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Abstract— Objectives: To compare the activation pattern of the trunk antagonistic muscles and also the myoelectric
manifestations of muscle fatigue between subjects with and without recurrent non-specific low back pain, during the
fatigue provocation of the erector spinac. Methods: The study involved 19 subjects with recurrent low back pain with
a non-specific cause (seven men, 12 women, 38.53 £ 8.12 years, 68.35 + 18.12 kg, 1.66 + 0.09 m), and 19 healthy
subjects (seven men, 12 women, 40.42 + 8.63 years, 69.57 + 12.76 kg, 1.64 = 0.07 m). The electromyographic signal
of the internal oblique, lumbar multifidus, rectus abdominis and lumbar iliocostalis muscles, bilateral, were collected
during Biering-Sorensen test execution. Results: The group with low back pain showed a lower co-contraction rate of
the internal oblique/lumbar multifidus (p = 0.006) and lower activation amplitude of the internal oblique (p = 0.019),
both on the right side when compared to the group without low back pain. No differences were observed between the
groups for muscle fatigue indicators (p > 0.05). Conclusion: When the erector spine muscle fatigue occurs — even when
the groups were similar as to the ability of extensors muscles to resist fatigue — differences were found between subjects
with and without low back pain regarding the recruitment pattern of the task antagonist muscle, because subjects with
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low back pain showed lesser activation and co-contraction in relation to the healthy group.
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1. Introduction

Intervertebral stabilization is led by three interdependent subsys-
tems: muscular or active, articular or passive and neural'2. The
dysfunction of the subsystems, due to pain or injury, impairs the
ability of the neuromuscular control process afferent informa-
tion and executes appropriate motor responses. Instability can
occur, and it is characterized by decreased articular stiffness?,
which leads to occurrence of excessive intervertebral move-
ments and even greater damage to neural structures and passive
components**. The consequences of instability make necessary
a compensatory increase in trunk muscle co-contraction®.

The co-contraction is defined as the deliberate and simulta-
neous activation of two antagonistic muscle groups in order to
stabilize the joint’. In a healthy control system, the strategy of
increasing the agonist-antagonist trunk muscles contraction is
not necessary in all tasks®. Previous studies of the neuromuscular
activation pattern found greater co-contraction of the flexor
and extensor lumbar muscles’’, and greater trunk stiffness
coefficient!® in people with low back pain when performing
different tasks, as compared to healthy subjects. One study ob-
served increases in spinal stiffness and trunk muscle activation
when low back pain is elicited in healthy subjects and provided
empirical evidence about the mediation of muscle activity in
the spinal stiffness modification''. This adaptive strategy aims
to restrict the range of trunk movement to avoid worsening or
onset of pain and other injuries'*!2,

In addition to muscle activation changes, some studies sug-
gest that the cause of low back pain may be related to lower
muscular endurance of the erector spinae, as subjects with low
back pain have early manifestations of muscle fatigue compared
to healthy people, when submitted to endurance tests'>!4. The
Biering-Sorensen test is widely used and is considered one of
the most appropriate for clinical populations, in addition to be-
ing of low cost and easy execution'*'>,

Muscle fatigue can change the neuromuscular control mecha-
nism and affect the stiffness produced by the active contraction
of the muscles that support the column'; or a constant hyperac-
tivation of the trunk muscles, due to increased co-contraction,
could also be the cause of least resistance in the erector spinae®.
These changes may contribute to the recurrence of low back
pain, as even in asymptomatic patients the co-contraction levels
are not normalized’*.

In order to corroborate new evidence about the possible
relationship between muscular endurance of the erector spinae
and trunk co-contraction modulation, the present study aimed to
compare, between individuals with and without low back pain,
the activation pattern of trunk antagonists muscles, caused by
erector spinae fatigue, as well as to compare the myoelectric
manifestations of muscle fatigue. It was expected that the muscle
fatigue development would increase the co-contraction and acti-
vation levels of trunk antagonistic muscles in the low back pain
group, and that this same group would be less resistant regarding
the erector spinae fatigue, when compared to healthy subjects.
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2. Methods
2.1. Subjects

This study was approved by the local Ethics Committee in
Research (process number: 0948/2014) and all participants
signed the informed consent.

