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Respiratory pattern of diaphragmatic breathing and
pilates breathing in COPD subjects

Karina M. Cancelliero-Gaiad!, Daniela Ike!, Camila B. F. Pantoni’,
Audrey Borghi-Silva?, Dirceu Costa'?

ABSTRACT | Background: Diaphragmatic breathing (DB) is widely used in pulmonary rehabilitation (PR) of patients
with chronic obstructive pulmonary disease (COPD), however it has been little studied in the scientific literature. The
Pilates breathing (PB) method has also been used in the rehabilitation area and has been little studied in the scientific
literature and in COPD. Objectives: To compare ventilatory parameters during DB and PB in COPD patients and healthy
adults. Method: Fifteen COPD patients (COPD group) and fifteen healthy patients (healthy group) performed three
types of respiration: natural breathing (NB), DB, and PB, with the respiratory pattern being analyzed by respiratory
inductive plethysmography. The parameters of time, volume, and thoracoabdominal coordination were evaluated. After
the Shapiro-Wilk normality test, ANOVA was applied followed by Tukey’s test (intragroup analysis) and Student’s
t-test (intergroup analysis; p<0.05). Results: DB promoted increase in respiratory volumes, times, and SpO, as well
as decrease in respiratory rate in both groups. PB increased respiratory volumes in healthy group, with no additional
benefits of respiratory pattern in the COPD group. With respect to thoracoabdominal coordination, both groups presented
higher asynchrony during DB, with a greater increase in the healthy group. Conclusions: DB showed positive effects
such as increase in lung volumes, respiratory motion, and SpO, and reduction in respiratory rate. Although there were
no changes in volume and time measurements during PB in COPD, this breathing pattern increased volumes in the
healthy subjects and increased oxygenation in both groups. In this context, the acute benefits of DB are emphasized as
a supporting treatment in respiratory rehabilitation programs.
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Introduction

Diaphragmatic breathing (DB) is widely used in
pulmonary rehabilitation in patients with chronic
obstructive pulmonary disease (COPD). The main
objectives are to improve abdominal movement and
at the same time reduce the time of thoracic excursion
and the activity of the respiratory muscles of the
ribcage'?. Some of the beneficial effects of DB are
the improvement in maximum exercise tolerance?,
blood gases (increase in partial oxygen pressure and
reduction in partial carbon dioxide pressure)', and in
diaphragm muscle mobility>.

The Pilates breathing (PB) method is another
frequently used type of respiration that differs from
DB. PB requires deep breathing while keeping the
abdomen pulled in by means of active contraction
of the transverse abdominal (TrA) and pelvic floor
muscles*. Although the Pilates method is growing
in both the area of fitness and rehabilitation, there

is scarcely any scientific research on the subject,
particularly in the area related to respiration. Thus,
better knowledge of the specific breathing technique
of this method is necessary, particularly when applied
to individuals with diseases such as COPD, who
present diaphragmatic muscle dysfunction?.
Therefore, we hypothesized that the respiratory
patterns during DB and PB are different because in
DB there is a diaphragmatic excursion with abdominal
projections and in PB the abdomen is contracted and
chest breathing is encouraged, and we conducted
the present study in order to investigate the different
respiratory patterns induced by the two techniques.
In this context, the aim of the present study was to
compare these respiratory patterns in COPD patients
and healthy adults, evaluated by the respiratory
inductance plethysmography (RIP) method.
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Method

Design and study population

This was a prospective, randomized, and crossover
trial. To establish the COPD population, a total of 30
subjects of both genders were screened, including
patients with stable and moderate to severe COPD?,
among whom fifteen subjects (8 men and 7 women)
were selected for inclusion in the study. The selected
subjects had a documented medical history of COPD,
were receiving medical therapy with pulmonary
drugs, were smokers or former smokers, and none
had any clinical or physiological features of bronchial
asthma. The exclusion criteria were age over 80 years,
obesity, history of recent exacerbation, uncontrolled
arterial hypertension, and need for home oxygen
therapy.

For the healthy group, 15 subjects were also
included according to these criteria: healthy men and
women aged between 40 and 80 years. The exclusion
criteria were obesity, presence of pulmonary,
cardiovascular, neurological, and orthopedic
diseases, or any other dysfunction that hindered the
participation in the study. In this group there was no
sample loss.

