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Abstract
Background: Trunk bridging exercises are often used as therapeutic exercises for lumbopelvic
stabilization. These exercises focus on the retraining of muscle coordination patterns in which
optimal ratios between local segmental stabilizing and global torque producing muscle activity are
assumed to be essential. However, a description of such ratios is lacking. The purpose of this study
was to investigate both relative (as a percentage of maximal voluntary isometric contraction)
muscle activity levels and ratios of local to global muscle activity, during bridging stabilization
exercises.

Methods: Thirty healthy university students (15 men, 15 women) with a mean age of 19.6 year
volunteered to perform 3 bridging exercises (single bridging, ball bridge and unilateral bridging).
The surface electromyographic activity of different trunk muscles was evaluated on both sides.

Results: During all bridging exercises, the ratio of the internal oblique to the rectus abdominis was
very high due to minimal relative activity of the rectus abdominis. In general, the ratio of the
internal/external abdominal oblique activity was about 1. However, during the unilateral bridging
exercise, the ipsilateral internal/external abdominal oblique activity ratio was 2.79 as a consequence
of the significant higher relative activity of the internal oblique compared to the external oblique.
The relative muscle activity and the ratios of the back muscles demonstrated similar activity levels
for all back muscles, resulting in ratios about 1.

Conclusion: Both the minimal relative activity of the rectus abdominis and the high internal
oblique to the rectus abdominis activity ratio reported in the present study are in accordance with
results of other trunk stabilization exercises. The relative muscle activity and the ratio of the
abdominal obliques seem to alter depending on the task and the presumable need for stability. The
findings concerning the relative muscle activity and the ratios of the back muscles support the
assumption that during these bridging exercises, all back muscles contribute in a similar way to
control spine positions and movements in a healthy population.
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Background
Stability and movement are determined by the coordina-
tion of all the muscles that surround the lumbar spine [1-
3]. A strategy of trunk stiffening on one hand and creating
optimal movement on the other hand is assumed to be
essential [1]. Within this context, stabilization exercises
are often used in clinical practice today. The main goal of
stabilization exercises is to protect spinal joint structures
from further repetitive microtrauma, recurrent pain and
degenerative change [4]. Long term results of various stud-
ies seem to indicate that specific lumbar stabilizing ther-
apy as a single therapy or combined with other treatments
can reduce the intensity of the pain and disability in low
back pain (LBP) [5-8] and pelvic girdle pain patients
[9,10] and prevent recurrent pain episodes [11-13].

Debate exists on the anatomical classification of muscles
in local and global muscles related to specific functions,
respectively segmental stabilizing (local) and torque pro-
ducing and providing general trunk stability (global), as
proposed by Bergmark [14]. Some mentioned that this
classification is incorrect since no single muscle is supe-
rior at enhancing stability [2,15,16]. In line with this,
assessment of some "stabilization" exercises revealed that
no individual muscle could create an unstable situation
when artificially reduced in activation [15]. During stabi-
lization training, Marshall & Murphy [17] aimed at mini-
mizing rectus abdominis (RA) activity in comparison with
all other muscles of the lumbopelvic region. In contrast,
other researchers assumed that, once an optimal local
activation has been achieved, the interplay between local
and global muscles is thought to be necessary [18,19]. To
meet the different opinions, analysis of both so-called
local and global muscles was considered necessary. More
than evaluation of differences between relative muscle
activity levels of local and global muscles, ratios of relative
muscle activity were thought to provide insight into the
contribution of both muscle systems in relation to each
other.

In the past, ratios of local to global muscle activity were
only analysed in specific isolated local muscle contraction
tasks (abdominal drawing in manoeuvre) [20] and gen-
eral movement and isometric contraction activities (flex-
ion, extension and lateral flexion from a semiseated
position in an apparatus) [21]. Recently, the ratio of the
relative internal abdominal oblique (IO) to rectus
abdominis (RA) activity was reported in a small popula-
tion performing core stability exercises on and off a swiss
ball [17]. However, the contribution of both local and
global muscles calculated as a ratio was currently not ana-
lysed in briding exercises.

The present study focused on 3 different bridging exercises
often used early in a lumbar stabilization training pro-

gram. The supine posture with the knees and hips bent
used during bridging exercises, is to most LBP patients a
comfortable, pain-free posture. From this position limited
movements, such as lifting the pelvis, can be started. In
order to create more functional tasks, limb movements
can be added. By combining pelvis and leg movements as
used in exercise 3 in the present study, it is hypothesized
that more global muscle activity will be required to per-
form those more demanding tasks [15].

Exercise 2 in the present study was a ball bridge stabiliza-
tion exercise. To amplify the training effects of a bridging
exercise and specifically challenge stability mechanisms,
labile surfaces such as gymnastic balls used to be advised
[22,23]. However, recent research evaluating bridging
[24,25], other stabilization exercises [17,26] and trunk
extension exercises [27] could not support that the use of
an exercise ball can create a greater challenge for the mus-
culoskeletal system or a training advantage in a healthy
population.

