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RESUMO

Introducdo: Pacientes com DPOC apresentam disfungdo da musculatura inspiratoria e
prejuizo do movimento toracoabdominal. O treinamento muscular inspiratorio (TMI) por
meio da sobrecarga de mdsculos inspiratérios (SMI) é indicado a estes pacientes, estando
seus beneficios bem descritos. Entender a cinemaética ventilatoria e a atividade dos musculos
respiratorios durante SMI contribuird para melhores protocolos de TMI. Objetivo: Avaliar a
cinemética ventilatoria e a atividade de musculos respiratdrios de individuos com DPOC
durante SMI. Método: Estudo observacional, tipo transversal. 13 individuos com DPOC
foram avaliados durante repouso e durante SMI por meio do Threshold® a 30% da pressdo
inspiratéria maxima. A cinematica ventilatoria foi avaliada por meio da pletismografia
optoeletrdnica e a atividade dos musculos esternocleidomastdideo (ECM) e abdominais pela
eletromiografia de superficie. Resultados: Do repouso para a SMI observou-se aumento
significativo (p<0,05) do volume (V) da parede toracica (Vy), da caixa toracica pulmonar
(Vetp), do abdomen (Vap), do volume expiratdrio final da caixa toracica abdominal (Vefea), do
volume inspiratdrio final da parede torécica e da caixa toracica abdominal (CTA), do tempo
inspiratério e da ventilagdo minuto. N&o foi encontrada diferenca significativa no V.
Observou-se aumento significativo da ativacdo do ECM durante a SMI em comparagéo com o
repouso. Apenas a correlacdo entre Vy (r=0,558; p=0,005), Va (r=0,425; p=0,038) e a
atividade do ECM foi positiva e de moderada magnitude. Conclusdo: Os resultados sugerem
que individuos com DPOC aumentam V., Vap € a atividade do ECM para responder a SMI.

O comportamento do Vi € do Vef, pode relacionar-se a hiperinsuflagdo dindmica.

Palavras-chave: doenca pulmonar obstrutiva cronica, exercicios para os mdsculos

respiratdrios, cinematica ventilatéria, eletromiografia



ABSTRACT
Background: Patients with COPD demonstrate respiratory muscular weakness and
impairment in the toracoabdominal movement. Inspiratory muscle training (IMT) with
inspiratory threshold loading (ITL) is indicated for these patients and its benefits are well
described. Understanding chest wall kinematics and respiratory muscular activity during ITL
can contribute for better ITL protocols. Objective: To assess the chest wall kinematics and
the respiratory muscular activity during ITL in patients with COPD. Method: cross-sectional,
observational study. Thirteen male patients with COPD were investigated at rest and during
ITL with a Threshold®. Inspiratory load was fixed at 30% of the maximal inspiratory
pressure. The chest wall kinematics was evaluated by the optoelectronic plethysmography and
the activity of the muscles sternocleidomastoid (SMM) and abdominals by electromyography.
Results: From rest to ITL, these were observed increases (p<0.05) in volumes (V) of the
chest wall (Vcw), pulmonary rib cage (Vicp), abdomen (Va,), end-expiratory volume of
abdominal rib cage (Veer), end-inpiratory volume of chest wall, pulmonary and abdominal
rib cage, inspiratory time and minute ventilation. No significant changes were found in V. It
was observed a significant increase in SMM activity during ITL in comparison with rest.
Only the correlation between V¢, (r=0,558; p=0,005), Va, (r=0,425; p=0,038) and the SMM’s
activity were positive and with a moderate magnitude. Conclusions: The results suggest that
patients with COPD increase Vi, Va, and SMM activities to support the Ioad’. The behavior

on V¢, and Vee,; may be related to dynamic pulmonary hyperinflation.

Key words: Chest wall, chronic obstructive pulmonary disease, electromyography,

rehabilitation, respiratory muscle exercise.
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SUMMARY AT A GLANCE

