
Trunk muscle activation during stabilization exercises with single and double
leg support

María Pilar García-Vaquero a, Janice M. Moreside b, Evaristo Brontons-Gil a, Noelia Peco-González a,
Francisco J. Vera-Garcia a,⇑

a Sports Research Centre, Miguel Hernandez University of Elche, Avda. de la Universidad s/n., C.P. 03202 Elche, Alicante, Spain
b School of Physiotherapy, Dalhousie University, Halifax, NS, Canada B3H 3J5

a r t i c l e i n f o

Article history:

Received 30 December 2011

Received in revised form 24 February 2012

Accepted 24 February 2012

Available online xxxx

Keywords:

Trunk muscles

Spine stabilization exercises

Electromyography

Training

Rehabilitation

a b s t r a c t

The aim of this study was to analyze trunk muscle activity during bridge style stabilization exercises,

when combined with single and double leg support strategies. Twenty-nine healthy volunteers per-

formed bridge exercises in 3 different positions (back, front and side bridges), with and without an ele-

vated leg, and a quadruped exercise with contralateral arm and leg raise (‘‘bird-dog’’). Surface EMG was

bilaterally recorded from rectus abdominis (RA), external and internal oblique (EO, IO), and erector spinae

(ES). Back, front and side bridges primarily activated the ES (approximately 17% MVC), RA (approximately

30%MVC) and muscles required to support the lateral moment (mostly obliques), respectively. Compared

with conventional bridge exercises, single leg support produced higher levels of trunk activation, pre-

dominantly in the oblique muscles. The bird-dog exercise produced greatest activity in IO on the side

of the elevated arm and in the contralateral ES. In conclusion, during a common bridge with double

leg support, the antigravity muscles were the most active. When performed with an elevated leg, how-

ever, rotation torques increased the activation of the trunk rotators, especially IO. This information

may be useful for clinicians and rehabilitation specialists in determining appropriate exercise progression

for the trunk stabilizers.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Spine stabilization is dependent upon coordinated neural con-

trol of the passive and active trunk structures (Panjabi, 1992). In

that the ligamentous spine is mechanically unstable under com-

pressive loads as low as 90 N (Crisco and Panjabi, 1992; Lucas

and Bresler, 1961), co-activation of the trunk musculature provides

a stiffening mechanism to the vertebral joints, thus ensuring stabil-

ity when the spine is exposed to higher loads (Cholewicki and

McGill, 1996; Cholewicki et al., 1999; Gardner-Morse and Stokes,

1998, 2001; Vera-Garcia et al., 2006, 2007).

A variety of trunk stabilization exercises are broadly used to

develop trunk co-activation patterns that promote spine stability

(McGill, 2002). Many of these exercises consist of maintaining

the spine in a ‘‘neutral’’ position with minimal associated trunk

motion, while internal or external forces are applied using one of

the following strategies: (a) holding the pelvis lifted off the floor

in supine, prone or lateral positions, commonly known as ‘‘bridge’’

exercises (Bjerkefors et al., 2010; Ekstrom et al., 2007; Imai et al.,

2010; Kavcic et al., 2004; Lehman et al., 2005; McGill and Karpowicz,

2009; Stevens et al., 2006); (b) executing different limb movements

in quadruped or lying positions, frequently referred to as ‘‘bird-dog’’

or ‘‘dead-bug’’ exercises (Bjerkefors et al., 2010; Ekstrom et al.,

2007, 2008; Kavcic et al., 2004; Hall et al., 2009; McGill and

Karpowicz, 2009; Stevens et al., 2007a, 2007b); (c) using unstable

surfaces (Imai et al., 2010; Lehman et al., 2005; Stevens et al., 2006;

Vera-Garcia et al., 2000), oscillation poles, such as a Bodyblade�

(Moreside et al., 2007; Sánchez-Zuriaga et al., 2009) or Propriomed�

(Anders et al., 2008), or other devices; and (d) combining any of the

above strategies.

Electromyographic and mechanical studies have shown that

bridge and bird-dog exercises challenge the trunk musculature

without applying large compressive forces to the lumbar spine

(Axler and McGill, 1997; Kavcic et al., 2004). Bridge exercises per-

formed in supine position (‘‘back bridges’’), prone position (‘‘front

or ventral bridges’’) and lateral position (‘‘side bridges’’) mainly

activate the trunk extensor muscles (Bjerkefors et al., 2010;

Ekstrom et al., 2007; Imai et al., 2010; Kavcic et al., 2004; Lehman

et al., 2005; Stevens et al., 2006), sagittal flexor muscles (Ekstrom

et al., 2007; Imai et al., 2010; Lehman et al., 2005; McGill and

Karpowicz, 2009) and lateral bend muscles (Ekstrom et al., 2007;
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Imai et al., 2010; Kavcic et al., 2004; Lehman et al., 2005; McGill

and Karpowicz, 2009), respectively.

