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Abstract1)

Background: The bridge exercise targets the gluteus maximus (Gmax) and gluteus medius (Gmed).

However, there is also a risk of dominant hamstring (HAM) and erector spinae (ES) muscles.

Objects: To analyze the muscle activity the of Gmax, Gmed, HAM and ES during the bridge exercise

with and without hip external rotation in different degrees of knee flexion.

Methods: Twenty-three subjects were participated. The electormyography (EMG) activity of the Gmax,

Gmed, HAM and ES muscles was recorded during the exercise. The subjects performed the bridge

exercise under four different conditions: (a) with 90˚ knee flexion, without hip external rotation (b) with

90˚ knee flexion, with hip external rotation (c) with 135˚ knee flexion, without hip external rotation (d)

with 135˚ knee flexion, with hip external rotation.

Results: There was no significant interaction effect between the degree of knee flexion and hip

external rotation. There was a significant main effect for degree of knee flexion in Gmax, HAM muscles

activity. Gmax muscle activity was significantly greater in the 135˚ knee flexion position than in the 90˚ 

knee flexion position (p<.001). While HAM muscle activity was significantly less in 135˚ knee flexion

position than in the 90˚ knee flexion position (p<.001). ES muscle activity was significantly less in the

135˚ knee flexion position than in the 90˚ knee flexion position (p=.002). The activity of both the Gmax

and Gmed muscles was significantly greater with hip external rotation (p<.001 and p=.005, respectively).

Conclusion: For patients performing the bridge exercise, positioning the knee in 135° of flexion with

hip external rotation is effective for improving Gmax and Gmed muscle activity while decreasing HAM,

and ES muscle activity.
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Introduction

The gluteus maximus (Gmax) is the major ex-

tensor and external rotator of the hip and the supe-

rior portion also acts as a hip abductor (Choi et al,

2015; Neumann, 2010a). The gluteus medius (Gmed)

is the main abductor and external rotator of the hip

along with the Gmax. The gluteal muscles comprise

about 33% of the hip musculature and play an im-

portant role in normalizing the gait pattern and pos-

ture, while preventing the injury and pain reduction

(Ito et al, 2003; Lehecka et al, 2017; Marshell et al,

2011; Nelson-Wong et al, 2009).

The Gmax tends to be weak in most people due

to a modern lifestyle that involves prolonged sitting

(Sahrmann, 2002) and weakness of Gmax may be

associated with tightness in the hamastring (HAM)

(Massou Arab et al, 2011). In addition, Gmax weak-
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Variables

Age (years) 24.3±2.0a

Height (㎝) 167.2±13.0

Weight (㎏) 65.5±11.8

Body mass index (㎏/㎡) 23.9±7.3
amean±standard deviation.

Table 1. Descriptive characteristics of the partic-

ipants (N=23)

ness during hip extension may lead to the over-

compensation by the erector spinae (ES), which can

cause the excessive lumbar lordosis and anterior pel-

vic tilt (Sahrmann, 2002). Many researchers have re-

ported that weakness of gluteal muscles may lead to

lower back pain, patellofemoral pain syndrome and

valgus positioning of the knee (Biship et al, 2018;

Bolga 2011; Earl et al, 2005; Marshall et al, 2016;

Powers, 2010; Tanamas et al, 2009).

Previous researchers have studied many exercises

for activating the gluteal muscles. The bridge ex-

ercise is the one of these exercises and it is effec-

tive for improving the function of the trunk and

lumbopelvic region (Kisner and Colby, 2007).

However, it is associated with the high HAM and

ES muscle activation as compensation for gluteal

muscle weakness. Choi et al (2015) used target bar

for limiting the level of the lumbopelvis and prevent-

ing the overactivation of the ES during the bridge

exercise. Ekstrom et al (2007) reported that both the

unilateral and bilateral bridge exercises produce a the

high level of HAM activation. Lehecka et al (2017)

studied HAM and gluteal muscle activation during

the unilateral bridge in different degrees of knee

flexion and found that HAM muscle activity was

lower at 135˚ of knee flexion than at 90˚ of knee

flexion. Few studies have compared the muscle ac-

tivities of the Gmax, Gmed, HAM and ES in differ-

ent degrees of knee flexion during the bridge

exercise. Although the gluteal muscles can function

not only as a hip extensor but also as a hip external

rotator, no previous studies have analyzed the gluteal

muscle activity when the bridge exercise isperformed

with hip external rotation.

The purpose of this study was to analyze the

muscle activity of Gmax, Gmed, HAM, ES during

bridge exercise performed with different degrees of

knee flexion and after adding hip external rotation.

