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Abstract This study aimed to investigate the effect of
a bridge exercise with added motion on muscle activity
and pelvic angle in young male adults with uncontrolled
lumbopelvic rotation. Twenty young male adults with
uncontrolled lumbopelvic rotation were randomly
assigned to a bridge exercise group with hip abduction
and a bridge exercise group with pelvic rotation. The
subjects participated in the designated training for 20 min
a day, five times a week. The intervention lasted two
weeks, and both groups were instructed to refrain from
exercise other than training during the two-week
intervention period. The muscle activity of the internal
oblique muscle and the rectus abdominis muscle was
measured on the leg lifting side, and the external oblique
muscle on the supporting side. Data were collected from
the subjects. The results showed that both groups
significantly increased the muscle activity of the internal
oblique muscle and the external oblique muscle, and that
the pelvic rotation angle significantly decreased. Similar
to the existing one-leg bridge exercise with hip abduction,
the one-leg bridge exercise with pelvic rotation increased
the activity of the muscles related to rotation and
decreased the rotation angle of the pelvis. Therefore, the
one-leg bridge exercise with pelvic rotation can be an
effective method for reducing lumbopelvic instability.

Keywords EMG, Bridge Exercise, Uncontrolled

Lumbopelvic Rotation

1. Introduction

Individuals with lumbopelvic instability have
limitations in controlling the movement of the pelvis [1].
Excessive pelvic rotation, one of the factors of
lumbopelvic instability, contributes to asymmetry
symptoms and causes lumbopelvic dysfunction. This
causes excessive rotational patterns and can lead to back
pain. Comerford and Mottram [2] defined uncontrolled
lumbopelvic rotation (ULPR) as excessive pelvic rotation
on the leg-elevating side during the active straight leg
raise test (ASLRT). This can be confirmed by the
presence or absence of repetitive and unwanted pelvic
rotations in the ASLRT. The ASLRT evaluates the
stability of the lower back and the ability to transfer loads
through the pelvis between the spine and legs and
provides a walking-equivalent environment. Therefore,
the optimal movement pattern for the lumbopelvic must
be controlled by the stabilizing muscle and must maintain
a neutral position [2-4].

The stabilizing muscles that maintain a neutral position
include the internal oblique muscle, external oblique
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muscle, rectus abdominis, multifidus, and erector spinae,
and they are involved in maintaining stability through the
thoracolumbar fascia [5,6]. In unstable situations,
disturbances, and confusion induce movement in the
opposite direction of the equilibrium position [7]. When
the spine receives a load, the muscles around the trunk
contract simultaneously to provide static stability [7-12].
However, whether static stability is more functional
should be determined. Better function comes from a less
rigid spine [13-14]. Hodges and Cholewicki [7] defined
dynamic stability as the ability to maintain an intended
trajectory despite disturbances in kinetics and kinematics.
Control in gait stabilizes the spine using phasic muscles
for dynamic stability [15]. Stability is the result of the
coordination between tonic and phasic muscles [16].

In a previous study, to improve the stability of the
pelvis, lumbopelvic stability was improved by applying
the method of compressing the sacroiliac joint with a belt
[17-18]. Jeon et al. [19] argued that psoas major activation
is necessary for the stabilization of the lumbar spine
during ASLRT because the thickness of the psoas major
muscle in subjects without ULPR is significantly thick
during ASLRT. Liebenson et al. [20] reported that
abdominal bracing could reduce lumbopelvic rotation in
the transverse plane during ASLRT. Park et al. reported
that the rotation angle of the pelvis decreased when
subjects performed a method of minimizing pelvic
movement by directly palpating the anterior superior iliac
spine with their thumbs during ASLRT [21]. Noh et al.
[22] observed that when performing ASLRT for chronic
low back pain patients, the biofeedback device activated
the abdominal muscles and reduced the rotation of the
pelvis. Hicks et al. [23] reported that Iumbopelvic
instability could be verified by evaluating the activity of
the abdominal muscles and the pelvic rotation angle, and
that this could predict back pain [23]. Therefore, the
activity of the abdominal muscles and the reduction of the
pelvic rotation angle during ASLRT are important
measures for evaluating lumbopelvic stability.