The purpose of this study was to investigate the relative (%
of maximal voluntary isometric contraction) muscle activ-
ity and ratios of local to global muscle activity during sin-
gle bridging stabilization exercises, ball bridging exercises
and bridging exercises with leg movements.

Methods
Subjects
Thirty healthy university students (15 men and 15
women) voluntary participated to the study. Subjects had
no history of neurological, respiratory or musculoskeletal
back or lower limb pathology. All subjects had an 'aver-
age' activity level, as determined by the Dutch version of
the habitual physical activity questionnaire [28]. They had
a mean age of 19.6 (range:19–23) year, a mean height of
176.6 (range:157–194) cm and a weight of 66.9
(range:42–84) kg. All subjects signed an informed con-
sent. The subjects had no experience with stabilization
principles. The protocol was approved by the Ethics Com-
mittee of the Ghent University Hospital.

Electromyography (EMG) preparation
Prior to the experimental phase, each subject was pre-
pared for EMG recording as follows. The skin was pre-
pared by shaving excess hair and rubbing the skin with
alcohol to reduce impedance (typically ≤ 10 kOhm). Dis-
posable Ag/AgCl surface electrodes (Bleu Sensor, Medi-
cotest GmbH, Germany) were attached parallel to the
muscle fibre orientation, bilaterally over the following so-
called local trunk muscles: the inferior fibres of the IO
(midway between the anterior iliac spine and symphysis
pubis, above the inguinal ligament)[29,30], the lumbar
multifidus (MF) (lateral to the midline of the body, above
and below a line connecting both posterior superior iliac
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spines)[31,32] and the lumbar part of the iliocostalis lum-
borum (ICLL) (lateral to the vertical line through the pos-
terior superior iliac spine, above the iliac crest)[32]. The
inferior fibres of the IO were considered to represent local
muscle activity [4,14] because it was shown that on the
site medial and inferior to the anterior superior iliac spine,
the fibres of the transversus abdominus and the IO are
blended, so a distinction between the muscle signals can-
not be made at this location [33]. Concerning the back
muscles, the MF and ICLL were so-called local muscles
because of their direct attachments to the vertebrae [4,14].
Because the RA, the external abdominal oblique (EO) and
the thoracic part of the iliocostalis lumborum (ICLT)
transfer the load directly between the thoracic cage and
the pelvis, some call them global trunk muscles [4,14].
The electrode placement of those global trunk muscles
was as follows: the EO (15 cm lateral to the umbili-
cus)[22,29,30,34,35], the RA (3 cm lateral to the umbili-
cus)[30,34,36,37] and the ICLT (above and below the L1
level, midway between the midline and the lateral aspect
of the body)[30,32]. The maximum interelectrode spacing
between the recording electrodes was 2.5 cm as recom-
mended by Ng et al. [38], and each electrode had an
approximately 1.0 cm2 pick-up area.

Maximal voluntary isometric contraction (MVIC) 
assessment
The MVICs of the muscles were measured in three trials
before the experimental tasks. These exercises were per-
formed to provide a basis for EMG signal amplitude nor-
malization [30,34,35,39-43]. Normalization of EMG
corresponding maximal EMG amplitude allows interindi-
vidual comparison to the individual maximum [44]. Fail-
ure to normalize EMG data before quantitative analysis
introduces confounding variables not related to muscle
function (for example skin impedance, electrode orienta-
tion and amount of subcutaneous tissue) [44]. Five differ-
ent isometric exercises against manual resistance were
executed. Verbal encouragement was given to ensure max-
imal effort. The maximal activation of the abdominal
obliques (IO and EO) was obtained by a combined flex-
ion-rotation exertion from a supported, straight-knee sit-
ting position, with the hands placed behind the head and
the trunk held in a 45° angle. Manual resistance was
applied to the contralateral shoulder [30,39]. From the
same sitting position the subject was asked to perform a
trunk flexion against bilateral manual resistance applied
to both shoulders, for the generation of the maximal iso-
metric activity of the RA [39,43]. Concerning the MVICs
of the MF [29,30,34,42,43] and the lumbar and thoracic
part of the iliocostalis lumborum (ICLL and
ICLT)[29,30,43] manual resistance was applied to the
posterior aspect of the scapula while the subject lay in the
prone position, with the legs strapped to the table to pre-

vent them from moving. The subject was asked to perform
a trunk extension.

