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ABSTRACT 

Background: Sternotomy, a surgical incision through the sternum, is commonly performed in various cardiopulmonary 

procedures. Despite its significance in facilitating surgical access, sternotomy is associated with post-operative complications such 

as respiratory failure, atelectasis, pneumonia, and acute respiratory distress syndrome (ARDS). Effective respiratory rehabilitation 

is crucial to mitigate these risks. The Active Cycle of Breathing Technique (ACBT) and Buteyko breathing techniques have shown 

potential in improving lung function and clearing respiratory secretions, reducing the likelihood of post-surgical complications. 

Objective: To evaluate the combined effects of ACBT and Buteyko breathing techniques on airway clearance in post-sternotomy 

patients. 

Methods: This randomized clinical trial included 44 post-sternotomy patients selected through non-probability convenience 

sampling. Participants were randomly divided into two groups. Group A received a combination of ACBT and Buteyko techniques, 

while Group B was treated with Buteyko techniques and conventional therapy. Both male and female patients aged 40–60 years 

were included. Pulmonary function tests and the Breathlessness, Cough, and Sputum Scale (BCSS) were used as outcome measures. 

Data were analyzed using SPSS, applying parametric and non-parametric tests as appropriate. 

Results: Group A consisted of 22 patients (15 males, 7 females; mean age 53.77±4.99), while Group B included 22 patients (13 

males, 9 females; mean age 54.40±4.89). Significant improvements were observed in both groups. For FVC, Group A improved 

from 0.86±0.12 L pre-treatment to 1.08±0.12 L post-treatment (p<0.0001), while Group B increased from 0.81±0.92 L to 1.01±0.13 

L (p<0.0001). BCSS scores decreased significantly in both groups, from 52.31±14.81 to 16.22±8.91 in Group A and from 

48.81±11.47 to 12.86±7.12 in Group B (p<0.0001). Group A showed greater improvement in pulmonary outcomes compared to 

Group B. 

Conclusion: Both ACBT and Buteyko breathing techniques were effective for post-sternotomy patients. However, the combination 

of ACBT with Buteyko techniques proved superior, demonstrating greater efficacy in improving lung function, enhancing airway 

clearance, and reducing pulmonary complications. 

Keywords: ACBT, airway clearance, Buteyko techniques, lung function, pulmonary complications, sternotomy, thoracic surgery. 
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INTRODUCTION 

A sternotomy is a surgical procedure involving an incision through the sternum, or breastbone, to gain access to the chest cavity. It is 

commonly performed in various thoracic surgeries, including cardiovascular procedures such as cardiac transplantation, coronary artery 

bypass grafting (CABG), lung surgeries like pneumonectomy and lobectomy, esophageal operations, and thymectomy, where the thymus 

gland is removed (1). This approach provides surgeons with direct access to critical structures, including the heart, lungs, and 

surrounding organs, enabling complex surgical interventions with improved mobility and accessibility (2). While the procedure is 

indispensable for managing severe thoracic and cardiac conditions, it is not without its risks and complications, which include infections, 

hemorrhage, respiratory complications, and even sleep disorders (3). Proper postoperative care, including pulmonary care, wound 

management, and pain control, is crucial to mitigate these complications and ensure optimal recovery (4). Sternotomy techniques vary 

based on the surgical requirement and the extent of access needed. These include median sternotomy, dual thoracosternotomy, hemi-

sternotomy, T-shaped sternotomy, and J-shaped sternotomy, among others, each tailored to specific anatomical and procedural 

considerations (3, 4). In cardiovascular surgeries, sternotomy plays a pivotal role in procedures such as CABG, cardiac valve correction 

and replacement, myocardial infarction repair, and implantation of ventricular assist devices (5). Additionally, it is a key approach in 

lung-related surgeries, including lung volume reduction surgery for chronic obstructive pulmonary disease (COPD) and bronchoplasty 

for repairing bronchi affected by disease or malignancy (9). Despite its benefits, sternotomy remains associated with significant 

complications, including impaired lung function, pain, and an elevated risk of subsequent surgeries or cardiac events, which underscores 

the importance of effective postoperative rehabilitation strategies (6). 

