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Relative electromyographic activity in trunk, hip, and knee muscles during
unilateral weight bearing exercises: Implications for rehabilitation
Lori A. Bolgla, PT, PhD, MAcc, ATCa, Mario F. Cruz, PT, DPT, SCS, ATCb, Lauren Hayes Roberts, PT, DPTa,
Angela Minning Buice, PT, DPTa, and Tori Smith Pou, PT, DPTa

aDepartment of Physical Therapy, Georgia Regents University, Augusta, GA, USA; bCRMC Sports Medicine at Tennessee Technological
University, Cookeville, TN, USA

ABSTRACT
Background: Clinicians routinely prescribe unilateral weight bearing exercises to strengthen the
lower extremity. Researchers have primarily examined thigh muscle activation with minimal
attention to the hip and trunk muscles. The purpose of this study was to quantify trunk, hip,
and thigh muscle activation during these types of exercises. Methods: Electromyographic (EMG)
activity was collected for the abdominal obliques (AO), lumbar extensors (LE), gluteus maximus
(GMX), gluteus medius (GM), and vastus medialis (VM) as subjects performed four unilateral
weight bearing exercises. Data were expressed as 100% of a maximum voluntary isometric
contraction (% MVIC). Separate analyses of variance with repeated measures were used to identify
muscle activity differences across exercise. The sequentially-rejective Bonferroni test was used for
all post-hoc analyses. Results: EMG activity for the AO, LE, and GMX was low (5.7–18.9% MVIC)
during all the exercises. The GM activity was moderate (21.4–26.5% MVIC) while VM activity was
high (40.0–45.2% MVIC). Conclusion: Lower AO and LE activation most likely resulted from
subjects maintaining a vertical trunk position over the stance limb during each exercise. The
fact that the exercises required greater frontal plane control (from balancing on a single limb)
most likely accounted for lower GMX activity. The exercises would provide little, if any, benefit for
individuals with AO, LE, or GMX weakness. The unilateral weight bearing exercises would be
beneficial for GM neuromuscular re-education and endurance and VM strengthening.
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Introduction

Recently, much attention has been focused on the influ-
ence of trunk and hip function on the prevention of and
rehabilitation following knee injuries such as: iliotibial
band syndrome (Ferber, Noehren, Hamill, and Davis,
2010; Fredericson and Weir, 2006; Noehren, Davis, and
Hamill, 2007); patellofemoral pain (Earl and Hoch, 2011;
Fukuda et al, 2012; Khayambashi et al, 2014); and ante-
rior cruciate ligament tear (Pfile et al, 2013; Zazulak et al,
2007). Researchers (Fredericson et al, 2000; Hewett,
Lindenfeld, Riccobene, and Noyes, 1999; Powers, 2010)
believe that the combination of excessive hip internal
rotation, hip adduction, and knee abduction (i.e., valgus
stress) represents faulty movement patterns contributing
to these injuries. Powers (2010) has theorized that
altered movement patterns may reflect gluteus maximus
(GMX) and gluteus medius (GM) weakness, and data
support hip weakness in individuals with knee injuries
(Niemuth, Johnson, Myers, and Thieman, 2005;
Noehren et al, 2014; Prins and van der Wurff, 2009).

Poor trunk control also may cause altered lower extre-
mity kinematics (Ireland, 1999; Powers, 2010). Zazulak,
Cholewicki, and Reeves (2008) have described the effect
that poor trunk control may have on lower extremity
function. They believe that altered trunk control will result
in the transmission of greater forces and translations to
distal joints. Therefore, aberrant trunk movement can
potentially lead to excessive knee joint loading that may
contribute to injury. Zazulak et al (2007) measured trunk
neuromuscular control in 277 athletes and prospectively
followed them throughout their competitive season. They
found that athletes who sustained a knee injury demon-
strated less trunk neuromuscular control than those who
remained injury free. These findings highlighted the
importance of trunk control on lower extremity function.

