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Acute Effects of Oscillatory PEP and Thoracic Compression on
Secretion Removal and Impedance of the Respiratory System in Non—
Cystic Fibrosis Bronchiectasis

Leticia Helena de Souza Simoni, Daniele Oliveira dos Santos, Hugo Celso Dutra de Souza,

José Antonio Baddini-Martinez, Marcel Koenigkam Santos, and Ada Clarice Gastaldi

BACKGROUND: Bronchiectasis is characterized by abnormal and permanent dilatation of the
bronchi, caused mainly by the progression of inflammatory processes and loss of the ability to
remove mucus. Techniques to clear the airways are essential for the treatment of these patients. In
this study, we aimed to evaluate the acute effects of oscillatory PEP and thoracic compression
on both the clearance of secretions and impedance of airways in subjects with bronchiectasis.
METHODS: This was a randomized crossover single-blinded study that involved both subjects
with bronchiectasis and healthy subjects evaluated by using an impulse oscillometry system,
which assessed resistance at 5 Hz and resistance 20 Hz, reactance at 5 Hz, reactance area, and
resonant frequency, before, after, and 30 min after oscillatory PEP, chest compression, or control
sessions. Dry and total weights, adhesiveness, purulence of the expectorated secretions, the dyspnea scale
score, the acceptability and tolerance scale score, pulse oximetry, and difficulty in expectoration
were also assessed. RESULTS: The dry and total weights of secretions were higher after the use
of the oscillatory PEP technique than those in a control session (P = .005 and P = .039,
respectively). In the bronchiectasis group, there was a decrease after oscillatory PEP in total
airway resistance (P = .04), peripheral resistance (P = .005), and reactance area (P = .001).
After compression, there was a decrease in peripheral resistance Hz (P = .001) and reactance
area (P =.001). In the healthy group, there was an increase in resistance at 5 Hz (P = .02) after
oscillatory PEP. There were no differences in acceptability and tolerance, dyspnea, and oxygen
saturation. CONCLUSIONS: The oscillatory PEP technique was effective for the removal of
secretions and in decreasing total and peripheral respiratory system resistance; thoracic com-
pression had comparable positive effects on the peripheral resistance. Both techniques were
safe and well tolerated by the subjects with bronchiectasis. ClinicalTrials.gov registration
NCT02509637.) Key words: impulse oscillometry, pulmonary function; bronchiectasis; chest phys-
iotherapy. [Respir Care 0;0(0):1—-. © 0 Daedalus Enterprises]

Introduction

Bronchiectasis is characterized on pathologic examina-
tion by the abnormal and permanent dilatation of one or
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more bronchi with core symptoms, including chronic cough,
expectoration of purulent secretions, and dyspnea.'-3 Fur-
thermore, recurrent and chronic damage to the airways
leads to a vicious cycle of bacterial colonization, inflam-
mation, and tissue destruction.>*7 Other than pharmaco-
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logic or surgical treatment, physical therapy techniques
used to clear the airways are also indicated for patients
with bronchiectasis; these techniques are essential in the
treatment protocol and improve sputum expectoration,
respiratory symptoms, and quality of life of these indi-
viduals.3

Different airway clearance techniques are available: ei-
ther manual techniques or techniques performed by using
specific devices. One of these techniques is manual tho-
racic compression, which requires the actions of a ther-
apist during the expiratory phase to increase the expi-
ratory flow.!0-13 Although thoracic compression is a
well-known technique and has been used for many years,
the effects of this technique on the removal of secre-
tions are not well defined. The sudden application of
compression can lead to bronchial collapse in patients
with COPD, as evaluated by peak flow measurements,'4
and we do not know if this could also happen in patients
with bronchiectasis when compression is applied during
a fast or a slow maneuver. Another technique, which
uses a device known as the FLUTTER, was proposed by
Lindeman's in 1992 and has been used frequently since
that time.!'® This technique is based on 2 principles:
positive pressure combined with oscillatory flow during
expiration.'s17-20

The most frequently used method for assessing pulmo-
nary function is spirometry. Other methods, for example,
the impulse oscillometry system, have been proposed more
recently.?!>2 The impulse oscillometry system measures
respiratory system impedance, which is a functional eval-
uation of the airways in response to pressure and flow
variations. In addition to the ease of use, the system is
more sensitive to alterations related to the central and
peripheral airways, which may not be possible with spi-
rometry.?? Our study evaluated the acute effects of os-
cillatory PEP and thoracic compression on secretion and
impedance of airways in subjects with bronchiectasis
and in healthy subjects.

