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Abstract

The objective of the present study was to evaluate breathing pattern,
thoracoabdominal motion and muscular activity during three breath-
ing exercises: diaphragmatic breathing (DB), flow-oriented (Triflo IT)
incentive spirometry and volume-oriented (Voldyne) incentive spi-
rometry. Seventeen healthy subjects (12 females, 5 males) aged 23 +
5 years (mean = SD) were studied. Calibrated respiratory inductive
plethysmography was used to measure the following variables during
rest (baseline) and breathing exercises: tidal volume (Vt), respiratory
frequency (f), rib cage contribution to Vt (RC/Vt), inspiratory duty
cycle (Ti/Ttot), and phase angle (PhAng). Sternocleidomastoid muscle
activity was assessed by surface electromyography. Statistical analy-
sis was performed by ANOVA and Tukey or Friedman and Wilcoxon
tests, with the level of significance set at P < 0.05. Comparisons
between baseline and breathing exercise periods showed a significant
increase of Vt and PhAng during all exercises, a significant decrease
of f during DB and Voldyne, a significant increase of Ti/Ttot during
Voldyne, and no significant difference in RC/Vt. Comparisons among
exercises revealed higher f and sternocleidomastoid activity during
Triflo I (P < 0.05) with respect to DB and Voldyne, without a
significant difference in Vt, Ti/Ttot, PhAng, or RC/Vt. Exercises
changed the breathing pattern and increased PhAng, a variable of
thoracoabdominal asynchrony, compared to baseline. The only differ-
ence between DB and Voldyne was a significant increase of Ti/Ttot
compared to baseline. Triflo IT was associated with higher fvalues and
electromyographic activity of the sternocleidomastoid. In conclusion,
DB and Voldyne showed similar results while Triflo IT showed
disadvantages compared to the other breathing exercises.
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Deep and slow inspiration is considered
to be a therapeutic breathing exercise. Deep
inspirations imitating a yawn or a sigh mech-
anism promote an increase in transpulmo-

nary pressure and, when associated with a
post-inspiratory pause, increase the func-
tional residual capacity. This leads to a greater
alveolar stability, which can justify the use
of deep and slow inspirations in the preven-
tion of postoperative pulmonary complica-
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tions, especially atelectasis (1,2).

This maneuver can be done with or with-
out auxiliary instruments. When carried out
without instruments, it is commonly called
diaphragmatic breathing (DB) (3). Although
DB is present in many chest physiotherapy
procedures, little attention has been paid to
the analysis of the mechanisms responsible
for the specific effects of this type of treat-
ment (4).

In contrast, incentive spirometry (IS) in-
volves the use of incentive spirometer de-
vices (5). IS has been used since the 1970’s
when Bartlett et al. (2) developed and de-
scribed the first incentive spirometer with
the objective of ensuring that the patient
would perform slow and sustained deep in-
spirations, encouraged by visual feedback.
Since then, volume- or flow-oriented incen-
tive spirometers have become more popular,
with different brands being available (6-8).

Deep breathing exercises and IS have
been compared in two controlled and ran-
domized clinical trials (9,10). Jenkins et al.
(10) observed that the addition of deep breath-
ing exercises or IS to conventional chest
physiotherapy (early mobilization, huffing
and coughing) did not alter pulmonary func-
tion or the prevention of postoperative pul-
monary complications after coronary artery
bypass surgery. Celli et al. (9) conducted a
study in which three kinds of treatment (in-
termittent positive pressure breathing, IS and
deep breathing exercises) showed equiva-
lent efficacy in the prevention of postopera-
tive pulmonary complications after abdomi-
nal surgery. Patients treated with IS pre-
sented a significantly shorter hospitalization
period. Taking into consideration the results
of this study and given the economic impli-
cations of each type of treatment, Celli et al.
(9) pointed out the need for more studies
comparing IS and deep breathing exercises.

