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BACKGROUND: In the intensive care unit we have observed that patients have different adherence to
2 commonly used positive-expiratory-pressure (PEP) therapy devices: the PEP bottle and the PEP mask.
The reason for this difference is not clear. METHODS: In a randomized prospective study, we made
continuous recordings of airway pressure and airflow, with 20 healthy volunteers, with the PEP bottle
and the PEP mask. The measurement sequence consisted of 3 sessions of 10 breaths with the PEP bottle
and the PEP mask, in a randomized crossover design. A rest period of 15 min separated the PEP bottle
and PEP mask measurements. RESULTS: With the PEP bottle the expiratory phase began with a
zero-flow period of 0.39 s, during which airway pressure rose 11.9 cm H2O. With the PEP bottle the
mean expiratory pressure was 11.7 cm H2O, and end-expiratory pressure was 9.5 cm H2O. With the
PEP mask the initial expiratory zero-flow period was almost nonexistent (0.04 s) and without any change
in airway pressure. With the PEP mask the shape of the expiratory pressure curve was different; mean
expiratory pressure was 8.6 cm H2O, and end-expiratory pressure was zero. With the PEP bottle the
inspiration also began with a zero-flow period of 0.43 s, during which airway pressure decreased
9.6 cm H2O from the end-expiratory airway pressure. With the PEP mask the initial inspiratory
zero-flow period was only 0.01 s and there was no concomitant change in airway pressure. CONCLUSIONS: The PEP bottle and the PEP mask showed major differences in the relationship between airflow
and airway pressure. These findings might explain the observed differences in patient adherence to these
therapies. Key words: positive expiratory pressure, PEP, airflow, airway pressure, Borg scale, chest physiotherapy, flow resistor, threshold resistor. [Respir Care 2007;52(8):1000 –1005. © 2007 Daedalus Enterprises]

Introduction
For a long time, chest physiotherapy has been an established form of treatment for pulmonary complications af-
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ter abdominal and cardiac surgery.1 Chest physiotherapy
after abdominal surgery reduced the frequency of pulmonary complications, compared to an untreated control
group.2,3 Although research has been done in this field
since the 1950s, there is still controversy over which chest
physiotherapy method is most effective.1,4 –7 Recent studies confirm the importance of chest physiotherapy after
cardiac surgery.8,9
Positive expiratory pressure (PEP) breathing is a form
of chest physiotherapy in which the patient expires against
a resistance. There are 2 conceptually different methods to
apply PEP: threshold resistor devices, and flow resistor
devices.10,11 The PEP mask (a flow resistor device) was
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Fig. 1. Left: Positive expiratory pressure (PEP) bottle setup. Right: PEP mask setup.