This study evaluated the chest wall kinematics and the activity of the
sternocleidomastoid and abdominal muscles in 13 COPD patients during inspiratory threshold
loading at 30% of maximal inspiratory pressure. The comprehension of chest wall
compartments and respiratory muscular activity during this exercise could improve the use of

this technique.
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ABSTRACT

Background: Patients with COPD demonstrate respiratory muscular weakness and
impairment in the toracoabdominal movement. Inspiratory muscle training (IMT) with
inspiratory threshold loading (ITL) is indicated for these patients and its benefits are well
described. Understanding chest wall kinematics and respiratory muscular activity during ITL
can contribute for better ITL protocols. Objective: To assess the chest wall kinematics and
the respiratory muscular activity during ITL in patients with COPD. Method: cross-sectional,
observational study. Thirteen male patients with COPD were investigated at rest and during
ITL with a Threshold®. Inspiratory load was fixed at 30% of the maximal inspiratory
pressure. The chest wall kinematics was evaluated by the optoelectronic plethysmography and
the activity of the muscles sternocleidomastoid (SMM) and abdominals by electromyography.
Results: From rest to ITL, these were observed increases (p<0.05) in volumes (V) of the
chest wall (Vcw), pulmonary rib cage (Vicp), abdomen (Va,), end-expiratory volume of
abdominal rib cage (Veer), end-inpiratory volume of chest wall, pulmonary and abdominal
rib cage, inspiratory time and minute ventilation. No significant changes were found in V. It
was observed a significant increase in SMM activity during ITL in comparison with rest.
Only the correlation between V¢, (r=0,558; p=0,005), Va, (r=0,425; p=0,038) and the SMM’s
activity were positive and with a moderate magnitude. Conclusions: The results suggest that
patients with COPD increase Vi, Va, and SMM activities to support the Ioad’. The behavior

on V¢, and Vee,; may be related to dynamic pulmonary hyperinflation.

Key words: Chest wall, chronic obstructive pulmonary disease, electromyography,

rehabilitation, respiratory muscle exercise.
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INTRODUCTION

In patients with COPD, pulmonary hyperinflation affects the respiratory muscles,
particularly the diaphragm, by changing the shape and geometry of the chest wall, reducing its
zone of apposition, which increases the movement of the upper rib cage and reduces the
movement of the lower rib cage.?® The flattening of the diaphragm reduces the length of its
fibers,*> changing the optimal length-tension relationship for contractions,®’ impairing its
ability to generate force”®, resulting in dyspnea and in reduction of exercise tolerance.® Thus,
the diaphragm works with mechanical overload*> and COPD patients demonstrate thoracic

breathing pattern'®*?

predominantly with increased use of accessory respiratory muscles, such
as sternocleidomastoid (SMM) and abdominal (ABD).*?

In 1997, the Joint American College of Chest Physicians/American Association of
Cardiovascular and Pulmonary Rehabilitation concluded that there was enough evidence to
recommend inspiratory muscle training with inspiratory threshold loading (ITL) as part of
rehabilitation programs.* There are evidences that the ITL increases strength and endurance
of inspiratory muscles, reduces dyspnea and fatigue, increases exercise tolerance, and the
distance walked during the 6-minute walk test, improves the performance in daily activities

and quality of life, >

provided that it is applied a load of at least 30% of the maximal
inspiratory pressure (MIP) is applied."’

The airflow obstruction and the mechanical disadvantage of the inspiratory muscles
contribute to changes in breathing pattern and thoracoabdominal motion in COPD
patients.>*1%*2 To identify the chest wall kinematics during the ITL in COPD patients may
help to understand the physiological responses of this intervention and it will help to establish
more effective training protocols with ITL.

We hypothesized that COPD patients have less thoracoabdominal motion due to

dysfunction of the diaphragm and, therefore, they would use accessory respiratory muscles
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during ITL. Thefore, the aim of this study was to evaluate the chest wall kinematics and the

activity of SMM and ABD muscles in COPD patients during ITL.

METHODS
Design

This was cross-sectional study, was approved by the institutional ethical committee
board and all participants gave written informed consent. Participants were recruited from the
Special Department for Diagnosis and Treatment of Pulmonology and Thoracic Surgery of
the University Hospital. The chest wall kinematics and the activity of respiratory muscles in

COPD patients during ITL were assessed at a fixed load of 30% of MIP.

Participants

Participants were eligible if they were male between the ages of 45 and 75 years, had
BMI between 18 and 30kg/m? had clinical diagnosis of moderate to very severe COPD
(FEV1<50%),* were clinically stable with no exacerbation in the last four weeks, had smoking
history, had no respiratory diseases witch could contribute to dyspnea, had no cardiovascular,
neurological or psychiatric disorders and did not participate in a pulmonary rehabilitation
program. Participants were excluded if they were not able to understand and follow the study

precedures.

Procedures
The procedures were performed in two days with a maximum interval of one week.

On the first day, muscle strength was evaluated according to Neder et al.*®

and pulmonary
function following the guidelines of the Sociedade Brasileira de Pneumologia e Tisiologia

(SBPT).?° The normal values of pulmonary function volumes were those proposed by Pereira
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et al.?t

On the second day, the chest wall kinematics and the activity of the respiratory
muscles were assessed.

