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BACKGROUND: Positive expiratory pressure (PEP) devices are used to assist with airway clear-
ance. Little is known about the therapist-made or commercially available bubble-PEP devices. The
aim of this study was to determine the end-expiratory pressures (cm H2O) and oscillation frequen-
cies (Hz) generated when a range of flows were applied to the therapist-made bubble-PEP devices
(Bubble-PEP-3cm and Bubble-PEP-0cm) and commercial bubble-PEP devices (AguaPEP, Hydra-
pep, and Therabubble). METHODS: This was a bench-top experimental study using a compressed
air source, flow rotameter (flows of 5, 10, 15, 20, and 25 L/min), and pressure transducer. Data were
collected using a data acquisition device with PhysioDAQxs software and analyzed with Breath-
alyser software to determine the pressures and oscillation frequencies generated by 5 bubble-PEP
devices. Each flow was constant for a 30-s measurement period, and measurements were repeated
in triplicate. The 5 devices were: a therapist-made Bubble-PEP-3cm device (filled with 13 cm of
water, tubing resting 3 cm from the base of the container); the therapist-made Bubble-PEP-0cm
(filled with 10 cm of water, tubing resting at the base of the container); and the AguaPEP, Hydra-
pep, and Therabubble devices with water to the 10 cm mark on the containers. RESULTS: Flows
of 5–25 L/min produced the following mean � SD PEP and oscillation frequencies (Hz): the Bubble-
PEP-3cm produced PEP of 10.4 � 0.14 to 10.8 � 0.24 cm H2O, oscillations between 13 and 17 Hz;
the Bubble-PEP-0cm produced PEP of 10.9 � 0.01 to 12.9 � 0.08 cm H2O, oscillations between 12
and 14 Hz; the AguaPEP produced PEP from 9.7 � 0.02 to 11.5 � 0.02 cm H2O, oscillations be-
tween 11 and 17 Hz; the Hydrapep produced PEP of 9.6 � 0.35 to 10.7 � 0.39 cm H2O, oscillations
between 14 and 17 Hz; and the Therabubble produced PEP from 8.6 � 0.01 to 12.8 � 0.03 cm H2O,
oscillations between 14 and 17 Hz. CONCLUSIONS: Bubble-PEP-3cm maintained the most stable
pressure throughout the range of flows tested. All devices investigated produced similar oscillation
frequencies. Key words: airway clearance; AguaPEP; bubble; Hydrapep; physiotherapy; positive expi-
ratory pressure device; therapist-made; Therabubble. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Positive expiratory pressure (PEP) devices have been
used as an airway clearance technique to treat people with
respiratory impairments.1-3 The rationale for use is that the
PEP generated when exhaling through the resistor in the

device may prevent compression-induced airway collapse
by splinting airways open during expiration, which may
assist in airway clearance.4 PEP may also increase collat-
eral ventilation between adjacent alveoli,5 and the increased
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gas pressure distal to the retained secretions could assist in
airway clearance.6

A particular type of device that is used to deliver oscil-
latory PEP is the bubble-PEP device, which is constructed
from a container filled with water, with tubing inserted
into the container. PEP is generated at the mouth due to the
resistance caused by blowing into the water.7 A previous
study concluded that the PEP generated was dependent on
the inner diameter (ID) of the tubing, the diameter of the
air escape orifice, and the height of the water column
within the tubing.8 To generate pressures equal to the height
of the water column within the tubing, the tubing ID and
diameter of the air escape orifice should be �8 mm8 so
that the only resistance to air flow is that caused by the
water column (ie, a threshold resistor device).

In Australia, different bubble-PEP devices are available.
These include the therapist-made bubble-PEP device,9

which is made from inexpensive and easily accessible ma-
terials consisting of a container (eg, bottle) and tubing, and
the commercially available devices AguaPEP (Physiothera-
pyDynamics Pty Ltd, Queensland, Australia), Hydrapep
(Resolve Healthcare, Queensland, Australia), and Ther-
abubble (Physiotherapy Innovations, Queensland, Austra-
lia) (Fig. 1), which also consists of a container with water
and tubing. However, little is known regarding the pres-
sures and oscillation frequencies generated by these de-
vices. The objective of this study was to determine the
end-expiratory pressures and oscillation frequencies gen-
erated with flows of 5, 10, 15, 20, and 25 L/min using the
therapist-made bubble-PEP devices Bubble-PEP-3cm and
Bubble-PEP-0cm and the commercial devices AguaPEP,
Hydrapep, and Therabubble.

Methods

This independent laboratory study was conducted at the
Faculty of Health Sciences, University of Sydney, Austra-
lia.