A bridge exercise is a representative exercise among
tasks for increasing stabilization. Many studies have
suggested not only general bridge exercises but also
bridge exercises through additional programs, such as
lifting the opposite leg on an unstable surface, on a sling,
and on a ball [24]. Specifically, a bridge exercise
performed with one leg raised has been reported in many
studies [25-28]. The activation of the trunk muscles on the
same side increases compared to a general bridge exercise
when a bridge exercise is performed with the legs raised
[26,27]. Bak et al. [30] reported that when a bridge
exercise was performed in the supine position
accompanied by hip abduction, the muscle activity of the
internal oblique muscle, external oblique muscle, and
erector lumbar muscles increased compared to the general
bridge exercise. Bak et al. [31] also observed that in the
prone position with hip abduction, the muscle activity of
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the internal oblique muscle, external oblique muscle, and
multifidus increased compared to a bridge exercise.

Accordingly, studies on the effect of bridge exercise
with hip joint movement have been conducted, but those
on bridge movement with added pelvic movement are
lacking. In addition, most previous studies have tried to
reduce rotation through activation of the abdominal
muscles in the public or patients with low back pain.
Conversely, this study aimed to investigate whether a
bridge exercise with added movement could improve
lumbopelvic control ability and affect the muscle activity
of the abdominal muscles and the pelvic rotation angle
during ASLRT in subjects with ULPR.

2. Method

2.1. Subjects

The subjects of this study were 20 healthy young male
adult males who were positive for the ULPR test. Before
the experiment, the subjects were correctly informed
about the experiment, and after signing the consent form,
general characteristics, such as age, gender, weight, and
height, were checked. All subjects were informed about
the purpose and method of the study before conducting
the experiment, and those who voluntarily wanted to
participate were allowed to join the study after obtaining
informed consent. This study was conducted after
obtaining approval from the Bioethics Committee of
Daegu University (Approval: 1040621-202203-HR-025).
The inclusion criteria for the selection of study subjects
were those who had positive result on the ULPR
screening test [2]. The exclusion criteria were those who
had neurological and musculoskeletal disorders, and
vestibular system damage or visual impairment, those
who experienced back pain during the examination, and
those with a history of previous surgery. Table 1 shows
the general characteristics of the subjects.

Table 1. General Characteristics (N = 20)

PR HA P
Age 23.3+2.05 22.5+2.46 353
Height (cm) 174.6 +4.96 178.1 £4.82 123
Weight (kg) 76.3+9.31 83.5+10.40 143
BMI 25+2.70 26.31+3.03 .190
PR: Pelvic Rotation group
HA: Hip abduction group
BMI: Body mass index
2.2. Assessment
Eight-channel wireless surface electromyography
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(TeleMyo DTS, Noraxon Inc., AZ, USA) was used to
measure the activity of the external oblique muscle,
internal oblique muscle, and rectus abdominis muscle.
The signals of each muscle were measured using
maximum voluntary isometric contractions. The external
oblique muscle electrode was attached to the line
connecting the lower rib below the thoracic cage and the
contralateral pubis. The attachment site of the internal
oblique muscle was attached 2 cm laterally and 2 cm
below the anterior superior iliac spine. The rectus
abdominis muscle was attached 3 cm outside the
umbilicus [33]. The measurement posture of the
maximum voluntary isometric contraction was carried out
based on Kendall’s method [34]. The maximum voluntary
isometric contraction of each muscle was measured three
times for 5 s each, and the average signal for the
intermediate 3s was used (not the initial and last 1 s) to
minimize the muscle fatigue that might have occurred due
to repeated measurements, 5 min of rest was allowed
between exercises. In this study, the external oblique
muscle measured the electromyography (EMG) of the leg
muscles supported during the one-leg bridge exercise, and
the internal oblique muscle and rectus abdominis muscle
measured the EMG of the muscles lifting the leg during
the one-leg bridge exercise [26].