Recently, we conducted two studies re-
lated to the evaluation of breathing pattern
and thoracoabdominal motion during IS
(11,12). Initially, four different incentive
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spirometers were analyzed, two volume-ori-
ented and two flow-oriented. The results
showed that there was a significantly higher
abdominal motion during the use of volume-
oriented incentive spirometers compared to
flow-oriented devices (12). Later, the influ-
ence of body position (inclinations of 30°
and 45°) was analyzed during the use of the
two spirometers (flow-oriented and volume-
oriented). The abdominal motion was sig-
nificantly higher at 30°C during the use of
the volume-oriented device (11). A higher
abdominal motion can be considered to be
an important result since IS is indicated for
the prevention of atelectasis, which mainly
affects the pulmonary bases (8).

In addition to breathing pattern and tho-
racoabdominal motion, muscular activity is
another important parameter that can contri-
bute to the evaluation of the respiratory sys-
tem. Surface electromyography is a non-
invasive method for the evaluation of mus-
cular activity and has been used in research
for the analysis of surface muscles, includ-
ing neck muscles that participate in breath-
ing (13-15). Costa et al. (13) studied the
participation of the sternocleidomastoid
muscle (SCM) during different inspiratory
maneuvers in healthy subjects and observed
that this muscle was active during high lev-
els of ventilation. To the best of our knowl-
edge, no studies comparing muscular activ-
ity during DB and IS have been conducted.

The main objective of the present study
was to analyze breathing pattern, thoracoab-
dominal motion and SCM muscular activity
during DB and IS using a volume-oriented
device (Voldyne) and a flow-oriented de-
vice (Triflo II).

Subjects and Methods
Subjects
Twenty-six healthy volunteers were se-

lected from a sample of university students
and workers. The inclusion criteria were:
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being 18 to 44 years old, having a normal
body mass index, being a non-smoker, not
knowing the DB and the IS techniques, and
reporting the absence of respiratory diseases.
The exclusion criteria were: presenting al-
teration in respiratory function detected by
functional analysis of lung volume and ca-
pacity and/or inability to understand or per-
form the procedure. The Ethics Research
Committee of the Universidade Federal de
Minas Gerais approved the protocol used,
and all subjects gave informed written con-
sent.

Signals and measurements

Initial interview and functional analysis
of lung volume and capacity. Evaluation
was carried out using questions about physi-
cal activities, exposure to a risky environ-
ment for respiratory illnesses, and previous
and/or current diseases, based on a guideline
for pulmonary function tests (16). Func-
tional analysis of lung volume and capacity
was carried out using a portable spirometer
(Vitalograph 2120®, Vitalograph, Bucking-
ham, England) to ensure a normal lung func-
tion. Criteria of acceptance and reproduc-
ibility were observed (16). The values of the
spirometric variables were compared to pre-
dicted values according to Knudson et al.
17).

Breathing pattern and thoracoabdomi-
nal motion. Inductive respiratory plethys-
mography (Respitrace® 204, Nims, Miami,
FL, USA) was used to assess breathing pat-
tern and thoracoabdominal motion. The ac-
curacy of plethysmography in the evalua-
tion of breathing pattern has been deter-
mined at rest and during physical activity in
both adults and children (18). Tidal volume
(Vt) measurements are satisfactory as long
as the body position remained constant after
the calibration procedure (18). The system
consisted of two bands (Teflon®-coated in-
ductance) measuring changes in cross-sec-
tional area of the rib cage (RC) and abdomen
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(AB). Bands of appropriate size were placed
around the RC and AB; the upper edge of the
RC band was placed at the level of the axilla
and the abdominal band at the level of the
umbilicus. Signals were calibrated using
qualitative diagnostic calibration (19). A
detailed description of the calibration proce-
dure has been recently published (12).

The following variables were measured
via a digital acquisition system on a breath-
by-breath basis (RespiEvents, Nims): Vt,
respiratory frequency (f), minute ventilation
(VE), inspiratory time (Ti), inspiratory duty
cycle (Ti/Ttot), mean inspiratory flow (Vt/
Ti), rib cage motion contribution to Vt (RC/
Vt), and phase angle (PhAng). The contribu-
tion of abdominal motion to Vt (AB/Vt) was
calculated as AB/Vt = 100 - RC/Vt. PhAng
is a variable that reflects thoracoabdominal
asynchrony.