Despite the large number of electromyographic studies that

have analyzed the trunk muscular response during conventional

bridge exercises, the assessment of trunk muscle challenge during

bridge exercises with single leg support strategies (i.e., bridges

with one leg elevated) is lacking. To our knowledge, the effect of

these strategies has only been studied for back bridge exercises

(Bjerkefors et al., 2010; Ekstrom et al., 2007; Kavcic et al., 2004;

Stevens et al., 2006, 2007a). On the basis of these studies, single

leg support while bridging supposes a major challenge to the neu-

romuscular system and possibly higher loads on the spine (Kavcic

et al., 2004). Further research is needed to clarify the effect of sin-

gle leg support strategies during stabilization exercises, in order to

provide guidance for rehabilitation specialists when determining

progressive exercise protocols for the trunk musculature.

The purpose of this study was to analyze the trunk muscle

activity during common stabilization exercises performed in bridg-

ing and quadruped positions, combined with single and double leg

support strategies. The hypothesis of this study was that single leg

support strategies will increase trunk muscular co-activation,

especially in the oblique muscles, as they must counteract the rota-

tion torque produced during unilateral limb elevations.

2. Methods

2.1. Participants

Twenty-nine asymptomatic subjects volunteered in this study:

18 men (age: 24.22 ± 5.23 years, mass: 72.28 ± 5.41 kg, height:

178.44 ± 4.34 cm) and 11 women (age: 22 ± 2.93 years, mass: 57.9 ±

6.55 kg, height: 166.36 ± 4.48 cm). All participants signed an informed

consent document approved by the Ethics Committee of the University.

Individuals with known medical problems, histories of spinal

or abdominal surgery, or episodes of back, shoulder or hip pain

requiring treatment 6 months prior to this study were excluded.

2.2. Instrumentation and data collection

During the recording session, subjects performed 4 common

bridge exercises, 6 bridges performed with an elevated leg, and 2

bird-dog exercises:

Front bridge (FB in Fig. 1): The subject maintained the pelvis

lifted off the bench in a prone position, resting on his/her

elbows-forearms and toes, with the trunk fully aligned with the

lower limbs. The arms were perpendicular to the bench and the

palms of the hands joined. The feet were placed at the width of

the hips.

Front bridge with elevated right or left leg (R FB and L FB in Fig. 1):

The subject performed the front bridge position, while holding one

leg elevated (hip extension). The toes of the elevated foot reached

the height of the heel of the support leg. The exercise was ran-

domly ordered with right or left leg lifted.

Back bridge (BB in Fig. 1): The subject maintained the pelvis

lifted off the bench in a supine position, resting on his/her shoul-

ders and feet, with the knees bent and the trunk fully aligned with

the thighs. The feet were hips-width apart and the arms were ex-

tended at the sides of the trunk, palms facing down.

Back bridge with elevated right or left leg (R BB and L BB in Fig. 1):

The subject performed the back bridge position while maintaining

one leg lifted off the bench (knee extension). The exercise was ran-

domly ordered with right or left leg lifted.

Right and left side bridge (R SB and L SB in Fig. 1): The subject

maintained the pelvis lifted off the bench in a lateral position, rest-

ing on the elbow and lateral aspect of the foot of the lowermost

side, and with the trunk fully aligned with the lower limbs. The

arm of the lowermost side was perpendicular to the bench, and

the uppermost arm rested along the side of the trunk. The exercise

was randomly ordered on the right or left elbow.

Side bridge with hip flexion and hip extension (SB-F and SB-E in

Fig. 1): The subject performed the right and left side bridge posi-

tions with both hip flexion (leg forward) and hip extension (leg

backward) for the uppermost leg, maintaining the lowermost leg

in line with the trunk. During the side bridge with hip flexion,

the heel of the uppermost leg was aligned with the toes of the sup-

port foot. In the side bridge with hip extension, the toes of the

uppermost leg were aligned with the support leg heel.

Bird-dog (Fig. 2): The subject maintained a quadruped position

in a 2-point stance, with contralateral arm and leg elevated (paral-

lel to the bench). The exercise was randomly performed with ele-

vated right arm and left leg (BD R-L in Fig. 2) or with elevated

left arm and right leg (BD L-R in Fig. 2).

