MWT Male 438.80 50.44 11.57 0.98
Female 438.29 70.37 19.52

PCD- QOL Male 34.16 6.02 1.38 0.47
Female 35.69 5.44 1.51

Regarding age category, there was no statistical significance between the main dependent

variables and age category (6-12 years, 13-18 years) p>0.05 as shown in (Table 4.13).

Table 4.13Baseline inferential statistics between sex and study variables

Age Mean Std. | Std. Error| p-value
FEV1% pred 6-12 78.65 21.96 491 0.19
13-18 88.58 17.40 5.02
FVC % pred 6-12 76.75 23.09 5.16 0.24
13-18 86.33 20.28 5.85
FEV1/FVC % 6-12 88.30 8.89 1.99 0.66
13-18 87.00 6.18 1.78
MEF25.75 % pred | 6-12 77.70 | 27.27 6.10 0.34
13-18 86.42 19.76 5.70
6 MWT 6-12 433.70 | 59.66 13.34 0.55
13-18 | 446.74 | 57.46 16.59
PCD- QOL 6-12 34.40 6.12 1.37 0.64
13-18 35.42 5.28 1.52
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4.1.2.2 Spirometer interferential statistics

41221 The mean difference of the FEV1 between the two groups
There was no statistically significance difference in the FEV1 between the two groups in the pre-

test p> 0.05. Conversely, there was a statistically significant p < 0.05 for the mean differences
in FEV1 between the mid and post-tests as shown in (Table 4.14) and (Fig.4.4). In the post-test,
the OPEP demonstrated a greater improvement in the FEV1 parameter with a large effect size
of Cohen's d= 0.86.

Table 4.14 The mean difference of the FEV1%rpred between the two groups (n= 32)

95% Confidence Interval for
Std. Std. P- Mean
Mean | Deviation | Error | value | | ower Bound Upper Bound | Minimum | Maximum
FEVi-Pre  ACBT | 78.18 22.71| 5.67 0.25 66.08 90.29 36.00 109.00
OPEP | 86.56 18.12] 4.53 76.90 96.22 44.00 110.00
FEVi- Mid ACBT | 83.37 21.82| 5.45 0.05 71.74 95.00 49.00 112.00
OPEP | 96.50 13.55] 3.38 89.27 103.72 73.00 129.00
FEV:- Post ACBT | 80.81 20.38| 5.09 0.02 69.95 91.67 46.00 106.00
OPEP | 96.00 14.27] 3.56 88.39 103.60 75.00 125.00
100 96.5 o
95
gz 0 86.56
8
S g 83.37
E 80.81
g 78.18
70
ACBT OPEP ACBT OPEP ACBT OPEP
FEV1 Pre FEV1 Mid FEV1 Post

Figure 4.4 FEV1 percentage between both groups during the intervention (n= 32)
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41222

The mean difference in the FVC between the two groups

The result showed that there was no statistical significance in both groups in the pre-, mid, and
post-tests p> 0.05 as illustrated in (Table 4.15). In the post-test, there was a moderate Cohen’s

d=0.68.

Table 4.15 The mean difference of the F\VC%pred between the two groups (n= 32)

95% Confidence Interval for Mean
Std. Std. | p_ value

Mean | Deviation | Error Lower Bound Upper Bound | Minimum [ Maximum

FVCPre ACBT| 74.88 23.89] 5.97 0.16 62.14 87.61 31.00 104.00
OPEP | 85.81 19.70| 4.92 75.32 96.31 40.00 118.00

FVC Mid ACBT ] 80.19 22.66| 5.67 0.07 68.11 92.26 43.00 114.00
OPEP | 93.38 16.70| 4.17 84.48 102.27 62.00 124.00

FVC Post ACBT | 79.31 2283 571 0.06 67.15 91.48 40.00 110.00
OPEP | 92.81 16.32| 4.08 84.12 101.51 63.00 119.00

41223 The mean difference of the FEV1/FVC in the two groups

Table (4.16) illustrates the mean difference of the FEV1/FVC in the two groups. There was no

statistical significance between the two groups. Cohen’s d= 0.03 in posttest.