Thirty-eight sedentary individuals participated in this research,
divided into control group (CG), formed by participants without
low back pain, and experimental group (EG), composed of par-
ticipants with recurrent non-specific low back pain. The sample
size was determined based on pilot study data (effect size = 0.90,
power =0.85 and a-error = 0.05). Both groups had the same number
of men (7) and women (12). The samples were homogeneous in
terms of anthropometric characteristics (Table 1). All participants
were recruited from within a university and a community medi-
cal school. To participate in the study, the volunteers could not
present with a specific cause of their back pain, obesity (BMI >
30 kg.m™?), vertebral deformities that have led to function loss,
history of back loss, neuromuscular or joint disease, current preg-
nancy or childbirth in the 6 months prior to study participation,
or the presence of other chronic painful conditions. The EG was
composed of participants who reported at least two episodes of
low back pain in the last three months and were apt to perform
the tests. Individuals who had not experienced lower back pain
in the previous 12 months were included in the CG.

Table 1. Antrophometric data (mean and standard deviation).

Variables CG (n=19) EG (n=19) P
Age (years) 40.42 (8.63) 38.53 (8.12) 0.491
Body mass (kg) 69.57 (12.76)  68.35(12.18)  0.765
Height (m) 1.64 (0.07) 1.66 (0.09) 0.370
BMI (kg.m?) 25.74 (3.87) 24.52 (3.18) 0.296

CG, control group; EG, experimental group; BMI, body mass index.

2.2. Procedures

Initially, the data regarding the characteristics of the painful
lumbar symptom of the EG were collected. The pain intensity
was measured by visual analog scale (VAS), where 0 cm repre-
sents no pain and 10 cm, the worst possible pain’. After, in the
same group, the Rolland Morris’ and the Fear Avoidance Beliefs
Questionnaire (FABQ)'® were applied. This last questionnaire
approaches the behavioral-cognitive aspects, such as fear and
avoidance behaviors of low back pain subjects in relation to
physical activity and work. In both questionnaires, higher scores
indicate worse outcomes of the analyzed areas”!¢.

The results indicated that subjects of EG had experienced
painful dysfunction for the previous 9.11 + 7.83 years (range
1-25 years), and among these, 15.78% required medical care
and 26.31% had medication because of low back pain. The mean
VAS was 2.23 +2.86 cm, while the Rolland Morris Questionnaire
score was 3.21 £ 2.55 points, which is 13.37% of the maximum
score. The FABQ work subscale was 10.78 = 10.17 points and
physical activity subscale was 26.10 = 8.38 points.
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Next, the electromyographic signals from both groups were
obtained during maximal voluntary isometric contraction (MVIC)
and the Biering-Sorensen test. All participants were familiarized
with the execution of these procedures.

2.2.1. Electromyography

The participant skin surface was prepared to reduce skin imped-
ance, by shaving and cleaning with alcohol application using
a gauze'’.

Double rectangular surface and adhesive electrodes (Ag/
AgCl) (3M Brazil, Sumaré, BRA), with an area of 1 cm? and an
inter-electrode distance of 2 cm, were placed bilaterally along
the fibers of the muscles: internal oblique (I0)'3, upper fibers of
the rectus abdominis (RA)!, multifidus (MU)!” and iliocostalis
lumbar (IL)".

Biological signals were obtained through the electromyog-
raphy EMG 830C model (EMG System do Brasil, Sdo José dos
Campos, BRA), with eight channels and EMG Lab software
(EMG System do Brazil, Sao José dos Campos, BRA), pro-
grammed with frequency sampling of 2000 Hz and total gain
of 2000 times (20 times in the electrode and 100 times in the
equipment). The common mode rejection ratio of the equipment
was > 100 dB, the system impedance was equal to 109 Ohms
and noise ratio of the signal was lower than 3 pV.