Methods
Design

This study was a randomized crossover single-blinded
study.
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Current knowledge

For patients with bronchiectasis, airway clearance tech-
niques are an essential aspect of treatment for secretion
retention. The effect of the oscillatory PEP device on
respiratory system resistance in individuals with chronic
respiratory disease needs to be better defined; although
likely beneficial, the effect of manual thoracic com-
pression in patients with bronchiectasis has not been
addressed to date.

What this paper contributes to our knowledge

The oscillatory PEP was effective for removal of se-
cretions and to decrease total respiratory system resis-
tance. Oscillatory PEP and thoracic compression had
comparable positive effects on peripheral resistance and
were safe and well tolerated by the subjects with bron-
chiectasis.

Subjects

To create the bronchiectasis group, we recruited volun-
teers who were in clinical follow-up at the pulmonology
out-patient clinic of the Hospital das Clinicas of the Med-
ical School of Ribeirdo Preto. To be considered eligible for
the study, subjects ages 30—80 y; diagnosed with bron-
chiectasis according to the bronchiectasis severity index,??
based on clinical history and high-definition computed to-
mography; and showed no exacerbation in the 4 weeks
before the study were included in the study. Patients were
excluded if they had COPD, asthma, other restrictive dis-
ease, a history of pulmonary surgery, or other pulmonary
conditions. In the healthy group, the volunteers were
matched by age, with normal spirometry findings and no
history of respiratory or cardiac problems, and were re-
cruited in the community. The study was approved by the
human research ethics committee of the Clinical Hospital
of the Ribeirdo Preto Medical School, University of Sao
Paulo.

Intervention

The subjects selected to participate in the study under-
went a detailed medical evaluation to assess their general
state of health and clinical stability. They were informed
about all stages of the research, signed a consent form, and
were instructed to suspend the use of inhaled respiratory
medications 24 h before the study. The evaluations were
performed in the Laboratory of Respiratory Assessment,
Physical Therapy Graduation Course, Ribeirdo Preto Med-
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ical School, University of Sdo Paulo. At baseline, all the
subjects underwent complete lung function testing, with
residual volume measurement, sputum bacteriology, and
dyspnea scale evaluation by using the Medical Research
Council scale.?* The expectoration difficulty scale was also
applied.?> The scale ranges from 1 to 5: 1 is no difficulty
and 5 is extremely difficult. The bronchiectasis severity
index was also assessed.?* The bronchiectasis severity in-
dex is a new index for classification of the severity of
bronchiectasis according to both clinical and radiologic
criteria.

During each session, the subjects, in a seated position,
were instructed to perform 3 forced expirations every 5 min
to eliminate secretions. The secretions were evaluated for
their weight, adhesiveness, and purulence. During the con-
trol session, the subjects remained seated and breathed
calmly with no guidance; in the Flutter VRP1 (VarioRaw
SA, Switzerland) session, the subjects performed exercises
with calm inspiration and prolonged expiration; and, in the
compression session, the subjects were instructed to take
deep breaths, interspersed with 3 quiet breaths and the
expirations were accompanied by bilateral slow compres-
sion with the therapist’s hands (LHSS) on the lower ribs.
In the oscillatory PEP and compression sessions, 1-min
rests were planned every 4 min.

The control, oscillatory PEP, or compression sessions
were randomly assigned by using Microsoft Excel (Mi-
crosoft, Redmond, WA). The techniques were applied by
the same experienced physiotherapist (LHSS), and another
investigator (DOS) performed the impulse oscillometry
system tests, blinded to the sessions. The study was con-
ducted on 3 d with 1 week of washout. Each session con-
sisted of baseline evaluation (pre); 30 min of control, os-
cillatory PEP, or compression session; immediate
evaluation (post); and 30 min of rest and re-evaluation
(rest).

Primary Outcomes

Secretions. The secretions were collected in universal
weighing scales for total and dry weight evaluation. They
were also evaluated for adhesiveness according to the
visual scale described by Lopez-Vidriero,?° which ranges
from 1 (more adhesive) to 4 (less adhesive). The puru-
lence was evaluated as either mucoid, mucopurulent, or
purulent according to the visual scale proposed by Mur-
ray et al.?’

