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Context: Contralateral muscular imbalances have been sug-
gested to increase the risk of lower extremity injury. Previous
groups have assessed strength of the quadriceps and ham-
string muscle groups; however, no previous authors have com-
pared bilateral hip-abductor muscular performance.

Objective: To examine the strength and fatigability of the hip
abductors in the dominant and nondominant legs.

Design: Single-group, repeated-measures design.
Setting: Musculoskeletal laboratory.
Patients or Other Participants: Forty-two healthy subjects

(23 males, 19 females; age 5 24.3 6 2.7 years, height 5 173.4
6 9.8 cm, mass 5 73.7 6 11.6 kg).

Intervention(s): Subjects performed three 5-second maximal
voluntary isometric contraction (MVIC) trials of the hip abduc-
tors with the dominant and nondominant legs. Following the
maximal strength trials, subjects performed a submaximal (50%
of MVIC) 30-second fatigue trial with each leg.

Main Outcome Measure(s): Peak torque (PT) was recorded
from each MVIC trial. Surface electromyography was used to

record muscle activity during the fatigue trials. Power spectral
analysis was used to determine the median frequency of each
0.512-second portion of the fatigue trials. Median frequencies
were plotted against time, and linear regression was used to
determine the median frequency slope (MFslope). Data were an-
alyzed using 2-tailed, paired t tests.

Results: Hip-abduction PT of the dominant leg (81.0 6 23.7
Nm) was significantly larger than that of the nondominant leg
(76.1 6 9.9 Nm, P 5 0.02). There was no difference in MFslope

between the dominant (20.37 6 0.29) and nondominant limbs
(20.35 6 0.34, P 5 0.84). The PT and MFslope were not signif-
icantly correlated (r 5 20.07, P 5 0.53).

Conclusions: Hip-abduction strength differences exist be-
tween the dominant and nondominant legs. Measures of
strength and fatigability were poorly related; therefore, clinicians
may opt to assess hip strength and fatigability independent of
each another.
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median frequency

INTRODUCTION

Limb dominance has been defined as one limb demon-
strating increased dynamic control as a result of an im-
balance in muscular strength and recruitment patterns.1–3

Both limbs can be negatively affected by this asymmetry. De-
pendence on the dominant limb can increase stress on the
joints of that extremity. Overreliance on the dominant limb
can also result in weakness in the contralateral limb, which
can decrease the nondominant extremity’s ability to absorb
large forces associated with athletic activities.2

The concept of limb dominance in the upper extremity has
long been accepted, yet researchers and clinicians often treat
the 2 lower extremities as equal. Authors1–6 have addressed
the idea of leg dominance as it relates to both strength and
function. Several groups4,7 have reported no significant side-
to-side differences in isokinetic strength of the flexors and ex-
tensors of the hip and knee. Conversely, epidemiologic studies
have shown not only that strength imbalances exist but that
they may result in increased injury rates for athletes with side-
to-side strength differentials greater than 10%.3,8

Leg dominance differences at the hip and knee have been

revealed during functional tasks, such as landing from a
jump.1,9 The differences have been observed in both the fron-
tal1 and transverse planes.9 Frontal-plane movement is of in-
terest because of the potential for knee ligament injury from
increased valgus motion. Dominance-related strength differ-
entials of the hip abductors may be partly responsible for the
reported functional differences.

Hip-abductor endurance also plays a role in valgus knee
movement. Eggen et al10 reported that valgus movement of
the knee increased after fatigue of the hip abductors. Hip-ab-
ductor strength and endurance have yet to be determined in
relation to leg dominance. Therefore, our purpose was to ex-
amine the strength and fatigability of the hip abductors in the
dominant and nondominant legs.

METHODS

Design and Setting

We used a repeated-measures design for this laboratory-
based protocol. All testing procedures were approved by the
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Figure 1. Subject position during testing.

institutional review board, and all subjects provided informed
consent. Testing was performed at the University of Kentucky
Musculoskeletal Laboratory. Before testing, the dominant leg
was determined to be the leg used to kick a soccer ball.6 Test-
ing consisted of 2 components for each limb: maximal vol-
untary isometric contraction (MVIC) trials and a fatigue trial.
Leg order was counterbalanced for testing, and subjects were
given at least 4 days between tests. The independent variables
were the strength test, fatigue test, and test leg (dominant and
nondominant). The dependent variables were peak torque (PT)
and the slope of the electromyographic median frequency.

Subjects

Forty-two subjects (23 males, 19 females; age 5 24.3 6
2.7 years, height 5 173.4 6 9.8 cm, mass 5 73.7 6 11.6 kg)
volunteered to participate in the study.

Instruments

Strength was quantified by measuring PT with the Primus
dynamometer (Baltimore Therapeutic Equipment, Baltimore,
MD). The dynamometer was also used to quantify force pro-
duction during the isometric fatigue protocol of the hip ab-
ductors. The dynamometer was calibrated weekly during test-
ing.

