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Abstract
In recent years patients with respiratory diseases use various devices, which help the removal of mucus from the
airways and the improvement of pulmonary function. The aim of the present study is to determine the effectiveness of
the current devices of respiratory physiotherapy, as it comes from the review of literature. The current devices of physiotherapy for patients with respiratory diseases, are presented as an alternative therapy method or a supplemental therapy
and they can motivate patients to apply therapy by themselves. These devices seem to increase patients’ compliance to
daily treatment, because they present many benefits, as independent application, full control of therapy and easy use.
These devices are the Positive Expiratory Pressure, the High Frequency Chest Wall Oscillation, the Oral High Frequency
Oscillation, the Intrapulmonary Percussive Ventilation, the Incentive Spirometry the Flutter and the Acapella and the
Cornet. Current devices seem to be effective in terms of mucus expectoration and pulmonary function improvement, as it
is shown by published studies. The choice of the suitable device for each patient is a challenge for the physiotherapist in
order to achieve better compliance in daily treatment. More controlled studies are needed due to the fact that the number
of published studies is limited. Hippokratia 2008; 12 (4): 211-220
Key words: devices of respiratory physiotherapy, respiratory physiotherapy, clearance of bronchi, chronic respiratory
diseases
Corresponding author: Hristara – Papadopoulou Alexandra, 21 Mikras Asias Str, Kalamaria, Thessaloniki, 55132, Greece, Tel: +30 2310 445
879, e-mail:alekpap@phys.teithe.gr

Chest physiotherapy (CPT) with bronchial drainage
is the standard treatment for mobilization and removal
of airway secretions in many types of respiratory dysfunction especially in chronic lung disease, such as cystic
fibrosis, brochiectasis, bronchitis, bronchial asthma, primary ciliary dyskinesia syndrome. CPT has been shown
to be effective in maintaining pulmonary function and
prevention or reduction of respiratory complications in
patients with chronic respiratory diseases1-4.
However, standard CPT is very labor-intensive and
time-consuming both for hospitalized and non-hospitalized patients with impaired airway clearance. For this
reason many patients refuse to do daily physiotherapy
and interrupt it with all bad consequences.
In recent years, devices of respiratory physiotherapy
have emerged which offer alternatives to standard CPT
which are less time-consuming and offer greater independence to the patient with chronic lung disease. According to recent literature, devices of respiratory physiotherapy are introduced as alternative therapy methods5-8
in order to facilitate and improve mobilization of mucus
from airways, through which better lung ventilation and
improved pulmonary function can be achieved. These
devices are safe and offer acceptable airway clearance to
conventional CPT.
Patients with chronic respiratory diseases prefer to
use devices of respiratory physiotherapy because of their
benefits, such as the independent application and the re-

duced cost of therapy. Aerosol treatments may be given
while the patient is using these devices, if needed. The
current devices of respiratory physiotherapy are: Positive
Expiratory Pressure, High Frequency Chest Wall Oscillation, Oral High Frequency Oscillation, Intrapulmonary
Percussive Ventilation, Incentive Spirometry and the
Flutter device.
Positive Expiratory Pressure (PEP) device
Positive expiratory pressure (PEP) therapy was developed in the 1970s and has been introduced in the United
States as an alternative to conventional physiotherapy9,10.
The device consists of (Figures1,2): a face-mask or
mouthpiece, a one-way valve, to which expiratory resistances can be attached and a manometer between the
valve and the resistance, to monitor the actual value of
pressure, which should be between 10 and 20 cm H2O
during mid-expiration10-12.
This device is considered to allow more air to enter
peripheral airways via collateral channels, to allow pressure air to go behind secretions, moving them towards
larger airways where they can easily be expelled and to
prevent the alveoli from collapsing8,13,14-16.
Application: Patient must be able to perform certain
manoeuvres in an upright or sitting position. The patient
slowly inspires to vital capacity and then holds his breath
for about 3 seconds. Then slowly exhales through the
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Figure 1: Positive expiratory pressure (PEP) - mask.