After electromyography (EMG) calibration, the skin was cleaned with alcohol in the
region where the surface electrodes would be placed. For SMM, a pair of electrodes were
fastened to the lower third part of the muscle belly, identified by palpation during the
manually resisted flexion of the neck.?? To obtain the activity of the ABD, the electrodes were
placed 2cm apart of the umbilicus.?*** The ground electrode was fixed on the ulnar styloid
process. All electrodes were fixed on the right. For all procedures, the capture and analyze of
the EMG signals were carried out as recommend by the International Society for
Electrophysiology and Kinesiology (ISEK).?

During the procedures, the participants remained sat on a backless bench with their
feet flat on the floor and their upper limps abducted, externally rotated and flexed (Figure 1),
for visualization of the lateral markers.?® They were comfortably supported by an apparatus to
minimize the activity of the accessory respiratory muscles, so the palpation of these muscles
was carried out to identify the best placement. The participants were instructed to look
forward during all the data collection procedures.

The respiratory muscular activity was simultaneously collected with the chest wall
kinematic during two moments: 1- quiet breathing (rest) during three sets of two minutes with
intervals between sets: one-minute, totaling six minutes; 2 — ITL at 30% of MIP, without
orientation from specific breathing patterns for five minutes.

To allow the cameras to capture the lateral chest wall markers, the examiner held the
inspiratory threshold device at the right side, since the participant had to maintain his arms
abducted for the assessment of chest wall kinematics. The examiner provided the same
instruction to all participants during ITL: "pull the air strongly and exhale.” The participants

were asked to quantify their sensation of dyspnea at rest and immediately after ITL.
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Outcome measures
The chest wall kinematics was evaluated by analyzing the volumes of the chest wall
and its compartments: pulmonary rib cage (RCP), abdominal rib cage (RCA), abdomen (AB)

and the activity of respiratory muscles by the Root Mean Squares (RMS).

Primary outcome variable

The volume (V) of the chest wall (Vcw), end-inspiratory volume (Vei) of the chest
wall (Veicw) and each of its three compartments (Veirep, Veica, Veia), end-expiratory volume
(Vee) of the chest wall (Veecw) and each of its three compartments (Veercp, Vefica; Veea),

dyspnea, muscle activity of SMM and of ABD (RMS).

Secondary outcomes variables
Volume (V) of the chest wall compartments: V¢, Vica and Vg, respiratory frequency
(RF), minute ventilation (VE), inspiratory time (Ti), expiratory time (Te), total time of the

respiratory cycle (Ttot), ratio Ti/Ttot, Vew/Ti and Vew/Te.

Pulmonary Function

Pulmonary function was assessed using a spirometer (Vitalograph 2120, Buckingham,
England). The criteria of acceptability, reproducibility and gradation of quality, followed the
standards recommended by SBPT.?® The results were compared with the predicted values for

the Brazilian population.?*

Inspiratory muscles strength
Maximal Inspiratory Pressure (MIP) was evaluated using an analog manovacuometer

(GERAR® Class B - SP/Brazil) with the operational range of +300cmH,O with 10 in



19

10cmH,0 divisions, which was connected to a plastic corrugated tube (30x2cm) and plastic,

flat mouthpiece, without drain hole.

Medical Research Council Scale (MRC)
Indices of dyspnea were assessed by the British Medical Institute Scale, graduated

from 1 to 5.7

Inspiratory threshold loading (ITL)

ITL was performed with a threshold device (Threshold Inspiratory Muscle Trainer,
HealthScan Products, Cedar Grove, New Jersey, USA), which consists of a plastic cylinder,
1.5cm internal diameter, with an internal pressure regulator, calibrated in cmH,O (from 7 to
41), and imposes a workload on the inspiratory muscles. This device maintains a constant

load during inspiration, is flow-independent, with no resistance during expiration.

