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Abstract 

Breathing is one of the most basic patterns directly related to human movement. There is an intimate association 
between the activation of the core muscles and mechanisms to increase intra-abdominal pressure which provides 
lumbar stabilization. The study deals with the evaluation of the trunk muscle activity during natural breathing in 
the lying, sitting or standing position. The research sample consisted of 11 students attending Faculty of Sports, 
University of Prešov who regularly performed strength training and were pain-free in the lumbar spine. Muscle 
activity was monitored by surface electromyography in the lying, sitting and standing position. Data were 
expressed as the percentage of the maximum voluntary contraction. The results showed higher muscle activity of 
local stabilizers than global stabilizers in the basic positions. The muscle activity varied depending on the muscle 
function and whole body position and its segments as well. Back muscles showed to be more relaxed while lying 
in contrast to abdominal muscles which participated in breathing to a greater extent. Sitting position required 
increased activity of local stabilizers and to maintain the vertical position of the trunk higher activity of erector 
spinae muscle activity was necessary. The highest activity of transversus abdominis muscle was found in the 
standing position. Muscle activity of local stabilizers was more evenly distributed in the standing position and 
higher than that of the global stabilizers.  
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Introduction 

The most common traditional exercises and training methods to enhance abdominal strength and stability 
employ body weight exercises consisting of static or dynamic contractions in various body positions 
(Cavaggioni, Ongaro, Zannin, Iaia, & Alberti, 2015). The core region of the body has been anatomically 
described as a box, with the abdominals at the front, spinal and gluteal muscles at the back, the diaphragm on the 
top, and the pelvic floor and hip muscles on the bottom (Richardson, Jull, Hodges, & Hides, 1999). Core muscles 
can divided into local and global stabilizers. Local stabilizers primarily ensure stability of the spine. The muscles 
essentially in charge of producing movement and torque of the spine are the global muscles (Faries 
& Greenwood, 2007). Both groups act as one unit and the physiological function of the segment is only possible 
under their coordinated cooperation (Bergmark, 1989). 

However, without the use of diaphragmatic breathing, core training is less effective and can lead to 
injuries caused by low intra-abdominal pressure (Cavaggioni et al., 2015). During inspiration, intra-abdominal 
pressure is rising due to a decrease of the diaphragm and slight bulging in abdominal wall. There is increased 
activity in core muscles which, by their contraction, hinder this movement. Assuming the neutral position of the 
pelvis core muscles stabilize the spine. Therefore, it is necessary to take the time to learn to breathe correctly 
before core stability and strength training (Allison et al., 1998; Norris, 2001). 

Breathing is one of the most basic patterns directly related to human movement. Normal breathing is also 
known as diaphragmatic breathing and plays a key role in posture and spinal stabilization (Bradley & Esformes, 
2014). During human development one may observe changes in breathing pattern. This could be influenced by 
many factors ranging from posture to muscle imbalance. Breathing stereotype varies among individuals. Correct 
breathing is vital to core stability training because respiratory muscles are directly involved during common core 
stability exercises. Core muscles are referred to as auxiliary inspiratory and expiratory muscles (Strongoli, 
Gomez, & Coast, 2010). Some studies even demonstrated that the respiratory muscles are involved in a variety 
of activities in which respiration is not primarily involved. So inefficient breathing may result in muscular 
imbalance and motor control alterations that can affect general motor quality (Cavaggioni et al., 2015). Thus, 
thoracic breathing is specific by the motion of the rib cage, resulting in physiological curvature of the spine. 
Lifting of the lower ribs activates direct abdominal muscles m. rectus abdominis, which reclines thus expands 
lumbar lordosis. Tension passes from spinal stabilizers to the intervertebral space. Such breathing stereotype is a 
risk factor for the development of dysfunctions accompanied by pain of musculoskeletal system (Bradley & 
Esformes, 2014). 
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Knowledge of the trunk muscle activation levels during exercises is important in the prescription and 
design of exercise programs that aim to increase the training intensity over time (Lehman, Hoda, & Oliver, 
2005). McGill, Andersen and Cannon (2015) found that strengthening the torso by breathing enables to 
withstand greater loads more securely and to execute faster movements of the limbs. Most people do not have 
naturally high level of coactivation of paraspinal and abdominal muscles. An important ability is to maintain 
a stable spine in all activities with low but continuous muscle activity. Studies using electromyography (EMG) 
are important in determining health-beneficial and effective exercises (Monfort-Panego, Vera-García, Sanchez-
Zuriaga, & Sarti-Martínez, 2009). 