Prior to data collection, participants were verbally and visually

instructed by the researchers on correct exercise technique. Trials

were then executed under the instruction that trunk motion was to

be kept to a minimum, while maintaining the spine in a neutral

position. During the electromyographic recording, subjects per-

formed a single repetition of each isometric task with 5 s duration

and a 1 min rest between exercises. Order of exercises was ran-

domized between subjects.

Surface electromyographic (EMG) signals were collected on

each subject using the Muscle Tester ME6000� (Mega Electronics

Ltd., Kuopio, Finland). This is an eight-channel portable microcom-

puter with an 8-channel A/D conversion (14 bit resolution), a

CMRR of 110 dB and a band-pass filter of 8–500 Hz. Sampling fre-

quency was programmed at 1000 Hz. The EMG signals were trans-

ferred via an optical cable to a compatible computer where it was

monitored by Megawin� 2.5 program (Mega Electronics Ltd.,

Kuopio, Finland).

The EMG signals were recorded bilaterally (R = right, L = left) in

the following muscles and locations: rectus abdominis (RA),

approximately 3 cm lateral to the umbilicus; external oblique

(EO), approximately 15 cm lateral to the umbilicus; internal obli-

que (IO), the geometric center of the triangle formed by the ingui-

nal ligament, the outer edge of the rectus sheath and the imaginary

line joining the anterior superior iliac spine and the umbilicus (Ng

et al., 1998; Urquhart, 2005); and erector spinae (ES), 3 cm lateral

to the spinous process of L3. Skin zones for electrode placements

were shaved and cleaned with an alcohol swab in order to reduce

impedance. Pre-gelled disposable bipolar Ag–AgCl surface elec-

trodes (Arbo Infant Electrodes, Tyco Healthcare, Germany) were

positioned parallel to the muscle fibers with a center-to-center

spacing of 3 cm.

Prior to the stabilization exercises, maximal voluntary isometric

contractions (MVCs) against manual resistance were carried out to

obtain reference values to normalize the EMG signals. For the

abdominal muscles, the participant produced two sets of maximal

isometric efforts in trunk flexion, right lateral bend, left lateral

bend, right twist and left twist. For the ES, maximal isometric trunk

extensions were performed in the Biering-Sorensen position. Maxi-

mal efforts were maintained during an isometric 3–4 s hold. In

order to avoid muscular fatigue, 5 min rest was allowed between

each MVC series. This MVC protocol has been described elsewhere

in more detail (Vera-Garcia et al., 2010).

2.3. Data reduction and statistical analyses

After visual inspection to remove possible artifacts, raw EMG

signals were full wave rectified, averaged every 0.01 s and normal-

ized to maximum EMG values obtained during the MVCs. Mean

activation levels from the center 3 s window of normalized EMG
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data were then averaged across all the subjects for the various

muscle groups and exercises.

A mixed-design repeated measures analysis of variance was

performed to compare the normalized EMG amplitudes between

muscle (within-subjects factor) and sex (between-subjects factor).

Another mixed-design repeated measures analysis of variance was

carried out to compare the normalized EMG amplitudes between

exercise (within-subjects factor) and sex (between-subjects fac-

tor). A two-way repeated measures analysis of variance was not

performed because of the high number of levels for each within-

subjects factor. Where applicable, post hoc analyses were per-

formed using the Bonferroni test. To evaluate sphericity, Mauchly’s

test was carried out. When the assumption of sphericity was

violated (Epsilon < 1), lower-bound corrections were used. All

analyses were performed using the SPSS package (version 18, SPSS

Inc., Chicago, IL, USA) with a significance level chosen at p < 0.05.

3. Results

All exercises resulted in low to moderate muscle activation lev-

els, ranging from 2.5% to 50.4%MVC (Table 1). Bridge exercises per-

formed with an elevated leg, however, resulted in an increase in

nearly all muscle groups: agonists and antagonists. The analyses

of variance did not show interaction between exercise and sex or

between muscle and sex, with the exception of the comparisons

Fig. 1. Images of one subject performing the stabilization bridges exercises: (FB) front bridge; (R FB) front bridge with elevated right leg; (BB) back bridge; (R BB) back bridge

with elevated right leg; (R SB) right side bridge; (R SB-F) right side bridge with hip flexion; (R SB-E) right side bridge with hip extension; (L SB) left side bridge; (L SB-F) left

side bridge with hip flexion; (L SB-E) left side bridge with hip extension.
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between muscles for the left side bridge variations (p > 0.015).

Based on the small differences between men and women, normal-

ized EMG amplitudes of both sexes were pooled for further analy-

ses and discussion.

