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ABSTRACT: The muscle co-contraction is a phenomenon characterized by the simultaneous 
contraction of two or more muscles around a joint. The objective of this study was to compare the antagonist 
co-contraction of the local and global trunk muscles during side bridge exercise, in four situations: (a) stable; 
(b) instability in the upper limbs with bosu; (c) instability in the upper limbs with disc and (d) double 
instability. The sample consisted of 20 male volunteers and data collection was performed with simple 
differential surface electrodes. The electromyographic activity was collected from the Rectus Abdominis (RA), 
Internal Oblique Abdominis (IO), Multifidus (MF) and Erector Spinae (ES). Were utilized specific routines 
developed in the Matlab program (Mathworks Natick, USA) to calculate the percentage of antagonist co-
contraction between local (IO/MF) and global muscles (RA/ES). The collected data were submitted to 
parametric statistical analysis (repeated measures ANOVA) or non-parametric (Friedman). The results 
demonstrated that no significant differences were observed in the pattern of global and local co-contraction in 
the different side bridge exercises with and without unstable surface. It is concluded that the use of unstable 
surface in the side bridge stabilization exercise does not increase the level of co-contraction of the trunk flexor 
and extensor muscles compared to normal stability. However, future studies should use a longer time of 
isometric contraction in trunk stabilization exercises to optimize the understanding of the effects of different 
unstable equipment on global and local levels of co-contraction of the trunk muscles. 
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INTRODUCTION 
 

The core is a segment of the body related to 
the trunk or more specifically to the lumbopelvic 
region (OLIVER; STONE; PLUMMER, 2010). The 
core stability is essential to provide a basis for 
movements of upper and lower limbs in daily 
activities or sports, withstand loads, prevent 
disorders as low back pain, develop strength and 
protect the spinal cord and neural roots 
(ELLSWORTH, 2012; TAN et al., 2013).  

The core muscles are classified as local and 
global stabilizers accordingly with its functional and 
anatomic characteristics. The local stabilizers are the 
deep muscles of the spine (multifidus [MF]) and 
abdominal wall (transversus abdominis [TA] and 
internal oblique [IO]) and are associated with 
segmental stability of the spine during body 
movements or in postural adjustments. The 

superficial muscles of the abdominal and lumbar 
regions (rectus abdominis [RA]; external oblique 
abdominis [EO]; and erector spinae [ES]) are 
considered global stabilizers that operate in the 
multi-segmental stability and are agonists in the 
trunk movements (BEHM et al., 2010; 
SUNDSTRUP et al., 2012).                

With the increasing popularity of core 
training, different equipment is introduced in the 
market, among which are unstable surfaces 
(gymnastic ball, bosu, disk and foam roller) that are 
widely used in clinical practice and sports (BEHM 
et al., 2010; SNARR et al., 2016).The unstable 
surfaces are used in trunk stabilization exercises to 
increase the overload (CZAPROWSKI et al., 2014, 
VERA-GARCIA, BARBADO, MOYA, 2014, 
ATKINS et al., 2015). The logic for using the 
unstable surface in these exercises is based on the 
potential to increase trunk disturbance and 
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displacement of the center of gravity, requiring 
greater neuromuscular demand to maintain proper 
control of the spine during exercise (DESAI, 
MARSHALL, 2010). 

Although recently, Czaprowski et al. (2014) 
demonstrate greater muscle activity for the RA and 
EO muscles during the side bridge with unstable 
surface (bosu) compared to the same exercise in the 
ground, new equipment and analyzes, such as co-
contraction, may contribute to further discussions 
involving stabilization and motor control patterns 
during the exercise execution previously mentioned. 

The muscular co-contraction is defined by 
the simultaneous activation of two antagonistic 
muscle groups to stabilize the joint (MORITA; 
MARQUES; NAVEGA, 2016) and the co-
contraction of the MF and IO muscles is 
fundamental to increase the stability of the lumbar 
spine (MARQUES; HALLAL; GONÇALVES, 
2012). 

Some studies analysed the co-contraction of 
trunk muscles in different stabilization exercises 
(MARQUES et al., 2013; ROSSI et al., 2014), 
However, there are some gaps in the literature about 
the effects of unstable surfaces in the side bridge, 
such as: (1) Will double instability (instability in 
upper and lower limbs) produce greater co-
contraction of the trunk muscles compared to simple 
instability? (2) Will the use of the balance disk 
produce greater co-contraction compared to bosu? 
Understanding these questions is fundamental for 
the optimization of prevention, rehabilitation and 
sports training programs that aim the development 
and strengthening of core muscles. 

