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Abstract
Background

Cystic fibrosis (CF) is characterized by excessive airway mucus, recurrent infections,
impaired ventilation, and progressive decline in lung function. Airway clearance
techniques are central to management. Among them is the active cycle of breathing
technique (ACBT), which incorporates breathing control, thoracic expansion exercises,
and the forced expiratory technique (FET). Comparative evaluation with other
self-administered exercises is needed to identify the most effective approach for clinical
use.

Objectives

To evaluate the effects of ACBT compared with other self-administered or non-device
airway clearance techniques on pulmonary function in individuals with CF.

Methods

A systematic search of PubMed, MEDLINE, and the Cochrane Library was conducted
according to PRISMA guidelines. Randomized controlled and crossover trials comparing
ACBT with other self-administered or home-based airway clearance techniques were
included. Risk of bias was assessed using the Cochrane tool. Study selection was
performed by one reviewer and verified by a second reviewer. Due to methodological and
clinical heterogeneity, findings were synthesized narratively without meta-analysis

Results

Ten studies met the inclusion criteria. Eight reported pulmonary function outcomes;
three found significant short-term improvements in ACBT over postural drainage (p <
0.01), autogenic drainage (p < 0.002), and assisted ACBT (p < 0.07). Seven studies
measured sputum weight, with four showing significant reductions (p < 0.05-0.001). One
study found higher oxygen saturation after ACBT versus postural drainage (p < 0.05). Six
studies using the Leicester Cough Questionnaire reported improved physical and
psychological well-being. Limited evidence suggested short-term improvements in
oxygen saturation and quality of life. Most included studies were small, heterogeneous,
and conducted before the widespread use of cystic fibrosis transmembrane conductance
regulator modulator therapies.

Conclusion

ACBT may provide short-term benefits in pulmonary function, sputum clearance, and
quality of life in people with CF. However, evidence remains limited by small sample
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sizes, methodological heterogeneity, and the predominance of older studies. Further
high-quality randomized controlled trials are needed to establish the long-term
effectiveness and contemporary relevance of ACBT.

INTRODUCTION

Cystic fibrosis (CF) patients usually produce a lot of thick
mucus in the airways that is not removed by the conven-
tional way, i.e., the normal expectoration process, which
causes mucus retention and results in infections, decreased
ventilation, and ultimately affects lung function.! Physical
exercise to clear the mucus from the airways is one of the
main treatment modalities in patients with CF.2 Airway
mucus-clearing techniques help with proper gas exchange,
improve lung function, and decrease the chances of in-
fection.3 The gold standard treatment for many years was
postural drainage. In 1968, Thompson and Thompson in-
vented the forced expiratory technique for mucus clearance
in asthmatic patients,®> which was later proposed by Pryor
et al. for the treatment of CF.® In recent years, airway
clearance techniques have been widely used for CF patients
and include active breathing exercises, treadmill exercise,
postural drainage, conventional physiotherapy, and posi-
tive expiratory pressure with a mask.”-8 However, for short-
term relief, self-physiotherapy (with percussion) is clini-
cally more beneficial for CF patients.’

The treatment options for CF are very limited. There
is no conclusive therapeutic intervention from the clini-
cians. Previous reviews have compared the active cycle of
breathing technique (ACBT) with conventional physiother-
apy or with oscillating devices and were completed five
years ago.l9 Modern airway oscillating devices, such as
Flutter, Acapella, and high-frequency chest compression
devices (The Vest and Hayek oscillator), have been ap-
proved recently, but these devices require another person
to operate. In contrast, breathing techniques can be per-
formed without assistance to manage mucus clearance
problems from the airways, even at home. The participants,
however, preferred self-airway clearance techniques over
these assisted therapies, like Flutter and Acapella.ll

In the ACBT technique, breathing control is used to give
the patient rest before and after the active parts of the
ACBT exercise, like forced expiration and thoracic expan-
sion maneuvers. During this period, the patient is asked to
relax the upper respiratory muscles and use the lower mus-
cles, like the diaphragm, to decrease bronchoconstriction.
This step is followed by active components of the tech-
nique. The thoracic expansion exercise is comprised of ac-
tive inspiration and a three-second hold at end inspira-
tion, followed by passive expiration. This step allows air
to expand in the alveoli, mobilize secretions, and decrease
airflow resistance.!2 The forced expiration technique con-
tains forceful expiration (huff) with breathing control. This
causes the mobilization of thick secretions from smaller
parts to larger airways, and then a cough helps in clearing
the mucus. The force of expiration and duration of huff can
be modified to maximize the secretion outflow.!3