A motion analyzer (Motion Biofeedback device, Relive,
Korea) was used to measure the changes in the pelvic
rotation angle in the cross-section of the subject during
ASLRT. The motion analyzer was fixed with a band
between the anterior superior iliac spine and the anterior
inferior iliac spine on the subject’s weight-bearing leg
side. While the subject was performing ASLRT, the
rotation angle of the pelvis and the EMG measurements
were simultaneously performed [20].

2.3. Experimental Procedure

Ten patients were randomly assigned to the one-leg
bridge exercise group with hip abduction and 10 patients
to the one-leg bridge exercise group with pelvic rotation.
Measurements and interventions were performed by one
skilled physical therapist with more than five years of
clinical experience. Measurement of muscle activity and
pelvic rotation angle was performed before and two weeks
after the intervention. During data collection, all subjects
safely performed the experiment with the same posture
and movement.

The subjects in the one-leg bridge exercise group with

hip abduction bent both knees 90° in a supine position,
applied strength to the legs to lift the hips, and then
straightened the uncontrolled pelvic leg. They kept the
pelvis horizontal and returned to the start position after
performing 20° hip abduction.

The subjects in the one-leg bridge exercise group with
pelvic rotation bent both knees 90° in a supine position,
applied strength to the legs to lift the hips, and then
straightened the uncontrolled pelvic leg. While keeping
the pelvis horizontal, they performed 20° pelvic posterior
rotation and returned to the start position. For the exercise,
three sets of 10 reps per set were performed. After each
set, a rest period of 5 min was allowed. The total exercise
time of the one-leg bridge exercise with hip abduction and
pelvic rotation was 25 min five times a week for two
weeks.

2.4. Statistical Analysis

The data measured in this study were analyzed using
the Statistical Package for the Social Sciences version
26.0 for Windows (SPSS Inc., IL, USA). The Shapiro
Wilk test was used for the normality test. The results of the
two groups were compared, and the statistical significance
of the difference was determined using the Mann Whitney
U test. The Wilcoxon signed rank test was performed to
compare the within-group differences between the before
and after exercise results. The significance level was set to
0.05.

3. Results

The comparison of muscle activity between the one-leg
bridge exercise group with hip abduction and the one-leg
bridge exercise group with pelvic rotation before and after
exercise showed that the muscle activity of the internal
oblique muscle and external oblique muscles increased
statistically significantly (p<.05) (Table 2). No significant
difference was found in the muscle activity of the rectus
abdominis muscle (p>.05) (Table 2). Moreover, the
comparison showed no significant difference between the
two groups before and after exercise (p>.05) (Table 2).

The comparison between the two groups before and
after exercise showed that the pelvic rotation angle was
statistically significantly decreased (p<.05) (Table 3).
Moreover, the comparison showed no significant
difference between the two groups before and after
exercise (p>.05) (Table 3).
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Table 2. Abdominal muscle EMG (% MVIC)

Muscle Group Pre Post p
PR 28.58 +£17.63 41.03 +18.38 .005°
Internal oblique muscle HA 29.47 £ 16.69 38.17+18.73 007"
p .853 739
PR 19.56 + 16.05 27.94+22.13 .009°
External oblique muscle HA 20.38 +15.30 25.66+£17.01 022"
p .848 .891
PR 14.88 £9.26 15.44 + 8.41 333
Rectus abdominis HA 15.67 = 10.15 15.96 +£9.34 .074
p 981 912
Table 3. Pelvic rotation angle (°)
Group Pre Post p
PR 12.1+1.57 83+1.18 .004"
Angle HA 11+1.09 8.7+1.1 007"
p 143 481