Table 4.16 The mean difference of the FEV1/FVC% between the two groups (n= 32)

95% Confidence Interval for Mean
std. | std. | P-

Mean | Deviation | Error | Vvalue Lower Bound Upper Bound | Minimum | Maximum

FEV1/FVC-Pre  ACBT | 90.06 8.64 | 2.16 0.10 85.46 94.66 73.00 100.00
OPEP | 85.56 6.59| 1.65 82.05 89.08 76.00 100.00

FEV./FVC- Mid ACBT | 89.44 8.37| 2.09 0.43 84.98 93.90 74.00 100.00
OPEP | 87.38 6.33 1.58 84.00 90.75 75.00 100.00

FEV./FVC- Post ACBT | 88.06 9.55| 2.39 0.91 82.98 93.15 71.00 100.00
OPEP | 87.75 6.92 1.73 84.06 91.44 74.00 100.00
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41224 The mean difference of the MEF2s.750 in the two groups
The mean difference between the two groups MEF2s.75% is shown in (Table 4.17). Only in the

post-test, there was a statistically significant difference between the groups (p<0.05), where the

mean score of the OPEP was higher 95.38+ 21.49; in the pre-and mid-tests, there was no

statistical significance (p.0.05). In the post-test, the OPEP demonstrated improvement in the

MEFs.750 parameter with a medium effect size of Cohen's d=0.76.

Table 4.17 The mean difference of the MEF2s5-75%pred between the two groups (n= 32)

95% Confidence Interval for

P- value Mean
Std. Std.

Mean | Deviation | Error Lower Bound | Upper Bound | Minimum | Maximum

MEF2s.75- Pre  ACBT | 79.63 25.88| 6.47 0.76 65.83 93.42 49.00 139.00
OPEP | 82.31 24.34( 6.09 69.34 95.28 34.00 123.00

MEF2s.75- Mid ~ ACBT | 80.06 26.94| 6.74 0.06 65.71 94.42 38.00 141.00
OPEP | 97.00 23.75| 5.94 84.34 109.66 63.00 146.00

MEF3s.75- Post  ACBT | 77.63 24.81| 6.20 0.03 64.41 90.84 31.00 128.00
OPEP | 95.38 21.49( 5.37 83.92 106.83 59.00 128.00
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4.1.2.3 The mean difference in the 6-minute walk test

The mean difference in the total distance walked in both groups was significant only in the post-
test, where the mean of the OPEP was higher than the ACBT, 486.41+ 55.84 and 441.11+ 69.83,
respectively with the effect size of Cohen’s d=0.71. Otherwise, the pre-and mid-test results

showed no statistical significance as illustrated in (Table 4.18) and (Fig. 4.5).

Table 4.18 The mean difference of the 6MWT in meters between the two groups (n= 32)

95% Confidence
P- Interval for Mean
Std. | Std. | value | Lower | Upper
Mean | Deviation | Error Bound Bound | Minimum [ Maximum

6 MWT-Pre ACBT |428.27 62.66 |15.67| 0.32 | 394.88 461.66 336.30 598.50

OPEP 144801 5348 |13.37 42042 | 477.41 | 34050 | 552.00
l6 MwT-Mid ACBT|436.59| 5812 |1453| 0.13 | 40562 | 467.56 | 333.00 | 540.00
OPEP |468.39| 60.02 |15.01 436.41 | 500.38 | 37450 | 580.70
6 MWT-Post ACBT [441.11| 69.83 |17.46| 0.05 | 403.90 | 478.32 | 330.00 | 593.00
OPEP |486.41| 55.84 |13.96 456.65 | 516.16 | 390.00 | 600.00
486.41
490
480 468.39
470
460 448.91
450 - 441.11
§440 428.27
430
420
410
400
390
ACBT OPEP ACBT OPEP ACBT OPEP
Pre Mid Post

Total mean distance walked in 6 MWT

Figure 4.5 The total distance walked in meter in 6 MWT between the two groups in the intervention
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4.1.2.4 The mean difference in total quality of life questionnaire results

In the overall result of the questionnaire, which was completed three times, Table (4.19) and Fig

(4.6) did not reveal any statistical significance for either group (p>0.05). In the post-test, there

was a moderate Cohen’s d= 0.66.