Equipment Set-Up

Air flow was supplied by a compressed air source with
an attached regulator that could be adjusted to vary the
flow applied to the system. Air flowed to a rotameter
(Fisher Controls 2000, Fisher Controls Ltd, Croydon, UK),
which was used to adjust the flow to the PEP devices.
Flows delivered were 5, 10, 15, 20, and 25 L/min. These

flows were chosen to represent possible flows generated
by patients, since mean expiratory flow in healthy subjects
is approximately 18–19 L/min.8 From the rotameter, air
flow passed through a pneumotachometer heated to 37°C
(Hans Rudolph Heater Control Series 3850A, Hans Ru-
dolph, Shawnee, Kansas). A T-piece from the pneumota-
chometer was connected to the tubing that was inserted in
the bubble-PEP device and to the pressure transducer (Vali-
dyne DP45, Validyne Engineering Corp, Northridge, Cal-
ifornia). Air flowed from the pneumotachometer, through
the PEP tubing, and into the water (Fig. 2). The connec-
tions in the equipment setup were checked to ensure that
there were no air leaks.

Instrumentation Calibration

The rotameter was calibrated by a flow analyzer (PF-
300, IMT Medical, Buchs, Switzerland). The pressure
transducer was calibrated using a water manometer. Var-
ious pressures were applied to the pressure transducer us-
ing a syringe. The pressure signal was digitized, and a line
of best fit was calculated and used by PhysioDAQxs (Uni-
versity of Sydney, Australia) to scale the signal to units
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QUICK LOOK

Current knowledge

Positive expiratory pressure (PEP) devices are proposed
to assist secretion clearance in the lungs by PEP reduc-
ing early airway closure and thereby allowing contin-
ued expiratory air flow, and by aiding collateral alve-
olar ventilation which improves alveolar volume distal
to the retained secretions, thus assisting clearance to
move secretions centrally. Bubble-PEP devices are sim-
ple devices constructed from a container filled with
water and tubing inserted into the container. A person
blows into the tubing to create bubbles in the water,
which generates oscillations, and the resistance caused
by blowing through the tube into the water generates
PEP at the mouth.

What this paper contributes to our knowledge

We evaluated PEP and oscillations generated by various
expiratory flows (5-25 L/min) of 5 bubble-PEP devices
(therapist-made Bubble-PEP-3cm and Bubble-PEP-0cm
and commercial bubble-PEP devices AquaPEP, Hydra-
pep, and Therabubble). The Bubble-PEP-3cm had the most
stable PEP (ie, minimal change in PEP with increasing
flow), whereas the Therabubble had the most variable
PEP. All PEP devices investigated produced oscillation
frequencies between 11 and 17 Hz.

PEP PRESSURES AND OSCILLATION FREQUENCIES

2 RESPIRATORY CARE • ● ● VOL ● NO ●

RESPIRATORY CARE Paper in Press. Published on January 31, 2017 as DOI: 10.4187/respcare.05164

Copyright (C) 2017 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



of cm H2O. The pressure transducer was calibrated before
every experiment.

Devices

Figure 1 shows the 5 bubble-PEP devices investigated
in this study, and Table 1 presents the characteristics of
these devices. The construction of the therapist-made bub-
ble-PEP devices was based on a survey that investigated
the most common way physiotherapists in Australia con-
structed this device.9 The therapist-made Bubble-PEP-3cm
device consisted of a polyvinyl chloride compound con-
tainer, which had a height of 21 cm and a width of 10 cm
(Baxter Steri-Pour Bottle, Baxter Healthcare Pty Ltd, New
South Wales, Australia), and polyethylene tubing (SMC
Corporation of America, Noblesville, Indiana) with an ID
of 10 mm and length of 30 cm, with the distal end of the
tubing resting 3 cm from the base of the container (ie, the
Bubble-PEP-3cm device container was filled with water to
a height of 13 cm with a consequent water column height
in the tubing of 10 cm). The therapist-made Bubble-PEP-
0cm device was exactly the same as the Bubble-PEP-3cm
device except that the distal end of the tubing rested at the
base of the container (ie, the Bubble-PEP-0cm device con-
tainer was filled with water to a height of 10 cm with a
consequent water column height in the tubing of 10 cm).
In both therapist-made devices, there was no lid on the
container neck through which the tubing passed (ie, the top
of the container was open).

The commercially available bubble-PEP devices inves-
tigated were the AguaPEP, Hydrapep, and Therabubble.
For the commercial devices, water in the container was at
the 10 cm mark indicated on each device.