Unilateral weight bearing exercises (e.g., front step-
down, lateral step-down, mini-squat) are commonly
prescribed for rehabilitation purposes because they
require activation of several trunk and lower extremity
muscles needed to perform many activities of daily
living (Ekstrom, Donatelli, and Carp, 2007; Krause
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et al, 2009). Unilateral contraction of the lumbar exten-
sors (LE) and abdominal obliques (AOs) causes lateral
trunk flexion and is important for maintaining frontal
plane truck stability (Neumann, 2010). The GM can
prevent excessive contralateral pelvic drop (e.g., ipsilat-
eral hip adduction) and the GMX can control hip
internal rotation. Together, optimal trunk and hip acti-
vation likely minimize knee valgus loading during
dynamic activities (Powers, 2010; Zazulak, Cholewicki,
and Reeves, 2008). Finally, quadriceps muscle strength
is a key component for the return to work and sports
activities (Natri, Kannus, and Jarvinen, 1998; Wilk et al,
2012).

For the past 10 years, researchers have focused their
efforts toward quantifying GMX and GM (Boren et al,
2011; Distefano, Blackburn, Marshall, and Padua, 2009)
as well as GMX, GM, and quadriceps (Ayotte, Stetts,
Keenan, and Greenway, 2007; Boudreau et al, 2009)
activity during various unilateral weight bearing exer-
cises. Only Ekstrom, Donatelli, and Carp (2007) and
Bouillon et al (2012) have simultaneously examined
trunk, hip, and knee EMG activity during these types
of exercises. Understanding the interrelationship
between trunk, hip, and knee muscle activation during
unilateral weight bearing exercises may enhance clinical
decision-making for exercise prescription.

The reported EMG activity during unilateral weight
bearing exercises has differed between studies (Reiman,
Bolgla, and Loudon, 2012). EMG values generally have
been higher in investigations that reported peak EMG
amplitudes (Boren et al, 2011; Ekstrom, Donatelli, and
Carp, 2007) or only concentric phase EMG activity
(Ayotte, Stetts, Keenan, and Greenway, 2007;
Boudreau et al, 2009). It is noteworthy that individuals
typically perform a given set of repetitions, with each
repetition requiring concentric and eccentric muscle
activation, for rehabilitation purposes. Therefore, ana-
lyzing the average EMG activity during a given repeti-
tion may better represent the muscle activity generated
during the exercise.

The purpose of this investigation was to quantify the
average trunk, hip, and knee EMG activity during four
unilateral weight bearing exercises commonly pre-
scribed for rehabilitation purposes. We hypothesized
that subjects would exhibit similar activation ampli-
tudes among muscles during each of the unilateral
weight bearing exercises.

Methods

This study used a single-occasion, repeated measures
design. The independent variable was the unilateral
lower extremity weight bearing exercise. The dependent

measure was each muscle’s EMG amplitude, expressed
as a percent of the maximum voluntary isometric con-
traction (% MVIC), during each exercise.

Subjects

A sample of convenience was recruited from a local
university setting. Subjects were recreationally-active
(i.e., exercised at least 30 minutes three times a week)
and participated if they met the following inclusion
criteria: (1) no history of surgery for the spine or
lower extremities; (2) ability to stand on each lower
extremity (e.g., perform a single leg stance on each
lower extremity) at least 30 seconds while keeping
their eyes open; and (3) demonstrate normal lower
extremity range of motion and strength with manual
muscle testing. Exclusion criteria included the follow-
ing: (1) inability to stand on a single lower extremity
less than 30 seconds while keeping their eyes open; (2)
history of disease affecting the spine and lower extre-
mities such as diabetes, peripheral neuropathy, arthritis,
or fibromyalgia; (3) history of significant spine or lower
extremity injury in the previous year; or (4) history of
allergic reaction to adhesive tape. The investigators
explained the benefits and risks of this study to all
participants who then signed an informed consent
document approved by the Georgia Regents
University Human Assurance Committee.

Procedures

After obtaining informed consent, subjects participated
in a warm-up session. They rode a stationary bike for 3
minutes at a sub-maximal speed and performed gentle
stretching to the trunk extensor, trunk rotator, ham-
strings, quadriceps, and calf muscles. Stretching con-
sisted of three repetitions of each stretch with a 15-
second hold. Then, an investigator instructed subjects
in four standardized unilateral lower extremity weight
bearing exercises (Table 1). The exercises were standar-
dized in the following manner. First, each incorporated
a 15-cm excursion because this height is a standard step
height for stair ambulation (Ayotte, Stetts, Keenan, and
Greenway, 2007). For this purpose, we used a hand-
made pole to measure a 15-cm excursion during the
unilateral wall squat (Figure 1) and mini-squat
(Figure 2) exercises. Subjects stood on a 15-cm high
step to perform the lateral step down (Figure 3) and the
front step down (Figure 4) exercises. Second, subjects
maintained a neutral, vertical trunk position via verbal
feedback from an investigator and visual feedback from
a mirror (Table 1). A neutral, vertical trunk position
was important as excessive lateral trunk lean over the
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stance limb can lower the demands of the hip and
trunk muscles (Bolgla and Uhl, 2005). Finally, subjects
performed each exercise using the dominant limb,
defined as the leg with which the subject naturally
kicks a ball (Bolgla and Keskula, 1997).