Electromyographic activity of the ster-
nocleidomastoid muscle. Surface electromy-
ography was used to record electromyo-
graphic muscular activity of the right SCM
muscle during maximal inspiratory pressure
(MIP) measurements and during the breath-
ing exercises.

Data acquisition was carried out using an
eight-channel biological signal acquisition
system (EMG System Ltda., Sdo José dos
Campos, SP, Brazil) consisting of a signal
conditioner with a gain of 1000, a high-pass
filter of 20 Hz, and a low-pass filter of 500
Hz, a specific software for data acquisition
and analysis (Aqdados, Sao José dos Cam-
pos, SP, Brazil) and a 12-bit analogue-to-
digital converter, with a sample frequency
of 2000 Hz. Aqdados is a program which
allows the storage of data in files and
mathematic process to calculate the root mean
square. To prevent electromagnetic interfer-
ence and other noises, the lights and cell
phones were switched off. Subjects were
instructed to remove any metal objects that
were near the active electrodes or the refer-
ence electrode, and their skin was prepared
prior to electrode positioning.

1411
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For data collection, a pair of bipolar active
surface electrodes (silver/silver chloride,
round-shaped, measuring 1 cm? and equipped
with an internal amplifier) were used. After
cleaning the skin with 70% isopropyl alcohol
the electrodes were positioned at the mid-
point of the belly of the right SCM. Initial
positioning and orientation of the electrodes
were based on palpation of the muscle belly
during manually resisted neck flexion con-
tractions (20). Next, the distance between the
mastoid process and the sternoclavicular joint
was measured in order to locate the midpoint
of the sternal portion of the muscle belly. The
electrodes were positioned in this area sepa-
rated by a distance of approximately 2.5 cm.
For protection of the volunteers and to avoid
electromagnetic interference during data col-
lection, a reference electrode was positioned
on the ulnar styloid process of the right fore-
arm. Subjects were required to perform a small
neck flexion isometric contraction to ensure
that the electrodes were in the appropriate
position (20).

After confirming the position of the elec-
trodes, MIP measurements were made in or-
der to normalize the electromyographic data.
Measurements were made with a manovacu-
ometer (GeRar®, Séo Paulo, SP, Brazil) using
a specific protocol (21). For an adequate com-
parison of the electromyographic activity of
the right SCM during DB, Triflo II and
Voldyne, data collected during MIP measure-
ments were used to calculate the percentage of
muscle activation during each respiratory ex-
ercise related to the electromyographic activ-
ity recorded during MIP measurements.

Intervention

Two modalities of respiratory exercises
based on deep and slow inspirations were
used: DB and IS. During DB, the researcher
placed one hand slightly below the lower ribs
in the abdominal region of the subject and the
subject was instructed to perform inspirations
up to the maximum level of volume avoiding
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rib cage displacement (3); this recommenda-
tion was also valid for exercises using incen-
tive spirometers. IS was executed using two
different devices: Triflo II (Hudson RCI,
Temecula, CA, USA) and Voldyne (Hudson
RCI). During exercise with Triflo II, subjects
were instructed to execute deep inspirations
raising the first two balls of the device, which
corresponded to a mean Vt/Ti of 900 mL/s.
This criterion was based on manufacturer rec-
ommendations. During exercise with Voldyne,
subjects were instructed to perform maximum
inspirations regardless of the level observed in
the cylinder.

Procedure

After an initial interview and functional
analysis of lung volume and capacity, MIP
was measured. The subjects comfortably lay
in bed in the supine position with 30° of
inclination (11,22) and were instructed about
how to perform the breathing exercises. Sub-
jects repeated each exercise about three times
and had the chance to express their doubts
before the beginning of data collection.

