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Abstract 

Background: Effective mucociliary clearance is crucial for cystic fibrosis (CF) management. Postural 

drainage techniques are commonly used to enhance this clearance, but their comparative effectiveness remains 

uncertain. 

Objective: This study aimed to evaluate and compare the impact of Chest Physiotherapy (CPT), Positive 

Expiratory Pressure (PEP) Therapy, and High-Frequency Chest Wall Oscillation (HFCWO) on mucociliary 

clearance and lung function in CF patients. 

Methods: In a 12-week randomized controlled trial, 30 CF patients were assigned to one of three intervention 

groups: CPT, PEP, or HFCWO. Outcomes measured included sputum production, lung function (FEV1 and 

FVC), quality of life (CFQ-R), and frequency of respiratory exacerbations. Data were analyzed using repeated 

measures ANOVA and other statistical methods. 

Results: All techniques resulted in improvements in mucociliary clearance and lung function, with no 

significant differences observed between groups. Quality of life scores and the frequency of respiratory 

exacerbations were also similar across interventions. 

Conclusion: CPT, PEP, and HFCWO are effective in improving mucociliary clearance and lung function in 

CF patients, with no single technique demonstrating superior effectiveness. Personalized treatment 

approaches based on patient preferences may optimize management. 
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expiratory pressure, high-frequency chest wall oscillation. 

 

Introduction 

Cystic fibrosis (CF) is a genetic disorder characterized by the production of thick and viscous mucus that 

leads to chronic lung infections and progressive respiratory decline. The accumulation of mucus impairs 

mucociliary clearance, a critical mechanism for removing pathogens and debris from the airways, leading to 

persistent pulmonary infections and inflammation (Frenţescu et al., 2009; Nesteruk et al. 2014). Effective 

management of CF often includes various respiratory therapies aimed at improving mucociliary clearance and 

maintaining lung function. 

Postural drainage is a traditional technique used to facilitate mucus clearance from the lungs. It involves 

positioning the patient in specific ways to use gravity to aid the removal of mucus from different lung 

segments (Pryor et al., 2010). Various postural drainage techniques are employed in CF care, including chest 

physiotherapy, positive expiratory pressure (PEP) therapy, and oscillatory devices. Each technique aims to 

enhance mucociliary function and reduce the incidence of respiratory exacerbations. 

Despite the widespread use of these techniques, the comparative effectiveness of different postural drainage 

methods in improving mucociliary clearance and lung function remains underexplored. While some studies 

suggest that techniques such as high-frequency chest wall oscillation (HFCWO) and active cycle of breathing 

techniques (ACBT) are beneficial (Nicolini et al., 2013; Main et al., 2015), there is a need for more robust 

quantitative analyses to determine which techniques offer the greatest benefit in clinical practice. 
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The purpose of this study is to evaluate the effectiveness of various postural drainage techniques on 

mucociliary clearance and lung function in patients with CF. By measuring changes in mucociliary clearance 

rates and lung function parameters, this study aims to provide evidence-based insights into the most effective 

postural drainage strategies for improving respiratory outcomes in CF patients. 

 

Literature Review 

Mucociliary Clearance in Cystic Fibrosis: Cystic fibrosis (CF) is characterized by defective mucociliary 

clearance due to mutations in the CFTR gene, which lead to thick, viscous mucus production (Frenţescu et 

al., 2009). The impaired mucociliary function results in chronic airway obstruction and persistent pulmonary 

infections. Mucociliary clearance is crucial for removing pathogens and debris from the respiratory tract, and 

its dysfunction contributes significantly to CF-related morbidity and mortality (Nesteruk et al., 2014).  

Postural Drainage Techniques: Postural drainage techniques aim to facilitate mucus removal from different 

lung segments through gravity-assisted positioning. These techniques include: 

1. 1.Chest Physiotherapy (CPT): CPT often involves a combination of postural drainage, percussion, 

and vibration to help mobilize and expectorate mucus. Research has shown that CPT can improve 

mucus clearance and lung function in CF patients, although its effectiveness compared to other 

methods can vary (Pryor et al., 2010). 

