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Abstract

Background: Low back pain causes changes in muscle activation patterns. Knowing how different exercises may
improve altered muscle activation is useful in the treatment of patients. The aim of the study was to investigate
whether there was a difference in the pattern of muscle activation in chronic nonspecific low back pain sufferers
following core stability exercise (CSE) and general exercise (GE).

Methods: Fifty-six non-specific chronic LBP subjects were randomly assigned to either groups (28 participants in
CSE and 28 in GE group). Both groups performed 16 sessions of an exercise program for about 5 weeks. Pain,
disability and trunk muscle activation patterns (using surface electromyography) were measured at baseline and
post-training.

Results: After the intervention period, antagonist coactivation ratio did not change in either groups. Though all
compensated imbalance ratios (residual unequal muscular activity after cancellation of directionality) decreased
towards negative (imbalance to left side) only this change for total muscles ratio in GE was significant (mean
difference in GE group, 0.15; 95% CI: 0.02 to 0.28; p-value of paired t-test: 0.022); (mean difference in CSE, 0.02; 95%
CI: − 0.07 to 0.11; p-value of paired t-test: 0.614).. No overall significantly decrease in uncompensated imbalance
ratio (absolute imbalance values without cancellation directionality) was observed. Pain and disability decreased
significantly in both groups. However, there was no difference between two groups in either of the variables after
the intervention.

Conclusions: Both exercise programs reduced pain and disability and made or kept trunk muscle activation
imbalance to the left side. The effects of two exercises on pain, disability and antagonist coactivation or imbalance
ratios were not different.

Trial registration: This study was registered in the Iranian Clinical Trial Center with the code IRCT201111098035N1,
Registered Jan 21, 2013.

Keywords: Core stability exercise, Electromyography, General exercise, Muscle activation imbalance, Nonspecific low
Back pain
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Background
Most clinical practice guidelines endorse exercise for the
treatment of chronic low back pain (CLBP) including
core stability exercises (CSE) and general exercises (GE)
[1, 2]. Since spinal stabilization and control is altered in
LBP patients [3], CSE is suggested as a treatment in re-
cent years. These exercises aim to re-educate coactiva-
tion patterns of local and global back muscles [4]. The
base of CSE is initial low-level isometric contraction of
trunk stabilizing muscles (i.e. multifidus, transversus ab-
dominis, and internal oblique) that is their integration
into functional tasks progressively [4]. Good evidence
exists regarding benefits of exercise (generally) in CLBP
[2, 5]. In the 1990s, general strengthening exercises were
more popular than other types of exercise for patients
with CLBP [6].
It remains, however, controversial whether CSE is

more effective than its counterparts such as GE [7]. A
number of studies have suggested that CSE is more use-
ful than other sorts of therapy for CLBP [7] while others
have indicated that both exercises are equally effective
[7–9]. The latter studies suggest that improvements re-
sulted from CSE are simply due to their physiological
impacts that all exercises have on patients rather than
on spinal stabilization [7].
It has been claimed that LBP leads alterations in

muscle activity around the location of pain [10]. So pat-
tern of trunk muscle activation in patients with mechan-
ical LBP (which the pain arises from structures of the
spine including bones, ligaments, discs, joints, nerves
and meninges [11]) is different from healthy population
[12, 13]. Most authors think that the changes in muscle
activity in patients with LBP should be regarded as func-
tional adaptations to a reduced spinal stabilization [13].
Panjabi [14] first proposed that instability of the spine is
likely due to any dysfunction of either spinal passive
(non contractile) or active (trunk muscles) structures or
from reduced neural control over these two parts and
the instability could lead to LBP. Instability of the spine
could cause excessive tissue strain and result in pain.
Panjabi believed that to compensate a loss of passive
stabilization, trunk muscles should be actively contracted.
It has been shown, that co-contraction of muscles
increases the stability of trunk [13]. In addition,
healthy subjects when confronted with conditions
that threaten spinal stability, increase co-contraction
of their muscles [15].
Hodges [16] believes that dynamic control of the spine

involves a spectrum of control strategies that ranges
from co-contraction stiffening in one end (that is con-
traction of large flexor and extensor muscles causing
restricted movements and high load on the spine) to
more dynamic control strategies in the other (that the
control of spine is achieved by timed alternating

activities of global muscles with underlying tonic and
early activity of deep muscles, such as the control of
trunk during arm movements).
It may be useful to find how different exercises affect