developed in Denmark in the late 1970s, and it soon became a popular treatment in Scandinavia, Europe, and Canada.12,13 With the PEP mask, the magnitude of the expiratory pressure is determined by airflow and by the applied
outflow resistor. The PEP mask is thus a flow resistor
device. At a constant expiratory flow, the outflow resistance is inversely correlated to the diameter of the outflow
resistor. PEP is also related to airflow. With a given outflow resistor, an increase in flow increases PEP, and a
decrease in flow decreases PEP.
During the last decade, most departments of infectious
disease in Sweden have introduced the PEP bottle (a threshold resistor device), which is now a common treatment for
uncomplicated pneumonia.14 With the PEP bottle, the expiratory resistance consists of a water seal. To obtain airflow through the PEP bottle, the patient has to establish an
airway pressure higher than the water seal before expiration occurs. With the PEP mask, airflow starts immediately at the beginning of the expiration.
In our daily practice in the intensive care unit we observed that some patients are not able to exhale more than
a few times through the PEP bottle before they have to
rest. After some normal breaths they are able to continue
their PEP bottle exhalations. Their capacity to exhale
through the PEP bottle is not improved by reducing the
amount of water in the water seal. Our experience has been
that the PEP mask suits our patients better than the PEP
bottle. With the PEP mask they are able to do 10 –15
consecutive exhalations at a PEP of 10 cm H2O without
becoming dyspneic. The reason for this difference is not
clear. Some theories exist concerning physiological responses to PEP breathing,15,16 but there have been few
direct comparisons of the PEP bottle and PEP mask. The
PEP bottle used today is less evaluated than the PEP mask,
and results with the PEP mask are often applied also with
the PEP bottle.
With healthy volunteers we measured the airway pressure and expiratory airflow with the PEP bottle and the
PEP mask, to objectively evaluate the devices. We also
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collected the volunteers’ estimations of their perceived
exertion, using the Borg category ratio (CR) 10 scale, as a
subjective evaluation.17
Methods
The study was approved by the research ethics committee of the medical faculty of Umeå University, and informed consent was obtained from each participant. Twenty
healthy volunteers (mean ⫾ SD age 37 ⫾ 9 y, 13 women,
7 men) participated. Prior to PEP measurements, we measured (Model 5, Vitalograph, Buckingham, United Kingdom) vital capacity and forced expiratory volume in the
first second (FEV1) in all 20 participants. A physiotherapist who was experienced in pulmonary function measurements performed the tests. The participants were seated,
and a nose-clip was used. The best of 3 maneuvers within
10 min was used for both vital capacity and FEV1.
Figure 1 shows the PEP measurement setups. In all the
measurements the participants breathed through a pressure
transducer, followed by a bacterial filter and an airflow
transducer. A T-valve that separated the inspiratory and
expiratory airflow was connected to the distal end of the
airflow transducer.
The PEP bottle device consisted of a bottle with 10 cm
of water and a 42-cm plastic tube (inner diameter 1 cm)
connected to the expiratory limb of the T-valve. The end
of the tube was 10 cm below the water surface, which
provided an expiratory pressure of approximately
10 cm H2O. A nose-clip and a mouthpiece were used when
breathing through the PEP bottle.
The PEP mask consists of a face mask, to which various
resistors (inner diameter range 1.5–5.0 mm) can be connected. The chosen resistor was connected to the expiratory limb of the T-valve.
The participants sat on an adjustable chair in front of the
table, with 90-degree flexion of the knees and hips, and
with the feet firmly on the floor or, if needed, a footstool.
The subject’s elbows were placed on the table, and the
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subject’s fingers were placed on the mask or mouthpiece
(see Fig. 1). All participants practiced with both the PEP
bottle and the PEP mask before the measurements began.
They were instructed to breathe in and out through the
mouth, to take a deep breath and exhale slightly actively,
and to try to find a rhythm they felt comfortable with.
When practicing with the PEP mask, expiratory pressure
was measured with a manometer connected to the expiratory valve. The resistor chosen for each participant was the
resistor that resulted in an expiratory pressure of approximately 10 cm H2O. The inner diameter of the resistors
used ranged from 2.0 mm to 4.5 mm.
When the participant felt comfortable using the 2 PEP
devices, a 15-min pause took place before the PEP measurements began. During the 15-min pause the participants
were instructed how to use the Borg CR 10 scale,17 and
electrocardiogram measurements were started. The electrocardiography continued during the whole test procedure.
During PEP breathing, airway pressure, airflow, and
blood oxygen saturation (measured via pulse oximetry)
were recorded continuously at 200 Hz, with waveform
acquisition and analysis software.
The measurement sequence consisted of 3 sessions of
10 breaths with either the PEP mask or the PEP bottle, in
a random order (sealed envelopes). A 2-min pause separated each session of 10 breaths. To avoid carryover effects, the subject had a rest period of 15 min before measurements with the second PEP device. After the third
session with each PEP device, the participants estimated
their perceived exertion, with the Borg CR 10 scale.17
Calibrations
Before the tests, the pressure transducer was calibrated
with a water column. A 2-point calibration procedure was
used (ie, the transducer was calibrated with 0 cm of water
and with a 10 cm water column). In addition, the pressure
transducer was tested during a longer period to evaluate
offset drift and sensitivity drift. The sensitivity drift was
small, compared to the offset drift. The offset drift was
therefore compensated for before each test series.
The airflow transducer was calibrated with a 600-mL
calibration syringe before every third session of 10 breaths.
However, because of unknown artifacts, the airflow signal
was initially impossible to calibrate to 0 L/s. There was
constant drift in the airflow baseline, which persisted
throughout the registration period. This drift had to be
dealt with in 2 steps, in accordance with instructions from
the manufacturer and from local research engineers. Airflow baseline drift, as measured during a period with no
airflow, was subtracted from the registered airflow signal.
Any existing trend in the airflow signal was then removed.
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The airway pressure signal was adjusted similarly. Thus,
mean airway pressure during zero airflow was measured
and then subtracted from the airway pressure signal.
Analyses of the airway pressure and airflow recordings
were done manually for each individual breath. The shift
between inspiration and expiration was defined as the point
when the airflow signal passed zero L/s; that is, when the
airflow signal changed from a positive (inspiration) to a
negative (expiration) value, or vice versa.
Statistical Analysis
We used the paired t test to compare the PEP mask and
PEP bottle data. A p value ⬍ 0.05 was considered statistically significant. Data are presented as mean ⫾ SD, except for the Borg scores, which are reported as median and
range values. Statistical analyses were performed with statistics software (SPSS for Windows 12.0, SPSS, Chicago,
Illinois).
Results
Demographic Data
Our 20 healthy volunteers had normal baseline pulmonary function: mean ⫾ SD vital capacity 4.33 ⫾ 0.92 L
(80 –131% of predicted) and FEV1 3.57 ⫾ 0.76 L (83–
127% of predicted). All the participants were nonsmokers.
There were no significant differences in heart rate over
time, within or between the PEP mask and PEP bottle
“groups.” Oxygen saturation was 97–99%.
Changes in Airway Pressure
With the PEP bottle, after a deep inspiration, the expiratory phase began with a 0.39 s zero-flow period, during
which airway pressure rose 11.9 cm H2O but no airflow
occurred. With the PEP mask, the expiratory zero-flow
period was only 0.04 s and the change in airway pressure
was 0.4 cm H2O (Fig. 2).
Figure 3 shows the mean and maximum expiratory pressures, the ratios of mean to maximum airway pressure, and
the end-expiratory airway pressures. Both the maximum
(14.9 cm H2O) and mean (11.7 cm H2O) expiratory pressures were higher with the PEP bottle. The ratio of mean
to maximum airway pressure was slightly higher with the
PEP bottle than with the PEP mask (see Fig. 3C).
At the end of the expiration, airway pressure was much
higher with the PEP bottle (9.5 cm H2O) than with the PEP
mask (near zero) (see Fig. 3D).
With the PEP bottle the inspiration started after a zeroflow period of 0.43 s, during which airway pressure decreased 9.6 cm H2O from the end-expiratory airway pressure level. With the PEP mask the inspiratory zero-flow
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pants rated their perceived exertion higher with the PEP
bottle. The remaining 3 participants felt that there were no
difference in their perceived exertion between the 2 PEP
devices.
Discussion