Conventional front bridge exercise recruited RA more so than

other muscles, averaging 29.5% and 27.6% MVC for the RRA and

LRA, respectively (Table 1). Common back bridges resulted in ES

having the highest activation: 16.7% and 17.0% MVC for RES and

LES, respectively. Conventional side bridges elicited the highest

activity in the muscles required to support the lateral moment,

thus RIO (20.4% MVC) and REO (20.1% MVC) during a right side

bridge, and LIO (29.6% MVC) and LEO (22.9% MVC) when perform-

ing a left side bridge.

Compared to conventional back bridges, lifting one leg during a

back bridge resulted in significant increases in activation levels of

IO on the same side as the elevated leg (Tables 1 and 2, and Fig. 3),

as well as small increases in ES bilaterally. Conversely, elevating a

leg during front bridges increased activation of EO on the side of

the elevated leg, as well as the opposite IO (p - values ranging from

< 0.001 to 0.032) (Tables 1 and 2, and Fig. 3). There were no consis-

tent changes in RA activation (Table 2 and Fig. 3), which continued

to have one of the highest activation levels in the front bridge ser-

ies (ranging from 22.5% to 29.5% MVC).

The addition of hip flexion or extension to side bridges resulted

in increased activation of all muscle groups (Tables 1 and 2, and

Fig. 3). The largest increase occurred in IO of the lowermost side

during hip flexion, which increased an average of 12.6% and

20.8% MVC (p = 0.002 and 0.015 for RIO and LIO, respectively). This

resulted in some of the highest activation levels of the study:

RIO = 32.7% and LIO = 50.4% MVC. EO on the same lower side was

second highest, with activations averaging 24.0% and 29.1% MVC

(REO and LEO, respectively). Conversely, hip extension produced

an increase in EO on the lowermost side more so than did flexion

(Tables 1 and 2).

The greatest muscle activity during a bird-dog exercise was pro-

duced by IO on the side of the elevated arm (15.1% and 20.2% MVC

for RIO and LIO, respectively) and by ES on the side of the elevated

leg (14.4% and 13.2% MVC for RES and LES, respectively). EO ap-

pears to pair with ES, being approximately 11% MVC on the side

of the elevated leg (Table 1).

4. Discussion

Bridge exercises are frequently included in spine stabilization

programs as a means to improve motor control and trunk muscle

co-activation patterns for spine stabilization (McGill, 2002). In

order to optimize the exercise programs, it is important to under-

stand the muscular challenge associated with each individual exer-

cise. For this reason, trunk muscle activation was analyzed during

bridge exercises in 3 different positions (back, front and side

bridges), combined with single and double leg support strategies,

and compared with ‘‘bird-dog’’ exercises. Previous studies have

analyzed muscular contributions to conventional bridge exercises

but most without the addition of single leg support strategies. In

order to provide a template of exercise difficulty, the exercise order

has been ranked based on muscular demand in Fig. 3. Thus, it could

be used by practitioners to establish exercise progression.

Results of this study indicate that during a bridge exercises with

double leg support, the most active muscles are those that counter-

act gravity. Thus, depending on body position during the bridge

exercise (prone, supine or lateral), recruitment patterns change,

Fig. 2. Images of one subject performing the stabilization bird-dog exercise with elevated right arm and left leg (BD R-L) and with elevated left arm and right leg (BD L-R).

Table 1

Mean ± SD normalized surface electromyography amplitudes (% MVC) for each muscle tested during specific stabilization exercises. Abbreviations: RA: rectus abdominis; EO:

external oblique; IO: internal oblique; ES: erector spinae, R: right; L: left. Superscript letters represent specific muscles as follows: aRRA, bREO, cRIO, dRES, eLRA, fLEO, gLIO, hLES.

When present, the % MVC they follow is significantly higher than that of the represented muscle (p < .05). The right (R) and left (L) back bridge, front bridge and bird-dog are

labeled according to the limb that is elevated. Side bridge labeling corresponds with the weight-bearing side.