Breathing pattern and thoracoabdominal
motion, as well as electromyographic activity
of the right SCM muscle were recorded at rest
(baseline) and during the respiratory exer-
cises. A 5-min baseline period was first re-
corded, followed by recording of the first
breathing exercise. Eight to 10 respiratory
cycles were required during each exercise (6).
After each period of exercise, a baseline pe-
riod was recorded. A total of three baseline
periods and three exercise periods were re-
corded. The order of execution of the three
exercises was randomized by a specific com-
puter program (MatLab®, Natick, MA, USA).
Transcutaneous oxygen saturation (Sa0O,) and
heart rate were measured by pulse oximetry
(Datex-Ohmeda Inc., Louisville, CO, USA).

Statistical analysis

Data are reported as means + SD. Distri-
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bution analysis was performed using the
Kolmogorov-Smirnov test. When distribu-
tion was normal, comparisons between base-
line and breathing exercises or between ex-
ercises were performed with ANOVA for
repeated measures followed by the post hoc
Tukey test; when distribution was not nor-
mal, the Friedman and Wilcoxon tests were
used for these comparisons, respectively.
The Student #-test for paired samples was
used to compare pre- and post-trial SaO, and
pulse rate when distribution was considered
to be normal; for data not normally distrib-
uted, the Wilcoxon test was used. The level
of significance (o) was set at 0.05 (two-
tailed) for all tests. Bonferroni correction
was used, modifying the level of signifi-
cance to 0.017 or 0.008 according to the
number of contrasts performed (23). Data
were analyzed with the Statistical Package
for the Social Sciences (SPSS 10.0, Chi-
cago, IL, USA).

Results

Nine of the 26 volunteers were excluded (6
for presenting alteration in respiratory func-
tion and 3 for being unable to complete the
procedures). Thus, 17 subjects (5 men and 12
women) were studied, with the following char-
acteristics (mean + SD): age, 22.71 = 4.74
years (range 19 to 38 years); weight, 59.82 +
9.90 kg; height, 1.67 = 0.10 m; body mass
index, 21.33 + 1.65 kg/m?. The mean values of
the spirometric variables, shown as a percent-
age of the values predicted by Knudson et al.
(17), were: forced vital capacity (FVC)=92.54
+ 6.08%, forced expiratory volume in 1 s
(FEV|)=96.07+5.12%, FEV,/[FVC =104.32
+ 7.31%, peak expiratory flow (PEF) =99.21
+ 11.14%, and forced expiratory flow at 25-
75% of maximum lung volume = 96.43 +
17.23%, characterizing subjects with normal
respiratory function (16). SaO, and heart rate
were within normal values, ranging from 96.24
+1.39t098.00+1.00% and from 71.13 +9.23
to 80.65 + 9.80 bpm, respectively (24).
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Among the 17 subjects, 4 repeated one of
the exercise periods (1 with DB, 2 with
Triflo II, and 1 with Voldyne) because of
artifacts on the plethysmographic or electro-
myographic tracing. Twelve of the 17 sub-
jects practiced a regular physical activity,
and 5 were sedentary at the time of data
collection.

Breathing pattern and thoracoabdominal
motion

Dataregarding breathing pattern and tho-
racoabdominal motion were obtained dur-
ing the three baseline periods and the three
exercise periods for all subjects except one,
whose Voldyne data could not be analyzed
due to excessive artifacts. A minimum of 1
min of steady state during the baseline peri-
ods and a minimum of five breath cycles
during the exercises were analyzed. A total
of 1397 breath cycles were analyzed: 957
during the baseline periods (average of 17.72
+ 3.92 breathing cycles per subject), 141
cycles during DB (7.83 + 2.01), 160 during
the use of Triflo II (8.89 = 2.47), and 139
during the use of Voldyne (8.18 + 2.04).
There were no significant differences among
the three baseline periods considering the
variables Vt, f, RC/Vt, and PhAng (P =
0.958, 0.945, 0.990, and 0.398, respective-
ly). Thus, only the first baseline period was
considered in the subsequent comparisons.

