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Objective: To examine gluteus medius (GMed) muscle activity while performing standing hip abduction exercise in the
transverse plane at different angles
Material and Method: Muscle activity of both sides of the GMed was measured by electromyography (EMG) with a sampling
frequency of 1,500 Hz. Participants were asked to perform standing hip abduction exercise in the transverse plane at different
angles including 0°, 15°, 30°, 45°, 60°, 75°, and 90°. Percent maximum voluntary isometric contraction (MVIC) of average
EMG of GMed muscles was reported from three trials for each limb. Repeated-measure ANOVA was used to analyze the data.
Results: Nine healthy volunteers were included in the present study. The finding indicated that angle of hip motion in the
transverse plane significantly (p<0.05) affects GMed muscle activity of swing and stance limbs. Standing hip abduction
exercise at 30°  in the transverse plane was observed to produce the highest EMG of swing limb (64.68% MVIC) than other
angles. In stance limb, a decreasing trend of GMed muscle activity while performing standing hip abduction exercise was
noted from 0°  to 90°  in the transverse plane, respectively.
Conclusion: GMed muscle activities of swing and stance limbs during hip abduction exercise exhibited the highest EMG at
30°  and 0°  in the transverse plane, respectively. Therefore, these exercises of GMed muscle could be suggested for early
rehabilitation. Standing exercises with 0°  and 30°  hip abductions might be suitable for weight bearing and non-weight
bearing purposes.
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Hip abductor muscle weakness relates to the
risk of lower extremity injuries such as patellofemoral
pain syndrome (PFPS), anterior cruciate ligament (ACL)
sprain, and knee osteoarthritis(1-4). Increasing knee
valgus loading was reported in cases of hip abductor
muscle weakness(1, 2). In 2005, Chang et al(3) proposed
the mechanism of high loading medial knee in people
with osteoarthritis for abductor muscle weakness can
potentially lead to poor control of the body’s center of
mass in the frontal plane and contralateral pelvic drop.
Then the lever arm of the varus torque and knee
adduction moment increase. These contribute to
increased medial knee loading and the risk of
developing knee pain. Hip abductor muscle exercise

was suggested to reduce the medial loading of a
symptomatic knee, external knee adduction moment
during gait cycle, and knee pain scores(5). Gaining
strength and improving activation of the hip abductor
muscle may be the critical point for rehabilitation and
injury prevention.

Various therapeutic exercises can help to
increase GMed muscle activation and strength such as
lateral step-up exercise, single-limb squat exercise, side-
lying hip abduction exercise, lateral band walk, single-
limb deadlift, and standing hip abduction exercise(6-9).
The most effective exercise for the GMed muscle has
yet to be determined. Distefano et al reported that the
GMed muscle exhibited the highest activation in side-
lying hip abduction exercise(6). Several studies have
suggested that not only hip abductor activated during
side-lying hip abduction exercise but also tensor fascia
latae and quadratus lumborum might be more activated
as compensation(10,11). The present study was based
on the notion that side-lying hip abduction exercise is
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difficult for people with weak GMed muscles. Therefore,
standing hip abduction exercise might be appropriate
in early rehabilitation before turning to anti-gravitational
exercise or more the functional exercise of GMed.
Taking the aforementioned assumption, the present
study aimed to examine GMed activity while performing
hip exercise in the transverse plane at different angles.

Material and Method
The present study was an observational

design and collected data in the laboratory, Faculty of
Physical Therapy, Mahidol University. All participants
repeatedly measured GMed muscles activity while
performing hip abduction exercise in the transverse
plane at different angles. Each participant read and
signed an informed consent form, approved by the
Mahidol University Institutional Review Board (MU-
IRB COA. NO. 2014/001.0301).

Participants
Nine healthy males volunteered in the present

study. Criteria included BMI range between 18.5 and
23.0 kg/m2, right leg dominance, and age from 18 to 25
years. The dominant right leg is preferred leg for kicking
a ball(12). Exclusion criteria included: a) having
neurological or musculoskeletal problems such as back
pain, lower extremity pain, lower extremity discrepancy,
and scoliosis and b) participating in sports training at
least three times weekly.