The study was approved by the Research Ethics
Committee of Universidade Federal de Sao Carlos
(UFSCar), Sao Carlos, SP, Brazil (protocol 073/2009).
All the subjects signed an informed consent form to
participate in the research.

Measurements

The measurements that were studied were
taken on two different days. On the first day, the
subjects underwent a clinical assessment, and
baseline characteristics, such as age, gender,
weight, height, body mass index (BMI), were
recorded. Respiratory muscle strength represented
by maximal inspiratory pressure (MIP) and maximal
expiratory pressure (MEP) were assessed with an
analog vacuum manometer (Ger-Ar®, Sido Paulo,
SP, Brazil) in accordance with the recommendation
in the literature®. Spirometry was performed with
a portable spirometer (Easy One®, Andover, MA,
USA) to obtain forced vital capacity (FVC); forced
expiratory volume in 1 second (FEV ); and the
FEV1/FVC ratio. The procedure was performed
in accordance with the guidelines of the American
Thoracic Society’.

On the second day, the subject returned for the
experimental procedure. Initially, for the baseline
measure, the respiratory pattern was recorded for
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two minutes during NB. After this, the physical
therapist taught the participants the DB and PB
techniques (learning phase). Next, these patients
were asked to perform each technique in turn to
retain their effectiveness. After the learning phase
and a period of 15 minutes rest, the respiratory
pattern was recorded for 2 minutes during DB and
PB performed in a randomly assigned order, which
was contained in opaque, sealed envelopes that
were shuffled, distributed, and opened immediately
before the evaluation. The breathing techniques were
performed in the supine position? with a 15-minute
interval. The inspiratory and expiratory times were
not standardized, and the subjects were free to
perform the exercises at their own pace (Figure 1).
All subjects completed both breathing techniques
and care was taken to ensure that the proportion of
subjects who started assessing DB was equal to that
of PB.

Experimental procedures

In the present study, the measurements were
investigated at baseline (NB) and during two types
of respiration as follows:

Baseline/Natural breathing (NB) - the patients
were placed in the supine position and were instructed
to remain relaxed during the specified time. In this
period, no breathing frequency was induced to allow
the detection of each patient’s breathing pattern.

Diaphragmatic breathing (DB) - the patient lay
in the supine position with one hand placed at the
top of the abdominal area and the other, at the top
of the upper thorax. The emphasis was on outward
abdominal movement during inspiration and inward
abdominal movement during expiration®®,

Pilates breathing (PB) - PB was performed
according to the recommendations of Menezes®:
“Keep the neck and shoulders relaxed; Allow the
respiration to flow: do not hold your breath at any
point; Breathe through your nose without allowing
your shoulders to lift; Without stopping, breathe
out through your mouth with a sigh; Breathing out
through your teeth, with your lips pursed”. In addition
to deep breathing, the abdomen had to be kept pulled
in by active contraction of the TrA and pelvic floor
muscles®.

Respiratory Pattern measurements

The respiratory pattern was assessed by respiratory
inductive plethysmography (RIP) using the LifeShirt
System (Vivometrics Inc., Ventura, CA, USA) and
was monitored using the thoracic and abdominal
inductance plethysmography bands integrated in the
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Figure 1. Experimental protocol.

LifeShirt positioned at the level of the nipples and
umbilicus, respectively. Data were recorded with a
portable device and stored in a flash memory card
inserted in the LifeShirt recorder, then downloaded to
a computer and analyzed with the VivoLogic analysis
software program (Vivometrics Inc., Ventura CA,
USA) that accompanies the LifeShirt.

For the volumetric adjustment procedure, the
participants were asked to wear a nose clip and
breathe in and out 7 times through a mouthpiece
attached to an 800-ml plastic bag, filling and
emptying the bag completely with each breath. This
procedure was conducted in the sitting and standing
posture after appropriate pauses, twice for each
posture, and repeated if participants did not adhere
to instructions, until it was successfully performed.

In the respiratory pattern analyses, the following
variables were used:

e Volume measures: Inspiratory tidal volume
(ViVol); expiratory tidal volume (VeVol), and
minute ventilation (Vent);

* Time measures: Respiratory Rate (Br/M);
inspiratory time (Ti); expiratory time (Te), and
total breath time (Tt);

e Thoracoabdominal coordination measures:
Percent Rib Cage Inspiratory Contribution to
Tidal Volume Ratio (%RCi); Labored Breathing
Index (LBI); phase relation during inspiration
(PhRIB); phase relation during expiration
(PhREB); phase relation of the entire breath
(PhRTB); and phase angle (PhAng).