The objective of the study was to evaluate the trunk muscle activity during natural breathing in the lying, 
sitting, and standing position. 
Material and methods 

Study sample 

The research sample consisted of 11 students aged between 21 and 29 years (Table 1) attending Faculty 
of Sports, University of Prešov, Slovakia. Only students who regularly performed strength training for at least 
three months prior to testing were included in the research. Participants had to be pain-free in the lumbar spine. 
The participants provided a written informed consent prior to participation in the study.  
 

Table 1. Sample characteristics 
Age  

(years) 
Body height  

(cm) 
Body mass 

 (kg) Sample size 
N 

M SD M SD M SD 

11 23.6 2.98 179.6 4.39 80.3 4.2 

Note. N – sample size, M - mean, SD - standard deviation, cm - centimeter, kg - kilogram 
 

Assessment of muscle activity  
The activity of trunk muscles was assessed by means of the electromyographic method (EMG), which 

provides data about the electrical activity in both static and dynamic modes (De Luca, 2006). EMG can be 
included among the experimental examination methods that help to objectify neuromuscular activity (Krobot & 
Kolářová, 2011). EMG data were collected using the portable 14-bit device ME6000 Biomonitor (Mega 
Electronics, Kuopio, Finland) and were available from eight channels. Data were completed using peripheral PC 
with installed software MegaWin 3.0. Ambu Blue Sensor P-00-S surface electrodes were used. The skin was 
treated standardly to reduce electrical impedance before placement of the electrodes. Scanning frequency of the 
device was set to 1000 Hz. EMG signal was filtered in the range from 15 to 500 Hz using an amplifier. Data 
were collected bipolarly through surface electrodes placed at a standard distance of 2 cm on the examined 
muscle. The electrodes were placed parallel to the muscle fibers and the reference electrode outside the muscle 
fibers. Subsequently, the signal amplifiers were taped to eliminate undesirable impulses. 
Surface electrodes were placed on 5 muscles on the right side of the body: 

− m. erector spinae: 3 cm laterally from L3, 
− mm. multifidi: 1 cm laterally from L5, 
− m. rectus abdominis: 3 cm laterally and 5 cm superior from umbilicus, 
− m. obliquus externus abdominis: 15 cm laterally from umbilicus, in the middle range between spina 

iliaca anterior superior and lower rib,  
− m. transversus abdominis: 4 cm medially and 2 cm superior from spina iliaca anterior superior. 

Reported values were determined by the individual body proportions of participants. The electrodes were placed 
by the author. Electrode placement was preceded by a brief instruction provided by specialized staff dealing with 
the application of needle and surface EMG in clinical practice.  

The start of the diagnostic procedure focused on three key positions on a stable base and a chair within 
the time interval of 15 seconds followed by three tasks for obtaining values of a maximal voluntary contraction 
(MVC). In the first position participants assumed a standing position with feet slightly apart. In the second 
position participants sat on a firm surface chair without the support of the trunk, with feet on the ground and 
knee flexion of 90°. Finally, participants were asked to assume a lying position on the back and to breathe 
through nose and exhale through the mouth for 15 seconds. 

The raw data were normalized in order to compare the values of muscle activity among participants. Such 
procedure allows to express the values of EMG activity as a percentage of maximal voluntary contraction. The 
values of maximal voluntary contractions were obtained after breathing naturally in the basic positions and after 
performing two 3-second maximal isometric holds in three different tasks. The rest periods between reps and 
individual tasks were 60 seconds, respectively. To achieve a maximal voluntary contraction of the abdominal 
muscles and the back muscles participants performed an isometric trunk curl up and twist and an isometric prone 
trunk extension against a fixed resistance, respectively. Muscle activity in all tasks was expressed as a 