Electromyographic (EMG) data were collected during the
hip-abductor fatigue test. Before testing, the skin was shaved,
abraded, and cleaned with an alcohol preparation pad. Bipolar,
5-mm diameter, Ag-AgCl surface electrodes (Ambu Inc, Lin-
thicum, MD) were placed over the gluteus medius muscle. The
edges of the surface electrodes were trimmed to reduce the
interelectrode distance to 2.0 cm. The distance between the
iliac crest and the greater trochanter was measured, and elec-
trodes were placed at one third of this distance distal to the
iliac crest.11 Electrodes were positioned parallel to the direc-
tion of the muscle fibers, and a ground electrode was placed
over the clavicle.

A 16-channel EMG system (Run Technologies, Mission
Viejo, CA) recorded all muscle activity during testing. Sub-
jects wore a battery-operated amplifier (Run Technologies)
that collected muscle activity from the surface electrodes. A
Myopac transmitter belt unit (Run Technologies) transmitted
raw EMG signal at 2000 Hz via a fiberoptic cable to its re-
ceiver unit. The unit specifications include an amplifier gain
of 2000 and a common mode rejection ratio of 90 dB. After
reaching the receiver unit, the signal was processed through a
16-bit A/D board into a personal computer. The EMG raw data
from the fatigue trials were stored and later analyzed using
Datapac Software (Run Technologies).

Procedures

Subjects completed three 5-second MVICs of the gluteus
medius muscle. Rest intervals of 30 seconds were given be-
tween trials. Subjects were positioned lying on their side for
testing. The dynamometer’s axis of rotation was aligned with
a point on the subject representing the intersection of 2 straight
lines. One line was directed inferiorly from the anterior su-
perior iliac spine toward the patella, and the other line was
medially directed from the greater trochanter of the femur to-
ward the midline of the body. The lever arm of the dynamom-
eter was set so that the resistance pad was located just prox-

imal to the lateral femoral epicondyle. The hip was placed in
a position that was neutrally aligned in all 3 planes (Figure 1).
Subjects were instructed to push out into the resistance pad as
hard as possible during each 5-second MVIC trial. They were
also instructed to keep their toes pointed forward and not to
bend their knees to help prevent alterations in muscle recruit-
ment and compensation during testing. The PT measurements,
recorded in Newton-meters, were obtained from each MVIC
trial, with the overall largest value from the 3 trials repre-
senting each subject’s PT. We determined a priori that if the
coefficient of variation was greater than 10%, the subject’s
data would not be used for analysis; all subjects had a coef-
ficient of variation less than this value. Also, we have dem-
onstrated excellent intrasession reliability (intraclass correla-
tion coefficient [2, 1] 5 0.99) when measuring PT using this
method.

Two minutes after the completion of the MVICs, subjects
performed a hip fatigue trial. They were again tested lying on
their side, with the hip in a position of neutral alignment. Par-
ticipants were required to maintain a submaximal (50%
MVIC) contraction for the 30-second fatigue trial. This value
was chosen because of previous reports that EMG markers of
fatigue increased with force up to 60% MVIC,12 with no ben-
efit resulting from testing above this level. Before the fatigue
trial, subjects were given a 5- to 10-second practice trial to
familiarize themselves with the procedures of the fatigue trial
and to experience the effort required to achieve the target load.
Approximately 30 seconds’ rest was given between the prac-
tice and test trials. Visual and verbal feedback was provided
to help ensure consistent effort. During both the practice and
fatigue trials, subjects could view an image representing their
force production on a line graph on the monitor located di-
rectly in their line of sight. A dotted horizontal line represented
the target load, and as the trial proceeded, a red line tracked
across the screen in real time, giving the subject a clear visual
representation of force production.

The EMG data from the isometric fatigue trials were ar-
ranged in 0.512-second time epochs and transformed using fast
Fourier transformation (Figure 2). The signal was also treated
by using the data demeaning and Hanning window functions
available with the Datapac system. The median frequency
(MF) values for each 0.512-second epoch were used to quan-
tify the resulting power spectrum. The MF of the initial epoch
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Figure 2. Representative sample power spectrum of one 0.512-sec-
ond window of the gluteus medius muscle at the start of the fatigue
trial (gray trace: median frequency [MF] 5 177 Hz) and at the end
of the fatigue trial (black trace: MF 5 67 Hz).

Figure 3. Median frequency of the gluteus medius plotted as a
function of time for one subject. Linear regression slopes were
calculated for each subject’s dominant and nondominant hips.

was recorded, and the MF data were then plotted against time
using Microsoft Excel (version 2003; Microsoft Corp, Red-
mond, WA).5 The resulting slope (MFslope) was calculated and
recorded for each subject’s dominant and nondominant legs
(Figure 3). The premise of this technique is that slow-twitch
muscle fibers have low-frequency signals, whereas fast-twitch
fibers have higher-frequency signals. During fatiguing efforts,
a shift occurs from higher- to lower-frequency motor units as
fast-twitch fibers become fatigued and more emphasis is
placed on slow-twitch fibers.13,14 The MFslope values are gen-
erally negative, representing this shift. If a muscle demon-
strates a steeper negative MFslope, it is fatiguing at a faster
rate.