To obtain the RIP sum signal for absolute volume
in ml, a quantitative calibration was carried out before
the analysis of respiratory variables. Breath-by-breath
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analysis was performed during a 2-minute period and
converted into mean values for later comparisons by
statistical analysis.

Peripheral oxygen saturation measurements

During the breathing exercises, peripheral oxygen
saturation measurements (SpO,) and heart rate (HR)
were determined by pulse oximetry (Nonim® 8500A,
Plymouth, MN, USA).

Statistical analysis

The Shapiro-Wilk test was applied to establish
data frequency distribution and as data presented
normality, repeated measures ANOVA with Tukey’s
post-Hoc (intragroup analyses) and unpaired Student’s
t-test (intergroup analysis) were performed. A p-value
of 0.05 was considered statistically significant. The
Prism 3.0 software program was used. The power
analysis was performed using GraphPad StatMate®
2.00 and the statistical power was 99%.

Results

The characteristics of the healthy group and the
COPD group are shown in Table 1.

In the COPD group, 9 individuals were former
smokers and 6 were smokers. As regards the
classification of COPD, 6 presented with a moderate
obstruction and 9 with severe obstruction. As
expected, the healthy group presented higher values
for pulmonary variables compared with the COPD
group.

Considering the respiratory pattern in the
intragroup analysis, only DB differed from NB in the

COPD group, with an increase in volume measures
(ViVol: 121%; VeVol: 120%;, Vent: 63%), Ti (46%),
Te (55%), and Tt (52%) and a decrease in Br/M
(34%). In addition, DB induced an increase in the
thoracoabdominal coordination measures (PhRIB:
187%; PhREB: 167%; PhRTB: 178%; PhAng:
178%) when compared with NB. SpO, increased in
both DB (4.2%) and PB (4.1%) compared with NB
(Table 2). In contrast, HR did not differ between the
three respirations (NB:74+10; DB:75+10; PB:79+10
bpm). When comparing PB with DB, DB showed
higher values for ViVol (49%), VeVol (65%), Ti
(35%), Te (67%), Tt (56%), PhRIB (81%), PhAREB
(71%), PhRTB (68%), and PhAng (119%) and lower
values for Br/M (35%; Table 2).

Similarly, in the healthy group, DB induced an
increase in volume measures (ViVol: 272%, VeVol:
286%, Vent: 143%), an increase in Ti (107%), Te
(126%), and Tt (119%) and a decrease in Br/M
(28%) when compared with NB. DB also showed
higher values for thoracoabdominal coordination
variables when compared with NB (PhRIB: 419%;
PhREB: 429%; PhRTB: 370%, PhAng: 330%).
PB presented an increase in volume (ViVol: 162%;
VeVol: 170%; Vent: 157%) and thoracoabdominal
coordination values (PhRIB: 353%; PhREB: 383%;
PhRTB: 360%; PhAng: 132%; %RCi: 28%) when
compared with NB. Similarly to the COPD group,
SpO, increased in both DB (2.4%) and PB (2.2%)
compared with NB (Table 2). When comparing PB
with DB, the latter showed higher values for ViVol
(42%), VeVol (43%), Ti (61%), Te (108%), Tt (93%),
and PhAng (85%) and lower values for Br/M (27%)
and Ti/Tt (12%; Table 2). HR did not differ between

Table 1. Anthropometric variables and spirometric variables of the healthy group and COPD group (n=15/group).

Variable Healthy
Age (years) 62.5+9.4
Gender (M/F) 7/8
Height (m) 1.70£0.05
Weight (kg) 70.1+8.1
BMI (kg/m?) 242423
FVC (% predicted) 102.6+10.4
FEV, (% predicted) 102.8+10.6
FEV /FVC (% predicted) 98.4+6.1
MIP (cmH,0) ~84.7+29.8
MEP (cmH,0) 104.7+35.8

COPD P
65.3+7.3 0.37
8/7 1.00
1.65+0.11 0.11
66.3+10.9 0.29
24.6+4.8 0.78
70.2+16.2 <0.0001
46.9+11.1 <0.0001
68.6+11.0 <0.0001
—64.7£27.2 0.07
81.4+28.6 0.06

BMI=body mass index; FVC= forced vital capacity; FEV = forced expiratory volume in 1 second; FEV /FVC: Tiffeneau index; MIP: maximal
inspiratory pressure; MEP: maximal expiratory pressure. Values are mean+SD.
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Table 2. Plethysmography analysis measures and peripheral oxygen saturation (SpO,) of the COPD group (A) and the healthy group
(B) (n=15/group).