In addition, much of the available literature predates the
widespread introduction of cystic fibrosis transmembrane
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conductance regulator (CFTR) modulator therapies, which
have substantially altered disease progression and respira-
tory management in many individuals with CF. As a result,
the contemporary applicability of earlier airway clearance
studies may be limited.

Until now, no reviews have been undertaken to compare
these self-managing breathing exercises and techniques to
establish the most effective technique for mucus clearance
in CF patients. To date, only limited reviews have compared
ACBT with other assisted mucus clearance techniques,!4
and the most recent review was conducted years ago. Con-
sidering this scant literature, it is unclear which self-man-
aging exercise therapy is most beneficial and effective for
improving lung function, quality of life, and mucociliary
clearance in CF patients. This systematic review will com-
pare the active cycle breathing technique with other self-
administered techniques to determine whether ACBT is
more effective than other techniques for people with CF,
and the findings could be used to inform clinicians via the
NICE guidelines.

METHODS

This systematic review was reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.ls The protocol for this re-
view is registered with the PROSPERO International
Prospective Register of Systematic Reviews
(CRD420251172383) (see Appendix A).

ELIGIBILITY CRITERIA

Only patients with CF were eligible for inclusion in the re-
view, with no restrictions on age; both sexes were included.
The particular considerations for eligibility rules were stud-
ies that have been published in English, the design for in-
cluded studies was randomized controlled trials, and the
studies were included in which ACBT was compared with
at least one other breathing technique, reported at least
one relevant outcome measure, including pulmonary func-
tion, sputum clearance, oxygen saturation, or quality of
life. The exclusion criteria were all trials on cell structure,
case reports, animals, study duplicates across databases,
reviews, unpublished results, editorials, posters, irrelevant
outcomes, and studies not in English. Although one in-
cluded study examined ACBT delivered in combination with
non-invasive ventilation (NIV), it was retained because the
airway clearance intervention remained centered on ACBT
rather than NIV as a standalone airway clearance modality.
This was acknowledged as a source of clinical heterogene-
ity.

The results were formulated as the intervention of active
cycle breathing technique compared with controls such as
conventional physiotherapy, other home exercises, auto-
genic drainage (AD), and postural drainage (PD) tech-
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niques. The effects were assessed after initiation of therapy.
The minimum follow-up was 2 days from the start of treat-
ment.

The exploration for pertinent studies covered the period
to date. The databases we searched were the Cochrane Li-
brary (1980-Present), MEDLINE/EBSCO (1980-Present),
and PubMed (1977-Present).

The words and their synonyms utilized for looking
through the studies in the various databases were Cochrane
library "mucus clearance techniques in Title Abstract Key-
word OR active cycle breathing technique in Title Abstract
Keyword AND cystic fibrosis in Title Abstract Keyword. In
PubMed “((airway clearance technique) OR (active cycle
breathing technique)) AND (cystic fibrosis)”. In MEDLINE
“self-administered techniques” OR (breathing exercises or
breathing techniques or diaphragmatic breathing) AND
cystic fibrosis. The search material was selected in an in-
tegrated manner to cover a wide range of studies. No date
limitations were applied to the databases. No grey studies
were audited for this systematic review. No individual au-
thors or organizations were contacted for study or result
identification.

In the screening process, one reviewer reviewed the ti-
tles and abstracts, and a second reviewer verified their se-
lections. No disagreements arose that required input from
a third reviewer. No investigator was contacted for confir-
mation of the study. A similar approach was applied to the
full-text reviewing process. All articles considered poten-
tially relevant were obtained and evaluated by two review-
ers (a primary reviewer and a verifier). No date restriction
was applied beyond the planned cut-off. All identified stud-
ies were downloaded into EndNote bibliographic software
and, where necessary, duplicates were eradicated. Infor-
mation was retrieved only from free databases (Cochrane,
PubMed, and MEDLINE).