trunk muscles activation pattern and imbalance ratios in
LBP sufferers. As CSE and GE are expected to have positive
effects on these patients and they are usually used in clinics,
the present investigation that is a quasi-randomised con-
trolled trial study aims to compare them for the first time.
We hypothesize that both exercise programs due to their
physiological effects would make useful changes on trunk
muscle activation pattern and imbalance. Patient’s disability
and pain intensity were also measured and compared be-
fore and after the training.
Based on the evidence, it remains unclear whether one

treatment is more beneficial than the other, so examin-
ing the differential effects of CSE and GE was our spe-
cific interest. The aim of this study was to compare the
effects of CSE (The CSE group served as a treatment
group) and GE (The GE group served as a control
group) on trunk muscle activation patterns and imbal-
ance in non-specific CLBP patients.

Methods
Study design
A quasi-randomised controlled trial was conducted.
From the ethics committee of Iran University of Medical
Sciences (IUMS), approval for the research was received.
This study was registered in the Iranian Clinical Trial
Center with the code IRCT201111098035N1, https://en.
irct.ir/trial/8471, Registered Jan 21, 2013.

Participants
Labelling participants as non-specific CLBP was based
on imaging and clinical examination (pain provocation
tests) by just one examiner. Fifty-six non-specific
chronic LBP subjects referring to a hospital outpatient
physiotherapy department volunteered (Forty-six pa-
tients completed the program). Participant characteris-
tics are presented in Table 1. Inclusion criteria were
having LBP for more than 3months, pain intensity from
3 to 6 in visual analogue scale (VAS), and age of 18 to
60 years. Exclusion criteria were defined as history of

Table 1 Participants Characteristics

Characteristic Core Stability
Exercise Group

General Exercise
Group

Gender

Male 11 7

Female 16 17

Age/mean (SD) 38.9 (12.2) 47.0 (9.9)

Height (cm)/mean (SD) 167.6 (8.8) 164.0 (9.1)

Weight (kg)/mean (SD) 71.9 (14.2) 74.2 (10.7)
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having pathology or anomaly in lower limbs or back
such as malignancy, inflammatory diseases, sever osteo-
porosis, arthritis or bone diseases. When admitted, pa-
tients were allocated a number in the order that they
participatedthe study. Those with odd numbers were
assigned to the CSE group while those with even ones to
the GE group. The study was explained for all the partic-
ipants at the first session and their written informed
consent was obtained. Participants with a history of 3
consecutive or 5 total absences from exercise sessions
were excluded.

Interventions
Both groups performed a warm-up period (8 stretching
exercises and stationary cycling for 5 min) at the begin-
ning of every session. An eight-step exercise in which
the level of difficulty increased progressively was pre-
scribed for each group [17]. Exercises commenced with
simple movements and progressed to more difficult ex-
ercises, e.g., on a Swiss ball. For the interventions to be
comparable, an attempt was made for exercises to be in
the similar manner for both groups in each stage. The
frequency of exercise for both groups was 3 sessions per
week, a total of 16 sessions. The patients were instructed
to perform their exercises as much as they could. In the
same session there was rest periods between the exer-
cises. However, the net exercise time was defined to be
20min for the CSE and 14 for the GE group (total of
320 and 224 min respectively). To balance estimated
total trunk muscle force output between groups, based
on previous studies [17], these times were chosen. Par-
ticipants in both groups performed the exercises in the
defined time duration under supervision of an experi-
enced physiotherapist. They were blinded about the ex-
istence of two treatment groups and the exercise type
they were performing. Both exercises are explained in a
previous article [18] (The exercises are shown in the
Supplementary Material File).

Core stability exercise
In this group, anatomy and function of deep lumbar
stabilizer muscles were explained for patients. Recogni-
tion of these muscles’ contraction was taught in the first
sessions. To ensure accurate contraction of the transver-
sus abdominis muscle, it was explained to the patients
that by the action of this muscle the lower part of the
anterior abdominal wall below the umbilical level will be
“drawn in”. To be sure of multifidus contraction, bulging
action of the muscle was felt under the therapist’s fin-
gers when they were placed on either side of the spinous
processes of lumbar vertebrae (directly over the belly of
this muscle) [4]. Then, low-intensity isometric contrac-
tion of these muscles in minimally loading positions was
prescribed. Step by step, integration with dynamic

activities was instructed. This was done by performing
light functional tasks while performing co-contraction of
the stabilizing muscles. In the 6 last sessions of the pro-
gram, heavier-load functional tasks with exercises similar
to those in the GE group were progressively instructed.