Procedures and instrumentation
The subjects performed 3 experimental exercises, often
used in clinical practice to train the stability of the lower
back. These exercises were executed in supine position,
knees bent (60° flexion) and feet on the floor. Exercise 1
was a single bridging exercise (figure 1), exercise 2 a ball
bridge exercise (figure 2) and exercise 3 a bridging exercise
with extension of the left or right leg (unilateral bridging
exercise) (figure 3). Exercises 1 and 2 can be called sym-
metric exercises and exercise 3 is an asymmetric exercise.
After a detailed explanation of each exercise, followed by
a guided trial, the exercises were recorded. The subjects
lifted their pelvis until an angle of zero degrees hipflexion
was reached. At the beginning of each exercise a neutral
lumbar spine position was determined by the examiner
(anterior and posterior iliac spines in line)[3] and the sub-
ject was encouraged to hold this position during the
course of the total exercise. To standardize the position of
the subject and the equipment, markers were placed on
the floor. The exercises were executed in a random
sequence. The dynamic phases, lifting and lowering of the
pelvis and the extremities, lasted two seconds. The
bridged positions in exercises 1 and 2 and the leg exten-
sion in exercise 3 were hold for five seconds. The pace of
60 beats/min was set by a metronome. Three trials for
every exercise were performed. A pause of at least 15 sec-
onds was allowed between the trials.

The raw surface EMG signals were bandpass-filtered
between 10 and 500 Hz and amplified using a differential
amplifier (MyoSystem 1400, Noraxon Inc, Scottsdale,
AZ). The overall gain was 1000 and the common mode
rate rejection ratio was 115 dB. The signals were analogue/
digitally (A/D) (12-bit resolution) converted at 1000 Hz
and stored in a personal computer.

Single bridging exercise (exercise 1)Figure 1
Single bridging exercise (exercise 1).
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Data analysis
The stored data were full-wave rectified and smoothed
with a root mean square (RMS) with a window of 150 mil-
liseconds. For each of the muscles and for each testing ses-
sion, the RMS was calculated for the 3 repetitions of the
different exercises. The mean RMS of the three MVIC trials
for every muscle was used to provide a basis for EMG sig-
nal amplitude normalization of the data of the experi-
mental exercises. The static phases of the exercises were
analysed, using an interval of 4700 ms after the defined
starting point of the holding position. Noraxon MyoRe-
search software 2.10 was used.

Not only the relative muscle activity of different trunk
muscles, but also ratios of the relative local abdominal
muscle activity to the global abdominal muscle activity
(IO/RA and IO/EO) were calculated. In a similar way,
ratios of the relative back muscle activity (MF/ICLT and
ICLL/ICLT) were determined.

Statistical analysis
Statistical analysis was performed using SPSS 12.0 soft-
ware package (SPSS Inc., Chicago, IL) for Windows. The

level for statistical significance was set at α = 0.05. As there
was no significant difference between the muscle activity
of the left and right muscles during exercise 1 and 2, the
mean activity levels were used. There were also no signifi-
cant differences between the muscle activity at the left side
when performing a left leg extension and the muscle activ-
ity at the right side when performing a right leg extension
(exercise 3). Therefore the mean value was used for further
analysis and called ipsilateral muscle activity. In accord-
ance with the same findings on the other side, the new
term contralateral muscle activity was introduced. Con-
cerning both the MVICs and the experimental exercises,
an analysis of variance for repeated measures was applied
to evaluate the effects of the factor muscle during every
single exercise, separately for the abdominal and the back
muscles. Since the factor abdominal muscle was signifi-
cant (p < 0.001) during all exercises and the factor back
muscle was significant (p = 0.02) during the ball bridge
exercise, post-hoc least significance difference tests (LSD),
adjusted by a Bonferroni test to protect against type I
errors, were used to analyze the significant differences
between the individual muscles in each exercise. Descrip-
tive statistics showed the relative abdominal and back
muscle activity ratios.

Results
The mean EMG amplitudes of the different abdominal
and back muscles during the 3 bridging exercises are pre-
sented in Table 1. Since particularly the contribution of
the local muscle activity compared to global muscle activ-
ity is concerned, the analysis of the abdominal muscle
activity is performed separately from the analysis of the
back muscle activity.

Concerning the abdominal muscles, during all exercises,
the relative activity of the RA was significantly lower than
the relative activity of the obliques (p < 0.001). During the
single bridging exercise 1, the muscle activity of the
obliques did not differ significantly (p = 1.00). In contrast,
during the ball bridge exercise 2, the EO showed signifi-
cantly higher activity levels than the IO (p = 0.003). Dur-
ing exercise 3, the contralateral EO activity was also
significantly higher than the contralateral IO activity (p =
0.007), but the ipsilateral EO activity was significantly
lower than the ipsilateral IO activity (p < 0.001).

Regarding the back muscles, except for the ICLL, which
showed significant higher activity than the ICLT during
the ball bridge exercise 2 (p = 0.01), the activity levels did
not differ significantly (p ≥ 0.26).

To emphasize the relation between so-called local seg-
mental stabilizing muscles and global torque producing
muscles, the relative activity was expressed as ratios. The
mean ratios are presented in figures 4 and 5.

Unilateral bridging (exercise 3)Figure 3
Unilateral bridging (exercise 3).