Chest wall kinematics
Chest wall kinematics was measured by the Optoelectronic Plethysmography (OEP-
BTS, Milan - Italy) with a sampling frequency of 60Hz. This is a non-invasive technique

which measures minutely, cycle to cycle, changes in volume of chest wall compartments®®?*

% in different situations and positions (standing, sitting, supine, or prone).***? Eight-nine
reflecting markers® were placed over the front and back of the trunk along pre-defined
horizontal and vertical lines.**** The landmark coordinates were measured with a system
configuration of six infrared cameras, three in the front of the participant and three behind.*
Using the Gauss’s theorem, these points were transformed into a 3D geometric model to

define the chest wall.**?®* The boundaries between the three portions were represented by a

transverse section placed at the level of the xiphoid process (between RCP and RCA) and
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another surface positioned at the level of the lower costal margin (between RCA e
AB).¥%3%The total volume of the chest wall was calculated as the sum of its compartments:
CTP, CTA and AB ¥ and the volume of each compartment was calculated by the difference

between Vei and Vee (V=Vei-Vee).?’

Respiratory muscular activity

EMG was used to record the activity of the SMM and ABD muscles. For data
acquisition, it was employed an electromyography (EMG System do Brazil Ltda, S&o Paulo,
Brazil) that had acquisition module of biological signals of eight channels, an amplifier gain
of 1000x and a common mode rejection ratio > 120db. The data was processed using specific
software for acquisition and analyze (WinDaq®Software Acquisition), a converting plate for
A/D 12 bits signal to convert analog to digital signals with a sampling frequency of anti-
aliasing 2000Hz for each channel and an input range of 5mV. Active bipolar superficial
electrodes consisted of two rectangular parallel bars of Ag/AgCl (1cm in length, 0.78cm? of
contact area) with an internal amplifier to reduce the effects of electromagnetic interference

and other noises.

Dyspnea
The participants were asked to measure the sensation of dyspnea at rest and

immediately after ITL by pointing a score on the Modified Borg Scale.***’

Statistical Analyses

Sample size calculation
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Based on a pilot study, considering the significance level a =0.05, a statistical power
of 0.80, it would be necessary about 10 individuals to be able to find a difference of 390ml in

chest wall volume. Thus, 15 individuals were selected, considering the possibility of losses.

Data analyses

Analyses of the chest wall kinematics of each series of two minutes during rest and
two minutes during ITL (90-210sec) were carried out by specific software (DIAMOV®). The
mean rest values were compared to those during ITL by Student's t-test or Wilcoxon's test,
depending upon data distributions.

EMG signal processing was achieved by the time-domain, so the signals generated by
the muscles represented their activity, as a function of time. From the results of the program,
the RMS (the square root sum of all signals in a given period divided by the number of signs
considered) was used to evaluate the intensity of the muscular contractions.*® It was analyzed
a minute (30 to 90seg) in the second serie of rest and a minute in the ITL (120 to 180s). For
comparative analyses between the muscles in the two situations, the signal normalization was
calculated by the RMS and its absolute value was converted to relative value. A reference
value of 100% was calculated as the absolute rest value. Values during ITL resulted from the
mathematical ratio between the absolute values of the loading period and those at rest, and
then multiplied by 100. Thus, values greater than 100 indicated increases in muscular activity,
while those lower than 100, decreases in muscle activity. 39

Person’s or Sperman’s correlation coefficients were employed to investigate the
relationships between the chest wall volumes and the activity of SMM and ABD muscles. All
statistical procedures were carried out using the Statistical Package for Social Science (SPSS,

Chicago, IL, USA), version 15.0. The level of significance was set at p< 0.05.
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RESULTS
Participants

Fifteen COPD patients were evaluated, but two were excluded because they were not
able to complete five minutes of ITL. During the processing analyses of the EMG signal,
there were artifacts that precluded analysis of a participant. Therefore, the correlations
between the chest wall volumes and muscular activity was conducted with 12 participantsas
shown in the flowchart of the study (Figure 2). The anthropometric characteristics, pulmonary
function and inspiratory muscular strength were described as means and standard deviations

(SD), as shown in Table 1.

Chest wall kinematics

Table 2 shows the effects of the ITL in the breathing patterns and chest wall
kinematics. In relation to breathing pattern, from rest to ITL, Vew, Vicp, Van, Ti, Ti/Ttot,
Ve/Te and VE increased (p<0.05), although V., Te, V./Ti and RF did not change. The
analysis of the chest wall kinematics showed that with ITL, Veera, Veicw, Veirp, Veira all
increased (p<0.05) without changes in Veecw, Veerp, Veea, Veiw (Table 2 and Figure 3).
Figure 3 shows the results in the form of A in the volume compartments of chest wall, that it
is the difference between Vei and Vee of the same condition (AVcw = Veicw Rest - Veecw
Rest), which results in correspondent tidal volume. For a A of Vee was posted the difference
between the Vee in ITL and the Vee in Rest (AVee., = Veeey ITL - Vee., Rest), considering

as reference the functional residual capacity (V=0).