The subject’s skin was prepared for the surface EMG
electrodes by shaving (if needed) and cleaning the skin
with isopropyl alcohol over the following muscles: (1)
abdominal oblique (AO); (2) lumbar extensors (LE); (3)
gluteus maximus (GMX); (4) gluteus medius (GM); and
(5) vastus medialis (VM). Bi-polar Ag-AgCl surface
electrodes (Medicotest, Rolling Meadows, IL), measur-
ing 5 mm in diameter with an interelectrode distance of
approximately 20 mm, were placed in parallel align-
ment over the muscle belly of each muscle (Table 2). A
ground electrode was placed on the ulnar styloid pro-
cess on the same side of the instrumented leg.
Electrodes were then secured with tape to minimize
slippage during testing. Placement was confirmed by
observing the electrical signal on an oscilloscope during

Table 1. Description of the unilateral weight bearing exercises.
Exercise Description

Unilateral wall
squat

Subjects stood with their backs against a wall, the knee
of the stance (dominant) limb extended, and the heel
of the dominant limb a 30-cm distance away from the
wall. They positioned the other leg (non-dominant leg)
in front of them with the knee fully extended and the
hip flexed so that the heel of this leg did not touch the
floor. During this exercise, subjects lowered themselves
15 cm (by sliding their back down the wall while
bending the knee of the stance leg) and returned to the
start position.

Unilateral mini-
squat

Subjects stood solely on the stance (dominant) limb
while bending the knee of the non-stance limb enough
to keep the non-stance foot off the floor. While keeping
the trunk vertical, they bent the knee of the stance limb
to lower the trunk 15 cm and returned to the start
position.

Lateral step-
down

Subjects stood solely on the stance (dominant) limb on
the edge of a 6-inch step. They positioned the non-
stance limb with the knee extended, foot dorsiflexed,
and the hip in a neutral position. The foot of the non-
stance limb did not contact the step. While keeping the
trunk vertical, subjects bent the knee of the stance limb
until the heel of the non-stance limb touched the
ground and returned to the start position (a 15-cm
excursion).

Front step-
down

Subjects stood solely on the stance (dominant) limb on
the edge of a 6-inch step facing away from the step.
They positioned the non-stance limb with the knee
extended, foot dorsiflexed, and the hip in a slightly
flexed position. The foot of the non-stance limb did not
contact the step. While keeping the trunk vertical,
subjects bent the knee of the stance limb until the heel
of the non-stance limb touched the ground and
returned to the start position (a 15-cm excursion).

Note: A piece of cloth tape was placed on a full length mirror to bisect it
into equal left and right sides. Before beginning each exercise, subjects
assumed the start position in front of the mirror. The mirror was posi-
tioned so that the midline of the subject’s body was aligned with the
cloth tape. Subjects were instructed to complete each exercise keeping
the midline of the body in line with the cloth tape to maintain a vertical
trunk position.

Figure 1. Unilateral wall squat.

Figure 2. Unilateral mini-squat.
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common manual muscle testing techniques (Kendall
et al, 2005). A 3-second standing “rest” file was taken
to exclude ambient noise.

The subjects performed 2 MVICs (Table 3) for each
muscle to enable normalization of the raw EMG data.
Subjects generated the MVIC for each muscle in accor-
dance with the “make” test (Bohannon, 1997) to the
beat of a Matrix MR500 quartz metronome. They gen-
erated force over a 2-second period and held the max-
imum force for an additional 5-second period. Subjects
were allowed 1 practice trail (Mohr et al, 2003) and
performed 2 test trials. They received strong verbal
encouragement (Campenella, Mattacola, and Kimura,
2000) during each test trial and rested 30 seconds
between each MVIC. A computer algorithm deter-
mined the maximum root-mean-square (RMS) ampli-
tude recorded across a moving 500-millisecond average
window across the MVICs (Bamman, Ingram, Caruso,
and Greenisen, 1997). The window having the greatest
amplitude was used to express all data as a % MVIC for
statistical analysis.