We hypothesized that the muscle activity of the

Gmax and Gmed would be increased by adding hip

external rotation and the muscle activity of the HAM

and ES would be decreased in 135˚ of knee flexion.

Methods

Participants

Twenty-three healthy adults participated in this

study (mean age=24.3, mean height=167.2 ㎝, mean

weight=65.5 ㎏, mean body mass index=23.9 ㎏/㎡)

(Table 1). Exclusion criteria were as follows: (1)

previous fracture, subluxation, or dislocation; (2) his-

tory of surgery in the trunk and lower extremity; (3)

history of low back pain or lower extremity dys-

function such as joint instability, tendinitis, bursitis

or any condition that could restrict physical activity.

Prior to the study, written informed consent form

was obtain from all subjects, and the study proce-

dures were was approved by the Yonsei University

Wonju Institutional Review Board (approval number:

1041849-201901-BM-017-01).

Instruments

(1) Surface electromyography

Surface electromyography (EMG) (Noraxon

TeleMyo DTS; Noraxon Inc., Scottsdale, AZ, USA)

was used to measure muscle activity of Gmax,

Gmed, HAM and ES muscles on the participant’s

dominant side during the bridge exercise. The sam-

pling rate was 1000 ㎐ and a band-pass filter of be-

tween 20 ㎐ and 450 ㎐ was used to filter the raw

signal. The participant’s skin was shaved and

cleaned with alcohol prior to placing the electrodes.

For the Gmax, the electrodes were placed between

the trochanter and the sacral vertebrae in the middle
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of the muscle at an oblique angle at the level of the

trochanter. For the Gmed, the electrodes were placed

parallel to the muscle fiber over the proximal third

of the distance between the iliac crest and the

greater trochanter. For general recordings of the

HAM, the electrodes were placed parallel to the

muscle in the center of the back of the thigh, ap-

proximately halfway between the gluteal fold and the

back of the knee. For the ES, the electrodes were

placed parallel to the spine, 2 ㎝ apart and approx-

imately 2 ㎝ from the spine over the muscle mass

(Criswell, 2010). The root mean square (RMS) of the

raw EMG data was calculated with a moving win-

dow of 50 ㎳.

(2) Three-dimensional motion-tracking system

A three-dimensional (3D) motion-tracking system

(Noraxon Research MyoMotion; Noraxon Inc.,

Scottsdale. AZ, USA) was used to measure the ex-

ternal rotation angle of the hip during the bridge

exercise. Two wireless sensors were placed on the

pelvis and anterior region of the thigh. The sampling

rate was set at 200 ㎐ and Myo-Research ver. 3.10

(Noraxon Inc., Scottsdale. AZ, USA) was used to

analyze the data.

Procedure

The subjects were instructed on how to perform

the bridge exercise within the four different con-

ditions, and data were not collected until after the

subjects were familiarized with proper positioning. The

four different bridge exercises were as follows: (a)

with 90˚ of knee flexion, without hip external rotation

(b) with 90˚ of knee flexion, with hip external rotation

(c) with 135˚ of knee flexion, without hip external ro-

tation, and (d) with 135˚ of knee flexion, with hip ex-

ternal rotation. The four different bridge exercises

were performed in randomized order, which was de-

termined using a random number generator in Excel

software (Microsoft Corp., Redmond, WA, USA).

(1) Bridge exercise with 90˚ of knee flexion and

without hip external rotation

The bridge exercise began with the subjects

placed in a supine position. Both arms were placed

on the side of the subject’s body with the palms

facing down. Both knees were flexed to 90˚ with the

feet hip-width and the flat on the floor. The subjects

lifted their hip and trunk until the pelvis and thigh

were in line with each other. The wooden target bar

was placed at the height of the middle point of the

thigh, and the subjects were instructed to form a

straight line across the trunk, pelvis and thighs

(Figure 1A).

(2) Bridge exercise with 90˚ of knee flexion with

hip external rotation

The bridge exercise began with the subjects

placed in a supine position. Both arms were placed

on the side of the subject’s body with the palms

facing down. Both knees were flexed to 90˚ with the

sole of the feet facing together. For start position,

the subject externally rotated their hips to half of

their full range of motion (ROM) in the start posi-

tion (Lee et al, 2014). Then the subjects lifted their

hips to the target bar, until the trunk and pelvis

were in a straight line (Figure 1B).