Dyspnea
As expected, the sensation of dyspnea increased after ITL, from 0.37 to 1.12

(p=0.010).
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Muscle activity
From rest to ITL, only the activity of SMM muscle increased significantly (p=0.007)
(Figure 4). Only the correlation between activity of SMM and V.., Va was positive and had

moderate magnitude (Table 3).

DISCUSSION

The present study showed that patients with COPD, to overcome the inspiratory load,
increased Vi, and Vg, during ITL with 30% of MIP, without changes in the V(c.. The highest
activity of the SMM mescle during ITL was related to increases in Vewand in Vap,.

The increases in V¢ and in Vi, resulted from an increased in Vei, without changing
the Vee. As there was no significant difference in Veecy, there was no dynamic hyperinflation
during ITL, although Vee., has significantly increased, suggesting diaphragm impairment.
The increases in Ti, without increases in V./Ti also contributed to increase in Vcw. AS NO
difference was found in Te, but there was an increase in V., ocurred an increase in Vqw/Te. It
was observed an increase of Ti/Ttot during ITL, which indicates a greater work of inspiratory
muscles.’

Two participants did not finish five minutes of ITL, even having preserved inspiratory
muscle strength. This may be explained by the low value of FEV; of these participants (21.69
and 16.59% Pred). These participants reported no breathless during ITL, but justified their
difficulty to continue due a discomfort caused by the nose clip.

This was the first study to describe the chest wall kinematics in patients with COPD
during ITL, using OEP. Although this equipment requires substantial technical preparation, it
provides a direct measurement of the absolute volumes and the variation of chest wall
compartments, which is not possible to obtain with other equipments. Unlike magnetometers

or respiratory inductance plethysmography, it requires neither calibration on the participant,
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nor depends on the degrees of freedom, nor yet does it require particular respiratory
maneuvers involving the participants cooperation. Moreover, it is non-invasive and does not
require a mouthpiece,*® which could change the breathing patterns of the participants.

The inspiratory muscular strength (MIP) may be reduced in COPD patients. Many
authors explained this change to pulmonary hyperinflation, which leads to mechanical
disadvantage of the diaphragm and weakness.” According to Rochester, the MIP in these
patients should be corrected according to changes in lung volumes only when MIP values
indicates weakness. From this correction, it is possible to determine if the low values found
for the MIP are the result of weakness or caused by limited air flow.” In this study, this
correction was not performed, since the participants showed preserved muscle strength,
although the values were below the predicted ones.'® Furthermore, this correction is not used
in clinical practice.

There may be three explanations for the strength to be preserved in these patients: 1 -
chronic adaptations of COPD, reducing the length of the sarcomeres and increasing the

oxidative capacity of mitochondria;****" 2 —

adaptation of the accessory respiratory muscles
to overcome the load during the respiratory cycle due to the weakness of the diaphragm,
maintaining adequate levels of ventilation;”* 3 — the manovacuometer assesses global
inspiratory muscles, not differentiating which muscle would be weak. Thus, there may be
weakness of the diaphragm with compensation of the accessory muscles.*?

Dos Santos Yamaguti et al. (2008) evaluated the diaphragmatic mobility in 54 patients
with COPD and 20 healthy individuals with ultrasound and found that COPD patients had less
diaphragm mobility and this reduction was associated with air trapping, airway resistance, and

pulmonary ventilatory capacity, but not with respiratory muscle strength or hyperinflation.

There were no correlation between diaphragm mobility and respiratory muscular strength,
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suggesting that although diaphragm strength can be restored by a process of adaptation, its
mobility continues to be impaired as a result of muscular shortening.**

The present study suggests that although the COPD patients did not show inspiratory
muscular weakness, their diaphragm’s have impairments in mobility during the ITL, since
increases in Ve, were not observed.

Impairments caused by pulmonary hyperinflation can be compensated by adaptations
of the chest wall and shape of the diaphragm to accommodate the increase in lung volume and
adaptations of muscular fibers to preserve strength and endurance.™® Chronic hyperinflation
generates adaptation in the diaphragm length-tension curve due to a reduction of sarcomeres
in series which can restore its ability to generate force.®

It is well established that during the sensation of respiratory efforts, as observed in this
study, there is greater contribution of inspiratory rib cage muscles and a smaller work of
diaphragm.! In this study, the increases in V., resulted from the increase in V¢, and Vi, but
not from the increases in V.. These results suggest that in these patients, there may be an
activity of the upper rib cage muscles and an impairment in diaphragm contraction, since this
muscle is primarily responsible for CTA movement.?****® This can be explained by changes
in strength and/or diaphragm mobility.