Pilot testing was performed to determinemeasurement
reliability for the MVIC procedures. For this purpose,
MVIC data were collected prior to and immediately fol-
lowing exercise. This assessment was conducted to deter-
mine the consistency of the MVIC procedures and ensure
that subjects did not experience fatigue during exercise.
Intraclass correlation coefficients (ICC 3,1) for the muscles
ranged from 0.80 to 0.97, which suggested good-to-excel-
lent reliability (Portney and Watkins, 2009).

Next, subjects performed 15 repetitions of each
exercise to the beat of a Matrix MR500 quartz

Figure 3. Lateral step-down.

Figure 4. Front step-down.

Table 2. Summary of electromyographic surface electrode
placement.
Muscle Position

Abdominal
oblique

½ the distance between iliac crest and the inferior
border of the rib cage in line with the anterior superior
iliac spine

Lumbar
extensors

3 cm lateral to the spinous process of the third lumbar
spinous process

Gluteus
maximus

1/3rd the distance from the 2nd sacral vertebra to the
greater trochanter

Gluteus
medius

1/3rd the distance from the iliac crest to the greater
trochanter

Vastus
medialis

5.2 cm from the superior medial side of the patella along
a line medially oriented at a 50° angle with respect to
the anterior superior iliac spine

Source: Cowan, Bennell, and Hodges (2000); Criswell (2011); Rainoldi,
Melchiorri, and Caruso (2004).
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metronome set at 40 beats per minute (Ayotte, Stetts,
Keenan, and Greenway, 2007) while the investigators
collected the EMG data. Specifically, subjects per-
formed each repetition by lowering themselves down
during the first beat, returning to the start position
on the second beat, and resting on the third beat. All
subjects were provided practice prior to data collec-
tion to ensure that they performed each exercise in
the proper sequence. The investigators used an exter-
nal trigger switch to delineate between each repetition
and between each exercise. The order of testing was
randomly determined to reduce ordering effects.
Subjects rested 3 minutes between each exercise to
minimize fatigue. Upon completion of testing, sub-
jects were instructed to refrain from any physical
activity, other than normal walking, for a 24-hour
period to minimize the potential for muscle and
joint soreness.

EMG analysis

An 8-channel EMG system (Run Technologies, Mission
Viejo, CA) recorded all muscle activity. Subjects wore a
Myopac-Jr transmitter belt unit (Run Technologies) that
transmitted raw EMG data at 2000 Hz via a fiber optic
cable to its receiver unit. Unit specifications included a

common mode rejection ratio exceeding 90 dB, amplifier
gain of 2000, and input impedance exceeding 1 MΩ. Raw
EMG data were band pass filtered between 20 and 500 Hz
using Datapac software (Run Technologies), stored on a
personal computer, and analyzed using the Datapac soft-
ware. For each exercise, we determined the RMS ampli-
tude for each repetition. Data were then expressed as a %
MVIC. The last 10 repetitions during each exercise were
averaged and used for statistical analysis.

Statistical analysis

Separate analyses of variance with repeated measures
were used to determine differences in muscle amplitudes
across exercise. Statistical analysis was performed using
IBM SPSS Version 21.0 (IBM SPSS, Inc., Armonk, NY).
The level of significance of established at the 0.05 level.
The sequentially-rejective Bonferroni test was used to
adjust the significance level for multiple comparisons to
protect against a potential Type I error (Holm, 1979).