The first hypothesis is that double instability 
will produce greater trunk disturbance and 
consequently greater co-contraction compared to the 
other conditions; the second hypothesis is that the 
use of the disk will provide a higher co-contraction 
compared to bosu, due to the lower base of support 
and ground contact area. 

Therefore, the objective of this study is to 
evaluate the co-contraction of flexor and extensor 
muscles of the trunk in the side bridge, in four 
situations: (a) stable; (b) instability on the upper 
limbs with bosu;  (c) instability on the upper limbs 
with disk and (d) double instability. 

 
MATERIAL AND METHODS 
 
Design and Participants 

This is an experimental, quantitative and 
laboratory study, approved by the Etic and Research 
Committee (nº 174.012) of Federal University of 

Uberlândia (UFU) developed in the Laboratory in 
Kinesiologic Electromyography. 

Was selected a convinience sample 
composed by 20 male volunteers with a mean age of 
23.65 + 4.49 years, body weight 71.31 + 7.85 kg, 
height 175.35 + 5.48 cm and Body Mass Index 
(BMI) 23.14 + 1.74 kg / m2. As inclusion criteria, all 
subjects should be considered physically active or 
very active according to the classification of the 
International Physical Activity Questionnaire (IPAQ 
short version), have resistance training experience of 
at least one year prior to the study and have a 
normal BMI. The volunteers had no experience in 
the four side bridge variations, however, all had 
experience in the side bridge in the ground.  

Volunteers with a history of low back pain 
were excluded, as assessed by the Oswestry 
Disability Index, and/or any other type of 
musculoskeletal dysfunction that might interfere 
with the execution of the exercises. Were also 
excluded subjects that were using medications that 
could influence the muscle activity.   

The sample size (n) was determined by the 
sample calculation based on the electromyographic 
parameter root mean square (RMS) of the RA 
muscle, obtained in a pilot study with four 
volunteers. Calculation software was conducted by 
GPower 3.1, power 80% and alpha = 0,05, which 
provided sample size n= 20 

 
Electromyographic (EMG) activity 

The EMG activity was performed using a 
computerized electromyograph MyosystemBr1 
P84/DATAHOMINIS Tecnologia Ltda. 
(Uberlândia, MG, Brazil), which was developed 
according to standards of the International Society 
of Electrophysiology and Kinesiology (ISEK), with 
input impedance of 1015 Ohms, analogic/digital 
converter with 16-bit resolution, Butterworth filters 
and integrated rechargeable battery. The EMG 
signals were collected and later processed using the 
Myosystem Br1 software (version 3.5.6.). The 
sampling frequency was 2,000 Hz per channel 
throughout the data collection and 
electromyographic signals were subjected to a 20 Hz 
high-pass and 500 Hz low-pass filters, following the 
recommendations of SENIAM (Surface 
Electromyography for the Non-Invasive Assessment 
of Muscles). 

The EMG signals were captured using 
single differential surface electrodes (DataHominis 
Tecnologia Ltda.), with a gain of 20 times and 
rejection reason at common mode of 92 dB at 60 
Hz, composed of two parallel rectangular bars of 
silver (10 mm long x 1 mm wide) and spaced 10 
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mm apart. The preparation of volunteers consisted 
of shaving and cleaning the skin with 70% alcohol. 
Surface electrodes were placed on the right antimere 
muscles (GOTTSCHALL et al., 2013), with parallel 
orientation and the bars of signal detection 
perpendicularly to the direction of the muscle fibers 
(DE LUCA, 1997). Prior to data collection, subjects 
were asked to identify their preferred hand for 
writing, which was then considered their dominant 
arm. All subjects were right-hand dominant 
(MARCHETTI et al., 2015). 

The electrodes were placed in the following 
locations: (RA) positioned vertically and fixed in 
the center of the muscular belly at the midpoint 
between the xiphoid process of the sternum and 
umbilical scar, approximately 3 centimeters lateral 
to the median line and 5 centimeters superior to the 
umbilical scar; (IO) positioned horizontally and 
placed two centimeters inferomedial to the anterior 
superior iliac spine (ASIS), within a triangle 
confined by the inguinal ligament, lateral border of 
the rectus sheath, and a line connecting each ASIS; 
(MF) positioned in the level of the spinous process 
of the fifth lumbar vertebra approximately 2 to 3 
centimeters from the median line of the body; (ES) 
positioned laterally to the spinous process of the 
third lumbar vertebra approximately 2 to 3 
centimeters from the median line (GARCÍA-
VAQUERO et al., 2012; HERMENS; FRERIKS, 
1999; HIBBS et al., 2011). 