EMG was used because it is a non-invasive method and reflects the activity of
superficial muscles in time and space, capturing signals from motor units.>*** However, its
signal can be influenced by the distance between the muscle and the electrode, being easily
confused with non-physiological signals orcross-talk. The absolute values of the EMG signals
suffer effects of individual constitution and of adjacent muscles, complicating the comparison
of the values.®*®** To compensate this constraint, the EMG amplitudes were normalized,
considering the study of individual differences. This technique consists in setting the absolute

values using a reference EMG considered at 100%.
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De Andrade. (2005) evaluated the EMG activity of SMM and diaphragm muscles in
patients with COPD and the correlations between the activity of SMM, MIP and FEV; during
ITL with Threshold® IMT (30% MIP). They observed that for the COPD group, the RMS
increased 28% during the ITL (p=0.04), while the RMS of the diaphragm remained constant,

1.2* evaluated the

which can be explained by its mechanical disadvantage.®® Duiverman et a
reproducibility and sensitivity of surface EMG in respiratory muscles during ITL and
concluded that EMG was reproducible and sensitive to assess the breathing patterns of healthy
subjects and patients with COPD.

The present findings suggested that patients with COPD, to overcome the load,
activated the SMM, which was associated with changes in V¢, and Va. Thus, the SMM
activation seems to be able to ensure the AB ventilation. Due to the difficulty in placing
electrodes in the diaphragm region, as markers of OEP were fixed in the same place, it was
not possible to evaluate the electromyography activity of this muscle. The SMM
electromyography activity may have been influenced by the participant head movement
toward the examiner who held inspiratory threshold device on the right side.

In this study, a specific breathing pattern was not required to be followed during ITL,
so the participant was free to choose the most comfortable way to perform the inspiratory
threshold device. Future studies should assess participants with inspiratory muscuular

weaknesses and orient diaphragmatic breathing during ITL, to have greater CTA movements

and more activity of the diaphragm.

CONCLUSIONS
The results of this study suggested that patients with COPD to overcome the
inspiratory load, increased the pulmonary rib cage volume and the abdominal volume. In

addition, significant relationships were found between the activation of sternocledomastoid



27

and those variables. The behavior of the abdominal rib cage and its end-expiratory volume

may be related to dynamic hyperinflation due to mechanical diaphragm disadvantage.
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FIGURE 1: Position of the participant for data collection
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FIGURE 2: Flowchart of the participants

Excluded: 2 (not able to complete 5 min of IML)

n=13

Excluded: 1 (problems with EMG
precessing)

ITL: inspiratory threshold loading, EMG: electromyography, OEP: optoelectronic

plethysmography.
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FIGURE 3: Changes in the chest wall volumes and their compartments during inspiratory

threshold loading
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inspiratory threshold loading, closed symbols: end-expiratory volume, open symbols: end-

inspiratory volume. The dotted line: functional respiratory capacity. Bars are means + SD.
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FIGURE 4: RMS values of the Sternocleidomastoid (SMM) and abdominal (ABD) activity

during rest and during inspiratory threshold loading (ITL)
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TABLE 1: Descriptive data (means + SD) of the characteristics of the paricipants

Characteristic (n=13)
Age (yr), mean (SD) 65.15 (7.09)
Weight (kg), mean (SD) 62.88 (8.59)
Height (m), mean (SD) 1.64 (0.06)
BMI (kg/m?) 23.37 (2.61)
MIP (cmH;0) 86.92 (29.97)
MIP (% Pred) 81.13 (28.03)
FEV: (L) 1.07 (0.44)
FEV 1 (%opred) 33.18 (10.91)
FEV./FVC 0.46 (0.07)
MRC(a.u..) 2.31 (0.75)

MIP: Maximal Inspiratory Pressure, MRC: Medical Research Council, a.u.: arbitrary unit.