DATA OUTCOMES

Studies were included in this review if at least one tech-
nique was compared with ACBT, and if at least one outcome
was measured according to current systematic review cri-
teria. For this systematic review, the research was com-
pleted to examine the effectiveness of one technique on the
specific primary outcomes: lung function (forced expiratory
volume, FEV1 or forced vital capacity, FVC), sputum weight,
oxygen concentration, and quality of life.

STUDY RISK OF BIAS ASSESSMENT

The risk of bias assessment was completed using the
Cochrane risk of bias tool (RoB 1) for each study included.
The Cochrane risk of bias tool has six components: Selec-
tion bias, performance bias, detection bias, attrition bias,
reporting bias, and other non-specific biases. One reviewer
completed the assessment, and the second reviewer inde-
pendently verified the ratings. Review Manager (RevMan
5.4.1) was used to generate the risk-of-bias figures.
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DATA SYNTHESIS

The outcomes, such as lung function tests (FEV1 or FVC),
were measured by mean differences of % predicted. Sputum
weight (g) was assessed using the mean range, oxygen sat-
uration (mean %) was assessed, and quality of life was
assessed using the Leicester Cough Questionnaire (LCQ)
score. All of them are presented in Table 1. The quality of
studies was assessed using the Cochrane Library to assess
the risk of bias for every included study. The data were sum-
marized in an Excel spreadsheet for synthesis of results.
The extracted data were converted into table form in a
Word document. The data were also expressed in charts and
graphs. Both reviewers assessed the reporting of missing
information/ biases from the included studies. The method
sections of each study were reviewed and compared thor-
oughly to assess and ensure each outcome reported by the
authors.

Owing to substantial heterogeneity in study popula-
tions, intervention protocols, comparator techniques, fol-
low-up durations, and reported outcome measures, quan-
titative meta-analysis was not considered appropriate.
Findings were therefore synthesized narratively.

RESULTS

A total of 902 records were identified through searches of
PubMed, MEDLINE, and the Cochrane Library. After re-
moval of 243 duplicates, 659 records remained for title and
abstract screening. Following eligibility assessment, 44
full-text articles were reviewed. Thirty-four studies were
excluded because of irrelevant outcomes, non-randomized
design, unavailable full text, non-English language, or pub-
lication type restrictions. Ten randomized controlled trials
met the inclusion criteria and were included in the qualita-
tive synthesis (Figure 1).

CHARACTERISTICS OF INCLUDED STUDIES

Ten randomized controlled trials were included (Appendix
B). Four originated in the UK,16-19 two in Turkey,20:2! and
one each from Australia, Greece, Spain, and a multicenter
collaboration.22-25 Three studies investigated pediatric
participants (mean ages: 9.1, 12.4, and 15.4 years), while
the remaining included adults aged 21.9-66.8 years. All tri-
als enrolled CF patients; some studies additionally included
participants with bronchiectasis-associated symptoms or
respiratory infection, contributing to clinical heterogene-
ity. Of all ten, three studies!®21.25 also included CF with
bronchiectasis, and one involved patients with chest infec-
tions.25 Sample sizes ranged from 14 to 75 participants.

All studies were randomized controlled trials. Six com-
pared the ACBT with conventional physiotherapy such as
AD or PD. Specifically, AD was used in Miller et al., Pryor
et al., and Uzmezoglu et al.,18:21,.22 while PD served as the
comparator in AbdelHalim et al., Chatham et al., and Hris-
tara-Papadopoulou & Tsanakas.16:17:24 The remaining four
studies compared ACBT with assisted or modified tech-
niques, including physiotherapist-assisted ACBT (Williams
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Figure 1. PRISMA flow diagram showing selection of studies.

et al.),23 expiration with open glottis in lateral posture
(Munoz et al.),25> ACBT with NIV (Stanford et al.),!° and
ACBT combined with postural exercises (Giingér et al).20
Follow-up durations varied from 2 days to 1 year, with some
assessing immediate effects within 15-30 minutes of ther-
apy and others evaluating outcomes at 2 weeks, 1 month,
6 months, and 12 months. All studies assessed efficacy us-
ing pulmonary function tests, sputum weight, oxygen satu-
ration, or quality-of-life outcomes (see Appendix B).