Ball bridge exercise (exercise 2)Figure 2
Ball bridge exercise (exercise 2).
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In general, the ratio of the local to the global muscle activ-
ity was about 1.

The IO/RA ratio was much higher than 1 during all exer-
cises (3.00 in exercise 1 and 2.96 in exercise 2). During
exercise 3, the ipsilateral IO/RA was 7.95 and the contral-
ateral IO/RA was 3.16. The ipsilateral IO/EO was higher
during exercise 3 (2.79).

The MVICs were used to normalize the EMG values
obtained during the experimental exercises. The mean
EMG amplitudes and standard deviations (SD) are pre-
sented in Table 2. The MVICs of the back muscles did not
differ significantly (p ≥ 0.60). Except for the significant
higher MVIC of the RA in comparison with the MVIC of
the IO and EO (p ≤ 0.01), the abdominal muscles did not
show significant different amplitudes (p = 1.00).

Discussion
The purpose of the current study was to evaluate the mus-
cle activity during commonly used bridging stabilization
exercises. The investigated exercises are supposed to be
beneficial to stabilize the lumbar spine region. When
describing exercise therapy, it is important to understand
the muscle activity in healthy conditions. In the current
study the muscle activity is expressed as relative (as a per-
centage of MVIC) EMG as well as ratios of relative activity.
The description of differences in activation patterns of so-
called local and global muscles can be made more sensi-
tive by calculating ratios than using isolated relative mus-
cle activity levels [20]. Some researchers and clinicians
assume that optimal stabilization of the lower back dur-
ing basic stabilization exercises may be created by a good
activation of the local muscles [4,19,45-47]. In this
respect, the way the local muscle activity is related to the
global muscle activity can be assumed more important

Mean ratios and SD of relative local muscle activity to rela-tive global trunk muscle activity during the unilateral bridging exercise (exercise 3)Figure 5
Mean ratios and SD of relative local muscle activity 
to relative global trunk muscle activity during the 
unilateral bridging exercise (exercise 3). IO = internal 
oblique; MF = lumbar multifidus; ICLL = iliocostalis lumbo-
rum pars lumborum; RA = rectus abdominis; EO = external 
oblique; ICLT = iliocostalis lumborum pars thoracis.

Table 1: Mean relative muscle activity (% of MVIC) and standard deviation (SD) of the different trunk muscles during bridging 
exercises.

IO RA EO MF ICLL ICLT
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Exercise 1 5.58 (5.00) 1.91 (1.27) 5.98 (4.36) 22.64 (7.51) 20.32 (8.56) 20.59 (5.51)
Exercise 2 6.58 (4.80) 2.76 (2.35) 10.32 (7.99) 23.99 (7.15) 27.17 (10.20) 22.24 (6.96)
Exercise 3

Ipsilateral 29.80 (9.97) 4.72 (3.45) 16.34 (12.09) 23.54 (6.33) 28.45 (11.50) 25.84 (7.84)
Contralateral 10.11 (6.95) 3.55 (2.18) 14.93 (9.34) 24.58 (8.80) 20.44 (9.24) 20.60 (8.22)

IO = internal oblique; MF = lumbar multifidus; ICLL = iliocostalis lumborum pars lumborum; RA = rectus abdominis; EO = external oblique; ICLT = 
iliocostalis lumborum pars thoracis.

Mean ratios and SD of relative local muscle activity to rela-tive global trunk muscle activity during the single bridging (exercise 1) and ball bridge exercise (exercise 2)Figure 4
Mean ratios and SD of relative local muscle activity 
to relative global trunk muscle activity during the 
single bridging (exercise 1) and ball bridge exercise 
(exercise 2). IO = internal oblique; MF = lumbar multifidus; 
ICLL = iliocostalis lumborum pars lumborum; RA = rectus 
abdominis; EO = external oblique; ICLT = iliocostalis lumbo-
rum pars thoracis.
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than the relative muscle activity levels of the muscles sep-
arately. For interpretation purposes, the results of both the
relative EMG activity and the ratios of relative activity are
integrated.

Concerning the abdominal muscles, during all bridging
exercises, the relative activity of the RA was significantly
lower than the relative muscle activity of the obliques.
One of the consequences of this low relative RA activity
was that during all exercises, the IO/RA ratio demon-
strated the highest values compared to the other abdomi-
nal and back muscle activity ratios. However, these
findings need to be interpreted with caution, since nor-
malization of the EMG data of the experimental exercises
occurred using MVICs and the RA MVIC amplitude was
significantly higher in comparison with the MVIC ampli-
tudes of the abdominal obliques. Nevertheless, the con-
sistent low-level activity of the RA was in accordance with
the findings of similar research [36,48] and research of
related exercises [39]. These studies also used MVIC nor-
malization procedures, but did not report the MVIC val-
ues nor analysis performed on these data.

