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ABSTRACT
Background: A wide variety of hip abduction and hip external rotation exercises are used for training, both in athletic performance and in rehabilitation programming. Though several different exercises exist, a comprehensive understanding of which
exercises best target the gluteus maximus (Gmax) and gluteus medius (Gmed) and the magnitude of muscular activation associated with each exercise is yet to be established.
Purpose: The purpose of this systematic review was to quantify the electromyographic (EMG) activity of exercises that utilize the
Gmax and Gmed muscles during hip abduction and hip external rotation.
Methods: Pubmed, Sports Discuss, Web of Science and Science Direct were searched using the Boolean phrases (gluteus medius OR
gluteus maximus) AND (activity OR activation) AND (electromyography OR EMG) AND (hip abduction OR hip external rotation). A
systematic approach was used to evaluate 575 articles. Articles that examined injury-free participants of any age, gender or activity
level were included. No restrictions were imposed on publication date or publication status. Articles were excluded when not available
in English, where studies did not normalize EMG activity to maximum voluntary isometric contraction (MVIC), where no hip abduction or external rotation motion occurred or where the motion was performed with high acceleration.
Results: Twenty-three studies met the inclusion criteria and were retained for analysis. The highest Gmax activity was elicited during
the lateral step up, cross over step up and rotational single leg squat (ranging from 79 to 113 % MVIC). Gmed activity was highest
during the side bridge with hip abduction, standing hip abduction with elastic resistance at the ankle and side lying hip abduction
(ranging from 81 to 103 % MVIC).
Limitations: The methodological approaches varied between studies, notably in the different positions used for obtaining MVIC,
which could have dramatically impacted normalized levels of gluteal activation, while variation also occurred in exercise technique and/or equipment.
Conclusions: The findings from this review provide an indication for the amount of muscle activity generated by basic strengthening
and rehabilitation exercises, which may assist practitioners in making decisions for Gmax and Gmed strengthening and injury rehabilitation programs.
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INTRODUCTION
A wide variety of hip abduction and hip external rotation exercises are used for training, both in athletic
performance and in rehabilitation programming.
Though several different exercise protocols exist, scientific evaluation of their specific effects on the gluteus maximus (Gmax) and gluteus medius (Gmed)
has yet to establish which exercises activate the musculature and what level of activation is elicited. The
primary actions of the Gmax are hip extension and
hip external rotation,1-3 with the superior area of the
Gmax also functioning as a hip abductor.4,5 The Gmed
functions as a hip abductor2 and hip rotator6 with the
anterior area of the Gmed performing hip internal
rotation while the posterior area performs hip external rotation.2,7 The gluteal musculature may significantly participate in dual roles of enhancing athletic
performance3,8-10 while preventing and contributing
to the rehabilitation of lower extremity injuries.10-14
The Gmax and Gmed musculature extensively contribute to weight bearing movements by assisting in
load transference through the hip joint,15 supplying
local structural stability to the hip joint and maintaining lower extremity alignment of the hip and knee
joints.16 Performance deficiency in these selected hip
muscles results in altered pelvofemoral biomechanics which is linked to lower extremity pathology.3,17-19
This is highlighted when the hip abductors and external rotators fail to produce sufficient torque during
weight bearing movements resulting in excessive hip
adduction and internal rotation, an increase in knee
valgus angle and pelvic drop.17-20
Hip abductor weakness may lead individuals to adopt
movement strategies to mask their weakness,21 resulting in compensatory motions at the lower back, hip,
and knee.5,10,22 Consequently, individuals performing these movements are often observed doing both
hip abduction and excessive lateral pelvic movement
caused by increased activity of the quadratus lumborum.23 Gluteal weakness and ensuing hip dysfunction has a strong relationship (r = –.74) with knee
pathology24 while a specific weakness in hip abduction and external rotation has been associated with
patellofemoral pain syndrome.3,25 Janda and Jull26
and, Page, Frank and Lardner27 have suggested that
an association between gluteal musculature inhibition and low back pain exists. Moreover, a weakness
in hip abductor musculature and thus subsequent