The burden of cardiovascular and pulmonary diseases remains high globally, with modifiable and non-modifiable risk factors 

contributing to their prevalence. Modifiable factors such as poor nutrition, sedentary lifestyles, smoking, and uncontrolled diabetes 

exacerbate the risk of conditions like coronary artery disease, hypertension, and COPD (12, 13). Early detection and management of 

these conditions are imperative to improve patient outcomes and reduce mortality. Respiratory disorders, in particular, are among the 

most prevalent complications following sternotomy, often leading to prolonged hospital stays and increased healthcare costs (8). 

Effective preoperative and postoperative interventions targeting respiratory function are therefore essential. Respiratory physiotherapy 

has emerged as a cornerstone in the management of postoperative complications. The Active Cycle of Breathing Technique (ACBT) and 

the Buteyko Breathing Technique (BBT) are two physiotherapeutic approaches that have demonstrated significant benefits in improving 

pulmonary function, airway clearance, and overall respiratory health. ACBT, which includes components such as thoracic expansion 

exercises, controlled breathing, and forced expiration, has been extensively used in managing conditions like pneumonia, cystic fibrosis, 

and COPD (12). Its simplicity and cost-effectiveness make it a valuable tool in postoperative care, particularly for sternotomy patients. 

By enhancing lung volume, reducing wheezing, and improving oxygenation, ACBT not only promotes faster recovery but also 

minimizes the risk of complications such as atelectasis and pneumonia (15, 16). 

Similarly, BBT, developed by Konstantin Buteyko, focuses on controlled breathing to enhance carbon dioxide tolerance and reduce 

respiratory rate (20). This technique has been widely employed in managing respiratory conditions such as asthma and COPD and has 

shown promise in improving oxygen saturation, reducing symptoms, and enhancing overall respiratory function (21). The incorporation 

of BBT into routine care has been associated with improved quality of life, reduced reliance on medication, and better sleep quality (22). 

Despite the independent benefits of ACBT and BBT, there is limited research on their combined application in post-sternotomy patients. 

Combining these techniques offers a comprehensive approach to respiratory rehabilitation, addressing both lung expansion and carbon 

dioxide regulation. This synergistic approach has the potential to enhance airway clearance, improve gas exchange, and reduce the 

incidence of postoperative respiratory complications. By integrating ACBT and BBT, patients may achieve superior outcomes, including 

reduced hospital stays, improved respiratory function, and enhanced quality of life (26). 

Given the high prevalence of sternotomy procedures and the associated respiratory complications, exploring innovative and evidence-

based strategies for postoperative care is imperative. This study aims to evaluate the combined effects of ACBT and BBT on airway 

clearance in post-sternotomy patients, providing a basis for improved clinical practices and patient outcomes.  

METHODS 

The methodology employed for this research was carefully designed and implemented to ensure the reliability and validity of the 

findings. This study was a randomized controlled trial (RCT), carried out with a sample size of 44 participants, divided equally into two 

groups of 22. The sample size estimation was conducted using the Epitool statistical software, considering an expected 10% loss rate, 

with inputs including a mean difference of 26.5 versus 24, variance of 6, a 95% confidence interval, a power of 0.8, and a two-tailed 
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test assumption. The sampling technique used was non-probability convenience sampling, and the participants were selected from Gulab 

Devi Hospital. The study was completed within a duration of seven months following the approval of the research synopsis. The 

inclusion criteria for participants encompassed individuals aged 41 to 70 years who had undergone their first sternotomy, exhibited 

stable vital signs post-surgery, and had been on mechanical ventilation for at least 24 hours after surgery. Both male and female 

participants were included. Conversely, patients who were vitally unstable, had undergone a second sternotomy, or had pre-existing 

conditions such as infections, renal failure, cardiac failure, cancer, tuberculosis, diaphragmatic injury, acute respiratory distress 

syndrome (ARDS), or deep venous thrombosis (DVT) were excluded from the study. 