Table 4.19 The mean difference of the total score of PCD- QOI between the two groups

(n=32)
95% Confidence
P- value | Interval for Mean
Std. Std. Lower | Upper
Mean | Deviation | Error Bound Bound | Minimum | Maximum
PCD- QOL-Pre  ACBT | 33.75 5.17 1.29 0.31 30.99 36.51 24.00 40.00
OPEP | 35.81 6.27 1.57 32.47 39.16 24.00 44,00
PCD- QOL- Mid ACBT | 37.50 5.97 1.49 0.18 34.32 40.68 20.00 43.00
OPEP | 40.00 4.34 1.08 37.69 42.31 28.00 45.00
PCD- QOL- Post ACBT | 36.75 7.02 1.75 0.07 33.01 40.49 20.00 44.00
OPEP | 40.75 4.93 1.23 38.12 43.38 27.00 45.00
45
42 40.75
40
2
4 39 375
@ 36.75
S 35.81
236
kS 33.75
'_
33
30
ACBT OPEP ACBT OPEP ACBT OPEP
Pre Mid Post

PCD- QOL mean total score

Figure 4.6 The total score of PCD- QOL between the two groups in the intervention
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4.1.3 Correlations between study variables

A Pearson’s correlation was conducted to determine the relationship between FEVi, FVC,

distance walked in a 6-minute walk test, and the total score of the PCD- QOL questionnaire.

There was a strong, positive correlation between FEV: and FVC, which was statistically

significant (r=0.94, p= 0.00). A moderate positive correlation between age, FEV1, FVC, and the

distance walked in a 6-minute walk test which statistically significant (r=0.53, p=0.00), (r=0.55,
p=0.00), and (r=0.43, p= 0.01) respectively. Additionally, as Table (4.20) shows, there was a

weak positive correlation between the total QoL questionnaire results and the walking distance.

Table 4.20 Correlation results of the outcome measures

Variables (n= 32) Age FEV1 FVC 6 MWT [ Total Qol post

Age Pearson. 100| 14| 19 43" .07
Correlation

Sig. (2-tailed) A4 29 01 71

FEV1 Pearson 14| 100 94 53" 17
Correlation

Sig. (2-tailed) 44 .00 .00 .35

FVe Pearson 19| 94~ 1.00 56™ 15
Correlation

Sig. (2-tailed) .29 .00 .00 43

MWT P " e o *

6 earson 437 53 56 1.00 39
Correlation

Sig. (2-tailed) 01 .00 .00 .03

PCD- QOL Pearson_ 07 17 15 39" 1.00
Correlation

Sig. (2-tailed) 71 .35 43 .03

*, Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
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4.2  Result discussion

This was the first study in Palestine comparing two different airway clearance techniques in
patients with PCD. Airway clearance techniques are frequently used as a part of treatment for
patients with chronic lung disease, including PCD (L. Schofield et al., 2022). Most of them
complain of an increase in sputum production, and difficulty in clearing secretions that leads to
chronic changes in the lung (Nielsen et al., 2022). The ACTs that are most frequently used
worldwide are ACBT and OPEP therapy. Recent studies showed that ACBT is most commonly
used in bronchiectasis in Europe followed by autogenic drainage (Phillips et al., 2023). On the
other hand, OPEP such as Acapella, Aerobika, Flutter, and Lung flute was the most often

implemented with bronchiectasis in the United States (Basavaraj et al., 2020).

In Palestine, to our knowledge, we lack the OPEP device and the important use of these devices.
Our main aim was to understand the impact of two airway clearance techniques ACBT and the

OPEP, on lung function, exercise functional capacity, and the PCD QOL questionnaire.

The study included a total of 32 participants age ranges from 6 to 18 years old recruited from
the West Bank- Palestine. According to a recent study conducted in Palestine, 68 people were
positively diagnosed with PCD; a large number of families and individuals who exhibit PCD
symptoms also require further examinations (Rumman et al., 2023). In the same study, 60.3%
of individuals were males, similarly, in the present study males represented 59.3% of the study

population.

Regarding BMI, our study did not find a significant difference in BMI between the two groups,
with a total mean of 18.87+ 3.81. The observed values in both groups were within the normal
range according to WHO standards for ages 5-19 years (WHO, 2023).