Instrument
Dynamic muscle activity of both GMed sides

was measured by electromyography (EMG), Noraxon
Myosystem, with a sampling frequency of 1500 Hz.
Side-lying was the starting posture for EMG electrode
placement. Shaving, abrading, and cleaning the skin
with alcohol occurred before electrode application was
performed over the muscle belly. Electrodes were placed
at 50% of the straight line from the iliac crest to the
trochanter. Inter-electrode spacing was 2 cm from center
to center. Inter-electrode impedance was less than 10
kiloohm. The cables were tightly attached using
adhesive tape to minimize the noise. The procedure of
surface electrode placement followed recommendations
of the European Recommendations for Surface
Electromyography (SENIAM)(13). To determine
appropriate location of electrodes, the electrical signal
of GMed was observed on the software window during
three warm-up practices with submaximal voluntary
isometric contraction. After EMG electrode placement,
participants performed three maximum voluntary

isometric contractions (MVICs). The MVIC was used
to normalize the EMG purpose. The starting position
of MVIC testing was the side-lying with hip neutral
position. Side-lying was preferred to produce a maximum
contraction according to the starting position of the
manual muscle test of hip abduction. The order of side
testing was selected randomly. Pillows were used to
support the neutral position during MVIC testing. The
straps were applied over the lateral femoral condyle
and pelvic brim. Before MVIC testing, each participant
was allowed to perform three trials of submaximal
contractions to be familiar with the test. Then
participants were allowed to rest 120 sec before actual
three MVIC testing. Each MVIC trial was collected in 3
sec. Subjects were allowed to rest 90 sec between trials
to prevent fatigue effect. MVIC of left and right GMed
muscles was examined.

Second order recursive Butterworth filter was
used for filtering the EMG data. Low pass frequency
450 Hz and high pass frequency 20 Hz were preferred(14).
Then full-wave rectification was processed. EMG data
in each trial was selected in the period of 1,000 ms
before and 1,000 ms after heel contacted the object.

Procedure
All participants were asked to perform

standing hip exercise in the transverse plane at different
angles including 0°, 15°, 30°, 45°, 60°, 75°, and 90°. The
research setting is shown in Fig. 1. The right side was
the swing limb and the left side was the stance limb.
The waist level height of a table was placed in the front
of subjects. They were allowed to hold it to prevent
loss of balance while testing. During hip abduction,

Fig. 1 The figure illustrates the starting position, various
angles of standing hip abduction exercise in
transverse plane, and research setting in the
laboratory.



S44                                                                                                                  J Med Assoc Thai Vol. 98 Suppl. 5  2015

they were asked to keep the trunk in vertical alignment,
to keep neutral position of hip rotation, and to keep full
knee extension. All participants were instructed to
perform right hip abduction and touch the circular marker
by the heel. The marker was attached to a pole. The
height of the circular marker setting was 30% leg length
that was determined in the pilot study. This height
was a suitable level for keeping the trunk in vertical
alignment. The order of angle testing was selected
randomly. Before testing, the distance between the pole
and standing position was determined in the first
angle testing for each subject and then used for the
other angle tests as well. The pole was placed at a
distance from which the subject could touch the marker
with vertical trunk alignment. Complete data on three
trials of standing hip abduction testing were collected
in this study. Resting between trials and angle testing
was 30 and 120 sec, respectively.

Statistical analysis
Percent MVIC of average EMG of the GMed

muscle from three trials for each limb was reported in
the present study. The statistical comparisons were
analyzed by SPSS package version 18. The data showed
normal distribution. One-way repeated measures
ANOVA was used to compare the main effect of angle
in the transverse plane. Pairwise comparisons were
performed with Bonferroni correction. The level of
statistical significance was set as a p-value less than
0.05.

Results
The results of the current study exhibited that

hip abduction angle significantly influenced average

GMed muscle activity of the swing limb (F (6, 48)
= 13.8, p<0.001) and stance limb (F (1, 48) = 13.7, p =
0.006). Average GMed muscle activity of the swing limb
was higher than stance limb at all angles in the
transverse plane except for 90°. Pairwise comparisons
between angles are shown in Table 1.

Discussion
The main purpose of the present study was

to investigate GMed muscle activity during standing
hip abduction exercise in the transverse plane at
various angles. The results found that angle
significantly (p<0.05) affected GMed muscle activity
of swing and stance limbs (Table 1).

Concerning the swing limb, standing hip
abduction exercise at 30 in the transverse plane was
observed to produce a higher EMG (64.68%) than 0°
(63.59%), 15° (59.47% MVIC), and 45° (53.69%). The
GMed muscle plays two major roles, namely, pelvic
stabilization during one-leg stance activities and hip
abduction with rotation movement(15,16). The GMed
muscle was divided in two compartments including
anterior and posterior parts(17). The direction and
arrangement of the fascicle within the muscle belly
influenced the line of muscle contraction(18). When
determining the sensor location, the GMed compart-
ment in the present study may have been the anterior
compartment, which presented dominant action in range
of 0° to 45° in the transverse plane of standing hip
abduction exercise, especially at 45°. A previous study
investigated muscle activity of the lower limbs during
weight-bearing exercises and suggested that MVIC
greater than 50% to 60% was effective for gaining
muscle strength(19). The external moment to resist

Angle (°)                                   GMed muscle activity (% MVIC)

Swing limb (right leg) Stance limb (left leg)