2. Positive Expiratory Pressure (PEP) Therapy: PEP therapy involves breathing against a resistance 

to increase end-expiratory lung volume and facilitate mucus clearance. Studies have indicated that 

PEP therapy can be effective in improving lung function and reducing respiratory exacerbations in CF 

patients (Darbee, et al., 2004). 

3. High-Frequency Chest Wall Oscillation (HFCWO): HFCWO uses an inflatable vest that delivers 

high-frequency oscillations to the chest, which helps to dislodge mucus from the airway walls. 

Evidence suggests that HFCWO can enhance mucociliary clearance and improve respiratory 

outcomes, though results can be variable depending on patient adherence and technique (Nicolini et 

al., 2013). 

4. Active Cycle of Breathing Techniques (ACBT): ACBT involves a sequence of breathing 

techniques, including diaphragmatic breathing, thoracic expansion exercises, and forced expiration. 

ACBT has been shown to be effective in improving mucus clearance and overall lung function in CF 

patients (Main et al., 2015). 

 

Comparative Effectiveness of Postural Drainage Techniques 

The comparative effectiveness of different postural drainage techniques remains an area of active research. 

Some studies suggest that combining techniques, such as CPT and PEP, may offer synergistic benefits (de 

Verdier et al., 2015). However, there is ongoing debate about the relative efficacy of various methods. For 

example, while HFCWO is popular for its convenience and effectiveness, some studies have questioned its 

superiority over traditional techniques like CPT (Oermann et al., 2001). 

Several factors influence the effectiveness of postural drainage techniques, including patient adherence, 

technique optimization, and the presence of comorbidities. Personalized treatment plans that consider 

individual patient needs and preferences are critical for optimizing mucociliary clearance and improving 

clinical outcomes (Main et al., 2015). 

 

Summary and Research Gaps 

Overall, existing literature supports the use of various postural drainage techniques for improving mucociliary 

clearance and lung function in CF patients. However, there is a need for more comprehensive studies 

comparing the effectiveness of these techniques head-to-head. Quantitative research focusing on specific 

metrics of mucociliary clearance and lung function will provide valuable insights into the most effective 

strategies for managing CF. 

 

Methodology 

Study Design: This study employed a randomized controlled trial (RCT) design to evaluate the impact of 

various postural drainage techniques on mucociliary clearance and lung function in patients with cystic 

fibrosis (CF). The trial was conducted over a 12-week period. 
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Participant: A total of 30 patients with CF, aged 8 to 45 years, participated in the study. Participants were 

recruited from a tertiary hospital . Inclusion criteria were a confirmed diagnosis of CF, stable clinical 

condition, and willingness to participate in all study procedures. Exclusion criteria included recent 

hospitalization for CF-related complications, other chronic pulmonary diseases, and non-compliance with 

study protocols. 

 

Randomization and Intervention: Participants were randomly assigned to one of three intervention groups 

using a computer-generated randomization sequence: 

1. Group A (Chest Physiotherapy - CPT): Received traditional chest physiotherapy involving postural 

drainage, percussion, and vibration techniques. 

2. Group B (Positive Expiratory Pressure - PEP) Therapy: Used a PEP device for mucus clearance, 

performing sessions as prescribed. 

3. Group C (High-Frequency Chest Wall Oscillation - HFCWO): Utilized a high-frequency chest 

wall oscillation vest. 

Each intervention was administered for 30 minutes twice daily, five days per week, for 12 weeks. 

 

Outcome Measures 

Primary Outcome Measures: 

1. Mucociliary Clearance: Assessed using sputum production rates, measured in grams per day. 

Additionally, the amount of sputum expectorated during a 20-minute period was recorded. 

2. Lung Function: Evaluated through spirometry, focusing on Forced Expiratory Volume in 1 second 

(FEV1) and Forced Vital Capacity (FVC). Measurements were taken at baseline, mid-study (6 weeks), 

and at the end of the study (12 weeks). 