The majority (87.5%) of participants reported a positive history of parental consanguinity, this
might be related to cultural factors, as consanguineous marriages are more common in some
populations (EI Goundali et al., 2022). As it is an inherited autosomal recessive disease,
consanguineous marriage is related to an increased risk of genetic diseases. 77.2% increase in
situs abnormality for PCD patients with consanguineous parents compared with non-
consanguineous parents (Best et al., 2019). In a highly consanguineous British Asian population,
a high prevalence of PCD was reported at 1 in 2265(0’Callaghan et al., 2010). According to a
cross-sectional study carried out in Saudi Arabia studied the characteristics of PCD patients in
42



this area, 93% of the study participants had a history of parental consanguineous (Asseri et al.,
2023).

Regarding the prevalence of clinical manifestations of the participants, 85% reported nasal
congestion, 50% reported hearing problems and chest pain, and approximately 37% complained
of headache. 90% of respondents reported having a productive cough with 75% viscous sputum
consistency. Consistent with our findings, other studies have reported similar symptoms and
clinical features. A systematic review and meta-analysis (Goutaki et al., 2016) studied the
clinical manifestation of PCD patients. According to the study's findings, situs anomalies were
reported in 49% of the weighted mean of the studies. Regarding the symptoms of the upper
respiratory tract, 75% of weighted mean studies reported nasal congestion or rhinitis, 74%
reported otitis media, and 69% sinusitis. In terms of symptoms related to the lower respiratory
tract, cough was reported at 88% of the weighted mean of the studies, 89% was characterized
by sputum production, and a prevalence of bronchiectasis was reported at 56% of the weighted
mean of the studies (Goutaki et al., 2016). In another study conducted in Switzerland (Goutaki
et al., 2022), respiratory symptoms were evaluated in 74 patients with PCD. Of these, 94%
reported chronic nasal symptoms, 58% reported ear pain and hearing issues, and nearly all
99% reported coughing and sputum production.

Respiratory tract bacterial infections are common in PCD (Piatti et al., 2020), studies that aimed
to determine the prevalence of the most common respiratory pathogens in PCD patients,
reported that Haemophilus influenzae was the most common pathogen followed by
Staphylococcus aureus. Additional bacterial species commonly recovered from sputum samples
of patients with PCD include Staphylococcus aureus, Pseudomonas aeruginosa, and
Streptococcus pneumoniae (Roden et al., 2019; Wijers et al., 2017). Correspondingly, in our
study population, Haemophilus influenzae was the most common followed by Staphylococcus

aureus.

Regarding sex, the present study found no statistically significant differences in lung function
between the sex groups. Halbeisen et al found that males had higher FEV: than females
(Halbeisen et al., 2018). The reason for this difference was not well known, it was suggested
that progesterone is associated with an inhibition of the mucociliary transport function, which

may be a factor in the sex difference (Jain et al., 2012). On the other hand, other studies did not
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show evidence of an association between lung function and sex (Halbeisen et al., 2021; Shah et
al., 2016).

Between the two age groups (6-12 years and 13-18 years), our results showed no statistically
significant differences in lung function. Similar findings were found in a cross-sectional study
stratified analysis by age group (children under 18 and adults over 18), FEV: did not decline
with age (Boon et al., 2014). In contrast, age-related reductions in FEV1, FVC, and FEV1/FVC
were found in a study evaluating lung function in PCD patients from school age to
adulthood, not all patients experienced these reductions at the same rate. In 21% of patients,
FEV1 increased over time; in 40%, it stayed stable; and in 39%, it decreased (Halbeisen et al.,
2021). Furthermore, a systematic review and meta-analysis examined the spirometric incidence
of PCD patients and concluded that FEV: and FVC were lower in adults >18 years than in
children <18 years (Halbeisen et al., 2019).

Concerning functional exercise capacity, our findings revealed no statistically significant
differences in walking distance between sex groups and between age groups. Likewise, a
compared study between children and young adults with PCD to healthy controls showed
reduced aerobic fitness. Neither gender nor age was linked to this decrease (Madsen et al.,
2013b).

Considering the PCD QOL questionnaire, our study observed no statistically significant
difference between the sex groups. A systematic review (Behan et al., 2017b) found that, in

PCD patients, health-related quality of life declines with age, regardless of gender.

The current study evaluated the impact of ACBT and OPEP therapy on lung function parameters
using the following measures: FEV1, FVC, FEV1/FVC, and the MEF2s.750%. In our findings,
FEV1 showed that there was a statistically significant difference (p<0.05) in favor of using the
OPEP Cohen's d= 0.86. Similar to our finding, a comparative study found that employing OPEP
with lower respiratory tract infections improved lung function by improving oxygenation,
reducing inflammation, and improving sputum drainage compared with the mechanical

percussion technique (Ni et al., 2018).