0 63.59 (41.16)a 43.71 (15.05)a,b,c

15 59.47 (28.30)a,b 42.21 (13.65)
30 64.68 (39.88)a 40.47 (12.76)
45 53.69 (26.11)a 40.21 (13.76)a,c

60 42.35 (21.44)a 34.35 (13.14)
75 43.93 (30.58) 30.31 (8.76)
90 21.25 (18.06) 27.30 (11.09)

Table 1. Comparison of average GMed muscle activity of the swing (right) limb and stance (left) limb during standing hip
abduction exercise in the transverse plane at different angles (mean (SD))

a Statistically significant difference compared with 90° (p<0.05), b Statistically significant difference compared with 75°
(p<0.05), c Statistically significant difference compared with 60° (p<0.05)
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internal GMed contraction of the swing limb was 16%
body mass, approximately(20,21). The present study
showed that greater than 50% MVIC of GMed muscle
activity was found in the swing limb at 0°, 15°, 30°, and
45°. It was thought that standing hip exercise in 0° to
45° abduction angles could help to gain strength.
Moreover, exercise at 30° might be suggested for early
rehabilitation before turning to anti-gravitational
exercise or the more functional exercises of the GMed.
However, no significant difference was noted in 0° to
45°.

During standing hip abduction exercise, the
GMed of the stance limb played the role of maintaining
contralateral pelvic level(15). Previous studies exhibited
that single-leg stance activities needed more GMed
muscle activity while adding load on the contralateral
side while walking. The external moment to resist
internal GMed contraction of the stance limb was 84%
body mass, approximately(20,21). A decreasing trend of
GMed muscle activity of the stance limb was noted
from 0° to 90° in the current study. It was possible that
the highest external moment at 0° would be noted
because of the maximum moment arm relative to the
direction of muscle force. Bolgla et al(7) suggested that
non-weight and weight bearing in standing hip
abduction exercises may help to gain muscle strength.
They reported that GMed muscle activity exhibited 33%
and 46% MVIC during functioning in swing limb and
stance limb, respectively. A lower GMed EMG of the
stance limb in the present study was observed at 0°
(43.71% MVIC) compared with Bolgla’s study.
However, Bolgla’s study and the current study differed
in the sensor location and the method for the standing
hip abduction exercise. They placed EMG electrodes
at one-third the distance between the iliac crest and
greater trochanter. They asked subjects to perform
standing hip abduction in the frontal plane with a cuff
mass equal to 3% body mass at ankle of the swing limb.
The range of motion during hip abduction was 25° in
Bolgla’s study. Adding a cuff mass at the ankle of the
swing limb would increase the external moment for the
GMed in stance limb. Then the GMed generated more
muscle contraction. Increasing the weight cuff on the
swing limb is suggested to enhance muscle activation
of the GMed in the stance limb.

Limitations and future study
Moment arm change caused by the body’s

center of mass shifting could affect the GMed activity
during trunk movement. We did not measure trunk
movement while testing, a limitation of this study.

However, the present study attempted to control this
effect with the test instructing procedure to maintain
the trunk in vertical alignment. Moreover, the present
study observed every movement of the trunk while
testing. Trunk position data should be collected in
future studies. In addition, it would be interesting to
examine other groups of subjects such as female, aging,
and knee osteoarthritis groups.

Conclusion
Standing hip abduction exercise can help gain

GMed muscle strength. The angle of hip abduction
significantly influenced GMed muscle activity. GMed
muscle activities exhibited the highest level at standing
hip abduction exercise at 30° (64.68% MVIC) and 0°
(63.59% MVIC) in the transverse plane of the swing
limb and stance limb, respectively. Therefore, these
exercises could be suggested for early rehabilitation of
the GMed muscle. However, standing hip abduction
exercises at 0° and 30° in the transverse plane might be
suitable for weight bearing and non-weight bearing
purposes, respectively.

What is already known on this topic?
Various therapeutic exercises can help to

increase GMed muscle activation and strengthening
such as lateral step-up exercise, single-limb squat
exercise, side-lying hip abduction exercise, lateral band
walk, single-limb deadlift, and standing hip abduction
exercise.

What this study adds?
In standing hip abduction exercise, different

angles of hip abduction significantly showed different
muscle activity. GMed muscle activities exhibited the
highest EMG at standing hip abduction exercise at 30°
and 0° in the transverse plane of the swing limb and
stance limb, respectively.

Acknowledgement
The authors wish to thank all participants in

this study.

Potential conflicts of interest
None.

References
1. Cichanowski HR, Schmitt JS, Johnson RJ, Niemuth

PE. Hip strength in collegiate female athletes with
patellofemoral pain. Med Sci Sports Exerc 2007;
39: 1227-32.



S46                                                                                                                  J Med Assoc Thai Vol. 98 Suppl. 5  2015

2. Hewett TE, Myer GD, Ford KR, Heidt RS Jr,
Colosimo AJ, McLean SG, et al. Biomechanical
measures of neuromuscular control and valgus
loading of the knee predict anterior cruciate
ligament injury risk in female athletes: a prospective
study. Am J Sports Med 2005; 33: 492-501.