strengthening exercises are prescribed for iliotibial
band syndrome,28,29 chronic ankle instability30,31 and
patellofemoral pain syndrome.32, 33
Examining hip abductor strength can be accomplished through various clinical tools and procedures
and in both non-weight-bearing (NWB) body positions: side-lying or supine and in a weight-bearing
(WB) body position: standing.34 The side-lying position is frequently utilized to test hip abductor muscle strength in clinical settings35 and is generally the
suggested position by manufacturers of isokinetic
testing devices.34 The supine position neutralizes
the effects of gravity and provides an option for individuals to avoid lying on an injured affected side36
while the standing position is proposed by Cahalan,
Johnson and Chao37 to be the most functional position when assessing hip abductor strength as the
majority of daily living activities involve hip abduction performed in this position. Wilder et al34 noted
that most variations between hip abductor strength
exist due to the chosen testing position.
Electromyography (EMG) may be used to assess
the activation of a muscle as measured by electrical
activity levels, with the general consensus assumed
that exercises producing higher levels of activation
are generally accepted to be more appropriate to use
for strengthening.38 It has been proposed that the
minimum effort to obtain a strengthening stimulus
is approximately 40-60% of a maximum voluntary
isometric contraction (MVIC)38-42 with muscle activity of less than 25 % MVIC indicating that the muscle
is functioning in an endurance capacity or to maintain stability.38 To assist with classification of low to
high muscle activity in this article, the authors of the
current study have used a classification scheme of
activity.43-45 Activity from 0 % to 20 % MVIC is considered low level, 21 % to 40 % MVIC a moderate level,
41 % to 60 % MVIC a high level, while greater than
60 % MVIC a very high level. Analyzing exercises
in such a manner may contribute to understanding
neuromuscular control during activities and assist in
assessing, selecting, and systematically progressing
exercises.46
With this in mind the purpose and focus of this systematic review was to quantify the EMG activity
associated with WB and NWB exercises that utilized
hip abduction or external rotation. Exercises were
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grouped into levels of % MVIC as per the classification
scheme43-45 to assist practitioners in making decisions
for Gmax and Gmed strengthening and rehabilitation. The authors hypothesized that exercises that are
more demanding in movement i.e. dynamic exercise
that requires a changes in angle from more than one
joint and therefore requires greater joint stabilization,
would result in greater levels of % MVIC.
METHODS
Literature Search Strategies
The review was conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-analyses) statement guidelines.47 A systematic search of the research literature was undertaken
for studies that investigated EMG activity (given as
mean % MVIC) for either the Gmax or Gmed in resistance training exercises (bodyweight, band, cable, freeweight, machine) that utilized dynamic hip abduction
or external rotation. Studies were found by searching
Pubmed, Sports Discuss, Web of Science and Science
Direct electronic databases from inception to March
2015. The following Boolean search phrases were used
(gluteus medius OR gluteus maximus) AND (activity
OR activation) AND (electromyography OR EMG)
AND (hip abduction OR hip external rotation). Additional studies were also found by reviewing the reference lists from retrieved studies.
Inclusion and Exclusion Criteria
Articles that examined injury-free participants of any
age, sex or activity level were included. No restrictions were imposed on publication date or publication status. Studies were limited to English language.
Studies were excluded that examined isometric hip
abduction or external rotation movements (e.g.
standing wall-push exercise) as well as single leg
hip extension movements (e.g. lunge and single leg
bridge) as even though there is frontal/transverse
plane stability and torque required, there is no hip
abduction or external rotation motion required.
Some exercises such as the lateral lunge, lateral
step-up and cross over step-up were included since
they involve hip abduction/external rotation motion
and torque production, but movements like these do
contain an unfair advantage since they also require
hip extension torque and movement in the sagittal
plane. Despite their combined action, authors made