Impulse Oscillometry. Impulse oscillometry was per-
formed by using a Jaeger impulse oscillometry system
(Jaeger, Wurzburg, Germany) calibrated daily for volume
and pressure by using a 3-L syringe with a reference re-
sistance of 0.2 kPa/L/s. A free-flow mouthpiece was used
to minimize the effect of malposition of the tongue.?® The
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mouthpiece contains a depressor to keep the tongue on the
floor of the mouth, stabilize it, and reduce oral resistance.
Pressure pulses were applied to the airways 5 times per
second for at least 60 s while the subject was breathing at
the tidal volume level. The pulses were performed to cal-
culate the mean of 3 technically acceptable measurements.
Parameters were calculated by using frequencies between
5 and 35 Hz, including the resistance at 5 Hz (R5) or total
respiratory system resistance; resistance at 20 Hz (R20) or
central resistance; R5-R20 or peripheral resistance; reac-
tance at 5 Hz, which reflects the combined effect of tissue
elastance and inertance; reactance area; and resonant fre-
quency, the frequency at which the values of elastic and
inertial resistance are equal.2%-30

Secondary Outcomes

Acceptability and Tolerance. Thirty minutes after the
treatment or control session, the subjects rated the proce-
dure’s utility, ease of understanding instructions, ease of
performing the exercises, the degree of fatigue, and dis-
comfort on scales of 1 to 7 (1, extremely; 7, none).3!

Pulse Oximetry. During the interventions, the subjects
were monitored with a digital oximeter TuffSat (GE Health-
care, Helsinki, Finland), and the data from both before and
after the procedure were recorded.

Data Analysis

The sample size was calculated by using previous re-
sults with the variable RS, when considering a mean = SD
difference of 0.08 = 0.072! power of 90%, and « of 5%,
which resulted in a total of 14 individuals with a diagnosis
of bronchiectasis (bronchiectasis group) and 14 healthy
individuals (control group). Data were analyzed by using
the statistical programs R (RCore Team, Vienna, Austria)
and SAS Statistical Software (version 9.3, SAS Institute,
Cary, North Carolina). Both were used to generate linear
analysis models, with mixed effects. Data are presented as
mean = SD, and 95% CI. P < .05 was considered to be
significant.

Results

Anthropometric and sociodemographic characteristics of
the volunteers are shown in Table 1. Eighty-seven patients
were screened, and 47 did not meet the inclusion criteria,
therefore, 40 subjects completed the protocol and were
divided into the bronchiectasis and control groups (Fig. 1).
Twenty subjects with bronchiectasis were evaluated; 14 ex-
pectorated secretions during the application of at least one
of the techniques. Non—cystic fibrosis bronchiectasis eti-
ology was as follows: tuberculosis sequelae (40%), re-
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Table 1.  Baseline Characteristics of the Study Participants

Subjects With Healthy
Characteristic Bronchiectasis Subjects
(n =20) (n = 20)
Age, mean = SD y 57 = 14 56 £ 10
BMI, mean = SD kg/m2 24 + 4.6 24 + 8
Airway pathogens, %
Pseudomonas aeruginosa 25 NA
Staphylococcus aureus 5 NA
No colonization 50 NA
No sputum collection 20 NA
MRC 3 1
Difficulty of sputum 2 NA
BSI, mean 6 NA
FEV,, mean = SD % pred. 60.4 = 0.28 103.5 = 13.8
FVC, mean = SD % pred. 79.4 = 0.24 107.5 £ 15.2
FEV,/FVC, mean = SD % pred. 62.7 £0.17 96.8 £ 6.5
VC, mean = SD % pred. 78.6 = 0.24 NA
RV, mean = SD % pred. 112.8 = 0.21 NA
TLC, mean = SD % pred. 90.9 = 0.16 NA
RV/TLC, mean = SD % pred. 125.5 = 0.25 NA

BMI = body mass index

NA = not applicable

MRC = Medical Research Council
BSI = bronchiectasis severity index
Jopred. = percent predicted

VC = vital capacity

RV = residual volume

TLC = total lung capacity

peated childhood infection (30%), ciliary dyskinesia (10%),
a-1 antitrypsin deficiency (5%), secondary to Jogren syn-
drome (5%), immunoglobulin M deficiency (5%), and non-
identified (5%). The control group was made up of
20 healthy non-smokers with normal spirometry and in a
similar age range to those who completed the protocol.
Significant differences were found between oscillatory PEP
and the control sessions for analysis of secretion removal
by total weight (P = .039) and dry weight (P = .005) (Fig.
2). The average adhesion score was 2 in the oscillatory
PEP and control sessions and was 3 in the compression
session, but the differences were not significant. In all
3 interventions, the expectorated secretions were mucopu-
rulent.