RISK OF BIAS

Risk of bias was evaluated using the Cochrane Risk of Bias
Tool, in line with PRISMA 2020 and PROSPERO standards
(Figure 2). Overall methodological quality was moderate.
All included studies used randomized designs; however,
two studies employed crossover methodologies, introduc-
ing potential carryover effects. Several studies lacked suffi-
cient detail regarding blinding, allocation concealment, or
management of missing data. Attrition bias was judged as
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high or unclear in multiple studies because of incomplete
reporting. Reporting bias was also identified in studies that
did not clearly specify pre-specified outcomes. The over-
all evidence base was further limited by small sample sizes,
methodological heterogeneity, and the inclusion of older
studies conducted prior to current CFTR modulator thera-
pies.

PULMONARY FUNCTION TESTS (PFTS)

Nine studies assessed pulmonary function, primarily using
FEV1 and FVC. Only Hristara-Papadopoulou & Tsanakas24
evaluated efficacy through sputum weight alone. Eight
studies reported improvements in mean FEV1, while
three1821.22 3150 measured changes in mean FVC between
intervention and control groups (Figure 3). However, sta-
tistically significant differences were inconsistent across
studies. Short-term follow-up studies (6 hours to 4 days)
demonstrated immediate gains in FEV1 and FVC, while
longer follow-ups (up to 12 months) conducted by Pryor et
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Figure 2. Risk of Bias. (A) Risk of bias graph of
included studies (B): Summary of risk of bias of all
included studies.

al. and Munoz et al.2225 showed sustained but modest im-
provements. Similarly, studies comparing ACBT with pos-
tural drainage demonstrated mixed findings. Chatham et
al.17 reported short-term improvement in FEV1 following
repeated ACBT sessions, whereas AbdelHalim et al.1® found
no statistically significant difference after two weeks of in-
tervention. Studies evaluating assisted ACBT, expiration
with open glottis in lateral posture (ELTGOL), or NIV-sup-
ported ACBT generally demonstrated pulmonary outcomes
comparable to ACBT alone, with no clear evidence of long-
term superiority. Overall, evidence suggested that ACBT
may provide short-term improvements in pulmonary func-
tion; however, the clinical significance and long-term com-
parative effectiveness remain uncertain.
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Figure 3. Pulmonary Function Test (PFT) after therapy
in included studies. (A) Comparison of ACBT with
different techniques after treatment FEV1 % predicted.
(B) Comparison of ACBT with PD after treatment FVC
% predicted.

*p=<0.05, **p=<0.01, ***p =< 0.001, n.s- Non-significant; postural drainage (PD); au-

togenic drainage (AD), active cycle of breathing technique (ACBT), Expiration with open
glottis in lateral posture (ELTGOL).

SPUTUM WEIGHT

Seven studies measured sputum weight as an indicator of
airway clearance. Two compared ACBT with AD, two with
PD, one with ELTGOL, and one with NIV. Williams et al.,
Pryor et al., and Giingér et al.20:22.23 did not report sputum
weight. Among seven studies, two of them compared the
weight of sputum after ACBT therapy and AD therapy. Two
studies compared sputum weight with PD, and one study
compared sputum weight with ELTGOL and NIV with ACBT,
respectively (Table 1). Of these, three studies!6:21,25 in-
cluded CF patients with bronchiectasis, and one study by
Chatham et al.l7 included infected CF patients. Despite
these findings, sputum measurement methods varied con-
siderably between studies, and the clinical interpretation of
sputum weight outcomes remains limited because of poten-
tial contamination by saliva and variability in expectoration
technique.

166



Comparison of the active cycle breathing technique with other self-administered breathing techniques for t...

OXYGEN SATURATION

Four studies!6:18.19.23 evaluated oxygen saturation. Most
studies used pulse oximetry, while one study used indirect
calorimetry. AbdelHalim et al.1® found significant improve-
ment in mean oxygen saturation (80% vs. 69%; p < 0.043)
with ACBT compared with PD, suggesting enhanced venti-
lation (Table 1). The other studies reported no significant
differences between ACBT and comparison groups. Overall,
evidence supporting improved oxygenation following ACBT
remains limited and inconsistent.