a judgment call to include them in the current analysis as these exercises are typically used in a physiotherapeutic setting for injury rehabilitation type
activity. Plyometric or hopping movements were
also excluded as they are performed with higher
acceleration, thus they have an unfair advantage in
terms of eliciting high levels of gluteal activation.
Moreover, plyometric exercises are higher end performance type exercises and should be used once
an individual exhibits prerequisite strength levels
(eccentric) which includes activation, mobility and
stability. Additionally studies were excluded that did
not normalize EMG activity to MVIC.
Study Selection
A search of electronic databases and a scan of article
reference lists revealed 575 relevant studies (Figure
1). After applying the inclusion and exclusion criteria 23 studies were retained for further analysis.
RESULTS
There were a total number of 467 subjects (194 male,
197 female, 76 sex not provided) while the total number of exercise variations were 52. See Appendix 1
for details on all included studies.
Exercise Position
The studies considered in this systematic review
were conducted in either a WB position (standing)
or a NWB position (side-lying and seated).
Standing position
Information regarding the gluteal activation for
the standing position can be observed in Table 1.
Eighteen studies used this position with twentysix exercise variations and 363 subjects. The most
commonly studied exercise variation was the lateral
step up (126 subjects). The highest Gmax (113.8 ±
89.5 % MVIC) activation occurred in the lateral step
up,14 however, when averaged from six studies, the
activation level was 49.6 ± 15 % MVIC. The highest
Gmed (101 ± 7 % MVIC) activation occurred in the
standing hip abduction Thera band at ankle (Borg
(Borg Rating of Perceived Exertion CR10) ≥7 load)46
When all data was pooled, the average Gmax activation was 34.7 ± 14.3 % MVIC and the average Gmed
activation was 47.2 ± 17.2 % MVIC for the standing
exercise variations (see Table 4).
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Figure 1. Flow chart of information through the different phases of the systematic review

Side-lying position
Details of gluteal activation for the side-lying position can be observed in Table 2. Twelve studies used
this position with twenty-two different exercise variations and 244 subjects. The most commonly studied
exercise variation was the side-lying hip abduction
(197 subjects). The highest Gmax (72.8 % MVIC) and
Gmed (103 % MVIC) activation was associated with
the side bridge with abduction dominant leg (DL)
down exercise.51 When all data was pooled the average Gmax activation was 30.4 ± 23.8 % MVIC and the
average Gmed activation was 41.9 ± 16.5 % MVIC for
the side lying exercise variations (see Table 4).
Seated Position
Specifics regarding gluteal activation for the seated
position are detailed in Table 3. One study used this
position with four different exercise variations and
sixteen subjects. The highest Gmax (70.8 ± 11 %
MVIC) and Gmed (80 ± 8 % MVIC) activation was

associated with the seated hip abduction machine
(Borg ≥7 load).40 When all data was pooled, the average Gmax activation was 66.7 ± 10 % MVIC and the
average Gmed activation was 65.2 ± 7.2 % MVIC for
the seated variations (see Table 4).
Summary of positions
Details of gluteal activation for all positions are summarized in Table 4. For both Gmax and Gmed, the standing
position produced a higher activation compared to the
side-lying position whilst the seated position produced
the highest average activation for both Gmax (66.7 ±
10 % MVIC) and Gmed (65.2 ± 7.2 % MVIC). While the
seated position produced the highest activation, only
one study used exercises in that position.
Exercise EMG Activity Level (% MVIC)
The magnitude of mean gluteal activation is stratified into the four levels of activity43-45 in Figures
2-5. This classification scheme provides a means
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Table 1. Comparison of muscle activation in the Gluteus Maximus and Gluteus Medius for all standing
exercises. Values given as the mean and the standard deviation

Exercise

Number
of
Studies

Number
of
Subjects

Range % MVIC
Gmax

Gmed

Average % MVIC
Gmax

Gmed
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Table 1. (Continued) Comparison of muscle activation in the Gluteus Maximus and Gluteus Medius for
all standing exercises. Values given as the mean and the standard deviation

Exercise

BM

Number
of
Studies

Gmax

Number
of
Subjects

Range % MVIC
Gmax

Gmed

Gmed

Average % MVIC
Gmax

Gmed

MVIC

Borg
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Table 2. Comparison of muscle activation in the Gluteus Maximus and Gluteus Medius for all
side lying exercises. Values given as the mean and the standard deviation

Exercise

Number
of Studies

Number
of
Subjects

Range% MVIC
Gmax

Gmed

Average % MVIC
Gmax

Gmed
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Table 2. (Continued) Comparison of muscle activation in the Gluteus Maximus and Gluteus
Medius for all side lying exercises. Values given as the mean and the standard deviation

Exercise

Number
of Studies

BM

Number
of
Subjects

DL

Range% MVIC
Gmax

Gmed

Gmax

Average % MVIC
Gmax

Gmed

Gmed

MVIC

Clam Shell 1
Clam Shell 2
Clam Shell 3

Clam Shell 4
Clam shell PNHIP0
Clam shell PNHIP30

Clam shell
Clam shell PRHIP0

PNHIP60
Clam shell PRHIP30
shell PRHIP60

Clam
Borg
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Table 3. Comparison of muscle activition in the Gluteus Maximus and
Gluteus Medius for all seated exercises. Values given as the mean and the
standard deviation