4. Discussion

This study was conducted to investigate the effects on
abdominal muscle activation and the changes in pelvic
rotation angle when performing ASLRT after performing
the one-leg bridge exercise with pelvic rotation in subjects
with ULPR symptoms for two weeks. To prevent
lumbopelvic dysfunction and lower back pain in subjects
with ULPR symptoms, the one-leg bridge exercise with
hip abduction and the one-leg bridge exercise with pelvic
rotation were applied. This study compared the effects of
each method on lumbopelvic stabilization. The results
showed that the muscle activity of the external oblique
and internal oblique muscles significantly increased in
both the one-leg bridge exercise group with pelvic
rotation and the one-leg bridge exercise group with hip
abduction. The muscle activity of the rectus abdominis
muscle did not significantly increase either in the one-leg
bridge exercise group with pelvic rotation or in the
one-leg bridge exercise group with hip abduction. This
means that a one-leg bridge movement accompanied by
pelvic rotation during ASLRT affects abdominal muscle
activity related to rotation. Similar to the results of the
present study, Bak et al. [30] reported that performing a
bridge exercise in the supine position with hip abduction
was more effective in improving the muscle activity of the
external oblique and internal oblique muscles than the
general bridge exercise. This indicates greater activation
of the abdominal muscles, as the level of instability of the
bridge movement with hip abduction was greater than that

of the general bridge movement. A study comparing a
bridge exercise with one leg raised and a bridge exercise
with both legs supported showed an increasing activity of
the external oblique muscle of the supported leg side and
the internal oblique muscle on the side lifting the leg.
During a bridge exercise with one leg supported [26],
symmetrical changes in abdominal muscle activity
appeared because of the offsetting of the downward
rotation of the pelvis on the side lifting the leg. In ASLRT,
the ability to compensate for the lowering of the pelvis on
the side lifting the leg is required. According to the results
of previous studies and this study, the increased activity of
the external oblique muscle of the supporting leg and the
internal oblique muscle of the side lifting the leg caused
lumbopelvic stability. It was considered that the increased
pelvic rotation of the supporting leg was reduced.

The pelvic rotation angle also significantly decreased in
both groups. Similar to the results of the present study,
Noh et al. [22] found that when performing ASLRT on
patients with chronic low back pain, placing a
biofeedback device below the waist and maintaining
pressure induced abdominal muscle activity and reduces
pelvic rotation. During direct control of the pelvis, the
abdominal muscles contract and are involved in
lumbopelvic stability. This action has been reported to
reduce rotation.

Therefore, the effects of the one-leg bridge exercise
with hip abduction and the one-leg bridge exercise with
pelvic rotation in previous studies are similar. This can be
used as a basis to support the claim that the one-leg bridge
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exercise with pelvic rotation is effective in reinforcing
lumbopelvic stability.

This study has some limitations. It was not to
considered occupation, level of physical activity, and
amount of fat that could affect lumbopelvic rotation.
Therefore, subjects with the same conditions should be
studied. The subjects were only young male adults.
Therefore, no differences can be observed by gender. It
was difficult to measure changes in muscle activity in the
deep muscles involved in lumbopelvic rotation during
ASLRT. Therefore, interventions to verify the role of
deep muscles should be considered. It is necessary to
check whether uncontrolled pelvic rotation is a factor that
must be stabilized. For example, how it affects subjects
who require strong dynamic stability, such as athletes,
should be verified. The duration of the intervention was
not sufficient; therefore, a study on the continuity of the
exercise effect is needed. Comparing the two
interventions may not be appropriate because the length of
the lever, which is the distance from the axis to the point
of motion, is different in the two interventions. Moreover,
various interventions related to stability were not
considered. Therefore, in future studies, it is necessary to
select subjects with the same condition, measure deep
muscle activity, examine subjects that require dynamic
stability, compare similar research interventions,
differences by gender and consider various intervention
methods and a sufficient intervention period.

5. Results

This study investigated the effect of the one-leg bridge
exercise accompanied by pelvic rotation on changes in
abdominal muscle activity and pelvic rotation angle in
subjects with ULPR. In addition, this study was conducted
to support the rationale for why abdominal muscle
activation exercises should be performed in clinical
practice.

When the one-leg bridge exercise with pelvic rotation
was applied to a subject with ULPR, the muscle activity
of the rotation-related muscles increased and the rotation
angle of the pelvis decreased. This increased the stability
of the unstable lumbopelvic and showed the same results
as the effect of a bridge movement with the addition of an
existing hip abduction movement. Therefore, the one-leg
bridge exercise with pelvic rotation can be considered an
effective method for resolving lumbopelvic instability in
subjects with ULPR.

