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Abstract.	 [Purpose] The aim of this study was to identify the effects of initial position of the hip joint with 
changes in the hip joint angle on the respective muscle activities of the bilateral erector spinae (ES), unilateral 
gluteus maximus (GM), and biceps femoris (BF) and the amount of pelvic anterior tilt during prone hip extension 
(PHE). [Subjects] Fifteen healthy volunteers were enrolled in this study. [Methods] The subjects performed PHE 
in three positions: neutral, 20°, and 45° flexed hip joint. The activities of the ES, GM, and BF were measured using 
surface electromyography, and kinematic values for pelvic anterior tilt were calculated using a motion capture sys-
tem. [Results] There was a significant decrease in muscle activity of the contralateral ES at 45°, and an increase in 
the GM muscle activity and decrease in the BF muscle activity at 20°. The amount of pelvic anterior tilt was lower 
at 20°. [Conclusion] These results suggest that a hip flexion position of 20° would have an advantage over the other 
measured positions.
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INTRODUCTION

The gluteus maximus (GM) plays a major role in func-
tional activity as a trunk and hip extensor. Weakness of the 
GM could cause dysfunction in the pelvic and hip joints and 
back pain1). Prone hip extension (PHE) is an exercise that 
can activate the GM effectively and is popularly used in 
clinics2). However, unwanted substitution motion, such as 
pelvic anterior tilt or excessive lumbar extension, could hap-
pen during PHE due to stiffness of the hip flexor, dominance 
of the erector spinae (ES), weakness of the GM, and so 
forth3). Therefore, recent studies have focused on controlling 
unwanted substitution motion of the pelvis and lower back 
during PHE4–6).

Joint position influences muscle contraction by changing 
muscle length7). Many previous studies about PHE have 
been performed at the 0° hip flexed position8–10). Some other 
studies have used starting positions varying from 20° to 90° 
hip flexion for people with hip flexor contracture6, 7, 11). PHE 
has been performed with various interventions and posi-
tions to activate the GM. However, little information exists 

concerning whether hip joint angles during PHE selectively 
change the EMG activity of the GM. Therefore, the purpose 
of this study was to examine the effects of initial hip joint 
position on the muscle activity of the ES, GM, and biceps 
femoris (BF) as measured by electromyography (EMG) of 
the hip extensor as well as the effect of the angle of pelvic 
anterior tilt. Through this process, we sought the most ef-
fective position for selective GM muscle activation during 
PHE.

SUBJECTS AND METHODS

Fifteen healthy adults were enrolled in this study (age, 
26.7±3.7 years [mean±SD]; height, 167.1±9.2 cm; mass, 
58.1±11.7 kg). The right leg was the dominant leg for all 
subjects. Exclusion criteria were neuromuscular or musculo-
skeletal dysfunction of the lower back and both legs, lower 
back or hip pain, contracture of the hip flexor, or a hip exten-
sor strength below fair. All subjects agreed to participate and 
signed an informed consent form approved by the Inje Uni-
versity Ethics Committee for Human Investigations. Prior to 
testing, 4 electrodes and 7 reflective markers were attached 
to the reference sites. Kinematic data of the pelvis were 
recorded at 100 Hz using an eight-camera Vicon MX-T20 
motion capture system (Vicon Motion Systems Ltd., Oxford, 
UK). The respective muscle activities of the bilateral ES, 
unilateral GM, and biceps femoris BF were collected using 
a Delsys Trigno Wireless EMG system (Delsys Inc., Natick, 
MA, USA), which was synchronized with a Vicon Motion 
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System. The EMG signals were sampled at 2,000 Hz and 
filtered at 20 to 450 Hz, and the root mean square values of 
the signals were calculated. The EMG data were expressed 
as a percentage relative to the maximal voluntary contrac-
tion for normalization. A newly developed two-segment 
model consisting of the lumbar spine and pelvis was used to 
measure the angle of pelvic anterior tilt. The lumbar segment 
was defined with four markers located on the subject’s L1 
and L2 spinous processes, and 1 cm lateral from the L2 spi-
nous process on both sides. The pelvic segment was defined 
with three markers located on the mid-point of the posterior 
superior iliac spine and the bilateral anterior and superior 
iliac spines. Pelvic motion relative to the lumbar segment 
in the sagittal plane was calculated. The subjects lifted their 
right legs during PHE at three starting positions arranged in 
random order (0°, 20°, and 45° hip flexed position). With 
PHE at 0° hip flexion, each subject was positioned prone 
on a table consisting of 2 segments that were jointed in a 
way that it was possible to adjust the table’s position so the 
subject’s hip could be positioned at an initial hip flexion 
of 20° or 45°. A bar placed over the table would come in 
contact with the Achilles tendon when the subject’s hip was 
extended to 30° from the initial position. EMG activities and 
pelvic kinematics were measured when subjects extended 
from their initial position. All subjects performed 3 repeti-
tions with a 10-second rest between trials and rested for 2 
minutes between each testing position. PASW Statistics for 
Window (ver. 18.0; SPSS Inc., Chicago, IL, USA) was used 
to analyze differences in muscle activities and pelvic kine-
matics. Repeated measures ANOVA and Bonferroni-adjusted 
post hoc comparisons were used to compare the respective 
muscle activities of the ES, GM, and BF and the amount of 
pelvic anterior tilt among the three initial positions. Results 
were considered statistically significant at p<0.05.