General exercise
For the GE group, exercises were conducted which acti-
vated the extensor (paraspinal) and flexor (abdominal)
muscles. The participants performed these exercises in
lying position.

Outcome measures
Three variables were measured before and after the
intervention for each participant including: 1- Disability
and Pain 2- Trunk muscle activation patterns (Electro-
myographic Ratios).

Disability and pain
To measure the degree of disability and to estimate their
quality of life, all participants completed the Persian
translated version of Oswestry Disability Questionnaire
[19] (0 = no disability, 100 = totally disabled), and their
pain intensity was assessed using visual analogue scale
(VAS) (0 = no pain, 100 = pain as bad as it could be).

Trunk muscle activation patterns (Electromyographic
ratios)
EMG recording
Surface electromyographic signals were collected using
ME6000 device (MEGA Electronics Ltd., Kuopio, Finland)
with surface electrodes (Ag/AgCl). An inter-electrode dis-
tance of 2 cm was maintained. CMRR was 110 dB. After
the skin was abraded and cleaned with alcohol (to reduce
skin impedance until it was lower than 5 kΩ), the elec-
trodes were placed bilaterally (right,left) over the following
trunk muscles and locations [20]: rectus abdominis, ap-
proximately 3 cm lateral to the umbilicus; external oblique,
approximately 10 cm lateral to midline above the umbilicus
and aligned with muscle fibers; internal oblique, 2 cm below
and 7 cm medial to the anterior superior iliac spine; longis-
simus dorsi, approximately 3 cm lateral to midline at the
L1; iliocostalis approximately 6 cm lateral to midline at the
L3. The EMG signals were sampled at 10,000Hz and band
passed between 20 and 450Hz, full-wave rectified low pass
filtered (second order single pass Butterworth) at a cut-off
frequency of 2.5Hz. The last 1 sec of EMG signal while
subjects were in the proper test condition was ignored and
previous 3 sec were selected and averaged for analysis. To
assess the reliability of the EMG signals, 12 healthy subjects
were tested two times in the same manner as the patients.
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Tasks EMG signal acquisition was conducted in 5 posi-
tions in two different conditions challenging trunk
stability:

1- Forward and backward pull positions (FPP & BPP):
The participants were placed in a standing position
on an apparatus and strapped into a postural
restraint that restricted their hip and lower limb
motion but left their upper torso free to move in
any direction. They wore a harness having a hook
for applying a torque to the trunk by a rope (Fig. 1).
Regardless of their different trunk height, based on
the distance between the hook and the L5 –S1
interspace, the amount of weight pulling the trunk
by the rope was changed so that a constant torque
of 40 N.M. was applied for all participants. Subjects
were placed on the apparatus in two positions.
Their trunk were pulled in forward and backward
directions [Forward (Fig. 1) and backward (the
subject turn 180 degrees around regarding Fig. 1)]
pull positions. They held these conditions for 5 s.

2- Holding weight when standing: The participants
were placed upright with their toes 36 cm apart
from a wall. They were instructed to hold a 4.5 kg
dumbbell by their hands at the three heights of 20,
40 and 60 cm above their fifth lumbar spine which
were marked on the wall. They were asked to keep
the weight in the distance of about 1–2 cm from
the wall while keeping their upright posture (Fig. 2).
They held this condition for 5 s.

Electromyographic ratios To assess trunk muscle acti-
vation patterns and imbalance in participants performing
the tasks, two types of ratio were calculated including:

1- Antagonist Coactivation (AntC) Ratio: Root mean
squares (RMS) of EMG signals for all muscles were
calculated firstly. Simple sum of RMS for
antagonists over sum of RMS for all muscles was
computed., For the “forward pull position” and also
for the “holding weight in standing positions (20, 40
and 60 cm)” the sum of values for rectus abdominis
and oblique muscles, and for the “backward pull
position” the sum of values for back muscles, were
divided by the sum of values for all muscles.

2- Imbalance ratios: Using analysis similar to Oddsson
and DeLuca [10], to assess imbalance in trunk
muscles three types of ratio were calculated:

A- Extensor Ratio: Using longissimus dorsi and
iliocostalis muscles.

B- Flexor Ratio: Using rectus abdominis, external
oblique, and internal oblique muscles.

C- Total Ratio: Using all back and abdominal muscles.