The results obtained at baseline periods
and during exercise (DB, Triflo Il and Voldyne)
Triflo IT and are shown in Table 1. Significant
increases in Vt, VE, Ti, Vt/Ti, and PhAng
occurred during the three types of exercise.
There was a significant increase in Ti/Ttot
during the use of Voldyne, and no significant
difference during DB and Triflo II. The fvalue
decreased significantly during DB and Voldyne
compared to baseline, whereas no significant
change was observed between baseline and
Triflo II. No significant difference was ob-
served between baseline and exercise in RC/
Vtand AB/Vt, in Ti/Ttot during DB and Triflo

1413
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Figure 1. Sternocleidomastoid
(SCM) activity during diaphrag-
matic breathing (DB), flow-ori-
ented incentive spirometry (Triflo
1) and volume-oriented incentive
spirometry (Voldyne) for the 17
subjects. Data are reported as
means = SD, as percentage of
root mean square (RMS) values
recorded during maximal in-
spiratory pressure measure-
ments. Statistical comparisons
were performed with the Fried-
man and Wilcoxon tests. The
level of significance (o) was set
at 0.05 and adjusted for 0.017
with Bonferroni correction (0.05/
3 = 0.017). *P < 0.05 for com-
parisons between breathing ex-
ercises.

Braz ) Med Biol Res 40(10) 2007

IL, or in f during Triflo II.

Comparisons between the three types of
exercise showed no significant differences
in Vt, Ti/Ttot, RC/Vt, AB/Vt, or PhAng. A
higher f value was observed and, conse-
quently, a higher VE during Triflo IT com-
pared to DB and Voldyne. Ti was signifi-
cantly lower and associated with a signifi-
cantly higher Vt/Ti during Triflo II com-
pared to DB and Voldyne.

Electromyographic activity of the
sternocleidomastoid muscle

The electromyographic activity of the
right SCM was determined in all 17 subjects

G.M. Tomich et al.

during measurements of MIP and breathing
exercises. A minimum of 1 s of recording
during MIP measurements and 30 s of re-
cording during each exercise were analyzed.
Figure 1 presents percent electromyographic
activity of the SCM during breathing exer-
cises in relation to MIP measurements. Dur-
ing the use of Triflo II, there was a signifi-
cantly higher SCM activity compared to both
Voldyne and DB, without a significant dif-
ference between DB and Voldyne.

Discussion

The main results of this study were: 1)
comparisons between baseline and exercise
periods showed a significant increase in Vt
during all exercises and a significant de-

80 crease in fduring the use of DB and Voldyne;
() * . . . . .
— " o .

= 5 there WE}S a significant increase in T1/Tt(?t
5 only during the use of Voldyne. 2) Compari-
2\; o sons between exercises showed no signifi-
5 [ cant differences between DB and Voldyne
o . . . . . .
S 20/ in any variable. During exercise with Triflo
3 IL, £, VE, and Vt/Ti values were significantly

0 DB o Voldyne higher, and Ti values were significantly

lower. 3) Regarding thoracoabdominal mo-

Table 1. Respiratory variables at rest (baseline), and during diaphragmatic breathing, flow-oriented incentive
spirometry (Triflo Il) and volume-oriented incentive spirometry (Voldyne) for 17 subjects.

Variables Baseline Diaphragmatic breathing Triflo Il Voldyne

Vt (mL) 307.75 = 35.65 1475.01 + 666.83* 1263.35 + 433.05* 1738.75 + 780.41*
f (bpm) 16.64 + 4.09 7.88 + 2.54* 14.15 + 5.15* 8.13 + 2.45*
VE (L/min) 4.85 + 2.07 11.30 + 5.80* 18.51 + 7.16** 13.42 + 5.90*
Ti (s) 1.46 = 0.29 3.69 + 1.38* 1.77 + 0.59** 4.02 + 2.04*
Ti/Ttot 0.38 + 0.03 0.44 + 0.07 0.41 + 0.06 0.47 + 0.10*
VU/Ti (mL/s) 211.66 + 88.48 439.62 + 228.83" 761.27 + 268.95"* 520.34 + 282.14*
RC/Vt (%) 36.46 + 14.36 41.98 + 20.59 49.30 + 23.93 54.31 + 20.24
AB/Vt (%) 63.54 + 14.36 58.02 + 20.59 50.70 + 23.93 45.69 + 20.24
PhAng (degree) 11.42 + 6.28 30.32 + 13.20" 34.81 + 29.69* 30.94 + 16.77*

