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Abstract
Objective: To evaluate the electromyographic activity (EA) of sternocleidomastoid (SCM) and scalene muscles 
during and after the use of expiratory positive airway pressure (EPAP) in patients with COPD. Methods: This was a 
clinical single-blind trial involving 13 healthy subjects as controls and 12 patients with stable COPD. At baseline, 
we determined EA during spontaneous respiration, lung function parameters, and respiratory muscle strength. 
Subsequently, EPAP at 15 cmH2O was applied by means of a face mask for 25 min, during which the EA of the 
SCM and scalene muscles was recorded every 5 min. A final record was obtained 10 min after the mask removal. 
Results: We found that the behavior of the EA of SCM and scalene muscles was comparable between the controls 
and the COPD patients (p = 0.716 and p = 0.789, respectively). However, during the use of EPAP, both muscles 
showed a trend toward an increase in the EA. In addition, there was a significant decrease in the EA of the SCM 
between the baseline and final measurements (p = 0.034). Conclusions: The use of EPAP promoted a significant 
reduction in the EA of the SCM in the controls and in the patients with stable COPD. However, this did not occur 
regarding the EA of the scalene muscle.

Keywords: Electromyography; Respiratory muscles; Pulmonary disease, chronic obstructive;  
Positive-pressure respiration.

Resumo
Objetivo: Avaliar a atividade eletromiográfica (AE) dos músculos esternocleidomastoideo (ECM) e escaleno 
durante e após a aplicação de expiratory positive airway pressure (EPAP, pressão positiva expiratória nas vias 
aéreas) em portadores de DPOC. Métodos: Ensaio clínico simples cego com 13 indivíduos hígidos como controles 
e 12  pacientes com DPOC estável. No momento basal, foram determinados a AE em respiração espontânea, 
parâmetros da função pulmonar e a força muscular respiratória. Posteriormente, foi aplicada EPAP de 15 cmH2O 
com uma máscara facial durante 25 min, com o registro do sinal eletromiográfico dos músculos ECM e escaleno 
a cada 5 min. Um último registro foi obtido 10 min após a retirada da máscara. Resultados: Observamos que 
o comportamento da AE dos músculos ECM e escaleno foi semelhante nos controles e pacientes com DPOC 
(p = 0,716 e p = 0,789, respectivamente). Porém, ao longo da aplicação de EPAP, ambos os músculos mostraram 
uma tendência ao aumento da AE. Além disso, houve uma redução significativa da AE do ECM entre o momento 
final e basal (p = 0,034). Conclusões: A aplicação de EPAP promoveu uma redução significativa da AE do músculo 
ECM tanto nos controles quanto nos portadores de DPOC estável. Porém, isso não ocorreu em relação à AE do 
músculo escaleno.

Descritores: Eletromiografia; Músculos respiratórios; Doença pulmonar obstrutiva crônica;  
Respiração com pressão positiva.

* Study carried out at the Universidade de Santa Cruz do Sul – UNISC, University of Santa Cruz do Sul – Santa Cruz do Sul, Brazil.
Correspondence to: Dannuey Machado Cardoso. Rua Adriana Pereira Druck, 149, Farol, CEP 96690-000, Pântano Grande, RS, Brasil.
Tel 55 51 3734-1204. E-mail: dannuey@yahoo.com.br
Financial support: None.
Submitted: 14 December 2009. Accepted, after review: 13 October 2010.

Original Article



Effects of expiratory positive airway pressure on the electromyographic  
activity of accessory inspiratory muscles in COPD patients

J Bras Pneumol. 2011;37(1):46-53

47

were submitted to 10 cmH2O of inspiratory 
positive airway pressure, EPAP, or continuous 
positive airway pressure.(15) The authors found 
EPAP to be the only pressure mode that 
increased respiratory effort. In contrast, one 
of the major clinical applications of EPAP is 
the displacement of secretions in patients with 
COPD, promoting the important physiological 
effect of reducing the mechanism of pulmonary 
hyperinflation in these patients. Therefore, 
theoretically, during the use of EPAP in patients 
with COPD, the possible increase in respiratory 
effort could affect the inspiratory muscles. The 
objective of the present study was to evaluate 
the electromyographic activity of the SCM and 
scalene muscles during and after the use of 
EPAP in patients with COPD.