2.2.2. Maximal voluntary isometric contraction

The MVICs of trunk flexors, extensors and rotators were each
repeated three times, for 4 seconds, with 2 minutes rest between
the trials'. The flexors and rotators trunk muscles were tested in
the sitting position on a chair adapted for the test (Figure 1). The
extensor group was tested in the prone position, with the pelvis
and lower limbs fixed by straps on an exercise bench. In all tests,
the generation of muscular strength was resisted by a strap fixed
on the trunk and the participants were verbally encouraged.

Figure 1. Chair adapted to the maximal isometric voluntary contrac-
tion test.
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2.2.3. Biering-Sorensen test

The subjects were laid in the prone position, with the cranial
border of the iliac crest positioned at the upper edge of a timber
support. The pelvis and lower limbs were fixed by straps®. Pillows
were used under the iliac spines and legs to improve comfort.
When starting the test, participants were instructed to cross the
upper limbs in front of the chest and perform the extension of
the trunk until the maximum comfortable amplitude (Figure 2)'.
The participants were verbally encouraged to keep the trunk
unsupported as long as possible, while the electromyographic
signal and the time test were recorded.

Figure 2. Execution of the Biering-Sorensen test.

2.3. Data analysis

The electromyographic signal was processed using Matlab
(Mathworks®, Natick, USA), in which was applied the
Butterworth band-pass filter of the 20—500 Hz and 60 Hz notch
filter. The analysis of the electromyographic signal was fulfilled
in the time domain through the root mean square (RMS) value,
and in the frequency domain, based on median frequency (MF)
using the Fast Fourier Transformation. Sliding windows of 1 s,
with 0.5 s overlap, were used to calculate the RMS and MF. The
RMS values were normalized by the MVIC values.

Muscle fatigue was analyzed by the MF slope, which is the
linear regression coefficient of the MF values obtained during
the Biering-Sorensen test.

The percentage of co-contraction was calculated using the
following equation:

Co-contraction % = 2x common area A & B x100
A area + B area

Where Co-contraction % is the percentage of co-contraction
between two antagonistic muscles; area A is the smoothed
curve of muscle A; area B is the smoothed curve of muscle
B; common area between A & B is the common curve of the
muscle A and muscle B?. To obtain the smoothed curve, the
electromyographic signal was rectified by full-wave method and
smoothed using a Butterworth low pass filter of the 4th order,
at 6Hz of the cutoff frequency.

The pairs of antagonistic muscles were composed accord-
ing to its function. The following pairs were analyzed together:
MU and IO, because were considered trunk deep stabilizers;
IL and RA because they are superficial muscles and perform
dynamic function'2.
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2.4. Statistical analysis

Statistical analysis was performed using PASW Statistics 18
(SPSS inc.) package. Data normality was tested by the Shapiro-
Wilk test. The normalized RMS, MF slope and performance
time in the Biering-Sorensen test showed normal distribution
and were analyzed using the Student t-test for independent
samples, while the co-contraction rate showed non-normal
distribution and was analyzed by the Mann-Whitney test. The
level of significance was set at p < 0.05.

3. Results

3.1. Fatigue test: performance and electromyographic
variables.

There was no significant difference between the groups for the
maintenance time of Biering-Sorensen test (p = 0.38). EG and
CG reached, on average, 97.31s (37.11s) and 111.68s (59.88s),
respectively.

Significant differences were found between groups for the
variables: 10 normalized RMS (p = 0.019) (Figure 3) and 10/
MU co-contraction rate (p = 0.006) (Figure 4), both on the
right side, where CG had higher mean values compared to EG.
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Figure 3. Comparison of the normalized RMS (%) obtained during
the Biering-Sorensen test (mean + standard deviation). CG, control
group; EG, experimental group; IO, internal oblique; RA, rectus ab-
dominis; MU, lumbar multifidus; IL, iliocostalis lumbar; R, right; L,
left; *p < 0.05 when comparing the groups.
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Figure 4. Comparison of the co-contraction rate (%) obtained during
the Biering-Sorensen test (mean + standard deviation). CG, control
group; EG, experimental group; 10, internal oblique; RA, rectus ab-
dominis; MU, lumbar multifidus; IL, iliocostalis lumbar; R, right; L,
left; *p < 0.05, when comparing the groups.
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There were no significant differences between groups for
the MF behavior of the erector spinae (Table 2).