Figure 2: Positive expiratory pressure Thera-PEP.

mouthpiece with the fixed orifice resister that is usually
set to create an expiratory pressure resistance between
10-20 cm H2O. This slow deep breathing manoeuvre is
repeated anywhere from 10 to 20 times. Then a “huff” or
a forced exhalation should follow to clean secretions that
have been mobilized. Periods for relaxation and breathing control for about 1-2 minutes are necessary17,18. Full
expiration should be avoided. Therapy duration and frequency are adjusted according to individual’s needs19.
Treatment is usually performed for about 15-20 minutes
twice a day in patient with stable clinical condition12.

lation is also reported24-26. In addition, there has also
been reported improvement in compliance and shorter
hospital stays27. Other studies report PEP as an acceptable and effective treatment regimen to lung function8,16,28.

PEP device may give independence to patients with
chronic respiratory diseases, as it can be carried out without
an assistant and is easy and convenient in use20-22. Small
clinical studies have reported improved tracheobronchial clearance and patient comfort with PEP devices
compared to standard CPT23,24. Reduction in pulmonary
infections/antibiotic courses and improved bronchodi-

Figure 3: High frequency chest wall oscillation device.

High Frequency Chest Wall Oscillation (HFCWO)
device
HFCWO is performed with a mechanical device
(ThAIRaphy® bronchial drainage system, Hayek Oscillator). During HFCWO, positive pressure air pulses are
applied to the chest wall, for example by means of an inflatable vest and an air pulse generator (Figures 3,4). The
generator produces pressures of about 50 cm H2O at a frequency of around 525 Hz delivered via a pneumatic vest
which surrounds the thorax. These air pulses oscillate the
chest and the vibrations reportedly cause transient flow
increases in the airways, loosening mucus and producing
cough like sheer forces29.

Figure 4: Using HFCWO device-Vest.

HIPPOKRATIA 2008, 12, 4

It is hypothesized that increases in cough clearing
ability may be due to an increase in mucus/ airflow interaction and/or a shearing mechanism leading to a decrease
in the viscoelasticity of mucus30-32. Several studies1-4,33
report that the high frequency chest wall oscillation device: a) provides an adequate physiotherapy method to
conventional physiotherapy, b) helps sputum expectoration, c) contributes in stabilization or improvement of
respiratory function and d) increases airflow in low lung
volumes.
Application: The manufacturers recommend that the
patient must undergo this therapy while on upright or sitting position and concomitantly receiving aerosol bronchodilator therapy. The HFCWO treatment is started at
low pressures and frequency and then increased to the recommended pressure/frequency as per patient tolerance29.
These therapy sessions generally last about 30 minutes and should not be performed on patients with significant hemoptysis. Despite these restrictions, these devices have been shown to mobilize more secretions than
standard CPT in small clinical trials1,31. More research is
needed to determine its efficancy, cost benefits and optimum treatment strategies29,34.
Oral High Frequency Oscillation (OHFO) device
Oral high frequency oscillation has been developed
from the technique of high frequency jet ventilation. Oscillation of the air within the lungs at high frequency is
associated with an increased clearance of CO2. Because
of the high frequency and low volume of these oscillations, spontaneous breathing is unhindered and the technique has potential value as a supplement to ventilation35.
Sine wave oscillations are produced by an eccentric cam
piston or the diaphragm of a loudspeaker and can be superimposed on normal tidal breathing. The low volumes
of approximately 48 ml and pressures approximately 0.2
cm-2.0 cm H2O with a mean pressure of zero allow patients to breath spontaneously36,37.
This device provides a practical and simple method
of supplementing breathing in conscious subjects, and it
may also have application in the management of patients
with acute or chronic respiratory failure, where intubation and conventional ventilation might be avoided35.
In normal subjects under laboratory conditions OHFO
has been shown that increases mucocilliary clearance38
and reduces minute ventilation35.
Data on the effect on mucociliary clearance of oral
high frequency oscillation is conflicting. Nevertheless
this device has not been demonstrated to be more effective than other techniques in patients with cystic fibrosis39
or chronic bronchitis40, it may be an alternative for some
patients7. Increase in mucociliary clearance in normal
man induced by oral high frequency oscillation OHFO
has considerable potential in the management of patients
with chronic airflow obstruction (CAO), where it may be
of value as an assistance to breathing and in the relief of
breathlessness41.
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This device of chest wall oscillation is widely used in
the USA. Direct comparisons with other airway clearance
treatments more commonly used in other countries, are
difficult to make42.
Intrapulmonary Percussive Ventilation (IPV) device
Intrapulmonary percussive ventilation (IPV) combines aerosol inhalation and internal thoracic percussion
applied via a mouthpiece. The IPV is the delivery of a
pulsatile flow of gas released with each pulse that can
be preset and the pulsation frequency adjusted to each
individual43.
Application: The patient initiates the flow of gas and
during inspiration the pulsatile flow results in an internal
percussion. Interruption of the respiratory flow allows
for passive expiration. According to some researchers
the device of intrapulmonary percussive ventilation is as
effective as «standard» respiratory physical therapy, assists mucus clearance and may be an alternative for some
patients6,44,45.
Further studies are need to determine the short-term
and long-term goals and to establish the rank of IPV in
airway clearance in patients with chronic diseases7,43.
Incentive Spirometry (I.S.) device
Incentive spirometry provides feedback at a preset
inspiratory flow of volume of air42 (Figure 5). Incentive Spirometry is designed to mimic natural sighing or
yawning by encouraging the patient to take slow, deep
breaths. A device called Incentive Spirometer is used to
provide information about patient’s inspiratory effort
by measuring the air flow (FEV1) and the air volume
(FVC).
The use of incentive spirometer has been supported
to increase or maintain inhaled lung volume, improve
sputum expectoration and to avoid serious lung infection,
especially after surgery46.