Exercises RRA REO RIO RES LRA LEO LIO LES

Back Bridge 2.8 ± 2.4 2.5 ± 2.6 5.0 ± 5.5 16.7 ± 6.5a,b,c,e,f,g 3.1 ± 2.6 3.0 ± 2.8 5.5 ± 5.9b,f 17.0 ± 6.1a,b,c,e,f,g

R Back Bridge 5.4 ± 4.1 7.0 ± 4.6 21.4 ± 14.2a,b,e,f,g 20.3 ± 6.7a,b,e,f,g 4.8 ± 3.5 6.8 ± 4.4 11.0 ± 7.0a,e 18.5 ± 7.9a,b,e,f,g

L Back Bridge 4.0 ± 2.9 5.0 ± 3.3 8.0 ± 5.1a,e 17.7 ± 7.3a,b,c,e,f 5.0 ± 4.4 6.9 ± 5.6 19.1 ± 13.2a,b,c,e,f 18.4 ± 6.9a,b,c,e,f

R Side Bridge 14.1 ± 8.2e,f,h 20.4 ± 12.9e,f,g,h 20.1 ± 13.0e,f,g,h 17.6 ± 8.3e,f,g,h 5.2 ± 4.20 3.5 ± 2.8 10.6 ± 7.2e,f 4.6 ± 4.2

-with hip flexion 17.2 ± 10.1e,f,h 24.0 ± 14.4e,f,h 32.7 ± 21.3a,e,f,g,h 20.9 ± 10.3e,f,h 6.5 ± 4.9 5.7 ± 4.4 14.1 ± 11.7f,h 6.1 ± 5.1

-with hip extension 18.6 ± 12.2e,f,h 27.7 ± 15.5e,f,h 32.2 ± 20.7e,f,h 22.7 ± 12.8e,f,h 8.0 ± 7.4 6.3 ± 5.4 19.0 ± 15.9f,h 7.4 ± 6.7

L Side Bridge 5.2 ± 3.6b 3.2 ± 2.9 8.2 ± 8.6 5.0 ± 7.2 16.3 ± 8.4a,b,d 22.9 ± 11.4a,b,c,d 29.6 ± 17.1a,b,c,d 16.5 ± 7.5a,b,c,d

-with hip flexion 6.6 ± 5.4 5.7 ± 5.1 11.4 ± 11.9 6.2 ± 5.6 18.6 ± 11.5a,b,d 29.1 ± 18.7a,b,c,d,e 50.4 ± 38.4a,b,c,d,e,h 17.6 ± 9.2a,b,d

-with hip extension 6.9 ± 6.2 5.8 ± 6.3 14.7 ± 13.4b 7.1 ± 7.1 19.4 ± 11.2a,b,d 30.8 ± 18.2a,b,c,d,e 46.3 ± 33.5a,b,c,d,e,h 18.3 ± 10.1a,b,d

Front Bridge 29.5 ± 28.6c,d,f,h 19.7 ± 16.8d,h 16.4 ± 9.8d,h 4.0 ± 6.4 27.6 ± 15.4c,d,f,g,h 15.8 ± 7.9d,h 18.6 ± 11.2d,h 2.6 ± 1.4

R Front Bridge 26.8 ± 26.4c,d,h 23.3 ± 16.4d,h 15.8 ± 10.7h 4.8 ± 5.3 26.9 ± 15.6c,d,f,h 16.9 ± 8.6d,h 28.3 ± 17.0c,d,f,h 3.5 ± 2.0

L Front Bridge 29.2 ± 31.7d,f,h 22.5 ± 23.3d,h 23.4 ± 14.9d,h 4.8 ± 7.3 22.5 ± 14.5d,h 19.3 ± 8.7d,h 20.3 ± 14.0d,h 3.9 ± 2.4

Bird Dog: R arm, L leg 3.6 ± 3.2 6.4 ± 4.9 15.1 ± 10.0a,b,e 10.7 ± 4.6a,b,e 3.6 ± 2.9 11.9 ± 6.0a,b,e 9.3 ± 6.4a,e 13.2 ± 6.0a,b,e

Bird Dog: L arm, R leg 4.2 ± 5.6 11.2 ± 7.7a,c,e,f 6.5 ± 4.5a,e 14.4 ± 7.0a,b,c,e,f 3.5 ± 2.8 6.6 ± 3.5a,e 20.2 ± 17.2a,c,e,f 10.9 ± 4.5a,c,e,f
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altering the relative contributions of each muscle required to

maintain posture and spine stability. Higher activation of a specific

muscle does not necessarily imply inactivity of the other stabiliz-

ing muscles; rather that they participate to a lesser extent (trunk

muscular co-activation). As described in previous studies, if trunk

co-activation patterns are performed properly, low to moderate

levels of activation are enough to stabilize the spine in these stabil-

ization exercises (Cholewicki and McGill, 1996; Kavcic et al., 2004;

Table 2

Significant results (p-values) from pair-wise comparisons between exercises for right and left rectus abdominis (RRA, LRA), right and left external oblique (REO, LEO), right and left

internal oblique (RIO, LIO) and right and left erector spinae (RES, LES). Abbreviations: BB = back bridge; SB = side bridge; FB = front bridge; BD = bird-dog; R = right; L = left; F = hip

flexion; E = hip extension; R or L associated with BB and FB = elevated leg; R or L associated with SB = weight-bearing side; R-L associated with the bird-dog indicates elevation of

right arm, left leg; L-R = elevation of left arm, right leg. Bolded italic values indicate that the exercise listed in the left side column resulted in significantly higher muscle activation

levels than the corresponding exercise listed in the uppermost row. Absence of bolded italic values indicates the opposite.