REFERENCES

[1] Roussel N. A., Nijs J., Mottram S., Van Moorsel A., Truijen
S., & Stassijns G, “Altered lumbopelvic movement control
but not generalized joint hypermobility is associated with
increased injury in dancers. A prospective study,” Manual

[11]

[13]

[17]

Therapy, vol. 14 no. 6, pp.630e5, 2009.

Comerford M, Mottram S, “Kinetic control: the
management of uncontrolled movement,” Edinburgh:
Churchill Livingstone, 2012.

Sahrmann S. A, “Diagnosis and treatment of movement
impairment syndromes,” St Louis: Mosby, 2002.

Yu C. W, Kim S. Y., “Comparison of lumbopelvic
rotation angle during active straight leg raise in patients
with chronic low back pain with and without lumbar
segmental instability,” Korean Society of Physical
Medicine, vol. 10 no. 4 pp. 39-48, 2015.

Bergmark A, “Stability of the lumbar spine: a study in
mechanical engineering,” Acta Orthopaedica Scandinavica,
vol. 60(Sup230): pp. 1-54, 1989.

Vleeming A., Mooney V., Stoeckart R, “Movement
stability and lumbopelvic pain,” London. Churchill
Livingstone, 2007.

Hodges P. W., Cholewicki J. J, “Functional control of the
spine,” 2007.

Chloewicki J.J., Panjabi M. M., Khachatryan A,
“Stabilizing function of trunk flexor-extensor muscles
around a neural spine posture,” Spine, vol. 22 no. 19, pp.
2207, 1997.

Cholewicki J.J., McGill S. M, “Mechanical stability of the
in vivo lumbar spine: implications for injury and chronic
low back pain,” Clinical Biomechanics, vol. 11, no. pp.
1-15, 1996.

Cholewicki J., Van Vliet J J, “Relative contribution of
trunk muscles to the stability of the lumbar spine during
isometric exertions,” Clinical Biomechanics (Bristol,
Avon), vol. 17, pp. 99, 2002.

Crisco J. J, Panjabi M. M., “The intersegmental and
multisegmental muscles of the lumbar spine: a
biomechanical model comparing lateral stabilizing
potential,” Spine, vol. 16, no. 7, pp. 793, 1991.

Grenier S. G., McGill, S. M, “Quantification of lumbar
stability by wusing 2 different abdominal activation
strategies,”  Archives of physical medicine and
rehabilitation, vol. 88, no. 1, pp. 54-62, 2007.

Mok N. W., Brauer S. G., Hodges P. W, “Failure to use
movement in postural strategies leads to increased spinal
displacement in low back pain,” Spine vol. 32, no. 19, pp.
E537,2007.

Reeves N. P., Narendra K. S., Cholewicki J. J, Spine
stability: the six blind men and the elephant,” Clinical
Biomechanics. (Bristol, Avon) vol. 22 no. 3, pp. 266,
2007.

Lee D, “The pelvic girdle,” New York: Churchill
Livingstone, 2015.

McGill S. M., Stuart M, “Linking latest knowledge of
injury mechanisms and spine function to the prevention of
low back disorders,” Journal of Electromyography
Kinesiology, vol. 14, no. 1, pp. 43, 2004.

Oh J. S., Cynn H. S., Won J. H, “Effects of performing an
abdominal drawing-in maneuver during prone hip
extension exercises on hip and back extensor muscle



[20]

(21]

[24]

[25]

International Journal of Human Movement and Sports Sciences 10(6): 1366-1371, 2022

activity and amount of anterior pelvic tilt,” Journal of
Orthopaedic & Sports Physical Therapy, vol. 37, no. 6, pp.
320-324, 2007.

Takasaki H., lizawa T., Hall T, “The influence of
increasing sacroiliac joint force closure on the hip and
lumbar spine extensor muscle firing pattern,” Manual
Therapy, vol. 14, no. 5, pp. 484-489, 2009.