The small relative muscle activity levels reported in the
present and the latter studies were not necessarily related
to a nonstabilizing capacity of this muscle. Only small
activity levels seem to be necessary to ensure sufficient sta-
bility in a neutral spine posture in non-weightbearing
positions [40]. Generally for most tasks of daily living very
modest levels of abdominal wall co-contraction are suffi-
cient [2]. Cholewicki et al. [40] highlighted the impor-
tance of motor control to coordinate muscle recruitment
between so-called global and local muscles during func-
tional activities to ensure mechanical stability is main-
tained. Under such conditions they suggested that
intersegmental muscle activity as low as 1 to 3 % MVC
may be sufficient to ensure dynamic stability [40]. Fur-
thermore, biomechanical modelling is needed to draw
conclusions about stability contributions as stability is
also proportional to the square of the muscle's moment
arm.

The objective for the use of the ratio of IO/RA activity in
the present study, was to enhance the understanding of
the co-activation of both local and global muscles during
this kind of stabilization exercises. Other researchers
stated that analysis of the IO/RA ratio is important to ver-
ify if the activity of the RA is minimal in comparison with
all other muscles of the lumbopelvic region to fulfil the
requirement for a good stabilization exercise [17]. In our
opinion, respecting adequate activation levels depending
on the demands during different tasks is essential, rather
than aiming at minimal activity of certain muscles. Ratios
assist in providing further insight in the co-operation of
the different muscles during various tasks.

During the ball bridge exercise, the EO showed signifi-
cantly higher relative EMG than the IO. Consequently, the
IO/EO ratio was low (< 1) during this exercise. In accord-
ance with these results, McGill [1] assumed that the EO
may have a greater potential in stabilizing the trunk than
the local abdominal muscles. Vera-Garcia et al. [29] found
that when performing curl-ups on a gymnastic ball, there
was much more co-contraction of the EO muscle with the
RA muscle when compared to other tasks because of the
greatest possibility of rolling laterally off the ball. In order
to enhance this stability, it appears that the motor control
system selects to increase EO activity more than the other
abdominal muscles. However, recent research evaluating
bridging exercises showed no significant differences in rel-
ative EO and RA activity between performance on firm or
ball surfaces [24,25]. Debate exists on increased [24] or
unchanged IO activity [25] during ball bridge excises.
However, the ball bridge exercises described in the latter
studies were performed with the feet flat on the ball, in
contrast to the calf position on the ball in the present
study. Although only the calfs were positioned on the ball,
the global torque producing EO might be activated more
than the local segmental stabilizing IO to prevent the
limbs from rolling of the ball and jepardizing the trunk
stability. Analysis of the relative EMG activity levels
showed a greater increase in EO activity compared to IO
activity between the single bridging and the ball bridge
exercise. This could explain the small ratio of the IO to EO
during the ball bridge exercise in the current study.

During the unilateral bridging exercise, the ipsilateral IO
showed significantly higher EMG than the ipsilateral EO
and the contralateral IO demonstrated significantly lower
activity than the contralateral EO. Consequently, the con-
tralateral IO/EO ratio was low (< 1) and the ipsilateral IO/
EO ratio was higher than 2 during this exercise 3. Kavcic
et al. [15] reported that during single and unilateral bridg-
ing exercises the IO and EO seem to demonstrate consist-
ently a large impact on induced increasing and decreasing
stability. Both so-called local and global oblique muscles
seem to work together and may have an important role in

Table 2: Mean EMG activity (Mean) and standard deviation (SD) 
of the maximal voluntary isometric contractions.

Mean (SD)

IO 184.78 (82.94)
RA 275.96 (132.06)
EO 191.50 (136.74)
MF 264.23 (114.93)
ICLL 254.17 (147.80)
ICLT 240.63 (106.78)

IO = internal oblique; MF = lumbar multifidus; ICLL = iliocostalis 
lumborum pars lumborum; RA = rectus abdominis; EO = external 
oblique; ICLT = iliocostalis lumborum pars thoracis.
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controlling the neutral spine position during this exercise.
When the contralateral leg is raised, a rotational moment
about the spine is expected to occur. The ipsilateral IO can
cause an ipsilateral rotational moment about the spine
and the ipsilateral EO can create a moment in the oppo-
site direction to counter the spine moment. To stop the
spine from twisting, appropriate muscle activity may gen-
erate stability. The ratio of the IO to EO activity seems to
depend on the task and the presumable need for stability.

Regarding the back muscles, in general, the relative muscle
activity levels of the local and global muscle system were
not significantly different. All ratios of relative back mus-
cle activity were about 1. Van Dieën et al. [21] reported
ratios of the lumbar to the thoracic erector spinae (ES)
muscles, representing local to global muscle activity, var-
ying from 0.5 to 0.9 in healthy subjects during global exer-
cises in a semi-seated posture. Maximal isometric
extension exercises seemed to create a lumbar ES/thoracic
ES ratio of 1.1 [21]. This demonstrates that during differ-
ent tasks and exercises, all back muscles contribute in a
similar way to control spine positions and movements.
These findings support the statement that no single mus-
cle seems superior to another and that all muscles act
together in the same way to create a stable position of the
spine during this kind of exercises [2,15,16].