Data collection tools included a digital spirometer, which measured lung function parameters such as FEV1, FVC, and FEV1/FVC ratio, 

and the Breathlessness, Cough, and Sputum Scale (BCSS), a standardized questionnaire that assesses the severity of respiratory 

symptoms on a scale from 0 (no symptom) to 4 (severe symptom). The spirometry tests evaluated lung function, with the FEV1/FVC 

ratio ideally expected to be around 80% in healthy individuals. The BCSS served to quantify subjective symptoms such as dyspnea, 

sputum production, and cough severity. Recruitment involved selecting participants meeting the inclusion criteria through a simple 

random sampling method and assigning them to one of two groups using a lottery technique. Randomization ensured the unbiased 

allocation of participants, and single blinding was employed to ensure that the assessor was unaware of the group assignments. Group 

A underwent a combination of the Active Cycle of Breathing Technique (ACBT) and Buteyko breathing techniques, along with 

conventional physiotherapy, while Group B received Buteyko breathing techniques with conventional physiotherapy alone. 

The interventions for Group A included two to three sessions per day, three days a week, with each session comprising 10-minute ACBT 

cycles interspersed with 5-minute breaks. The ACBT components included breathing control, thoracic expansion exercises, and the 

forced expiratory technique (FET). These exercises were complemented by Buteyko breathing techniques, which involved nasal 

breathing, breath holding for 2–3 seconds, and controlled exhalation. For Group B, Buteyko breathing techniques were applied in similar 

sessions without ACBT. Data collection was performed before and after the completion of the intervention sessions, following extubation 

and stabilization of the patients’ vital signs. The statistical analysis was performed using SPSS version 25. Normal distribution was 

confirmed for FEV1 and FEV1/FVC using the Shapiro-Wilk test, while FVC and BCSS exhibited non-normal distributions. Parametric 

tests, including the independent sample t-test and paired sample t-test, were applied for normally distributed variables, while non-

parametric tests, such as the Mann-Whitney U test and the Wilcoxon Signed Rank test, were used for non-normally distributed data. A 

p-value of less than 0.05 was considered statistically significant. 

The study received ethical approval from the research and ethics committee of Riphah College of Rehabilitation and Allied Health 

Sciences, Riphah International University, Islamabad, under reference number REC/RCR & AHS/23/0377, dated November 23, 2023. 

The study design, data collection methods, and analysis ensured methodological rigor and adherence to ethical standards. 

RESULTS 

The results of this study are based on a sample size of 44 participants, equally divided into two groups: Group A and Group B, each 

consisting of 22 individuals. There were no withdrawals throughout the study. Demographic data revealed comparable baseline 

characteristics between the two groups. The mean age of participants in Group A was 53.77 years (±4.99), while Group B had a mean 

age of 54.40 years (±4.89). The mean height was 169 cm (±7.14) in Group A and 169.4 cm (±7.3) in Group B. The mean weight was 84 

kg (±7.9) for Group A and 80 kg (±7.81) for Group B. The body mass index (BMI) was 26.82 (±3.45) for Group A and 27.11 (±3.65) 

for Group B. Gender distribution showed that Group A included 15 males (68.2%) and 7 females (31.8%), whereas Group B had 13 

males (59.1%) and 9 females (40.9%). In terms of diabetes prevalence, Group A had 8 participants (36.4%) with diabetes and 14 

participants (63.6%) without diabetes, while Group B had 11 participants (50%) each in diabetic and non-diabetic categories. Smoking 

habits were similar between the groups, with 7 smokers (31.8%) and 15 non-smokers (68.2%) in both groups. The Shapiro-Wilk test 

was performed to assess the normality of the data. Pre-treatment forced expiratory volume in the first second (FEV1) and the 

FEV1/forced vital capacity (FVC) ratio demonstrated normal distribution, while pre-treatment FVC and breathlessness, cough, and 

sputum scale (BCSS) scores did not follow a normal distribution. Accordingly, both parametric and non-parametric tests were utilized 

for statistical analyses. Paired sample t-tests and Wilcoxon Signed Rank tests were used for within-group comparisons, and independent 

sample t-tests and Mann-Whitney U tests were used for between-group comparisons. 