Jeon I. C., Kwon O. Y., Weon J. H., Choung, S. D.,
Hwang U. J, “Comparison of psoas major muscle
thickness measured by sonography during active straight
leg raising in subjects with and without uncontrolled
lumbopelvic rotation” Manual therapy, vol. 21, pp.
165-169, 2016.

Liebenson C., Karpowicz A. M., Brown S. H, “The active
straight leg raise test and lumbar spine stability,” Archives
of Physical Medicine and Rehabilitation, vol. 1, no. 6, pp.
530-535, 2009.

Park K. H., Ha S. M., Kim S. J., “Effects of the pelvic
rotatory control method on abdominal muscle activity and
the pelvic rotation during active straight leg raising,”
Manual Therapy, vol. 18, no. 3, pp. 220-224, 2013.

Noh K. H., Kim J. W, Kim G. M., “The influence of dual
pressure biofeedback units on pelvic rotation and
abdominal muscle activity during the active straight leg
raise in women with chronic lower back pain,” Journal of
Physical Therapy Science,” vol. 26, no. 5, pp. 717-719,
2014.

Hicks G. E., Fritz J. M., Delitto A, “Interrater reliability of
clinical examination measures for identification of lumbar
segmental instability,” Archives of physical medicine and
rehabilitation, vol. no. 8412, pp. 1858-1864, 2003.

Saliba S. A., Croy T., Guthrie R, “Differences in
transverse abdominis activation with stable and unstable
bridging exercises in individuals with low back pain,”
North american journal of sports physical therapy, vol. 5,
no. 2, pp. 63-73,2010.

Kong Y. S., Cho Y. H., Park J. W, “Changes in the
activities of the trunk muscles in different kinds of
bridging exercises,” Journal of physical therapy science,

[27]

[30]

[31]

[33]

[34]

[35]

1371

vol. 25, no. 12, pp. 1609-1612, 2013.

Garcia-Vaquero M. P., Moreside J. M., Brontons-Gil E,
“Trunk muscle activation during stabilization exercises
with single and double leg support,” Journal of
electromyography kinesiology, vol. 22 no. 3 pp. 398-406,
2012.

Stevens V. K., Bouche K.G., Mahieu N. N, “Trunk muscle
activity in healthy subjects during bridging stabilization
exercises,”. BMC Musculo-skeletal Disorders, vol. 7 pp.
75, 2006.

Park S. K., Kim J. H, “Effects of EMG-biofeedback
training on total knee re-placement patients lower
Extremity Muscle Activity and Balance,” Journal of korea
physical therapy, vol. 25, no. 2, pp. 81-7, 2013.

Park H. J.,, Oh D. W., Kim S. Y, “Effects of integrating hip
movements into bridge exercises on electromyographic
activities of selected trunk muscles in healthy individuals,”
Manual therapy, vol. 19, no. 3, pp. 246-51, 2014.

Bak J. W., Cho M. K., Chung Y. J, “The effects of
performing a one-legged bridge with hip abduction and
unstable surface on trunk and gluteal muscle activation in
healthy adults.,” The Journal of Korean Physical Therapy,
vol. 28, no. 3, pp. 205-211, 2016.

Bak J. W., Cho M. K., Chung Y. J, “The effect of plank
exercises with hip abduction using sling on trunk muscle
activation in healthy adults,” The Journal of Korean
Physical Therapy, vol. 29, no. 3, pp. 128-134, 2017.

Mens J. M., Vleeming A., Snijders C. J., “The active
straight leg raising test and mobility of the pelvic joints,”
European Spine Journal, vol. 8, no. 6, pp. 468-473, 1999.

Cram J. R, “Introduction to surface electromyography,”
New York. Aspen Publishers, 1998.

Kendall F. P., MCCreary E. K., Provance P. G., Rodgers
M. M., Romani W. A, “Muscles: Testing and function,
with posture and pain (Kendall, Muscles),” Philadelphia:
Lippincott Williams & Wilkins, 2005.

Cohen J. “Statistical Power Analysis for the Behavioral
Sciences,” Cambridge, MA, USA, Academic Press, 1977.



	1. Introduction
	2. Method
	3. Results
	4. Discussion
	5. Results
	REFERENCES