Table 4. Summary of average % MVIC for Gluteus Maximus and Gluteus
Medius in different exercise positions. Values given as the mean and the
standard deviation

The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 581

Figure 2. Mean Gluteus Maximus (Gmax) and Gluteus Medius (Gmed) exercises with very high activation (>60% of averaged
EMG/MVIC).
BM = Body mass MVIC = Maximum voluntary isometric contraction Borg = Borg Rating of Perceived Exertion CR10 DL = Dominant
leg Clam Shell 2 = Side-lying with hips ﬂexed at 45°. Internally rotate the top leg (knees together) Clam Shell 3 = Top thigh raised to
parallel to table with hip in neutral rotation and 45° of ﬂexion. Top leg then internally rotated. Knee height remains the same throughout
the entire movement Clam Shell 4 = Same as 3 except the top leg is in extensio

Figure 3. Mean Gluteus Maximus (Gmax) and Gluteus Medius (Gmed) exercises with high activation (>41 – 60% of averaged
EMG/MVIC).
BM = Body mass MVIC= Maximum voluntary isometric contraction Borg = Borg Rating of Perceived Exertion CR10
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Figure 4. Mean Gluteus Maximus (Gmax) and Gluteus Medius (Gmed) exercises with moderate (>21 – 40% of averaged EMG/
MVIC).
BM = Body mass MVIC= Maximum voluntary isometric contraction Borg = Borg Rating of Perceived Exertion CR10 DL =
Dominant leg Clam Shell 1 = Side-lying with hips ﬂexed at 45°. Externally rotate top Clam Shell 3 = Top thigh raised to parallel to table with hip in neutral rotation and 45° of ﬂexion. Top leg then internally rotated. Knee height remains the same throughout the entire movement Clam Shell 4 = Same as 3 except the top leg is in extension PNHIP0 = pelvis neutral, hip in 0° of
ﬂexion Clam shell PNHIP30 = pelvis neutral, hip in 30° of ﬂexion Clam shell PNHIP60 = pelvis neutral, hip in 60° of ﬂexion

Figure 5. Mean Gluteus Maximus (Gmax) and Gluteus Medius (Gmed) exercises with low activation (0-20% of averaged EMG/
MVIC).
BM = Body Mass MVIC= Maximum voluntary isometric contraction Clam Shell 2 = Side-lying with hips ﬂexed at 45°. Internally rotate the top leg (knees together) Clam shell PNHIP0 = pelvis neutral, hip in 0° of ﬂexion Clam shell PRHIP0 = pelvis
reclined, hip in 0° of ﬂexion Clam shell PRHIP30 = pelvis reclined, hip in 30° of ﬂexion Clam shell PRHIP60 = pelvis
reclined, hip in 60° of ﬂexion
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by which the practitioner can select exercises, that
match the strength status of their client/athlete and
also provides a means by which strengthening of the
gluteals can be progressively overloaded in a systematic fashion.
Very High EMG Activity Exercise
The very high activity exercises (Gmax: 11 exercises,
Gmed: 14 exercises) can be observed in Figure 2.
The cross over step up exercise produced the highest Gmax activation (103 ± 63.6 % MVIC), while the
side bridge with hip abduction DL down produced
the highest Gmed activation (103% MVIC).
High EMG Activity Exercise
The high activity exercises (Gmax: 4 exercises,
Gmed: 8 exercises) are detailed in Figure 3. This tier
had the fewest number of exercises (12) compared
to the other activation tiers with 9 of the exercises
performed in the standing position.
Moderate EMG Activity Exercise
Moderate activity exercises (Gmax: 21 exercises,
Gmed: 14 exercises) of the gluteal musculature can
be viewed in Figure 4. This tier had the highest number of exercises (total 35).
Low EMG Activity Exercise
The low activation exercises (Gmax: 15 exercises,
Gmed: 5 exercises) are shown in Figure 5. Exercises in this tier corresponded considerably more to
Gmax activation than Gmed. Three variations of the
monster walk exercise required the least amount of
activation for the Gmax (range 4-6 % MVIC) while
four variations of the clam shell exercise elicited the
lowest amount of activation for the Gmed (ranging
from 12-18 % MVIC).
DISCUSSION
The results of this systematic review indicate that
EMG activation (% MVIC) of the Gmax and Gmed
musculature from hip abduction and external rotation exercises varied greatly depending on the position and complexity of the movement. Andersen
et al38 proposed that exercises with higher % MVIC
values are necessary for strength gains. A factor in
strength progression is exercise intensity, indicated
through EMG data with a greater % MVIC requir-

