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ABSTRACT
Background: Chronic Obstructive Pulmonary Disease (COPD) is a progressive disease that needs a multidisciplinary approach with an
increasing emphasis on self-management. Physiotherapists utilize numerous airway clearance techniques in COPD management like
Acapella and positive expiratory pressure (PEP). Objective: To find any difference between Acapella and hand-held positive expiratory
pressure in the management of moderate COPD. Study design: a single-blinded randomized controlled trial. Methods: 60 patients
were recruited from Cairo University Hospitals, Egypt, from August 2016 to February 2019. They were randomly classified into
three equal groups. Group A patients received routine treatment: Active cycle of breathing technique (ACBT). Groups B and C
received ACBT and either PEP or Acapella, respectively. Outcome measures were measured after an acute exacerbation and after six
months of self-management at home. Results: FEV1 improved in all groups; A: 2.64%, B: 8.92%, and C: 10.49%. There was no
significant difference between groups B and C (P=0.619). FEV1/FVC improved in all groups; A: 3.71%, B: 7.73%, and C: 8.52%.
There was no significant difference between groups B and C (P=0.286). Walking distance in the six-minute walk test increased in all
groups; A: 3%, B: 12.95%, and C: 20.09%. There was no significant difference between groups B and C (P=0.659). Quality of life
using COPD assessment test scores revealed improvements in the three groups. All groups’ test scores decreased; A: 4.36%, B:
22.85%, and C: 22.99%. There was no significant difference between groups B and C (P=0.010). Conclusion: PEP and Acapella
improved moderate COPD pulmonary functions. ACBT alone showed improvements but to a lesser extent than Acapella and PEP.
Keywords: PEP, Threshold PEP, COPD, Active cycle breathing technique, ACBT
is characterized by persistent respiratory symptoms and airflow
Introduction
limitation.[4] It is potentially fatal, and currently, it comes after
stroke, ischemic heart diseases, and lower respiratory infections
Chronic Obstructive Pulmonary Disease (COPD) is a nonas the fourth cause of death in the world. It claimed three
communicable progressive [1, 2] and non-curable disease,[3] which
million lives in 2016.[1, 3, 5] Various investigations have verified
that poor oral hygiene,[6] as well as carotid artery intima-media
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thickness,[7] are associated with an increased risk of COPD.
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Besides, Chlamydophila pneumoniae is one of the gram-negative
bacteria that can result in COPD.[8]
COPD management requires a multidisciplinary approach [9]
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increased burden on hospitals.[10] Physiotherapeutic
pressure on Pulmonary functions in management of chronic obstructive
management of COPD may comprise of sputum clearance
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techniques where copious secretions lead to distress.[9] Airway
clearance techniques are intended to decrease the complications
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of secretions retention, which can include airflow obstruction,
wheeze, respiratory infection, dyspnea, fatigue, and reduced
quality of life.[11] Clearance methods include modalities such as
conventional chest physical therapy (CPT), active cycle of
breathing technique (ACBT), positive expiratory pressure
(PEP), and intrapulmonary percussive ventilation. Techniques
may be classified in several ways and are often utilized in
concert in individuals with COPD.[12] 77% of the UK
physiotherapists routinely apply these techniques in COPD
treatment.[13] To date, there are no clinical trials comparing
Acapella and PEP in COPD. Research on Medline database and
EBSCO database "business source complete" did not show any
study that compared the two techniques in the management of
COPD.
This study aimed to give a better understanding of the impact of
both Acapella and hand-held PEP. It compared them with
respect to the patient's pulmonary functions, exercise tolerance,
and impact on the quality of life. Therefore, the aim of this
investigation was to answer the research question: Is there any
difference between Acapella and hand-held PEP in the
management of chronic obstructive pulmonary diseases?

Procedures:
Moderate COPD patients with acute exacerbation were
screened for eligibility. Then Microsoft Excel was used to
generate a unique number for each patient. The researcher then
used the number to pull pre-allocated concealed envelopes. The
double-sealed envelope containing one piece of paper indicated
allocation into one of the three study groups: PEEP, Acapella,
and control. Treatment was done according to the patient’s
needs. For follow up, outpatient visits were offered to all
patients. In the case of admission to hospital with an
exacerbation, their therapy would continue according to their
initial allocation. Patients were given their exercise sheets and
equipment and they were followed up six months after
inclusion.
ACBT was developed in 1992, to combine forced exhalations
with breathing exercises.[14] ACBT was utilized always or often
by 88% in the UK for admission with acute exacerbation of
COPD.[15] It has tidal breathing, thoracic expansions, and forced
expiration techniques (Figure 1).[16] The literature shows it
improves lung function, arterial blood gases, exercise tolerance,
and dyspnoea scores in COPD patients.[17]

Materials and Methods:
Sixty patients who were diagnosed with COPD in Cairo
University Hospital, Kasr El Einy Hospital, Cairo, Egypt,
through a period of 30 months (from August 2016 to February
2019) were included in the investigation. They were assigned to
three groups; Group A receiving ACBT only, Group B receiving
ACBT and PEP, and Group C receiving ACBT and Acapella.