Only during the ball bridge exercise, the ICLL showed sig-
nificantly higher activity than the ICLT. In the past, appli-
cation of unstable surfaces such as a ball was supposed to
increase muscle activity [29]. Since the ICLL is located
closer to the centre of rotation than the ICLT, the increas-
ing effect might be higher. However, recent research com-
paring exercise surfaces in stabilization and trunk
extension exercises, demonstrated that the addition of a
ball did not influence [17,24-27] or even decreased back
muscle activity [27]. In the present study, the ratio ICLL/
ICLT remained about 1.

Though the data on the ratios of local to global relative
muscle activity were normally distributed, relatively large
SDs were noticed concerning the abdominal muscles.
These findings represent abdominal ratios spread apart
and a relatively flat bell curve, indicating that relatively
more subjects showed ratios towards one extreme or the
other. Since the mean relative abdominal muscle activity
ratios discussed in the present study were supposed to be
confined by the spread values, interpretation might be
influenced.

LBP patients might demonstrate different recruitment pat-
terns, for instance higher or lower muscle activity due to
pain adaptation or spasm caused by pain [49]. Within this
context, the current preliminary data may provide a foun-

dation to help determining exercise treatment approaches
intended to recruit specific muscle sites.

Conclusion
To enhance the understanding of the trunk muscle recruit-
ment patterns during stabilization exercises often used in
clinical practice, relative EMG activity as well as ratios of
muscle activity of both local and global muscles seem
important. The present study shows that the abdominal
muscle activity ratios IO/RA and IO/EO demonstrate a
different pattern. During all exercises, the IO/RA ratio is
very high due to minimal RA activity. The relative muscle
activity and the ratio of the abdominal obliques seem to
alter depending on the task and the presumable need for
stability. The findings concerning the relative muscle
activity and the ratios of the back muscles support the
assumption that during these bridging exercises, all back
muscles contribute in a similar way to control spine posi-
tions and movements in a healthy population.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
VKS participated in the study design, in collecting the
data, the statistical analyses, and drafting of the manu-
script. KGB and NNM participated in the design of the
study. PLC advised and assisted in the statistical analyses.
GGV coordinated the study. LAD participated in the study
design and in the progress and drafting of the manuscript.
All authors read and approved the final manuscript.

Acknowledgements
The authors thank Ms. Evelien De Burck and Ms. Wendy Van Loo for their 
assistance in collecting the data.

References
1. McGill SM: Low back disorders: evidence based prevention

and rehabilitation.  Human Kinetics Publishers, Champaign, III;
2002. 

2. McGill S, Grenier S, Kavcic N, Cholewicki J: Coordination of mus-
cle activity to assure stability of the lumbar spine.  J Electromy-
ogr Kinesiol 2003, 13(4):353-359.

3. Richardson CA, Jull GA: Muscle control – pain control. What
exercises would you prescribe?  Man Ther 1995, 1:2-10.

4. Richardson C, Jull G, Hides J, Hodges P: Therapeutic exercise for
spinal segmental stabilization in low back pain. Scientific
basis and clinical approach.  Churchil Livingstone, Harcourt Brace
and Company Limited, London; 1999. 

5. Koumantakis GA, Watson PJ, Oldham JA: Trunk muscle stabiliza-
tion training plus general exercise versus general exercise
only: randomized controlled trial of patients with recurrent
low back pain.  Phys Ther 2005, 85(3):209-225.

6. Niemisto L, Lahtinen-Suopanki T, Rissanen P, Lindgren KA, Sarna S,
Hurri H: A randomized trial of combined manipulation, stabi-
lizing exercises, and physician consultation compared to
physician consultation alone for chronic low back pain.  Spine
2003, 28(19):2185-2191.

7. Niemisto L, Rissanen P, Sarna S, Lahtinen-Suopanki T, Lindgren KA,
Hurri H: Cost-effectiveness of combined manipulation, stabi-
lizing exercises, and physician consultation compared to
Page 7 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12832165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12832165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11327788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11327788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15733046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15733046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15733046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14520029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14520029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14520029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15897822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15897822


BMC Musculoskeletal Disorders 2006, 7:75 http://www.biomedcentral.com/1471-2474/7/75
physician consultation alone for chronic low back pain: a pro-
spective randomized trial with 2-year follow-up.  Spine 2005,
30(10):1109-1115.

8. Sung PS: Multifidi muscles median frequency before and after
spinal stabilization exercises.  Arch Phys Med Rehabil 2003,
84(9):1313-1318.