Data Collection

Data were collected in a stepwise manner (ie, for each
device, flow at 5 L/min was constant for a 30-s measure-
ment period to capture mean pressure and oscillation fre-
quency from the pressure transducer, before progressing
to a flow of 10 L/min to capture 30-s measurement data).
Flow was increased at increments of 5 L/min. Once
25 L/min was reached and data were collected, measure-
ment began at 5 L/min again. The experiment was re-
peated 3 times at each flow for each device.

The analog signal from the pressure transducer was col-
lected by a data acquisition device (DAQCard 1200, Na-
tional Instruments Corporation, Austin, Texas) installed
on a computer. PhysioDAQxs software running on the
computer controlled the capture and display of the pres-
sure data. The data sampling frequency was 150 Hz. Data
were saved in text format on the computer’s hard disk
drive.

Data were analyzed using Breathalyser software (Uni-
versity of Sydney, Australia). Breathalyser opened Phys-
ioDAQxs files and allowed a range of mathematical op-
erations to be performed on the selected data. For analysis
of oscillations, Breathalyser counted the number of oscil-
lations in a selected time interval and calculated the fre-
quency of the oscillations. Results were displayed in a
table on the computer’s monitor and saved as a text file on
the computer’s hard disk drive.

Statistical Analysis

Data were analyzed using SPSS 22 (IBM, Armonk, New
York). Regression analysis was used to determine the re-
lationship between expiratory pressures and flow. Mean

Fig. 1. Picture of bubble PEP devices. A: Bubble-PEP-3cm with
water at the 13 cm mark, tubing resting 3 cm from the base of the
container, and height of water in tubing 10 cm. B: Bubble-PEP-
0cm with water at the 10 cm mark, tubing resting at the base of the
container, and height of water in tubing 10 cm. C: AguaPEP with
water at the 10 cm mark, tubing resting on the base of the con-
tainer, and height of water in tubing 10 cm. D: Hydrapep with
water at the 10 cm mark, tubing resting on the base of the con-
tainer, and height of the water in tubing 10 cm. E: Therabubble
with water at the 10 cm mark, tubing resting 4 cm from the base
of the container, and height of water in tubing 6 cm.

Fig. 2. Experimental setup. Arrows indicate direction of air flow.
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values for pressures and frequency of oscillations gener-
ated at each flow were calculated from the mean of the
means of the 3 measurements. Two-way analysis of vari-
ance for repeated measures and independent t tests were
used to determine the rate of change in PEP with increas-
ing flow between devices. Differences were considered
statistically significant when P was �.05.

Results

Levels of PEP Generated

Figure 3 shows the effect of flow on PEP generated in
the 5 devices investigated. The linear rate of increase in
expiratory pressure with every 5 L/min increase in flow
for each device is shown in Table 2. The smallest increase
in pressure with increase in flow was 0.08 cm H2O in the
Bubble-PEP-3cm device, and the largest increase in expi-
ratory pressure with increase in flow was 1.06 cm H2O in
the Therabubble device. In all devices investigated, flow
significantly affected the expiratory pressure generated
(Table 2).

Linear regression was used to compare the change in
PEP generated with change in flow between the 5 devices
(Table 3). Only the Bubble-PEP-0cm and AguaPEP were
not statistically significantly different from each other
(P � .28).

Oscillation Frequency

All PEP devices investigated generated oscillations dur-
ing air flow (Fig. 4). For flows between 5 and 25 L/min,
Bubble-PEP-3cm generated oscillation frequencies be-
tween 13 and 17 Hz; the Bubble-PEP-0cm generated os-

cillation frequencies between 12 and 14 Hz; the AguaPEP
generated oscillation frequencies between 11 and 17 Hz;
the Hydrapep generated oscillation frequencies between
14 and 17 Hz; and the Therabubble generated oscillation
frequencies between 14 and 17 Hz.

Discussion

This is the first study to compare the therapist-made
bubble-PEP devices Bubble-PEP-3cm and Bubble-PEP-
0cm with the commercially available bubble-PEP devices
AguaPEP, Hydrapep, and Therabubble. Bubble-PEP-3cm
had the smallest change in expiratory pressure with in-
creasing flow, whereas Therabubble had the largest change
in expiratory pressure with increasing flow. When com-
pared with the other devices investigated, the Bubble-PEP-
3cm produced the most stable expiratory pressure regard-
less of flow, and the level of expiratory pressure was
consistent with the height of the water within the tubing.
Thus, Bubble-PEP-3cm could be considered a threshold
resistor device (ie, the pressure generated remained con-
stant, and approximately equal to the height of the water
column, at any expiratory flow).