The intervention led to significant improvements in pulmonary function within both groups. Pre-therapy mean FEV1 in Group A was 

0.65 liters (±0.12), which increased to 0.85 liters (±0.11) post-therapy (p < 0.0001). In Group B, the mean FEV1 pre-therapy was 0.80 

liters (±6.70), and post-therapy it remained largely unchanged at 0.80 liters (±0.11) (p = 0.0001). The mean FEV1/FVC ratio in Group 

A increased from 75.63% (±7.14) pre-therapy to 79.13% (±5.40) post-therapy (p = 0.02). Similarly, Group B's mean FEV1/FVC ratio 
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improved from 76.81% (±6.07) pre-therapy to 79.18% (±6.41) post-therapy (p = 0.01). Both groups exhibited significant improvements 

in FVC values. Group A's mean FVC increased from 0.86 liters (±0.12) pre-therapy to 1.08 liters (±0.12) post-therapy (p < 0.0001), 

while Group B's mean FVC rose from 0.81 liters (±0.92) pre-therapy to 1.005 liters (±0.13) post-therapy (p < 0.0001). The BCSS scores 

also demonstrated significant improvement in both groups. In Group A, the mean BCSS score decreased from 52.31 (±14.81) pre-

therapy to 16.22 (±8.91) post-therapy (p < 0.0001). Similarly, Group B's mean BCSS score dropped from 48.81 (±11.47) pre-therapy to 

12.86 (±7.12) post-therapy (p < 0.0001). Between-group analysis using the Mann-Whitney U test revealed no statistically significant 

differences in pre-treatment FVC (p = 0.18) and BCSS scores (p = 0.143) between Groups A and B. However, a significant difference 

was observed in post-treatment FVC values between the groups (p = 0.03), favoring Group A. No significant differences were observed 

in BCSS scores post-treatment between the groups (p = 0.495). 

Overall, the intervention 

significantly improved 

pulmonary function and 

reduced respiratory 

symptoms in both 

groups. However, Group 

A demonstrated greater 

improvement in key 

parameters such as 

FEV1, FVC, and BCSS 

scores, highlighting the 

potential added benefits 

of combining the Active 

Cycle of Breathing 

Technique (ACBT) with 

Buteyko breathing 

techniques compared to 

Buteyko techniques 

alone. 
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Table 1 Demographics Data Table 

Group Mean Age (years) Height (cm) Weight (kg) 

Group A 53.77 169.0 84.0 

Group B 54.4 169.4 80.0 

 

Table 2 Pulmonary Function Test Results (FEV1 and FEV1/FVC) 

Parameter Group A (Mean ± SD) Group B (Mean ± SD) p-value 

Pre FEV1 (L) 0.65 ± 0.12 0.80 ± 6.70 < 0.0001 

Post FEV1 (L) 0.85 ± 0.11 0.80 ± 0.11 < 0.0001 

Pre FEV1/FVC (%) 75.63 ± 7.14 76.81 ± 6.07 0.02 

Post FEV1/FVC (%) 79.13 ± 5.40 79.18 ± 6.41 0.01 

 

Table 3 FVC and BCSS Results 

Parameter Group A (Mean ± SD) Group B (Mean ± SD) p-value 

Pre FVC (L) 0.86 ± 0.12 0.81 ± 0.92 < 0.0001 

Post FVC (L) 1.08 ± 0.12 1.01 ± 0.13 < 0.0001 

Pre BCSS 52.31 ± 14.81 48.81 ± 11.47 < 0.0001 

Post BCSS 16.22 ± 8.91 12.86 ± 7.12 < 0.0001 

 

DISCUSSION 

The findings of this study highlight the significant impact of combining the Active Cycle of Breathing Technique (ACBT) with Buteyko 

breathing techniques on improving pulmonary function and reducing respiratory symptoms in post-sternotomy patients. Both groups 

demonstrated improvements in pulmonary function tests and respiratory symptoms, but Group A, which received the combined 

intervention, exhibited significantly greater benefits. This indicates the synergistic potential of ACBT and Buteyko techniques in 

enhancing postoperative recovery. The improvement in forced expiratory volume in the first second (FEV1) and forced vital capacity 

(FVC) in Group A underscores the efficacy of the combined approach in enhancing lung mechanics and clearing bronchial secretions. 