9. Stuge B, Lærum E, Kirkesola G, Vøllestad N: The efficacy of a
treatment program focusing on specific stabilizing exercises
for pelvic girdle pain after pregnancy. A randomized control-
led trial.  Spine 2004, 29(4):351-359.

10. Stuge B, Lærum E, Kirkesola G, Vøllestad N: The efficacy of a
treatment program focusing on specific stabilizing exercises
for pelvic girdle pain after pregnancy. A two-year follow-up
of a randomized clinical trial.  Spine 2004, 29(10):E197-203.

11. Hides JA, Jull GA, Richardson CA: Long-term effects of specific
stabilizing exercises for first-episode low back pain.  Spine
2001, 26(11):E243-E248.

12. O'Sullivan PB, Twomey LT, Allison GT: Evaluation of specific sta-
bilizing exercise in the treatment of chronic low back pain
with radiologic diagnosis of spondylolysis or spondylolisthe-
sis.  Spine 1997, 22(24):2959-2967.

13. Rasmussen-Barr E, Nilsson-Wikmar , Arvidsson I: Stabilizing train-
ing compared with manual treatment in sub-acute and
chronic low-back pain.  Man Ther 2003, 8(4):233-241.

14. Bergmark A: Stability of the lumbar spine, A study in mechan-
ical engineering.  Acta Orthop Scand 1989, 230(Suppl):20-24.

15. Kavcic N, Grenier S, McGill SM: Determining the stabilizing role
of individual torso muscles during rehabilitation exercises.
Spine 2004, 29(11):1254-1265.

16. Cholewicki J, Van Vliet JJ: Relative contribution of trunk muscles
to the stability of the lumbar spine during isometric exer-
tions.  Clin Biomech 2002, 17:99-105.

17. Marshall PW, Murphy BA: Core stability exercises on and off a
swiss ball.  Arch Phys Med Rehabil 2005, 86(2):242-249.

18. Hodges PW, Moseley GL: Pain and motor control of the lum-
bopelvic region: effect and possible mechanisms.  J Electrom
Kines 2003, 13:361-370.

19. Richardson CA, Hodges PW, Hides JA: Therapeutic exercise for
lumbopelvic stabilization. A motor control approach for the
treatment and prevention of low back pain.  Second edition.
Churchill Livingstone, Harcourt Brace and Company Limited, Lon-
don; 2004. 

20. O'Sullivan PB, Twomey L, Allison GT: Altered abdominal muscle
recruitment in patients with chronic back pain following a
specific exercise intervention.  J Orthop Sports Phys Ther 1998,
27(2):114-124.

21. Van Dieën JH, Cholewicki J, Radebold A: Trunk muscle recruit-
ment patterns in patients with low back pain enhance the
stability of the lumbar spine.  Spine 2003, 28(8):834-841.

22. Janda V: Evaluation of muscular imbalance.  In Rehabilitation of
the spine: a practitioner's manual Edited by: Liebenson C. Williams &
Wilkins, Baltimore, MD; 1996:97-112. 

23. Liebenson C: Functional training, Part 1: new advances.  J Bod-
ywork Movement Ther 2002, 6:248-254.

24. Behm DG, Leonard AM, Young WB, Bonsey AC, MacKinnon SN:
Trunk muscle electromyographic activity with unstable and
unilateral exercises.  J Strength Cond Res 2005, 19(1):193-201.

25. Lehman GJ, Hoda W, Oliver S: Trunk muscle activity during
bridging exercises on and off a Swissball.  Chiropr Osteopat 2005,
13:14.

26. Anderson K, Behm DG: Maintenance of EMG activity and loss
of force output with instability.  J Strength Cond Res 2004,
18(3):637-640.

27. Drake JDM, Fischer SL, Brown SHM, Callaghan JP: Do exercise balls
provide a training advantage for trunk extensor exercises? A
biomechanical evaluation.  J Manipulative Physiol Ther 2006,
29(5):354-362.

28. Baecke JAH, Burema J, Frijters JER: A short questionnaire for the
measurement of habitual physical activity in epidemiological
studies.  Am J Clin Nutr 1982, 36(5):936-942.

29. Vera-Garcia FJ, Grenier SG, McGill SM: Abdominal muscle
response during curl-ups on both stable and labile surfaces.
Phys Ther 2000, 80(6):564-569.

30. Danneels LA, Vanderstraeten GG, Cambier DC, Witvrouw EE, Ste-
vens VK, De Cuyper HJ: A functional subdivision of hip, abdom-

inal, and back muscles during asymmetric lifting.  Spine 2001,
26(6):E114-E121.

31. Danneels LA, Coorevits PL, Cools AM, Vanderstraeten GG, Cambier
DC, Witvrouw EE, De Cuyper HJ: Differences in electromyo-
graphic activity in multifidus muscle and the iliocostalis lum-
borum between healthy subjects and patients with subacute
and chronic low back pain.  Eur Spine J 2002, 11(1):13-19.