Results obtained by the impulse oscillometry system in
the bronchiectasis group are shown in Table 2. No differ-
ence was found immediately after application of the tech-
niques. In comparison between the post and rest. Signifi-
cant changes were observed in the values of R5-R20 and
AX, after the oscillatory PEP session and thoracic com-
pression, in the comparison with rest. When comparing
pre versus rest and post versus rest evaluation time frames,
both oscillatory PEP and thoracic compression produced a
decrease in R5-R20 (kPa/L/s) and reactance area (kPa/L).
In the control session, R5-R20 (kPa/L/s) parameter was

4

increased during rest compared with the post evaluation.
In the comparisons between the baseline evaluation versus
re-evaluation and the immediate evaluation versus re-eval-
uation, an increased reactance area (kPa/L) was observed.
There was no difference for R20 in any comparison. The
differences observed for parameters reactance at 5 Hz (kPa/
L/s) and resonant frequency (Hz) were similar in both
techniques and the control session. The values obtained in
the impulse oscillometry system for the healthy group are
shown in Table 3. After the oscillatory PEP intervention,
there was an increase in RS (kPa/L/s) and in R5-R20
(kPa/L/s) when comparing the pre to the post or rest re-
sults, without a drop in these values after the re-evaluation
period. When comparing post to rest data, thoracic com-
pression showed a reduction in reactance at 5 Hz (kPa/L/s)
and the control session exhibited an increase in reactance
area (kPa/L). There was no difference for R20 in any
comparison, and the other parameters showed similar re-
sults.

During the 3 interventions in both groups, there was no
significant variation in oxygen saturation values, which ranged
from 94.3 = 2.6% to 93.7 = 3.9% for the oscillatory PEP
device, 94.2 = 3.0% to 93.9 = 31% for thoracic compression
and 94.3 = 2.4% to 93.4 = 2.8% for the control intervention
in the bronchiectasis group. In the control group, the varia-
tions were 97.1 = 1.6% to 97.1 = 2% for the oscillatory PEP
intervention, 97.5 * 0.9% to 97 £ 1.7% for thoracic com-
pression, and 96.7 = 1.6% to 97.2 %= 1.5% in the control
intervention. The heart rate of the subjects also remained
unchanged, which ranged from 80.1 * 134 beats/min to
78.2 = 12.8 beats/min for the oscillatory PEP intervention,
81.7 £ 13.2 beats/min to 79.9 * 14.3 beats/min for
thoracic compression, and 83.1 = 14.2 beats/min to 81.6 =
12.0 beats/min for the control intervention in the bronchiec-
tasis group. In the control group, the variations were
75.4 = 10.1 beats/min to 73.5 = 9.1 beats/min for the oscil-
latory PEP intervention, 73.7 = 7.6 beats/min to
73.5 £ 9.6 beats/min for thoracic compression and
73.3 = 7.3 beats/min to 73.2 = 5 beats/min for the control
intervention. With regard to the scales of acceptability and
tolerance, both interventions and the control session were
well accepted by the participants, with better scores for ac-
ceptability and tolerance being assigned most frequently (in
>70% of cases). Only oscillatory PEP in the bronchiectasis
group received a score of 40%, which reflected the degree of
fatigue experienced (exhaustion) (Table 4).

Discussion

To our knowledge, this research was the first study that
evaluated the acute effects of oscillatory PEP and thoracic
compression techniques on respiratory system resistance
in subjects with non—cystic fibrosis bronchiectasis. Only
the oscillatory PEP technique was effective for secretion
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87

Assessed for eligibility

Excluded
47
Tracheostomy: 2
Other pulmonary complications: 17
Exacerbation: 3

Descompensated heart failure: 1
Age >80y: 5

History of lobectomy: 5
Declined to participate: 13
Inability to perform 10S: 1

40

Baseline evaluation

!