Figure 5: Incentive spirometry device.
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Application: Holding the incentive spirometer upright, patient is encouraged to take a slow and deep
breath with his lips sealed around the mouthpiece and
is motivated to achieve a preset volume by visual feedback, such as a piston rising to a preset marker. Holding breath for 2-3 sec at full inspiration is very important. Expiration is slow and calm42. After each set of 10
breaths, cough should be encouraged in order to clear
the lungs from mucus. It is recommended a repetition
of at least ten breaths every hour on the incentive spi-

during expiration. The Flutter device is a portable device
designed to help clear mucus in patients with lung disorders.
The device consists of a tube based on oscillations
of a steel ball during expiration through a pipe-type device47. The principle behind this device is that exhalation
into the Flutter valve causes a steel ball-bearing to oscillate at a high frequency, resulting in vibration of the
airways and intermittent positive expiratory pressure, to
facilitate mucus expectoration29,50 (Figures 6,7).

Figure 6: Flutter device.

Figure 7: Representation of oscillations of the steel ball.

rometer. The pattern of breathing while using incentive
spirometry is important. Emphasis should be given in
the expansion of the lower chest during full inspiration,
rather than the use of the accessory muscles of respiration, which would encourage expansion of the upper
chest. IS has been compared with few of the airway
clearance regimens and it is difficult to ascertain its effectiveness42.
There is little evidence to support the use of IS in
airway clearance7,47 but it is thought to be an important
factor in the reduction or prevention of postoperative
pulmonary complications and its use in those patients
is frequent. Using incentive spirometer after surgery
help keeping lungs clear. Deep inhalations promote
the mobilization of secretions and the opening up of
lung areas that may have become collapsed. Also it
exercises the lungs, keeping them active, especially
during the recovery from surgery, as if the patient was
at home performing daily activities48. The use of IS
appears to improve arterial blood gases and health-related quality of life in patients with COPD exacerbations, although it does not alter pulmonary function
parameters46.

Exhalation through the Flutter results in oscillations
of expiratory pressure and airflow, which vibrate the airway walls (loosening mucus), decrease the collapsibility
of the airways and accelerate airflow facilitating movement of mucus up the airways and improving lung function and oxygenation5,8,49,51.

