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Ventilation occurs through the coordinated contraction of 
specific muscle groups, which in inspiration produces enough 
energy to distend the pulmonary structures [3,5]. In the healthy 
individual the ventilatory requirements during exercise, are 
easily achieved because the breathing muscles are anatomically 
suited for increasing ventilatory requirements and neural 
regulation of respiration is ideal [6].

It should be emphasized that the accessory respiratory 
muscles are progressively recruited with the increased 
ventilatory demand. Thus, sharing the load required to bear 
hyperpnea, shallow and rapid breathing that occurs during 
exercise [6,7].

Among the respiratory muscles recruited during exercise, the 
external intercostal sternum sternums are considered important 
because of their important postural and respiratory role in 
stabilizing and maintaining the shape and integrity of the rib cage 
when the ribs elevate and expand the chest during inspiration. 
The sternocleidomastoid is also considered by some authors 
the most important accessory muscle of inspiration along with 
the upper trapezius whose ventilatory role is to assist in the 
inspiration on effort helping to raise the rib cage [8].

Understanding the physiological changes of the respiratory 
muscles before physical effort is a largely explored subject 
in exercise physiology. The proper functioning of these 
muscles results in an improvement of the performance of elite 
athletes, besides its great importance for chronic lung diseases, 
Parkinson’s, and cardiovascular disorders whose clinical changes 
result in weakness of these muscles [9]. 

Abstract
During exercise, the muscles involved inbreathing is 

progressively recruited due to increased demand in respiratory 
effort. Surface electromyography (sEMG) is a technique that 
allows evaluation of these muscles providing information on the 
recruitment of motor units. The aim of this study was describe the 
electrical activity of the upper trapezius, sternocleidomastoid and 
intercostal sternum muscles in active and sedentary young subjects 
during incremental exercise test. Cross-sectional research design, 
including 20 young adults of both genders, aged 18to 36 years 
participated of study. The EMG signal amplitudes were analyzed 
in the time domain from muscular activity of the upper trapezius, 
sternocleidomastoid and intercostal sternum muscles, in relation 
to the variation of the load imposed on the incremental exercise. A 
mixed linear adjustments model was used to study the effects of the 
load, groups (active and sedentary) and the interaction (load x group) 
.The results there was no significant difference between-groups and 
interaction effects (group x load). Significant increase in the EMG 
signal amplitude was however found during the increase of the load 
for the three muscles studied. There was an increase in the amplitude 
of the electromyographic signal of accessories respiratory muscles in 
relation to the load increase during incremental exercise test. 
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Introduction
The performance of exercise depends on the functional state of 

the respiratory, cardiovascular [1] and musculoskeletal systems 
[2]. Cardiorespiratory fitness is related to the performance 
capacity of the large dynamic muscles in moderate intensity 
exercise for prolonged periods [1]. 
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Surface electromyography ( sEMG ) has been widely used as 
an aid in clinical diagnosis for over 40 years [10]. The use of sEMG 
makes it possible to evaluate the muscle activity in the temporal 
domain of the amplitude of each muscle in the body separately 
or together to complete the movement.  Becoming a valuable 
tool in teaching and learning processes such as self -regulation of 
contraction through biofeedback, in deep relaxation process and 
muscle stress management [10,11,12].

The sEMG collection system consists of electrodes, amplifiers, 
filters and recording devices. These electrodes convert the 
electrical signal resulting from the depolarization process of the 
muscle fibers, into an electrical signal that can be processed in 
an amplifier used for nerve conduction tests and kinesiological 
investigations [13]. Root Mean Square (RMS ) is the most used 
analytical method for analyzing the time behavior of the EMG 
signal. RMS amplitude is directly related to the recruitment 
of motor units [9,10,14,15]. Thus the importance of this study, 
which through a previously well documented tested and 
validated by an instrumented biomechanical evaluation, aims 
to address the relationship between the accessory respiratory 
muscles and incremental exercise loads in young subjects who 
engage in regular physical activity, or who are sedentary, in 
order to recognize and describe the electrical activity of the 
upper trapezius , sternocleidomastoid and intercostal sternums 
muscles.
Methods

A cross-sectional observational research design from the 
Motion Analysis Laboratory at the University Cidade de São 
Paulo study was conducted. The project was approved by the 
Ethics Committee (protocol number 13657056 – UNICID-SP) and 
participants signed an informed consent.