Methods

This was a single-blind clinical trial involving 
patients with COPD and healthy subjects, all 
between 40 and 70 years of age. The study 
sample comprised patients clinically diagnosed 
with COPD and classified as having stage II or 
III disease, based on the Global Initiative for 
Chronic Obstructive Lung Disease classification. 
In addition, these patients should be enrolled in 
a pulmonary rehabilitation program and should 
be clinically stable, as determined by a physician. 
The healthy subjects included were nonsmokers 
and had normal pulmonary function. The COPD 
patients with hemodynamic instability or clinical 
signs of acute exacerbation were excluded, as 
were those with an artificial airway and those 
who did not tolerate the EPAP mask. Regarding 
the healthy subjects, those with respiratory 
symptoms 30 days prior to inclusion in the study 
were excluded, as were those with chronic lung 
disease, those with claustrophobia, and those 
with hemodynamic instability.

The present study was approved by the 
Research Ethics Committee of the University 
of Santa Cruz do Sul, and all participants gave 
written informed consent.

The study was conducted in two phases. In 
the first phase, anthropometry, respiratory muscle 
strength, and pulmonary function were assessed. 
In the second phase, during the use of EPAP, 
VT, RR, SpO2, and the electromyographic activity 
were measured over 25 min. Two investigators, 
who were blinded to the outcome of the study, 
were responsible for the interventions.

Introduction

The chronic airflow obstruction seen in 
individuals with COPD is accompanied by altered 
respiratory mechanics, leading to reduced 
aerobic capacity of the peripheral muscles, 
which results in reduced lung elastic recoil, 
increased lung compliance, and a change in 
the ventilation/perfusion ratio.(1,2) As a result of 
these changes, there is increased physiological 
dead space, dynamic hyperinflation with 
flattening of the diaphragm, and inefficient 
respiratory biomechanics, causing increased 
energy expenditure.(3,4)

Dynamic hyperinflation is the major cause 
of exercise limitation in patients with COPD, 
resulting in an increase in the inspiratory muscle 
effort required to produce a pressure that 
can overcome the threshold load of intrinsic 
positive end-expiratory pressure (PEEPi).(5) The 
increase in inspiratory muscle effort occurs due 
to increased activation of the scalene muscle 
and to recruitment of accessory respiratory 
muscles, such as the sternocleidomastoid (SCM) 
muscle.(6) These muscles are responsible for 
the cranial displacement of the sternum and 
rib cage during inhalation, although they are 
activated at different time points: the scalene 
is activated during the inhalation phase, even at 
rest, whereas the SCM muscle is recruited only 
after approximately 70% of tidal volume (VT) has 
been reached, or when there is a hypercapnia- 
or hyperpnea-induced increase in inspiratory 
capacity,(7,8) or at approximately 35% of MIP 
during an inspiratory effort from functional 
residual capacity in healthy subjects.(9)

Many authors have studied the effects of 
using expiratory positive airway pressure (EPAP) 
in patients with COPD,(10,11) especially in terms 
of assistance in the removal of pulmonary 
secretions.(12,13) In patients with COPD, the 
increase in resistance in the expiratory phase 
causes a decrease in minute volume, VT, RR, 
and physiological dead space, as well as 
potentially improving the length-tension ratio 
of the respiratory muscles, thereby making 
them more efficient.(13,14) However, other authors 
suggest that the use of EPAP in patients with 
moderate to severe airway obstruction, at rest or 
during exercise, is responsible for the increased 
sensation of dyspnea.(11)

In a study employing a canine model of 
methacholine-induced bronchospasm, animals 
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unidirectional valve and an expiratory resistance 
device, known as a spring-loaded valve (Vital 
Signs), and the level was set to 5 cmH2O for the 
first 5 min (to allow adaptation), after which it 
was increased to 15 cmH2O. A digital vacuum 
manometer (model MVD300; GlobalMed, Porto 
Alegre, Brazil) was connected to the EPAP mask 
in order to measure the mask pressure level and 
ensure that it did not exceed 15 cmH2O.