All devices investigated had tubing and air escape ori-
fices with ID �8 mm, which would be expected to gen-
erate pressures equal to the height of the water column
independent of expiratory flow.8 Despite this, there were
differences between devices in the expiratory pressures
generated. The differences in PEP generated with increas-
ing flow were most likely due to design characteristics of
the devices (Table 1), such as the distance of the tubing
from the base of the container or the connector joining the
internal and external tubings (AguaPEP and Therabubble).
Both of these factors could increase pressures.

Table 1. Device Characteristics

Device Bubble-PEP-3cm Bubble-PEP-0cm AguaPEP* Hydrapep Therabubble*

Container
Height, cm 20 20 23.6 18 23
Diameter of base, cm 8.6 8.6 7.6 7.8 7.6
Diameter of air escape orifice, cm 3 3 2.4 2 0.8

Tubing
Continuous tubing Yes Yes No Yes No
Length inside container, cm 17 20 20.5 18 19.2
Length outside container, cm 13 10 30 17.2 46.5
ID of tubing inside container, mm 10 10 8 10 9.5
ID of tubing outside container, mm 10 10 8 10 10
ID of connector between tubing inside and outside container, mm NA NA 10 NA 5
Distance of distal end of tubing from base of container, cm 3 0 0 0 4

* The AguaPEP and Therabubble had 2 separate tubes, internal (inside container) and external (outside container) tubing, joined by a connector that acts as a one-way valve.
ID � inner diameter
NA � not applicable
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To our knowledge, this is the first study to investigate
the effect of placement of tubing in the container on the
amount of PEP generated. Bubble-PEP-0cm generated
higher PEP than Bubble-PEP-3cm at all flows. Although
the water height within the tubing in both devices was
10 cm, this was achieved in the Bubble-PEP-3cm by hav-
ing a water height in the container of 13 cm with the
tubing resting 3 cm from the base of the container, whereas
in the Bubble-PEP-0cm, the water height in the container
was 10 cm with the tubing resting on the base of the
container. The resistance to air flow into the water at the

distal end of the tubing when the tubing rested on the base
of the container could have increased the expiratory pres-
sures generated (ie, the base of the container may have
increased the resistance to air escaping from the distal end
of the tubing, thus increasing the PEP). The Bubble-PEP-
0cm and Hydrapep had very similar design characteristics,
but the Bubble-PEP-0cm had consistently higher PEP gen-
erated at all flows. The authors hypothesized that the dif-
ference in PEP generated between devices may have been
due to the type of tubing. The therapist-made Bubble-PEP-
0cm device had a rigid plastic tubing that did not deviate
from its position at the base of the container, thereby pro-
viding constant resistance to air flow, whereas the Hydra-
pep had flexible plastic tubing that was able to deviate its
position from the base of the container, thereby providing
less resistance to air flow.

The AguaPEP and Hydrapep also had tubing resting at
the base of the container, but the AguaPEP had higher
pressures than the Hydrapep at flows �10 L/min. This was
probably due to the connector between the internal (inside
the container) and external (outside the container) tubings
in the AguaPEP having a smaller ID than the tubing ID,
which would increase resistance to air flow and thereby
increase the PEP as described by Hagen-Poiseuille’s law.
This was also true for the Therabubble, where the connec-
tor between the 2 tubings had an ID of approximately
5 mm and was most likely the reason for the demonstrated
increase in pressure with increasing flow (Fig. 3). A pre-
vious study has shown that if tubing has an ID of �8 mm,
the pressure generated increases with increasing air flow.8

Whereas the AguaPEP, Hydrapep, and Therabubble were
filled with water to the 10 cm mark indicated on the de-
vices, the distal end of the Therabubble tubing was 4 cm
from the base of the container, unlike the AguaPEP and
Hydrapep, were the distal end of the tubing was at the base
of the container. Thus, in the Therabubble, the actual height
of the column of water providing resistance to expiration
was only 6 cm, which may explain the low pressures gen-
erated at a flow of 5 L/min in this device. The AguaPEP
and Hydrapep did not generate the expected 10 cm H2O
pressure at a flow of 5 L/min with a 10 cm water column
height, which indicates that flows �5 L/min may be re-
quired to generate pressures equal to the height of the
water column in these devices.