Data are reported as means + SD. Vt = tidal volume, f = respiratory frequency, VE = minute ventilation, Ti =
inspiratory time, Ti/Ttot = inspiratory duty cycle, Vi/Ti = mean inspiratory flow, RC/Vt = rib cage motion
contribution to Vt, AB/Vt = abdominal motion contribution to Vt, PhAng = phase angle.

Statistical comparisons were performed with ANOVA for repeated measures and the post hoc Tukey test
(data normally distributed: Ti/Ttot, RC/Vt, and AB/Vt), or the Friedman and Wilcoxon tests (data not normally
distributed: Vt, f, VE, Ti, VV/Ti, and PhAng). The level of significance () was set at 0.05 and adjusted for 0.008
with Bonferroni correction (0.05/6 = 0.008). *P < 0.05 for comparisons between baseline and breathing
exercises; *P < 0.05 for comparisons between breathing exercises.
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tion, comparisons between baseline and ex-
ercises or between exercises showed no sig-
nificant changes in RC/Vt or AB/Vt. During
all exercises, there was an increase in PhAng
compared to baseline, reflecting an increase
in thoracoabdominal asynchrony. 4) A higher
electromyographic activity of the SCM oc-
curred during exercise with Triflo II com-
pared to the other exercises.

A question may be raised about the fact
that only the first baseline period was con-
sidered in the comparisons between baseline
and exercises. This choice was made be-
cause there were no significant differences
between the three baselines. The periods of
baseline between exercises were necessary
to prevent carryover effects. A period of 5
min was sufficient for the recovery of basal
values, as also observed in previous studies
(11,12). In order to eliminate cumulative
effects, exercises were randomized.

Regarding the physiology of deep and
slow inspiration, the basis of DB and IS, an
increase in Vt is expected, associated with a
decrease in £ (1,6) and an increase in Ti/Ttot
(25), which can contribute to a laminar in-
spiratory flow, resulting in a more uniform
distribution of air through the pulmonary
parenchyma. The variables analyzed showed
the same results during DB and Voldyne,
except for Ti/Ttot, which only increased sig-
nificantly during exercise with Voldyne com-
pared to baseline. Thus, the changes ex-
pected as a consequence of deep and slow
inspirations occurred in a significant and
concomitant way compared to baseline only
during Voldyne. Comparisons between deep
breathing exercise and IS were performed in
previous studies (9,10) in terms of different
aspects of pulmonary function, but not in
terms of breathing pattern variables as was
done in the present study.

Minute ventilation was significantly higher
during Triflo IT and this can be associated with
adecreased risk of hypoxemia (26). However,
this higher VE seems to be a consequence of
high values of f, since Vt was similar between
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exercises, an important objective of deep
breathing exercises (25). Vt/Ti was signifi-
cantly higher during exercise with Triflo IL. It
should be pointed out that during exercise
with Triflo II, Vt/Ti was limited to the level
corresponding to the elevation of the first two
balls. However, f was not pre-determined for
any exercise and was also significantly higher
during exercise with Triflo Il in relation to the
other exercises.

Another result that can be considered to
be a disadvantage of Triflo II was a higher
electromyographic activity of the SCM dur-
ing the use of this device compared to the
other exercises. Previous studies have shown
a higher electromyographic activity of the
SCM associated with an increased load in
the respiratory system. Costa et al. (13) as-
sessed the participation of the SCM during
deep inspiration in healthy adults and ob-
served a higher electromyographic activity
of the SCM when inspiratory movements
were performed in a fast and abrupt way
compared to slow inspirations. De Andrade
et al. (27) reported an increase of 7% in the
electromyographic activity of the SCM dur-
ing muscular training with Threshold® (Res-
pironics, Cedar Grove, NJ, USA).