Flutter Device
The Flutter device was developed in Switzerland
and combines positive expiratory pressure therapy with
high-frequency oscillations within the airway29. It is a
controlled vibration system which produces positive expiratory pressure and cyclic oscillation of the airways

Application: Flutter device must be used in the sitting or supine lying position42. The patient is instructed to
inhale deeply and hold his breath for 2 to 3 sec. Expiration should be slow8 through the Flutter valve, causing
oscillations of the steel ball inside the cone of the Flutter
(Figure 8). Patients apply repeated exhalations through
the Flutter valve. Routinely, three sets of 15 exhalations
are performed over 12–20 min. After each series of exhalations, patients were instructed to “huff” and cough,
thereby aiding expectoration19.
The frequency of the oscillations can be modulated
by changing the inclination of the Flutter device slightly
up or down from its horizontal position (Figure 9). The
patient selects the position that results in the best transmission of vibration to chest wall, optimizing the mobilization of mucus19,51.
Effective use of the Flutter device requires training,
concentration, and appropriate positioning of the mouthpiece. The Flutter device is simple to use inexpensive and
easily portable and once the patient and his family are
instructed in its use it does not require the assistance of
a caregiver.
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Figure 8: Using Flutter device.

Figure 9: Holding Flutter device.

Additionally, patients with severe obstruction may
not be able to generate sufficient airflow to cause vibration of the steel ball housed in the pipe-like extension of
the Flutter valve, thus limiting the effectiveness of this
device in these patients.
Long-term studies of the use of the Flutter seem justified to determine its effects on pulmonary function and
outcome5,8,51,52.
For hospitalized patients elimination of the need for
a therapist could reduce health care costs53.The Flutter
therapy is an acceptable alternative to standard RPT during in-hospital of patients with CF5.

has a numeric dial to adjust frequency. All models can be
used with a mask or mouthpiece and can be used in line
with a nebulizer. While these attributes may offer the Acapella some advantage over the Flutter, no long-term studies have been done in CF patients. A bench study of the
performance characteristics of the two devices showed a
slight advantage for the Acapella, with more stable wave
form and a wider range of PEP at low air flow 54.

Other devices producing similar effect such as Flutter
device, based in different mechanism of oscillations and
vibration effect within chest wall can be used by patients
with chronic respiratory diseases. These devices are Acapella and Cornet.
Acapella device
The Acapella (Smiths Medical Inc, Carlsbad, California, USA) is a handheld airway clearance device (Figure
10) that operates on the same principle as the Flutter, i.e.
a valve interrupting expiratory flow generating oscillating PEP. Utilizing a counterweighted plug and magnet to
achieve valve closure, the Acapella is not gravity dependent like the Flutter. The Acapella comes in three models,
a low flow (<15 L/min), high flow (>15 L/min) and the
Acapella Choice. The high and low flow models have a
dial to set expiratory resistance while the Choice model

Figure 10: Acapella device.
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Cornet device
The Cornet device (R. Cegla, Montabaur, Germany)
consists of a semi-circular tube containing a flexible latex-free hose (Figure 11). Expiration through the Cornet
causes the hose to flex, buckle and unbuckle, causing oscillating positive pressure in the airways which fluctuates
many times per second. The mouthpiece can be adjusted
to produce the optimal effect. Operating principle and use
are similar to the Flutter valve, although the Cornet is not
gravity dependent and can be used in any position. Like
the Flutter the Cornet cannot be used in line with a nebulizer. No studies showing the long-term effectiveness of
the Cornet in CF patients are available yet. The Cornet is
available in Europe but not in the USA.

ies-percentage 53%) compare the devices of respiratory physiotherapy with standard CPT. Eighteen studies (percentage 26%) are referred to the effectiveness
of each device separately, while a small number of reports (8 reports-percentage 12%) compare the devices
between them. Limited number of studies compares
the devices with other active techniques of respiratory
physiotherapy (6 studies-percentage 9%) (Table 1, Figure 13).
Table 1: Published studies.
Comparison devices vs CPT

36

Effectiveness of each device

18

Comparison of devices between them

8

Comparison devices vs active techniques

6

Figure 11: Cornet device.

Figure 13: Percentages of published studies.

The greater number of published studies (63 studies- percentage 93%) is concerned the short-term effects, while only 5 studies (percentage 7%) were referred to long-term results of devices (Table 2, Figure
14).
Figure 12: Representation of oscillations of the latex-free
hose.