1. Subjects:
Sixty COPD, who were diagnosed with acute exacerbation of
COPD and met the following criteria, were included in the
research:
Figure 1: The active cycle of breathing.[18]

Inclusion criteria:
1.
2.

3.
4.

Smokers with a history of at least 10 packs per year.
Moderate COPD patients with COPD Stage II:
FEV1/FVC < 70% of predicted & FEV1 < 80% of
predicted.
The age range of 40-65.
Body Mass index > 18 kg/m2 and < 24.9 kg/m2.

Exclusion criteria:
1.
2.
3.
4.
5.
6.

Mild or severe COPD.
Patients who required invasive or non-invasive
ventilation.
Non-symptomatic COPD.
Heart Failure Patients.
Body Mass index > 24.9 kg/m2 and < 18 kg/m2.
Contraindication to positive pressure.

2. Instrumentation:
•
•
•
•
28

Treatment equipment: Acapella (DHD Healthcare).
Threshold PEP (Respironics).
Vitalograph ALPHA Model 6000.
Questionnaire: COPD Assessment Tool.

Expiratory positive pressure is a positive pressure ventilatory
support that may decrease inspiratory workload.[19] It has been
indicated to aid sputum clearance.[17] Threshold PEP utilizes a
one-way valve with a dial that can be applied to adjust pressure
settings from 5 up to 41 cm H₂O. The pressure was increased
within the patient comfort limits. During treatment, the patient
inhaled a full breath, then exhaled through Threshold PEP for
10-12 breaths. The patient then did 2-3 forced expiration at the
end of the session. Forced expiration is thought to prevent
airway collapse, to redirect air to atelectatic lung tissue, and to
encourage homogenous ventilation.[20, 21]
The green Acapella (Figure 2) was used in the study as it was
designed for patients with moderate COPD, who can maintain
the expiratory flow of at least 15 L/min for 3 seconds. Acapella
oscillations provide expiratory vibration, aiding sputum
movement into larger airways.[17, 22]
The vibrations enhance more with higher flows as compared to
increasing the Acapella dial settings.[23] It can be utilized in any
position, as is not gravity dependent.[24, 25]
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The patients performed relaxed diaphragmatic breathing at
which he/she inhaled a deep breath, but less than total lung
capacity. The patient then held the breath for 2-3 seconds
followed by exhalation to functional residual capacity actively,
but not too forcefully, through the device. The patient did 2-3
huffs at the end of the session.
Statistical analysis was done using SPSS with the p-value set at <
0.05. Ethical approval was obtained by the Research Ethics
Committee of the Faculty of Physical Therapy, Cairo
University, Egypt.

pulmonary function tests and exercise capacity.[29] Besides,
underweight patients were excluded. COPD patients lose
weight mostly because of skeletal muscle atrophy, increased
inflammatory cells, modified regenerative capacity, and protein
metabolism imbalance.[30] Underweight patients suffer more
frequent acute exacerbations, which leads to a further decline in
FEV1, impaired quality of life,[31] and high mortality.[31, 32]

Results:
All the patients were evaluated six weeks after an acute
exacerbation and after six months of home self-management
utilizing a spirometer, six-minute walk test (6MWT), and
COPD assessment test (CAT) (Table 2). In-between groups’
mean difference and any significant levels of gratitude in Table
3. Pulmonary function tests: FEV1 improved in all groups; A:
2.64%, B: 8.92%, and C: 10.49%. There was no significant
difference between groups B and C (P=0.619). Groups B and C
had a significant difference from Group A (P=0.001 and
P=0.008). FEV1/FVC improved in all groups; A: 3.71%, B:
7.73%, and C: 8.52%. There was no significant difference
between groups B and C (P=0.286). Groups B and C had a
significant difference from group A (P=0.024 and P=0.001).
Walking distance in 6MWT improved in all groups; A: 3%, B:
12.95%, and C: 20.09%. There was no significant difference
between groups B and C (P=0.659). Groups B and C had a
significant difference from group A (P=0.004 and P=0.013).
Quality of life using COPD assessment test scores showed
improvements in all groups. All groups' test scores decreased;
A: 4.36%, B: 22.85%, and C: 22.99%. There was no
significant difference between groups B and C (P=0.010).
Groups B and C had a significant difference from group A
(P=0.001 and P=0.001).