Subject

The study was performed with healthy, college adults, of 
both genders, aged between 18-36 years; individuals with 
any diagnosed respiratory disease, respiratory symptoms, 
and chest deformities, pregnant, musculoskeletal, cognitive or 
cardiovascular anomalies were excluded.

The variables analyzed were the sEMG signal amplitudes in 
time domain of the upper trapezius, sternocleidomastoid and 
intercostal sternum muscles variation in relation to the load 
variation imposed on the incremental exercise of the lower limbs.

Procedures

All subjects underwent physical examination to measure 
vital signs: heart rate, respiratory rate, oxygen saturation and 
blood pressure. The subjects involved in the study answered 
the Physical Activity Readiness Questionnaire (Par- Q) which 
aims to assess readiness for physical activity [16]. If even one of 
the seven questions, got a positive answer the subject required 
clinical evaluation and medical clearance to participate in the 
study. If for some reason the person did not get a bill of health he/
she would be excluded from the study in order to avoid any risks.

Then, the subjects answered the Baecke Questionnaire of 

habitual physical activity [17,19], which consists of 16 questions 
about occupational physical activity, leisure exercise and 
physical activity in leisure and locomotion. The purpose of this 
questionnaire was to classify the individual as physically active or 
sedentary. In addition, we adopted the concept established by the 
American College of Sports Medicine (ACSM) [20] of sedentary 
lifestyle, defined as non-participation in at least 30 minutes of 
moderate-intensity physical activity at least 3 days per week, 
for at least 3 months. The subjects were then divided into two 
groups, active and sedentary. To be included in the study groups 
individuals should be rated by the two methods and the results 
should be the same.

Placement of surface electrodes 

To collect the sEMG signal of the upper trapezius, 
sternocleidomastoid and intercostal sternum   muscles, 
disposable circular adhesive silver / silver chloride (Ag / AgCl) 
surface electrodes, with a 10 mm diameter (Medi Trace TM / 
Kendall), an inter-electrode distance of 20 mm center to center 
were used. As reference electrode, a rectangular metal electrode 
was used fixed to the right wrist of volunteers would cancel the 
interference effect mechanism of external electrical noise [21].

To determine the location of the electrodes, anatomical 
bony prominences, muscle architecture and physiological 
cross-sectional area, a region of higher concentration of motor 
endplates, were used as reference in the assessment procedure. 
Markings for electrode placement were made with skin pencil 
through anthropometry with tape, after previous site cleaning 
with cotton and alcohol to reduce skin impedance. All the 
recommendations were followed as suggested by DE LUCA: 
The Use of Surface Electromyography in Biomechanics (1997) 
[22,24].

Due to the location of the evaluated muscles, to reduce the 
interference of the cardiac signal, the evaluation was only on the 
right side of the subject.

Capture and analyses of electromyographic signal 

The electromyography system used was the EMG System of 
Brazil model EMG800C USB communication, powered by internal 
battery, immune to main electrical interference, comprising 
analog to digital converter with 16-bit resolution, signal 
conditioner integrated with amplification gain of 2000 times, 
filter 20-500 Hz Butterworth bandpass and bipolar electrodes 
with pre-amplification EMG channels [10,21].

For the strength, speed and pedal cadence sensor channels a 
bandpass 0-100 Hz Butterworth filter was selected. An acquisition 
program and signal processing EMGLab V1.1 EMG System of 
Brazil brand 2010 version software with sampling frequency by 
2kHz channel collection time of 24 minutes maximum  was used 
[21].