(3) Bridge exercise with 135˚ of knee flexion and

without hip external rotation

The bridge exercise began with the subjects placed

in a supine position. Both arms were placed on the

side of the subject’s body with the palms facing

down. Both knees were flexed to 135˚ with the feet

hip-width and flat on the floor. The subjects lifted

their hips to the target bar until they made a straight

line over the trunk, pelvis and thighs (Figure 1C).

(4) Bridge exercise with 135˚ of knee flexion with

hip external rotation

The bridge exercise began with the subjects in a

supine position. Both arms were placed on the side

of the subject’s body with the palms facing down.

Both knees were flexed to 135˚ with the sole of the

feet facing each other. For the start position, the

subject externally rotated their hips to half of their

full ROM. Then the subjects lifted their hips to the

target bar, until the trunk and pelvis formed a

straight line (Figure 1D).
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A B

C D

Figure 1. The four different birdge exercise (A: with 90˚ of knee flexion and without
hip external rotation, B: with 90˚ of knee flexion with hip external rotation, C: with
135˚ of knee flexion and without hip external rotation, D: with 135˚ of knee flexion
with hip external rotation).

Data collection

All EMG data were collected during the four dif-

ferent bridge exercises for a total 5 seconds and the

middle 3 seconds (representing the isometric phase)

was used for analyses. Three trials were conducted

for each position, and the mean of the three trials

was used for analyses. To normalize the EMG data,

the RMS of the maximal voluntary isometric con-

traction (MVIC) was collected for each muscle in the

manual muscle testing position and the data were

calculated as a percentage of the MVIC (%MVIC)

(Kendall et al, 2005). To ensure the angle of hip ex-

ternal rotation was half of subject's full ROM, the

target bars were positioned at the lateral sides of

both knees and the 3D motion tracking system was

used to monitor maintain the hip external rotation

angle during the exercises.

Statistical Analysis

Statistical analyses were performed using stat-

istical package for the social sciences (SPSS) ver.

22.0 software (SPSS Inc., Armonk, NY, USA). A

one-sample Kolmogorov-Smirnov test was performed

to confirm a normal distribution. A two-way re-

peated measure analysis of variance (ANOVA) with

two within subjects factors (hip external rotation and

knee flexion) was used to compare EMG data col-

lected from each muscle during the four bridge

exercises. A p-value ≤.05 was selected to indicate

statistical significance, a paired t-test was performed

for post hoc analysis.

Results

There was no significant interaction effect between

the degree of knee flexion and hip external rotation.

A significant main effect was observed between hip

external rotation and muscle activity in the Gmax

and Gmed muscles. The muscle activity of both the

Gmax (F=14.141, p=.001) and Gmed (F=9.491, p=.005)

was significantly greater with hip external rotation

than without. There was also a significant main ef-

fect between the degree of knee flexion and muscle

activity in the Gmax, HAM muscles. Gmax muscle

activity was significantly greater at 135˚ of knee
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Main effect/Interaction effect
Gmaxa Gmedb HAMc ESd

F p F p F p F p

Hip external rotation 14.141 .001* .034 .856 3.560 .072 .149 .703

Knee flexion 16.987 .000* 9.491 .005* 77.894 .000* 12.299 .002*

Hip external rotation × knee flexion 2.140 .158 .003 .954 3.176 .089 .000 .989
agluteus maximus, bgluteus medius, chamstrings, derector spinae, *p<.05.

Table 2. The results of two-way repeated ANOVA on muscle activity

Figure 2. Comparison of muscle activity in the Gmax, Gmed, HAM, ES between without hip
external rotation and with hip rotation, knee flexion 90˚ and 135˚ during bridge exercise (Gmax:
gluteus maximus, Gmed: gluteus medius, HAM: hamstrings, ES: erector spinae, N: without hip
external rotation, ER: with hip external rotation, 90: 90˚ knee flexion, 135: 135˚ knee flexion,
*p<.05).

flexion than 90˚ of knee flexion (F=16.987, p<.001).

Mean while, HAM muscle activity was significantly

decreased when the knee flexed at 135˚ versus 90˚ 

(F=77.894, p<.001). ES muscle activity was also sig-

nificantly less in the 135˚ knee flexion position than

in the 90˚ position (F=12.299, p=.002) (Figure 2).

Discussion

The purpose of this study was to analyze the

muscle activity of the Gmax, Gmed, HAM and ES

muscles during the bridge exercise with different de-

grees of knee flexion and hip external rotation. The

results supported the research hypothesis. The activ-

ity of the Gmax and Gmed muscles was significantly

increased with hip external rotation than without it

during bridge exercise. In addition, HAM and ES

muscle activity was decreased at 135˚ of knee flexion

compared to knee flexion 90˚. While Gmax activity

was increased at 135˚ of knee flexion 135˚ than in

the 90˚ position.