In terms of FVC and FEV1/ FVC parameters, our results showed that there was no statistical

significance in both groups p>0.05. The findings are consistent with similar studies, a
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randomized crossover trial compared ACBT versus Acapella in bronchiectasis (Patterson et al.,
2005), and another randomized crossover trial compared ACBT versus Flutter in no cystic
fibrosis bronchiectasis (Uzmezoglu et al., 2018b), concluded that ACBT and OPEP have similar
effects on lung function parameters. Furthermore, a systematic review that studied the effects
of OPEP therapy in adults with non-cystic stable bronchiectasis, showed a similar effect of
OPEP with other ACTs on lung function (A. L. Lee et al., 2015b).

According to MEF2s.750 Of our data, there was a statistically significant difference (p<0.05)
between the two groups, the mean of the OPEP was higher, Cohen's d= 0.76. This finding may
be explained that MEF5.754 IS the most sensitive measure of airflow in medium to small airways.
A decrease in this number signifies an impairment of these peripheral airways (Kwon et al.,
2020). As the positive expiratory pressure mechanism in OPEP devices, the exhalation through
the device decreases airway collapsibility and facilitates collateral ventilation, making it easier
for secretions to move centrally (Alghamdi et al., 2020). An interesting study focused on the
effectiveness of improving small airway resistance in COPD using the Aerobika device, the
results showed that there was a statistically significant improvement in FEV1 and MEF25-75%

after 12 and 24 weeks of a single-arm intervention study (Sahardin et al., 2023b).

Field walking tests are widely used to assess exercise capacity, which is a crucial indicator of
respiratory-related function. 6MWT is a valid and reliable field walking test (Holland et al.,
2014b). In our study, exercise functional capacity using the 6-minute walk test
revealed statistically significant results favoring OPEP (p< 0.05), with an effect size indicated
by Cohen's d of 0.71. Our findings align with the results of (Murray et al., 2009) who found that
after the use of Acapella twice daily for three months with non-cystic fibrosis bronchiectasis
patients, the incremental shuttle walk test distance improved. Also, in a prospective randomized
controlled trial study for CF patients, a modified shuttle test was used to evaluate exercise
tolerance for five different ACT techniques including ACBT, AD, PEP, and OPEP. There were
no statistically significant differences between the five treatment groups at the end of the study
(P =0.52) (Pryor et al., 2010).

A quality-of-life assessment is essential for people with chronic diseases that are considered
long-term health conditions that affect an individual’s quality of life in different areas. In

addition to assisting with medical management, it directs personalized care and encourages
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communication between patients and healthcare providers (Megari, 2013). Due to this, the
researcher in this study needed to develop a specific Arabic questionnaire for PCD patients,

whose ages ranged from 6 to 18.

In our study, there was no statistical significance found in the results obtained after re-
completing the questionnaire. The QOL total score in both groups was positively impacted, even
though there was no statistical significance. Our results are consistent with prior research
indicating that using the flutter device or ACBT in non-CF bronchiectasis showed no significant
change using the Chronic Respiratory Disease Questionnaire during the intervention (Thompson
et al., 2002). Another prospective randomized comparative study between Flutter and ACBT in
patients with bronchiectasis showed no statistical difference in sub-scores of the Short Form —

36 Quality of Life Questionnaire (Uzmezoglu et al., 2018a).

Concerning the correlations analyzed between the main variables, the study showed a strong
positive correlation between FEV: and FVC lung function parameters p= 0.00. A moderate
correlation between age, FEV1, FVC, and distance walked in the 6-minute walk test p= 0.00 for
either FEV1 and FVC and a weak positive correlation between the PCD QOI questionnaire and
the walking distance p=0.03. According to a study that evaluated physical activity and sedentary
behavior in adult CF patients, there was a positive statistically significant correlation between
physical activity and lung function, quality of life, sleep, and aerobic capacity (Curran et al.,
2022). Madsen et al studied aerobic fitness in children and young adults with PCD, one of the
findings was that there was a positive correlation between FEV1 and aerobic fitness. (Madsen
etal., 2013b).