The EMG system was coupled to the computer. This allowed, 
during the incremental exercise, the trace related to the cycle 
ergometer load to be followed so that the load increments could 
be performed with precision. Analysis in continuous screens was 
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initially used for evaluation of Maximum Voluntary Contraction 
(MVC) with the manovacuometer, and then throughout the 
incremental exercise on the lower limb cycle ergometer. 

Data recorded by the instruments were analyzed by EMGLab 
(EMG System, Brazil) software that provides all the information 
related to signal amplitude including RMS average. The data, 
recorded simultaneously, were analyzed by quantitative method 
in the dominion amplitude. The values of electrical muscle 
activity (µV RMS) were normalized individually by MVC.

The RMS averages of the muscles were obtained in sliding 
windows every 200 m. This procedure was applied with the 
initial load, 50% load and 100% of the total load carried by the 
individual in the assessment procedure.

MVC Evaluation 

After instrumentation and preparation of the individual, 
evaluation was performed with analog manometer 
(Instrumentation Industries Ltda.).  Associated with the 
assessment of Maximum Inspiratory Pressure (MIP), 
electromyographic analysis of the upper trapezius 
sternocleidomastoid and intercostal sternum muscles aiming to 
get an MVC that could be used as standard electromyographic 
signal. The MIP, measured in cm H2O, was obtained with the 
subject seated. The procedure was performed 3 times with a 
lapse of 1 minute between each measurement. The best value 
among the reviews was adopted.

The RMS averages of the muscles were obtained in sliding 
windows every 200 m. This was accomplished with the initial 
load, 50% load and 100% of the total load carried out by the 
individual in the assessment procedure.

The MIP, measured in cm H2O was measured with the subject 
seated. The procedure was performed 3 times with a lapse of 1 
minute between each turn and the best value among the reviews 
was adopted.

Incremental Exercise 

The choice of the Billat protocol (2001) proved to be the most 
appropriate in relation to other incremental protocols because it 
accomplishes the increments of 25 W in a load cycle ergometer 
every 3 minutes. It also keeps a constant speed average of 22.5 
km/h until subjective fatigue is reported by the individual being 
evaluated [25].

Considering that the Billat protocol is performed until 
subjective fatigue, to rate the perceived exertion 30 seconds 
before increasing the load of the lower limbs cycle ergometer, 
subjects answered the Borg Scale [26,27]. Along with the Borg 
Scale, peripheral oxygen saturation and heart rate were also 
measured.

To ensure the integrity of the participants, symptoms 
for stopping the test as established by the ACSM (2007) [20] 
were adopted. After the incremental protocol, vital signs were 
measured and recorded again.

Statistical analysis

In the descriptive statistical analysis, continuous variables 
were presented as mean and standard deviation, and categorical 
variables were presented as contingency proportion and 
percentage table.

The Shapiro-Wilk test was used to test the normality of the 
data distribution of the studied variables. Among the findings, 
variables with parametric distribution, described as mean and 
standard deviation and nonparametric variables which were 
presented as median and interquartile range were found. 

The model for linear adjustments with mixed structure of 
variance and covariance to study the effect of load (physically 
active and sedentary) group effect and load x group interaction 
on the variables studied was used. All analyzes were performed 
with SPSS software version 13.0 for Windows (Chicago, IL, USA) 
and the significance level was set at 5%. Sample calculation.
Results and Discussion

There were twenty-four participants from which four were 
excluded, one for not being able to perform physical exercise 
accordingly to the Par-Q questionnaire; the other three were 
rejected due to a discrepancy between the level of physical 
activity of the Baecke Questionnaire of habitual physical activity 
and the ACSM concept. The 20 subjects were divided into two 
equal study groups, active or sedentary. Subjects were paired by 
age and BMI. The characteristics and demographic variables of 
the subjects are described in Table 1.

Among the vital signs measured before and after incremental 
exercise, the end-systolic pressure was the only variable that 
was different between the groups with 132 (7.89) mm Hg for 
the active group and 120 (14:14) mmHg for the sedentary group 
with a value Po f .03. As for initial and end test values: heart and 
respiratory rates for both groups and systolic blood pressure 
for the physically active group also proved to be statistically 
different (Table 2).