The RMS signals from pair of those five muscles were
used. For each muscle group (A, B or C), the right-side
RMS values were divided by the left-side. Then, using
the following procedure (Eq. 1), each of the ratio values
was transformed to make corrected ratios (R) which for

Fig. 1 Forward pull position

Fig. 2 20, 40 and 60 cm holding weight position
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symmetrical properties are centered on 0. To show the
difference in percent between the right and left sides,
the obtained ratio was multiplied by 100.

R ¼
ratio−1; ratio≥1

−
1

ratio
−1

� �
; ratio < 1

8<
: ð1Þ

For example, the meaning of a value of − 10 is that the
left side was 10% larger than the right side whereas the
meaning of a value of 10 is that the right side was 10%
larger than the left side. It is possible to make compari-
son between right- and left-sided differences in EMG
signals by these ratios [10].
Using the procedure which is shown in the eqs. 2 and 3,

two other EMG measures were then calculated from each
muscle ratio parameters. “Uncompensated” imbalance was
described as the mean across “absolute” values of all single
muscle ratios in each muscle group (Extensor, Flexor and
Total) (Eq. 2). For example, uncompensated imbalance ex-
tensor ratio was calculated by averaging absolute ratio
values for longissimus dorsi and iliocostalis muscles.
“Compensated” imbalance was described as the mean
across (not absolute) values of all single muscle ratios in
each muscle group (Eq. 3). So, six values were calculated
for each participant: extensor uncompensated (ExtUC)
and compensated (ExtC) imbalance, flexor uncompen-
sated (FlxUC) and compensated (FlxC) imbalance and
total uncompensated (TotUC) and compensated (TotC)
imbalance ratios.

Uncompensated Imbalance ¼j ratioMuscle1 j þ
j ratioMuscle 2 j þ j ratioMuscle n j =n ð2Þ

Compensated Imbalance
¼ ratioMuscle1 þ ratioMuscle 2 þ ratioMuscle n=n ð3Þ

(Muscle 1, 2 and muscle n are muscles that have been
defined in a muscle group (A, B or C) and n is the num-
ber of muscles in the group).
The uncompensated imbalance ratio is an index show-

ing the total muscular imbalances regardless of either to
right or left, whereas the compensated imbalance shows
the direction of the local segmental imbalances. There-
fore a positive value indicates that right is larger than left
and a negative value shows the opposite.
Also in compensated imbalance ratios, there may be

cancellation between the different muscles within each
subject so they represent the residual imbalance. In
order to avoid cancellation of values of compensated im-
balances with opposite signs, absolute values of the com-
pensated imbalances were used.
To have a better insight about each variable, for each

participant, mean values for all five positions (FPP, BPP,
20, 40 and 60 cm) were calculated and defined as a new

variable (Mean). So the number of ratios calculated for
five positions reduced to one mean value.

Statistical analysis
The normality of the data was confirmed using the K–S
test. Independent t-test and Chi-square test were used to
examine differences between the two study groups in
demographic characteristics and baseline values of dis-
ability level, pain intensity and EMG ratios. Analysis of
covariance (ANCOVA) was used to test the significance
of changes in scores of muscle coactivation and their im-
balance ratios (ExtUC, ExtC, FlxUC, FlxC, TotUC, TotC)
between the two groups, controlling the baseline values.
Within-group changes before and after the study were
assessed by paired t-test. The intra-class correlation co-
efficient (ICC) and standard error of measurements
(SEM) were used to assess the relative and absolute reli-
ability of EMG signals, respectively.

Results
Different phases of the trial are presented in the Fig. 3.
In our study, we had ten dropouts out of 56 participants
fulfilling inclusion criteria and 46 participants remained
(22 participants in CSE and 24 in GE group). ICC and
SEM for EMG values for all muscles in different posi-
tions ranged over 0.66 to 0.99 and 0.001 to 0.10, respect-
ively. The relative measure of reliability was good
(ICC > 0.90) and absolute measure of reliability (SEM)
showed low values.
There was no significant statistical difference in dis-

ability (p = 0.91) and pain (p = 0.23) between groups on
entry to the trial. After the intervention period, a signifi-
cant reduction in disability level (p < 0.001) and pain
intensity (p < 0.001) within each group was found
(Table 2). Regarding changes in outcomes (the difference
between before and after treatment values), there was no
significant difference between CSE and GE groups in
disability (p = 0.14) and pain (p = 0.72) (Table 2).
There was no significant statistical difference in An-