BB R BB L BB R SB R SB-F R SB-E L SB L SB-F L SB-E FB R FB L FB BD R-L BD  L-R

BB .019 .001 .001 .001 .047 .001 .001 .001

R BB .006 100.100.100.100.100.100. .049

L BB 100.100.100.100.100.100.

R SB .001 .001 .003 .002 .042 .007 .001 .001

300.F-BSR 100.100.100.100.100.

R SB-E 100.100.100.100.100.

L SB 100.100.100.100.100.100.100.100.100.

L SB-F 100.100.100.100.100.100.100.100.100. .026 .011

L SB-E 100.100.100.100.100.100.100.100.100. .037

FB .001 .001 .001 .001 .001 .001 .003 .042 .001 .001

R FB .001 .001 .001 .001 .001 .001 .004 .034 .001 .001

L FB .001 .001 .001 .001 .001 .001 .001 .001

510.L-RDB .001 .001 .001 .001 .001 .001

BD  L-R .006 .001 .001 .001 .001 .001 .001

RRA

LRA

Exercise

Exercise BB R BB L BB R SB R SB-F R SB-E L SB L SB-F L SB-E FB R FB L FB BD R-L BD  L-R

BB .001 .017 .001 .001 .001 .013 .001 .001 .001 .001 .001

R BB .001 .001 .001 .001 .001 .001 .001 .001

L BB .015 100.100.100.100.100.100.100.

R SB .002 .012 .002 .001 .001 .001 100.100.

830.510.F-BSR 100.100.100.100. .012

810.E-BSR 100.100.100.100. .001

L SB .001 .001 .001 .001 .001 .001 .003 .001 .001 .001 .013 .001

L SB-F .001 .001 .001 .001 .001 .001 .026 .001 .001 .001 .001

L SB-E .001 .001 .001 .001 .001 .001 .010 .001 .001 .001 .001

FB .001 .001 .001 .001 .001 .001 .019 .003 .001 .032 .001

R FB .001 .001 .001 .001 .001 .001 .019 .005 .001 .001

L FB .001 .001 .001 .001 .001 .001 .037 .012 .001 .038

BD R-L .001 .001 .002 .001 .001 .001 .004 .002 .001 .001 .003

BD  L-R .001 100.100.100.100.100.100.100.100.

REO

LEO

Exercise BB R BB L BB R SB R SB-F R SB-E L SB L SB-F L SB-E FB R FB L FB BD R-L BD  L-R

BB .001 .002 100.100.100. .004 .001 .020

610.100.300.500.BBR .001

L BB .001 .017 .001 .001 .004 .001

500.610.200.300.BSR

930.400.710.530.110.200.F-BSR .001

240.010.220.210.400.100.410.E-BSR .001

L SB .001 .002 .001 100.540.130.

700.510.020.700.100.330.200.100.F-BSL

L SB-E .001 .001 .037 .001 .006 .019

FB .001 520.600.800. .001

R FB .001 .001 010.100.840.100.

820.110.020.030.100.BFL .001

BD R-L .007 .001 .001 .001 .001 .001 .001 .011

BD  L-R .001 .023 .023

LIO

RIO

Exercise BB R BB L BB R SB R SB-F R SB-E L SB L SB-F L SB-E FB R FB L FB BD R-L BD  L-R

BB .001 .001 .001 .001 .001 .005

R BB .001 .001 .001 .001 .001 .001 .001

L BB .001 .001 .001 .001 .001 .001

R SB .001 .001 .001 .003 .001 .011 .001 .001 .001

R SB-F .001 .001 .001 100.110. .001 .002 .001 .001 .001 .014

R SB-E .001 .001 .001 .001 .001 .002 .001 .001 .001 .014

L SB .001 .001 410.640.200. .001

L SB-F .001 .001 .001 .010 .001

L SB-E .001 .001 .001 .004

FB 100.100.100.100.100.100.100. .002

R FB 100.100.100.100.100.100. .013 .001 .001

L FB 100.100.100.100.100.100. 010.600.910.