Critical analysis of Research studies
Sixty eight studies regarding devices of respiratory
physiotherapy published to PubMed the last twenty years
were studied in order to define their effectiveness. The
effectiveness of standard chest physiotherapy (CPT) has
been confirmed by many studies. CPT is considered the
base of respiratory physiotherapy and is characterized as
‘gold standard’ of physiotherapy.
A great number of the published studies (36 stud-

Table 2: Results of studies.
Short-term results

63

Long-term results

5

A great number of studies (25 studies- percentage
73%) determine the results of devices in patients with
cystic fibrosis. Eight reports (percentage 24%) refer to
patients with COPD and only 1 study (percentage 3%) to
patients with primary cilliary dyskinesia. (Table 3, Figure
15)
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Table 4: Devices.
Flutter

23

PEP

18

HFCO

11

IPV

9

IS

3

Cornet

3

Acapella

1

Figure 14: Percentages of results of studies.
Table 3: Diseases included in studies.
Cystic Fibrosis

25

COPD

8

Cilliary dysikesia

1
Figure 16: Percentages of devices

The analysis of research studies that compared devices to standard CPT regarding sputum expectoration
and pulmonary function showed that PEP device (2 studies) and Flutter device (2 studies) are superior to standard
physiotherapy, while HFCWO device and IPV device
are proved to be as effective as standard CPT. Only 1
study reports that HFCWO device is more effective than
standard physiotherapy in sputum expectoration (Figure
17, Table 5). Similarly 1 study reports that IPV device is
more effective than standard CPT in pulmonary function
(Figure 18, Table 6).

Figure 15: Percentages of diseases included in studies.

The devices used more often according to published
researches are Flutter device (23 studies) percentage
35%, PEP device (18 studies) percentage 27% and HFCWO device (11 studies) percentage 16%. Following
the IPV device (9 studies) percentage13% and in the
same number of reports the IS device and Cornet device
(3 studies) percentage 4%, while the less used device
is Acapella device (1 study) percentage 1% (Table 4,
Figure 16).

Figure 17: Percentages of comparison devices vs CPT- Sputum Expectoration.
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Table 5: Comparison devices vs CPT- Sputum Expectoration.
PEP

FLUTTER

HFCWO

IPV

Effective

4

3

7

4

More Effective

2

2

1

0

PEP

FLUTTER

HFCWO

IPV

Effective

4

3

1

3

More Effective

4

2

0

1

Table 6: Comparison devices vs CPT- Pulmonary Function.

Figure 18: Percentages of comparison devices vs CPT- Pulmonary Function.

Conclusively, according to the results of published
studies we support that more research is needed to define the long-term outcomes of the devices of respiratory
physiotherapy, to evaluate patients’ compliance to therapy
and to underline their effect to quality of life. It is difficult
to determine which device of respiratory physiotherapy
is better since there are no long-term trials that compare
the devices between them. Flutter and PEP device are the
most popular used devices, even though this is not confirmed by long-term studies, while for the other devices
the literature is limited and ambiguous.
Discussion
Stasis of secretions in respiratory diseases leads to
chronic infection, inflammation and lung destruction44.
Respiratory physiotherapy has been used for many years
to help in removal of secretions. However the denial of
the patients to do daily physiotherapy especially in chronic obstructive diseases leads to the creation of regimens
which provide independent application.
The current respiratory devices have been designed to
enhance patients’ compliance and independence.
According to the research studies the current devices
of respiratory physiotherapy are effective in improving
pulmonary function, lung oxygenation, clearing mucus

from bronchi and making feasible better compliance of
patients in treatment. Also they decrease the respiratory
complications1-4,8,35,38,49-51. Furthermore these devices are
easy in use and they reduce cost of therapy8.
The number of published reports is limited, though
more research is needed to define the effectiveness of
the devices of respiratory physiotherapy and their place
among the current techniques available.
Physiotherapists should be informed about current
devices of respiratory physiotherapy in order to choose
the appropriate device for each patient, according to
patient’s age and clinical condition. Also they should
teach patient the direct use of the device and give practical advices. Also the patient must be informed that these
devices must not replace the programme of respiratory
physiotherapy, because they have a supplemental role to
respiratory physiotherapy, contributing to better results in
pulmonary function. Alternation of using the devices, according to the patient’s condition will give a motivation
to the patients in order to continue their treatment.
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