Results

Eighteen males (mean age 24.3 ± 3.4 y, mass 81.2 ±
9.7 kg, and height 1.8 ± 0.1 m) and 16 females (mean
age 24.0 ± 1.5 y, mass 59.9 ± 8.8 kg, and height 1.65
± 0.1 m) volunteered for this study. EMG activity for
the AO ranged from 5.7 to 7.4% MVIC. A main
effect existed (p = 0.01) with post-hoc analysis show-
ing that subjects generated significantly greater AO
EMG activity during the mini-squat and front step-
down (p < 0.01). EMG activity for the LE ranged
from 6.1 to 7.4% MVIC. No main effect existed (p
= 0.08), suggesting that subjects generated similar LE
EMG activity during each exercise. EMG activity for
the GMX ranged from 10.3 to 18.9% MVIC. A main
effect existed (p < 0.001) with post-hoc analysis
showing that subjects generated significantly greater
GMX EMG activity during the wall squat (p < 0.001).
EMG activity for the GM ranged from 21.4 to 26.5%
MVIC. A main effect existed (p = 0.001) with post-
hoc analysis showing that subjects generated signifi-
cantly greater GM EMG activity during the wall
squat than the lateral step-down (p = 0.001) and
front step-down (p = 0.005). EMG activity for the
VM ranged from 40.0 to 45.0% MVIC. A main effect
existed (p = 0.04) with post-hoc analysis showing that
subjects generated significantly greater VM EMG
activity during the front step-down (p < 0.001) and
mini-squat (p = 0.008) than the lateral step-down.
Table 4 summarizes all EMG data.

Table 3. Description of the positions used to collect electro-
myographic activity during a maximum voluntary isometric
contraction.
Muscle Position

Abdominal
oblique

Subjects were positioned in supine with the hips and
knees flexed to 90° and the feet manually fixed to the
table by an investigator. To assess the right abdominal
obliques, the subject flexed and rotated the trunk to the
left while keeping the left shoulder on the table.
Resistance to this movement was applied to the anterior
aspect of the right shoulder. The opposite movement
was resisted when assessing the left abdominal obliques.

Lumbar
extensors

Subjects were positioned in prone on the plinth with
trunk fully extended and hands clasped behind the
head. Stabilization straps were applied to posterior
aspect of the hips and legs. Resistance to this movement
was applied to the scapulae. Resistance at the shoulders
in the direction of trunk flexion.

Gluteus
maximus

Subjects were positioned in with the knee of the test
extremity flexed to 90°. A stabilization strap was applied
to the distal aspect of the thigh. Resistance to this
movement was applied to the distal thigh.

Gluteus
medius

Subjects were positioned in the sidelying with the test
extremity on top of the other. A stabilization strap was
applied just proximal to lateral femoral epicondyle.
Resistance to this movement was applied to the distal
thigh.

Vastus
medialis

Subjects were positioned in short sitting with the hips
flexed to 90° and the test knee flexed to 60°. A
stabilization strap was applied to the distal tibia.
Resistance to this movement was applied to the distal
tibia.

Source: Bolgla, Malone, Umberger, and Uhl (2010); Souza, Baker, and
Powers (2001).
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Discussion

The purpose of this study was to determine the relative
activation of trunk, hip, and knee muscles during unilat-
eral weight bearing exercises commonly used for rehabi-
litation. Researchers have used EMG to determine the
relative muscle activation, expressed as a % MVIC, gen-
erated during exercise (Ayotte, Stetts, Keenan, and
Greenway 2007; Bolgla and Uhl, 2005; Boren et al, 2011;
Boudreau et al, 2009; Distefano, Blackburn, Marshall, and
Padua, 2009; Dwyer et al, 2010; Ekstrom, Donatelli, and
Carp, 2007). Reiman, Bolgla, and Loudon (2012) have
interpreted the relative amount of EMG activity generated
as follows: low (0–20% MVIC); moderate (21–40%
MVIC); high (41–60% MVIC); and very high (greater
than 60% MVIC). Exercises that require moderate EMG
activity have been recommended for neuromuscular re-
education and endurance purposes (Ekstrom, Donatelli,
and Carp, 2007; Reiman, Bolgla, and Loudon, 2012).
Higher levels of EMG activity are required for more
meaningful strength gains (Anderson and Behm, 2004;
Escamilla et al, 2010). Identification of these EMG differ-
ences between exercises will provide the clinician an evi-
dence-based approach for exercise prescription.

Trunk muscle activation

EMG activity for the AO and LE ranged from 5.7 to
7.4% MVIC and 6.1 to 7.5% MVIC, respectively.
Although significant differences existed between the
exercises for AO activity, this finding was not clinically
important due to the low EMG amplitudes (Ekstrom,
Donatelli, and Carp 2007; Reiman, Bolgla, and Loudon,
2012). Therefore, these exercises would not benefit
individuals needing improvements in AO and LE neu-
romuscular control, endurance, or strength.