Table 1: Characteristics and demographic variables of the 20 study 
participants.
Variable Actives Sedentary
Gender (Female/
Male) 5/5 5/5

Age (years) 25.70 (5.29) 23.10 (4.23)
Height (meters) 1.73 (0.1) 1.70 (0.09)
Weight 
(kilograms) 74.75 (13.03) 75.78 (21.77)

Body Mass Index 
(BMI) 25.08 (3.65) 25.99 (6.63)

Smoker (Yes/No) 1/9 1/9
Par-Q (Fit/Unfit) 10/0 10/0
Baecke* 9.90 (0.71) 7.37 (0.81)
Continuous variables are expressed as mean and standard deviation 
(SD), BMI (body mass index); Par-Q (Physical Activity Readiness 
Questionnaire); Baecke (Baecke questionnaire of habitual physical 
activity).
* Value for cutting Baecke 9.
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With respect to the values obtained by the Borg scale during 
incremental exercise loads the values ranged from 0 to 10. The 
values under each load and for each group, as well as the P value 
for group effect are shown in Table 3. There was no statistically 
significant difference between groups.

The total test time was 14 [5] minutes for the physically 
active and 11[5] minutes for the sedentary group. There was no 
statistically significant difference between the total testing time 
of the two the groups, the value P was .22. The largest testing 
time of 20 minutes was from a subject of the physically active 
group. In Table 4 the RMS averages of the upper trapezius, 
sternocleidomastoid and intercostal sternum muscles of the 
participants during the evaluation of the MVC and during the 
loads of incremental exercise.

Figure 1 shows the behavior of the upper trapezius, 
sternocleidomastoid and intercostal sternum muscles for the 

Table 2 : Clinical signals pre and post incremental test.
Variables Active Sedentary
Initial HR (bpm) 76.80 (7.35) 75.00 (11.42)
Final HR (bpm)
Value p pré and post 
exercise

143.30 (20.97)
<.001

137.60 (20.94)
<.001

Initial RF (breaths/
min) 16.30 (2.95) 17.30 (2.75)

Final RF (breaths/
min)
Value p pré and post 
exercise

23.30 (3.59)
<.001

24.80 (3.68)
<.001

Initial SpO2 (%) 96.40 (0.70) 96.50 (1.08)
Final SpO2 (%)
Value p pré and post 
exercise

96.20 (0.79)
.44

96.40 (1.17)
.78

Initial systolic 
pressure (mmHg) 119 (8.76) 116 (6.99)

Final systolic 
pressure (mmHg)
Value p pré and post 
exercise

132 (7.89)
<.001

120 (14.14)
.30

Initial diastolic 
pressure (mmHg) 76 (5.16) 75 (7.07)

Final diastolic 
pressure (mmHg)
Value p pré and post 
exercise

74 (8.43)
.44

71 (9.94)
.16

Continuous variables are expressed as mean and standard deviation 
(SD), HR (Heart Rate); bpm (beats per minute), RF (Respiratory 
Frequency), SpO2 (Oxygen Saturation); mmHg (millimeters of 
mercury).

Table 3 : Borg scale during incremental exercise.
Variables Active Sedentary P value
Initial load 1.10 (1.33) 1.60 (1.41) .42
50% load 3.13 (1.46) 2.79 (1.47) .66
100% load 6.50 (2.51) 5.70 (1.77) .42
Continuous variables are expressed in mean and standard deviation 
(SD) .P<0.05.

Figure 1: RMS average of muscles during loads of incremental exercise.

two study groups (physically active and sedentary) during 
incremental exercise loads.

P values for group effect and group x load were not statistically 
significant. Regarding the load effect for the three muscles tested 
the value P was statistically significant: .002 for the upper 
trapezius muscle <.001 for the sternocleidomastoid muscle and 
.013 for the external intercostal sternum muscle.