After placement of the electrodes the 
volunteers performed specific movements, 
according to the muscular functions, to verify the 
correct positioning and examine the quality of the 
EMG signal (KONRAD, 2005). The reference 
electrode (Bio-logic Systems - SP Medical, 
Scientific and Commercial Ltda., São Paulo, SP, 
Brazil), consisting of a stainless steel disk (30 mm 
diameter x 1.5 mm thickness), was fixed in the skin 
on the left iliac crest (HIBBS et al., 2011). 

 
Experimental procedure 

The data collection was divided into two 
distinct days. In the first, the volunteers were 
submitted to physical evaluation (stature and body 
mass), two questionnaires were answered 
(international physical activity questionnaire: short 
version - IPAQ and functional evaluation 
questionnaire: Lumbar Inability Index Oswestry) 
and performed the familiarization of the exercises. 
The electromyographic data collection took place a 
week later, where the volunteers performed all trunk 
stabilization exercises. The order was random by 
one draw. Each subject performed two repetitions of 
each exercise with five seconds of isometric 

contraction, and a one-minute interval between the 
repetitions and two minutes between the different 
exercises was used (EKSTROM; DONATELLI; 
CARP, 2007).  

The stabilization exercises were performed 
with the normal respiratory rate of each volunteer 
and are shown in figure 1. The proprioceptive disk 
(Disco Flex Multiuso – MERCUR S.A., Santa Cruz 
do Sul, RS, Brazil) has 30 cm and was inflated so 
that the surfaces (both sides of the disk) remain flat, 
according to the manufacturer's recommendations. 

The bosu (BOSU Balance - ISP 
ELETROMEDICA, Santa Tereza do Oeste, PR, 
Brazil) supports up to 200 kg, is 55 cm in diameter 
and combines a solid base platform with an 
inflatable blue rubber dome. The bosu was inflated 
to a recommended height of approximately 25 cm, 
in which the base platform was resting on the 
ground and the blue rubber dome facing upwards. 
 
Exercises Executed: 

1-Side bridge: subjects in lateral decubitus 
with the right arm abducted at 90º, right forearm 
flexed at 90º, elbow and right forearm resting on the 
floor. Subjects were instructed to keep the body 
elevated and aligned in a straight line for 5 seconds 
using forearm and right foot as support. 

2- Instability side bridge: side bridge was 
performed with simple instability in the upper limbs 
using the right elbow and forearm supported on the 
disk or bosu. Double instability was used with bosu 
and disc. 

 
Data analysis 

EMG signal analysis was carried out using 
specific routines developed in Matlab (Mathworks_ 
Natick, USA). The linear envelope EMG data from 
each muscle, of each participant, was used to 
calculate the level of co-contraction. For this 
analysis, the area under the signal amplitude curve 
was determined for the RA, IO, MF, and ES 
muscles and the percentage of agonist/antagonist co-
contraction (% COCON) for the local muscles 
IO/MF and global muscles RA/ES was calculated 
using the following  equation (WINTER, 2005): 

 
Where % COCON is the percent co-contraction 
between two antagonist muscles, area A is the area 
below the smoothed EMG curve of muscle A, area 
B the area below the smoothed EMG curve of 
muscle B, common area A & B is the common area 
of activity of muscles A and B. 
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Figure 1. Trunk stabilization exercises: (1) side bridge stable; (2) side bridge with balance disk; (3) side bridge 

with bosu; (4) side bridge with bosu and balance disk. 
 
Statistical analysis 

The statistical analysis was performed by 
the SPSS Statistics 2.0 program. Kolmogorov-
Smirnov test was used to evaluate the normality of 
the data and the Mauchly test to verify sphericity, 
with Greenhouse-Geisser adjustments, if the 
sphericity was not assumed. The analysis of 
variance of repeated measurements (ANOVA) was 
used to compare the values of global co-contraction 
between the different exercises, with Bonferroni 
post hoc. As the local co-contraction data did not 
present normality, the Friedman non-parametric test 
was used to compare local co-contraction between 

the different exercises, in all analyzes the Dunn's 
multiple comparisons test was performed to verify 
difference. The level of significance was set at 5%. 