Fig. 2. A: Zero-airflow period at the beginning of expiration.
B: Change in airway pressure during this zero-airflow period. The
values are mean ⫾ SD. * p ⬍ 0.001.

period was 0.01 s, and there was no change in airway
pressure from the end-expiratory airway pressure level
(Fig. 4).
Changes in Airflow
Figure 5 shows the maximum and mean expiratory airflows, both of which were higher with the PEP bottle than
with the PEP mask.
Breathing Pattern
The mean inspiratory time was 2.56 ⫾ 0.83 s with
the PEP bottle and 2.25 ⫾ 0.74 s with the PEP mask
(p ⬍ 0.001). Mean expiratory time was 5.14 ⫾ 1.54 s with
the PEP bottle and 5.80 ⫾ 2.0 s with the PEP mask
(p ⫽ 0.068).
Peak airway pressure and peak airflow occurred within
the first 60% of the expiratory phase with the PEP bottle,
and within the first 50% of the expiratory phase with the
PEP mask.
The mean inspiratory-expiratory ratio was 0.52 ⫾ 0.14
(ie, 1:2) with the PEP bottle and 0.41 ⫾ 0.12 (1:2.5) with
the PEP mask (p ⫽ 0.005). The time required for 10 consecutive breaths was similar with the PEP bottle and the
PEP mask: 77 ⫾ 22 s versus 80 ⫾ 25 s, respectively
(p ⫽ 0.29).
Perceived Exertion
The participants’ perceived exertion was measured with
the Borg CR 10 scale.17 The median perceived exertion
was 2.5 (range 0 –5) with the PEP mask, and 2 (range 0 –5)
with the PEP bottle. Twelve participants rated their perceived exertion higher with the PEP mask, and 5 partici-
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The PEP bottle is, by tradition, the first choice among
PEP devices at our university hospital, and it is used daily.
However, some patients are not able to take more than a
few breaths with the PEP bottle, whereas they are able to
take 10 –15 consecutive breaths with the PEP mask. This
difference in patient compliance has not been previously
investigated. We therefore chose to compare the PEP bottle with the PEP mask. These PEP devices represent 2
different principles for applying PEP. Breathing with the
PEP bottle (a threshold resistor device) is done with a
mouthpiece, and the exhalation is through a water seal,
whereas the PEP mask (a flow resistor device) is done
with a face mask equipped with an expiratory resistor.
We found major differences in the relationship between
airflow and airway pressure with the PEP mask and PEP
bottle during both expiration and inspiration. With the PEP
bottle the expiratory phase began with a zero-flow period,
during which airway pressure rose rapidly. With the PEP
mask the expiratory zero-flow period was almost nonexistent, and without change in airway pressure. The duration of the zero-flow period with the PEP bottle reflects
the time required for the airway pressure to rise above the
water seal level. When the airway pressure reaches that
level, airflow begins. At the end of the expiration, airway
pressure was 9.5 cm H2O with the PEP bottle and zero
with the PEP mask.
With the PEP bottle the inspiration began with a zeroflow period, which was an interesting and unexpected observation. During this zero-flow period, airway pressure
decreased from the end-expiratory airway pressure level to
slightly below zero. With the PEP mask the inspiratory
zero-flow period was much shorter and there was no change
in airway pressure during that very brief zero-flow period.
The zero-flow periods make the patient briefly hold his or
her breath, and it is therefore possible that the longer zeroflow periods (during both expiration and inspiration) cause
some patients to become dyspneic with the PEP bottle.
Some methodological considerations have to be addressed.
Outflow resistance of different positive expiratory pressure
systems has previously been tested in vitro, with various ventilator systems and constant-airflow devices (rotameters),11,18 –21 whereas in vivo data are sparse. Many threshold
resistors show flow dependence when airflow increases.11
With the water seal, when the airflow is above 30 L/min,
airway pressure increases.22 Christensen et al19 compared 3
flow resistors (PEP mask, Pari-PEP, and System 22-PEP)
with 3 threshold resistors (underwater seal, Vital Signs PEEP
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Fig. 3. A: Maximum expiratory airway pressure. B: Mean expiratory airway pressure. C: Ratio of mean to maximum airway pressure. D:
End-expiratory airway pressure. The values are mean ⫾ SD. * p ⬍ 0.001.