We assessed the AO and LE because unilateral contrac-
tion of theses muscles causes lateral trunk flexion and is
important for maintaining frontal plane truck stability
(Neumann, 2010). To date, Ekstrom, Donatelli, and Carp
(2007) are the only researchers to examine activation of

these muscles during a lateral step-down exercise. They
reported 15% MVIC AO and 25% MVIC LE activity,
whichwere relatively greater than the current investigation.
Higher activation levels most likely resulted from the man-
ner the exercise was performed and the EMG data were
processed. Their subjects performed the task with the trunk
in a more flexed position and held the lowered position for
a 5-second period. Peak EMG activity over a 1-second
period during the hold period was identified and analyzed.

Our study differed as trunk position was standardize
by having subjects perform the exercise with the trunk
in a vertical position over the stance limb. We also
analyzed the average EMG data for each repetition to
determine overall muscle activity during each exercise.
Performing the exercise in this manner most likely
optimized trunk position over the stance leg and
required less trunk muscle activation (Bolgla and Uhl,
2005). Maintaining a vertical trunk position, in combi-
nation with analyzing mean EMG activity, would
account for our lower EMG values.

In summary, our findings suggest that the unilateral
weight bearing exercises will not benefit patients who
need improvements in AO and LE neuromuscular con-
trol, endurance, and strength. Due to the paucity of
data, additional investigations are needed to better
understand the relative activation of the AO and LE
during unilateral weight bearing exercises.

Hip muscle activation

On average, subjects in the current study generated
approximately 10% MVIC GMX activity and 21.4 to
23.2% MVIC GM activity during the mini-squat, lateral
step-down, and front step-down exercises. However,
GMX (18.9% MVIC) and GM (26.5% MVIC) activity
was significantly higher during the wall squat compared
to the other exercises. A possible reason for this finding
was that subjects shifted their center of mass posterior
to the stance limb during the wall squat exercise. This
posterior shifting of the body’s center of mass posterior

Table 4. Mean ± standard deviation, expressed as 100% maximum voluntary isometric contraction, for muscle electromyographic
(EMG) activity during each of the unilateral weight bearing exercises.
Muscle Wall squat Mini-squat Lateral step-down Front step-down

Abdominal obliques* 5.7 ± 3.2 7.4 ± 5.0 5.7 ± 3.0 6.4 ± 3.5
Lumbar extensors† 7.5 ± 4.4 7.3 ± 3.4 6.2 ± 3.4 6.1 ± 3.5
Gluteus maximus‡ 18.9 ± 11.8 10.8 ± 7.9 10.3 ± 6.4 10.9 ± 7.0
Gluteus medius§ 26.5 ± 12.0 23.2 ± 12.2 21.4 ± 10.7 22.8 ± 12.2
Vastus medialisǁ 42.5 ± 17.2 45.2 ± 17.3 40.0 ± 17.4 45.0 ± 17.8

*Mini-squat and front step-down had significantly greater EMG than the wall squat and lateral step-down (p < 0.01).
†Similar EMG for all muscles (p = 0.08).
‡Wall squat had significantly greater EMG than the mini-squat, lateral step-down, and front step-down (p < 0.001).
§Wall squat had significantly greater EMG than the lateral step-down, and front step-down (p < 0.01).
ǁFront step-down and mini-squat had significantly greater EMG than the lateral step-down (p < 0.01).
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to the base of support would require greater muscle
activation to counterbalance the increased applied tor-
que due to gravity (Blanpied, 1999).

The exercises used in the current study were similar
to Ayotte, Stetts, Keenan, and Greenway (2007); how-
ever, their subjects generated relatively greater GMX
(86% MVIC) and GM (52% MVIC) activity. These
investigators only analyzed the average magnitude dur-
ing the concentric phase of each exercise, the phase in
which EMG activity is generally greatest (Anderson and
Behm, 2004; Dwyer et al, 2010; Selseth et al, 2000). A
combination of concentric and eccentric activity would
account for our relatively lower values (Bolgla and Uhl,
2005).

Although different in absolute magnitude, subjects
in the Ayotte, Stetts, Keenan, and Greenway (2007)
study and the current investigation generated relatively
greater GMX and GM activity during the wall squat
than the other exercises. From a clinical standpoint,
clinicians should consider prescribing the wall squat
after an individual with GMX and GM weakness can
safely perform the other unilateral weight bearing exer-
cises used in the current study. With respect to overall
EMG activity, subjects generated low GMX activity and
moderate GM activity. This finding suggests that the
exercises would only be beneficial for GM neuromus-
cular re-education and endurance (Ekstrom, Donatelli,
and Carp, 2007). Additional exercises that specifically
target the GMX and GM would be necessary for
strength gains (Reiman, Bolgla, and Loudon, 2012).