tagonist Coactivation (AntC) Ratio (p = 0.08 to p = 0.47)
and imbalance (ExtUC, ExtC, FlxUC, FlxC, TotUC,
TotC) ratios (from p = 0.06 to p = 0.99) between groups
on entry to the trial. The mean values for antagonist
coactivation, compensated and uncompensated RMS im-
balance ratios are shown in Table 3.
After 16 sessions of intervention, AntC ratio did not

change in either groups ((mean difference in GE group =
0.02; 95% CI: − 0.03 to 0.08; p-value of paired t-test:
0.428) and (mean difference in CSE group = 0.05; 95%
CI: 0.001 to 0.09; p-value of paired t-test: 0.068)). The
mean TotC ratio showed a significant decrease in GE
group (mean difference, 0.15; 95% CI: 0.02 to 0.28; p-
value of paired t-test: 0.022) while the CSE group
showed no significant changes for TotC ratio (mean

Shamsi et al. BMC Sports Science, Medicine and Rehabilitation           (2020) 12:24 Page 5 of 9



Fig. 3 Flow diagram of participation in the study

Table 2 Means, Standard Deviations (SD), and Within and Between Group Differences for Disability and Pain in the Exercise Groups
Following the Intervention Period

Core Stability Group General Exercise Group

Outcome Measures Before After P-value for Differencea Before After P-value for Differencea P-value for Difference
Between Groupsb

Oswestry disability 50.55 (12.08) 32.77 (11.0) P < 0.001 50.67 (10.41) 37.62 (10.87) P < 0.001 P = 0.14

Pain intensity 51.36 (9.02) 15.09 (12.4) P < 0.001 52.86 (9.02) 15.10 (13.80) P < 0.001 P = 0.72
aP-value for paired t test
bP-value for ANCOVA, adjusted for baseline values
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difference, 0.02; 95% CI: − 0.07 to 0.11; p-value of paired
t-test: 0.614). Furthermore, ExtUC, ExtC, FlxUC, FlxC
and TotUC were not significantly different compared to
baseline in both group (All P > 0.05) (Table 3).
In between-group analysis, no significant difference

was observed for muscle coactivation pattern and
their imbalance ratios at the end of the study (all P-
values > 0.05; Table 3).

Discussion
The current study compared trunk muscles coactivation
and imbalance patterns between two groups of patients
with chronic non-specific LBP enrolled in two types of
exercise program. At the end of the study, antagonist
coactivation did not reduced in either groups. Sixteen
sessions of training in both groups shifted compensated
ratios (residual unequal muscular activity after cancel-
ation of directionality) (ExtC, FlxC and TotC) to nega-
tive, indicating change in muscle imbalance to the left
side. The only significant change was TotC for the gen-
eral exercise group.
In a survey on the literature, no study was found on

comparison between core stability and general exercises
regarding recruitment pattern and activation imbalance.
Trunk muscle imbalance in LBP compared with healthy
subjects has been reported in some studies [10, 21]
though other studies [22] have failed to show differences
in muscle activity between these two groups.
We measured EMG for global (and not local) muscles,

and decrease in antagonist coactivation in GE group
could be attributed to the change from static to dynamic
spinal control whereas this change has not occurred in
CSE group which is claimed [23] to cause enhancement
in spinal stability specifically.
Regarding imbalance in trunk muscles, Oddsson and

Carlo [10] found similar levels of uncompensated imbal-
ance in LBP patients and healthy control participants
whereas they found that high compensated RMS

imbalance, i.e., large residual activation imbalances, was
a sign of unhealthy back muscle function in LBP pa-
tients. The concept of uncompensated and compensated
EMG-based imbalance parameters has been introduced
to show how contralateral muscles in the trunk are
contracted during a sustained isometric contraction in a
symmetrical task [10]. These ratios show how much load
each side shares and how much work the muscles of
each side do. In a similar designed work, Reeves and
Cholewicki [24] had different results of equal activation
imbalance between two sides for athletes with a history
of low back injury and healthy athletes. They believed
the differences between the studies could stem from the
populations being used. For example, the LBP sufferers,
unlike the athlete population, may show more pain
avoidance behaviour which could cause lesser muscle
activity.
The fact that the force developed by a muscle is partly

proportional to the amplitude of the EMG signal [25] is
the physiological rationale for the interpretation of these
ratios. Uncompensated imbalances show that contralat-
eral muscle groups do not activate equally, whereas the
compensated imbalances indicate the residual unequal
muscular activity after cancelation of directionality
(right-left) of these imbalances. So, for each participant,
a positive compensated imbalance means that values for
the right side are greater than those for the left side, and
vice versa for a negative value. If the uncompensated im-
balance is equal to the compensated imbalance, the im-
balance at all muscles will be in the same direction.
When the compensated imbalance is smaller than the
uncompensated imbalance, then some positive and nega-
tive values have been canceled by each other, i.e., at least
one level is negative and/or one is positive.
All compensated ratios in either groups decreased, in-

dicating imbalance shift to the left side, though the only
significant change was that for the TotC ratio in GE.
Therefore, both training programs made the imbalance