ing greater motor control and joint stabilisation.38
Therefore, for enhancing muscular strength in a
rehabilitation setting, it is valuable to be aware of the
level of muscle activation an exercise elicits. Moreover, Boren et al52 noted that by knowing a muscles
% MVIC during various exercises, the strengthening potential can be inferred. Exercises performed
in a WB position produced a greater % MVIC compared to a NWB position for both muscle groups,
with Gmed activity levels higher than Gmax in both
positions. The top three Gmax and two of the top
three Gmed EMG activity exercises were performed
in a WB position suggesting that standing exercises
imposed greater demands of the musculature and
changes to the base of support can affect the activity
level of the Gmax and Gmed.
Although several exercises in the very high tier are
demanding, thus potentially inappropriate for beginners or weaker individuals due to the high stability
requirements, the clam shell exercises versions 2 –
4 (ranging 62.4-76.8 % MVIC) can be used to elicit
strengthening of the Gmed as the side-lying position
provides stabilization. Clam shell version 2 requires
internal hip rotation from a side-lying position at 45°
hip flexion, version 3 has internal hip rotation performed from the top leg which is raised and held in
an abducted position, whilst version 4 is the same as
version 3 but the top leg is in extension. Moreover,
individuals who are unable to perform WB exercises can benefit from performing clam shell exercises and other NWB side-lying exercises. The side
lying abduction exercise is commonly prescribed
by practitioners, evidenced by being used in nine
studies with EMG activity ranging from 21.3 - 51.1 %
MVIC for the Gmax and 26.8 - 81.2 % MVIC for the
Gmed. The variance in EMG activity can be most
likely attributed to differing testing positions such
as the angle at which abduction was maintained,
pelvis position and whether the leg abducted was in
hip flexion or hip extension. Three other side-lying
abduction exercises produced moderate activation
of the Gmax (range 25.3 – 37.3 % MVIC) noting its
role as a secondary hip abductor, while six variations
of the clam exercise highlight the Gmax’s role as a
lateral rotator (range 26.2 -39 % MVIC).
The greater demands of the step up exercises as
demonstrated by greater Gmed activity, highlight
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the synergist role of the Gmed in maintaining pelvis
and knee stability (cross over step up 57.6 ± 19.5
and mean lateral step up 41.4 ± 16.7 % MVIC). Variations in EMG activation during the lateral step up
exercise may be attributed to an individual’s familiarity with the complexity of the movement and the
height of the box with Gmed activity ranging from
18 – 59.8 % MVIC and Gmax ranging from 29 to
113 % MVIC. This is exemplified by the highest box
height 45.7cm used by Simenz et al.14 resulting in the
highest Gmax activity of 113 % MVIC. Compared to
the step-up exercises, the pelvic drop (standing hip
abduction/adduction) exercise may be considered a
simpler exercise to be taught and implemented, yet
it produced high Gmed activation (mean 49.3 ± 25.6
and highest 57.6 ± 19.5 % MVIC) due to the pelvison-femur adduction and abduction control, as noted
by Reiman et al.3
Though often prescribed to target the Gmed, the
standing hip abduction exercise with Thera band
attached to the ankle produced a high level of Gmax
activation (59 % MVIC) highlighting its role as a secondary hip abductor. Three variations of the monster
walk exercise required the least amount of activation
for the Gmax (range 4-6 % MVIC) while four variations of the clam shell exercise elicited the lowest
amount of activation for the Gmed (ranging from
12-18 % MVIC). Of consideration to practitioners is
that during the monster walk exercise, distal band
placement resulted in greater activation of Gmax and
Gmed, as compared to proximal band placement.
Interpretation Limitations
The reader needs to be cognisant of a number of limitations that affect interpretation, namely that the
methodological approaches varied greatly between
the twenty-three studies (see Appendix 1). For example, some studies used different exercise positions
for determination of the MVIC, which could dramatically impact normalized levels of gluteal activation.
This is especially important in the case of the Gmax,
since Worrell et al48 showed that the level of maximal activation is highly dependent on the hip angle.
Moreover, the placement of the electrodes on the
Gmax and Gmed differed between some studies. All
studies used surface electrodes, with the exception
of Selkowitz et al58 who used indwelling electrodes.
To normalize the EMG signals recorded for each