Table 2. Comparison of the median frequency slope coefficients ob-
tained during the Biering-Sorensen test (mean and standard deviation).

Muscle CG EG P

RMU —0.58 (0.77) —-0.93(0.83) 0.184
LMU —0.79 (0.56) —0.58 (0.51) 0.211
RIL —0.45(0.38) —0.41 (0.51) 0.825
LIL —0.27 (0.42) —0.51(0.45) 0.099

CG, control group; EG, experimental group; MU, multifidus; IL, iliocostalis
lumbar; R, right; L, left.

4. Discussion

The aims of this study were to analyze the activation pattern
of antagonistic trunk muscles among healthy persons and sub-
jects with recurrent non-specific low back pain, when localized
muscle fatigue of the spine erector was induced, and to compare
the myoelectric manifestations of muscle fatigue among these
groups. The results showed that the low back pain group had less
activation of right 10, as well as lower IO/MU co-contraction
rate on the right side, when compared to healthy subjects. No
significant differences were observed between the groups regard-
ing the MF behavior (slope) of the trunk extensor muscles, while
causing fatigue of this muscle group. The presented findings
contradict the previously established hypotheses, as expected
higher co-contraction of the analyzed muscles and lower muscular
endurance of the erector spine in subjects with low back pain.

4.1. Muscle fatigue of the spine erector

Despite the premise that the erector spinae of subjects with low
back pain are more susceptible to fatigue compared to healthy
subjects'*!*, some authors'>*'?? that used similar methodology
applied in our study also found no differences between groups
with and without low back pain for the MF analysis.

The used evaluation protocols could have influenced the
results. Studies that used protocols with additional load to the
lumbar erector, relative to a percentage of the trunk extension
MIVC, and pre-defined time test with up to 120 seconds'?, found
a lower resistance in some lumbar erector muscle in the EG
when compared with the control'>!%, Protocols that considered
exhaustion as interruption criteria for the Biering-Sorensen test,
as used in this study, did not obtain differences between the
groups for the electromyographic variables' !,

Although the main reason for lower muscular endurance
is based on the predominance of type II fibers in the erector
spinae of the low back pain patients', histomorphometry
analysis revealed no differences between healthy and low back
pain subjects regarding the proportion of the fibers number or
the area occupied by the type I and II fibers'>. In the present
study, we selected the exhaustion criteria because the prolonged
maintenance of the test position require increased activity of the
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type I fibers, characterized by being more resistant to localized
muscle fatigue'.

It is suggested that subjects with recurrent low back pain
and a non-specific cause, sedentary and with low scores for pain
and functional disability are not differentiated from healthy
subjects regarding the erector spinae ability to resist fatigue,
when performing the Biering-Sorensen test until the exhaustion.
It proposes that for this clinical population, the investigation of
muscle fatigue using the Biering-Sorensen test would require
an additional load against the erector spinae.

4.2. Co-contraction of antagonistic trunk muscles

The recurrent pain and tissue damage of the lumbar spine limit
the participation of posterior structures of the trunk to provide
stiffness, with the spine becoming unstable?. For tasks that do
not involve muscle fatigue provocation, low back pain subjects
are characterized by adopting the compensatory mechanism
through increasing the activation and muscular co-contraction
of the trunk at higher levels than healthy subjects’?. The task
performed in this study, which involved the fatigue provocation
of muscles located in pain area, did not cause the same compen-
sation, whereas the increases in co-contraction and antagonist
activation was lower in the EG compared to the healthy group.

However the antagonist muscle activation produces forces
in the opposite direction of the agonist muscles, which seems to
work against the agonist action and impair the endurance time
of task support, a minimal amount of antagonist activation is
required to optimize the torque output of the agonists. For this
purpose, in healthy subjects, co-contraction is modulated con-
stantly by the central nervous system to balance the opposites
forces generated by the agonists and antagonists trunk muscles
throughout the task, in order to facilitate their execution®.