35
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TABLE 2: Effects of the inspiratory threshold loading on volumes of the chest wall

compartments, breathing patterns and Modified Borg Scale (means£SD) n=13

Rest ITL ITL - Rest 95% ClI p
Vew (L) 0.51+0.11 0.84+0.31 0.34 0.16 a0.51 0.002°
Viep (L) 0.13+0.04 0.21+0.12 0.08 0.01a0.15 0.028?
Viea (L) 0.07+0.03 0.11+0.09 0.04 -0.01a0.08 0.137
Vab (L) 0.31+0.10 0.53%0.20 0.22 0.14a0.31 <0.001
Ti (s) 1.36+0.20 2.09+0.74 0.73 0.23al23 0.001°
Te (s) 2.14+0.48 2.25%0.83 0.11 -0.43 a0.66 0.653
Ttot (s) 3.49+0.64 4.34+1.40 0.85 -0.09a1.78 0.071
Ti/Ttot 0.40+0.28 0.48+0.08 0.09 0.03a0.14 0.005
Rt (min™) 18.55+3.26  15.53+4.66 -3.02 -6.92 a0.88 0.117
Ve (Lmin™) 8.85+1.69  12.30+3.94 3.46 0.79a6.13 0.015
Ve Ti(L/S) 0.37+0.06 0.44+0.16 0.07 -0.03a0.17 0.173
Vew/Te(L/s) 0.25+0.06 0.42+0.18 0.17 0.04 a0.29 0.001%
Veecw (L) 22.53+3.76  22.74+3.80 20 -0.08 a0.48 0.144
Veerp (L) 13.26+1.92 13.41+1.94 0.15 -0.01a0.31 0.067
Veera (L) 3.29+0.57 3.43+0.57 0.14 0.08 a0.20 <0.001
Veea (L) 5.99+1.55 5.90£1.60 -0.09 -0.24 a 0.06 0.228
Veiew (L) 23.04+3.79  23.58+3.93 0.54 0.14a0.93 0.011
Veirp (L) 13.39+£191 13.61+1.97 0.23 0.02a0.43 0.032
Veica (L) 3.36+0.58 3.53+0.58 0.17 0.09 a0.26 0.009
Veia (L) 6.29%1.60 6.43+1.73 0.13 -0.06 a0.33 0,156

ITL: inspiratory threshold loading, CI: confidence interval, V¢y: chest wall volume, Vi:
pulmonary rib cage volume, V(. abdominal rib cage volume, V,,: abdominal volume, Ti:
inspiratory time, Te: expiratory time, T total time of the respiratory cycle, R: respiratory
frequency, VE: minute ventilation, Veec.: chest wall end-expiratory volume, Veery:
pulmonary rib cage end-expiratory volume, Vee.,: abdominal rib cage end-expiratory
volume, Vee,,: abdomen end-expiratory volume, Veig,: chest wall end-inspiratory volume,
Veirp: pulmonary rib cage end-inspiratory volume, Veir,: abdominal rib cage end-inspiratory

volume, Vei,: abdomen end-inspiratory volume. % non-parametric variables.
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TABLE 3: Coefficients and p-values between pulmonary volumes and muscular activity

Correlatlon VCWa Vrcp a Vrcab Vabb
SMM r=0.558; p=0.005* r=0.303; p=0.150 r=0.162; p=0.449 r=0.425; p=0.038*
ABD r=0.094; p=0.663  r=0.142; p=0.509  r=0.107; p=0.617 r=0.070; p=0.747

SMM: sternocledomastoid, ABD: abdominals, V¢w: chest wall volume, V(¢p: pulmonary rib
cage volume, V(.. abdominal rib cage volume, Vg: abdomen volume, * Sperman’s

correlation, ®: Pearson Correlation.
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ANEXO 2

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Obrigada pelo seu interesse em participar do projeto “AVALIACAO
DA CINEMATICA DA PAREDE TORACICA E DA DISPNEIA DURANTE A
RESPIRAQAO DIAFRAGMATICA E A RESPIRAC}AO COM FRENO-LABIAL

EM PACIENTES COM DOENGCA PULMONAR OBSTRUTIVA CRONICA”

Objetivo da pesquisa

Esta ¢ uma pesquisa importante para as pessoas com doencas
pulmonares, pois tem como objetivo avaliar o movimento do torax e a
sensacao de falta de ar durante a realizagéo de dois exercicios respiratorios
muito utilizados por pacientes com doencas respiratorias.

Responsaveis

- Profa. Dra. Verbnica Franco Parreira do Departamento de

Fisioterapia / Universidade Federal de Minas Gerais (UFMG).

- Karoline Simdes Moraes, aluna do Programa de Pés-Graduacao

em Ciéncias da Reabilitacdo da UFMG, nivel mestrado.

Antes de autorizar sua participacdo neste Projeto de Pesquisa
€ necessario que o Sr. compreenda as explicagbes sobre os
procedimentos, beneficios, riscos e informacgdes adicionais sobre a

pesquisa.