A NB DB PB

Volume measures

ViVol 397.9+125.3 880.5+421.4 * 591.4+377.5#

VeVol 400.9+128.7 881.7+426.4 * 533.5+291.3 #

Vent 6.0+£2.4 9.8+£2.5 * 8.9+4.3

Time measures

Br/M 16.7+£3.8 11.0£3.5 * 16.9+7.4 #

Ti 1.3+0.3 1.9+0.4 * 7 1.4+03 # 7

Te 2.9+1.3 4.5+2.0 * 2.7+0.9 #

Tt 4.2+1.5 6.4+2.1 * 41«11 #

Ti/Tt 0.34+0.06 0.33+0.09 0.36+0.07
Thoracoabdominal coordination measures

%RCi 54.5+28.1 50.6+48.4 61.1+28.2

LBI 1.07+0.26 1.18+0.26 1.03+0.03

PhRIB 13.5£12.9 38.8+£21.6 * 21.4£105#

PhREB 13.9+8.0 37.1+19.0 * 21.7+9.8 #

PhRTB 13.4+£8.0 37.2£19.6 * 22.1£95 #

PhAng 24.1£22.1 ¥ 67.0+47.7 * § 30.6+12.3 #7

Oximetry

SpO, 95.4+3.4 99.4+1.4 * 99.3+1.6 *

B NB DB PB

Volume measures

ViVol 361.9+145.4 1347.8+524.3 * 948.6+439.3 * #

VeVol 368.3+145.2 1420.5+£584.3 * 993.0+457.9 * #

Vent 5.6+1.8 13.6+5.6 * 14.4+4.7 *

Time measures

Br/M 16.4+3.7 11.8+4.8 * 16.2+3.4 #

Ti 1.4+£0.4 2.9+0.9 * 1.8+0.4 #

Te 2.3+0.5 52+1.8%* 2.5+0.6 #

Tt 3.7+0.8 8.1£2.5 * 42+09 #

Ti/Tt 0.39+0.04 0.38+0.07 0.43+0.04 #
Thoracoabdominal coordination measures

%RCi 63.3+16.3 66.7+15.5 80.9+18.3 *

LBI 1.00+0.00 1.08+0.06 1.05+0.08

PhRIB 5.7£3.0 29.6+14.6 * 25.8+12.3 *

PhREB 5.8+2.7 30.7+14.2 * 28.0+10.1 *

PhRTB 5.7£2.5 26.8+12.7 * 26.2+104 *

PhAng 9.1+4.2 39.1+19.1 * 21.1+9.5 * #

Oximetry

SpO, 97.4+1.6 99.7+0.7 * 99.5+0.8 *

NB= natural breathing; DB= diaphragmatic breathing; PB= pilates breathing; ViVol= inspiratory tidal volume; Ve Vol= expiratory tidal volume;
Vent= minute ventilation; Br/M= Respiratory Rate; Ti= Inspiratory Time; Te= Expiratory Time; Tt= Total Breath Time; Ti/Tt= fractional
inspiratory time; %RCi= Percent Rib Cage Inspiratory Contribution to Tidal Volume Ratio; LBI= Labored Breathing Index; PhRIB= phase
relation during inspiration; PhAREB= phase relation during expiration; PhRTB= phase relation of entire breath; PhAng= phase angle (PhAng),
SpO,= peripheral oxygen saturation. Values are mean+SD. Intragroup analysis: *<0.05 compared with NB. #<0.05 compared with DB
(ANOVA). Intergroup analysis: T compared with healthy group in the same breathing (unpaired Student’s t test).
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the three breathing patterns (NB:69+4; DB:70+5;
PB:70+5bpm).

In the intergroup analysis, the COPD group
showed lower values for ViVol (37%), Ve Vol (46%),
Ti (22%), and Ti/Tt (16%) and higher values for
PhAng (45%) during PB, with lower values for Ti
(35%) and higher values for PhAng (71%) during
DB. In NB, the COPD group showed higher values
for PhRIB (137%), PhREB (140%), PhARTB (135%),
and PhAng (165%). With regard to SpO,, there was
no difference between the groups during any of the
breathing patterns. HR was higher in the PB of the
COPD group (79£10bpm) when compared with the
healthy group (70+5bpm, p=0.005).