Table 3 Means, Standard Deviations (SD), and Within and Between Group Differences for Muscles Coactivation Pattern and their
Imbalance Ratios in the Exercise Groups Following the Intervention Period

Variable Baseline values After 5 weeks of intervention P-valuea P-valuea P-valueb

CSE group GE group CSE group GE group (Differences within CSG) (Differences within GEG) (Differences between groups)

AntC 0.38 (0.18) 0.32 (0.14) 0.36 (0.14) 0.28 (0.08) 0.428 0.065 0.647

ExtUC 0.45 (0.68) 0.51 (0.87) 0.27 (0.03) 0.40 (0.23) 0.220 0.577 0.830

ExtC −0.015 (0.45) 0.096 (0.69) −0.094 (0.24) − 0.16 (0.30) 0.418 0.801 0.402

FlxUC 0.433 (0.54) 0.29 (0.16) 0.35 (0.21) 0.27 (0.13) 0.347 0.457 0.779

FlxC −0.059 (0.29) 0.054 (0.25) −0.042 (0.23) −0.032 (0.19) 0.710 0.102 0.118

TotUC 0.442 (0.57) 0.378 (0.34) 0.32 (0.139) 0.319 (0.11) 0.243 0.458 0.590

TotC −0.042 (0.17) 0.071 (0.30) 0.06 (0.19) −0.084 (0.16) 0.614 0.022 0.096

AntC Antagonist Coactivation, ExtUC extensor uncompensated extensor compensated, ExtC extensor compensated, FlxUC Flexor uncompensated, FlxC Flexor
compensated, TotUC total uncompensated, TotC total compensated imbalance ratios, CSE core stability exercise, GE general exercise
a P-value for paired t test
b P-value for ANCOVA, adjusted for baseline values
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change more or less, to the left side. Before the interven-
tion, FlxC and TotC for the CSE group were negative
and other compensated values were positive. This differ-
ence in imbalance direction at the baseline could be at-
tributed either to the distribution of alterations in
muscle activity around the location of pain or to the ran-
dom chance for side dominancy, in the case of random
allocation of participants in groups. The net finding is
that both exercises made or kept imbalance to the left.
Though we have not asked the participants their dom-

inant side, as most people including our subjects are
right-handed [26], this change may be attributed to hand
dominance, especially since our training was symmetric.
Some authors [27, 28] have pointed out that dominant
to non-dominant strength imbalances are normal to
some extent. In a study of neuromuscular imbalance in
tennis players with low back pain [29], nearly all right-
handed athletes showed significant lower muscle activity
on the left side of erector spinae, and left-handed players
showed lower activity on the right side. In our study, the
reverse non-dominant to dominant side imbalance after
the intervention may be related to the effects of exercise
programs for low back pain that have changed the direc-
tion of imbalance. However, it remains unclear why the
muscle imbalance really shifted to the left side due to ei-
ther exercises. Future studies are recommended to inves-
tigate why the muscle imbalance shifted to the left side
after the exercise programs.
In spite of the general decrease in uncompensated ra-

tios (unless FlxUn), since these changes are not signifi-
cant, it could not be concluded that either exercises
decreased muscle imbalance, though their trends are to-
ward imbalance reduction.
Unlike coactivation and imbalance ratios, improve-

ment in clinical outcomes (pain and disability index) oc-
curred in both groups without significant difference
between them. It could be interpreted that both exer-
cises made useful effects on clinical symptoms regardless
of whether they made change on muscle activation pat-
terns. However, this question remains unanswered
whether changing trunk muscle activation affects pain
and other clinical features.
However, the findings of this study could be used in

motor control studies which investigate the behaviour of
trunk muscles of patients suffering from LBP after a
course of therapeutic exercise.

Limitations
The main limitations of this study are the lack of a true
control group in the design and performance and lack of
blindness for the treating physiotherapist due to the na-
ture of the interventions. Having a control group in the
future studies would be useful.