High flevels and electromyographic activ-
ity of respiratory muscles can be related to
increased breathing work (25,28). In previous
studies, a higher imposed breathing work was
observed during flow-oriented IS compared to
volume-oriented IS (28,29). Mang and Ober-
mayer (29) assessed six different incentive
spirometers using a lung model and observed
a higher imposed breathing work during exer-
cise with Triflo II. These investigators re-
ported that the increase in breathing work was
proportional to the increase in inspiratory flow.
Weindler and Kiefer (28) studied the impact
of imposed breathing work during IS in pa-
tients with high and moderate risk of postop-
erative pulmonary complications and observed
that, in patients with a moderate risk, the flow-
oriented device imposed an additional work
two times higher than that imposed by the
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volume-oriented device. During the postop-
erative period of abdominal surgery, when IS
is classically indicated, breathing work can
increase significantly as a consequence of
atelectasis, weakness of inspiratory muscles
and excessive airway mucus secretion (30).
On this basis, we suggest that a device associ-
ated with a lower additional imposed work
should be chosen.

With respect to thoracoabdominal mo-
tion, there were no significant differences in
RC/Vtor AB/Vt between baseline and exer-
cise or between exercises. These results are
different from those reported in previous
studies, probably because of differences be-
tween healthy subjects and patients. Chuter
et al. (31) observed an increase in RC/Vt
during IS compared to baseline after chole-
cystectomy. We may speculate that this re-
sult was consequent to an increased abdomi-
nal pressure related to surgery (32).

Sharp et al. (33), in a study with healthy
subjects, observed that 61 and 50% of sub-
jects, respectively, showed an increasing par-
ticipation of rib cage and abdomen with
increasing tidal volume during deep inspira-
tions performed in the supine position. In the
upright position, nearly all the volume change
was due to rib cage displacement, with much
less abdominal participation compared to
the supine position. In this case, results dif-
ferent from ours may be related to different
methods used to instruct subjects and differ-
ent devices used to assess thoracoabdominal
motion, since the cited investigators used
magnetometer, whereas we used respiratory
inductive plethysmography.

Parreira et al. (12), in 2005, observed an
increase in the contribution of abdominal
motion to Vtduring volume-oriented IS com-
pared to flow-oriented IS, with subjects in
the supine position with 45° of inclination

G.M. Tomich et al.

and with parameter limitation during IS. In
the present study, subjects were positioned
at 30° of inclination and instructed to per-
form deep inspirations without limitations.
Thus, different study designs probably con-
tributed to differences in the results.

Asynchrony between the thoracic and ab-
dominal compartments was assessed by PhAng
(34,35). When rib cage and abdomen move in
perfect synchrony, PhAng is 0°, and with in-
creasing thoracoabdominal asynchrony its
value approaches 180° (34). We did not find
any literature reports about PhAng values for
healthy adults during breathing exercises. The
baseline PhAng values observed here during
baseline were similar to those observed in
previous studies with healthy subjects during
breathing at rest (35-37). When compared to
baseline, there was a significant increase in
PhAng during all exercises, without differ-
ences between them. A priori, these results
can be related to an increased respiratory load
imposed on the respiratory system (37).

Our results suggest that the execution of
the three breathing exercises caused changes
in the volume and time components of the
breathing pattern and increased asynchrony
when compared to baseline. Diaphragmatic
breathing and the volume-oriented incentive
spirometer Voldyne showed similar perfor-
mance. Considering breathing pattern vari-
ables, SCM electromyographic activity and
the physiology of techniques based on deep
and slow inspirations, our results suggest
that the flow-oriented incentive spirometer
Triflo II presented important disadvantages
compared to the other exercises studied.
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