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Side-lying hip abduction is a common exercise to
strengthen the gluteus medius, an agonist of hip
abduction 1-5). Muscle activity of the gluteus medius is
increased during side-lying hip abduction because
the force of gravity is applied to the lower extremity
as a means of resistance 6). Previous studies have
shown that about 25% of the maximal voluntary iso-
metric contraction (MVIC) of the gluteus medius is
activated during side-lying hip abduction without
additional resistance 3-4), which indicates that side-
lying hip abduction could facilitate gluteus medius
activation at a moderate level 5).

Compensatory movements often accompany side-

lying hip abduction exercises 3, 4, 7). The most common
compensatory movement during side-lying hip
abduction is ipsilateral pelvic elevation 3, 4). Co-con-
traction of the quadratus lumborum during side-
lying hip abduction leads to combined movements of
pelvic elevation and hip abduction, which could
interrupt adequate muscle activation of hip abductors
such as the gluteus medius 3, 4). Thus, it is important
to restrict ipsilateral pelvic elevation during side-
lying hip abduction exercises.

Previous studies have used a pressure biofeedback
unit (PBU) to prevent compensatory movements dur-
ing side-lying hip abduction 2, 4). An increase in pres-
sure on a PBU placed between the lateral lumbar
spine and the table indicates lateral trunk movement

Change in Pelvic Motion Caused by Visual Biofeedback
Influences Trunk and Hip Muscle Activities During Side-Lying
Hip Abduction in Asymptomatic Individuals

INTRODUCTION

Background: Ipsilateral pelvic elevation has been reported as a common
compensatory movement during side-lying hip abduction. It has been report-
ed that pelvic elevation inhibits sufficient contraction of gluteus medius.
However, few studies have identified the effects of controlled pelvic elevation
on the trunk and hip muscles. 
Objective: To examine the effects of controlled pelvic elevation using visual
biofeedback on the muscle activity of the trunk and hip muscles. 
Design: Crossover study.
Methods: Twelve healthy males performed side-lying hip abduction exercises
with and without visual biofeedback for pelvic elevation. Electromyography
(EMG) activities of the gluteus medius, quadratus lumborum, and multifidus
were analyzed using a wireless EMG system while the ipsilateral pelvic eleva-
tion angle was measured using a motion sensor during side-lying hip abduc-
tion exercises.
Results: EMG activities of the gluteus medius (p = .002), quadratus lumborum
(p = .022), and multifidus (p = .020) were significantly increased and ipsilateral
pelvic elevation was significantly decreased (p = .001) during side-lying hip
abduction with visual biofeedback compared to without visual biofeedback.
Conclusions: The results of this study suggest that the application of biofeed-
back for pelvic motion could improve the trunk and hip muscle activation pat-
tern and decrease compensatory pelvic motion during side-lying hip abduc-
tion exercise.
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caused by ipsilateral pelvic elevation during side-
lying hip abduction 4, 8). However, because the PBU is
analog, it is difficult for subjects to intuitively identify
changes in pressure. Additionally, because changes in
pressure may result from lateral trunk movement, it
is difficult to directly measure compensatory ipsilat-
eral pelvic elevation during side-lying hip abduction
exercises.

Recent technology permits the real-time measure-
ment of segmental movements by linking to a smart-
phone with a three-axis accelerometer 9, 10). However,
few studies have verified the effects of this type of
real-time motion sensor on controlled pelvic move-
ment exercises. To our knowledge, only one study
has examined the effects of controlled pelvic move-
ments on hip muscle activity using an accelerometer
for biofeedback 11). The previous study showed
increased gluteus medius muscle activity during side-
lying hip abduction when applying biofeedback for
pelvic movement 11). However, it did not verify how
using the motion sensor to control pelvic movements
influences the trunk stabilizer muscles such as the
multifidus during side-lying hip abduction. Given
that contraction of the multifidus is an important
component of a trunk stabilization program, changes
in multifidus muscle activity caused by controlled
pelvic movements would provide useful information
to clinicians. Thus, the aim of this study was to iden-
tify the influence of using a motion sensor for visual
biofeedback on trunk and hip muscle activation dur-
ing side-lying hip abduction exercises.

In total, 12 healthy male subjects (age = 24.17 ±
0.94 years; height = 172.50 ± 4.38 cm; body weight
= 69.33 ± 7.10 kg) who could perform side-lying hip
abduction without discomfort or difficulty participated
in this study. Exclusion criteria included limitations in
hip abduction, history of surgery or injury in the
lower extremity within the last year, and pain in the
trunk and/or lower extremity in the last 2 weeks. The
study protocol was approved by a public institutional
review board designated by the Ministry of Health
and Welfare (P01-201905-11-002).