32. Macintosh JE, Bogduk N: Volvo award in basic science. The mor-
phology of the lumbar erector spinae.  Spine 1987,
12(7):658-668.

33. Marshall PW, Murphy BA: The validity and reliability of surface
EMG to assess the neuromuscular response of the abdomi-
nal muscles to rapid limb movement.  J Electromyogr Kinesiol
2003, 13(5):477-489.

34. Callaghan JP, Gunning JL, McGill SM: The relationship between
lumbar spine load and muscle activity during extensor exer-
cises.  Phys Ther 1998, 78(1):8-18.

35. Vezina MJ, Hubley-Kozey CL: Muscle activation in therapeutic
exercises to improve trunk stability.  Arch Phys Med Rehabil 2000,
81(10):1370-1379.

36. Arokoski JP, Valta T, Airaksinen O, Kankaanpää M: Back and
abdominal muscle function during stabilization exercises.
Arch Phys Med Rehabil 2001, 82(8):1089-1098.

37. Souza GM, Baker LL, Powers CM: Electromyographic activity of
selected trunk muscles during dynamic spine stabilization
exercises.  Arch Phys Med Rehabil 2001, 82(11):1551-1557.

38. Ng JK, Kippers V, Richardson CA: Muscle fibre orientation of
abdominal muscles and suggested surface EMG electrode
positions.  Electromyogr Clin Neurophysiol 1998, 38(1):51-58.

39. Beith ID, Synnott E, Newman A: Abdominal muscle activity dur-
ing the abdominal hallowing manoeuvre in the four point
kneeling and prone positions.  Man Ther 2001, 6(2):82-87.

40. Cholewicki J, Panjabi MM, Khachatryan A: Stabilizing function of
trunk flexor-extensor muscles around a neutral spine pos-
ture.  Spine 1997, 22(19):2207-2212.

41. Hubley-Kozey CL, Vezina MJ: Muscle activation during exercises
to improve trunk stability in men with low back pain.  Arch
Phys Med Rehabil 2002, 83(8):1100-08.

42. Juker D, McGill S, Kropf P, Steffen T: Quantative intramuscular
myoelectric activity of lumbar portions of psoas and abdom-
inal wall during a wide variety of tasks.  Med Sci Sports Exerc
1998, 30(2):301-310.

43. Plamondon A, Serresse O, Boyd K, Ladouceur D, Desjardins P: Esti-
mated moments at L5/S1 level and muscular activation of
back extensors for six prone back extension exercises in
healthy individuals.  Scand J Med Sci Sports 2002, 12(2):81-89.

44. Arokoski JP, Kankaanpää M, Valta T, Juvonen I, Partanen J, Taimela S,
Lindgren KA, Airaksinen O: Back and hip extensor function dur-
ing therapeutic exercises.  Arch Phys Med Rehabil 1999,
80(7):842-850.

45. Hodges PW: Is there a role for transversus abdominis in
lumbo-pelvic stability?  Man Ther 1999, 4(2):74-86.

46. O'Sullivan PB: Lumbar segmental 'instability': clinical presen-
tation and specific stabilizing exercise management.  Man
Ther 2000, 5(1):2-12.

47. O'Sullivan PB, Twomey LT, Allison GT: Dynamic stabilization of
the lumbar spine.  Crit Rev Phys Rehabil Med 1997, 9(3&4):315-330.

48. Mori A: Electromyographic activity of selected trunk muscles
during stabilization exercises using a gym ball.  Electromyogr
Clin Neurophysiol 2004, 44:57-64.

49. van Dieën JH, Selen LPJ, Cholewicki J: Trunk muscle activation in
low-back pain patients, an analysis of the literature.  J Electro-
myogr Kinesiol 2003, 13:333-351.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2474/7/75/prepub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15897822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15897822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13680567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13680567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15094530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15094530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15094530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15131454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15131454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15131454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11389408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11389408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9431633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9431633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9431633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14559046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14559046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14559046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15167666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15167666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15706550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15706550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9475135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9475135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9475135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12698129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12698129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12698129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15705034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15705034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15705034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16053529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16053529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15320684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15320684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16762662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16762662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16762662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7137077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7137077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7137077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10842409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10842409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11246393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11246393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11931058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11931058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11931058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3686217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3686217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12932422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12932422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12932422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9442191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9442191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9442191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11030503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11030503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11494189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11494189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11689975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11689975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11689975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9532434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9532434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9532434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11414777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11414777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11414777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9346140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9346140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9346140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9502361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9502361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9502361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12121425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12121425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12121425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10414772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10414772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10509061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10509061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10688954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10688954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15008027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15008027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12832164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12832164
http://www.biomedcentral.com/1471-2474/7/75/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	Electromyography (EMG) preparation
	Maximal voluntary isometric contraction (MVIC) assessment
	Procedures and instrumentation
	Data analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