RESULTS

There were significant differences in ES, GM and BF 
muscle activity on the left side among the three positions 
during PHE. Muscle activity for the ES on the right side did 
not show any difference in EMG among the three positions. 
The amount of pelvic anterior tilt showed a significant de-
crease at the 20° hip flexion position compared with that at 
the 0° angle (Table 1).

DISCUSSION

We investigated different starting positions for selectively 
activating the GM during active PHE. Of the three positions, 
active PHE at 45° resulted in a significant decrease in muscle 
activity of the contralateral ES compared with the other posi-
tions. ES contraction during PHE causes unwanted pelvic 
anterior tilt3). The role of the ES as a global stabilizer was 
reduced at 45° because alteration of this position from the 
initial position to 30° hip extension induced pelvic anterior 
tilt. Therefore, we consider that the 45° flexed position would 
be able to effectively prevent excessive lumbar motion and 
maintain an upright pelvis alignment. However, this position 
did not increase GM activity. We think that the 45° hip flexed 
position decreased internal momentum due to the short lever 
arm in comparison with other positions12).

Although the muscle activity of the contralateral ES 
tended to decrease at 20°, this decrease was not significant. 
This investigation revealed that the 20° hip flexed position 
needs an additional 10° hip extension for a total of 30° ex-
tension during PHE, which may result in contraction of the 
ES. However, this position increased GM activity compared 
with the other positions and decreased BF activity compared 
with that occurring with the 45° hip flexion angle. Addition-
ally, the amount of pelvic anterior tilt at 20° was lower than 
those at 0° and 45°. We consider that the pelvic anterior tilt 
provided by 20° hip flexion led to the optimal length by 
elongation of the GM, which may contribute to increases in 
GM activity12).

Previous studies have reported that muscle activity 
changes depend on muscle length. Worrell et al.7) demon-
strated that GM activity was greatest at the 0° angle and that 
HS muscle activity did not differ among all the positions 
they studied, which was not in line with the results of our 
study. They examined GM and BF activity with changes in 
hip and knee joint angles during maximal voluntary isomet-
ric contraction, whereas we investigated muscle activities 
with initial positions to 30° extensions of the hip joint dur-
ing active PHE with knee extension. Chance-Larsen et al.9) 
reported that restraint of pelvic anterior tilting during PHE 
decreased the length of the BF and influenced the synergistic 
relationship between the GM and BF. Of three positions, 0° 
could negatively impact the lumbar segment by increasing 
the ES activity and 45° did not activate the GM in spite of 

Table 1.  Normalized EMG data and amount of pelvic anterior tilt (n=15)

Variables Hip joint position (mean±SD)
0° 20° 45°

Lt. ES (%MVIC) 49.5±15.3 44.1±12.4 31.7±13.2a,b

Rt. ES (%MVIC) 43.6±8.9 44.1±9.6 41.9±10.4
Rt. GM (%MVIC) 19.7±7.9 22.5±9.4c 18.9±7.8b

Rt. BF (%MVIC) 36.5±9.4 33.3±9.6 38.7±11.1b

Pelvic anterior tilt (°) 7.4±2.0 5.9±2.4c 7.3±2.8
BF: biceps femoris; ES: erector spinae; GM: gluteus maximus; Lt.: left;
MVIC: muscle voluntary isometric contraction; Rt.: right.
a Significant difference between 0° and 45° hip flexed position (p<0.05).
b Significant difference between 20° and 45° hip flexed position (p<0.05).
c Significant difference between 0° and 20° hip flexed position (p<0.05).
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the reduction of ES activity. Hence, the 45° position could 
be recommended for persons who need to minimize the 
weight-bearing load on the lumbar spine. In conclusion, we 
suggest that 20° is the optimal position to activate the GM 
selectively by minimizing additional pelvic anterior tilt.

The present study has some limitations. First, our sample 
size was small, so it is difficult to generalize the findings 
to all subjects. Second, we examined the changes in EMG-
measured muscle activity at only three joint angles; it is 
possible that the results do not indicate the optimal position 
for PHE. Therefore, further studies are needed to investigate 
the changes at the various PHE joint angles.
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