Although the Bubble-PEP-3cm, Bubble-PEP-0cm,
AguaPEP, Hydrapep, and Therabubble generated different
expiratory pressures with increasing flow, these differ-
ences may not be clinically relevant, since the expiratory
pressure generated by all devices ranged from 8 to
13 cm H2O. Currently, it is unknown whether such differ-
ences would affect the ability of the devices to assist air-
way clearance. Only a low flow of 5 L/min was required
to generate PEP of 8–11 cm H2O in the devices investi-

Fig. 3. Flow and positive expiratory pressure (PEP) relationship for
Bubble-PEP-3cm, Bubble-PEP-0cm, AguaPEP, Hydrapep, and
Therabubble devices. Error bars indicate SD.
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gated, which may make these PEP devices suitable for
people with impaired ability to generate expiratory flow.

All 5 devices investigated produced oscillation frequen-
cies of 11–17 Hz, comparable with those of the Acapella
(DHD Healthcare, Wampsville, New York) and Flutter
(VarioRaw SA, Aubonne, Switzerland) devices.10-12 Os-
cillation frequencies similar to ciliary beat frequency of
13.2 Hz13 may aid secretion clearance by increasing the
amplitude and frequency of the cilia, potentially increasing
mucociliary transport.11 A study investigating the clear-
ance of mucus in the trachea of dogs found that the en-
hancement of clearance was most pronounced if the oscil-
lation frequency was between 11 and 15 Hz,14 whereas
another study investigating the Flutter device in children
and adults with cystic fibrosis found that airway oscilla-
tions of approximately 19 Hz reduced sputum viscoelas-
ticity in vitro,15 making it easier to move airway secre-
tions. In our study, flow as low as 5 L/min produced
oscillation frequencies between 11 and 15 Hz. This may
make the PEP devices investigated suitable to aid secre-
tion clearance in people with impaired respiratory func-
tion.

A limitation of this study was that the tests were done in
a laboratory setting and may not be reproducible in a clin-
ical setting with human participants. However, this study
clarifies the pressures and oscillations that are generated
with a range of flows in these clinically available PEP
devices.

The PEP generated by these bubble-PEP devices may
splint airways open during expiration, thereby preventing
early airway closure.4 PEP may also promote movement
of air through collateral channels, enabling air to enter

alveoli distal to the retained secretions, potentially aiding
secretion clearance by expiratory air flow.6 The oscilla-
tions produced by the devices investigated may improve
secretion clearance through the effect on mucociliary trans-
port and sputum viscoelasticity. The particular design of
Bubble-PEP-3cm in this study showed that the PEP gen-
erated was equal to the height of the water column in the
tubing regardless of flow and that only a low flow of
5 L/min is required to generate 10 cm H2O PEP and os-

Table 2. Change in Expiratory Pressure With Increasing Flow for Each Device

Device Bubble-PEP-3cm Bubble-PEP-0cm AguaPEP Hydrapep Therabubble

Rate of change*, mean � SE cm H2O 0.08 � 0.03 0.51 � 0.02 0.48 � 0.03 0.28 � 0.06 1.06 � 0.06
P† .02 �.001 �.001 �.001 �.001

* Rate � increase in expiratory pressure (cm H2O) with every 5 L/min increase in flow.
† P � significance of the relationship between change in flow related to change in pressure.

Table 3. Statistical Significance of Linear Regression Slopes
Between Devices

Device
P

Bubble-PEP-3cm Bubble-PEP-0cm AguaPEP Hydrapep

Bubble-PEP-0cm �.001 NA NA NA
AguaPEP �.001 .28 NA NA
Hydrapep .005 �.001 .003 NA
Therabubble �.001 �.001 �.001 �.001

NA � not applicable

Fig. 4. Oscillation frequency in relation to flow for each bubble-
positive expiratory pressure (PEP) device. Error bars indicate SD.
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cillation frequency of 13 Hz required to aid airway clear-
ance. Because the therapist-made Bubble-PEP-3cm can be
constructed from easily attainable and inexpensive mate-
rials, this PEP device provides a cheaper alternative than
commercially available PEP devices and may be more
attainable for people with limited health-care resources.

Conclusions

Design characteristics of PEP devices can influence the
pressures generated. Bubble-PEP-3cm maintained the most
stable PEP with increasing flows compared with the other
PEP devices tested and could therefore be considered a
threshold resistor device. Although there was some vari-
ability in the pressures generated between Bubble-PEP-
3cm, Bubble-PEP-0cm, AguaPEP, Hydrapep, and Ther-
abubble devices with increasing flows, the size of the
pressure differences was small and may not be clinically
relevant. All PEP devices investigated produced oscilla-
tion frequencies between 11 and 17 Hz, which could aid
secretion clearance. Further research is warranted to de-
termine the effects of these devices in people with respi-
ratory impairments. The actual PEP and oscillation fre-
quency required for optimal airway clearance in patient
populations also need further investigation.
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