Discussion

The main results of this study showed that DB
favored greater respiratory volumes and times in both
groups, contributing to the reduction in Br/M and
increase in SpO,, compared with NB. PB was able
to increase respiratory volumes in the healthy group,
compared with NB, with no additional benefits in the
respiratory pattern of the COPD group. With respect
to thoracoabdominal coordination, as expected, both
groups presented higher asynchrony during DB,
compared with NB, with a greater increase in the
healthy group. These results are important, since they
may co-substantiate the potential beneficial effects
of these respiratory breathing modalities in COPD
patients in contrast with healthy subjects.

It is known that diaphragmatic dysfunction
is an important deleterious consequence of the
progression of the severity of COPD. With the
increase in air flow resistance, air trapping, and
hyperinflation in this disease, the inspiratory
muscles are passively shortened and placed at a
mechanical disadvantage'®!". Therefore, a progressive
reduction occurs in the mobility of the diaphragm
and in its relative contribution to thoracoabdominal
movement'>'*, and as a compensatory mechanism,
there is greater recruitment of the respiratory muscles
of the rib cage'>!°. In this context, both the reduction
in diaphragm mobility and the greater activity of
the rib cage respiratory muscles are associated with
the increase in dyspnea and intolerance to physical
exercise'”"°.

To reduce or minimize these alterations, studies
have been conducted with DB as a form of therapy
for improving diaphragmatic mobility and thereby
reducing the deleterious effects of diaphragmatic
dysfunction. According to the ATS?*°, DB is a
respiratory strategy frequently taught as a component
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of self-treatment in COPD patients, with the goal of
minimizing the respiratory demand of the disease
and reducing its impact on daily life. In the study by
Yamaguti et al.2, a DB training program in COPD
patients promoted improvement in diaphragm
mobility, with an increase in the participation of the
diaphragm during natural respiration, resulting in
an improvement in functional capacity, in addition
to improvement in health-related quality of life.
Other studies'?! found an improvement in gas
exchange in the respiratory patterns?>?* and in oxygen
consumption?,

It has been suggested that the beneficial effects of
DB depend on the COPD patients’ characteristics, such
as severity of the disease, pulmonary hyperinflation,
and adequate diaphragmatic movement, an essential
condition for the success of the respiratory technique®.
Moreover, a paradoxal abdominal respiratory pattern
and worsening of dyspnea and fatigue during the
technique are criteria for modifying or interrupting
DB?. In this context, it is important to mention
that the subjects of the present study adequately
performed DB, which was monitored by the physical
therapist, without any report of dyspnea. DB was
beneficial to the COPD patients because it promoted
areduction in respiratory rate and increased the lung
volumes, which is in agreement with the proposal of
Cahalin et al.®.

DB is frequently applied in pulmonary rehabilitation
programs, and its efficacy in improving pulmonary
volumes and SpO, and reducing Br/M has been
documented'®?. In the present study, the beneficial
effects of DB on respiratory volumes and times and
oxygenation in both groups were also observed when
compared with NB. An important issue to consider
as regards DB is the thoracoabdominal coordination
during the technique, which was shown to be
increased®. Therefore, the benefits of the technique
could be questioned, particularly in COPD patients,
who already present higher asynchrony in comparison
with healthy subjects.

To clarify this issue, the thoracoabdominal
measures were evaluated during the technique,
comparing the COPD patients’ results with those
of healthy-matched subjects. A similar response
was found in both groups, with an increase in
asynchrony values in comparison with those of NB.
Moreover, the healthy subjects presented a higher
increase in all asynchrony measures. As expected of
arespiratory technique that emphasizes greater use of
the diaphragm and abdominal breathing components
thus generating “asynchrony” during the respiratory
cycle, both groups presented a similar respiratory



pattern behavior. In this study, asynchrony between
the thoracic and abdominal compartments was
evaluated by PhAng®, and when the rib cage and
abdomen move in perfect synchrony, the PhAng is
0°. However, with the increase in thoracoabdominal
asynchrony, this value is close to 180°. In this context,
although DB increased the PhAng, it maintained
mean values of 70° and did not attain maximum
asynchrony values. For this reason, the changes in
the measurements related to synchronism cannot be
interpreted as an increase in asynchronism, since the
increase in mean values remained below 70°.