Knee muscle activation

Subjects in the current study generated between 40 to
45% MVIC VM activity among all the exercises.
Researchers (Anderson and Behm, 2004; Escamilla
et al, 2010) have reported that activation greater than
40% MVIC will promote strength gains. Therefore, any
of the exercises used in the current study would be
appropriate for VM strengthening.

Subjects in the current study generated less VM
activity during the lateral step-down exercise, a pattern
that agreed with Ayotte, Stetts, Keenan, and Greenway
(2007). Increased VM activity exhibited during the wall
squat, mini-squat and front step-down required sub-
jects to place the stance foot in a more anterior position
relative to the hip. Posterior displacement of the body’s
center of mass away from the knee joint axis of rotation
would increase the external torque due to gravity and
require greater VM activation (Bolgla, Shaffer, and
Malone, 2008).

In summary, Ayotte, Stetts, Keenan, and Greenway
(2007) reported greater VM amplitudes than the

current study due to differences in data processing
and analysis as explained regarding GMX and GM
activity. Regardless of these differences, all of the exer-
cises used would generate sufficient EMG activity for
strength gains and benefit individuals with VM
weakness.

Clinical implications

We standardize each exercise to a 15-cm excursion
since this height is a standard step height for stair
ambulation (Ayotte, Stetts, Keenan, and Greenway,
2007). We acknowledge that this excursion may not
necessarily represent the required intensity needed for
strength gains in healthy individuals (Andersen et al,
2006). However, squatting to a maximum knee angle
may not necessarily be appropriate for individuals with
patellofemoral pain or following ACL injury.

Subjects performed 15 repetitions of each exercise
which most likely did not represent an exercise load
equal to a 15-repetition maximum. Therefore, healthy
individuals may require more demanding exercises that
require a larger excursion of movement (e.g., squatting
as low as possible) and application of an external load
(e.g., performing the exercises with hand weights or a
weighted chest vest).

In summary, the relatively lower activation levels
(less than 50% MVIC) during all of the exercises will
more likely help individuals with evident weakness. The
exercises also may be more beneficial for improving
endurance and neuromuscular control. As individuals
reach endurance and neuromuscular control mile-
stones, they will require more demanding exercises to
achieve additional strength gains.

Limitations

The current study has certain limitations. The possi-
bility of crosstalk from adjacent muscles due to the
use of surface EMG electrodes existed. However, this
factor was minimized by placing the electrodes in a
standardized manner (Cram and Kasman, 1998;
Rainoldi, Melchiorri, and Caruso, 2004). Subjects
could have experienced fatigue during some of the
exercises. Pilot testing of the MVIC procedures before
and after data collection showed good-to-excellent
reliability and suggested that subjects did not experi-
ence muscle fatigue. Kinematic variables were not
assessed which prohibited the ability to determine
sagittal and frontal plane variability during the exer-
cises. To be consistent with prior investigations
(Bolgla and Uhl, 2005; Distefano, Blackburn,
Marshall, and Padua, 2009; Ekstrom, Donatelli, and
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Carp, 2007), we normalized EMG data during exercise
to a MVIC. Ekstrom et al (2012) found that submax-
imal quadriceps concentric contractions during
weight bearing exercises generated relatively greater
activity compared to a MVIC. This finding suggested
that values obtained during dynamic exercise may be
overestimated when expressed as a percentage of a
MVIC. Future investigations are needed that normal-
ized EMG data to activity during a maximum
dynamic contraction (Ekstrom et al, 2012). Finally,
subjects were healthy, young adults and our results
cannot be generalized to individuals with pathology.

Conclusion

The purpose of this study was to compare the relative
activation of select trunk, hip, and knee muscles during
four commonly-prescribed unilateral lower extremity
weight bearing exercises. Findings from this investiga-
tion showed that trunk muscle activation was very low
and would not benefit individuals with AO, LE, and
GMX weakness. Any of the exercises would be appro-
priate for GM neuromuscular re-education and endur-
ance, with the wall squat being the most challenging.
All of the unilateral weight bearing exercises would
benefit individuals in need of improved VM strength,
especially for those treated for rehabilitation.
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