The analysis of the behavior of the electromyographic 
signal accessory respiratory muscles in young active and 
sedentary people, in loads of different incremental exercise on 
a lower limb cycle ergometer demonstrated that its amplitude 
increases following the increase of the load during the test for 
both groups. For the three studied muscles, the upper trapezius, 
sternocleidomastoid and intercostal sternum, there was a 
linear relationship of increased activation with increase of load. 
Andrade et al (2005) had already established that physical 
exercise increases the performance of inspiratory muscles 
thereby increasing the tolerance to activities [28]. Noble et al 
(2006) observed an increase in electromyographic activity of the 
respiratory muscles during progressive loading of respiratory 
effort [29].

By observing the RMS average of the muscles evaluated 
during incremental exercise and comparing it with the values 
obtained at the maximum voluntary contraction, we observed 
that most participants stopped the test before even reaching 
the maximum stress tolerated by the cardiorespiratory system 
claiming fatigue of leg muscles since it is an exercise that requires 
a lot from the lower limb muscles. This finding corroborates the 
ACSM guidelines (2007) which state that this method of exercise 
is regarded as highly dependent on the routine activities of 
the participants, their fitness, strength in the lower limbs and 
motivation of the individual being evaluated [20].

This type of behavior is also mentioned by Neder et al 
(2002), with the sensations of muscular discomfort, pain and 
fatigue commonly referred to as the major “symptoms” limiting 
the continuation of the activity in normal untrained subjects. 
Indeed, this could be anticipated, considering the importance 
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of cardiovascular/muscular in physiologically limiting the 
progression of activity. Still regarding the appearance of 
symptoms that limit the continuation of the incremental test 
Neder et al (2002) also advocate that the sensations of fatigue 
appear to have an onset threshold before rising exponentially. 
This effect was also observed in our study where the values 
obtained in the Borg scale were low in the initial load and at 50% 
and increased substantially at 100% load [30].

Despite its important role as accessory inspiratory muscle 
among the muscles tested, the sternocleidomastoid muscle in our 
study showed the lowest activation during the incremental test. 
Contradicting the study by Ratnovsky et al (2005) which showed 
that it increases with high efforts and does nearly 10% of the 
inspiratory work [31].

Eastwood et al. (2001) investigated the effect of increased 
airway resistance in athletes and sedentary individuals and found 
that during exercise both groups maintained a low respiratory 
rate unlike our study in which individuals of both groups had a 
statistically significant increase in respiratory rate. Eastwood 
et al. (2001) also observed a decrease in oxygen saturation at 
peak load, which was not observed in our study since our rate of 
arterial oxygenation remained unchanged. And as in our study, 
Eastwood et al. (2001) demonstrated that the efficiency of the 
respiratory muscles was similar in both groups [32].

In clinical practice the results of this study can be used 
as an important tool for physical therapy and rehabilitation 
of musculoskeletal, biomechanical and functional disorders. 
Knowing that exercise with increasing loads on a lower limbs 
cycle ergometer increases the activation of the upper trapezius, 
sternocleidomastoid and intercostal sternum muscles this finding 
makes it possible to offer training programs of this musculature 
by professionals.

This study conducted a quality instrumentation in which 
the lower limbs cycle ergometer had a force transducer which’s 
synchronized to the acquisition module and to the computer 
could make perfect adjustments to the load increment, besides 
controlling the speed and movement gradation of the lower limbs 
with the electrogoniometer.

During data collection it was possible to see that the lifestyle 
and the kind of physical activity performed by the participants 
limited their performance in the test. And that the location and 
depth of the muscles is possibly crosstalk, i.e., capture of electrical 
signal from adjacent muscles.

Future studies with a larger number of participants will allow 
for a better analysis of the behavior of accessory respiratory 
muscles, and may further the study of the behavior of other 
muscles such as the scalene pectoralis major.

Therefore, this study showed that the muscles assessed, the 
upper trapezius, sternocleidomastoid and intercostal sternum, 
increase in amplitude EMG signal, i.e., the electrical activity of 
the muscle, increases proportionally to the load of the clinical 
exercise test on a lower limbs cycle ergometer for both groups, 
active or sedentary.
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