The increase in thoracoabdominal asynchrony
during DB is possibly related to the greater use
of the diaphragm. This has also been reported in
healthy subjects® and other respiratory exercises? as
mentioned above. It is important to emphasize that
DB was performed with inward abdominal movement
during expiration. This action can improve the next
inspiration since it provides a better mechanical
positioning of the diaphragm.

In the present study, although the subjective
perceived exertion scale was not used, the SpO, was
elevated and none of the patients reported dyspnea
when breathing correctly and during the proposed
time.

The PB technique differs to a great extent from
that of DB. To perform the exercises of the Pilates®
method, it is necessary to breathe deeply, maintaining
the abdomen contracted by active contraction of the
local and overall stabilizing muscles of the lumbar
spine, in addition to the diaphragm muscle and the
pelvic floor muscles’. According to Barr et al.?, the
diaphragm muscle works as the roof of a cylinder
of muscles that surround the spine and assist with
stability. It is one of the main contributors towards
maintaining intra-abdominal pressure and preventing
displacement of the viscera by contraction, mainly
of the TrA muscle.

The specific respiration of the Pilates method is
known as lateral breathing, which avoids expansion
of the abdomen with the aim of using the thoracic
and ribcage muscles to generate lateral expansion
of the ribcage, increasing the space for the lungs to
expand and avoiding the movement of the abdomen
so as not to leave the lumbar region unprotected”*.
Thus, it is clear that the objectives of the breathing
techniques differ and that the diaphragm muscle
in PB also acts as a stabilizer of the lumbar spine.
Therefore, as respiration is a little restricted because
no movement occurs in the abdominal compartment,
the results of this study showed that in the COPD
group there were no changes, for example, in the

Diaphragmatic and Pilates breathing in COPD

pulmonary volumes, unlike DB, in which there is a
diaphragmatic excursion with abdominal projection.
This more restricted respiratory movement in PB did
not promote alteration in any respiratory patterns
evaluated in the individuals with COPD in the present
study. In the healthy group, however, PB promoted
alterations such as an increase in lung volumes,
%RCi, and SpO,. %RCi has been described as a
measure that represents the percent contribution of
the rib cage excursions to the tidal volume. Thus,
because the movement of the rib cage is greater in
the healthy subjects, this was probably detected only
in the healthy group. This fact may also explain the
alterations in other measures, for example, lung
volume and synchronism, due to the fact that the
ribcage of the healthy group showed no rigidity and
thus the movements were greater.

It should be pointed out that PB specifically
promoted a breathing pattern with greater thoracic
expansibility. In individuals with COPD, this
respiratory pattern may have been influenced
by the disease because there is the presence of
thoracic rigidity and diminished expansibility,
which may also explain the absence of increases
in pulmonary volumes, respiratory times, and even
in thoracoabdominal asynchrony. However, the
active contraction of the TrA muscle can bring long-
term benefits, since it provides stabilization of the
abdominal compartment and supports the descent
of the diaphragm.

With regard to SpO,, the results of the present
study showed that there was an increase during PB in
both groups, which may be due to the use of pursed-
lip breathing. According to some authors®, this type
of breathing is associated with a partial increase in
oxygen pressure in the arterial blood and SpO,,.

With regard to the limitations of this study,
one is that the SpO, measurements were made
using a system that did not store memory as in the
plethysmography measurements. Other limitations
were the absence of a COPD control group and the
sample size.

In view of the foregoing discussion, DB showed
positive effects such as an increase in lung volumes,
respiratory motion, SpO,, and reduction in respiratory
rate. Although there were no changes in the volume
and time measurements during PB in COPD, this
breathing pattern increased volumes in the healthy
subjects and increased oxygenation in both groups. In
this context, the acute benefits of DB are emphasized
as a supporting treatment in respiratory rehabilitation
programs. Future studies should focus on the effects
of both respiratory patterns in other outcomes in
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order to confirm the positive or negative effects of
these interventions.

Acknowledgements

Financial support: PNPD (Programa Nacional

de P6s-Doutorado) of Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPQ),
Brazil (Process number 151755/2008-6 and
559018/2008-8); Fundagdao de Amparo a Pesquisa
do Estado de Sdo Paulo (FAPESP), Brazil (Process
number 05/59427-7) and volunteers.

References

1.