Just to highlight, and based on participant feedback, the device's use has been beneficial because
it is portable, simple to use, and aids in sputum clearance. A systematic review examined the
effect of ACT on bronchiectasis. In two studies, participants preferred OPEP devices over the

ACBT or postural drainage techniques (Phillips et al., 2020).
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4.3

Study limitations

The researcher noted that the current study had some limitations and suggested that they may

be taken into consideration in future research:

The study’s inclusion criteria were limited to stable PCD patients and didn’t evaluate
those in acute exacerbation.

A longer duration follow-up might be required to evaluate the long-term efficacy of the
intervention in PCD patients.

As the required intervention was based on a home-based treatment, there was a
possibility of compliance and adherence issues. There was still a chance that participants
would not adhere, even though we offered a mid-term follow-up, motivational calendars,
and regular phone calls to encourage adherence.

Because of the unstable political situation, several participants refused to take part in the

study.

Strengths of the current study:

This is the first study in Palestine that studies the effectiveness of two different ACTs in
PCD patients.

It is important to highlight that PCD disease, even if it is worldwide is considered a rare
disease. The number of consanguineous marriages in Palestine and the Arab world is
relatively high. Moreover, based on my professional experience, healthcare providers
and medical professionals are not well-versed in this illness.

In Palestine, the use of OPEP devices for chronic lung diseases is uncommon. The
Aerobika device was a step toward raising awareness of the value of a range of ACTs.
The pre-, mid-, and post-tests were conducted by a blinded assessor to prevent assessors’

bias.
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5. Chapter five

Conclusion and recommendations
5.1 Conclusion

5.2 Recommendations
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5.1 Conclusion

In this study, the effects of ACBT and OPEP on exercise functional capacity, lung function, and
the PCD QOL questionnaire in children with PCD were investigated using a randomized
comparison trial design. Thirty-two children from the West Bank- Palestine participated in the
study and were assigned randomly to either group. Pre-, mid-, and post-tests were conducted at
Caritas Baby Hospital- Bethlehem as a follow-up to the three-month home-based program that

served this interventional study.
Based on our results, the researcher concluded the following:

e The findings of this study support the evidence that PCD is a rare inherited autosomal
recessive disease, where 87.5% of participants reported a positive history of parental
consanguinity.

e The main clinical manifestations of the participants were nasal congestion, hearing
problems, and chest pain. Cough was characterized as productive with a viscous
consistency. Haemophilus influenzae is considered the most common respiratory
pathogen followed by Staphylococcus aureus.

¢ Interms of lung function outcome, a statistical significance difference of FEV1 (p=0.02)
and MEF2s.75% (p= 0.03), OPEP was more effective than ACBT with an effect size
(Cohen’s d=0.86) for the FEV1 and (Cohen’s d=0.76) for MEF25.75%. On the other hand,
there was no statistical significance for the FVC and FEV1/FVC.

e The functional exercise capacity measured by the 6-minute walk test, showed a statistical
significance of the walked distance (p=0.05), in favor of the OPEP group with greater
walking distance with an effect size (Cohen’s d=0.71).

e Regarding the PCD QOL questionnaire, both ACBT and OPEP demonstrated a positive
influence on the overall QOL score; there was no statistically significant difference
between the two groups.

e There was a strong positive statistical correlation between FEV: and FVC, and a
moderate positive correlation between age, FEV1, FVC, and distance walked in the 6-
minute walk test. Additionally, a weak positive correlation was found between the PCD

QOL questionnaire and the walking distance.
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5.2

Recommendations

Recommendations for healthcare providers:

It is essential to increase the knowledge among clinicians about PCD, the importance of
early diagnosis, evidence-based care, and multidisciplinary management is crucial.
Increase awareness of physiotherapists and health care providers the importance of
airway clearance techniques which is a cornerstone in the management of chronic lung
diseases such as PCD.

The physiotherapist needs to educate PCD patients on proper daily breathing techniques,
the importance of maintaining an active and healthy lifestyle, and strategies for
managing their respiratory conditions at home.

Healthcare providers must raise awareness about the potential risks associated with

parental consanguinity.

Recommendations for the researchers:

Further research is required to develop a clinical practice guideline to optimize
physiotherapy management in PCD.

It is recommended that future studies examine the impact of different ACTs for long-
term effects.