muscle, different studies used different approaches
e.g. root mean square of 3 trials or average EMG of
3 trials. Moreover, the EMG’s signal moving window
varied from 11.7 to 5000 milliseconds. Furthermore,
data was extrapolated from the Figures of Cambridge
et al., 53 Webster and Gribble, 59 Oliver 58 and Willcox
and Buden,60 which potentially introduces measurement error. Where concentric and eccentric data
was provided by Philippon et al10 and Simenz et al,14
the data was averaged and presented as such in this
review. In order to accurately compare EMG activity
between two studies, at the very least, their MVIC
positions, electrode site placements, data processing, and amplitude presentations should be identical, and other variables such as range of motion,
relative load, effort, tempo, gender, age, and training
status should be similar when possible.
Several studies investigated the same exercise,
however, differences in the way the exercises were
performed need to be considered when analysing
the findings. For example, the step up height used
for lateral step up exercise ranged between 15 to
45.7cm, therefore, differing levels of EMG activation
would be an expected outcome. Moreover, the thickness and therefore level of resistance for the rubber
tubing / band resistance exercises is another consideration when comparing findings. Additional limitations related to this review pertain to many exercises
that would meet the inclusion criteria but have yet
to undergo EMG examination.
Future research should be conducted to compare a
wide variety of Gmax and Gmed exercises, perhaps
the exercise that top the charts in this review, under
the same testing conditions (ie: MVIC position, electrode site placement, data processing, amplitude
presentation), to verify that the data in this review
are accurate. Finally, this review summarises information obtained from healthy subjects; therefore,
vigilance is necessary when extrapolating these
findings to patients with pathology.
CONCLUSION AND PRACTICAL
APPLICATION
The purpose of this systematic review was to quantify the EMG activity of the Gmax and Gmed musculature during hip abduction and hip external rotation
exercises. It would seem that EMG activity levels
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can be affected by changes in body position (WB
vs. NWB) and the complexity of the exercise. EMG
activity for Gmax ranged from 4 to 113 % MVIC and
Gmed ranged from 12 to 103 % MVIC. Exercises with
greater movement complexity, e.g. exercises such as
the lateral step-up where the body must change the
angles of more than one joint while performing the
action, were found to elicit greater % MVIC for both
Gmax and Gmed. Exercises performed WB produced
a greater % MVIC for both Gmax and Gmed compared to NWB. Although the NWB seated position
was found to have the greatest activity levels, only
one study assessed this position making analysis
and comparison limited.
The higher EMG activation found in WB movements
is explained by Reiman et al3 who suggested that
when an exercise pattern imposes greater movement demands, the Gmax and Gmed are required to
maintain a level pelvis position, through hip abduction, and minimize knee valgus, through hip external rotation. Hence, practitioners ought to consider
trunk position in relation to the base of support, in
addition to the direction of movement when applying a progressive strengthening program.3 Individuals who have difficulty performing WB exercises can
benefit from using NWB side-lying or seated exercises to strengthen the gluteal musculature. When
strengthening a weaker muscle or muscle group,
practitioners may wish to prescribe a gradual and
progressive exercise program to ensure the targeted
area is developed. This may be of importance if
individuals seek and implement a compensatory
movement pattern when faced with weakness or
dysfunction. Individuals may benefit from being
prescribed exercises that they can perform with
good technique without substitution. Subsequently,
once this can be achieved exercise difficulty can be
progressed with more difficult exercises.
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Appendix 1. Summary of the 23 studies reviewed with EMG activation (%MVIC) values
given as the mean and the standard deviation
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Appendix 1. (Continued) Summary of the 23 studies reviewed with EMG activation
(%MVIC) values given as the mean and the standard deviation
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Appendix 1. (Continued) Summary of the 23 studies reviewed with EMG activation
(%MVIC) values given as the mean and the standard deviation
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