Despite the limitations, we believe the results of the
current study can add to the literature that there are no
significant differences in pain, muscle activation patterns
and imbalance ratios of trunk muscles between LBP pa-
tients who engaged in CSE group versus those engaged
in GE group.
The participants were not randomly allocated to the

study arms, which can be considered as a drawback of
our study. Minimize systematic bias or confounding
could not be achieved using the quasi-randomized trial
design.

Conclusion
Though both interventions caused a decrease trend on
antagonist coactivation, but they were not significant.
All muscle imbalance ratios in either groups shifted to
the left side, though the only significant change was that
for the TotC (compensated all back and abdominal mus-
cles) ratio only in general exercise group. Pain and dis-
ability reduced in both CSE and GE programs. The
effects of two exercises on pain, disability and antagonist
coactivation or imbalance ratios were not different.

Abbreviations
AntC: Antagonist Coactivation; CLBP: Chronic low back pain; CSE: Core
stability exercises; EMG: Electromyographic; GE: General exercises; ICC: Intra-
class correlation coefficient; IUMS: Iran University of Medical Sciences;
RMS: Root mean squares; VAS: Visual analogue scale

Acknowledgements
The authors thank Dr. Farshid Ghezelbash for his expert comments on
thrunk muscle activation patterns idea and writing the first draft of the
manuscript and cooperation, Dr. Ali Amiri and his colleagues in
physiotherapy department of Rasool Akram hospital (Iran University of
Medical Sciences) for their cooperation and kind assistance.

Authors’ contributions
M-BSh contributed in original idea and protocol, conception of the work,
conducting the study, revising the draft, approval of the final version of the
manuscript, and agreed for all aspects of the work. MM was involved in data
analysis, drafting of the manuscript and approval of the final version of the
manuscript. MHR contributed in the design of the work and revising the
draft and approval of the final version of the manuscript.

Funding
This work was supported by a grant from Iran University of Medical Sciences.
We affirm that we have no financial affiliation (including research funding) or
involvement with any commercial organization that has a direct financial
interest in any matter included in this manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The protocol and consent forms were approved by ethics committee of Iran
University of Medical Sciences. All participants provided written informed
consent.

Consent for publication
The patient on the picture (Fig. 1 and Fig. 2) has provided written consent
for publication.

Shamsi et al. BMC Sports Science, Medicine and Rehabilitation           (2020) 12:24 Page 8 of 9



Competing interests
The authors of this manuscript declare that there are no conflicts of interest
that could inappropriately influence the results of this study.

Author details
1School of Allied Medical Sciences, Kermanshah University of Medical
Sciences, Kermanshah, Iran. 2University of Illinois at Urbana-Champaign,
Urbana, IL 61801, USA.

Received: 1 January 2020 Accepted: 2 April 2020

References
1. Hayden JA, Van Tulder MW, Malmivaara AV, Koes BW. Meta-analysis: exercise

therapy for nonspecific low back pain. Ann Intern Med. 2005;142:765–75.
2. Henchoz Y, So AK-L. Exercise and nonspecific low back pain: a literature

review. Joint Bone Spine. 2008;75:533–9.
3. Costa LOP, Maher CG, Latimer J, Hodges PW, Herbert RD, Refshauge KM,

et al. Motor control exercise for chronic low Back pain: a randomized
placebo-controlled trial. Phys Ther. 2009;89:1275–86.

4. Hodges PW. Lumbopelvic stability: a functional model of the biomechanics
and motor control. In: Richardson CA, Hodges PW, Hides JA, editors.
Therapeutic exercise for Lumbopelvic stabilization. 2nd ed. Edinburgh:
Churchill Livingstone; 2004. p. 13–28.

5. Van Tulder M, Malmivaara A, Esmail R, Koes B. Exercise therapy for low Back
pain: a systematic review within the framework of the Cochrane
collaboration Back review group. Spine. 2000;25:2784–96.

6. Kasai R. Current trends in exercise management for chronic low back pain:
comparison between strengthening exercise and spinal segmental
stabilization exercise. J Phys Ther Sci. 2006;18:97–105.

7. Lederman E. The myth of core stability. J Bodyw Mov Ther. 2010;14:84–98.
8. Rackwitz B, De Bie R, Limm H, von Garnier K, Ewert T, Stucki G. Segmental

stabilizing exercises and low back pain. What is the evidence? A systematic
review of randomized controlled trials. Clin Rehabil. 2006;20:553–67.