Caso o Sr. aceite participar desta pesquisa, ira submeter-se aos
seguintes PROCEDIMENTOS:
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Primeiro dia:

O Sr. recebera informagdes sobre o projeto de pesquisa, depois seu
peso e sua altura serdo medidos, utilizando uma balanca, e sua
circunferéncia abdominal sera medida com uma fita métrica. Depois
disto, o Sr. realizara duas avaliagbes, uma para avaliar a quantidade de
ar que entra e sai de seus pulmdes (analise de volumes e capacidades
pulmonares) e outra para avaliar a forca dos seus musculos
respiratorios. Para a realizacdo destas duas avaliacbes, o Sr. fara
algumas respiracdes profundas e rapidas. O Sr. aprendera entdo a
realizar os 2 (dois) exercicios respiratorios: respiracdo diafragmatica
(respiracdo movimentando predominantemente o abdome) e respiracao

com freno-labial (respiragdo com os labios parcialmente cerrados).

Sequndo dia:

Serdo posicionados marcadores na superficie do seu torax por meio de
adesivos, que parecem com uma fita “durex”. O Sr. ficard sentado em
um banco, com os bracos apoiados e realizard cada exercicio
respiratorio por um periodo de 6 minutos, com um intervalo de descanso

entre eles.

N&o sera utilizado nenhum instrumento invasivo durante a realizagéo
das medidas, ou seja, hdo havera elementos pérfuro-cortantes, como
agulhas.

Riscos e desconfortos

O estudo néo oferece riscos significativos, ja que ndo ha nenhum
procedimento invasivo ou desgastante para os participantes. Se o Sr.
perceber qualquer sintoma diferente do habitual, como por exemplo
cansaco, o Sr. podera interromper o teste.

Beneficios esperados
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O Sr. tera sua funcdo pulmonar avaliada e os resultados obtidos
contribuirdo para um maior conhecimento cientifico na area e para
melhorar a avaliagéo e o tratamento dos pacientes com doengas
pulmonares.

Além dessas explicagcbes, o Sr. tem o direito de solicitar outros
esclarecimentos e, como voluntario, o Sr. podera interromper a sua
participacdo a qualquer momento, durante a coleta de dados, sem
qgualquer penalizacdo ou prejuizo.

A PESQUISA NAO REVELARA A IDENTIDADE DOS PARTICIPANTES.

O Sr. ndo tera qualquer tipo de despesa e nao recebera nenhuma
remuneracao por sua participacdo na pesquisa. As despesas com seu
deslocamento serdo de responsabilidade das pesquisadoras.

Li e entendi as informagdes acima. Desta forma, eu

, concordo em participar deste

estudo.Belo Horizonte, de de 20

Assinatura do voluntario

Assinatura do pesquisador
Telefones e enderecos para contato:

- Professora Veronica Franco Parreira

Endereco: Av. Antbnio Carlos, 6627 — Pampulha . Belo Horizonte.
Escola de Educacéo Fisica, Fisioterapia e Terapia Ocupacional.
Telefone: 3409 4783 / 99750523

- Karoline Simdes Moraes

Endereco: Av. Antbnio Carlos, 6627 — Pampulha . Belo Horizonte.
Escola de Educacéo Fisica, Fisioterapia e Terapia Ocupacional.
Telefone: 3375 9107 / 9673 9964

- COEP — Comité de Etica em Pesquisa

Endereco: Av. Antonio Carlos, 6627 - Unidade Administrativa Il - 2°
andar - Sala 2005 — Pampulha. Belo Horizonte.

Telefone: 3409 4592
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ANEXO 3

liNl\’lCRASll)A'I)I{ FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEP

Parecer n2. ETIC 557/08

Interessado(a): Profa. Verénica Franco Parreira
Departamento de Fisioterapia
EEFFTO - UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG - COEP aprovou, no
dia 03 de dezembro de 2008, o projeto de pesquisa intitulado
"Avaliacdo da cinematica da parede toracica e da dispnéia durante
a respiragao diafragmatica e a respiragdo com freno-labial em
pacientes com doenga pulmonar obstrutiva crénica" bem como ¢
Termo de Consentimento Livre e Esclarecido.

O relatorio final ou parcial devera ser encaminhado ao COEP um

ano apos o inicio do projeto.

rofa. Maria Teresa Marques Amaral
Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 - Unidade Administrativa Il - 2%andar - Sala 2005 - Cep:31270-901 - BH-MG
Telefax: (031) 3409-4592 - c-mail: coep.dprpg.uting. br