Statistical Analysis

We performed 2-tailed, paired t tests to assess potential dif-
ferences in PT and MFslope between the dominant and non-
dominant hip abductors. Also, a Pearson product moment cor-
relation was performed to evaluate the relationship between
the measures of strength and fatigability. An a level of P #
0.05 was considered significant for all analyses.

RESULTS

Significant differences in PT were noted between the dom-
inant and nondominant hip abductors (P 5 0.02, effect size
5 0.22). Mean PT values were 81.0 6 23.7 Nm for the dom-
inant hip and 76.1 6 19.9 Nm for the nondominant hip. The
mean coefficient of variation during strength testing was
3.45%. Regardless of leg dominance, the average within-sub-
ject bilateral strength differential was 11.6 6 8.31%. The av-
erage MF of the initial 0.512-second epoch was 146.18 6
24.19 Hz. No dominance-related differences in fatigability
were present between limbs (P 5 0.84, observed power 5
0.17). Mean MFslope for the dominant hip was 20.37 6 0.29,
whereas the nondominant hip had a mean MFslope of 20.35
6 0.34. The correlation between PT and MFslope (r 5 20.07)
was not significant (P 5 0.53).

DISCUSSION

Our purpose was to evaluate the strength and fatigability of
the hip abductors of the dominant and nondominant legs. The
hip abductors of the dominant limb were stronger than those
of the nondominant limb. However, statistical significance may
have been a result of the large sample size, and the small effect
size of 0.22 indicates that although the differences were sta-
tistically significant, they may not be clinically meaningful.
This being said, it is still of interest that regardless of leg
dominance, the average side-to-side strength differential was
approximately 11%. Clinically, this may be of more impor-
tance, as it indicates that imbalances in hip-abductor strength
are prevalent and may not be strictly related to limb domi-
nance. Athletes are commonly allowed to return to full partic-
ipation with a remaining strength deficit of 15%.15 However,
side-to-side strength imbalances in the range of 10% to 15%
in other muscle groups have been associated with increased
injury rates. Knapik et al3 reported increased lower extremity
injury rates in female athletes demonstrating 15% strength def-
icits of either the left quadriceps or hamstring muscles. Bur-
kett8 reported that a 10% side-to-side strength differential in
the hamstrings was associated with an increased incidence of
hamstring strains.

Few researchers have addressed the relationship between
side-to-side hip-abductor strength imbalances and lower ex-
tremity injury. Fredericson et al16 reported that distance run-
ners with iliotibial band syndrome demonstrated hip-abduction
side-to-side imbalances of approximately 20%. Of the 42
healthy subjects we tested, 12 had side-to-side imbalances
greater than 15%, and 6 had imbalances greater than 20%. The
fact that our subjects were asymptomatic does not contradict
the conclusions of Fredericson et al16 but merely highlights
differences in activity level between the sample populations.
Obtaining strength imbalance information such as this may
assist athletic trainers in implementing preventive strengthen-
ing programs.

Our results indicated no difference between dominant and
nondominant hip-abductor fatigability. Changes in MF have
been widely used to quantify fatigability in research address-
ing the paraspinal muscle group, but to our knowledge, they
have not been evaluated in the gluteus medius muscle. Be-
cause of the large variability of the current results and the lack
of comparable previous literature, we must question the valid-
ity and reliability of this measure of fatigability in the gluteus
medius muscle. Future research evaluating the validity and re-
liability of MFslope is necessary.
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Despite the questionable validity of MFslope, it is of interest
that the measures of strength and fatigability employed in the
current investigation were poorly correlated. The lack of a sig-
nificant relationship between PT and MFslope may reinforce
the idea that we, as clinicians, must evaluate strength and fa-
tigability independently.

The average MF of the initial epoch when we tested the
gluteus medius (146.2 6 24.2 Hz) was much higher than pre-
viously reported values associated with the paraspinals (53.2
Hz).17 As MF has been previously used to describe fiber type
composition,18 we surmise that the gluteus medius muscle has
a larger proportion of fast-twitch fibers than the primarily tonic
paraspinals. Also, the initial MF values reported in this inves-
tigation are more similar to those reported for the tibialis an-
terior muscle (116 6 20 Hz),19 which contracts more dynam-
ically during normal gait, similar to the gluteus medius muscle.

CONCLUSIONS

Side-to-side strength imbalances exist between the hip ab-
ductors of asymptomatic healthy individuals. Hip-abductor im-
balances have been previously reported in injured athletes. To
reduce the potential risk of injury, lower extremity strength
imbalances should be identified and corrected. The role of the
hip abductors should not be overlooked, and lower extremity
strengthening programs should include exercises targeting
these muscles. Future investigations are needed to evaluate the
relationship between hip-abductor strength and fatigability and
the incidence of noncontact injuries to the lower extremity.
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