Pulmonary function was measured with a 
portable spirometer (EasyOne® Model 2001; 
Diagnostic Spirometer, Zurich, Switzerland), 
and the protocol used was that recommended 
by the American Thoracic Society in 2005.(18) We 
analyzed FVC, FEV1, FEV1/FVC, and PEF. The 
curve with the best performance was compared 
with the values predicted in the literature,(19) and 
the results are therefore expressed as percentage 
of predicted.

Respiratory muscle strength (MIP and MEP) 
was measured with a digital vacuum manometer 
(model MVD300; GlobalMed) with the subjects 
in a sitting position.(20) The MIP was obtained 
with the subjects inhaling from RV to TLC, 
whereas the MEP was obtained with a forced 

The VT was measured with a spirometer 
(Mark 8; Ferraris Medical Ltd., Middlesex, 
England), and SpO2 was measured with an 
oximeter (Nonin Medical, Plymouth, MN, USA). 
In addition, RR (breaths/min) was determined. 
These variables were initially measured with the 
subjects breathing spontaneously, that is, prior 
to the use of EPAP, and at during the final 
minute of EPAP.

The electromyographic signal was 
initially recorded with the subjects breathing 
spontaneously (pre-EPAP), in a sitting position 
and at rest, with the cervical region and upper 
limbs in a neutral position. The subjects were 
instructed not to move those segments during 
signal recording.

For the recording of the electromyographic 
signal (EMGs), the area was shaved and the 
surface of the muscle of interest was disinfected 
with an alcohol swab in order to remove dead 
cells and reduce skin resistance to the EMGs 
passing through it. Surface circular electrodes 
with a bipolar configuration and a radius 
of 15 mm (Meditrace 100 Ag/AgCl pediatric 
electrodes; Tyco Healthcare Group Canada Inc, 
Pointe Claire, QC, Canada) were positioned with 
conductive adhesive solid gel (Tyco Healthcare 
Group Canada Inc), pre-amplified, and connected 
to a surface differential sensor (model SDS500; 
Miotec Equipamentos Biomédicos Ltda., Porto 
Alegre, Brazil). The center of each electrode was 
30 mm from that of its neighbor. The level of 
resistance between the electrodes was measured, 
before each session, with a digital multimeter 
(model UT30B; UNIT, Guangshou, China) and 
was regulated to remain below 3,000 ohms.(16) 
As can be seen in Figure 1, a pair of surface 
electrodes were put into place, one over the SCM 
muscles (3 cm above the anterior muscle head 
and in both posterior triangles of the neck, at the 
level of the cricoid cartilage) and one over the 
lower portions of the anterior scalene muscles. 
This location was determined by palpating the 
lower third of a line drawn between the middle 
of the mastoid process and the middle of the 
sternal notch.(17)

For a total of 25 min, we applied EPAP 
using a flexible face mask (RHDSON; Vital Signs, 
Totowa, NJ, USA) with a head strap, which 
made it possible to minimize air leaks. The 
expiratory port of the mask was connected to a 
positive pressure generating system containing a 

Figure 1 - Use of expiratory positive airway pressure 
(EPAP) in a volunteer. During the use of EPAP, the 
electromyographic activity of the sternocleidomastoid 
and scalene muscles was recorded simultaneously 
with tidal volume and mask pressure (with a vacuum 
manometer).
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compare the EMGs between the left and right 
segments, the paired Student’s t-test was used. 
The chi-square test was used for comparing the 
gender proportions between the groups. For 
the analysis of the EMGs, data were converted 
into natural logarithms, this conversion being 
performed only to obtain relative data symmetry, 
and two-way repeated measures ANOVA with 
Greenhouse-Geisser correction was then used. 
For the comparison between the pre-EPAP and 
post-EPAP time points in terms of the EMGs of 
the SCM muscle, the paired Student’s t-test was 
used. The level of statistical significance was set 
at p < 0.05.