Bronchiectasis group
20

l

i

Control group
20

l

Randomization
Session 1 - Oscillatory PEP or chest compression or control session
Session 2 - Oscillatory PEP or chest compression or control session
Session 3 - Oscillatory PEP or chest compression or control session

Randomization
Session 1 - Oscillatory PEP or chest compression or control session
Session 2 - Oscillatory PEP or chest compression or control session
Session 3 - Oscillatory PEP or chest compression or control session

} !}
Washout Washout
(7 days) (7 days)
Fig. 1. Eligibility, randomization, and interventions.
40
A 40 5
30+ i
P=.039 30 P= 005
20- ! ! 20 I . !
10+ 10-
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Oscillatory Compression  Control
PEP

T
Oscillatory Compression  Control
PEP

Fig. 2. Total weight (A) and dry weight (B) of the secretion expectorated during oscillatory PEP, compression, and control sessions in the

bronchiectasis group.

removal and had a beneficial effect on the total and pe-
ripheral respiratory system resistance, whereas thoracic
compression decreased the peripheral resistance in sub-
jects with bronchiectasis. However, oscillatory PEP pro-
duced an increase in resistance in the healthy subjects.
There was no decrease in saturation or change in the heart
rate during either intervention. The study participants stated
that the techniques were well accepted and did not gener-
ate discomfort.

According to the bronchiectasis severity index, our group
of subjects had moderate bronchiectasis. To the best of our
knowledge, no other physical therapy study on subjects
with bronchiectasis has used this index; therefore, limited
comparison of this study with other studies is possible.
The effects of the oscillatory PEP technique on secretion
removal are attributed to a change in mucus rheology,3?-33
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whereas the effects of the thoracic compression technique
are attributed to an increase of the expiratory flow.3* Both
interventions increased secretion production compared with
the control sessions, but only results obtained by using the
oscillatory PEP technique, with higher dry and total weight
of expectorated secretions, were statistically significant.
Only 3 subjects expectorated secretions in the control ses-
sion, whereas 14 other subjects in the treatment group
expectorated, which corroborated the benefits of oscilla-
tory PEP in bronchiectasis. An evaluation based on the
weight or total volume of secretions may affect the results
because there is no distinction made between the amount
of saliva and respiratory secretions in the sample collected.
To reduce this bias, we evaluated the dry weight of the
sputum to eliminate the effects of saliva and make the
results more reliable.
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Table 4.

Frequency of Increased Acceptability and Tolerance Scores Reported by the Subjects

Utility (%)
(scores 1-2)

Instructions (%)

Parameter (scores 1-2)

Achievement (%)
(scores 1-2)

Exhaustion (%)
(scores 6-7)

Discomfort (%)
(scores 6-7)

Bronchiectasis group

Oscillatory PEP 85 80
Chest compression 80 85
Control session 67 72

Control group

Oscillatory PEP 75 95
Chest compression 80 90
Control session 70 90

80 40 70
75 80 70
94 72 94
80 85 80
95 90 100
95 90 95

Volunteers” perception of the procedure’s utility (Utility), ease of understanding instructions (Instructions), ease of performing the exercises (Achievement), the degree of fatigue (Exhaustion), and
discomfort (Discomfort) on a scale of 1 to 7 (1, extremely, and 7, none); the best scores for Utility, Instructions, and Achievement were 1-2, and, for exhaustion and discomfort, were 6-7.

In agreement with our results, another study also re-
ported a higher volume of expectorated secretions after
oscillatory PEP treatment compared with sham oscillatory
PEP 2! However, the highest volume of expectorated se-
cretions was obtained after slow expiration with the glottis
open in a lateral posture in comparison with the oscillatory
PEP and control with the treatments.3> Notably, a previous
report>> and this present study applied the oscillatory PEP
technique with the subject in a seated position with exha-
lation at tidal volume, whereas slow expiration with the
glottis open in a lateral posture was performed in a posi-
tion in which the subject lies on his or her side with ex-
halation at a volume close to the residual volume. In ad-
dition, this study used the oscillatory PEP technique for
only 15 min, whereas it was performed for 30 min in the
present study.

We did not find any studies that evaluated the efficacy
of thoracic compression on secretion removal in subjects
with bronchiectasis. Our results showed comparable ef-
fects on the peripheral parameters in the subjects with
bronchiectasis. Although secretion volume after compres-
sion was slightly higher compared with control sessions, it
was not statistically significant when compared with the
volumes obtained during either the oscillatory PEP or the
control sessions.

Bronchiectasis is characterized by a cycle of bronchial
inflammation and destruction that causes changes in pul-
monary function with obstructive characteristics and air-
flow limitation.>? Impulse oscillometry is an alternative
method for evaluating the resistance of the respiratory sys-
tem. This technique is more sensitive for identifying al-
terations in the peripheral airways of patients with chronic
respiratory diseases when compared with spirometry,3° and
it may be a promising tool for evaluating the effects of
respiratory physiotherapy. In the bronchiectasis group,
there was an increase in total resistance after the control
session, but a decrease after oscillatory PEP. However,
resistance increased in the healthy group post flutter, which

8

implies the technique has a favorable outcome in individ-
uals with secretions, but may produce adverse effects in
those who do not. It is important to note that the flutter is
not recommended for healthy individuals, but the main
lesson here 1) consideration of the potentially negative
effects of incorrect application of the device and use only
in specific patient populations; 2) reinforcement that the
effects on airway resistance are related to secretion reten-
tion; and 3) clinical effectiveness of the oscillatory PEP is
most likely disease dependent, and this device needs to be
precisely indicated.