QUALITY OF LIFE

Six studies measured quality of life using the LCQ.26 Im-
provements were observed in physical, social, and psycho-
logical domains. AbdelHalim et al., Mufoz et al., and
Uzmezoglu et al.l6:21.25 demonstrated greater improve-
ments in older adults, while Giingér et al.29 found similar
benefits in children (mean age 9.1 years). Pryor et al.,22
the largest multicenter study with 75 participants, showed
the most notable enhancement in LCQ scores, confirming
ACBT’s positive impact on symptom control and overall
well-being in CF patients. However, the magnitude of bene-
fit varied across studies, and long-term quality-of-life out-
comes remain uncertain because of the limited size and
heterogeneity of available trials.

DISCUSSION

This systematic review evaluated the effectiveness of ACBT
compared with other self-administered airway clearance
techniques and exercises for managing mucus clearance in
patients with CF. Outcomes included pulmonary function,
sputum weight, oxygen saturation, and quality of life.

PFTs were assessed using spirometry in accordance with
American Thoracic Society and European Respiratory Soci-
ety standards,2” with results expressed as percentage pre-
dicted values.28 Three studies!®21.22 compared ACBT with
AD. They reported higher mean FVC values for ACBT (80%,
78%, and 70%) than AD (65%, 67%, and 62%). Miller et al.
and Pryor et al.1822 found no significant differences (p =
0.54), though Uzmezoglu et al.2! reported significant im-
provement (p = 0.002) following repeated short ACBT ses-
sions over six hours. These findings suggest that combining
breathing control, thoracic expansion, and forced expira-
tory techniques may aid secretion clearance and reduce air-
flow obstruction. However, improvements were generally
small and statistical significance was inconsistent.

Two additional studies compared ACBT with PD.
Chatham et al. and AbdelHalim et al.1617 reported mean
FEV1 in one second values of 48% and 57% for ACBT versus
59% and 56% for PD. While Chatham et al.17 observed sig-
nificant improvement (p < 0.01) after 30-minute sessions
over four days, AbdelHalim et al.1¢ found no significant dif-
ference after two weeks. Clinical benefits may occur with-
out statistical significance, particularly in underpowered
studies. Interpretation is limited by small, heterogeneous
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studies conducted before widespread CFTR modulator use,
reducing applicability to contemporary CF care.

Williams et al., Mufioz et al., and Stanford et al.1924
25 evaluated ACBT against physiotherapist-assisted ACBT,
ELTGOL, and ACBT combined with NIV. Williams et al.23
reported a near-significant difference (p = 0.07) favouring
self-administered ACBT during two-day sessions. In con-
trast, Mufioz et al.25 found no significant difference be-
tween ACBT and ELTGOL after 12 months, while Giingor et
al.20 observed improved PFTs with postural and stretching
exercises, though differences were not significant (p > 0.5).
Overall, ACBT appeared effective in improving lung func-
tion in the short term compared with PD and AD, though
long-term advantages over other techniques remain un-
clear. Contemporary CF management has changed substan-
tially with the introduction of highly effective modulators,
which improve mucus hydration, reduce pulmonary exac-
erbations, and alter disease progression. Consequently, the
applicability of older airway clearance studies to modern CF
populations may be reduced.

Sputum weight is an imperfect marker because it can
be influenced by saliva contamination, patient effort, and
expectoration technique. Nevertheless, Miller et al. and
Uzmezoglu et al.18:21 reported significantly greater sputum
reduction with ACBT than AD, while Hristara-Pa-
padopoulou & Tsanakas24 found superior sputum clearance
with ACBT versus PD in children. Similar, non-significant
trends were observed by Chatham et al. and AbdelHalim et
al.1617 Munoz et al.25 also favoured ACBT over ELTGOL.
Regarding oxygenation, AbdelHalim et al.16 found signifi-
cant improvement after ACBT, whereas other studies!8:1%
23 reported no significant differences, suggesting variable
short-term benefits.