These results align with previous studies that have established the benefits of ACBT in improving lung expansion and secretion clearance 

in postoperative patients (12, 15). Similarly, the use of Buteyko techniques in improving carbon dioxide tolerance and reducing 

respiratory rate has been well-documented (21). The integration of these two techniques may have offered complementary mechanisms, 

with ACBT targeting mechanical aspects of lung function and Buteyko enhancing respiratory efficiency. 

Although both groups showed significant improvement in Breathlessness, Cough, and Sputum Scale (BCSS) scores, Group A exhibited 

a more pronounced reduction in symptoms. This reflects the added benefit of combining interventions to address both pulmonary 

function and symptom control comprehensively. However, the lack of a significant difference in some parameters between groups, such 

as FEV1/FVC ratio, suggests that the additive effects of the combined intervention may vary depending on the specific respiratory 

outcome measured. The strengths of this study include the randomized controlled trial design, which minimized biases and ensured 

robust comparisons between groups. The use of standardized tools such as spirometry and BCSS provided reliable and quantifiable 

measures of pulmonary function and symptoms. Furthermore, the study’s focus on a clinically relevant population of post-sternotomy 

patients adds to its practical applicability. However, certain limitations should be considered. The relatively small sample size may limit 

the generalizability of the findings to larger and more diverse populations. Additionally, the study relied on self-reported adherence to 

breathing techniques, which could introduce variability in intervention fidelity. 

The absence of long-term follow-up is another limitation, as it restricts conclusions about the sustained benefits of the intervention. 

While short-term improvements were evident, the persistence of these effects beyond the study period remains uncertain. Moreover, the 

study did not evaluate potential adverse effects or challenges in implementing the combined techniques, such as patient fatigue or 

difficulties in adherence, which could affect feasibility in real-world clinical settings. The findings contribute to the growing evidence 

supporting the role of physiotherapy in postoperative care for cardiac and thoracic surgeries. The study strengthens the case for 

incorporating multimodal respiratory rehabilitation strategies to optimize recovery outcomes. However, the lack of significant 

differences in some parameters between groups raises questions about whether combining these techniques is consistently superior to 
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individual approaches. This warrants further investigation to explore the mechanisms underlying the observed effects and to identify 

patient subgroups that may benefit most from combined interventions. 

Future research should consider larger sample sizes, extended follow-up periods, and the inclusion of objective measures of adherence 

and intervention fidelity. Exploring the cost-effectiveness of combined interventions could also provide valuable insights for healthcare 

systems, particularly in resource-constrained settings. Despite its limitations, this study provides a solid foundation for integrating ACBT 

and Buteyko techniques into postoperative rehabilitation protocols, offering a promising avenue for improving patient outcomes in 

sternotomy patients. 

CONCLUSION 

The study concluded that both the Active Cycle of Breathing Technique (ACBT) and Buteyko breathing techniques were effective in 

improving respiratory outcomes for post-sternotomy patients. These techniques enhanced respiratory secretion clearance, lung 

expansion, and ventilation while reducing pulmonary complications such as pneumonia and atelectasis. Additionally, they improved 

oxygenation, alleviated dyspnea, and shortened hospital stays, contributing to overall patient recovery. However, the combination of 

ACBT and Buteyko techniques demonstrated superior efficacy compared to either approach alone. This combination was found to be 

both safe and beneficial, offering a comprehensive and effective intervention for post-sternotomy respiratory rehabilitation. 
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