 

Secondary Outcome Measures: 

1. Quality of Life: Assessed using the Cystic Fibrosis Questionnaire-Revised (CFQ-R) to evaluate 

changes in physical functioning, emotional well-being, and respiratory symptoms. 

2. Frequency of Respiratory Exacerbations: Monitored by recording hospitalizations and antibiotic 

courses related to respiratory infections during the study period. 

 

Data Collection 

Data were collected at three time points: baseline, 6 weeks, and 12 weeks. Mucociliary clearance and lung 

function tests were performed by trained respiratory therapists. Quality of life questionnaires were 

administered at the same time points, and the frequency of exacerbations was tracked through medical records 

and patient self-reports. 

 

Data Analysis 

Statistical analysis was performed using SPSS software. Descriptive statistics summarized baseline 

characteristics and outcome measures. Changes in mucociliary clearance and lung function over time were 

analyzed using repeated measures ANOVA to compare differences between the intervention groups. Post-hoc 

tests were conducted to identify significant pairwise differences. Quality of life scores and exacerbation rates 

were analyzed using chi-square tests and independent t-tests. A p-value of <0.05 was considered statistically 

significant. 

 

Ethical Considerations 

The study was approved by the ethics committee. Informed consent was obtained from all participants or their 

guardians prior to the commencement of the study. 

 

Findings 

Participant Demographics: A total of 30 participants completed the study, with 10 patients assigned to each 

intervention group. The demographics and baseline characteristics of the participants are shown in Table 1. 
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Table 1: Participant Demographics and Baseline Characteristics 

Characteristic CPT Group 

(n=10) 

PEP Group 

(n=10) 

HFCWO Group 

(n=10) 

Total (n=30) 

Age (years)         12.4  ±3.2         13.1  ±3.5        11.8  ±2.9          12.4  ±3.2    

Gender (M/F)         6/4                5/5               7/3                 18/12         

FEV1 (L)             1.8  ±0.4          1.9  ±0.5         1.7  ±0.3           1.8  ±0.4     

FVC (L)              2.4  ±0.6          2.5  ±0.7         2.3  ±0.5           2.4  ±0.6     

 

Mucociliary Clearanc 

 

Table 2: Changes in Mucociliary Clearance (Sputum Production) 

Time Point CPT Group 

(g/day) 

PEP Group 

(g/day) 

HFCWO Group 

(g/day) 

p-value 

Baseline 4.2  ±1.0 4.1  ±0.9 4.3  ±1.1 0.85 

6 Weeks 5.6  ±1.2 5.8  ±1.3 6.1  ±1.2 0.63 

12 Weeks 6.3  ±1.0 6.5  ±1.1 7.0  ±1.0 0.52 

 

Lung Function 

 

Table 3: Changes in Lung Function Parameters 

Time Point CPT Group 

(FEV1, L) 

PEP Group 

(FEV1, L) 

HFCWO Group 

(FEV1, L) 

p-value 

Baseline 1.8  ±0.4            1.9  ±0.5            1.7  ±0.3              0.34     

6 Weeks      2.0  ±0.5            2.1  ±0.5            2.0  ±0.4              0.45     

12 Weeks     2.2  ±0.5            2.3  ±0.5            2.2  ±0.4              0.39     

 

 

Table 4: Changes in Forced Vital Capacity (FVC) 

Time Point CPT Group 

(FVC, L) 

PEP Group 

(FVC, L) 

HFCWO Group 

(FVC, L) 

p-value 

Baseline 2.4  ±0.6            2.5  ±0.7            2.3  ±0.5              0.29     

6 Weeks      2.6  ±0.7            2.7  ±0.6            2.6  ±0.6              0.37     

12 Weeks     2.8  ±0.7            2.9  ±0.7            2.8  ±0.6              0.40     

 

Quality of Life 

 

Table 5: Changes in Quality of Life Scores (CFQ-R) 

Time Point CPT Group 

(score) 

PEP Group 

(score) 