To build upon the current findings, future research with a larger sample size is needed.
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Appendix 1: Data collection sheet
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Appendix 2: American Thoracic Society (ATS) Statement: Guidelines for the
Six-Minute Walk Test

APPENDIX

The following elements should be present on the 6BMWT worksheet and report:
Lap counter:

Patient name: Patient ID#
Walk # Tech ID: Date:
Gender: M F Age:  Race: Height: __ ft_ in, _ meters
Weight: Ibs, kg Blood pressure: __ [/
Medications taken before the test (dose and time):
Supplemental oxygen during the test: No  Yes, flow _ L/min,type
Baseline End of Test
Time i _
Heart Rate _
Dyspnea  __ __ (Borgscale)
Fatigue _ ____ (Borgscale)
SpO, % %

Stopped or paused before 6 minutes? No  Yes, reason:

Other symptoms at end of exercise: angina dizziness hip, leg, or calf pain

Number of laps: (x60 meters) + final partial lap: metlers =
Total distance walked in 6 minutes: meters
Predicted distance: meters Percent predicted: Yo

Tech comments:

Interpretation (including comparison with a preintervention 6MWD ):
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Appendix 3: Quality of life questionnaire for patients with Primary Ciliary
Dyskinesia (From 6- 18 years old)
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Appendix 4: A monthly calendar
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Appendix 5: Ethical approval of Al-Quds University Research Ethical

Committee

Al-Quds University 21 3
Jerusalem " >
L
Deanship of Scientific Research Wl a3

Research Ethics Committee
Committee’s Decision Letter

Date: Jun 11%, 2022
Ref No: 237 /REC/2022

Dears Dr. Hadeel Halaweh, Ms. Bishara Fashho,

Thank you for submitting your application for research ethics approval After reviewing your
application entitled “A randomized comparative study of active cycle breathing technique
versus positive expiratory pressure therapy on hung function and quality of life in children
with primary ciliary dyskinesia” the Research Ethics Committee confirms that your
application is in accordance with the research ethics guidelines at Al-Quds University.

We would appreciate receiving a copy of your final research report/ publication.

Thank you again and wish you a productive research that serves the best interests of your
subjects.

PS: This letter will be valid for two years.
Sincerely,

Suheir Ereqat, PhD
Associate Professor of Molecular Biology
Y 4
i K ‘_._1.}
i “,'a.&hﬂ“ &-mg“’b
Research Ethics Committee Chair
Cc. Prof. Imad Abu Kishek - President

Cc. Members of the committee
Ce. file

Alm-]-}ies, Jernsalem P.O.Box 20002 200072 iy el g juid gal
Tel-Fax: #970-02-2791293 researchi@admin.alquds.edu AITO02-2791293 :peSliG
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Appendix 6: Ethical approval of Caritas Baby Hospital Medical Research

Committee

Carites Baby Hospital

P.0.Box 84, Bethlehem

Tel. +$722 2758500, Fax <9722 275 8501
info@crb-mail.org, www.childrens-relief-bethlehem.org

S Children's Relief Bethlehem r0b Bank, Bethiehem, Acct, 702200

Medical Research Agreement of Principles
Date: 15-10-2022

This is to certify that Caritas Baby Hospital represented by: ~ Asma Siman and Dr.
Nisreen Rumman_ will be collaborating with __ Alquds University
represented by:  Dr. Hadeel Halaweh  to conduct a Medical Research Project
entitled: _ A randomized comparative study of active cycle breathing technique versus
oscillating positive expiratory pressure therapy on lung function and quality of life in
children with primary ciliary dyskinesia ___. The resecarch project will be conducted
by:  Bishara Fashho

The above research project was reviewed by members of the Caritas Medical Research
Committee and was approved on__ 15-10-2022 and given MRC-Project
Number ~_MRC-46

After the fruitful accomplishment of the project both parties agree to publish the work

in peer peer-reviewed journal and the authorship location in the manuscript will be as

follows:

First author: Bishara Fashho
Second author: Dr. Hadeel Halaweh
Third author:

Before last author:

Last author: Dr. Nisreen Rumman

Principle Investigator Caritas Baby Hospital

Medical Research Committee Representative

P
Asma Siman & og'\@‘w
e

Dr. Nisreen Rumman
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Appendix 7: Informed consent

A randomized comparative study of active cycle of
breathing technique versus oscillating positive
expiratory pressure therapy on lung function and
quality of life in children with primary ciliary
dyskinesia
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