During side-lying hip abduction exercises, elec-
tromyography (EMG) of the gluteus medius, quadra-

tus lumborum, and multifidus on the side of hip
abduction were recorded using wireless miniDTS sen-
sors (Noraxon, Inc., Scottsdale, AZ, USA). The sam-
pling rate of the EMG was 1500 Hz and the filter
bandwidth was 10–450 Hz. Two bipolar surface elec-
trodes were attached for each muscle (gluteus
medius: proximal third of distance between iliac crest
and greater trochanter, quadratus lumborum: lateral
from erector spinae with half distance between 12th
rib and iliac crest, multifidus: 2 cm lateral from L5
spinous process) 3, 12). To normalize the EMG data,
MVICs for each muscle were measured using the
methods suggested by Hislop et al. 13) Each MVIC trial
was performed for 5 s, but only the middle 3 s was
used for calculations 1). The trials were repeated twice
for each muscle and the mean value of the two trials
was used to calculate the final MVIC of each muscle.
During side-lying hip abduction with and without
visual biofeedback, the EMG activities of all measured
muscles were recorded for 5 s. The mean value of the
three trials under each condition was used for data
analysis.

To measure pelvic elevation, a 4D-MT Motion
Sensor (Relive Co., Ltd., Gimhae, South Korea;) was
attached on the anterior superior iliac spine, the most
prominent bony landmark of pelvis with minimal skin
artifact 14, 15), on the side of hip abduction. The sam-
pling rate was set at 25 Hz. During side-lying hip
abduction, the motion data were transferred in real
time to a tablet PC with 4D-MT analysis software
(Relive Co., Ltd.). In the present study, we only used
motion in the frontal plane to measure amount of
ipsilateral pelvic elevation. The sensor tilting angle
was calibrated as 0° when the hip was aligned in the
neutral position using goniometer.

All subjects first performed side-lying hip abduction
exercises without visual biofeedback, followed by the
same exercise with visual biofeedback to minimize
learning effects. For side-lying hip abduction exer-
cises without visual biofeedback, the subjects were
placed in front of a wall in the side-lying position. In
the start position, the uppermost lower extremity was
in the neutral position, while the hip and knee of the
lowermost lower extremity were flexed. Subjects were
asked to abduct the uppermost hip to 30° of hip
abduction. A target bar was used to control the
amount of hip abduction. When the ankle of the

Measures of trunk and hip muscle activation

Measures of pelvic elevation

Side-lying hip abduction exercises

SUBJECTS AND METHODS
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uppermost lower extremity touched the target bar,
subjects held this position for 5 s.

For side-lying hip abduction exercise with visual
biofeedback, subjects were placed in the same posi-
tion. However, they were instructed to monitor
changes in the sensor angle during hip abduction,
and were asked to perform 30° of hip abduction while
keeping the senor as close to 0° of tilt as possible. 

The hip abduction exercises were repeated three
times for each condition (without visual biofeedback
and with visual biofeedback). Instruction and monitor
of each exercise was performed by one examiner,
while measurements of outcomes were performed by
the other examiner.

PASW Statistics 18 (SPSS Inc., Chicago, Illinois) was
used for statistical analysis. The mean value of EMG
of the gluteus medius, quadratus lumborum, and
multifidus, as well as the ipsilateral pelvic elevation
angle between side-lying hip abduction exercises
with and without visual biofeedback, were analyzed
using a paired t-test. The significance level was set
at p < .05.

Significant increases were observed in EMG activity
of the gluteus medius (p = .002), quadratus lumbo-
rum (p = .022), and multifidus (p = .020) when the
exercise was performed with visual biofeedback com-
pared to without visual biofeedback (Table 1).
Additionally, ipsilateral pelvic elevation was signifi-
cantly decreased with visual biofeedback compared to
without visual biofeedback (p = .001) (Table 1).

Our findings demonstrate that using visual biofeed-
back to monitor ipsilateral pelvic elevation could
increase the EMG activity of the trunk and hip mus-
cles while decreasing ipsilateral pelvic elevation dur-
ing side-lying hip abduction exercises. Ipsilateral
pelvic elevation was significantly decreased, and glu-
teus medius muscle activity was significantly
increased, when the side-lying hip abduction exercise
was performed in conjunction with visual biofeed-
back. These findings suggest that visual biofeedback
is effective for correcting faulty movements during
muscle isolation exercises. The previous study inves-
tigated the amount of trunk translation, with and
without visual biofeedback on trunk movement, dur-
ing treadmill walking in young and older healthy
subjects; 16) the authors found that visual biofeedback
significantly decreased trunk translation in both
groups 16). In another study, Nyman and Armstrong 17)

found that visual biofeedback significantly increased
knee separation and knee flexion during a drop land-
ing test compared to the group that performed the
test without biofeedback. These previous findings
support the hypothesis that real-time visual biofeed-
back improves the movement of specific joints or
segments during dynamic tasks. 