HFCWO Group 

(score) 

p-value 

Baseline 60.2  ±8.4          61.0  ±7.9         59.8  ±8.2           0.81     

6 Weeks      64.5  ±7.6          65.3  ±7.4         66.0  ±7.8           0.71     

12 Weeks     68.0  ±6.8          69.1  ±6.9         70.5  ±6.5           0.65     

 

Frequency of Respiratory Exacerbations 

 

Table 6: Frequency of Respiratory Exacerbations 

Group Number of Exacerbations (12 

weeks) 

p-value 

CPT 2.0  ±1.1                           0.48     

PEP 1.8  ±1.0                           0.52     

HFCWO 1.5  ±1.0                           0.35     
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Summary of Findings 

The study findings indicate that all postural drainage techniques resulted in improvements in mucociliary 

clearance and lung function parameters. However, no statistically significant differences were observed 

among the groups for sputum production, FEV1, FVC, or quality of life scores. The frequency of respiratory 

exacerbations was also similar across all intervention groups. This suggests that while each technique is 

beneficial, no single method was superior to others in terms of the measured outcomes. 

 

Discussion 

Summary of Findings 

This study aimed to compare the impact of three postural drainage techniques—Chest Physiotherapy (CPT), 

Positive Expiratory Pressure (PEP) Therapy, and High-Frequency Chest Wall Oscillation (HFCWO)—on 

mucociliary clearance and lung function in patients with cystic fibrosis (CF). Our findings indicate that all 

three techniques led to significant improvements in mucociliary clearance and lung function, as measured by 

sputum production, Forced Expiratory Volume in 1 second (FEV1), Forced Vital Capacity (FVC), and quality 

of life scores. However, no statistically significant differences were observed between the techniques for these 

outcomes. The frequency of respiratory exacerbations was also similar across the intervention groups. 

 

Comparison with Existing Literature 

The results align with previous research indicating that postural drainage techniques can be effective in 

improving mucociliary clearance and lung function in CF patients. Studies have shown that CPT and PEP 

therapy both positively impact mucus clearance and respiratory function (de Verdier et al., 2015; Darbee, et 

al., 2004).Our findings are consistent with these results, suggesting that both techniques are beneficial for 

managing CF. 

High-Frequency Chest Wall Oscillation (HFCWO) has also been demonstrated to enhance mucociliary 

clearance and improve lung function (Nicolini et al., 2013). The lack of significant differences between 

HFCWO and other techniques in our study aligns with some research suggesting that while HFCWO is 

effective, it may not be superior to other methods when considering all outcomes (Oermann et al., 2001). 

 

Clinical Implications 

The lack of significant differences among the techniques suggests that patients and clinicians may choose a 

postural drainage technique based on individual preferences, convenience, and adherence rather than on 

expected superior outcomes. Each technique’s effectiveness in improving mucociliary clearance and lung 

function highlights the importance of incorporating these methods into CF management. Personalized 

treatment plans that account for patient-specific needs and preferences could enhance adherence and overall 

effectiveness. 

 

Limitation 

This study has several limitations. The sample size of 30 participants, while sufficient for preliminary analysis, 

may limit the generalizability of the findings. Additionally, the short duration of 12 weeks may not capture 

the long-term benefits and potential adverse effects of the postural drainage techniques. The study also did 

not account for variations in adherence to the techniques, which could influence outcomes. Future research 

with larger sample sizes and longer follow-up periods is needed to confirm these findings and explore the 

long-term effects of these techniques. 

 

Future Research Directions 

Future studies should investigate the long-term effects of different postural drainage techniques and assess 

patient-specific factors that might influence treatment outcomes. Research could also explore the impact of 

adherence and technique optimization on effectiveness. Additionally, evaluating the cost-effectiveness and 

patient satisfaction associated with each technique could provide further insights into the best practices for 

managing CF. 
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Conclusion 

In conclusion, CPT, PEP therapy, and HFCWO are all effective in improving mucociliary clearance and lung 

function in CF patients. The absence of significant differences between techniques suggests that treatment 

choice should be individualized. Continued research is essential to further elucidate the comparative 

effectiveness and long-term benefits of these interventions in CF management. 
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