Vitacca M, Clini E, Bianchi L, Ambrosino N. Acute
effects of deep diaphragmatic breathing in COPD patients
with chronic respiratory insufficiency. Eur Respir J.
1998;11(2):408-15. PMid:9551746. http://dx.doi.org/10
.1183/09031936.98.11020408

Yamaguti WP, Claudino RC, Neto AP, Chammas MC,
Gomes AC, Salge JM, et al. Diaphragmatic breathing
training program improves abdominal motion during
natural breathing in patients with chronic obstructive
pulmonary disease: a randomized controlled trial. Arch
Phys Med Rehabil. 2012;93(4):571-7. PMid:22464088.
http://dx.doi.org/10.1016/j.apmr.2011.11.026

Ambrosino N, Paggiaro PL, Macchi M, Filieri M, Toma
G, Lombardi FA, et al. A study of short term effect of
rehabilitative therapy in chronic obstructive pulmonary
disease. Respiration. 1981;41(1):40-4. PMid:7244391.
http://dx.doi.org/10.1159/000194357

Keays KS, Harris SR, Lucyshyn JM, MacIntyre DL.
Effects of pilates exercises on shoulder range of motion,
pain, mood, and upperextremity function in women
living with breast cancer: a pilot study. Phys Ther.
2008;88(4):494-510. PMid:18218823. http://dx.doi.
org/10.2522/ptj.20070099

Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley
P, et al. Global strategy for the diagnosis, management,
and prevention of chronic obstructive pulmonary disease:
GOLD executive summary. Am J Respir Crit Care Med.
2007;176(6):532-55. PMid:17507545. http://dx.doi.
org/10.1164/rccm.200703-456SO

Sobush DC, Dunning M. Assessing maximal static
ventilatory muscle pressures using the “bugle”
dynamometer. suggestion from the field. Phys Ther.
1984:64(11):1689-90. PMid:6494258.

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi
R, Coates A, et al. Standardisation of spirometry. Eur
Respir J. 2005;26(2):319-38. PMid:16055882. http://
dx.doi.org/10.1183/09031936.05.00034805

Cahalin LP, Braga M, Matsuo Y, Hernandez ED. Efficacy
of diaphragmatic breathing in persons with chronic
obstructive pulmonary disease: a review of the literature.
J Cardiopulm Rehabil. 2002;22(1):7-21. PMid:11839992.
http://dx.doi.org/10.1097/00008483-200201000-00002

® 298 Braz] Phys Ther. 2014 July-Aug; 18(4):291-299

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Menezes AS. The complete guide to Joseph H. Pilates’
techniques of physical conditioning: applying the
principles of body control. Salt Lake City: Hunter House;
2000.

De Troyer A. Effect of hyperinflation on the diaphragm.
Eur Respir J. 1997;10(3):708-13. PMid:9073010.

Decramer M. Hyperinflation and respiratory muscle
interaction. Eur Respir J. 1997;10(4):934-41.
PMid:9150337.

SugaK, Tsukuda T, Awaya H, Takano K, Koike S, Matsunaga
N, et al. Impaired respiratory mechanics in pulmonary
emphysema: evaluation with dynamic breathing MRI. J
Magn Reson Imaging. 1999;10(4):510-20. http://dx.doi.
org/10.1002/(SICI)1522-2586(199910)10:4<510::AID-
JMRI3>3.0.CO;2-G

Iwasawa T, Kagei S, Gotoh T, Yoshiike Y, Matsushita K,
Kurihara H, et al. Magnetic resonance analysis of abnormal
diaphragmatic motion in patients with emphysema. Eur
Respir J. 2002;19(2):225-31. PMid:11866002. http://
dx.doi.org/10.1183/09031936.02.00044602

Santos Yamaguti WP, Paulin E, Shibao S, Chammas
MC, Salge JM, Ribeiro M, et al. Air trapping: the
major factor limiting diaphragm mobility in chronic
obstructive pulmonary disease patients. Respirology.
2008;13(1):138-44. PMid:18197925. http://dx.doi.
org/10.1111/j.1440-1843.2007.01194.x

Martinez FJ, Couser JI, Celli BR. Factors influencing
ventilator muscle recruitment in patients with chronic
airflow obstruction. Am Rev Respir Dis. 1990;142(2):276-
82. PMid:2382890. http://dx.doi.org/10.1164/
ajrccm/142.2.276

Andrade AD, Silva TN, Vasconcelos H, Marcelino M,
Rodrigues-Machado MG, Filho VC, et al. Inspiratory
muscular activation during threshold therapy in elderly
healthy and patients with COPD. J Electromyography
Kinesiol. 2005;15(6):631-9. PMid:16051499. http://
dx.doi.org/10.1016/j.jelekin.2005.06.002

Ward ME, Eidelman D, Stubbing DG, Bellemare F,
Macklem PT. Respiratory sensation and pattern of
respiratory muscle activation during diaphragm fatigue. J
Appl Physiol. 1988;65(5):2181-9. PMid:3209561.