Results

The sample comprised 25 participants, of 
whom 13 were healthy subjects (control group) 
and 12 were COPD patients (COPD group). There 
was a homogeneous distribution of participants 
in terms of gender, mean age, and respiratory 
muscle strength, represented by MIP and MEP. 
There were differences between the groups in 
terms of BMI (there were overweight subjects 
in the control group) and pulmonary function 
(all analyzed variables were reduced in the COPD 
group, which shows the losses caused by the 
disease; Table 1). Respiratory muscle strength was 
not significantly different between the groups, 
suggesting that COPD patients can maintain 
the pressures generated by the inspiratory and 
expiratory muscles. Despite the lack of statistical 
significance, which was probably due to the 
sample size, it is important to emphasize that 
there was a significant decrease in MIP in the 
COPD group (Table 1).

In the control group, the use of EPAP 
resulted in a significant increase in VT (pre-EPAP 
vs. post-EPAP: 642.2 ± 344.4 mL vs. 1,540.5 ± 
702.5  mL; p = 0.002) and in SpO2 (96.5 ± 
1.3% vs. 98.4 ± 0.8%; p < 0.001), as well as 
a significant decrease in RR (pre-EPAP vs. 
post-EPAP: 17.4  ± 4.6 breaths/min vs. 10.5 
± 4.7  breaths/min; p = 0.002). In the COPD 
group, there was an increase in SpO2 (pre-EPAP 
vs. post-EPAP: 93.6 ± 5.1% vs. 95.4 ± 3.2%; p 
= 0.038); and a decrease in RR (pre-EPAP vs. 
post-EPAP: 18.3 ± 4.1 breaths/min vs. 11.6 ± 
3.8 breaths/min; p < 0.001), although there was 
no significant increase in VT (pre-EPAP vs. post-
EPAP: 470.4 ± 272.9 mL vs. 526.8 ± 267.4 mL; 
p = 0.574).

expiratory maneuver from TLC to RV against the 
occluded valve. For data analysis, we considered 
the highest value obtained in the five maneuvers 
performed, provided that it did not differ by 
more than 10% in relation to the second highest 
value in decreasing order. These values were 
compared with those reported in the literature(21) 
and are expressed as percentage of predicted.

Electromyographic data acquisition involved 
a surface electromyograph (Miotool 400; 
Miotec, Porto Alegre, Brazil) consisting of a 
four-channel system, with a sampling frequency 
of 2,000 Hz per channel. Signal acquisition 
was performed before EPAP (pre-EPAP), every 
5 min during EPAP (totaling 5 acquisitions), 
and 10 min after EPAP (post-EPAP). The curve 
corresponding to the electromyographic signal 
of the inspiratory phase was obtained by 
monitoring mask pressure with the MVD300 
program (GlobalMed) from 1 s before the absence 
of pressure was detected to 1 s after pressure 
reached 15 cmH2O,(22) and the root mean square 
(RMS) value was obtained. Subsequently, the 
data were transmitted to a laptop via USB port 
connection. These findings were exported to 
the SAD 32 program (Laboratório de Medições 
Mecânicas da Universidade Federal do Rio 
Grande do Sul, Porto Alegre, Brazil) for digital 
filtering with fifth order Butterworth bandpass 
filters at cut-off frequencies between 25 and 
500 Hz.(23) The procedures for EMGs capture 
were those recommended by the International 
Society of Electrophysiology and Kinesiology.(24) 
Electromyographic activity during breathing at 
rest and during the use of EPAP is expressed as 
a percentage of RMS (%RMS), the values being 
normalized through the maximal voluntary 
isovolumetric contraction obtained during the 
measurement of MIP.

The Statistical Package for the Social 
Sciences, version 18.0 (SPSS Inc., Chicago, IL, 
USA) was used for analysis the results, which 
are expressed as mean and standard deviation 
and were evaluated for normality by the 
Shapiro-Wilk test. Data on age, BMI, pulmonary 
function, and respiratory muscle strength 
were assessed for heterogeneity by the F-test 
and were compared between groups by the 
Student’s t-test for independent samples. To 
compare the VT, RR, and SpO2 values obtained 
before the use of EPAP with those obtained at 
25 min of EPAP within each group, as well as to 
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COPD group, especially in MIP. As has been 
previously reported, the loss of respiratory 
muscle strength in patients with COPD is mainly 
due to the development of lung hyperinflation, 
which could result in these muscles being at a 
significant mechanical disadvantage, causing 
geometric changes to the thorax and diaphragm, 
as well as depression of the hemidiaphragm and 
shortening of its fibers, forcing it to operate in 
an unfavorable portion of the length-tension 
curve,(25,26) in addition to increasing the demand 
on these muscles in an attempt to overcome the 
threshold load of PEEPi.(5) Therefore, in patients 
with COPD, there is additional recruitment of 