 
RESULTS 
 

Figures 2 and 3 are showing the co-
contraction values between the different side bridge 
exercises. There were no significant differences (p> 
0.05) in the global and local co-contraction pattern 
in the different side bridge exercises with and 
without unstable surface. 

 

 
Figure 2. Global co-contraction of the trunk muscles during side bridge exercises. The bars represent the mean 

and standard deviation. 
 



644 
Analysis of co-contraction…      LIZARDO, F. B. et al 

Biosci. J., Uberlândia, v. 35, n. 2, p. 640-649, Mar./Apr. 2019 

 
Figure 3. Local co-contraction of the trunk muscles during side bridge exercises. The bars represent the 

median, first and third quartiles. 
 
DISCUSSION 
 

In the present study, no significant 
differences were observed in the rates of co-
contraction of the flexor and extensor muscles of the 
trunk comparing normal stabilization exercises with 
single and double instability. The rationale for using 
the unstable surface in trunk stabilization exercises 
is based on the potential for increase trunk 
disturbance and displacement of the center of 
gravity, requiring higher neuromuscular demand to 
maintain adequate spinal control during exercise 
(DESAI; MARSHALL, 2010). 

However, this higher neuromuscular 
demand seems to be restricted to the changes in the 
recruitment of core specific muscles, without 
influencing the cocontraction rates. Imai et al. 
(2010) demonstrated higher recruitment of the RA 
muscle in the side bridge exercise with double 
instability (disk and bosu) compared to normal 
stability. Czaprowski et al. (2014) demonstrated 
greater activity of the RA and EO muscles in the 
side bridge with bosu in comparison to the soil, 
however, both authors did not evaluate the co-
contraction, which makes it a limiting factor and 
open to further questioning.  

Therefore, the use of an unstable surface in 
the stabilization exercises mainly increases the 
electromyographic signal of the global abdominal 
muscles, with no concomitant increase in the 
recruitment of ES and MF antagonist muscles and 
local abdominal muscles, situation that may become 
an undesirable factor in the initial phase of core 
training, beyond the muscular endurance, the 
stabilization exercises must emphasize, in first 
stage, the selective activation of the stabilizer local 
muscles (MF, IO and TA) (NEUMANN, 2011). 

Therefore, it was not confirmed the 
hypothesis that the use of unstable surface produces 
a higher co-contraction. This suggests that the co-
contraction pattern on the side bridge with and 
without instability is similar, however, it should be 
noted that in the present work an electromyographic 
evaluation of the trunk muscles in the side bridge 
was performed using five seconds of isometric 
contraction, which may explain the absence of 
significant differences. 

Most of the studies evaluated the 
electromyographic activity using five (BAK et al., 
2017; CALATAYUD et al., 2017; LEE; KIM; KIM, 
2016 ; BYRNE et al., 2014; CZAPROWSKI et al., 
2014; SOUSA et al. 2014; VERA-GARCIA; 
BARBADO; MOYA, 2014; FELDWIESER; 
SHEERAN; ESTEBAN, 2012; GARCÍA-
VAQUERO et al., 2012; KANG; JUNG; YU, 2012; 
IMAI et al., 2010; VERA-GARCIA et al., 2010) or 
ten seconds (KIM; OH; PARK; 2013; MAEO et al., 
2013; TAN et al., 2013) of contraction in the trunk 
stabilization exercises, a situation that aided in the 
elaboration of the experimental design of the present 
research. 

However, Faries and Greenwood (2007) 
stated that stabilization exercises require little or no 
movement of the spine and typically require 
durations of 30-45 seconds using assumptions in the 
type I fiber composition of the local stabilizers. In 
this way, the limited time used in the present 
research may have suppressed the desirable effect of 
the unstable surface to increase trunk disturbance 
and instability, since, according to Behm and 
Colado (2012), the use of unstable resistance 
training produces greater co-contraction and 
increase of the antagonistic activity causes greater 
joint stiffness and better stability. 
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Future studies should analyze co-contraction 
in trunk stabilization exercises with and without 
different unstable surfaces using a longer execution 
time (30 to 45 seconds), in order to facilitate the 
practical application of their results. 

The co-contraction of the MF and IO 
muscles is fundamental to improve the stability of 
the lumbar spine, since, the first muscle is important 
to increase the stability of the lumbar vertebrae and 
sacroiliac joint, while the second increases intra-
abdominal pressure and tension in the aponeurosis 
thoracolumbar, improving segmental stabilization of 
the trunk (MARQUES et al., 2012). 