In the present study, subjects monitored their ipsi-
lateral pelvic elevation using a motion sensor. The
findings suggest that the application of visual
biofeedback on pelvic motion caused a decrease in
ipsilateral pelvic elevation during side-lying hip
abduction. The increased gluteus medius muscle
activity may have resulted from a decrease in pelvic
elevation caused by the application of visual biofeed-
back. Ipsilateral pelvic elevation allows elevation of
the uppermost lower extremity without proper hip
joint movement (i.e., abduction) and muscle engage-
ment during side-lying hip abduction. In contrast,

Statistical analysis

RESULTS

Gluteus medius (%MVIC)

Quadratus lumbroum (%MVIC)

Multifidus (%MVIC)

Ipsilateral pelvic elevation (°)

30.84±10.55

23.83±10.25

23.63±9.53

6.97±1.90

38.70±15.17

31.22±14.55

35.05±18.81

4.61±1.85

0.002*

0.022*

0.020*

0.001*

Side-lying hip abduction 
without visual biofeedback

Side-lying hip abduction with
visual biofeedback

P

Table 1. EMG activity of the trunk and hip muscles and the angle of ipsilateral pelvic elevation during a side-lying hip
abduction exercise.

*p < 0.05.

DISCUSSION
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decreased ipsilateral pelvic elevation requires greater
hip joint movement to elevate the lower extremity to
the same height. Because the amount of elevation of
the lower extremity during side-lying hip abduction
was controlled by a target bar at the same height
with and without visual biofeedback, it is possible
that decreased ipsilateral pelvic elevation increases
hip joint movement and subsequently the activity of
the gluteus medius.

In addition to the gluteus medius, activity of the
multifidus was significantly increased during side-
lying hip abduction with visual biofeedback. Although
the previous study found a change in EMG activity of
the gluteus medius and quadratus lumborum with the
application of pelvic motion visual biofeedback, it did
not measure changes in multifidus muscle activity 11).
The multifidus is one of the most important trunk
stabilizer muscles, and contraction of the multifidus
may affect co-contraction of other trunk stabilizer
muscles via the thoracolumbar fascia 8, 18). Considering
the simultaneous increase in multifidus muscle activ-
ity, it is possible that visual biofeedback to decrease
ipsilateral pelvic elevation also helps facilitate active
pelvic stabilization. Previous studies have demon-
strated that both passive pelvic stabilization using a
pelvic belt and active pelvic stabilization using an
abdominal draw-in maneuver (ADIM) increase glu-
teus medius muscle activity while decreasing quadra-
tus lumborum muscle activity during side-lying hip
abduction 3, 4). These previous findings are inconsis-
tent with our findings of increased EMG activities in
both the gluteus medius and quadratus lumborum.
This disagreement may have resulted from a differ-
ence in trunk muscle recruitment patterns. There are
two methods for active lumbo-pelvic stabilization:
one is the ADIM that focuses on selective activation
of deep muscles 4, 8), and the other is the abdominal
bracing maneuver that contracts both deep and
superficial muscles 19, 20). The previous research has
revealed that both the ADIM and abdominal bracing
decrease compensatory lumbar extension and anterior
pelvic tilt during prone hip extension 19), and also that
both the ADIM and abdominal bracing lead to greater
co-contraction of the multifidus compared to a con-
trol condition in the supine, quadruped, and upright
standing positions, while greater co-contraction of
the multifidus was found during abdominal bracing
compared to ADIM in the supine position 20). Because
the ADIM requires selective activation of deep mus-
cles, it is difficult to perform a precise ADIM without
feedback on changes in contraction of the deep mus-
cles. In contrast, abdominal bracing requires global
contraction of the trunk muscles, so this maneuver is

easier to perform. In the present study, it is likely
that subjects used abdominal bracing to limit pelvic
elevation, which resulted in an increase in multifidus
muscle activity during side-lying hip abduction with
visual biofeedback. The increases in EMG activity of
both the quadratus lumborum and multifidus during
side-lying hip abduction with visual biofeedback
support our hypothesis that subjects may have used
the abdominal bracing maneuver. In previous
research, the increased EMG activity observed in both
the quadratus lumborum and multifidus occurred
only during the abdominal bracing condition, com-
pared to the ADIM and control conditions during
side-lying hip abduction 21). Therefore, we infer that
subjects used the abdominal bracing maneuver when
applying visual biofeedback, which increased the
EMG activity of not only the multifidus but also the
quadratus lumborum.
This study had several limitations. First, we inferred

that subjects may have used the abdominal bracing
maneuver to control pelvic motion, but we did not
specifically evaluate this muscle contraction maneu-
ver. Second, we did not measure changes in the EMG
activity of other hip abductor muscles, such as the
tensor fasciae latae, and trunk stabilizer muscles,
such as transversus abdominis, during side-lying hip
abduction with visual biofeedback. Future study
needs to measure EMG activities of these muscles to
clarify the influences of controlled pelvic motion using
visual biofeedback on hip and trunk muscles. 

This study demonstrated that the application of
visual biofeedback on pelvic motion increases EMG
activity in the gluteus medius, quadratus lumborum,
and multifidus, while decreasing ipsilateral pelvic
elevation during a side-lying hip abduction exercise.
These findings suggest that the application of pelvic
motion biofeedback could change the pattern of trunk
and hip muscle activation and decrease compensatory
pelvic motion during side-lying hip abduction exer-
cises.

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the
Korea government (MSIT)(No. 2018R1C1B5085529).
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