Regarding the electromyographic activity of 
the muscles studied, we initially observed that 
there were no significant differences between 
the right and left segments of the two muscles 
in terms of muscle activity, and, for this reason, 
we adopted the mean of the two segments. As 
can be seen in Figure 2, the electromyographic 
activity of the SCM muscle showed a significant 
difference between the time points (p = 0.034), 
although not between the groups (p = 0.716). 
Therefore, considering the sample as a whole 
(n   = 25), we found a significant decrease 
between the pre- and post-EPAP measurements 
in terms of the EMGs of the SCM muscle (16.7 ± 
11.0%RMS vs. 12.5 ± 10.4%RMS; p = 0.006; 
Figure 3). In contrast, as shown in Figure 4, 
there were no significant differences in terms of 
the EMGs of the scalene muscle, either between 
the groups (p = 0.789) or over time (p = 0.195).

Discussion

Our results suggest that, after EPAP at 
15 cmH2O is applied with a face mask for 
25  min, there is a significant decrease in the 
electromyographic activity of the SCM muscle 
in healthy subjects and in patients with COPD. 
However, it is important to emphasize that this 
was not found to occur in the scalene muscle.

In contrast to what was expected, inspiratory 
muscle strength in the COPD group was not 
shown to be decreased in comparison with that in 
the control group, although clinical significance 
was demonstrated, because there was an overall 
decrease in respiratory muscle strength in the 

Table 1 - Baseline characteristics of the two study groups.a

Characteristic Control group COPD group p
(n = 13) (n = 12)

Male gender, n (%) 7 (53.8) 4 (33.3) 0.302
Age, years 57.1 ± 7.1 57.2 ± 8.3 0.997
BMI, kg/m² 27.1 ± 3.0 22.5 ± 5.9 0.020
Pulmonary function    

FVC, % of predicted 87.8 ± 9.6 63.7 ± 19.5 0.001
FEV1, % of predicted 86.8 ± 14.3 44.0 ± 20.0 < 0.001
FEV1/FVC, % of predicted 99.0 ± 9.3 66.8 ± 17.4 < 0.001
PEF, % of predicted 79.0 ± 35.4 40.7 ± 21.8 0.004
FEF25%-75%, % of predicted 90.6 ± 31.5 23.3 ± 14.9 < 0.001

Respiratory muscle strength    
MIP , % of predicted 94.8 ± 26.2 77.7 ± 39.9 0.224
MEP , % of predicted 100.5 ± 31.7 98.8 ± 31.8 0.897

aValues expressed as mean ± SD, except where otherwise indicated.

Figure 2 - Electromyographic activity of the 
sternocleidomastoid (SCM) muscle, in % root mean 
square (%RMS), with the participants in the control 
and COPD groups under expiratory positive airway 
pressure (EPAP) and breathing spontaneously: at the 
baseline measurement (pre-EPAP); during the use of 
EPAP, applied by means of a face mask (at 5, 10, 
15, 20, and 25 min); and at the final measurement 
(post-EPAP).
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of the rib cage in the cranial direction.(27) When 
positive pressure is applied, this increased 
muscle activity occurs in an attempt to maintain 
adequate inspiratory pressure.(28) The recruitment 
of accessory inspiratory muscles during the 
use of EPAP prolongs expiratory time, which 
favors lung deflation and consequently reduces 
RR, as has also been observed in patients with 
obstructive sleep apnea syndrome.(27)