It is important to emphasize that in the 
present study the analysis of the co-contraction was 
not restricted to the local muscles, because it is 
believed that the stability of the spine is not 
performed only by a single group of muscles of the 
trunk, it depends on the joint action of all muscles of 
this region. Therefore, it is imperative that future 
studies analyze the level of global and local co-
contraction of the trunk muscles so that a better 
understanding of the active system can be obtained 
during different stabilization exercises. 

Once the electromyographic signal has been 
acquired, there are many processing methods that 
can be used to interpret the data (MARCHETTI; 
DUARTE, 2006). Several studies have analyzed the 
electromyographic activity of the core muscles in 
different isometric trunk stabilization exercises 
(GARCÍA-VAQUERO et al., 2012; 
GOTTSCHALL et al., 2013, MAEO et al., 2013) 
with and without unstable surfaces (KANG et al., 
2012; CZAPROWSKI et al., 2014; SNARR; ESCO, 
2014). However, most of these studies have 
considered the intensity of the antagonist activation 
as a measure of co-contraction. However, it is 
known that the intensity of the antagonistic activity 
does not always correspond to the co-contraction, 
since this is a phenomenon defined as the 
simultaneous activation of two or more muscles 
around the joint, becoming a limiting factor of these 
works. 

A limitation of this work was the absence of 
data register about cinemetry, which may have 
caused variations in the posture of the spine during 
the exercises. Besides that, the present research used 
a group of male volunteers, relatively young, 
healthy, physically active and no history of low 
back pain, therefore, the results must be applicated 
with precaution for different populations. Although 
the volunteers had experience in resistance training 
and in the side bridge in the ground besides had 
performed a familiarization session, it must be 
emphasized that the lack of proper training time in 

the side bridge exercise with the different unstable 
surfaces, can be considered as another limitation, a 
situation that can impact on the muscular response 
pattern due to the absence of specific motor 
coordination for the exercises performed. Another 
limitation of this study, was the absence of the 
measurement of body fat percentage. 

 
CONCLUSION 

 
The use of unstable surface in the side 

bridge stabilization exercise does not increase the 
level of co-contraction of the trunk flexor and 
extensor muscles compared to normal stability. 
However, future studies should use a longer time of 
isometric contraction in trunk stabilization exercises 
to optimize the understanding of the effects of 
different unstable equipment on global and local 
levels of co-contraction of the trunk muscles. 



646 
Analysis of co-contraction…      LIZARDO, F. B. et al 

Biosci. J., Uberlândia, v. 35, n. 2, p. 640-649, Mar./Apr. 2019 

 
RESUMO: A cocontração muscular é um fenômeno caracterizado pela contração simultânea de dois 

ou mais músculos em torno de uma articulação. Objetivou-se comparar a cocontração antagonista da 
musculatura local e global do tronco durante o exercício prancha lateral, em quatro situações: (a) estável; (b) 
instabilidade no membro superior com bosu; (c) instabilidade no membro superior com disco e (d) instabilidade 
dupla. A amostra foi composta por 20 voluntários do gênero masculino e a coleta de dados foi realizada com 
eletrodos de superfície diferenciais simples. A atividade eletromiográfica foi coletada dos músculos Reto do 
Abdome (RA), Oblíquo Interno do Abdome (OI), Multifido (MU) e Eretor da Espinha (EE). Foram utilizadas 
rotinas específicas desenvolvidas no programa Matlab (Mathworks Natick, EUA) para calcular a porcentagem 
de cocontração antagonista entre os músculos locais (OI / MU) e globais (RA / ES). Os dados obtidos foram 
submetidos à análise estatística paramétrica (ANOVA medidas repetidas) ou não paramétrica (Friedman). Os 
resultados demonstraram que não foram observadas diferenças significativas no padrão de cocontração global e 
local nos distintos exercícios de prancha lateral com e sem superfície instável. Conclui-se que a utilização de 
superfície instável no exercício de estabilização de prancha lateral não aumenta o nível de cocontração dos 
músculos flexores e extensores do tronco em comparação a estabilidade normal. Todavia, futuros estudos 
devem utilizar um tempo maior de contração isométrica nos exercícios de estabilização do tronco para otimizar 
a compreensão dos efeitos dos diferentes equipamentos instáveis sobre os níveis de cocontração global e local 
dos músculos do tronco. 
 

PALAVRAS-CHAVES: Eletromiografia. Core. Bosu. Disco de equilíbrio. 
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