These results regarding the increase in antagonist activa-
tion in CG corroborate with the Granata and Slota findings'.
The authors found that when fatigue of erector spine is caused
by successive weight lifting, there was a significant increase
in electromyography activity of abdominal muscles. Fatigue
could change the trunk stiffness and impair the extensor group
ability to stabilizing the spine. If fatigue is not severe, the com-
pensatory antagonist recruitment would be enough to restore
the stability. Although this mechanism contributes to increase
vertebral compression load and increases the risk of injury, in
intact systems concomitant increase in stability is greater than
the overload produced on the column?.

Regarding the findings of the 10, evidence shows that the
transversus abdominis and the lower portion of the 1O stabilize
the lumbar spine and pelvis through the tensioning of the thora-
columbar fascia and increase in intra-abdominal pressure, so the
spine becomes stiffened!'3?>%, The thoracolumbar fascia joins the
aponeurotic sheaths of deep abdominal muscles with the sheath
that surrounds the MU, IL and longissimus®. The anatomical
junction of IO and MU could justify the higher co-contraction of
these muscles and, despite the difference is significant between
groups only on the right side, the co-contraction of the left side
was also higher in the CG.
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A further argument is based on the modulation of muscle
activation in response to task demand. In activities that require
submaximal efforts, as applied in the test, the recruitment of the
deep abdominal muscles is enough to provide stability and only
those activities that require maximum muscle strength require
the recruitment of superficial muscles®.

In relation to low back pain population, many studies
show changes in the activation pattern of the deep abdominal
muscles, such as delay in onset'®, less automatic activation in
unstable positions'>?® or postural changes?” compared to healthy
subjects, besides clinical improvement when training the se-
lective contraction of these muscles®. One study found better
results in excessive lumbar vertebrae translation and rotation,
analyzed by x-rays images, in subjects with chronic low back
pain that trained co-contraction of the deep stabilizers muscles
of the trunk, when compared with the general exercises group®.
The possible impairment of the isolated activation of the deep
abdominal muscles could be caused by the general increase in
co-contraction of the trunk muscles, which would affect the
selective muscular recruitment?.

The decrease in antagonist activation was also found when
provoking the immediate spinal instability, through the static
stretching of the posterior trunk structures for 10 minutes. Before
and immediately after the stretching, the participants performed
submaximal isometric tasks of the trunk flexors and extensors,
each for 10 s, and this study found a decrease in antagonist ac-
tivation, in both tasks, after stretching®. In situations of chronic
instability, this mechanism would be adopted in tasks that require
muscular endurance by longer period of time.

The results of this study contribute evidence indicating that the
strategies selected by the neuromuscular control, in order to regulate
the stiffness of the trunk, are differentiated in the presence of low
back pain and that these strategies are not fixed, and instead, vary
with task characteristics. According to some authors?, the increase
of antagonist activation can be determined by the risk of injury, in
that high overload activities lead to a decrease of coactivation in
order to reduce the additional load produced by muscle contraction.
In this context, the Biering-Sorensen test could impose subjects with
low back pain sufficient overload, in which increasing activation
of the antagonist muscle would be advantageous.

Limitations

This study did not consider the localization of low back pain.
This would require larger samples of subjects with bilateral and
unilateral low back pain for a more specific analysis. Furthermore,
there was no control of trunk rotation during the test execution,
which could have resulted in unilateral differences. It is suggested
that future studies include the analysis of lower limb muscles
that can contribute to performance in the Biering-Sorensen test.

5. Conclusion

The results of this study showed that during the evaluation test
of erector spinae endurance, subjects with low back pain had
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less activation of IO and lower rate of IO/MU co-contraction,
observed on the right-hand side, compared to healthy subjects.
The demand of the Biering-Sorensen test until exhaustion
necessitated the recruitment of 10 in intact neuromuscular
control systems, while this strategy was not observed in EG.
Furthermore, muscle fatigue parameters showed no differences
between the groups with and without low back pain, which
could indicate that both groups are similar regarding the ability
of the erector spinae to resist the fatigue, when performing the
Biering-Sorensen test until the exhaustion.
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