Gmax and the posterior fiber of Gmed are power-

ful hip external rotators; therefore, maintaining hip

external rotation during the bridge exercise may fa-

cilitate their activation. Furthermore, pre-activation of

Gmax and Gmed via hip external rotation may pos-

sibly increase the activity of these muscles during

the exercise. In the starting position for the bridge

exercise with added hip external rotation, the sub-

ject’s position was supine with the soles of the feet

one another, which placed the hips at around half of

their full external rotation ROM. Also, this position

can lead the hip abduction. By initiating hip external

rotation and abduction at the start of the exercise,

this could facilitate the pre-activation of the Gmax

and Gmed muscles, and as a result, the activity of

these muscles may be increased during the bridge

exercise. These results were in line with the results

of a previous study (Choi et al, 2015), demonstrating

the effect of applying a thera-band to initiate iso-

metric hip abduction during the bridge exercise

which caused the activity of the Gmax to be in-

creased by 21.1%. In this study, Gmax and Gmed

EMG activities were significantly increased in bridge

exercise with hip external rotation by 10.88% and

4.75%, respectively. As a result of the thera-band’s

facilitative effect on the activity of the Gmax before
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the bridging position, the Gmax activation increased.

However, only Gmax and Gmed were cosidered in

this study and there are many hip external rotator

that not included in this study (e.g. piriformis, ob-

turator internus, gemellus superior and inferior) be-

cause of the difficulty of applying EMG. The activ-

ities of the HAM and ES muscles were not sig-

nificantly affected by the presence or absence of hip

external rotation.

Gmax activity was significantly increased in 135˚ of

knee flexion than in the 90˚ position. However, the

HAM and ES activity was significantly decreased in

135˚ of knee flexion than in 90˚ position. Lehecka et al

(2017) reported that the knee extensor moment was

reduced at 135˚ of knee flexion during the unilateral

bridge exercise, which led to a decrease in HAM ac-

tivity from maintaining the knee flexion angle. Our

results are similar. In addition, ES activity was sig-

nificantly decreased when the knee was flexed at 135˚ 

compared to 90˚ during the bridge exercise. In sacroil-

iac joint, the ES muscle and HAM muscles produce

the nutation torque through ES muscle rotate the sac-

rum anteriorly while the biceps femoris that one of

the HAM muscles rotate the ilium posteriorly. The

nutation torque stabilizes the sacroiliac joint. In the

135° knee flexion bridging position, a decrease in

HAM activity may lead to a concomitant decrease in

ES activity to maintain sacroiliac joint stabilization

(Neumann, 2010b). In addition, during the bridge ex-

ercise, the Gmax, HAM, and ES act synergistically to

lift the pelvis (Choi et al, 2015). A change in the ac-

tivity of one muscle may be associated with an in-

crease or decrease in activation of a synergistic mus-

cle (Jonkers et al, 2003). Thus, a decrease in HAM

and ES muscle activity may lead to an increase in

Gmax activity.

Meanwhile, the activity of the Gmed was not sig-

nificantly different in either knee flexion position. In

previous study (Lehecka et al, 2017) also reported that

there was no significant difference between 90˚ knee

flexion and 135˚ knee flexion during the modified

sing-leg bridge exercises. Gmed is primary hip ab-

ductor muscle and secondary hip external rotator

muscle (Neumann, 2010b). Thus, knee flexion during

birdge exercsie may not affect for activating Gmed

muscle.

Our study had several limitations. The primary

limitation was that the participants are were all

healthy young subjects. Therefore our findings may

not be generalizable to a wider population. The sec-

ond limitation is that this study had a cross-sec-

tional study design. In the future, a longitudinal

study would be useful to determine the long-term

effects of the different bridge exercise used in this

study. Future researchers could examine the

long-term effects of bridge exercise with hip external

rotation to the patients with back pain, patellofemoral

pain who have difficulty to use the hip external

rotator.

Conclusion

This research analyzed the muscle activity of the

Gmax, Gmed, HAM, and ES during bridge exercises

with and without hip external rotation and with dif-

ferent degrees of knee flexion. The bridge exercise

with hip external rotation and 135° of knee flexion

showed preferential activation of the Gmax and

Gmed over the HAM and ES. Therefore, this may

be more effective than the traditional bridge exercise

for increasing gluteal muscle activity while decreas-

ing overcompensation with the HAM and ES

muscles.
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