Breslin EH, Garoutte BC, Kohlman-Carrieri V, Celli
BR. Correlations between dyspnea, diaphragm and
sternomastoid recruitment during inspiratory resistance
breathing in normal subjects. Chest. 1990;98:(2):298-302.
PMid:2376161. http://dx.doi.org/10.1378/chest.98.2.298

Paulin E, Yamaguti WP, Chammas MC, Shibao S, Stelmach
R, Cukier A, et al. Influence of diaphragmatic mobility on
exercise tolerance and dyspnea in patients with COPD.
Respir Med. 2007;101(10):2113-8. PMid:17644365.
http://dx.doi.org/10.1016/j.rmed.2007.05.024

Nici L, Donner C, Wouters E, Zuwallack R, Ambrosino N,
Bourbeau J, et al. American Thoracic Society/European
Respiratory Society statement on pulmonary rehabilitation.
Am J Respir Crit Care Med. 2006;173(12):1390-
413. PMid:16760357. http://dx.doi.org/10.1164/
rccm.200508-1211ST

Ito M, Kakizaki F, Tsuzura Y, Yamada M. Immediate
effect of respiratory muscle stretch gymnastics and
diaphragmatic breathing on respiratory pattern: respiratory



22.

23.

24.

25.

26.

muscle conditioning group. Intern Med. 1999;38(2):126-
32. PMid:10225667. http://dx.doi.org/10.2169/
internalmedicine.38.126

Brach BB, Chao RP, Sgroi VL, Minh VD, Ashburn
WL, Moser KM. 133Xenon washout patterns during
diaphragmatic breathing: studies in normal subjects and
patients with chronic obstructive pulmonary disease.
Chest. 1977;71(6):735-9. PMid:862443. http://dx.doi.
org/10.1378/chest.71.6.735

Sackner MA, Gonzalez HF, Jenouri G, Rodriguez M.
Effects of abdominal and thoracic breathing on breathing
pattern components in normal subjects and in patients with
chronic obstructive pulmonary disease. Am Rev Respir
Dis. 1984;130(4):584-7. PMid:6486557.

Jones AY, Dean E, Chow CC. Comparison of the oxygen
cost of breathing exercises and spontaneous breathing in
patients with stable chronic obstructive pulmonary disease.
Phys Ther. 2003;83(5):424-31. PMid:12718708.

Fernandes M, Cukier A, Feltrim MI. Efficacy of
diaphragmatic breathing in patients with chronic
obstructive pulmonary disease. Chron Respir Dis.
2011;8(4):237-44. PMid:22094449.

Tomich GM, Franga DC, Diniz MT, Britto RR, Sampaio
RE Parreira VF. Effects of breathing exercises on breathing

217.

28.

29.

Diaphragmatic and Pilates breathing in COPD

pattern and thoracoabdominal motion after gastroplasty.
J Bras Pneumol. 2010;36(2):197-204. PMid:20485940.
http://dx.doi.org/10.1590/S1806-37132010000200007

Barr KP, Griggs M, Cadby T. Lumbar stabilization: core
concepts and current literature: part 1. Am J Phys Med
Rehabil. 2005;84(6):473-80. PMid:15905663. http://
dx.doi.org/10.1097/01.phm.0000163709.70471.42
Blount T, McKenzie E. Pilates basico. Sdo Paulo: Manole;
2006.

Mueller RE, Petty TL, Filley GF. Ventilation and arterial
blood gas changes induced by pursed lips breathing. J Appl
Physiol. 1970;28(6):784-9. PMid:5419502.

Correspondence

Dirceu Costa

Universidade Nove de Julho

Programa de Pés-graduac@o em Ciéncias da Reabilitagdo
Rua Vergueiro, 235, Liberdade

CEP 01504-001, Séo Paulo, SP, Brazil

e-mail: dcosta@uninove.br; dirceu@ufscar.br

Braz ] Phys Ther. 2014 July-Aug; 18(4):291-299 299 @