9. Ferreira PH, Ferreira ML, Maher CG, Herbert RD, Refshauge K. Specific
stabilisation exercise for spinal and pelvic pain: a systematic review. Aust J
Physiother. 2007;52:79–88.

10. Oddsson LI, De Luca CJ. Activation imbalances in lumbar spine muscles in
the presence of chronic low back pain. J Appl Physiol. 2003;94:1410–20.

11. Chien JJ, Bajwa ZH. What is mechanical back pain and how best to treat it?
Curr Pain Headache Rep. 2008;12:406–11.

12. Silfies SP, Squillante D, Maurer P, Westcott S, Karduna AR. Trunk muscle
recruitment patterns in specific chronic low back pain populations. Clin
Biomech. 2005;20:465–73.

13. van Dieen JH, Cholewicki J, Radebold A. Trunk muscle recruitment patterns
in patients with low back pain enhance the stability of the lumbar spine.
Spine. 2003;28:834–41.

14. Panjabi MM. The stabilizing system of the spine. Part I. function, dysfunction,
adaptation, and enhancement. J Spinal Disord. 1992;5:383–9.

15. Granata KP, Orishimo KF. Response of trunk muscle coactivation to changes
in spinal stability. J Biomech. 2001;34:1117–23.

16. Hodges PW, Cholewicki J, van Dieen JH. Spinal control: the rehabilitation of
Back pain: state of the art and science. UK: Elsevier health sciences; 2013.

17. Koumantakis GA, Watson PJ, Oldham JA. Trunk muscle stabilization training
plus general exercise versus general exercise only: randomized controlled
trial of patients with recurrent low Back pain. Phys Ther. 2005;85:209–25.

18. Shamsi M, Sarrafzadeh J, Jamshidi A. Comparing core stability and traditional
trunk exercise on chronic low back pain patients using three functional
lumbopelvic stability tests. Physiother Theory Pract. 2014;31:89–98.

19. Mousavi SJ, Parnianpour M, Mehdian H, Montazeri A, Mobini B. The
Oswestry disability index, the Roland-Morris disability questionnaire, and the
Quebec Back pain disability scale: translation and validation studies of the
Iranian versions. Spine. 2006;31:E454–9.

20. Arjmand N, Gagnon D, Plamondon A, Shirazi-Adl A, Larivière C. Comparison
of trunk muscle forces and spinal loads estimated by two biomechanical
models. Clin Biomech. 2009;24:533–41.

21. Lariviere C, Gagnon D, Loisel P. The comparison of trunk muscles EMG activation
between subjects with and without chronic low back pain during flexion–
extension and lateral bending tasks. J Electromyogr Kinesiol. 2000;10:79–91.

22. Nouwen A, VanAkkerveeken PF, Versloot JM. Patterns of muscular activity during
movement in patients with chronic low-back pain. Spine. 1987;12:777–82.

23. Richardson C. Therapeutic exercise for spinal segmental stabilization in low
Back pain: scientific basis and clinical approach. Edinburgh. New York:
Churchill Livingstone; 1999.

24. Reeves NP, Cholewicki J, Silfies SP. Muscle activation imbalance and low-
back injury in varsity athletes. J Electromyogr Kinesiol. 2006;16:264–72.

25. De Luca CJ. Physiology and mathematics of myoelectric signals. IEEE Trans
Biomed Eng. 1979;26:313–25.

26. Erić M, Koprivčić I, Vučinić N, Radić R, Krivokuća D, Lekšan I, Selthofer R.
Prevalence of the palmaris longus in relation to the hand dominance. Surg
Radiol Anat. 2011;33:481–4.

27. Grace TG, Sweetser ER, Nelson MA, Ydens LR. Isokinetic muscle imbalance
and knee-joint injuries. J Bone Joint Surg. 1984;66A:734–40.

28. Freiwald J, Engelhardt M. Stand des motorischen Lernens und der
Koordination in der orthopaedisch-traumatologischen Rehabilitation.
Sportorth Sporttraum. 2002;18:5–10.

29. Renkawitz T, Boluki D, Grifka J. The association of low back pain,
neuromuscular imbalance, and trunk extension strength in athletes. Spine J.
2006;6:673–83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Shamsi et al. BMC Sports Science, Medicine and Rehabilitation           (2020) 12:24 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Participants
	Interventions
	Core stability exercise
	General exercise
	Outcome measures
	Disability and pain

	Trunk muscle activation patterns (Electromyographic ratios)
	EMG recording

	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