In contrast to what was expected, the 
electromyographic activity of the scalene muscle 
showed no significant changes with the use of 
EPAP, although there was an apparent increase 
during the its use and a trend toward a decrease 
after its withdrawal. This finding is in accordance 
with the result of a study, in which, with the aim 
of evaluating the behavior of the scalene muscle 
in healthy individuals who received a PEEP of 5 
or 15 cmH2O, it was demonstrated that, during 
the use of the two pressure levels, the phasic 
activity of the respiratory muscles increased and 
that, after the pressure support was withdrawn, 
the levels of electromyographic activity returned 
to those observed before the intervention.(28) The 
authors of that study attributed the increase in 
inspiratory muscle effort to the imposition of a 
pressure gradient in the expiratory phase, which 
required greater inspiratory muscle effort in an 
attempt to minimize the pressure difference 
between the inspiratory and expiratory phases.
(28) The same authors conducted a study of 
patients with COPD who received an EPAP of 
5 cmH2O at rest and during exercise.(11) They 
found that the electromyographic activity of 
the inspiratory muscles, including the scalene 
muscles, was greater during exercise than that 
at rest, contributing to the increased sensation 
of dyspnea during exercise. However, they could 
not explain the increased sensation of dyspnea 
and suggested only that the use of EPAP 
improves the efficiency of ventilation at rest, 
making respiratory mechanics more efficient 
and requiring less respiratory effort.(11)

Another relevant finding of the present study 
was the significant increase in VT with the use 
of EPAP in the control group, which did not 
occur in the COPD group. This can be explained 
by the fact that minute ventilation is known to 
depend on airway resistance, lung compliance, 
and respiratory muscle efficiency.(3) Therefore, 
the fact that COPD causes destruction of the 
elastic tissue, with a consequent loss of the 

the accessory inspiratory muscles, especially the 
SCM muscle, in an attempt to maintain adequate 
pulmonary filling pressures.(6)

We speculate that, during the use of EPAP, 
there was an increase in the electromyographic 
activity of the muscles studied in both groups, 
which might have been caused by the increase 
in respiratory effort. This finding might be due 
to the fact that the use of EPAP produces an 
increase in pleural and transdiaphragmatic 
pressures.(15) With regard to the presence of 
increased electromyographic activity in the SCM 
muscle, it has been suggested that this muscle 
becomes more active during maximal lung 
inflation, which produces a marked displacement 

Figure 3 - Effect of expiratory positive airway pressure 
(EPAP), in % root mean square (%RMS), on the 
electromyographic activity of the sternocleidomastoid 
(SCM) muscle from the baseline measurement 
(pre-EPAP) to after the removal of the mask (post-
EPAP) in the sample as a whole (p = 0.006).

Figure 4 - Electromyographic activity of the scalene 
muscle, in % root mean square (%RMS), with the 
participants in the control and COPD groups under 
expiratory positive airway pressure (EPAP) and 
breathing spontaneously: at the baseline measurement 
(pre-EPAP); during the use of EPAP, applied by means 
of a face mask (at 5, 10, 15, 20, and 25 min); and at 
the final measurement (post-EPAP).
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elastic recoil of the lung and rib cage, and 
increased airway resistance due to accumulation 
of secretion, together with the significant 
impairment of respiratory biomechanics caused 
by lung hyperinflation, might have been 
responsible for the inability of the respiratory 
system to increase VT during the use of EPAP 
in the COPD group.(1,2) The present study has 
certain limitations that merit discussion. The 
small sample size might have been responsible 
for the fact that no significant difference in 
respiratory muscle strength was found between 
the control and COPD groups. In our study, we 
did not evaluate the behavior of end-expiratory 
lung volume, since the use of a PEEP greater 
than 10 cmH2O is known to cause a significant 
increase in lung volume,(29) which could result in 
lung hyperinflation and affect respiratory muscle 
activity. In addition, a pressure level greater than 
10 cmH2O can cause an increase in the number 
of emphysematous areas throughout the lung.(30) 
However, the use of lower pressure levels could 
be sufficient to reduce the electromyographic 
activity without causing these adverse effects.

In conclusion, our study showed that the use 
of an EPAP of 15 cmH2O, applied with a face 
mask, promoted, after its withdrawal, a decrease 
in the electromyographic activity of the SCM 
muscle in healthy subjects and in patients with 
COPD. However, this did not occur regarding 
the electromyographic activity of the scalene 
muscle. This benefit should be considered when 
this pressure mode is recommended for patients 
with COPD, because there is usually an increase 
in the activity of the accessory inspiratory 
muscles in such patients.
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