BD R-L .001 .001 .012 .001 .001 .001

BD  L-R .001 .004 .001 .001 430.100. .001 .001 .001

LES

RES
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Vera-Garcia et al., 2006). In this present study, the average level of

trunk muscle activation during conventional bridges did not reach

30% MVC (Table 1). When a bridge exercise was performed with an

elevated leg, however, it became increasingly difficult to maintain

posture and a neutral spine position. As this activity was more

challenging for the motor control system, a more intense co-activa-

tion of the trunk musculature was produced. Specifically, the single

leg support during bridge exercises produced a rotation torque in

the lower trunk that increased the activation of the spinal rotators,

especially IO (Table 1).
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Fig. 3. Muscle activity ranked from highest to lowest between the stabilization exercises: (FB) front bridge; (R FB) front bridge with elevated right leg; (L FB) front bridge with

elevated left leg; (BB) back bridge; (R BB) back bridge with elevated right leg; (L BB) back bridge with elevated left leg; (R SB) right side bridge; (R SB-F) right side bridge with

hip flexion; (R SB-E) right side bridge with hip extension; (L SB) left side bridge; (L SB-F) left side bridge with hip flexion; (L SB-E) left side bridge with hip extension; (BD R-L)

bird-dog exercise with elevated right arm and left leg; (BD L-R) bird-dog exercise with elevated left arm and right leg.
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4.1. Stabilization exercises with double leg support

During a back bridge (supine position), the main muscle group

resisting gravitational torque and maintaining a neutral spine was

ES, being activated bilaterally to approximately 17% MVC. Other

authors have obtained similar results, stating ES to have the high-

est activation level of the analyzed muscles [27% MVC at Imai et al.

(2010), 13% MVC at Kavcic et al. (2004), and 25% MVC at Lehman

et al. (2005)]. The large values in these studies may be explained

by different electrode positions, varying constraints to exercise

performance, fitness levels of the participants, or specific tech-

niques used to collect MVCs.

In the front bridge (prone position), the main muscle group

maintaining posture and spinal stability was RA, peaking at 29%

MVC, with oblique activations varying between 16% and 20%

MVC. Lehman et al. (2005) and Imai et al. (2010) reported similar

RA activation (25–34% MVC), but higher EO activations (44–50%

MVC). In the McGill and Karpowicz study (2009), RA activation

was higher than EO by approximately 10% MVC, which is similar

to the results of this current study. However, they also report a

rather surprising asymmetry in RA activation: 38% MVC (RRA)

and 22% MVC (LRA). In our study the RA symmetry differential

was 3% MVC. Ekstrom et al. (2007) reported the highest RA activa-

tion at 47% MVC, with similar activation of the EO (43% MVC).

During the side bridge (lateral position), the lower side supports

the trunk against gravity, thus demonstrated the highest activation

levels, ranging from 14% to 30% MVC, compared to levels between

3% and 10% MVC on the uppermost side. Specifically, the lateral

orientation of the oblique muscles offers the greatest support to

the trunk during side bridges. However, RA and ES on the lower

side also registered approximately 16% MVC, indicating that a rea-

sonable amount of co-activation of the entire lowermost side was

required to stabilize. The results also demonstrate an interesting

asymmetry in the activation of IO: 20% MVC for the RIO during a

side bridge on the right side and 30% MVC for the LIO during a side

bridge on the left side. This could perhaps be explained by various

muscle recruitment and development patterns which evolve due to

handedness. It should also be noted that there is a much larger

standard deviation in the LIO recruitment levels during the side

bridge on the left group (including those with leg elevation) than

any of the other bridge groups, indicating the large variability in

the LIO recruitment patterns between participants. Although high-

er activation levels overall have been described by previous

authors analyzing side bridges, the obliques have consistently

demonstrated the highest % MVC, varying from 51–57% MVC

(Kavcic et al., 2004) to 42–46% MVC (Lehman et al., 2005), with

RA levels of 46% and 24% MVC from the same authors, respectively.

McGill and Karpowicz (2009) appears to be the only paper analyz-

ing side bridges on both the right and left sides, describing activa-

tion levels on the lowermost side which are similar to this study:

obliques at 19–26% MVC, ES at 11–22% MVC, and RA with 8–13%

MVC for the right and left sides, respectively.

4.2. Stabilization exercises with single leg support

Numerous authors describe muscle activation patterns when

bridge exercises are combined with external perturbations, such

as unstable surfaces (Imai et al., 2010; Stevens et al., 2006) or

performed with an elevated leg (Ekstrom et al., 2007; Kavcic

et al., 2004; Stevens et al., 2006). In this study, we describe changes

to the muscle recruitment patterns when single leg support strat-

egies are added to 3 conventional bridge exercises. Such variations

require that the core muscles not only combat the effect of gravity,

but also the rotational torque and the more unstable position

caused by elevation of the leg.