Figure 2: Acapella and dial to change positive expiratory
pressure.[24]

Results:
Participants:
Sixty patients were included with baseline characteristics as in
Table 1. Patients’ age ranged from 40 to 65 years. COPD
prevalence increased with age, around 6.6% in 45–54 years
old.[26] COPD-related symptoms prevalence was 15.7% in
Egyptians over 40 years old.[27] Patients with high BMI were
excluded from this investigation because it was related to a
decline in lung function.[28] Obesity is thought to change the
respiratory mechanics which is manifested with a reduction in
respiratory muscle strength, endurance, and limitations in

Table 1: The baseline characteristics of the groups. P-value was tested at confidence
interval=95% (CI=95%). BMI: body mass index.
Variable

A

B

C

P-value

Age (yr)

52.20 ± 6.81

53.65± 5.67

51.25± 5.11

0.439

BMI (kg/m )

23.08 ± 1.67

22.50 ± 1.48

22.30 ± 1.95

0.335

FEV1 (%)

65.89±4.73

66.27±4.81

64.68±4.30

0.529

2

FEV1/FVC (%)

58.22± 4.99

59.52± 5.49

60.68± 4.88

0.323

6MWT (m)

302.80± 40.07

314.70± 49.93

290.65± 36.80

0. 213

CAT

18.35± 2.94

17.95± 2.78

19.35± 3.57

0. 350

Table 2: Pre- and post-study mean ±SD values of all variables in all groups.
A

B

C

Variable
Pre

Post

P-value

Pre

FEV1 (%)

65.89 ±4.73

67.63 ±4.84

0.035 *

66.27 ±4.81

FEV1/FVC (%)

58.22 ±4.9

60.38 ±5.01

0.001*

6MWT (m)

302.80 ±40

311.90 ±39.4

CAT

18.35 ±2.94

17.55 ±3.5

Post

P-value

Pre

Post

P-value

72.18 ±3.96 <0.001* 64.68 ±4.30

71.47 ±4.45

<0.001*

59.52 ±5.49

64.12 ±5.06 <0.001* 60.68 ±4.88

65.85 ±5.18

<0.001*

0.028*

314.70 ±49.9

355.45 ±45.3 <0.001* 290.65 ±36.8 349.05 ±51.2

0.039*

17.95 ±2.78

13.85 ±2.45 <0.001* 19.35 ±3.57

14.90 ±3.33

<0.001*
<0.001*

Data are expressed in means ±SD, FEV1/FVC: Forced expiratory volume in the first second/forced vital capacity, 6MWT: Six-minute walk test, CAT:
COPD assessment test, *Significant: p ≤0.05.
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A

B

-4.5430*

.002

A

C

-3.8415*

.008

C

A

3.8415*

.008

C

B

-.7015

.619

A

B

-3.73550*

.024

A

C

-5.46800*

.001

C

A

5.46800*

.001

C

B

1.73250

.286

A

B

-43.550*

.004

A

C

-37.150*

.013

C

A

37.150*

.013

C

B

-6.400

.659

A

B

3.70000*

.000

A

C

2.65000*

.010

suggested that PEP therapy produces a positive back pressure
during expiration that splints open the peripheral airways,
temporarily enhancing lung volume and allowing air to move
behind the obstructed lung segments through collateral
ventilation pathways.[43, 44]
Acapella also improved the pulmonary function tests similar to a
previous study which compared Acapella and usual airway
clearance during acute exacerbation in COPD.[45] Also, Acapella
demonstrated better improvements in FEV1 and more
reduction of symptoms in COPD patients versus diaphragmatic
breathing exercises.[46] This might be explained by the vibrations
of Acapella which shakes mucus plugs and makes the patient
coughs.[47, 48] The oscillations to exhaled air interrupt the airflow
accelerations, acting as a series of mini-coughs in the distal
airways, rather than conventional coughs working on the larger
airways.[49] Therefore, this improves cough effectiveness and
pushes the secretion out.[47] Acapella can be more effective for
secretion mobilization because it elicits vibrations of amplitude
from 5 to 8 cm H2O.[50] These vibrations increase secretion
removal by reducing the viscosity of secretions and help to
displace them into the airway lumen.[48]

C

A

-2.65000*

.010

Functional Capacity:

C

B

1.05000

.294

Walking distance in 6MWT revealed significant improvements
in both the treatment groups B and C and the control group A.
There was no significant difference between the two treatment
groups, as well as a significant difference between the two
treatment groups and the control group. This was comparable
with the previous investigations which indicated that ACBT has
significant and remarkable benefits on exercise tolerance and
functional capacity via 6MWT.[51] A similar improvement was
achieved in lung cancer patients post lung resection.[52] These
improvements can be explained by improved oxygen saturation
due to airway secretion clearance utilizing ACBT.[35, 52]
However, in one month study of ACBT, it did not lead to
improvement in the walking distance. The difference from our
study can be explained by the difference in treatment
duration.[53]
Threshold PEP also improved the walking distance, which was
in agreement with a previous study at which PEP was used with
patients with moderate-to-severe COPD. The improvement in
walking distance was accompanied by improvements in oxygen
saturation during recovery and a decrease in peak exercise heart
rate in the PEP group.[54] Even in severe COPD patients who
used PEP, there was an improvement in the walking distance
during 6MWT in a randomized crossover trial.[55] In
contradiction with the current study, another study found only
a small improvement obtained by using PEP, but there was no
clinical significance regarding the walking distance.[40] Although
these improvements were not clinically relevant directly to
walking, but may still indicate a correct strategy in improving
lung function which may help in executing the walking.
Acapella improved the six-minute walking distance after six
months. However, an earlier study on COPD patients found
improvement in exercise performance of greater than 10% but
not clinically significant.[56]

Table 3: Multiple-comparison post-hoc tests.
Variable

FEV1

FEV1FVC

MWT

CAT

Group

Mean Difference

Sig.

*. The mean difference is significant at the 0.05 level.

Discussion:
Pulmonary Function:
Pulmonary function testing outcomes including FEV1 and
FEV1/FVC ratio showed a significant increase in all groups with
no significant difference between the two treatment groups (B
and C), while there were significant differences between the
control group A and either of B and C.
Regarding ACBT and improvement in pulmonary functions,
several investigations were in agreement with the present
research.[33-35] These may be attributed to reducing airway
resistance by loosening secretions.[33, 35, 36] ACBT moves the
secretions to the upper airways to be coughed out by allowing
air to reach the small airways such as bronchiolar of Lambart
and pores of Kohn.[36] It also enhances the strength of
respiratory muscles and reduces the air trapping.[37] This results
in the improvement of lung compliance and reduction of airway
resistance.[37, 38]
Threshold PEP previously showed an increased FEV1 with
fewer COPD exacerbations when compared to diaphragmatic
breathing.[39] However, PEP didn’t show a similar result when
used for a short duration.[40] These improvements may be
attributed to the physiological or mechanical influences of
positive pressure. PEP improved emptying of the lung,
decreased functional residual capacity, enhanced tidal volume,
and enabled better alveolar emptying.[41, 42] Another possible
mechanism was building up of equilibrium between outward
recoil of the chest wall and inward recoil of the lungs.[41] This
gives the already flattened diaphragm a mechanical advantage
and hence helped maximal inspiratory force.[42] It has been
30
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Quality Of Life (Qol):
Quality of life using COPD assessment test scores showed
significant improvements in both the treatment groups B and C
and the control group A. All groups test scores decreased.
There was no significant difference between the two treatment
groups, as well as significant differences between the two
treatment groups and the control group.
ACBT showed improvements in earlier studies on the quality of
life in mild to moderate asthmatic adult patients.[57] Also, it
improved COPD-related symptoms, greatly improving the
quality of life in COPD failure patients.[58] This can be explained
by an increase in the depth of breathing, muscle strength, and
oxygenation. These are mechanisms for reducing dyspnea and
improving quality of life.[58]
PEP therapy is associated with improvement in pulmonary
function and QOL compared to no treatment,[59, 60] similar to
the current study. The improvement can be attributed to
increasing sputum expectoration [60] and to the improvement in
respiratory functions, cough, and dyspnea.[61] On the other
hand, other studies had contradicting evidence to the current
study. COPD patients treated with PEP did not have any
improvement in respiratory symptoms, quality of life, nor on
COPD exacerbations incidence.[62]
Acapella group also showed significant improvements in quality
of life in previous studies,[59, 63] as the current study. This was
attributed to improvement in sputum expectoration.

4.

5.
6.

7.

8.

9.

Conclusion:
Both treatment groups (PEP, and Acapella) and the control
group (ACBT) improved moderate COPD spirometry, walking
distance, and quality of life. There was no significant difference
between threshold PEP and Acapella. ACBT, which is a routine
treatment alone, showed improvements but to a lesser extent
than Acapella and PEP.

10.
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