3. Chang A, Hayes K, Dunlop D, Song J, Hurwitz D,
Cahue S, et al. Hip abduction moment and
protection against medial tibiofemoral
osteoarthritis progression. Arthritis Rheum 2005;
52: 3515-9.

4. Valente G, Taddei F, Jonkers I. Influence of weak
hip abductor muscles on joint contact forces
during normal walking: probabilistic modeling
analysis. J Biomech 2013; 46: 2186-93.

5. Thorp LE, Wimmer MA, Foucher KC, Sumner DR,
Shakoor N, Block JA. The biomechanical effects
of focused muscle training on medial knee loads in
OA of the knee: a pilot, proof of concept study. J
Musculoskelet Neuronal Interact 2010; 10: 166-73.

6. Distefano LJ, Blackburn JT, Marshall SW, Padua
DA. Gluteal muscle activation during common
therapeutic exercises. J Orthop Sports Phys Ther
2009; 39: 532-40.

7. Bolgla LA, Uhl TL. Electromyographic analysis of
hip rehabilitation exercises in a group of healthy
subjects. J Orthop Sports Phys Ther 2005; 35: 487-
94.

8. Ekstrom RA, Donatelli RA, Carp KC.
Electromyographic analysis of core trunk, hip, and
thigh muscles during 9 rehabilitation exercises. J
Orthop Sports Phys Ther 2007; 37: 754-62.

9. Mercer VS, Gross MT, Sharma S, Weeks E.
Comparison of gluteus medius muscle
electromyographic activity during forward and
lateral step-up exercises in older adults. Phys Ther
2009; 89: 1205-14.

10. McBeth JM, Earl-Boehm JE, Cobb SC, Huddleston
WE. Hip muscle activity during 3 side-lying hip-
strengthening exercises in distance runners. J Athl
Train 2012; 47: 15-23.

11. Cynn HS, Oh JS, Kwon OY, Yi CH. Effects of lumbar
stabilization using a pressure biofeedback unit on

muscle activity and lateral pelvic tilt during hip
abduction in sidelying. Arch Phys Med Rehabil
2006; 87: 1454-8.

12. Boren K, Conrey C, Le Coguic J, Paprocki L, Voight
M, Robinson TK. Electromyographic analysis of
gluteus medius and gluteus maximus during
rehabilitation exercises. Int J Sports Phys Ther
2011; 6: 206-23.

13. Recommendations for sensor locations on
individual muscles [Internet]. n.d. [cited 2014
Sep 1]. Available from: http://seniam.org/sensor_
location.htm

14. Lee JH, Cynn HS, Choi SA, Yoon TL, Jeong HJ.
Effects of different hip rotations on gluteus medius
and tensor fasciae latae muscle activity during
isometric side-lying hip abduction. J Sport Rehabil
2013; 22: 301-7.

15. Anderson FC, Pandy MG. Individual muscle
contributions to support in normal walking. Gait
Posture 2003; 17: 159-69.

16. Flack NA, Nicholson HD, Woodley SJ. A review of
the anatomy of the hip abductor muscles, gluteus
medius, gluteus minimus, and tensor fascia lata.
Clin Anat 2012; 25: 697-708.

17. Duparc F, Thomine JM, Dujardin F, Durand C,
Lukaziewicz M, Muller JM, et al. Anatomic basis
of the transgluteal approach to the hip-joint by
anterior hemimyotomy of the gluteus medius. Surg
Radiol Anat 1997; 19: 61-7.

18. Gans C. Fiber architecture and muscle function.
Exerc Sport Sci Rev 1982; 10: 160-207.

19. Ayotte NW, Stetts DM, Keenan G, Greenway EH.
Electromyographical analysis of selected lower
extremity muscles during 5 unilateral weight-
bearing exercises. J Orthop Sports Phys Ther 2007;
37: 48-55.

20. Neumann DA, Cook TM. Effect of load and
carrying position on the electromyographic activity
of the gluteus medius muscle during walking. Phys
Ther 1985; 65: 305-11.

21. Neumann DA, Cook TM, Sholty RL, Sobush DC.
An electromyographic analysis of hip abductor
muscle activity when subjects are carrying loads
in one or both hands. Phys Ther 1992; 72: 207-17.



J Med Assoc Thai Vol. 98 Suppl. 5  2015                                                                                                                  S47

   ⌫

     ⌫    

    ⌫
⌫ ⌫⌫   ⌦    
⌫⌫  ⌫  
⌫ ° ° ° ° ° °  ° ⌦⌫⌫  
  
⌦ ⌦⌫   ⌫⌫
⌫ ⌫⌫⌫⌫ ° 
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