Leg elevation during a back bridge elicited an increase in all of

the muscles analyzed, although the largest increase was seen in

IO, increasing from approximately 5% MVC to 20% MVC on the side

of the raised leg (Tables 1 and 2). Increases in the contralateral IO

were more in the region of 4–5% MVC, as were the ipsilateral EO,

thus it appears that the IO on the side of the elevated leg is heavily

recruited to counteract the tendency of the pelvis to rotate down-

wards during leg elevation. Associated increases in the ES were

small (1–3% MVC), although this muscle was already at a relatively

moderate level (approximately 17% MVC) during a conventional

back bridge. These results are similar to those of Kavcic et al.

(2004) and Stevens et al. (2006), in that they also describe IO as

being greatly recruited during a single leg back bridge.

Leg raising during a front bridge resulted in slight lowering of

the RA activation bilaterally, while IO on the side opposite the

raised leg increased from 7% to 10% MVC. At the same time, the

EO on the side of the raised leg also increased slightly (approxi-

mately 4% MVC), in keeping with the previous descriptions of IO

and EO on opposite trunk sides working together to produce rota-

tional torque (McGill, 1991; Ng et al., 2001).

Side bridges with hip flexion/extension resulted in the highest

muscle activations of the exercises analyzed. IO on the support side

attained levels of 32–50% MVC, increasing as much as 20% com-

pared to a conventional side bridge. Specifically, IO increases were

highest when the hip was flexed, as lower extremity movement

resulted in the pelvis applying a forward rotation torque to the spine.

Conversely, EO increases were higher during hip extension, with its

posterior rotation torque, although magnitudes of this increase

were less than for IO (Table 1).

Although the bird-dog is not specifically a bridge exercise, it is

commonly recommended in conjunction with bridge exercises as

it provides a substantial challenge to spine stability (Kavcic et al.,

2004) while requiring no external devices; thus it was included

in this analysis. Again, we saw IO on the side of the raised arm pair-

ing with the contralateral EO to stabilize, while ES was higher on

the side corresponding to the elevated leg, likely due to the

increased torque produced by the mass of the leg compared to that

of the arm. These recruitment patterns could be considered similar

to previous publications (McGill and Karpowicz, 2009; Stevens

et al., 2007a, 2007b), although Kavcic et al. (2004) reported the

highest activation levels for multifidus and EO on the side of the

raised leg and upper or thoracic ES on the side of the raised arm.

4.3. Limitations of the study

As with many studies on human movement, variability of mus-

cular activation between participants was high (Table 1). Although

29 individuals participated in this research, the differences in fit-

ness level and exercise experience may have affected the perfor-

mance of the exercises and the resulting activation levels. All of

the participants in this study were relatively young, healthy, with

no recent history of low back pain. Future research should focus on

different populations, such as older participants, or those with low

back pain. Due to the high number of exercises performed by the

participants, the possibility exists that fatigue had some effect on

trunk muscular recruitment. However, a single repetition of each

isometric task was performed (5 s duration) with a 1 min rest

between exercises to reduce the incidence of muscle fatigue. In

addition, the combination of increased rotational torque and high-

er trunk muscular co-activation demonstrated during exercises

with an elevated leg would likely impact compressive and shear

loads of the spine (Vera-Garcia et al., 2006, 2007), thus may not

be recommended for people with back pain. This should be inves-

tigated, to further our understanding of optimum exercise

prescription.
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4.4. Conclusions

This study outlines how various trunk muscles respond to well

recognized bridge stabilization exercises, as well as analyzing mus-

cular challenge during possible progressions (Fig. 3), via the intro-

duction of specific single leg support strategies. Conventional

bridge exercises with double leg support elicited the greatest mus-

cle activity in those that counteract gravity: the abdominals during

the front bridge; the lowermost obliques during the side bridge;

and ES during the back bridge. When bridge exercises were per-

formed with an elevated leg, rotation torques in the trunk in-

creased the activation of the spinal rotators, especially IO. This

information allows fitness and rehabilitation specialists to choose

exercises which best meet the needs and objectives of individuals,

including the implications of limb movement progressions, and the

directions thereof. Further progression of these exercises, such as

the addition of a labile surface to bridge exercises with single leg

support, or varying the limb movements with or without resis-

tance, would be of interest in future research to assist our under-

standing of the resulting muscular challenges.
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