Impulse oscillometry was recently used in 2 similar stud-
ies that assessed physical therapy.2!-22 In a group of 8 sub-
jects with bronchiectasis, Figueiredo et al?' reported im-
provement in total resistance and the reactance area after
oscillatory PEP sessions. It is worth mentioning that the
group in this study had a sputum volume of approximately
50 mL/d, and although we did not evaluate this variable in
our subjects with bronchiectasis, the amount of expecto-
rated secretions during the interventions was lower than
this value.?! The volume of secretions in our study in-
creased after oscillatory PEP, with a decrease in total and
peripheral resistance after both oscillatory PEP and tho-
racic compression. Another study on subjects with COPD
and small volumes of secretion showed decreased resis-
tance, reactance, and expiratory flow limitation after 30 min
of oscillatory PEP, which suggested that the difference in
our results could be attributed to the mechanism of the
disease.??

We found that resistances did not decrease immediately
but only after 30 min, similar to results described in sub-
jects with COPD who presented with increased airway
resistance in the immediate evaluation and a decrease ob-
served after 20 min.?2 We speculate that this effect could
be attributed to episodes of coughing and mobilization of
secretions, induced by the technique performed without
previous use of a bronchodilator. Based on a similar hy-
pothesis to the present study, Guan et al®’ studied the
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resistance of the respiratory system in subjects in stable
phase of bronchiectasis during exacerbation, which is a
period with increased secretion production. Contrary to
expectations, impulse oscillometry did not present any dif-
ferences in the 3 periods studied. A possible explanation
for these differences to the results in the literature was that
the mechanisms that lead to obstruction in bronchiectasis
have structural characteristics that do not vary with the
amount of secretion.

The effects of the thoracic compression technique are
not well defined, and, to our knowledge, there is no study
on individuals with bronchiectasis that assessed the effects
on respiratory system resistance. The abrupt application of
compression can lead to bronchial collapse in patients with
COPD, as evaluated by peak flow measurements.3” There-
fore, in our study, compression was performed slowly,
which produced no worsening of total resistance, and de-
creasing in the peripheral resistance, which indicated that
the technique was acceptable for these individuals. The
rationale by which the application of force to the chest
wall works is to change the intrapleural pressure, which is
transmitted through the thoracic cage, to increase expira-
tory flow and assist in dislodging secretions.38

Vibration techniques, active cycle of breathing, and pos-
tural drainage are all well tolerated by patients according
to acceptability and tolerance scale scores.?® Our results
showed that the oscillatory PEP and thoracic compression
techniques were well accepted by the subjects with bron-
chiectasis. We evaluated the techniques in only one inter-
vention, but, when taking into consideration the possibility
of a long-term study, the high level of acceptability of the
techniques was favorable for treatment adherence. For the
exhaustion item, the subjects with bronchiectasis scored
only 40% of the best oscillatory PEP scores, and we spec-
ulate that it may be related to the use of an active tech-
nique and/or increased cough and secretion clearance dur-
ing the oscillatory PEP session. In addition, no undesirable
effects, such as falling saturation or altered heart rate dur-
ing the sessions, were observed, which indicated that the
techniques can be used safely.

One of the main limitations of our study was related to
the use of a manual technique, which was subjected to
different application protocols. Although the technique was
always applied by the same therapist (LHSS), the force
applied to the subjects’ thorax was not evaluated. More-
over, the criteria for ensuring the stability of the individ-
uals during the protocol were only clinical, with no new
complementary examinations.

Conclusions
The results suggested that the oscillatory PEP was

effective for removal of secretions and for decreasing
total and peripheral respiratory system resistance; tho-

RESPIRATORY CARE @ @ @ VOL @ NO @

racic compression had comparable positive effects on
peripheral resistance. Both techniques were safe and
well tolerated by the subjects with bronchiectasis. An
increase in the respiratory system resistance in the
healthy subjects after oscillatory PEP suggested that
this technique must be precisely prescribed.
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