Quality of life was assessed in six studies using the
LCQ.26 Pryor et al. and Munoz et al.2225 reported signif-
icant improvements in physical symptoms and mental
health after ACBT, exceeding the minimal clinically impor-
tant difference.2% Pryor et al.22 provided strong evidence for
sustained quality of life benefits over 12 months. Although
Uzmezoglu et al. and Giingor et al.2021 found greater initial
emotional benefits with postural exercises, ACBT offered
superior long-term symptom relief and improved comfort
in both pediatric and adult CF populations.

LIMITATIONS

The possible limitations of this systematic review will in-
clude several methodological and practical factors that may
affect the strength and generalizability of the findings.
First, only English-language studies were included, which
may have introduced language bias. Second, the number of
eligible studies was small, and many trials involved lim-
ited sample sizes and short follow-up durations, reducing
statistical power and limiting conclusions regarding long-
term effectiveness. Third, substantial heterogeneity existed
across studies in terms of participant characteristics, in-
tervention protocols, comparator techniques, and outcome
measures, which prevented quantitative meta-analysis.
Fourth, several included studies were conducted before the
widespread introduction of CFTR modulator therapies. As
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Table 1. Mean sputum weight, oxygen saturation, and quality of life comparison after ACBT with other

techniques
Author & Comparator Mean Sputum weight (gm) Range Oxygen saturation Quality of life Mean (SD)
(Mean %)
ACBT Comparator ACBT Comparator ACBT Comparator
Miller et al., (1995) AD 23(2-105) * 22.6(3-103) 86.6 90.2(3.6)
(2.1)
n.s
Williams et al., (2001) 96.53 96.56 (1.99)
Assisted ACBT (1.93)
n.s
Chatham et al., (2004) PD 4.9 10
(3.31-6.56) (7.65-12.37)
Hristara-Papadopoulou & 14.2 12.6
Tsanakas, (2007) PD (12.4-16.6) (8.4-14.1)
n.s
Pryor et al., (2010) AD 0.7 0.5(0.3)
(0.2)
AbdelHalim et al., (2016) 14.67 19 (9-29) 80.86 69.13 14 19(5.73)
PD (11.15-17.78) (1.85)* (17.02) (3)
n.s
Mufoz et al., (2018) 15 (10-20)*** 35(30-50) 13.7 16.2(3.2)
ELTGOL (2.1)
Uzmezoglu et al., (2018) AD 4 5.6(3.3-9.1) 8 10(2.4)
(2.23-6.46)*** (1.7)
Stanford et al., (2019) ACBT 49.0 48.1(30.8) 94 + 957+23 6.7+ 42+13
with NIV (36.4-58.5) 25ns 1.9
n.s
Glngor et al., (2021) Active 11.11 15.12+ 3.9
exercises +24

Abbreviations: ACBT- Active cycle breathing technique, SD- Standard deviation, ELTGOL technique- Expiration with open glottis in lateral posture, AD- Autogenic drainage, PD- Pos-
tural drainage, NIV- Non-invasive ventilation, LCQ-Leicester Cough Questionnaire.*p = < 0.05, **p = < 0.01, ***p = < 0.001, n.s- Non-significant

modern CF management has evolved considerably, the rel-
evance of older airway clearance studies to current clinical
practice may be limited. Fifth, some studies included par-
ticipants with bronchiectasis-associated symptoms or res-
piratory infection, which may reduce the generalizability
of findings to the broader CF population. Finally, hetero-
geneity among study protocols, outcome measures, and fol-
low-up durations limited data pooling and prevented meta-
analysis.

CONCLUSION

In conclusion, ACBT may provide short-term improvements
in pulmonary function, sputum clearance, and quality of
life in individuals with CF, performing similarly to other
non-device airway clearance techniques while offering ad-
vantages in patient independence and self-management.
However, evidence is limited by small sample sizes,
methodological heterogeneity, inconsistent outcome re-
porting, and the predominance of pre-CFTR modulator
studies, making its long-term effectiveness and current
clinical relevance uncertain. Further high-quality random-
ized controlled trials with standardized protocols, larger co-
horts, and longer follow-up are needed to clarify ACBT’s
role in modern CF care and non-CF bronchiectasis.
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