Fig. 4. A: Zero-airflow period at the beginning of inspiration.
B: Change in airway pressure during this zero-airflow period. The
values are mean ⫾ SD. * p ⬍ 0.001.

Fig. 5. A: Maximum expiratory airflow. B: Mean expiratory airflow.
The values are mean ⫾ SD. * p ⬍ 0.001. † p ⬍ 0.026).

valve, and Ambu PEEP valve) and concluded that the water
seal is an almost ideal threshold resistor. They also found a
minor degree of flow dependence, especially at higher pressures, and that a T-valve itself could act as a resistor.
Limitations of the present study include the fact that the
subjects used a mask when breathing through the PEP
mask and a mouthpiece when breathing through the PEP
bottle. We chose these methods because they resemble
standard clinical use. Further, there are some minor differences in compressible gas volume between the different
PEP devices (10.5 mL), which might influence the results,
but probably only to a minor degree.
In the present study our intention was that the participants breathe against an expiratory pressure of 10 cm H2O,
with both PEP devices. However, both maximum and mean

expiratory airway pressure differed significantly between
the PEP bottle and the PEP mask. The mean expiratory
airflow with the PEP bottle was 0.33 L/s, and a T-valve
was used for separating the inspiratory airflow from the
expiratory airflow. Both the use of the T-valve and the
velocity of the expiratory airflow could explain why the
measured mean expiratory airway pressure was higher than
10 cm H2O with the PEP bottle.
We observed lower airway pressures than expected with
the PEP mask. This might be due to the fact that some
participants changed their way of breathing, compared to
the initial instruction phase. To avoid external disturbances,
such alterations in breathing pattern were not addressed
with further instructions to the participant.
The mean expiratory airflow we observed (0.29 L/s with
the PEP mask and 0.33 L/s with the PEP bottle) is in line
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with earlier findings. Control-group data (healthy persons)
from previous studies, which included tetraplegic patients23
and obese patients,24 consistently showed mean expiratory
airflow of 0.3 L/s with the PEP mask in the healthy persons. However, maximum expiratory airflow was much
higher with the PEP bottle than with the PEP mask in the
present study. Data on maximum expiratory flow might,
however, be questioned, so airflow was measured with an
airflow transducer that is adequate for measuring airflow
of ⱕ 5 L/s. If airflow is turbulent, falsely high airflow
values might be reported.25 It is possible that the oscillating airflow that occurs with the PEP bottle resulted in
falsely high maximum expiratory flow values.
Airway pressure and airflow are objective measures, but
the Borg CR 10 scale17 provides only a subjective measurement of perceived exertion. Data on perceived exertion are not easy to deduce. Interestingly, there were great
differences in the perceived exertion among the participants. Some participants reported their perceived exertion
at 5 (on a 1–10 scale), whereas others reported no perceived exertion. Considering the wide range in these data
from healthy volunteers, one can easily understand that
patients have different capacities to breathe through different PEP devices.
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There were major differences between the PEP bottle
and the PEP mask in the relationship between airflow and
airway pressure, during both expiration and inspiration.
With the PEP bottle, both expiration and inspiration began
with a zero-flow period, during which airway pressure
changed rapidly. There was no such pressure change during the very short zero-flow period with the PEP mask.
The duration of the zero-flow periods may explain why
some patients lose their breath when using the PEP bottle
and do not when using the PEP mask. These findings from
healthy volunteers might reflect the observed differences
in patient adherence to PEP therapy, which merits further
investigation. It would be of special interest to study postoperative patients and intensive care unit patients with
chronic obstructive pulmonary disease.
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